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Preface

PURPOSE OF THIS BOOK

Many methods for Software Project Management have been invented and written
about. These methods were developed for large projects on mainframe computers
requiring at least onehundred person-yearsor more. With theadvent of very powerful
mini and microcomputers,the averagesoftwareproj ect hasbecomemuch smaller. But
when older methods are applied to small projects, they proveto be so cumbersomethat
the cost of the management can exceed the cost of the development! The gpproach
presented in this book is best used on small to medium sized projects--onesthat take
nolonger than 15 person-years. This method has workedin Digital Equipment Corpo-
ration and el sewhereto producesomeof the world's most successful mini and micro-
computer software. Thosewho haveprojects longer than 15 person-yearswill asofind
the book useful sincewe will see how to break larger projects into small, manageable
pieces.

The development method that | will describein this book uses the time-phased
approach, but the phasesand especially thedocumentationaregreatly smplified. The
approach focuses on planning and control. The book also emphasizes risk
management—knowing what can go wrong in a project and tempering estimates
accordingly.

ORGANIZATION OF THE BOOK

Thistext isdividedinto threeparts:.

Part 1 TheMethodology of Project Management coversthe phases and ac-
tivitiesinvol vedinbuildingaproject. Whether you areaproj ect manager, programme,
or user, itisessential that you read this section, because the subsequent sections are
based on Part 1.

Part 2 Practical M ethods coverstheskillsand toolsrequiredfor project man-
agement, especially for estimating and scheduling. Project management software
products that run on mini and micro computerswill be described in Chapter 17. One
tool, whichis becoming moreand morepopular for applicationdesign, prototypingand
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developmentis Fourth Generation L anguages. Chapter 16 gives an exampleaof how to
develop a project using a Fourth Generation Language.

Part 3 People describestheresponsibilitiesd theindividual sinvolved, how to
organizethe project team, and how to keep your peoplemotivated. Chapters20 and 21
show how tocontrol aproject witheffectivereportsand meetings. Wewill al sosee how
to detect and solve problemsas they arise.

Appendix A attheendof the book containsan exampleof al thedocumentsthat
haveto be produced in the project. Thisexampleis used throughout thebook asacase

Study.

WAR STORIES

I haveintroduced somechapterswith'War Stories.” Thestories provideyou withreal
lifeexamplesdf common problemsthat can occur. Thestoriesare based on real events
in my experience, but the detail shave been changed so that noindividual organization
can be recognized.

WHO ARE YOU?

The book is intended mainly for the Project Manager —the person responsible for
planning and controlling a project. Analysts, programmersand even usersof software
will enjoy reading it as well, because they will seetheir rolein the process. The book
is generally nontechnical, although we go into some depth on certain topicssuch as
Design and Programming. You can skip these chaptersif you wish (theIntroduction
will tell you if the chapter is technical) because | attempted to makeevery chapter as
stand-aloneas possible.

TO THE TEACHER

Thisbook isintended as a management text as well as ateaching text. It will proveto
be avaluabletrainingtool for useinformal schoolsaswel asfor traininginternal toa
company.

ThereisanInstructor's Guideavailabletohel pteach thisbook. Theguideprovides
theanswersto theend of chapter questions,andexpl ainshow to run thegroupexerci ses,
most of which are related to producing the documents in the project. To order the
Instructor's Guide, please writeor call. JohnJ Rakos & Assoc. Ltd., 14 Palsen St.,
Ottawa, ON, CanadaK2G 2V8, Tel: (613) 727-1626.

ACKNOWLEDGEMENTS

I would liketo acknowledge the hel pful comments of David Reed, Digital Equipment
Corporation; Perry Kelly,Cognos Inc.; RuthRavenel, Universityof Colorado; Charles
Shubra, Indiana University of Pennsylvania.



Introduction

Your Project Can Succeed

WHAT IS A PROJECT?

A projectis any activity that resultsin adeliverableor a product. Those of us in the
computerfieldtendtot hi i of aprojectasafull applicationsystemcomprisedof many
program modules. But software projects vary in scopefrom the development of large
systems to the programming of a single module. Even a document resulting from a
feasibility study or analysisisaproject. Conversions, benchmarks, or training courses
areprojects.

Projectsawaysbeginwith aproblem. The user gpproaches the project team with
arequest to providethe solutionto hisor her problem. When a project iscompleted it
must be eval uated to determinewhether four essential elementsexist:

First, doesthefinished product actualy solve theuser's problem?

Second, was the user satisfied with the development process? The product as
deliveredmay beperfect, but if theuser isunhappy with theprocess of development or
method of delivery,he or she may reject theresults. Theuser must thereforebeinvolved
with the process.

Third, wastheprojectteam'’s upper management sati sfied withtheproduct aswell
as the process? They need to beinformed about project progress, profit, and user and
team satisfaction.

Fourth, (and often overlooked),istheproject team satisfied?If it wasan external
project (formally contracted), the project team must get paid. If the project wasfor an
internal department, the project team members must get other formsof payment: they
may get araise, apromotionor other typedf reward. Theteam must feel that they have
learned from the experience.



Introduction

PROJECT SIZE

Why thetitle'Small to Medium Sized' Projects? There are many publications (Refer-
ences 2, 3) on projects that are over 100 person-years. Thissize istypical for large,
mainframe oriented applications. Our focuswill beon projectsdevel oped for minicom-
puters or microcomputers. My experience has been-on projects averaging approxi-
mately 5 man-years. However, the method shown worksfor tiny projects (one man-
month or less), aswell asfor much larger projects, with only minor modifications.

It has been proven (Reference 4) that the most effective project teams consist of
5to 7 people, working on a single problem until it is completed. In Chapter 18 on
ORGANIZATION we will discuss the advantages of breaking larger projects into
many 'small tomediumsized' ones. Inotherwords, thereshould not be projectsthat are
over 25 person-years. Small is beautiful in the project business.

WHY PROJECTS FAIL

Let ustake a look at some of the problems that cause projects to fail. These problems
will all be dealt with in this book.

Failure at the Start

Most projects that fail go astray because they do not 'get off the ground' properly.
Peopl e suddenly find themselves programming, without aclear description of why the
project wasstarted and what exactly it isto accomplish; in other words, without a plan.
If you do not estimatewhat the extent of the effort will be, youwill havenoideaof the
required staffing, whichisthe major cost factor in a project.

If noonebotherstoclearly outlineand get agreement with the user astowhat the
project will accomplish, it will not be accepted by the user. Thereisasaying in the
business:

Projectsvery quickly reach 90% completion, and Say thereforever. (Reference 1)

Itisvery common intheindustry todeliver aproject, only tohave the user refuse
to pay until some changes and additions are made. He feel s that these functions were
promised (explicitly or implied). If there is no written agreement up front, who can
argue that they were not promised?

Unrealisticdeadlinesand budgetsare often foisted on a project team by "authori-
ties who are unaware of the importance of an accurate estimate, and the project team
islocked into an impossible committment. (I call thisestimates by edict.)

Planning isknowing ahead of timewhere you are going, how you are goingto get
there, and how you will be able to prove that you are there.

Failure in the Development Stages

After you plan your project, you will analyze the problem and draw up a design (see
Chapters 2and 3). Then theactual building, or development stages, can begin. Projects
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can fail in these stages aswell. If the analysisand design results are not documented
properly, misinterpretation in the development stages will occur.

Theresponsibilitiesfor project management must be clearly assigned to specific
individuals, or everyonewill think itissomeother person's responsibility. Nothingwill
get done!

Theproject team must have a thorough understanding of the development tools
available. Structured design, testing, and implementation methods are invaluable.
Software tools such as Fourth Generation Languages, computer terminal screen
handlers and form generators, data base management systems and report generators
reduce development time. Your personal computer can be immensely helpful in
managing your project. Spreadsheets help in decision making, graphics in making
presentations, word processorsin documentation. PERT (Network Analysis) and Gantt
(Scheduling) charting systemsare essential for project planning and control. Without
knowledge of these tools the project may take a lot longer than necessary, or not be
completed at al.

You will not be able to approach your word processing secretary on a Friday
afternoon and request that he/she devote one month to typing your 250 page user
Documentation starting next Monday. One must plan the required resources and
schedul e them ahead of time. Otherwise they will not beavailable when needed. Think
not only of the obviousresourcessuch ascomputer timeand programming staff, but the
less obvious such as clerical help, programs for conversions or simulation, software
manuals, and outside expertsfor reviews and approval.

Premature coding can be the causeof inferior code or design. It istemptingto get
down to coding—it is what most of us do best. Usualy you are reluctant to begin
difficult taskssuch as analysisor design, so you begin with programming. Y oufeel that
after coding afew programs you will know more. Management may find that the pro-
grammers have nothing to do except play Adventure, so they are told to 'code
something'. If you start coding before the System Design isdone, you will either have
todesign around the existing code (which may not be the best design), or subsequently
alter the programs to fit the design (which may take extensive effort).

Lack of walk-through's and reviews will cause major problemsto go unnoticed
during and after devel opment. Walk-through's and reviews give usthe opportunity to
have experts outside of the project team walk through (go over each and every detail)
of the results of our activities. Walkthroughs are technically oriented: designs, pro-
grams or documentation can be walked through. Reviews are management oriented:
proposals, budgets, schedules may have to be discussed. These meetings make up for
lack of full time expertise on the project team. For example, if your company has an
expert designer (Mr. or Ms. Designer) on staff, you will be very fortunate if he can
devotefull timetoyour project for several monthstodothedesign. Usually thisexpert's
timeisinsuch demand that al you can get isafew hours per week. But that i senough!
Mr. Designer can walk through your design efforts weekly to point out faults and
discrepancies that you have overlooked.

Many project failures are blamed on turnover. Y ou must plan on key personnel
leaving the team. It isdangerousto place all your eggsin one basket, whichisthe case
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whenyou depend completely upona'Guru’ Programmer. Any project that | haveever
worked on has experiencedturnover if it lastedfor six calendar monthsor more. Plan
forit.

Lack of development standards can cause failure to some degree. The seven
phased devel opment method shownin thisbook i sonestandard. But standardsmust be
drawn up and strictly enforced in theindividual phases as well. For example, in the
design phaseyou should devel opstandardsof structured design, intermodul ecommu-
nication, structured programming and even documentation.

And|astly, asBrooksshowed so well in The Mythical Man-Month (Reference3),
when aproject is behind, bruteforcetechniques such as 'add moremanpower' do not
work. It may dow the project down, instead of speeding it up. This is due to the
additional training, orientation, and extracommunication(which creates the opportu-
nity for miscommunication)needed.

Failure at theEnd

When the due date arrives (or the budget has been exhausted) and everything is not
completed, therequirementsare usually compromised. Somefed that threefourthsof
aprojectisbetter than none. Most usershaveatota problemtosolve, and threefourths
solutionsrarely work.

Applications are sometimes delivered without thorough debugging. These sys-
tems will causeso muchfrustration and intimidationat startup that they will rarely be
used, even if the problems are solved later on.

Somesystemsdo not deliver the promised performance. It isnot lack of computer
power that causespoor performance;itisusualy caused by 'gold plating'. The user asks
for a Volkswagen, and the project team delivers a Cadillac that must fit in the VW
garage. (Or a VW with every power option, 1000 watt stereo, etc.)

Sometimes a project seems successful until someone tries to apply a minor
change, either becauseabug needsto becorrected or the user requestsan enhancement.
If thecost of makingachange, called the'maintenancecost', istoo high thesystemwill
be scrapped. Since the user is usualy unableto give the project team al o hisor her
requirementsahead of time, very few systemsremain unchanged. Maintainabilityisan
absolutemust.

Someprojects arecancelledoutright at somepointin the development. Thismay
be due to many reasons. Theuser or the project team may haverunout of funds. Mgor
personnel or business changes on the user side make the project no longer necessary.
Maybethe only person on the projectteam thatunderstandstheprogramsquits, and the
remainder o the team isunableto (or does hot want to) continue. Thisis usudly the
result of inadequate documentation standards. Or the development thus far is such a
disaster that it isunwise to continue. This may be the case whereyou are 'thrown into'
aproject partially completed by someoneelse who has mysterioudly |eft thecompany.

Be aware that cancelling the project or starting over is sometimes the best
aternative. Therearemany cases where, alter significant developmenteffort hasbeen
spent, someonereally knowledgeabl egetsaround to cal cul ating thereal cost/benefit of
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theproject. Heor shemay concludethat itisnot worth going on. If you can provethat
cancellingor restartingislesscostly than continuing, by al meanshitethebullet and do
0. Itis unwise to throw good money after bad, but bepreparedtodefendyour decision.

In conclusion, cursory treatment of software development can causeoverrunin
expense and schedul e, unhappy users, damaged reputationsand al so wasteexpensive
tdent—yours. Some failed products smply fade into oblivion, others are ‘flaming
disasters': everyoneknows about them and uses them asexamplesfor the'how not to
doit' portionsaf Project Management courses. Do not et it happen to you.

WHY PROJECTS SUCCEED
Planning and Control

Successful projectshave a clean beginning—a written plan that defines what will be
delivered, and how it will beaccomplished. M easurableacceptancecriteriaarewritten
down and are used to provethat the promises have been met.

During development thereis close monitoringto ensure that the project stayson
plan. Thestaff isadequately experienced to producethe product. The right documents
for theright people are produced even in atight situation, bccause the management
realizesthat documentationisonedf the most importantaspectsof theproject. Frequent
reviews areheld to measure progress against the schedule. When aproblem occurs, it
is noticed at once, and solved if possible, otherwise estimates and schedules are
redrawn, and expectations arereset as necessary.

At the end, the user is satisfied because the team has delivered the product as
promised. The cost is 'reasonably close' to the quoted estimates. Thereisno hasse
about acceptance. The user agreed ahead of timeto a precise and detailed method of
demongtrating that the product functions as required. Payment is made where appli-
cable.

A PROFESSIONAL APPROACH

All of thesereasonsindicatethat aprojcct cannot beapproachedi nahaphazardmanner.
Project management requires a professional gpproach. A professional person ap-
proachesher project armed withmanagement tools that help her plan and control. She
hasthedisciplinetostay with thetools, becauseshe iscommittedtodeliver theproduct.
Themethods presentedin SECTION | arepart of the tool kit required to producequality
and success.

QUESTIONS

1. Whatisthetraditional definitiond asuccesslul project? \Would youadd any other criteria?
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2. Groupexercise: Lig as many causes for project failure as you can think of. Decidewhich
stage of the project the problem effects (beginning, development ar end). Can some of
these problemsaffect more then one sage?



PART 1
The Methodology of Project Management

1

The Seven Phases
of Project Management

A Clean, Ordered Approach

1.1 INTRODUCTION

To plan and control anything, you must break it up into small, manageable pieces.
Projects in general are broken down by the component pieces or by the jobs the
individuals working on the project will perform. A high-tech project, aresearch and
development project or asoftware project isbroken up by time phases. Time phasesare
a'first wedothis, afterward wedothat' approach. The phasesshould bechosen so that
they are reasonably distinct, and produce one or more milestones — clear events that
prove that the phaseissuccessfully completed.

1.2 THE PHASESTABLE

Figure 1.1 (on insidefront cover!) showstheseven phases of aproject. The horizontal
scaleistime. Appearing |eft toright, chronologically, arethe project phases: DEFINI-
TION, ANALY SIS, DESIGN, PROGRAMMING, SY STEM TEST, ACCEPTANCE
and OPERATION.
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Chap. 1 TheSeven Phasesof Project Management

Reading downwards, thefollowing divisionsare made:

ACTIVITIES

OUTPUT
DOCUMENTS
[AND
MILESTONES]

RELATIVE
EFFORT (PM)

(TOTAL
STAFF)

What we mugt do in each phase. Certain on-going
activities such as PROJECT MANAGEMENT, RE-
VIEWS, STATUS REPORTS, DOCUMENTATION
and user TRAINING areindicatcdwith horizontal time
lines across the applicable phases.

The documents that must be produced during the par-
ticular phase. Milestones,enclosedin[ ], that must be

completed.

The relative manpower that must be expended. The
heavy line(PM) isthe effort expended by the Project
Manager. Notethat hisor her effortis heavy in thebe-
ginning, light in themiddle, and becomes heavy again
toward the end.

Thelight line isthe total relative manpower expended
by everyoneon theproject. Notethat itislight upfront,
sinceonly the management is involved, gets heavy in
themiddlewheremany designersand programmersare
working, andislight at the end when again only man-
agement isinvolved.

Timescaleor relativedurationof the phasesisnot shown in thediagram.

1.3 THE 'BUILDING A HOUSE' ANALOGY
FOR SOFTWARE PROJECTS

Tohaveanoveral understandingof the project dcvclopmentlifecycle, let uscompare
building a project to building ahouse. If you have ever worked on a house, whether
building acompl ete house, finishing a basement or perhapsjust building a privy, you
were probably not aware that there were seven phases involved.  Whenever the
terminology used isthesameas that in Figure 1.1 (the Phases), the wordsare bold to
help you reference that diagram.

The DEFINITION phase of building a house. Let us start with a little
scenario. Theprospective user of ahouse comes toyou (the Project Manager of ahouse
building company) stating hisor her problems:

I amlivingin atent on an empty lot in the north eastern part of the country.
You may ask, "*What is the problem with thisarrangement?* Theuser would answer':
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Itiswintertimeanditiscoldin my tent; in the summer it istoo hot. | need
temperaturecontrol.

It istoo bright insidein the day time, and too dark at night. | need lighting contral.
When | need to performmy necessities, | haveto go out and shovel aholeinthesnow. If
| need to wash, | mug heet the water on an open fire. | need plumbing.

My spouse and two children are living with mein this tent. We need privacy and sound
isolation.

And soforth until all of the user's problems are listed. If the user's problems are not
written you may have to help write-them down to produce the Requirements Docu-
ment. At this point you may have to estimate how much it will cost to build a house to
suit theuser. You present thiscost, aswell asthedatefor completion, inaProposal.The
cost and schedul e at this point may bevery inaccurate. It would be much moreaccurate
if you could convince the user to wait for the estimate until the end of the Analysis
Phase. In this case you could present here only the cost of the AnalysisPhasein an
AnalysisProposal.

The ANALY S S phaseof buildinga house. The Analyst now produces the

Functional Specificationfor the house. The Functional Specification contains such
promises as:

Mr./Ms. User, wewill build ahousefor you. Thishousewill have roomswith opaqueand
soundproof walls, to provide you withprivacy and sound isolation.

Wewill puta'gizmo' onthewadl called athermostat, (includeadiagramof athermostat),
whichwill provideyou with temperaturecontral. If you turnthethermostat to theright,
the housewill get warmer. If you turn it to theleft, the house will become colder.

In each room therewill bea'gizmo' caled alight switch (provideadiagram) to provide
youwith light control. If youpushtheswitchupwardtheroomwillbebright,if downward,
the room will be dark.

Plumbing will be provided in a room called the 'bathroom’ with utilities to do the
necessitiesand for washing. There will be alever on one utility, which, when pushed
downward, will flush (provideadiagram?). Therewill be utilitieswith'taps. Whenyou

turntheleft tap clockwisehot water will comeout. Whenyou turn theright tap clockwise
cold water will comeout (provide adiagram).

And so forth.

Notethat the Functional Specification listswhat the house doesfor the user: the
inputs, outputs and interfaces between the house and the user. There is no mention of
how it will be built. The Functional Specification liststhe promises (deliverables) that
aremade inorder to solve theuser'sproblems as stated in the Requirements Document.

The DESIGN phase of building a house. The Designer of the house is the
Architect. The goal of design isto divide the system into functional components, and
then interconnect the components efficiently. The design of the house goes on the
blueprint. The Architect may dividethe houseintoalivingarea, an eating area, and a
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deeping area. Each of these areas may compriseoneor more rooms.

Theblueprint containsnot only thedivisions, but al sohow thepiecesareintercon-
nected. The Architect will design the placement of each room, aswell asthedoorsand
hallsfor themost efficient interconnection(traffic) between the rooms.

He must design places for the furnace and ductwork so that the promise of
temperaturecontrol can bemet. Hemust also design wiring locationsso that thelight
switches promised will dl work. The placement of al the plumbingisdetailed so the
facilitiespromised will work. In other words. &l of the connectionsare detailed.

The Design showshow thesystem works. Theblueprintisthe Top Level Design.
Somesectionsaf the blueprint, such asdetail sof the individual rooms or schematicsare
lower levelsof the design. All of thisgoesinto the Design Specification document.

The PROGRAMMING phaseof buildingahouse. Theequivalentofprogram-
ming is the actua constructionof the house: the work of the contractor, carpenters,
plumbers, eectricians and so forth. They al work according to the dictates of the
blueprint, or Design Specification.

TheSY STEM TEST phased buildingahouse. System test involvesputting the
piecestogether,and ensuringthat everythingworkstogether (Integration). In thehouse
we may begin with the basement: we will first put together al the components
comprisingthebasement and ensurethat they al work together. Wemay thengoonto
thefirst floor,ensuringthat al of thosecomponentswork, and that thefirst floor iscor-
rectly connected to the basement. We can then go on to the secondfloor, and soforth,
andfix any problemsthat occur. At theend, the Architectand al the tradecontractors
must systematically test each component: al thelights, thermostats, plumbing, and so
on to ensurethat they dl work together according to specs.

TheACCEPTANCE phasedf building a house. Theuser(or her manager)now
sees the complete house, perhaps for the first time. At a prearranged time, she
systematically testseachlight switch, faucet, thcrmostat,and sof orthto ensure that they
work according to the promises made to her in the Functiona Specification. If any
problemsoccur, the project team must fix them. Most problemsshould beeasy tofix,
since the project team has aready gone through the same tests during System Test.
Some problems, such as mgjor requirements problems, may bedifficult tofix. Imagine
if theuser said, "1 thought you promised to build mealour bedroom house, not athree
bedroom one! **

This kind of problem is not uncommon in the software industry. If the user is
satisfied she pays for the house; this was previoudy agreed to in an acceptance
agreement.

The OPERATION phase of building a house. At operation the real end
usr—in our case the user's family—movcs in and lives in the house. The key to
operation is that the Architect and Contractorsdo not leave town yet. A period of
warranty (six monthstooneyear iscommon) must beprovided, becauseproblems may
gtill befound that need to befixed. Furthermore, most systemsareoutdated at, or soon
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after, implementation. If the project manager isagood salesperson, hewill suggest the
building of a bigger and better house (Version 20 at this point.

Notethat this phasedoesnot include maintenance, wherein changes and enhance-
mentsare added. The problemwithincluding maintenanceasaphaseisthat the project
will never end! Since you get promotions and raises based upon accomplishments,
cutting the project of f six monthsafter delivery givesyou aclean, measurable end point
for the project. Major enhancement(s) is a new project.

Comments on the 'House Analogy'

Theanal ogy i sval uabl e because thescience of buildingahouseissoclosetothescience
of building a project. Wewill be referring to thisanal ogy throughout the book. But the
analogy is inaccurate for two reasons:

First, we know too much about house building. You can ask aimost anyone to
describetheir dream house. They will be ableto describe it down tothe color of thelast
brick used. How many software users can describetheir requirements accurately?

Second, the house building industry isold enough to have standards. I n the soft-
wareindustry we have not even invented the equivalent of atwo-by-four. We have not
yet been able to define afoundation, afloor or a room. So until our industry matures
further and standard building blocks and conventions are established, we may have to
re-invent and build everything down to the last component.

The chapters that follow detail each phase in thelife of a project.

QUESTIONS

1. Listthesevenphasesdf asoftwareproject, dongwithactivitiesand milestonesassociated
with each phase.

2. Ligttheseven phasesd abuilding ahouse, and comparethe milestonesin each phaseto
those of a software project.

3. Why isbuildinga house not analogousto building a computer project?
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The Definition Phase

Understanding the User's Problem

21 INTRODUCTION

The goal of thedefinition phaseisto gain sufficient understandingof the user's problemin

order toestimatecost and time. Thereare three maior activitiesthat vou must doin the Defini-

tion Phase (seeFigure 1.1): Frgt, you must gain an excellent understandingof the user's prob-

lem and what isrequired to solvei{ REQU REMENTS) . Second vou must decidewhether

or not todo the project. You must ensure thet the project is technically feasibleand has agood

chancedf successbefore you undertakeit (GO/NOGO DECISION). If thedecisionistogo
ahead, you must analyzeall the possibleri k itemsthat may beset your project. Thisanalysis
will helpin writingthe PROPOSAL which detailswhat will be delivered, whenand at what

cog. (Including the cost of therisk itemd)

Note that theongoingactivitiesof PROJECT MANAGEMENT, REVIEWS, STATUS
REPORTINGand DOCUMENTATIONstart hereand goon until theend of the project
(Figurel1.l).

Youwill have to write several documentsand reach several milestonesby theend of
this phase. First of all a RequirementsDocument (RD) must bewritten. The RD must beso
clear and completethat the project team (PT) can grasp thefull extent of the user's problem
and estimatethe cost of thesolution. Y our first milestonewill be theapproval or signing off of
the RD by the user and the Project Team (PT).

Next, a Preliminary Project Plan {PPP) will haveto bewritten. The PPPisa'first crack
at planning thesteps thatwill have to be taken to devel op the product, and the resources that
will be required for each step. The plan outlineshow long the resourceswill be needed and
how much they will cost. Thisgivesyou thefirst “ballpark’ estimateand schedule.
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And lagt, you will haveto givethe user thisestimateinaPROPOSAL. How rdiableis
this estimate? Wein the data processingindustry havea terrible reputationfor underestimat-
ing our projects. There area coupleof good reasonsfor this. Oneisthatwedo not know how to
edtimate. Theother isthat we makeour estimateat definitiontime, when we havelittleknowl-
edgeof theextent of the problem. Referring to the'house analogy' (Section 1.3) | suggested
that the house builder should not makean estimateright after hearing asimplestatement of
the problems. If you are not confident that the user hasaccurately outlined hisrequirementsin
the RD, Isuggest that yousplitthe projectintwo: the Analysis Phase asafirstproject, fol -
lowed by theremaining phasesas asecond project. At definition timeyour proposal will be
for theanalysis orly, and iscalled the ANALY SISPROPOSAL. After theanalysistherewill
beaDEVELOPMENT PROPOSAL (see Chapter 3). This iscalled thetwo-phaseproposal
process. The milestoneinvolved hereisthe purchaseaf the proposa by the user.

2.2 THE REQUIREMENTSDOCUMENT

The RequirementsDocument (RD) states the user's problemsand the general solutionsre-
quired. Thelanguageisorientedto theuser's business, and shiesaway from computer lingo.
TheRD issometimesused asaRequest for aProposal (RFP) when the user tendersthe project
to outside contractors.

The project team (PT) may befortunateenough to begin the project after receivinga
good RD. In fact, project management real ly beginsafter the RD iscompleted. However,
user-written RD’s are usudly inadequatefor estimatingand devel opment. The reasonsfor
thisaresmple. The user may beunaware of what acomputer can do, and sothe RD isvague.
A user may not even perceivehisor her own needscorrectly. For example, usingthe 'house
analogy’— what if the user requestsabigger tent with a good flashlight?Obvioudly, this user
isnot up-todatewith housetechnology.

We al so have communication problems. Anon- technical person cannot beexpected to
learn computer lingo in order to explain his requirementsto the computer analyst. It isupto
the project team tonoticeand sol vethe above problems. My experienceis that timehasto be
spent working with the user to help himwriteagood RD.

Interviewing the User

Get the proper information from the user and you will haveagood RD. A user will tell you
anythingyou ask about—eand nothing more (Referencel). Theonusis onthe project team's
interviewer tolearnall about the user's business, understand the user's terminology, and ask
all theright questions.

Thebiggest problem may begettingtothe realend-user-thedataentry clerk or the
shipper in thewarehouse. Often amanager or supervisor Will tell you that theend-user isbusy
or unable to givereliableinformation. Sometimes managersfed that you are treadingon their
turf if you go directly to theend-user in their department. For thosedevel oping products for
sale, you may haveonly the marketing department's interpretationof theuser's needs. The
solutionto this problem is to educate these-representativesabout theimportanceof talkingto
thereal end-user. If her input isnot taken initially at definition time, changeswill occur later
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and thesewill bevery expensivetoimplement. Know thepoliticsinvolved, especially inan
internal project. Alwaysgetpermissionfrom theappropriatemanagerstointerview their
people.

Plan theinterview. Learn about the business, writedown thequestionsto ask. Hereis
thelogica sequencedf theinterview:

Firgfindat about theflow o informetionin thecompenty. Start with the outputs What isthe
information nesded tor un the business?How mugt thedataflow among departmentsand indi-
vidud s?Determinefreguency, timing, and accuracy.

Seoond, theinputsare then driven by the outputs What informati onis required to produce
each d the outputs?What informationis available, when, where?Wha new informationwill
haveto be gathered? Remember thefive W sdf journdisn—Who?, What?, Where?, Wha?,

Wiy ?Stay awey from'How' for now (unlessuniqueformulasmugt bewssy. Plenty of timefor
thet duringDESIGN.

Contents of the Requirements Document

(Appendixz A containsan exampleof acompleteRD, aswell asexamplesof dl theimportant
project documents.)

Examplesused in thefollowingtopics(and in the remainder of thebook) refer to the
Amalgamated BasketweavingCourses(ABC) project in Appendix A. The reader isencour-
aged to refer to the Appendix whenever full detail on that projectisdesired.

Followingare thesectionsof the RD:

1 Introduction  Identify the Company (user) and thevendor(s) towhomtheRD is
targeted. Statethe problems that need to befixed, the history, examplesof the problem
situation, motivation to fix it, etc. Thissectionis used to introducethe potential vendor to the
user company or department if necessary, describing itsculture, environment, theway it does
itsbusiness. Givethe project team afed for theuser and his problem.

Example

REQUEST FOR PROPOSAL/REQUIREMENTS FOR A MANAGEMENT INFORMA-
TION SYSTEM FOR THE AMALGAMATED BASKETWEAVING COURSEWARE
(ABC) CO.

ABC gives different typesof weavingcourses. We haveclassesinten mgjor citiesin North
Ameica, eech course presarted at lesgt 4 timesper year per dity. Studentscomefrom all over the
country, but can regigter by phoning (callect) our main office. We have no computer expartise
All expendiituresmugt begpproved by our FearlessLesder and CEO, Mr. Barry Strawman.
Mgor prodlem: Generd confusionin registrationand courseadministration, Presently, whena
sudent phonestoreg se for oned our courses thesecretary writestheinformationonapiece o
paper, then trandfersit toacoursefile (ancther pieced paper), whicheventuely getscollated (on
paper).
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Lagt month alonewelost 3 registrations, told 2 studentsto go to thewrong course, did not have
enoughmaterid for 2 courses (twice as many peopleshowed Up aswe anticipated, andwehad no
way of tdlingwhowas officiallyregistered) and weforgotto tdl theinstructor about onecourse.
Wesuspect that weare not billingeveryone-our revenuesaredown but the number of students
seens tobe up.

Weal s0 suspect that we should give coursesin other cities, and that we are giving thecoursesat
thewrong timesof theyear.

2. ProjectGoals A simplestatement of why weare proposing thedevel opment.
M gj or constraints of time or money can be mentioned.

Example:
Replaceexigting manud systemat ABC with an automated one that handles:
Registrationthat isfast (on phone), no losses, with timely notification to student, instructor and
thecompany of appropriateinformation.
Financial systemthat accurately produces monthly billing, accounting, and coursematerid in-
formation.
Warehouse system that alows appropriate course materid to be sent to coursesand reordered
when necessary.
M anagement infermation, for better decisionsabout whereand whentohold appropriate
courses, availableimmediatdly on request.
Project should be donewithin 6 monthsof initiation, for under $200,000.

3. Major Functions  Simple statements about how thesystemwill function,
based on theProject Goals.

Example:
Reyistration capability by phone inlessthan 2 minutes. Registrar must be ableto see present en-
rollments (list of sudents). Automatic confirmationmust be sent to student within oneweek of
registering,and summary of al enrollmentsevery Friday to ABC Administration. Two weeks
beforecourse, enrollmentsgo to I nstructor, ABC, and course materia warehouse.
Financial system that invoicesstudent after attending course, kegps AccountsReceivables, roll
upof revenues by coursetype, ti ne period and geography.
Warehousesystem notified twoweeksbeforecourse of itemsrequired for thecour se, wherethe
courseis location of itemsin warehouse, and automaticinventory decrement and re-ordering.
Reporting System on request or & set intervals, report goesto CEO with number of regigtrations,
courses, revenues. On request, reportsdetailing courses, enrollments, and revenues by course
type, geography,timedf yesr.

4. General Outputs  Simple descriptionof information required from thesystem.

Example:
On-line enrollmentsby course, input of dl registrant information. Printout of student confirma-
tion (The courseenrolled in, when, payment information).

Weekly print-out of dl enrollmentsfor theweek by course and location, revenuesassociated
with coursesthat ran.
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Monthly printoutof coursesales for themonth by type, |ocation, time(for Management).
Reportsto Accounting on accounts recavables, itemsinvoioad, outstanding and paid

Two weeksheforeacourse printout of enrollments, location, course materid (for instructor and
Warehouss). Revenue summary (for manegemen).

Oneday after a courseinvoice (to Student), update accountsrecavables

Reportson requeston-linereportso regigtrations, attendance, and/or revenuesby course, by
geography, by timed year.

Detail every itemof information (not necessarily screensor reports) required. Y ou may
simply stateit asgeneral requirements: 'Themarketingdepartmentneeds thenumber of
coursessold by geography’; or asareport if you arecertain: 'The President needsaquarterly
report of itemssold by geography by time. Remember, it isthe jobof thecomputer analyst to
suggest what reports will best providethe required information.

5. General Information Inputs  (Inputswould not besupplied by an inexperienced
usy —it would befilledinlater by theanalyst.) Go throughthelist of output itemsabove, and
seewhat input datais necessary to produce the outputs, This isa good timetoensurethat al of
therequired dataisavailableat the proper times.

6. Performance How many transactionsareto be processed, how much data must
bestored, how frequently must reports be produced, etc. Statein termsof averagesand
maximay(in a peak day or hour).

7. Growth Thismay bedifficulttoforesee, but try tocalculate theincreasein
businessand sti pul atethe number of yearsthat thesystem isexpected tofunction. Expressthe
growthas a percentageor asactual numbers. If you areimplementingthesystem in Phases
(see Chapter 10), thisRD describesPhase One only, and the Growth section can describe the
additional functionsin the subsequent phases.

8. Operationand Environment  Wherethecomputer will reside, wheretheinterac-
tiveterminalsare, if any. Who will useit. Any unusual circumstancessuch asahostile
environment (intentional or accidental), or endurance requirements. There may bea needfor
portability, or for specia safety or physical security measures.

9. Compatibility, Interfaces ~ Stateif inter-computer communicationis required,
any existing equipment that hasto be incorporatedor if distributed accessisrequired. If the

system must go on an existing computer, or must be programmed inaspecificlanguage,
document thesefactshere.

10. Rdiability,Availability = QuoteMean TimeBetween Failures(MTEF) figures,
Mean Timeto Repair (MTTR) and percentage up-timerequired. All manufacturers publish
thesefiguresfor their hardware. Notethat published up-timeisrarely over 95%;, sono onecan
guarantee availahility greater than that.

11. HumanInterface Outlinethe computer experiencerequired of theuser, state
how thesystem istohandle the brand new user. Thisisjust agenera description of the human
interface; for example, is the system to be menu driven, should on-linehelp be available, etc.

12. OrganizationalImpact  Whichdepartmentswill beaffected and how must
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theirwork bechanged How thenew systemistointerfaceto some existingor new menua
sygems

13. Maintenance and Support ~ \Warantiesrequired: how long, towhat extent, how
it will bedetivered. For example, asatement such as: The Vendor willfix any problemswith
the sysemfor 6 monthsafter ddivery, within24 hoursof beingniotified.”

14. Documentation and Training  List the general documentsand/or coursesthat
would berequired.

Example

Vendor mugt providedocuments for Users, Operators, and SydemMaintainers. He
Mg provide traning for the Order Processing Clerkstodotheir jobcompledy.

15. Advantages (RFPonly)  If theRD isan RFP in acompetitive Situation, solicit
datafromthevendorsoutliningwhy they feel they shoul dbechosen. Regquestdataon the
vendor's relevant experience, committment, project methodol ogy, examplesdf successful

projects, and references that you may call toverify him. (Be sureto get in the good books of
these peoplefirst!)

16. Termand Conditions (Ts & Cs)(RFPonly)  Statethebassfor sdlection, when
and how thewinner W beannounced

Example

ABC company hasthe right tosd ect anongvendors based 0N itsOMN criteria. Ay submitted
documents Will beoometheproperty d ABC. Thewinne will beannounced nolater then X.
ABC hes the right to aceept and/or reject any portion(s) df (he proposed Sygems Pricing for such
will be renegotiated With thevendor,

Although T’s & C'sare formal only for an externd project, an egivaent paragraph bendits
internal projectsas wll. Sateyour rightsvisavisother departments, such as your right togo out
and pur chase software, usean outsidevendor, and so forth.

TheRequirements Dooumat hesdl information thet will be necessary for theproject teama
assess thelimits, fundions complexity ad cost o thesystem.

2.3 THEUSER'S RESPONSIBILTY

Even if theuser does not writetheRD, heor she hasthe responsihility to providetheproject
tearn’s interviewer with reliable, timely information. The user mugt thereforefind aperson
who knows dl about theexisting sysem and what i srequired of thenew one

This person must beavailable. Theinterviewer will havemany questionsthat need to
be answered even afterthe formd interviews arcover. Thisuser personmust haveauthority
tomakedeci sionsabout the proposed systcmand how it will affect theorganization. The
requirementsoften involvetrade-offs that impact severd user departments.
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For aninternal project a user representativeisusudly easy to access. For contracted
projects, especidly onesf aGovernment departments, theremay betheoccasiond 'sealed
bid" whereno contact with the department is alowed. On the surfacethisgppearsto assure
eaual fairness to al the bidders. In reality these departments are doing themselves a
&savice they would find that much better proposals ¢and subsequently systems) would be
deliveredif someonewere gppointed M answer the bidders quetions

24 THE GONO-GO DECISION
Feasibility Study

Aftertherequirements arefirm, the next stepistodeci dewhetheror not aprojectisworth
doing. To helpmakethisdecision, aFeasibility Sudy isdoneto answert he question”’ Gn this
system bebuilt technically?' Unfortunately, just abut anything is technicaly possible, sot he
questions to ansiver should be, 'At what cost can thesystem be built, andwhat will be the cost/
benefit?

In aFeasihility Study we consider dl the possibletechnical solutions,and attempt to
estimateabdlpark cost for eachsolution For alarger project, weconsider themgior decision
of what hardware to use, and whether to build or buy the software. Weevduate thedallars
(pounds, marks, whatever) saved and other benefitsof each solution. For asmall-to-medium
dzed project aformal feasbility Sudy document need not bewnitten. It is usudly enough to
assgnsoneone to sudy the possiblesol utionsand assessthe cogt benefits. Wethenreview
our findings with some knowledgeablepeople and together we recommend the best
dternative. For detailson the contentsaf the Feasibility Study See Reference18.

The cost estimatethat comes out of t he Feasibility Study isa'bdlpark’ — it may beoff
by 200% to500%.Th S isndt aproblem sincewe usethesefiguresonl y to see if theproject fits
into thegenerd budget constraints establishedfor it.

It may be feasible but it should not be done. Theproject manager (PM) hasto
answer not only the question **Is thisproject technically 'doable?"* but asothemore
important question:

Is this project doable NOW by ME?

The PM must ask himself or herself if the project has a chance of success, or if it will fail due to
limitedresources, knowledge, or risksoutsidehiscontral. Innumerableprojects havefailed,
completdy or partidly, becausepeople ignored theobvioussigns pointing tofailure. Do not
mekeplanson pipedreams —know therisksinvolved

25 RISK MANAGEMENT

Higtorically, the data processing industry has established atembl ereputationfor underesti-
rnatingprojects.Whenaskedfor thereasons,DP'professionals defendthemselveswith
satementssuch as, "'l estimated correctly based on thefacts aspresantedto me. Thereason
for theoverrun wasthat:
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Fill inonear more: the user changed hismind... never told meabatt... and theother departments

promissd.. and upper levd menegemat dictated theestimate... in other words it wesnat iy

fault!

Ifeel that the badestimatewashis/her fault. He/she should haveforeseenall these
thingsand weighed hisestimateswith these risk items.

Followingisalist of pipedreamson which project managers have based their
edimates, and weresubsequently surprised when theprojectranover:

The Dream World

1

2.

10.

Realities

Therewill be nochanges Theuser hasthought of everythingheneeds for h e next
threeyears. His busnesswill rot change. He will not changehismind

Upper Management will do the right thingsfor the project.

They will protect theteam, provide the necessary resources, accept our estimates,
keep the politics avay, and will not interfere.

Wewill havedl thenecessary resources.

Wewill get enough programmers (from other departments), or hireknowledge
ablepeople; derica help will beavailableat therequiredtime; d| the computer
timeweneed will beavailable etc.

Nolimitsontime or money. (This isagoodone! )

Noresources or productsnead beobtained froma 'third party' (outsided theuser
and oursdves); we have authority and control over thesethird parties.

The user will agreetothetwo-stepproposal .He is willingto pay us $50,000 up
front todoonly andys's, and tekethe risk thet hecan afford theremainder.

The hardwaremanufacturer will ddliver the hardwareand thenew verson of the
operatingsystem and |languagecompileron timeand in working condition

The user will fulfill dl her responsibilities. \WWemay haveto ask the user to provide
resources, test data, documentation; to answer all our questionscorrectly at the
very leedt.

Everyoneknowsthat softwareprojects tend tobe late.

PROJECT TEAM: ““We'’ll besix months late™

USER: "*No problem; takeyour time—we want qudity.'
Thereisnocompetition. In acontract environment, thedientcalsonly onus; inan
internal department he does not even consider buying packaged softwareor
having another department developi t

1 Edimaesareby edict

UPPER LEVEL MANAGER(ULM): ""You will deliver theproductby January
15.”

PT: ""Why January15?*
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ULM: "* Because we have to demo it at a trade show. And you will doit for
$100,000.”

PT: "Why $100,000?’
ULM: ""Becausethat's what isin the budget.”

2 Management/Marketing signsfixed-price contractsbased on your first (ballpark)
estimate.
TheSalesman hasa30 minuteinterview with theuser's manager, and you are
asked to estimate based on thesketchy notestaken. Contractsarethensigned in
blood based onthat estimate.

3 Younever get adequateresources.
Y ouwill alwayshaveto hire more programmers, learn anew language, buy a
bigger computer for development, and do your own word processing.

4. Changestakeplace.
Peopl e transfer/resign, user's business changes asdo his requirements, your
manager (the originator of the project) isfired.

5 Responsibilitiesremain undefined.
Everyonethinksit isthe other person's responsibility and it never getsdone.

6. Estimatesincreaseafter theanalysisand thedeivery datedlips.

When the project dips, management assignsadditional programmers,who slow
theprgject down.

8. Userisnot sympatheticto problems.

9 Management panics, getsinvolved.
M eetings double, management looks over your shoulder, thumbscrews are
tightened.

And theindustry standard solutionsto all these problemsare:

SOLUTION 1 SEARCHFORTHE GUILTY
SOLUTION 2. PUN SHTHE INNOCENT
SOLUTION 3. PROMOTETHEUNINVOLVED

SOLUTION 4 GOTOSOLUTION1AND CYCLETHROUGHAD
NAUSEUM

If you look at the'redlity' list above, you will immediately bestruck by thefact that very few
of the problemsmentionedare in thejurisdiction of the project manager. But it isthe project
manager that gets blamed/fired when the project fails. It isthereforevery important for the
PM toknow what hischancesarefor suceess, and tobeabletosay 'NO' tostillbornprojects.
On amore positivenote, theabove problemsarerisksand contingencies. We will see
(Section 2.6) how someof theseriskscan be reduced, eliminated or priced into the project.
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Disqualifying the Prgect Due to the Ussr @ the Prgect Team

You need to look for mgjor problemsin two aspectsof theproject: the user and the project

team.

Searchingfor problemsin the user' s areaiseasy. Ask thefollowing questions:

1

2

Has the user budgeted enough money for the project?
You do not wart the project tobe cancelled halfway through duetolack of f unds.

Isthe problemwel defined?
If thereguirementscan not befirmed up, makethe andysisphasethefirst project.

Aretheus's expectationsredigtic?

Usersmay think thet the computer will solveall their problemsor r un thewhole
business for them. They may not beawared thehigh cost of computer software,
bothinterms of money and time. Educateyour user.

Itis awaysharder tofind theproblemin theproject team. Itis difficult tofindfaultin
oursalves, but theremay be problems here aswell. Ak yourself these penefrating questions

1

Isthisprojectinmy business ares?

For example, even thoughour experience iswith VAX, VMS, COBOL develop
ing commercia systems, wewill bid on a projectinvolvingIBM computers
runningAnal og-to-Digitanuclearreactorcontrollers(Wearefast learnerd)).
Generd Motorswill not acogpt buildinganew spaceshuttlefor NASA no matter
how exciting the project seems. Imaginetheligbilitiesuponfalure.

Will I have have adequateresourcesavailableat theneeded time, especialy pro-
gramming staff?

Itis tempting to'grow empiresby hiringstaff. Butacompany or department
shouldnot grow by morethan 100%per year. Thisphenomenal growthcanbe
accomplishedif you havethree resourcesavailable

Hiring potential Doesyour geographical area havegood schools,or other
sourcesd good programmers? |s your environment
attractive?

Education It may be difficult to hire people who know your special
operaling sysemand languages. Is there traning avall-
able a your site or withina reasonable distanceat the

required time?
Good Personnd New employeeshave to ke orientated, made comfortable
andLine withmanagement and madeawaredf comparny procedures
Management and culture, Thisshould bedoneby your personnd depart-

met ad line managers
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Therearc many cases wherelarger growth has been successfully absorbed, but thereis
anoptimum size for cvery organization. A five man company should not bid ona 30 man-
year project. [tisunfair tothe client touse hisproject as a training ground. Wetendtobe
optimigticabout our 0WN cgpabiities, and it isheartbreaking to tum down aproject duetolack
of resources, but then: areti nss whensaying'NO' isthebest dterndtive.

How to Say 'NO' When You Do Not Want to Do the Project

Itissmpletosay 'NO' inacompetitiveenvironment: do not bid on the project. Itismore
difficult inaninterna organization. You cannot Smply sand upinfront o fivehighleve
managersand refuse to do aproject without good reason. Saying'NO' requiresknowledgedt
company politics, human psychology,and amplefactsand i gures for judtification.

Obvioudy, you have toarguethet'NO' is thecorrect choice. Know thekey peopleto
convince, and haveyour argumentsready. Avoid embarrass ngsomeonewhoisagrest
proponentof the project. Present thefacts that madeyou decidetosay 'NO' and perhaps thet
person will cometot he sameconclusion

Y ou cannot use the argument that you havea'feeling' that thingswill gowrong.
Alwaysdefend your decison with financialfacts—mos managersthink in theseterms If
you are turning Lhe project down because d the risks, trandaetheserisksinto possblecosts
(See Section2.6onRisk). Y oumustprovethat what may appear to be ano-risk $100,000
project will turnat to bea highrisk $500,000 one, onceyou add up all theproblem factors.
Don't beafraidto exaggerate therisks alittleif necessary. Usethe hisory of what went wrong
on past projects(it is usudly available) to back you up. Do not get bullied intodoing
somethingyoudonot believein, and if al elsefails,try tonegotiateacompromise. (See

Chapter 5 0on Negatiation.)
The Uncostable Factors that Influence the Go/No-go Decision

Haveyou ever beeninasituationwhereyouprcscntall the above arguments toconvince
management not todothe prgect, only to havethem answer, "' Proposeit anyway?

Sometimes thereare politica factorsinvolved, Theclient isan ‘important user', and
thisproject may be unprofitable but management islooking at futurebusiness Or thismay be
ahigh visibility project —thecompany product will beseen on television, soprofit isnot a
motivator. Hereyou may find pressurefrom very high levels—the president of your
company has something at Sakeand hasedicted that **The projectshall bedone!**

You may haveulterior motives. Perhgpsyou wish to gain experiencein agpecid area
Or you must dothisonetostay in business. Sometimescost benefitargumentsjust do not
wash.

Project Go-ahead Checklist

Inthisbookchecklistaake the form of ali stof questions. Checklistsare items tol ookf or,
thinkabout, haveanswersforat specificpointsin timebef oreproceedingothe next step.
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These lists should beused asreminders. Maog of t he itemswill probably not begpplicable, but
theremay besomething in alist that you haveoverlooked. Usethelistsprovided asgtarting
pointsonly. Alter thelissto meet your own needs. Theanswerstod| thequestionsshouldbe
'yes!

Herearethequestionstoak beforewriting the Proposal:
1 Havcwelooked dosdy at the client?
o If wehaveto program at her site, docsshehave adequatefecilities?
¢ Does shehavetheauthority to give usthego-ahead?
Isshe proneto reorganizeAWWould this affect theproject?
ISshecooperative?
Issheavailableand ableto answer questions?

¢ Doesshehavefundsfor the whole project?
o Does sheknow whet sheneeds? |sshe ableto communicatethis?

2. Havcwelooked dosdy a oursalves?
o Do weknow the applicationhardware/soltwarc?
o Dowehavethenecessary resources, and are they free at therequiredtime?

e Have we looked a the competition? Sometimesthere are predetermined
winners—do not bid if you haveno chanceat dl!

26 THE FOUR STEPS OF RISK MANAGEMENT

Every project would beon timeand on budget if nothing cver went wrong. It isimperativeto
concentrate 0N things that can go amiss and try to avoid them. Thisiscalled risk management,

Risk management condgsd three steps:

step 1. ANTICIPATETHERISK.

Step 2 ELIMINATETHERISK WHERE POSSBLE

Step 3. REDUCETHEIMPACT OFTHERISK.

Step 4. STAY IN CONTROL WHEN THINGS GOWRONG.

Let usdiscusseach d thesepointsin detail.

Step 1. Anticipating R sk

Thefirst and most importantitem in risk management is to be awareof what can go amiss
Thebest methodtoidentify possiblerisk itemsistolook a history and draw up alist of
everythingthatcoul dpossibly gowrong. If you donot have history tofall back on, realize
whenyou arein arisky situation.

Let uslook a certa n Stuationsthat exposeyour project tori &
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General Risk Situations

Inappropriatetechnical people. Lack oftrainingandexperienceonthehardware,
operatingsystem, software packagesor the applicationarea poserisks. Lack of experiencein
teamwork causescommunication problems. Clientreauirementsfor excessive security.
legdlities, statutory regulations(for example ERA) can causedisqualificationof your people.
| know of a project that ran into difficulty when alanded immigrant was provided asa
programmer on a DefenseDepartment project. For security reasonsprogramminghad to be
done at the clientsite. On the day that the programming wasto begin, we discovered that he
would not beallowed to enter theclient premises: hedid not havesecurity clearance. It would
have taken 6 monthsto obtain clearance.

Improperworking environment. A proper programmingenvironment isquietand free
from interruption. Be especially careful if the programminghasto be done at the user site. A
computer with fast response, appropriate compilersand good devel opment softwareis
necessary.

Third party suppliedresources. If thereisanythingtobesupplied by aparty over
whomyou havenocontrol,youareopentorisk. Try toobtainauthority overtheseparties.
This can be done by penalty clausesin suppliers contracts, havinginput into performance
reviewsfor staff, and soon.

Crash prajects. 'Y ou can haveit sooner if you overstaff, everyoneworksovertime, and
great gobsof computer power isavailable. But it will cost twiceasmuch!

Unspecified payment/budget. If the user needsapproval f or fundsquarterly, you stand
the chance of being cancelledeach quarter. If heis payingyou by delivered milestone, you
have the hassle of acceptanceand payment at each milestone. If you are using thetwo-step
proposal process, the analysismay exhaugt the user's funds.

Financial Risk Situations

Thesearethesituationswheresystemsend up costing more than anticipated. L ack of good
problem definiton isdifficult to estimateespecially when the user does not know exactly what
hewantsor is unableto specify it. Bad (ungtructured)design and coding methods will cause
testing totakelonger than anticipated. Acceptance, especialy 'Parallel Runs cangoon
endlessly. (See Chapter8on Acceptance Test Planningwherel suggestasol ution tothis
problem.) Lack of project team training, demandsfor excessive documentation, or unusual
standardsmay cause problems.

Distributed Project Management doesnot work Itisbest tohaveall themembers of the
project team, aswell astheclient, in the samegeographical areg, otherwisethetravel required
will becodtly.

Overzealous management can ‘overmanage’” aproject. K eepdocumentstoamini-
mum. Everyoneon think of a better way to reporthisor her activity. Definea certainsmall set
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of standard documentsand use only those. K eep meetingsto a minimum. Usethe phoneand
memosto communicatewherepossible. Do not interferewith theworkers.

Riskisinvolved when the user isunable toand has no authority to answer questions
quickly. | saw aproject (for alargegovernment department) where the answer to every
requirementsquestion had tobe decided by a user committeethat met oncea month. There-
quirementswereestimatedat two weekshbut actualy took Sx monthsto complete!

Technical Risk Situations

These arethetechnical factorsthat result in bugsor bad performance.

Thewrong solution. Areyou buildinga rocket guidancesystem usng BASIC because
that iswhat you know best?IsGM attemptingto build aspaceshuttle? Are you attempting to
shoe-hornalargeinventory control systemintoa PC?Is thetargetcomputer already 98%
loaded and the new AccountingSystem for 10,000 vendorsto befit into the remaining 206?
Ensure that both the devel opment computer and the target computer match the requirement,
will be availablewhen needed, and that both the hardwareand system sof t war e are supported
by themanufacturer. Be especialy careful in a multi-vendor environment.

Bad requirements/specification. If anythingisunclear or ambiguous, or if theuser is
unableto give you firm requirements, changeswill occur during or after development.
Changescan be very expensivetoimplement, and you may not get paidfor doingit. Makethe
andysisthefirst project inthiscase.

Notknowing theuser. 'Y oumust beaware d how he operates. Union shopsmay have
special rulesregarding computer operators. Theamount of computer expertisethat theclient
has defines the human interfaces that have to bewritten. Security, audit procedures, rulesand
regulationsmay forceasystem to bedesignedin a specificfashion.

Toleranced data lossdefinesthe backup procedures. Some shopscan recover from
datathat isaweek old. Otherscannot tolerateany loss, so transactionrecordingor duplicate
filesmay haveto bedesignedintothesystem.

It isvery risky to specify response, data volumes, and throughput numbersin acontract.
I have beenin asituation wherea contractor promised that every responsewould be under
fiveseconds. The user found onecircumstance where acertain responsetook over five
seconds, and herefused to pay for thesystem. If responseissues must beaddressedina
contract (and most of the timethey do), usewordingsuchas:" 95% of theresponses..."”, or
""Wewill design toward all responses to be5 seconds.”* Wedo our best, but wedo not
guarantee.

Incidentally, TECHNICAL RISK istheleast deadly. This isnot surprising since we
tend to have many good techniciansin thisbusiness.

TheRisk Quiz Ask yoursdf thefollowingrisk questions. If you answer 'yes or even
'somewhat’, toany of the questions you aretakingarisk. Thelist isdivided into three
sections; LOW RISK, MEDIUM RIK, and HIGHR Kitems.
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LOW RISK ITEMS
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AREA QUESTION

TeamSize I's theproject team from 3 to 5 people? (Note that this implies that
the only no risk team size iSone or two people!)

Software/ Arcweusingalanguagethat was not meant for thisapplication?(COBOL

Hardware for bit twiddling, or ASSEMBLER for commercia transactions)

User Istheuser acomputer neophyte? (It will taketimeto train him; and as he
learnshewill want changes.)
Canshe answer questionsquickly?

Training Do WE need trainingin thetarget hardware, system software, languages?

Team Memhcr Dowe get along?Arcthercany individua problems? (Health, productivity,

MEDIUM RISK ITEMS

personal issues)

AREA

QUESTION

TeamSize
Software/
Hardware

User

Team Members

HIGH RISK ITEMS

Isthe Project Team over 5 people?

Arethererequirements for excessiveresponse/throughout or availablity?
Areweshoe-horninginto hardware that is too small?lsassembly / macro
language involved? (Macroisdifficultlolearn, difficult todebug, and itis
difficult to find Macro programmers.)

Dowe have to modify the operating system?1 sthere nelworkinginvolved?
(Networkingis stitl the most problem proneareain thebusiness.) Areany of
the hardwarear software productsbrand new?

Are there any communicationsproblems? (User is uncooperaliveor far
anay.)

Is there anyone on the team over whom the project manager has no
authority? (It is common to haveuser staffon the team. This is acceptable as
long asthePM hasinpul into his/her performanceappraisal.)

AREA QUESTION

Software/ Ina proposed multi-vendor environment, are any of thevendorsunableto

Hardware demonstratecompatibility?
Arewe usingsomc hardware, software, design or programming methods
that havenever been tricd before?(Do not beapioneer. Apioncer istheguy
with thcarrow in hischest!)

TeamMembers Aresome of uslocated alongdislanceaway?

Third Parties Do some resourcesdcpend upon partiesover whom thereis no control ?

Deadline Isthisa'crash’ project? Is theestimate'edicted?

Requirements Doesthe Requirement Document not exist, is itunfirm, or doesone of us

(user, project team) not understand it?
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Inconclusion, you cananticipatetherisk by creatinglistssuchastheoneaboveto
remindyou of possiblerisk items. Use the history of projectsin your company to customize
these lists. Remember, the risk lists are dynamic— changethem as your environment
changes.

Step 2 Eliminatingthe Risk Where Possible

Atthispoint itisagoodideato prioritizetherisk items. Draw upatablesuchastheonein
Figure2.1.

RISK TABLE
Item Risk Item Probability ~ Impact  Priority
No (1-10) (1100  (PxW)
1 User not communic-Req't will slip 8 7 56
2 Chief pgr leaves-des/pgmg slip 2 8 16

Figure 2.1 Riskevaluatinn table

Enter into thetableeach itemin the Risk Quiz towhich youanswered'yes oreven
'maybe’. Trandatetherisk itemsintotheactud effect on your project —usudly an increasein
cost or duration. Decideon the PROBABILITY of theitem occurring, and assign it a number
from1t010, 10 beingthe highest probability. Then decidetheimpact on the project. Assign
IMPACT anumber from 1 t0 10, 1 being an item you can work around, 10 an item that will
stop the project dead. The high impact itemsare theMEDIUM and HIGH risk itemson the
Risk Quiz, aswell ascritica path items(sse Chapter 14). Multiply the PROBABILITY for
eachitem by thelMPACT to get the PRIORITYY.

TheRISK TABLEIn Figure21 will give you theorder in whichto attack the risksfor
possible elimination. Obviously, the higher the PRIORITY intheRisk Table, themore
attention that item needs. Infact, approach the itemsin descending order of PRIORITY .

For eachrisk item, first attempt to removethecause of therisk. Exert authority, change
staff, come up with better software/hardware, educate yourself and/or the user. Every item
will requirea unique solution.

Step 3. Reducingthe R sk by Contingency
Planning and Pricing

For theitemswhereyou cannot eliminatethe risk, define contingency plans. Is thereanother
computer in the building or area that you can use after regular hoursin case yours is
unavailable?Istherea method tosimulatesomesoftware or hardwarefor testing if it doesnot
materidize?Is therea backup person whoiswilling towork on your project in an emergency?
For every risk iteminvolvinga resource, try to put back-up resourcesin place.
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If thereisahigh probability that the risk itemwill occur, you must adjust the priceof the
project accordingly. Many of my projectswere sucessful becausethe pricewas marked up by
aoatain percentage. This issometimescalled a'fudge factor', becausethe estimator blindly
picks apercentageand increasesthetota priceaccordingly.

This percentagei smuch more accurateif it isbased upon calculation of thecogt impact
of actua risk items.

Y ou can summarizeyour contingency plansusing the tablein Figure 2.2.

CONTINGENCY TABLE
Item R sk Item Action Who Cogt
No %
1 User uncommunicalive Weekly mtg/ PM § 5K
Prototyping PL $25K, 3mo.
2 Programmer leaves Back-uppar. R $20K

Figure2.2 Contingencyand focustable.

Put thecontingency plan inthe ACTION column of the Contingency Table. Inthe
WHO column put the name of a person who will be responsible for implementing a
contingency plan. For thoseitemsthat you need to have early waming about, put in theWHO
column the nameof anindividual who will keep hisfinger onthe pulseof the problemand
warntheteamif thedam isabout to burst. In the COST column put the cost increasein dollars
andfor thetimethat the risk itemswill cause.

Step 4. Staying In Control When Things Go Wrong

Andlastly, despiteall yourefforts, somethingswill still gowrong. | haveseensituations
wherethe poor project manager became sooverwhelmed by al the thingsoutsideofhis
shered contral destroyinghis project that he threw in thetowel and resigned. Expect things
to gowrong. Do not get paranoid (even if everyoneisagaingt you), and keep control aswell as
you can. Doyour best, announcea slip oroverrunif necessary, andreporttotheworldthe
cause of the problems, especialy if they are outside of your jurisdiction. Things will
eventually settledown, and you will be respected for your ability to keep cool under pressure.

QUESTIONS

What isthetwo step propos method?why isit useful?

Why can aneophyteuser nat be expectedto writeagood RequirementsDocument? Thenhow
can weproduceagood RD?

3. Groupexercdise Section 1 (INTRODUCTION) and Section 2 (PROJECT GOALS) of aRe-
quirements Document are shown on page 29, Whitetheremaining sections.

N P
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Requirementsfor Bell Family CommunicationsSystem

Section 1 - Introduction TheBdl clan consistsof fivefamilieswho live approximately two
milesfrom oneanother. Presently we communicatewitheach other usngsmokesignas.

Asdefromtheobviousproblemsof smel, delay instarting afire, anddow communication, the
signd isnot privateand it ishard to meke sure thet theintended recipient witl bewatching. We
need a better method of communicating.

Section?2 - Project Gods A communicationsystemthat will provide:

a Voicecommunication.

b. Fast communication-should beableto talk a norma speed
¢. Afastway of indicatingwhichfamily wewishto cdl.

d Fagt gat - lessthan one minuteto start talking.

e Away of dertingthespecificcall recipient.

f. Privacy.

2. Indication tothecdler if therecipientisaready talking.

h Away of terminatingthe cdl frometherside.

4 What threeitemsdo we reguirethe usar's project representativeto beableto do?
5. What isthemagjor question answered by the Functiond Specification? Why isa'yes answer to
thisquestionnot enoughfora go'  decision?
6 What two mgor questionsmust weask of the user to qualify apmject?What twomajor questions
must we ask of theproject team toqudify aproject?
7. What isrequired to beableto grow a businessreally quickly?
Whichof thefour Sepsaof risk management is mogt important and why?
Q Group Exercise.
Tohelp anticipaterisk, list at least10risk itemsduetothesituationin your company (or an
imagined company). Makethislistintoa'Risk Quiz', thatis, formulateeachrisk item asa
guestionthat will beanswered'yes' if there isarisk. Assigna LoA, 'Medium', or “High'’ rating
to each item depending on your opinion of theimpect of theitem.
10, Evduatethetenites ligedin Question 9 using theformat of Figure 2-1. UsngFigure22, list the

highest risk items andin the WHAT columnlist actionsthat will guaranteeeliminationof therisk
for asmany itemsas possble.

11. For theremaining risk items, put ‘contingency plan’ actionsinthe WHAT column

$o
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31 INTRODUCTION

Soyou haveeval uated the project and decided to go ahead with it! First, you may have
to convince some other parties that the project should be built. This is done with a
proposal. For an external project, the proposal iswritten to convince the client to buy
the project from your project team. For aninternal project aswell, management should
insist that the PT produce a proposal. Thisforces the project team to plan a little.

A proposal is adocument that details the cost and schedule for the project, and
outlines the stepsthat the PT will take to produce the product. How do the members of
theteamcomeup withthecost, schedul eandstepsrequired?They writethe Preliminary
Project Plan. A plan for a software project lists the activities required, how long each
activity will take, when these activities must take place and how much resources must
be spent on each activity to produce the required product.

Planningisan iterative process. the plan will be constantly revised asthe project
progresses and as you gain better knowledge and understanding. Planning is very
difficult but it must be done properly — more projects have gone astray due to lack of
planning than all other causes combined. (Reference 3)

If you are using the two phased proposal method (Section 2.1), the plan that you
produce here is for the analysis only; otherwise, you will be planning al of the
development.

A note on the organization of thisbook: this chapter will teach the management
aspectsof planning. It does not detail the useof planning toolssuch asPERT and Gantt
charts. Chapters13and 14 willdothat. Read thischapter first tolearn why weuse PERT
and Gantt, and Chapters 13 and 14 when you need detail on how to do it.
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3.2 THE PRELIMINARY PROJECT PLAN (PPP)

The PPP is the first crack at the steps, resources, cost and schedule required to
accomplish the project. It isan internal document: it need not be shown to the user,
especially an external one. Lately, however, | find that wise users, especially govern-
ment departments, insist onseeingthe PPPaswell asthe proposal. They wishtoensure
that the PT knowswhat they are doing, and what better way than to see the detailed
plans! Here are the major stepsin the planning process:

3.3 WORK BREAKDOWN STRUCTURES (WBS)

Thekey to any plan isbreaking the required activitiesinto smaller and smaller pieces.
A WBS begins by listing the mgjor components of the project. ThisisLevel 1 of the
WBS. (Level Qisjust thetitle of the project.) For a software project the best method of
breaking the project upinto the major piecesistostart with the seven phases. Figure3.1
shows Levels0 and 1. of the WBS for the ABC project. Lower levelsof the WBS are
obtained by breaking down each piece at the level above into its component activities.
In Figure 3.1 we see the Definition phase broken down to Level 2.

LEVEL 0
ABC MIS
PROJECT
LEVEL 1
. ACCEP- OPER-
DEFINITION|| AnALysis || Desien PRO SYSTEM ANGE ATION
GRAMMING TEST
LEVEL 2
REQUIRE- || FEASA- RISK PRELIM. eroposaL || NEGOTIATE
MENTS ANALYsIS || proJecT PROPOSAL
DOC. STUDY L

Figure3.1  \Wor k breakdownstructure.

If the plan isfor the whole project, the above WBS would be completed by breaking
each Level 1entry into at least Level 2, perhaps even into Level 3components. If the

planisfor analysisonly, theLevel LANALY SIScomponent isbroken out. It may ook
like Figure 3.2.
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0.0
ABC MIS
PROJECT
LEVEL1
10 20 30 4.0 5.0 6.0 70
DEFINITION]| ANALYSIS DESIGN PRQ S¥2;|_|E_M 'j‘\I'(A:cN:EE OPERATION
GRAMMING
LEVEL 2
21 22 2.3 24 25
1 1 1 1 =S
INTER- ANALYSE DEFINE WRITE NEGOTIATE
VIEWS EXISTING NEW SYST. FUNCTION- FUNCTION-
SYSTEMS FUNCTIONS AL SPEC. 1 AL SPECS. I

Figure32  Workbreakdown structure for analysis

The WBS Numbering System

Number the WBS entriesasin Figure3.2: Levcl 0, or project title, is0.0. EachLevel 1
itemisN.0,ie., 1.0, 20 and soon. EachLevcl 2 item below Level 1litem N.Qisnumbered
N.1, N.2 and so on. For example, below Levcl 1item Analyss, whichis2.0, wehave
items2.1, 2.2 and so on. Each Level 3 item adds adot and digitsto the Level 2number.
Forexample, below 21 wewouldhave 2.1.1,2.1.2 and soon. Theal gorithmcansimply
be stated thus: At Levcl N you have N nmumbers and the Nth number varies.

When Do You Stop?

Thelowest level entriesarethe tasks, or activiticsin the project. Y ou can stop breaking
down atask if thefollowingis true:

1 Some person (or group for alarger project) can take responsibility for the
task, or accomplish the activitiesinvolvcd,

2. Youcan getarough estimate o the cffort (person-days)needed to perform
the activity (or activities) involved. This will have to be done by the
responsible person.

3. You can schedule the task. All that you need to schedule an activity is its
calendar duration, and its precedents—the activiticsthat must be completed
before the task can be begun. The project manager or the responsible
individual may specify the precedents.
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4, Thetasks must besmall and ableto becompleted. Although thiswill be used
morefor controlling than planning, agood‘'work package' at thebottomlevel
of the WBS takes approximately one week and there is some method of
proving when it isdone.

The'expert’ that you assign toa task to may bea programmer, an analyst or even
the project manager. She may break each task up further in order to attain the above
items, but thisis not needed for the planning document yet.

For example, assume that we have an expert analyst in the company. Wecould
givehertheWBS inFigure3.2 and ask her for arough effort estimateand the precedents
for the analysis. She should, of course, insist on seeing the RD.

Depending on her experience and estimating expertise, she may need only the
Level 1 WBS. Someanalystscould simply read the RD for the ABC project (discussed
inthelast chapter and in Appendix A) and state, ““The analysisfor this project will take
25 days."" Othersmay need to break theanalysisinto Level 2 boxessuch asin Figure
3.2,yet othersto Level 3 before they could do even a rough estimate.

An example of the Level 3 WRBS for the INTERVIEWS and the ANALY ZE
EXISTING SY STEM Shoxes could be asin Figure 3.3.

2.1

INTER-
VIEWS
LEVEL 3
2.1.1 212 213 214 215
WARE-
MANAGER SUPER- .
2.2
A
LEVEL3
221 222 223 224 225 2.2.6
REGIS- WARE- . ACCOUNT- DATA
TRATION HOUSE BUBINESS ANTS ﬁgﬁgs s
SYSTEM SYSTEM BUSINESS

Figure3.3 WBS levd 3items
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Theexpert bresksdown each lowest level box until he is abletoestimatethe effort
required. (See Chapter 13 for estimating methods) The estimates can be put on the
WBSitself asinFi gure3.4. Notethat the TOTAL estimateisthesumdf theindividual
times. Thisiscalled DIRECT time. I tis the number of actual work daysrequiredtodo
the activity. It isnot the ELAPSED or CALENDAR timethat it would take,

INTER-
VEWS
WARE-
REGIS ACCOUNT-
OFFICE HOUSE - cour
MANAGER SUPER- CEQ o
VISOR
ESTIMATE(RD) 15 2 4 15 3
TOTAL:12 DAYS
ANALYSE
EXISTING
SYSTEMS
(1) @) @ (4) (5) (6)
SYSTEM svstem | | BUSINESS 11 gusiness MENTS FLONS
ESTIMATE(PD) 2 2 1 1 3 2

TOTAL:11 DAYS

Figure34  Analysisievel 3 (partial)

He would similarly break out the DEFINE NEW SYSTEM FUNCTIONS,
WRITE FUNCTIONAL SPEC. and NEGOTIATE FUNCTIONAL SPEC. boxesand
add up thetota timefor al of theanalysis. He then submits the estimateand the list of
precedentsrequired for the wholeanalysisio the project manager.

The person reponsible for the plan (probably the project manager for asmall to

mid sizeproject) then collatesall the estimatesand precedents. He may end up with a
list whichlookslikethis:
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ACTIVITY EFFORT PRECEDENTS
Definition 20 _
Analysis 35 Definition
Design y:s) Analysis
Program A

(Control) 20 Design
Program B
(Registration) 30 Design
Program C
(Warehouse) 25 Design
System Test 10 Programs A, B, C
Documentation 20 Design
Acceptance 5 System Test, Documentation
Training 10 Documentation
Operation 10 Acceptance
TOTAL 210 person-days

Notethat in thisexampleonly the programming had sub-components. If thereareany
sub-componentsaof any other mgjor activity available, they would also belisted.

3.4 THE NETWORK DIAGRAM

Thesecond step of planning istodraw a network diagram that shows the sequenceof
events. The best type of diagramfor thisisaPERT chart. Figure35 isaPERT chart
for the aboveproject. Thesequenceof eventsisdrivenonly by theprecedentsdf each
activity.

PER END

STRT DEF NAL DES GMB
0 20 35 25 30
GMC
25

Figure35 WRT chart
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Thisform of the PERT is called a Precedence Network. Each box representsan
activity. Wehavewritten ineach box the nameof theactivity and itsduration. Y ou may
be familiar with the Activity on Arrow format of a PERT, but the precedence network
i sbetter than activity onarrow, and most of today’s good project management computer
programsdisplay thisformat. For detailson how to construct aPERT chart see Chapter
14, and for details on how to use computerized productssee Chapter 17.

The Critical Path and Project Duration

We will detail PERT chartsand Critical Paths(CP) further in Chapter 14, but it should
beobviousthat anumber of paths, or aseriesof sequential activities canbetraced on
theabovePERT simply by followingthedirectionof thearrows. Thelength of timethat
ittakestotraverseany path can becal culated by adding up thedurationsof theactivities
onthe path. The CPisthelongest of these paths, and it defines theminimum time it will
take to do the project. In the PERT in Figure 35 the CP consists of the activities:
START, DEFINITION, ANALY SIS, DESIGN, PROGRAM B,SYSTEM TEST, AC-
CEPTANCE, OPERATION and END. The project will therefore take the sum of the
durationsof these activities, 135 days.

35 CALCULATING PROJECT COST

If the project contract isfixed price, the project manager can cal culate arough pricefor
labour by multiplying thetotal number of cal culated person-daysby an average charge
per day. Do not attempt to calcul ate in detail which peopleat what salary levelswill be
working on the project — unless you haveagood ideaof who will beworkingon it. The
charge per person-day isa'loaded' charge: it should include overheads of heat, rent,
clerical support and benefits. To thisyou must add fixed costs such as computer time,
rental of any special equipment and so forth. Fixed costs should be listed by each
estimator for his particular activity.

Example of Price Calculation:

If you have one of the project management software products discussed in Chapterl7, it
issmpleto caculatethe cogt of the project. Figure 3.6 illustratesan abbreviated Task
Details screen from the Superproject (TM) softwarepackage.{See page 37.)

Thiscomputer formcan beusedtoenter for each task adl theresourcesrequiredandtheir
cost. Thesoftwarecd culatesthetotd task cost, aswell asthetota projectcost. If you are
cd culatingcosts manualy, and you areconfidentinthetotal estimatedf 210 person-days,
pricethe project by multiplying210 by an ‘average’ cost per day, and add thefixed cost
items. It would bebetter to add moredetail by costingout at least each Level 1 box onthe
WEBS. For example,the cost of Programmingcould be calculatedasillustrated onpage37.

A price calculation mus be donefor each Leve-1task or phase, and totaled to get
project cost. Notethat unique costs such as profit and risk can be moreeasily accounted
for manudly than with acomputer program.
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SuperPro ject Expert
Select File

28 fActual Dur: A |Erlyil11-26-89
28 Finish Del: 8 |Late:12-25-89
@ Free Float: @ |Schd:12-25-89
@ BCUP:
Type :ASAP ALAP Must Span
WBS :081.84.80.688.8811 Acct:

escription of this task.

Figure36 SWERPROJECT task detail sereen for task cost calculation

AveragePgr 75 pd @ $1000.00 per pd (loaded) 75,000
Profit 25% 18,750
Risk factors:

User will change hismind on 10% o formats

Cost = 10% extra programming Lime 7,500
PROGRAMMING TOTAL $101,250

3.6 PROJECT SCHEDULE

Thenext stepisto calculateadelivery date. To do this the planner (probably the PM)
must trandatethe DIRECT daysof the estimate to CALENDAR DAY Sor duration.
Onedf the difficult taskshere isto al ocateresources—who isgoing to work on what,
especially when taskscan be goingon s multaneoudy. Even moredifficult to decideis
if theduration of atask can be shortened by adding moreresources.

OnthePERT in Figure35 only oneLeve 1 activity hasmore than one resource
assigned and is thereforedivided into sub-tasks: programming. The PM must ask the
appropriate estimators if other Level 1 tasks can perhaps be divided. The PM then
redraws the PERT showing the actua duration of each task after it is divided. See
Chapter 14for details on resource allocation.
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Then the PM schedules the whole project on the real calendar. The best method
todo thisisto draw a Gantt or time-bar chart such as Figure 3.7 below:

Task Gantt SuperProject Expert
Vieuw Edit Select File Output Help

1 Day Per Symbol December B89 January 90
ID Heading/Task Resource | 2 a1 a8

SOFTUARE.PJ
DEFINITION
REQUIREMENTS DOC
M
USER
PROPOSAL

PRELIMINARY PLN

PM
PL

M
ANALYSIS - DRDRBVBRBBRRBRRRDE
FUNCTIONAL SPEC RRDIDRRVNDRDRNDRDD
TECH SECTIONS .

PL
MGT SECTIONS

ame of heading/task or resource. CAPS

Figure3.7 SUPERPROJECT project schedule

First, all the known calendar events such as holidays, vacations, training and non-
project meetings are blocked out and all the project activities are scheduled around
these. Each activity isthen entered on thechart asabar, starting at the completion of the
last precedent activity. Thecompletion of thelast activity i sthe project end. See chapter
14 for a detailed discussion of scheduling.

3.7 PRELIMINARY PROJECT PLAN OUTLINE

Armed with all this knowledge, the PM can write up this crucial document. Hereisa
suggested outlinefor the PPP. (Read thistogether with the example in Appendix A.)

1. TheProject Team  Detail here the organization of the project team (no
names). Show thestructure, who reportstowhom, who communicateswith whom, and
soon.

Although Chapter 18 will discuss the organization of a project team in detail,
Figure 3.8 givesan example of atypical project team and the major responsibilities of
the memberson a small to medium sized project.
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PROJECT
MANAGER
PROJECT
LEADER
PRO- PRO- PRO-
GRAMMER || GRAMMER GRAMVER
1 2 N

FIGURE 38 Typical projectteam structure

PROGRAMMERS: (No more than 5) Responsible for the programming.

PROJECT LEADER: Supervises Programmers on technical details only.
Responsiblefor (not necessarily does) technica activites such as anayss,
design and major programming tasks. Maor Goal: Technical quality o the
product.

PROJECT MANAGER: Manager of team (leader, motivator, etc. Responsible
for all outside communication (reporting, meetings, user/upper level manage-
ment interface) Mgor Goal: Successful project. (Plan, Control, Communi-
cate.)

2. ProjectCost Includeherethe WBS’s, estimatesand calculations that were
used to produce the price. You would not want this section in the hands o your
competition--it givesthewholeprojectaway. Thisiswhy thisdocumentshould be kept
privatein acompetitiveenvironment.

3. ProjectSchedule  The Gantt for the project. If somethingsarenotobviously
chronological,document why you didthe thiigsinthatorder. Detail especialy howyou
handlethe pardldism—sharing thework if there are simultaneousactivitiesgoingon.

4. Reviews Inthissection you relatethe approximatedatesof the major man-
agement and technical reviews (the schedulewill providethisl), the purposed each
review and who will attend them. List theresponsibilitics of the peopleinvolved. Try
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to put reviews after each major milestone. (SeeChapter 21 for detailson how todo the
reviews and reports.)

5 Reports Theformat and contentof thestatus reports, milestonereportsand
other project documentsaredetailed here. List whoreceives each report and what his
or her responsibility is after receiving it. Again the Gantt helps to define when you
expect thesereportsto appear.

6. Documentation  Therewill betwoclassesof documentsin the project: user
and project management. Outline which documentswill be produced, and the respon-
sibilitiesinvolved: who writes, types, edits, approves, distributeseach one.

7. Assumptions  You arebasinga pricehere uponalot of assumptions: most
o them arefacts given to you (sometimesverbally!) by the user. Writedown any as-
sumptions still outstanding that would alter your priceif it proved to be untrue. For
example, " The system will have at most 10 simultaneoususers.”* Protect yourself.

3.8 CONCLUSIONSTO PLANNING

Planningislikehorseback riding: itlooksdifficult before you start. But onceyou are up
therethingsget progressively easier.

And nowfor thebad news. Theestimatesof costsand datesthat project managers
come up with at this point (in the Definition phase) are, on the average, 50% t0 100%
off!

QUESTIONS

1 Groupexercise You areahousebuilder. You mudtcreate 2 WBS for ahouse project. The
WBShbdow hasLevds0 and 1, and some Level 2 and 3items Completethe WBS bdow
thebox 20 BUILD HOUSE. Number theitems.

0.0
HOUSE
10 | 2.0 30 |
=T 1 1
PLAN BUILD SELL
HOUSE . HOUSE . ., HOUSE
11 1.2 13 —|
FINANCE SITE DESIGN
124 | 122 123 |
| cer
SELECTSITE | BUYSITE ! APPROVALS
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2 Ligt thefour properties of awork packageitem found at the bottom of a WBS.

3 Estimate, in persondays, the build house phase (does not have to be accurate). Start
with thelowest level itemsand work up theWB S.

4. Break 3.0SELL HOUSE intoLevel 2items. Identify the precedentsfor eachtask a Level
20of the WBS for thewhole house. Draw a network diagram (PERT) for thesetasksonly.

5 Estimatethecalendar durationfor each Level 2 task. Mar k thisonthe PERT. What isthe
length of the project?

6. Followingisan outlineof theWB S for PLAN HOUSE. The required resources, daysfor

each and costs arelisted. We need a 33% profit margin. What should we charge for the
PLAN HOUSE item?

TASK RESOURCE DAYS COST/DAY
Plan House
Finance Accountant 10 300
PM 5 500
Site
Select Site PM 5
Consultant 5 600
Buy Site PM 3
Accountant 3
Get Approvals PV 5
Design
Interviews Client 3 0.0
PV 3
Architect 3 500
Draw Architect 15
Blueprint Architect 2
Blueprinter 2 1000 (fixed)

7. Group Project.
Writea Preliminary Project Plan for the HOUSE project.
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Proposals

The First Ball Park Estimate
and Schedule

4.1 INTRODUCTION TO PROPOSALS

A proposal hasthree purposes. Firgt, it contains the project team's first estimate of the
cost and the delivery date of the project. Second, for an external project, it isaformal
legal document that outlinesthe project team's intent to provide the required services.
Third, itisasalestool. It must sell the reader on thecost/benefit of the proposed project.

Although formal proposalsare usually required only for an external project, one
should be written for an internal project aswell. Internal organizations benefit from a
formal agreement between the user and project team regarding deliverables and costs.
Thesalesaspect of a proposal should not beignored internally. A wise user will insist
that the project team 'sell' him on the project: proveto him that it isto hisbenefittogo
through the pain and aggravation of building it.

Proposal War Stories

Aspromised in the preface to this book, | will relate war stories throughout the book.
These are stories about projects that have gone astray due to problems with the
particular activity beingdiscussed. Recall that although thestoriesarebased onfact, the
personsand eventsare disguised to protect the guilty.

Proposalsfail for two major reasons. First, no bid (proposal) wherethere should
have been a bid; and second, therewasa bid but it waslost to the competition.

42
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No Bid

A large soft drink company invited an analyst from Famous Minicomputer Manufac-
turing Company(FMMC) to do a feasability study on what, if anything could benefit
from computerization at thesoft drink plant. The analyst did hisstudy, but during the
study he had aslight problemwiththe company accountant. Thisaccountant wasafraid
of losing his job to the computer, and made the analyst's life difficult by refusing to
answer any questions.

The result of the study was typical: The analyst recommended that several
computer systemswould be helpful. He recommended installinga computer torun the
finances: accounts receivables, payables, inventory control, and so forth. He also
suggested implementing a personnel system to handle the payroll, taxesand such, and
aprocesscontrol computer tohandlemixingthedrink, filling the bottles, and automated
trackiigof itemsinthewarehouse. Whenasked to quate aprice, duetotimeconstraints,
the analyst detailed only the accounting system price which came to $150,000.

Thereaction of the customer seemedviolent. | nanutshell, hestated that $150,000
wasmuchtoo highfor what seemed likeasmall fraction of hiscomputer needs. Hesaid
he would not pay more than $50,000 for the accounting system.

Thefatal error, however, was committed by the analyst's manager. Due to the
customer's reaction (and probably for personal reasons) the analyst recommended to
his manager that the computer company withdraw its bid. He felt that this customer
would bedifficult to deal with, that the customer would not answer questions correctly,
and that FMM C and the soft drink company would never reach agreement. Unfortu-
nately, the analyst's manager agreed and dropped the bid.

Comment:  All usersfeel that your softwarecosts are much too high. Perhapsthis
user could have been won over by some other approaches. The analyst could have
proposed the system in phases — built a smaller portion to get his foot in the door.
Maybe the user had the money, and wasonly negotiating. Never give up a bid after a
first meeting. There may have been apersonality problem between thefearful account-
antand theanalyst. Theanalyst's manager should havedetected thisand perhapscome
on thesceneto assist with negotiations.

The preceding situation could take place with an internal project aswell —where
the user and the client are two departmentsof acompany. Expect thefirst reaction to
any price to be negative. Plan to negotiate. Sometimesyour opponent is just testing to
see bow convinced you are of your proposal. If you withdraw immediately, he knows
you were not convinced.

Epilogue: Thesoft drink factory did computerize, at the pricequoted by thefirst
analyst, but not with hiscompany.

Lost Bid

A 'famous' author of Software Project Management (For Small to Medium Sized
Projects) books started his consulting career as a microcomputer teacher. He went
around the microcomputer stores of hiscity informing the ownersthat he would teach
anybody anything. Sureenough, hegot acall oneday from agovernment aircraft main-
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tenance department. Their job was to track who had training on what typeof aircraft
across the country.

Six months beforehand a member of the department had bought an obsolete
microcomputer complete with an undocumented data base program (at afantastic
pricel!), but hehad | eft the department before any data base wasimplemented. Noone
in the department had any computer experience. So the teacher was hired to train the
department well enough to implement the database on that computer. Heobtained the
appropriate information and successfully taught the people how to use the particular
computer and data base program.

About amonth later theteacher received acall from thehead of the department
asking if he could propose the cost for actually implementing their data base. The
teacher interviewed the potential users of the database: there were 25 potential users
with50differing opinionson how to useit. In addition thedatabaseprogram would not
handle all their needs—other programs would have to be written (in BASIC). He
figured it would takehim three months.

Thefirst opportunity hehad to present the proposal wasat aboard meetingof eight
departmentmanagers. All went wel luntil hepresentedtheprice: threemonthsprogram-
ming, $400 per day, $20,000 total. The managers were aghast. They had spent only
$1000 on the hardware and packaged softwaresofar, and here wassomeidiot telling
them it would takeanother $20,000 to get it going!

Comment:  Users are sometimes unaware of software costs, especialy in the
microcomputcr arenawhere thehardwarecogts areasmall fractionof thetotal. Inthis
instance the managers expectationswerenot set properly for the pricerange. We will
seein section4.4 how to avoid this problem.

Epilogue:  That microisstill sitting there gathering dust.

4.2 THE TWO PHASE SOFTWARE PROJECT PROPOSAL

We in thesoftwareindustry haveestablishedaterrible reputation for estimating. | nmost
environmentswheresoftwareis produced someonecomes up with an estimate, which
his manager then multiplics by three, then his manager by two and so on. These
managersmultiply our estimates due to their lack of confidencein us

As discussed in Section 2.1, we cannot do a proper estimate at definition time
because we do not know enough about the problem. Recall that the suggested solution
to thisisthetwo-phasedproposal process: Make the anal ysi sphaseasmall front project;
propose to do it in an Analysis Proposal. After the analysis is done proposethe
remainder of thedevelopment in a Development Proposal.

Thereareobviousobjectionsto this two phased approach. Y our user will want to
know his total costexposureupfront: he will be reluctant to pay for analysis, only tofind
out that he cannot afford the remainder. No one likes to fight for money twice.
Nevertheless, thetwo phased proposal isbecoming therule rather than theexception
inlarger, highrisk projects. TheFedera Government (whichisincidentally thelargest
victimof software estimators) will usually contract out the Analysis Phase of alarge
softwareproj ecttosevera contractors,and thcnhaveone(or more) contractor build the
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remainder. Government departmentshavel earnedthat softwareestimates produced at
thedefinition phaseareusdess. DEC's SoftwareServices, whichisin the businessof
writing projectson contract, will admost awaysinsist on the two steps.

The sections that follow will address both the analysis and the devel opment

proposals.

4.3 WRITING A PROPOSAL
Preparation

Proposd writingisdifficult. It has to be done correctly, otherwiseyou damageyour
reputationand chancesfor any futurebusiness withyour client. Writingaproposal is
also expensive: it may takemany resources and much of your item, and you rarely get
paidfor writing it. If it involvessevera people, treat it asasmall project—assign a
proposal manager, draw up aplan (usethe outline below), assignresponsibilities, and
control theactivities. If you haveto producemany proposals, useaword processor and
changeonly theitemsuniquefor eachproposal,but makesure it appearscustomwritten
for every client. Work with the requirements document (RD), especidly if itisa
Request for aProposal (REP). Theformat of theproposal shouldfollowthat of the RFP,
andif theRD isonyour word processor muchof thewording can bereused. Leavethe
door open for further questions to the user as you will have many as the proposa
progresses.
Hereis asuggested outlinefor aproposd.

Proposal Outline
(Appendix A containsafull example.)

1. Cover Letter  Aletter directed 1o thedecision maker, signed by the project
manager (if an account representativeis the primary contact with theclient he or she
may sign as well). Thebody begins with introductory text such as, ** Thank you for
giving XY Z Software Co. the opportunity to propose..for your computer system."*

The nextparagraphgivesas mpl edescriptionofthe systemsuchas'" ...hardware
and software tohandleAB C’s registration, financeandmanagement information needs
for the next three years.

In thesubsequent paragraphsexplainwhether thisisan analysisor adevel opment
proposal, and explainthe two stepsif itisandysisonly. State price and delivery date
if itisa ‘fixed price’ contract, cost per hour and estimated hoursiif it isa'cost plus
contract. (Acost-pluscontract specifiesyouwill work X hours, andgetpaid by thehour,
plus materialsused. See Chapter 5 for the detailsof these contracts.)

Closethesale—end the |etter with statements that force aquick decisionin your

favor. You donot wishtowaitsix monthsto get an answer. Closing remarks could be

expiry dates for the pricequoted (30 daysiscustomary), or statementssuch as, **If we
aregiven ago-aheadin 14 days we can start January 1, otherwise wemust do another
project, and wecan only start yourson Junel.’* Thislatter closingworkswith internal
projects aswell.
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2. Title Page Thispagecontains' Proposa*™*, thetitledf thesystem, author,
date, revision number, company logo, and soforth.

3. Tabled Contents  Sincetheclient may not befamiliar withyour proposal
format, give abrief explanation o the purposeof each section. Hereis an exampleof
the format:

Section1: SOCPE  Describesthe business problemsaddressed by the XY Z
solution, the size, extentsand limitsof the proposed system... pg.3

SECHION 2: AQVANAGES ... cvvvrvrrressersesssses s cssnssssss e ssras e ssssssssssssess pg4

The remainder of the proposal containsthefollowing sections:

4. Scope Sce theparagraphabove. A lot of thissection comesdirectly from
the RequirementsDocument.

5. Advanrages Sell theproject teamhere. Provehow your well planned, well
controlled, seven phased methodol ogy will work. Addressany requestsin the RFP that
your teamis particularly adept at answering. You may even consider afew remarks
about your competition's (inferior) solutions, without namesof course.

6. Financial State the tota price and the delivery date. If hardwareis in-
cluded, break down the hardwareand operating system price. (Y our hardwarevendor
will gladly providea detailed price list.) If iti safixedpricecontract, quoteonly thefinal
pricefor thecustom software. Although you have by now estimated the softwarecosts
down to person-daystimes costs-per-day, you do not wish to divulgethiscal culation.
As wewill see in Chapter 13 (Estimating), we sometimes multiply our estimates by
'fudge factors' due to someinadequacyin the user (or ourselves!), and wedo not wish
to explainthis. Furthermore, thoseestimatesmay bevery valuableto thecompetition.
Sometimes, though, you have to divulgeyour cal cul ations. Governrncnt contracts, for
example, usually request suchdata. Y oumustsupplyit, but hide the fudge factors. If you
arepropos ngacost-pluscontract, state anonbindingestimateof hoursor daysrequired
and the cost per hour or day.

State the expected delivery dale (given a prompt go-ahead).

Draw a pay back graph that shows system cost, system cost savings, and the
number of monthsor yearsit will takefor the system to pay for itself.

List any non-monetary benefits, such as job satisfaction, good will, customer
happincss, management happincss, etc.

7. Plan Describethestepsyou have planned to develop theproject. If thisis
ananalysisproposal, detail thereasonsfor using the twostep method. Explain that the
analysisphase producestheinval uableFunctiona Specificationdocument, whichwill
be used by the client and the project team to specify precisely what the systemwill do.

Describe theProject Team and the project organi zation. Describethemilestones,
especialythe onestheuser will havethcopportunily toreview. Show how the user will
be informed of project progress.
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Listthcreponsi bilitiesthat theuscr will have. Thismay bepeople or material sthat
he must provide, or atask he must perform. Hemust appoint a project representative
who can answer your questions. He must also provide prompt approvals to certain
documents. The Proposal will beadocument signed by both sides— makethe respon-
sibilitiesas binding as possible.

Describe the activitiesin the seven phases. Show that you know what you are
doing (remember that this is a sales document).

8. Deliverables List what theuser will receive:

Hardware, operating system, packaged softwares. Listindetail. Statewhy
you choseeach one, itsfunctions, capacity, and dclivery times.

Custom software: "'as detailed above.™”

Warranties: How long after delivery you intend tofix any problems, and how
you will providethe support.

Documents: List the manuals (User, Operator, Manager, Maintenance) with a
brief descriptiondf the purpose and the rcadcr.

Training: Listthe courses (User, Operator, Manager,Maintenance)withabrief
description df the purpose and the audience.

Describe the method of delivery: Whenyouwilldeliver, where it will be deliv-
ercd and how it will bedone.

9. Acceptance One o the greatest problems in the computer industry is
systemrejection. The user refuses to accept thesystem (and to pay for it) becauseshe
feelsthat it is not what the PT agreed to deliver up front. We must implement an
acceptancemethod that proves unequivocdly that the PT hasmet its commitment. In
Chapter 8, wewill discussavery thorough acceptancemethod tied amost verbatim to
the promisesmadeinthe functional specification (FS). In theproposal wewarn the user
that wewill agreeon (sign) theFS, we will build an acceptancelest plan (also signed)
based onthe FS, and if theacceptanceis run as prescribedin the acceptancetest plan
the user must accept and pay.

10. Alternatives Sometimes you find that an RFP has been written with a
certain vendor (hardware and/or software) inmind. Thisisfineif you arethat vendor,
but what do you do if you arenot? Y ou must then detail the other vendor’s solution as
an ALTERNATIVESOLUTION, and provewhy your solution is better.

11. Terms, Conditions and Assumptions  List here all conditions that you
desirelo work under (evenfor an interna project). Theseare here to protect you. Be
especially careful about cost plus projects: you promiseto deliver only thehours, not
products.

List adl assumptions. There will always be questions that the user was unableto
answer precisely, andso assumetheanswers. I theseassumptions affect thecost of the
project you must protect yourself.
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12. Terminology  Even though the proposal must be written using the user's
language as much as possible, somecomputer terms may have crept in. If you feel that
these are unfamiliar to the client. define them here.

4.4 THE INFORMAL PROPOSAL

Proposals should not be made in boardrooms. They should be made informally in a
telephone call, on a golf course, over coffee or beer. Recall the war story about the
consultant who shocked hiscustomer when proposing a costly system for thefirst time
in the boardroom. Thisiswhat he should have done, and will do the next time:

Afterafew daysof interviewing the potential usersheshould already haveanidea
of the complexity involved. Heshould arrangean informal meetingwith the client and
say, ""You know, this is going to be very complex; fifty screens, 2 to 4 months of
programming. By theway, did you know programmingcosts runaround $400-$600 per
hour?* Theinitial joltisdelivered.

Then a week later the consultant has a more accurate estimate. He calls the
manager again, and informally states: **I feel this may be as much as 4 months of
programming. But | would only charge $400 per hour.”" Inother words, if you know that
the newswill beshocking, inform the user inslow, easy installments. Hewill havetime
to digest it, maybe even take a second look at his budget. At worst, the client will
calculate that even two months at $400 isway out of line with his budget and tell the
consultant to stop wasting histime on further analysis.

A formal boardroom presentation will still haveto take place, but the user should
already know what major items will be proposed.

45 INTERNAL PROPOSAL APPROVAL

There isa rule at DEC Software Services which states that no proposal may go out
beforeitisapproved by a higher level manager. The level of management approval is
tied intothe amount being proposed. Thisrule hasaverted countlessdisasters. Take, for
example, a case whereaPM ishidding on a rocket guidance system for the military,
and he needs VP level approval. The PM may ask, *"What does a VP level manager
know about such a highly technical system?"* Indeed the VP may know nothing about
thesystem, but he hasworked with the military countless timesand can warn the PM of
risksthat may add to the price, or give advice on how to sell a project to the military.
Even in small companies where few levels of management exist it iswise to show a
proposal tosomeoneel se beforesendingit out. Getting a second opinion is zn excellent
risk-reducing tool.

4.6 PRESENTING THE PROPOSAL

Alwayspreparethepresentation. A dry runisbest. Prepareand scheduleall therequired
resources: transparencies, projectors, screens, possibly atermina and a modemtolog
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into a system similar to the one you are proposing. Make the presentation in a proper
room, at your site. At the customer site there will be moreinterruptions.

Theorder of eventsinthe presentation should be: First, make the opening remarks.
Introduce everyone, and state the purpose of the meeting. Introduce your proposal by
paraphrasing the cover letter (see Section4.3). Thendistribute the proposal. Allow time
for everyone to read it quickly. Then emphasize the advantagessection. Lastly, close
the sale: get the user to buy, and buy quickly.

Preparefor theinevitablenegotiation. Haveall the pertinent factsat hand. Beware
of the 'hostile user'. There may beindividualson the client team who are against you.
Thismay beduetofear or ignorance, which can easily bedealt with. Themost difficult
issuetodeal with istheclientwhoisconvinced that your solutioniswrong. Theclassic
exampleisthe user who hasalways used a certain brand of hardware, and objectstoa
different brand. The best defense against this person isto anticipate the objections and
be prepared to answer. Typical objections may be, **Brand X is better hardware, or
better support, or better reputation or will network better with our existing Brand X
mainframe.”" Have thefacts ready that disprove these arguments.

4.7 CONCLUSIONSTO PROPOSALS

Proposal writing and presentingisan art. You may befortunateand not have to write
proposals. You may beable to simply go to your managersand say, *" Let's build this
system; wewill make money, everyonewill behappy. Trust me."" Most people haveto
convincetheir manager usingsomesort of proposal. Donotfill the proposal withextras.
Emphasize quality, not quantity. Do not promiseanythingthat was not requested by the
client: who do you think will pay for this? Avoid the"*We will crossthat bridge when
wegettoit"" attitudewhenyou hit amajor stumbling block. That isbeing dishonest with
both yourself and your user. Plan a solution for all the problems. And finally, for an
external project, aproposal isalegally bindingdocument. It should betreated similarly
for an inside project—with as much respect and formality as if it were an external
contract.

QUESTIONS

1. What arethethree purposesof aproposa?

2. What arguments would you expect from a person trying to talk you out of thetwo phase
proposal ?How would you counter these arguments?

3. Group assgnment:
Write a proposal for the'HOUSE' project developed in the QUESTIONSin Chapter 3.

4. What is the main purpose of the informa proposal process? Can you think of any
disadvantagesto proposing informally?

5 What isthe advantage of getting higher levels of approval for aproposa?
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Negotiation and Contracts

The Legal Aspects

5.1 NEGOTIATION

Why isit that when peopl egotothemarketplacein Mexico they will negotiatefor hours
on apriceof afew dollars, but when they aredealing with a product worth hundredsof
thousandsof dollarsthey arereluctantto 'haggle'? Never be embarrassed to negotiate.
Learnhow todoit correctly and you will beableto usetheskill in situationsranging
from theworld of projectsto your neighborhood garagesale.

The Sclence and Art o Negotiating

The key to successful negotiating is knowing thefacts. First and foremost, know the
productyouaretryingtosall or buy. For example,if your management (or user)isirying
to 'bargain down' your priceestimatefor asoftwareproject, haveat hand thedetail sof
the methods and formulas that you used to cal culatethe price. In Chapter 13 we will
discussestimatingand pricing methods, but the major point that we will learn is that you
must bresk the project into small pieces and estimate each piece. Armed with these
details, you can turn the tables on those who try to reduce your estimate by saying,
*“Which piece doyoufeel canbereduced?'* Infact, thereshouldbelittleor nohaggling
onanintcmal project. If you establishareputationfor accurate (and honest) estimates,
you can stand firm on your first proposal.

Before you embark on a negotiating session, decide two things: what you
absolutely need out of the deal, and what you are willing to give up. If you are the
software vendor and the item under negotiation is price, have a good idea of the
minimum priceyou arewillingtoaccept. If you arethebuyer, know themaximumprice
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you arewilling to pay. It also helpsif you know your opponent's needsaswell ashis
flexibility.

Y oushould a soantici patehow much negotiationtherewill be. If you fed that the
oppositionwill believeyou without argument, preparean accurateestimateand stateit
as an unnegotiablefact. Thisis the best way to approach a closed bid contract or
GovernmentRFP whereabid iseither accepted or rejectedasit stands. In a competitive
Situation or when management is inexperienced, negotiation will usudly take place.
Pad your estimateto alow for adight reduction. Depending on your opponent, there
may even be a psychologica benefit in alowing him to bargain you down alittle.

The Three Negotiables of a Project

The item most often negotiated is the price, but the project duration and functions
provided can aso be put on the bargaining table. Asthe saying goes, "You can haveit
cheap, fastor good: pick two."" Y ou can sometimes savemoney by taking a liitle longer.
Or if thepriceisabsolutely unacceptable,consider proposingfewer features. You can
evendeliver theproduct in rel eases. Release 1 containsthe basic functionsfor abasic
price, and the subsequent releases add more and morc functions. This piecemeal
implementation has advantagesfor both parties. The user docsnot haveto exceed his
present budget, and al so hasa margin of safety by not having Lo commit to thewhole
thing upfront. Theproject team getsthefirst job, and uniess they bungleit completely
they will usually do the subsequent phases as well. (Sce Chapter 10for programming
and integrating asystem that will be built piecemeal. )

You Get What You Pay For

If youarethebuyer of theproduct, bewareof bargaining the project team downtoofar,
or accepting an unusudly low bid. Imagine the following situation:

ABC company puts their softwarerequirement out to tender. They receive two
bids: The first isfrom Smart SoftwareCo.(SSC). SSC hasdoneanaccurateestimateand
bid aprice of $200K, to be done in twel vemonths. Thesecond bid isfrom Unscrupulous
Software Co.(USC). They bid $100K, six month duration. Thcy may be dishonest,
estimatingit to bc $200K and twelve months, but bidding low to **get their foot in the
door.” Or they may be stupid andhavcestimatedwrongly. Tryingtosave money, ABC
o courseaccepts USC.

Six monthslater, and alter paymentsadf $100K to USC, thefollowingscenetakesplace:

ABC: The system will be detivered today, right?
USC: Well, we have some bad news.
ABC: What bad news?

USC: Unfortunately, wc have spent the$100K, but we haveonly haf the
systcm written. ' You have two choices: give us another $100K
{maybe morc,) or take your hdf asystcm.

ABC: But wc have acontract!



Chap. 5 Negotiaion and Contracts

USC: | havetopay my programmers, otherwisethey will leave. If youdon't
pay me | will declare bankruptcy. Pleaseforward al my mail to
Brazil.

The neophytecustomer can do nothing with haf asystem, so he haslittlechoice but to
pay the extraamount. Note that this scene could just as well have taken placeon an
internal project. Recall the'estimate by edict' scenario?Thedial oguewent betweenthe
PM and theupper level manager (UL) likethis:

PM: Weestimatethis project will take$200K, 12 months.

UL: You must do it for $100K in 6 months.

PM: Why $100K?

UL: That iswhat isin the budget.

PM: Why six months?

UL: That iswhat marketing promised to the customer.

PM: I’11 do my best.

Theresultswill bethe same. A twelvemonth project cannot bedonein six months no
matter what you do. Justify your price by demonstrating your well planned, well
controlledmanagement method. Prave that you know what you aredoing. If the useris
confident that shewill get aquality product, she will wait patiently and pay afair price.

5.2 CONTRACTS

The contract for the software product obliges the project team to provide certain
deliverables, by acertaindate, for somekind of remuneration. Unlesstheprojectisdone
onavery formal basisfor anexternal organization,aspecia "contract"* documentdoes
not needto bewritten. Instead, the followingitemsareaddressedin theproposal. Recall
that the proposal is asigned document, and it should be treated as a formal contract.
Theseitems could appear within the text of the proposal, or better, under atopic titled
"*Termsand Conditions.™

Iltems To Be Contracted

Inadditionto price, delivery daleand deliverables, Liecontract canincludeother terms
and conditions such as non-disclosure or reproducfion,price holding, licensing, or
warranties. |f failure of the softwarecan causel ossof lifeor other critical situations, the
liability of theauthorsmust be clarified. If theestimatesquoted arebased upon verbal
input from the user, an™ escape clause" should be included. Thisallows the project
team to walk away in case of falseinformation. The user's responsibilities, such as
providing accurate and timely information, or ¢ven doing someof the work such as
documentation, should be written down.
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The Fixed Price (FP) Contract

Thisisthe most commontypeof contract. Inthe FP contract the project team quotesthe
total pricefor the project upfront. The PT, however, assumes most of therisksina FP
contract. What if certain items beyond their control cause the project to exceed the
quoted price? Use aFP contract only if you can quantify and price in therisks. (See
Section 2.50n Risk.) A FP contract is appropriate if:

1. You are confident that no mgjor changes will occur.
2. You areworking with known software and hardware products.
3 You have good communication with your user.

Infact, the user usually prefers a FP contract. She knows her total exposure, and can
budget better upfront. But watch-out, the user will try to get asmuch for her fixed price
as possible (which indeed she should!)

The Cost Plus (CP) Contract

If therisks are too high to quote afixed price, the PT should opt for a CP contract. In
a CP contract the PT gets paid afixed amount per hour or day worked, plusexpenses

incurred. Usually no firm promises are made as to how long they will take. The CP
contract is appropriate if:

1 You feel that major changeswill occur. (The RequirementsDocument does
not exist or the requirements are not firm or unclear.)

2. You areworking with an unknown operating system, packaged software or

hardware, or you will have to write special development tools, such as

simulators, test bedsand soforth.

Communication between you and the user iswesk.

The majority of the activities are human oriented, for example, interviews.
(Try toestimatethe task of 'Interviewing someoneuntil all his/her problems
are written down.") Thisiswhy large software companies such as DEC will
usualy try todothe Definition and AnalysisPhasesin aseparate CPcontract.

&> W

Terms and Conditions

If you are on a CP contract, make sure that the terms and conditions are clear. The
following isquoted from a DEC CP contract:

COST PLUS CONTRACT DISCLAIMER

[We estimatethe project totake X hours. This] ...is based upon the project team's present
understanding Of the requirements. The project team will provide such Sserviceup to a
maximumaf X hourslat acost of $Y per hour]. If additiona service isrequired, theproject
teamwill resumework only after written authorizationfromtheuser, & which timeanew
estimate will be mutually determined.
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Notehow DEC states the extents and limitsof their servicein asimple paragraph.

Includeal of your termsand conditions—the lega aspectsof the way you want
towork with theclient. Thisprovidesprotectionto both you and theclient, and avoids
difficultieslater. Legd itemsthat haveto beclarified up front may involve payment
issues, copyrightsto the sources and the documentation, liabilities, warranties, and
problemswith hardware and software provided by a manufacturer.

Contracts in an Outside Organlzatlon
versus an Inside Organization

Contractsare widely accepted if an externa organizationor company is providingthe
project service. Why isthisnot sofor aninside project? Evenin theclosest of PT and
userrel ationshi psthere should besomesort of formal , written agreement describingthe
servicesthe PT will provide. Thiscan bealetter of intent or aformal proposal. Write
it down and you will avoid endless hasdes later.

5.3 REVIEWING THE RETURNED PROPOSAL

Theuser may return theaccepted proposal with'minor' changes. Scheduletimefor the
technical members of the PT to review the changes—minor ‘wording’ changes may
mean major effort. Even the price may have to be renegotiated. Watch out for
disagreementsin the Terms and Conditions. Let higher level management or perhaps
thelegal department handle them. Do not start work until al agreementsarefinal. |
know of one project that was cancelled Sx months after the PT started it due to
disagreement on copyrightsto the software. It may even benefit you to Iet your user
know about your terms and conditionsbefore writing the proposal.

5.4 CONCLUSIONSTO THE DEFINITION PHASE

Thisbrings ustothe end of the definitionphase. Let usreview thekey milestonesthat
have been reached. Recdl that these milestones were used to plan the project, and
control its progress.

1 The Requirements Document iscomplctc and agreed to by both thePT and
the user. Look for aformal sign off, such as amemorandum stating accep-
tance.

2 A Proposa document, either for analysisor ior the whole development, is
completed and bought by the user. Written agreementis required.

3 Although not considered amilestone (perhaps ayardstone, or mcterstonein
Canada?), approval o the Preliminary Project Plan by those providing the
resources is nccessary.
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QUESTIONS

What must you know before you can begin negotiating?
What three items can be negotiated in a software project?

List three mgjor items(and as many minor itemsasyou can) that may haveto beformally

and legally contracted in a software project.

What are the differences between fixed-price and cost-plus contracts? Describe two

situations where you would use a fixed-price contract, and two where you would use a

cost-plus one.

5. The client has changed something in the proposal when reviewing it. Under what
circumstancesshould the project team review the impact of these changes?

6 What arethemilestonesof the Definition Phase?

W N R

N
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The AnalysisPhase

Detailing the Promises

6.1 INTRODUCTION

Theobjective of the Analysis Phaseisto defineexactly what the system will dofor the
user and how it will fit into his/her environment. The major activity (and milestone) of
thisphasewill beto producethedocument that definesthe system behavior, called the
Functional Specifications (FS). (See Figure 1.1.)

After the FSisdone, you are armed with more knowledge than at the Definition
Phase, soyoushouldrevisit your preliminary project plan and initialestimate. Statistics
taken at DEC and other places show that your estimates are on the average twice as
accurate after the analysis as those done before. If using the two phase proposing
method, you plan and estimate the remaining phases at this point.

Thethird activity, writing the development proposal, will bedone only if thetwo
phase proposing method is used. It will be written after the FS. We will not detail how
to write the development proposal. The content and outline isthe same as that for the
analysis proposal, except that it proposes to do the remaining five phasesof the devel-
opment.

Notein Figure 1.1that oneof the milestones of the Analysis Phaseisthetoplevel
design (TLD). If this book were strictly theoretical, | would state, **In the Analysis
Phaseyou must deal only with what isto be done; stay away from how it will be done
because the Design Phase will deal with that."* But thisisa practical book, sol suggest
that by thetime your analysisisdone you must know how the system will do the major
functions. In other words, the TLD must be done. Infact, you have already done some
of thedesign in the Definition Phasewhen you wrote into the proposal the hardwareand
major software packages that would be used.
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Having an idea of the TLD is crucial so that impossible or extremely difficult
commitmentsare avoided. The following could be a (exaggerated!) demand of your
user at analysistime: "'l wishtotwirl adead chicken about my head, striketheterminal
with it, and have the main menu appear.”” Y ou may want to talk the user out of thison
the grounds that the chosen hardware and Fourth Generation development language
(part of the TLD) does not support chickens. Would hetake a mouse?

Analysis War Stories

Story A.  There once was an Arts Programming Committee whose job was to
scheduleand run cultural eventsin thetheater of alarge city. The Committeeconsisted
of 27 individuals with 8 subcommittees. The individual swere not technical except for
the Treasurer, who wasal so the Vice-President of a Famous Minicomputer Manufac-
turing Company (FMMC). All of thecommittee's income camefrom government and
private donations, and since there was always a bit of fighting among the members,
there were a lot of 'politics' involved in every aspect of this committee's business.
Needlessto say it was very difficult to make decisions.

A few years ago thiscommittee decided that they should get asmall computer to
assist withthe organizing, advertising, and accounting. The VP fromthe FMM Cimme-
diately recommended a computer —infact he gave them a computer free of charge
(good publicity, tax deductible, etc.). So the committee hired an analyst from the
FMM C to help them decide how to use the computer.

The analyst began to interview the members to get the system requirements. He
received aset of suggestionsfrom thefirst member. Thesecond member asked,** What
are the suggestions of the first member?**, then proceeded to disagree with thefirst
member. Thethird onedisagreed with thetwo previousones, and soon. But worse than
that, the previously interviewed members were constantly changing their minds! An
interesting phenomenon takes place when a person goes through his or her first
computer analysis discussion. He usualy gets turned on to computers. After the
discussions, the committe members began to read computer magazines and articles.

The poor analyst found himself barraged by requestssuch as, ** Hey, | just read an
article about a computer that could do mouses. Can yours? Yes? Then | want the
function | requested |ast week changed to...”* Four weeksand 27 interviews later only
three pages of 'final' specifications were written.

Comment: Intheindustry thisisknownas'* analysis paraysis."” Theproblemis
that you cannot go on to the next step, design, until the majority of theanalysisisdone.
Althoughanalysis paralysisisusually caused by userswho cannot makeuptheir minds,
| have known analysts, managers and even programmers who deiayed progress due to
indecision.

Epilogue: Therewassomebad publicity about receiving their 'free’ computer.
After six months of analysis paralysisthe committee realized that they were taking too
long to decide. They gave the computer back. Asfar asl know, they arestill at it...

Story 2. Thisstory took place in alarge data processing shop that was respon-
siblefor all the programming for their company. An analyst was assigned to do the FS
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for acertain project. Hewrote it and gave it to the user for approval. The user read the
first page. 1t wasfull of computer jargon and technicalitiesthat he did not understand.
Hefiled it. There wasa meeting set up for the analyst to get together with the user to
explain and approve the FS, but this meeting was constantly postponed. Finally the
deadlinefor approvingthe FSarrived. It was returned to the analyst with a note to the
effect, ** Go ahead and build it, and we'll tell you what's wrong oncewe seeit."" At
acceptance time the following scene took place:

ANALYST(A): Here isyour system. The first report we will demo
isthe " Sales by Geography Report.”*

USER(U): This report does not givemetheinformation I need
tomake a marketingdecision based on geography. It
isuseless.

A: What do you mean it's useless? We described this
report on page 10 of the FS and you signed off!

u: (Neverhavingread pagel0) | did not understand
aword the FS said.

A: How come you never told me that?

Comment: Ifeelthat thisproblemistheanalyst'sfault. Wewill see how tobetter
ensure that the user understands the FS.

Epilogue: The DP department had to rewrite the system.

6.2 THE YOURDON DATA-FLOW/BUBBLE
CHART METHOD OF ANALYSIS

Edward Yourdon invented a graphic method for documenting and driving theanalysis
process that has become very popular (Reference 11). Following is an application of
that method (modified somewhat) to the ABC project.

Definingthe Users

Theanalyst, together with the user, develop a diagram such as Figure 6.1 below. They
begin by listingincircles all the users that will have any interface to the system. Note
that even theindirect users, such asthe STUDENT, arelisted. Then they draw arrows
for al the inputsfrom and outputs to each user, marking on the arrows the information
or datathat i spassed. Notethat the arrows can represent information flow (STUDENT
-> REGISTRAR by telephone), dataflow(REGISTRAR -> COMPUTER via terminal)
or even physical movement of items (WAREHOUSE -> CLASSROOM ships mate-
rial). Thisiswhy thediagramiscalled a'data flow' chart. Next, the analyst and the user
identify the general information kept by the system (course information, student
information, material information) and writeit intothe circle. These are not (necessar-
ily) files, just items of information that need to be kept.
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Figure6.1 Yourdon analysis

Defining the User Interfaces

The user and the analyst detail each item represented by the arrows, which are the data
flowsbetween the users and thesystem. Thiswill drivethe description of all the menus,
forms, reports, commands and messages—in other words the 'user interface' to the
system. The purpose of thisprocessistwo-fold: first to detail the computer interfaces,
and second, togai nacommonunderstanding of the user's business. Sometimeseventhe
user learns about her own businessfrom this type of analysis.

For example, analysis of theSTUDENT to REGISTRAR dataflow may result in
the following mutually agreed upon detail:
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STUDENT =-> REGQ STRAR and REG STRAR -7 STUDENT
Met hod: Verbal over phone, or nailed in
I nquiries
Location, dates of courses
Nunber enrolled/maximums
cost
Responses
Course locations, dates [next 6 nonths)
Nurmber enrolled (next 6 nonths); maxi mum al | owed
Cost
Changes
Updat e nane, address, paynent information of student
Cancel a student from a course
Regi ster a student
Obtain and enter name, address, course [by nunber)
Paynent information
Per f or mance
Must handle up to 3 calls per minute

Analysis of the REGISTRAR to ABC may resultin:

REG STRAR -> ABC
Met hod: Termi nal input
Aut omatic registrar menu

When registrar logs in with specific account nunmber, menu of
the format in the Functional Specification Figure 39 is pre-
sented. To make a choice on this nmenu, the registrar can use
either the UP and DOM arrow keys followed by RETURN, or nove the
nmouse up or down, followed by press on nmouse button.
If student wishes information on course

Regi strar chooses 1

Menu of format FS Fig. 3.10 appears.
I f student wi shes to enroll...

Thusall of the possiblesystem interfacesareaddressed. Thenext stepistodetail al the
appropriate menus, forms, reports, and commands. All the menus such as the Regis-
trar's and thelnquire on aCourse must bedetailed. Granted that some things cannot be
made absolutely final, and changeswill have to be madelater. But the moredetail you
can agree to at this stage the more stable your project definition will be.
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6.3 THE FUNCTIONAL SPECIFICATIONS(FS)

The remainder of the analysiseffort will be tofill in al the detail required for the
functional specificationsdocument. The FSdescribes, in narrativeand pictureformat,
al system behavior. The user interfaces defined above—the menus, commands, re-
sponses, reports, and messages are detailed as much as possible. All performance
requirements are addressed. Any changesin the user's environment due to the new
system are explained. All the deliverables, including hardware, software, training,
documentationand warranties are detailed. The FSiswhat the system will dofor the
uscr.

In addition to the proposal, the FSisal so acontract between the user and the PT.
Large sums of money may be at stake, and the user requires more detail about his
delivcrables than what was in the proposd. The FS will probably be negotiated and
revised, and when agreement isreached it must be signed off by both parties.

Outline of the FS

(See Appendix A for afull example)

1. TitlePage Title'Functiond Specifications,' systemname,authorand date,
Do not forget version number: this document will be revised!

2. Tableodf Contents  Section nameswith page numbers.

3. System Overview  Describe the system. Keep in mind that the FSis a
technical document intended for a non-technical reader (the user). The best way to
describesuchasystemisto use pictures. Let ustaketheexampleof the Amagamated
Basketweaving Course systcm described earlier. The basis o the system is data
pertainingto Coursesand Students. The user requirescertai ninguiries on thisdata, such
asenrollments, courseavail ability, schedul es, accountingdetail sand soforth. Shealso
requires update capability, such as registration, defining a new course, cancelling a
course, adding new studentsinto the data base and so forth. Sherequiresreports to be
generated, such asinvoicing, materia order, confirmation, numbers of students en-
rolled by courseor geography. All aof these parts mugt interface to the user, soamouse
driven menu system is to be provided. To explain al this, you should start with the
diagramas shown in Figure 6.2.

F gure 6.2 is ruly worth a thousand words. The user can easily seethat thefive
major functions to be written are INQUIRY, UPDATE, INVENTORY CONTROL,
REPORT GENERATION, and and amousedriven MENU interface.

4. Major Objectives List the objectivesof the system, relating each to the
main modules. For example, INQUIRY will alow immediate response to questions
such as"*How many studentsenrolled in acourse.*

Describehow the new systemwill affect theuser’s environment: whereterminals
will beplaced, whowill usethem, what reportswill begenerated, when—how dl this
will changeeach person's job. You must warn the user if this system will affect any
aspect of hislife. What if the system will put three clerksout of ajob? Although this
is not your problem, you should warn the user now.
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|r TERMINAL TERMINAL I
TERMINAL TERMINAL
MENU
| 1 [ I .
- o INVENTORY
INQUIRY UPDATE CONTROL . GENERATION

| J

STUDENT/
COURSE PRINTER
DATA

Figure 6.2 Major functions of the system

5. Special SystemRequirements  Thissection addresses system requirements
such as networking, compatibility, security, reliability, and ease of use.

Tricky issuessuch as response (number of seconds it takes for the computer to
‘answer,") throughput (total amount of work that goesthrough the computer ina period
of time) and growth (requirements several years from now) can be addressed here.
Theseissuesare difficult because you cannot makeironclad promises about them, nor
can you adequately test for them. For example, what if the Requirements Document
containsastatement such as, ** The system must respond to every inputin 5 seconds.**
Even the fastest computer ever manufactured will under certain circumstances take
longer than 5 seconds to respond to certain requests. The FS can make promises such
as, "" The computer will respond to 95%of the requests within 5 seconds in a 24 hour
period (or the peak period of 11:00 to 12:00 AM)"* or, for a critical system such asa
nuclear power generator, ** The crucial requests involving shutting down the reactor
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will berespondedtowithin onesecond,” or cven, * “The main design objectivewill be
system response.””

Similarly, do not make ironclad promises about throughput or growth. Promises
can bcmadein termsof numbersof users, sizeo! files, transactionsper minuteor the
expansiond thehardware, but these may bedifficult to proveat acceptancetime. Itis
much too expensiveto plug in dl the possibleexpansion devices, or fill adisk full of
'garbage’ datajust to provethat the system will handleit.

6. Comyvonent Descriptions  Includehereadetailed descriptionof each box,
orfunction, shown in thesystem diagram in Figure 6.2. For example, when detailingthe
MENUS, theuseof the mouseaswell asapicture of all the proposed menusisshown.

For INQUIRY, al the possible inquiry types and system responses are listed.
Similarly for UPDATE and REPORT GENERATION.

For INVENTORY CONTROL dctail only the functionsvisibleto theuser. There
isnoneed todctail how thesystem docs thecal culations. Do not make the FStechnical
—remember, the user must under standeverywor d. (See Section6.4, Technica Writing
far the Non-Technical Reader.)

For the DATA kept, list only the data el ements. For example:

CourseData: Coursetitle, date, numbcer enrolled, materid required, location, instruc-
tor, gatugrunni ng or cancelled).

Do not describefile oriented information such as file organization, record and
field—ihe Design will do dl this. Do state limits however, such as the maximum
number of coursesthe system will handle.

7. Other Deliverables Documentation. Statethenumbcr of documentstobe
produced, the intended reader and use, the approximatesize and table of contentsif
possible. For example:

TheUser's Guidewill show dl theappropriateusershow tosign into thesystem,
usetheir menus, do their work, respond to error situationsand sign off thesystem. The
User's Guideshouldserve two purposes. first, asalearningtool sinceal thecommands
will be presented in the order that the uscr will see them in his/her work sSituation.
Second asareference sinceat theend of the guide al thecommandsandmessageswill
be presented aphabetically. Thefollowingis the Table of Contents (notfinal):

1.0 Regi stration
1.1 Sign into system

6.0 War ehouse

15.0 Ref erence of all Commands
I ndexes

Training. Detail the number of courses, their length, theintended students, and
theskillseachcoursewill teach. List themodulesor topicstobecovered ineachcourse,
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and the training material to be used or produced for each one. A well written User's
Guide can be used asthebasisfor the training.

8. Specifcation Changes  Nothing kills projects as quickly aschanges. The
FSisa'basdine —subsequent itemswill bebuilt bascduponit. ChangestotheFSmay
cause changesto al of these other items, which may cause expensive overruns and
delivery delays. Changesmust thereforebc minimized. Sinceyou cannot stop changes
altogether, put in placea procedureto control thechanges, to assesstheir impact and
toreceive payment for making any changes. | propose the following change control
procedure:

Forma'change control committee’, consisiingof atlcast oncpcrsonfrom the user
side (usually the user project coordinator) and one person from the PT (usualy the
Project Manager). Inform h e user community that al changes must cometo the PT
through the user coordinator. Each week, or asnecessary, thecommitteemeetsand all
changesare presented to the PM. The user should prioritizehis changesfrom arating
o ‘critical' to ‘desirable’. The PM then takes thechangesto the technical members of
thePT, whoclassify thechangesas'casy' or 'hard’. An easy changeisonethatcan be
implcmented by aperson in afew hours without altering abaseline document. (Sofar
the only basdlinewe have seen is the Functional Specification. We will seeonemore:
theDesign Specification.) ThePT usually implcmentstheeasy changeswithout further
ado.

A hard change usually involvesalarge cog—in dollarsof cffort and/or project
delay. ThePT cal cul atesthiscost and presentsit to theuser, usualy at the next meeting,
perhapssooner if itisa'critical’ change. The user must give written go-ahead to any
change, accepting theimpact of a priceincrease or delivery datedip.

9. Acceptance  Aswesaw earlier, oneof thegreatest problemsin thesoftware
worldisthat the user isoftenreluctant toaccept and/or pay for thesystem. She may feel
that prablems will crop up later and that thePT will not bc around tofix it if she pays
foritall upfront. | haveevenheardof acase wheretheFSstated that the system would
handle theuser's growthfor the nextfiveyears. Theuser said, "'l will pay youinfive
yearsif it still works."" We do not buy carson those terms We pay for them and the
problems are supposeto befixed under warranty.

I will proposeamethod for acceptancethat minimizes'* mistrust' aswell asany
surprises, and ensures acceptance and payment. This method will be detailed in
chapters8 and 11, but it is essentially astcp-by-stepdemonsgtrationof al the functions
that the system i ssupposed to do. In the proposal weoutlined thegeneral acceptance
method to theuser (and told her that if dl the testswork she must accept and pay). In
the FSwedetail the acceptancemethod, and get sign off hereas well.

10. User and Project Team Interfaces  The user and the project team must
communi cateat both technical and management levels. A technical user representative
isrequired when thePT needsfast and accurateanswersto technical questions. These
questionsdo not stop a the Analysis Phase, but becomemoreand morecomplex asthe
project proceeds. Theuser should appoint at least one person to beavailable to answer
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guestions. This person must know theuser's businesswell, and have authority to make
decisions for every department that the proposed system will affect. The user and
proj ect team must cornmunicatcat managcment lcvel aswell. Thiswill bedone at least
by the user project coordinator and the Project Manager. They will discussissuessuch
asbudgets,schedul es,mgj or changesorpcopl e problems. Thissecti oncontai nsthe four
(or more) names and the lines of communication. Note that this section, as well as
several other sectionsin the FS just rciineitemsin the Proposal and the RD.

11. User's Responsibilities  In order to save money and time, or if the user
wishes to be more involved. the PT may ask him to perform project tasks such as
providingtest data, writing the User's Guide or even planning the acceptance test. List
inthissectional such activities, and theduedates. Remember that the user signs this
document so heis committed to do these things.

12. Terms,Conditionsand Assumptions  List hereany new rulesand regula-
tionsby whichcvcryoncistoabide. Repeat any important assumptionsfor protection.

64 TECHNICAL WRITING FOR THE NON-TECHNICAL READER

TheFSise¢xtremely difficultto write well. Sinceit describes atechnical systemitisa
technical document, but it iswritten for anon-technical reader. In addition, the bonus
of ensuring that the user understandsit ison the analyst. How can you ensure this?

Writefrom the user’s point of view—use his terminology. You must therefore
learn the user's business and language. Use simplesubject-verb-object constructions:
"You do this, the syssem doesthat." Use diagramswherever possible.

One of the greatest reasonsfor misunderstandingadocumentisthat thewordsare
ambiguous. Avoid mamby-pamby words such as **can be, could, usually, probably,
most, ec.’" Itistemptingto make no commitment, but remember that if you use the
word **some™ and mean **minimum,”* theuser will assume®*maximum.”* Similarly,
avoid implied commitments that are difficult or impossibleto prove. Words such as
"any, al,every", superlatives(wordsendingin "' est'") may causeproblemslater. For
each promiseyou makein the FS, ask yoursdlf, **"How am | going to proveit?"*

6.5 OTHER USES FOR THE FUNCTIONAL SPECIFICATION

A good FScan be used tointroducenew membersdf thePT totheproject. The user can
use it to introduce the new system to hisor her management, or to other interested
parties. But most important, the sections describing the menus, forms, queries and
reports canbeusedinthe User's Guide. If you intend to usethesepartsaof the FSinthe
User's Guide, writeeverythingin the present tense. It is tempting to writein thefuture
tense. Writing ""When the user will type 'X' the following menu will appear (we
hope)...”" leavesyou an escaperoute. But be brave, use the present tenseand you will
be able to use these sectionsof the FS verbatimin the User's Guide.
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6.6 CASE SOFTWARE TOOLS FOR ANALYSIS

Computer Aided Software Engineering (CASE) isusing aset of softwaretoolsineach
phase of the system life cycle. These toolsshould allow you to produce the required
documents, aswell ascomputerreadabl e productsthat can beusedasinput tothe CASE
tools of the following phases.

A word processor isall the software that you need to do the Definition Phase.
There are several excellent software products available to help you do analysis. The
exampl es presented here are based on a personal computer product called Excelerator
(Reference 2.2). This product, introduced in 1984, has become the most popular
analysistool in the industry. Excelerator can be used to draw the high level dataflow
diagramsasin Figure 6.2,then to'blow up' the DFD’s into lower and lower levelsof
detail.

The parameters among the diagrams can be detailed, and Excelerator ensures
consistency — all parameters passed and received among diagrams must have the same
attributes, and the parameters used by a diagram at a lower level must be the same as
the corresponding parameters at the higher levels.

Analysistoolsprovidemenu, screenand report paintingfacilitiestohel p describe
the user interfaces to the system. In Chapter 15 we will see how this can be used to
prototype a system. Input and output screen forms can be painted using mouse input.
Similarly, reportsand on-line queries can be quickly mocked up (Figure 6.3).

DATE: 18-Aug-1986 Order info PAGE 1
TIME: 17:24 EXCELERATOR

ORDER DATE CUSTOMER ORDER NUMBER PART # QUANTITY PRICE

PR Title | Header | Width | Delete | <-- | --> | Count | Total | No | Cnt/Tot
(11} TITT T I I T T T TITITY
BMasgmsassanssnnsas: ORDER NUMBER 12
I Salbsi 1 ORDER DATE 10
:: LLLLLLLLLLLLLLLL CUSTOMEH 30
fpes=zz: e I PR i
I (o{; QUANTITY 08
bt M ) BN 5 8 5 2528 A u s 20y il PRICE 07
¥ TAX 06
H . .....Complete.....
E:E Exit
HH T H
JIJII I T IT Il i1l
Pick action or print field and piCk 'complete' when finished

Figure6.3 Excelerator report mack-up
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And theicing on the cakeis that these products can then print out dl the menus,
screens, forms, and reports. Thisismost of the Functional Specification! Excelerator
even hasaword processor builtinwhich can be used to produceall theother required
documentation, index them, and soforth.

Thesetools are truly CASE tools becausc they integrateinto other toolsused in
subsequent phases. For example, design toolscan use the analysisDFD’s to draw the
design structure diagrams (or at least ensure that al the analysis DFD items ae
designed), and again ensurethat al thedefined parametersremain consistent.

Tools such as Excelerator can keep track of all therecordsand fieldsdefined in
your formsand reportsand storethesein a Data Dictionary (DD). Thisis how thetool
ensures consi stency in the Definition Phase, and assistsin thedesign of dataand files
in the Design Phase.

Onmini computers, toolssuch as DECDESIGN support the Analysis Phaseby
drawing data flow or entity relationship diagrams, as well as the Design Phase by
drawing structure charts and state transition diagrams.  Context checking is handled
throughthedatadictionary. All of thcsctoolsare mouse and window graphicsdriven.

E Entity Relationship Diagram:Bank System;1 -lj-_—-] |
View Edit Tools Format Help
Customer |—— Has  ~— Account
Entity Key Attribute L
D £ 1.N 1N
Weak Entity Aggregate : ; _
-’.'_’ Has » “ Has ’
O “". “~_\ 1
Relationship Subtype ] ; 1
1
"-'-‘ p I N
Waak - Ak !
Relationship Connector Bank =" Hes - Service
4
O |
Attribute &
<= 1 [ ] = 1 = .
D Auto snap to grid Cancel

Figure6.4 DECDESIGN Entity Relationship Diagrammer
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6.7 REVISING THE PLAN

Planningisan iterative process. Revise the preliminary project plan (PPP) right after
analysis. Remember, weeks, possibly monthshavepassedsinceyou wrotethefirstplan
and much hasbeen|earnedin thisperiod. Rc-assessthe work breakdown. Arethetasks
still ableto beestimated, assigned, schedul edand compl eted?M ostimportant, ask if the
resources assumed for each task are still available when needed. Thisis an excellent
timeto do contingency planning. For each resourceneeded ask, **What if it islateor
unavailable?* " Suggest alternativeplans. Thefollowingis ashort list of problemsthat
can occur in the next three phases (Design, Programming, System Test) along with
suggested contingency plans:

A key programmer or designer leaves. Canyou traina backup?IBM hassuc-
cessfully used a buddy system where aprogrammerisassigned asabuddy to
akey 'guru’ programmer. Thebuddy's jobisesentiallyto'carry thewater' for
the guru, but also to learn enough from him to beableto takeover in casehe
leaves.

Thedevel opmentcomputer is unavailable. Can you find another in the build-
ing/city to use, perhapsalter regular hours?

Specia hardwaredevicedoesnot materializeon time. Canyou simulateit with
software, or with a Persona Computer?

New releaseof asoftware package(or hardware) doesnot work. Canyou use
theold release? Call it Phase 1; Phase 2 comes out when it all works.

A resource provided by a third party does not materiaize. Can you exercise
somecontrol to ensurethat it ison time?Canyou negotiatepenalty clauses, get
ontheir hoard of directors?If itisaninternal project and thethird partiesdo not
report to you, can you get input into their performancereviews?Can you get
someone who hasauthority over them on the project Steering Committee(see
Chapter 21)?

Training Plans for the Project Members

Whenthe final staffisdecided, check tosee whoneeds training. Y our programmerswill
be the most likely candidates. Schedule al training to be doneby the end of Design.

6.8 CONCLUSIONS TO THE ANALYSIS PHASE

Expect the FSto berenegotiatedand revised; schedule time for approvalsand revision.
Sct adeadlinefor thecompletion. If disagrcementsamong individual sor departments
cause'analysis paralysis,' get everyone into one room and threaten not to adjourn the
meeting until the issues arc resolved. And last, let us review the magjor milestones
achicvedin the Analysis phase:
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1. TheFunctional Specification was agreed toand signed off by both parties.

2 If thetwo step proposal was used, the Development Proposal waswritten and
bought by the user.

3 The Preliminary Project Plan was revised to include new estimates and
schedules; resources are still committed for all activities.

4. TheTopLevel Design wasdone. It may not be obvious, but you have donea
TLD when you thought upand drew Figure6.1. It may not bethebest TLD, nor
thefinal onethat will be used, but itisafirst stab at how the system will work
and the major piecesthat will have to be produced.

QUESTIONS

1 Why isthe Analysis Phasethemogt important phasein the user's eyes?
2 Drawtheandysisdataflow diagram for the*Bell Family Communications (BFC) system.
3 Group Exercise.
Writethe Functional Specification for the BFC system.
4. What are some methods to ensure that the user will understand the Project Team's
technica documents?Ensurethat the FS produced in Questionthree meetsthesecriteria
5 Wha functionsshould agood CASE tool providefor andysis?
6 Why should you review the Prdiminary Project Plan after theanalysisisdone?
7. What milestonesare achieved in the AnalysisPhase?
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The Design Phase

How It All Works

7.1 INTRODUCTION

For those readerswho aretechnically inclined and who have beenlessthan enthusiastic
about all the 'planning' activitiesdiscussed previously, we have finaly arrived at one
of themost fascinating technical activities— systemdesign. Wecan get down to solving

the reéal problems with real soluti
The major activity of the Design Phase is creating the top and medlum levéis of

thesystem design and documenting it in the Design Specification. The second activi
inthis phasewill bestarting the Acceptance Test Plan (ATP). The ATPis a documcn\
/

listing the tests that will be used to demonstrate all the system functions to the user in
the Acceptance Phase.

A major milestone is reached when the Design Specification is walked throu

k (reviewed) and declared error-free. A minor milestoneisthe user sign off of the ATP,
~althouphrthis-may not occur until later.

Notethelevelsof effort in Figure 1.1 The manager's effort diminishes, but total
effort and therefore cost increasessince several designers and walk-through personnel
are involved.

Designing a software system consists of two major steps: First, you divide the
system into its functional components, and second, interconnect these components.
There are many design methods published. Some of the better known are Warnier
(Reference 6), Orr (Reference 7), Nassi-Shneiderman (Reference 9), and lately Object
Oriented Design isbecoming popul ar (Reference 8). Note that Reference 10 isa paper
titled ** A Survey of Software Design Techniques.”” We will not detail any specific

70



Sec. 7.1 Introduction 71

design method in this chapter except for the simple, hierarchical functional breakout.
It does not really matter which method you use, aslong as you make one method the
standard for everyone. We will, however, focus on how to do file design because the
way you do input and output will impact your system performance drastically.

Thosewhoarenot at all technical may find thischapter alittletooinvolved. If you
arestrictly onthe management side and have good designersworking for youskip this
chapter. If, however, you wish to know how they do their jobs, or you are atechnical
manager who hasto know about everything related to the project (not uncommon for
asmall to mid-sized project) read on. In any case read the War Stories (these are
amusing) and the conclusion.

Design War S0y

This story involves two young men who who became good friends while taking a
Computer Science degree at a well known university in Ontario, Canada. After
graduation one became Data Processing Manager for a famous publishing company,
the other became a System Designer for a Famous Minicomputer Manufacturing
Company (FMMC). A few years ago the publishing company decided toinstall a new
computerized order processing system. The DP Manager could not handle the work
load alone, so he hired hisfriend from FMM Cto help do thedesign and programming.

| am not certain of the exact details of this story, but | assume the following
occurred: After they did the top level design together, they divided up the major
modules, each one doing the medium level design of specific modules. The Designer
from FMMC designed the first module. Wishing to show off his design talents to his
friend theD P Manager, hemadethedesign very 'elegant’ tosaveafew bytesof storage
or afew nanoseconds of CPU time. He even added afew 'esoteric' features: the ones
that no onerequestsor understands or ever uses.

The DP manager wasresponsiblefor designing the second module. When hesaw
hisfriend's wonderful design he probably thought, **I can do better than that!"* So he
made his module a little more elegant than his friend's, and added a few 'bells and
whistles' of hisown. He took longer than scheduled and the module was bigger than
planned. The Designer, accepting the challenge, made the third module even more
‘perfect,’ adding more bellsand whistles until the module became twice aslarge asit
should have been. And the race continued through the Design aswell as the Program-
ming Phases.

Thesystem wassupposed to handle 16 users. When thesystemwasfinally turned
on (50%late!) itworked well for upto 4 users. Whensix userssigned on it becamevery
slow. With eight users on, it crashed—the programs were so large that the operating
system was unable to handle them.

Comment:  Technical peoplecan get carried away by the technical challenge.
Thereisaways a better way to solve the problem, but the foremost challenge must be
to meet the goals of time and budget.

Epilogue: FMMC gave the user alarger CPU at no cost.
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7.2 STRUCTURED DESIGN

The major goal of structured design isto break the system into small, manageable,
buildable pieces. Several excellent methods have been documented to do this (Refer-
ences 10, 11). The approach we will take is more basic than those methods: we will
simply break the system into smaller and smaller functional components until it is
broken down enough for the programmers to code.

Top Down Design

Top downdesign beginswith thetop level design (TLD) suchastheonedeveloped for
the ABC system during theAnalysisPhase(Section 6.3), reproduced hereas Figure 7.1.

TERMINAL TERMINAL
| |
TERMINAL TERMINAL
MENU
| | | 1
INVENTORY REPORT
INQUIRY UPDATE CONTROL GENERATION

l STUDENT/ l '
COURSE PRINTER

DATA

Figure7.1 Top level design

Each major component, or box inthe TLD isthen broken down into sub-pieces, starting
with the top most level, working down to the next level and soon. In our casewewould
start with the MENU and design it before going down to INQUIRY, UPDATE and
REPORT GENERATION which would befollowed by further levels, if any.
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Bottom Up Design

73

In certain casesit may beeasier to approach the design from the bottom level upward.
Thisisoften thecasein processcontrol systemswherethe hardwaredevicecontrollers
at thebottomlevel sdeterminehow thesystemis put together. For example, let usdesign
an automobileenginetest system. We must begin with the basic hardware involved —
thesensorson theengine (Figure 7.2A).

Figure7.2A  Bottomupdesign

HEAT SPEED POWER VIBRATION OIL PRES
SENSOR SENSOR SENSOR SENSOR SENSOR
ENGINE

The sensors are usualy attached to special analog-to-digita devices, which are
attached to unique device driver softwaremodules (Figure 7.2B).

DEVICE DEVICE DEVICE DEVICE DEVICE
DRIVER 1 DRIVER 2 DRIVER 3 DRIVER 4 DRIVER 5
A-TO-D A-TO-D A-TO-D A-TOD A-TO-D

HEAT SPEED POWER VIBRATION OIL PRES
SENSOR SENSOR SENSOR SENSOR SENSOR
ENGINE

Figure7 ZB  Bottom up design (continued)
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USERINTERFACE
AND SYSTEM
CONTROL
I |
HANDLE DANGER HANDLE NON- REPORTS
SENSORS DANGER SENSORS
I
| I I |
DEVICE DEVICE DEVICE DEVICE DEVICE
DRIVER 1 DRIVER2 DRIVER3 DRIVER4 DRIVER 5

Figure7.2C  Bottomup design (continued)

Thesoftwaretocontrol thedevicedriversisthendesigned'on top' of thethesedrivers
(Figure?.20).

Thusthesoftwaresystemis designed from thebottom|evel supward. Bottom up
design is also better in cases where existing software components are combined and
assembl ed with new modules to make up a system.

7.3 TOP LEVEL DESIGN TRADE-OFFS

There are usually many top level designsthat could accomplish the same thingsin a
software system. For example, the top level designin Figure 7.1 is just one way of
breaking the ABC system into mgjor components. Another method could be to usea
purchased Data Base Management System (for example DATARIEVE, SQL, or a
Fourth Generation Language) to replace the INQUIRY and UPDATE portions, or a
Forms Management System (FMS) to do the MENU, perhaps a Report Generation
system (RPG) for the REPORTing, or a combinationof the above. This is a typical
'build or buy' decision, and there areadvantages and disadvantagesto each combina-
tionof builtor bought items. The more packages you buy, the less programmingyou
have to do; but packages are expensive, and usualy less efficient than the custom
written program eguivalent.

Other toplevel designsmay suit aswell. Onesuggestionmay be toremovethefile
access portions of INQUIRY, UPDATE, and REPORT GENERATION and have a
common FILE HANDLER routine to do dl file accesses. The TLD would look like
Figure 7.3
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MENU

| |
REPORT
INQUIRY UPDATE GENERATION
1 1
1
FILE
HANDLER

Figure73  (Amother) Top |evel design

Herefive programswould haveto bewritten, and dight performancedegradationmay
appear due to thefrequent cals to the HLE HANDLER, but the system would be
vantagesanddi sadvantagesandinvol vestrade-offs

Design Priorities
our choiceof TLD will affect thefollowing:

System Cost
TimetoBuild the System
User Friendliness
Performance
System Size
Reliability
Modifiability

\‘Fhe%Wmefore be prioritized, togetherwth the user at system planning
time-during definition and anaysis. Thismakesthechoiceof TLD much easier.

7.4 DESIGN WALK-THROUGHS

When deciding among severd technical approaches to a problem, make the decision
easier by asking theopinionaf others. Call ameeting of severd expertstodoatoplevel
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desi gn walk-through. At least one week before the walk-through give the attendees
copiesaf the FS and all the TLDs with thelist of advantagesand disadvantagesfor each
one. Tell them that the purpose of the meeting isto choose the best TLD. Thiswill be
doneby 'walking through', step by step, each suggested design, ensuring that thelist of
trade-offsiscorrect. Everyoneshould be encouraged to suggest alternative designs, as
well asadditional trade-offs that the authors may have overlooked. L et each person on
thewalk-throughteam know that they are—as ateam — responsiblef or determining the
best design.

TLD walk-throughs(and later when we discuss lower level design, documenta-
tion and program walk-throughs) can be extremely valuable if the following rule is
obeyed: ""LEAVE YOUR EGOS OUTSIDE."" (This was the sign on the door of the
studio when the songs "*We are the World"* and ** Tears are not Enough™ were
recorded.) Theideaisnot to point out faultsin the designer, nor isit an opportunity for
the attendee to prove that he could doit better. Thedesigner must al sobeawarethat all
criticism is constructive—he must not get defensive. The objective is to find all
problems, suggest alternativesand makethe best possiblechoice. Some peopl e suggest
that managers not be invited to walk-throughs. Managers can inhibit the free flow of
ideasand discussions.

7.5 MEDIUM LEVEL DESIGN

After the TLD ischosen, you must break each major function or component down to the
sub-functions or components. Let ussee how thiscould bedonefor the Amalgamated
Basketweaving Company system. Begin by assigning anumber to each major compo-

nent on the TLD.
1.0
MENU
2.0 | 3.0 4.0 |
REPORT
INQUIRY UPDATE GENERATION
| |
5.0 |
FILE
HANDLER

Figure 74  Numberingsystem for the TLD
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Top down design dictated that the break down must begin with the MENU box. Let vs

assume that this component iscalled when thewhole system i sstarted and it presents
thefollowing 'main’ menu to the registrar.

~ MAIN MENU \

o0 s LN R

USE UP/DOWNH ARROW TO HILITE YOUR CHOICE THEN
PRESS RETURN,

OR MOVE MOUSE TO HILITE YOUR CHOICE, THEN PUSH
BUTTON ON MOUSE

\_ PRESS HELP KEY TO GET HELP ON HILITED ITEM J

INQUIRE ON A COURSE/STUDENT
UPDATE COURSE/STUDENT DATA
REGISTER STUDENT

WAREHOUSE

REPORTS

QUIT

Then the program waitsfor the user to move the mouse. The major sub-functionsof the
MENU component can be:

oMmAWN PR

Start the system up and present the main menu.

Handle movement of the mouse.

Handlethe button on the mouse.

Goto INQUIRE, UPDATE, WAREHOUSE or REPORT when chosen.
Handle errorsaswell ason-line help messagesfor the whole system.
Shut down system if QUIT ischosen.

Thenext level of breakout diagram (or structuredi agr an) for the MENUcompo-
nent could look likethis:

1.0

MENU

1.2 13 1,4I 15

START

DRAG CLICK ACTION ERROR

Figure7.5 Second level of breakout
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Thethirdlevel of breakout can beseenin Appendix A —Design Specification. Y ou may
consider breaking it down evenfurther. Remember, yougo downtoalevel fromwhich
the programmers can start module breakdown and programming. The lowest level
boxes represent modules. A module is the smallest testable, compilable piece. See
Section 7.7 for what constitutes a good module.

Notethat onthestructure diagrams (Appendix A) wecan show control flow: solid
lines show module calls. We can also show data flows: the dotted arrows show the
parameterspassed.The direction of thearrow showsthedirection of thedatamovement.

Naming Conventions

Modules are named to indicate system, function, or subfunction as necessary (See
Appendix A, Design Specification, Section 6for the ABC system modulenaming). For
languageswhere more charactersarepermitted, establisha detail ednaming system that
clearly indicates the function of both modules and variables. Do not try to save paper
by shortening names to obscure acronyms.

Numbering Conventions

The number on each box isconstructed asfollows. On each lower level add adot plus
an integer to the number of the box above. Theinteger can be sequenced left to right.
Thenumber showsthe path downthebreak out tree, aswell asthelevel a which the box
isfound.

7.6 DESIGN DICTIONARIES

Module Dictionaries

Asyou progress through the design, build the following three dictionaries:

Dictionary 1. Numericaly ordered by component number, gives the routine
name and a short description for every module. For example:

0.0 AQOCOOOCOO Arel ganat ed Basketweavi ng System
1.0 AM000000 Menu system
11 AMSTOOOO Startup, disp first menu, shutdown etc.

Dictionary 2. Alphabetically ordered by component name, gives the routine
number and a short description for every module. For example:

AOQOCOCOOOO 0.0 Anmml ganet ed Basketweavi ng System
AMOOOOOO 1.0 Menu system
AMSTOOOO 1.1 Startup, disp first menu, shutdown

Thiscan easily be created from Dictionary 1 using asort program.



Sec. 7.7 Structured Modules, or How Far Do You Break It Up? 79

Octionary 3. Alphabetically ordered by theshort description, givescomponent
number and the routine name. For example:

Amal gamat ed Basketweavi ng System 0.0 A0000000
Menu system 1.0 AMO00000
Startup, disp first nenu, shutdown 1.1 AMSTOOOO

This can also be created from Dictionary 1 using a sort program. Y ou can use these
dictionaries during design, programming, or subsequent testing and maintenance—
anytime you need tofind a module, its calls or its parameters.

The (Common) Data Dictionary (CDD)

Listinalphabetical order al the parametersthat are shown on thedataflow arrows. For
each item list the type, length, restrictions and the modules that useit. This CDD will
later contain all other parameters defined in lower levels of design and programming,
as well as the fields defined in files. The CDD ensures that the parameters will be
consistent throughout the whole system. Some operating systems such as VAX VMS
provide a Common Data Dictionary.

7.7 STRUCTURED MODULES,
OR HOW FAR DO YOU BREAK IT UP?

How doyou know if abox at the bottomlevel isbrokendownfar enough—or if you have
broken it toofar? A box at the bottom must represent a structured module. It will be
coded into a program or sub-program module. A structured modul e has thefollowing
properties.

1 It performsasinglefunction completely. For example, it could receive, edit,
reformat, and passon a single parameter.

2. ltissmall. Some rules of thumb for size state 50 to 100 lines of executable
code, or at most 2 pages of listing.

3. It is predictable. All behavior is visible from reading the code. It is not
affected by hidden flags in other modules or in the operating system.

4, (Most important!) It is independent. A change in the module or in the
parameters that it uses does not affect anything else in the system. For
example, the US Postal Serviceischanging (1988) the ZIPcodefromfiveto
nine digits. Imagine all the programmers that will be employed for years
accommodating systemstothischange! Perfect moduleindependencewould
allow a programmer to make a change in one module that handles the ZIP
code, and noother part of the system will be affected. Or how about changing
only the Data Dictionary?

5. Although thisis not in the strict definition of a structured module, look for
reusability —amodule that is complete enough and general enough so that
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you can useitinother applicationswith aslittlemodificationaspossible. For
further detail on modularity read the original article in Reference 20.

Leave Something for the Programmer

If you break the modules down further and further, eventually you will end up
describing the program code in English. Programmersdo not enjoy translating this
'pseudo-code’ linefor ling, into program lines. That isboring. Leave several levels of
breakout for the programmer. See Section 9.3for details of thisprocess, called Module
Design.

7.8 FILLE DESIGN
Getting Real Performance

Thedesign of thefileswill makeor break your application. Thisisespecially truewhen
using Fourth Generation Languages (see Chapter 16). Some designerseven advocate
designing the files before anything else. Let usdesign the ABC file system using an
indexed sequentia file system such asIBM’s ISAM or DEC’s RMS. You begin file
design by looking at the results of the Analysis Phase, the requirementsand the top
levels of design produced so far. | recommend going back to the data flow diagram
(Figure 6.1,) and drawing all the 'information types that are mentioned. Theresult of
this would be the boxed itemsin Figure 7.6.

NAME CRS NAME
STUDENT ADDRESS COURSE DATE
NFO COMPANY LOCN
CRS REGD ON STUDS REPD

PAYMENTINFO

MATERIAL FINANCE

Figure7.6 DataTypes

Now go to thedetailed requirements(see Reguirements Document in Appendix A) and
try to alocate each data item mentioned (or implied) in a requirement to one of the
boxes. Add moreboxesif necessary. For example, the requirement ** Register astudent
onaspecific course' would result in adding thefields listed beside each box in Figure
76. Next, consider the processing logic needed to handle the requirement. If the
STUDENT INFO and the COURSE INFO are separate files, they would need to be
related by akey. Add the keysSTUD_-NO and CRS_NO, and the access |ogic can be
added asarrows, asin Figure 7.7.
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STUDENT | STUDENT_NO. COURSE | CRSND
INFO NAVE INFO CRS NAVE
ADDRESS DATE
QovRANY LOON
CRSNO. REGDON STIUDNO
PAYVENT INFO |
MATERIAL ANANCE
INFO

Figure 77  Datatypes, keys, and access

Now we canhandle rcgistcringastudent, aswell asinquiriessuchas, ** Givenastudent
name, find al the courses hcisregistered in." (AccessSTUDENT H LE by name, get
CRS-NO, acccssCOURSEFILE by that CRS_NO.) The diagramiscontinued until al|
the requirements archandled. The resultcould bcFigure7.8. (For the sake of clarity the

arrows are not shown.)

One record

per student

enrolled One record per

onacourse unique course/

not yet run location/date
STUD-NO. CRS-NO

STUDENT | NAME COURSE CRS NAME
INFO ADDRESS INFO DATE
COMPANY LOC'N
CRS_NO ) Repeated per DESCRIPTION
PAYMENT ] crs registered INSTRUCTOR
on MAT-NO Repeated per
itemreq'd
STUD-NO repeated per
student registered

One record One record

per item per run of a course
MAT-NQ. CRS_NO.

MATERIAL | DESCRIPTION FINANCE | STUD_NO.
INFO QNTY ON HAND INFO AMOUNT OWING

REORDER QNTY PAYMENT INFO
LOCATION INVOICE ADDR
SUPPLIER ADDR

Figure 78 Datatypes, key, and acccss



Chap. 7 The Design Phase

Optimizing Files

The next step isoptimizing disk storage by eliminating redundant fields and files.

IntheSTUDENT FILE, if many students have thesameaddress, such asthesame
company, theaddressfieldsarerepeated. Consider an ADDRESSfilewith onerecord
per company, andaCOMPANY —NOonthestudent record pointingtoit. Thisfilecould
also contain the invoice addresses needed by the HNANCEFILE.

In the COURSE FILE items such as DESCRIPTION, INSTRUCTOR, and MA-
TERIAL NO list would be constantly repeated since they are the samefor each run of
the same course. Split off into a new file called SCHEDULE FILE the itemsunique to
each run of a course, leaving COURSE FILE with only course type dependent
information.

FINANCE FILE can only be keyed by STUD-NO or COURSE-NO. There are
already files using those keys, which usualy indicates that thefieldsin thisfile could
just aswell be combined into other files, if payment and invoicing information can be
associated with thestudent. The FINANCE FILE will not be needed. Theresultant file
design could beasin Figure 7.9.

One record

per student

enrolled Ore record per

an acourse unique course/

nat yet n location/date
STUD-NO. CRS_NO

STUDENT  NAME COURSE CRS NAME
ADDRESS FILE DESCRIPTION
PRICE
MAT-NO  Repesated par
item reqd
COMPANY
CRS_NO y Repeated per
FAYMENT} crs registered
on

Ore record One record

per item per run of acourse
MAT-NO, CRS_NO.

MATERIAL | DESCRIPTION SCHEDULE | pATE
FILE QNTY ON HAND FILE LOCATION
REORDER ONTY INSTRUCTOR
LOCATION MAX ENROLLABLE
SUPPLIER ADDR STUD-NO. Repesated for
each student

Figure7.9 Datatypes, keys, and access
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Optimizing a Variable Number of Rems

Inthe STUDENT FILE there aretwo fields, CRS_NGC and PYMNT information, that
are repeated for each course in which a student enrolls. Similarly there are repeated
fieldsintheSCHEDUL E and COURSEfiles. Thesecan be programmed usingvariable
lengthfiles. Asitemsare added or deleted thelength of therecord changes accordingly.
This method saves disk space.

Alternatively, if the maximum number of the variablesisknown, afixed length
record can beused. For example, if nomorethan 30studentswill ever beenrolled inany
course, each record in SCHEDULE |eavesroom for 30 students. This method usesmore
disk space than the previous one, but it will requireless processing time. Futhermore,
fixed length records are easier to design, understand, and therefore maintain than
variable length records. Disk spaceisgetting so inexpensive that | suggest that you use
fixed length records whenever possible.

A problem may arise if the limits cannot be set: for example, why should the
number of students in any course be limited to the same number? To solve this, a
separatefile can beused tohold only thevariable information. Afilecalled ENROLL-
MENT can beset up for each run of acourse, and each filewould contain one record
per enrolled student (Figure 7.10). Thismay bevery expensive both in disk storage and
file handling.

Onerecord

per student

enrolled

ENROLLMENT | STUD_NO.
QRS PAYMENT ’
CRS 1

ENROLMENT
FOR
CRS 2

Figure7.10 Handlingvariable informntion

A simple way to handle this would be to make afile called ENROLLMENTS,
which would contain one record per student registered per course. Thefieldswould be
only theSTUDENT-NO and COURSE-NO. (Question 8at theend of thischapter asks
you to design this.)

History Files

What dowedo about dataon studentswho havetakenacourse? Neithertheaccountants
northemarketingpeopl ewish thisinformation to beerased, but wedonotwant working
files to be cluttered by obsolete information. The solution is to define a
STUDENT-HISTORY file, and after a student takes a course his record from the
STUDENT fileistransferred to the History file.
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Testing the File Design

In a design walk—through, each requirement that involves data access must be 'proc-
essed' using thefiledesign. This may indicateimprovements aswell. For example, a
requirement states, ** List all occurrances of an XYZcourse, location and price."* Let's
go through the access logic. The Registrar converts the course name to CRS-NO
(how??). The recordsin SCHEDULE are accessed by CRS-NO to give the date and
location of each course, and the COURSE file i saccessed by CRS-NOfor price. If this
kind of request is common, perhaps the course name should be made a key on the
SCHEDULE file. Maybe the price can be added to the SCHEDULE file to save
accessing the COURSE fileeach time. T o save disk spacea price code could be used.

Ensurethat all requirements arefeasible. Look for possible future enhancements,
evenif theuser did not request it. For example, how would you processa request such
as, ""List al coursesthat usematerial X,’ or "* Handlea priceincreasesix monthsfrom
now by charging one price up tothat date, and the new price afterwards."” Wedo not
fix the problemsinthe walk-through. Someoneisasked to take notesand the problems
are addressed later.

7.9 RELATIONAL DATA BASE MANAGEMENT SYSTEM (RDBMS)

In Section 7.8 weassumed that you can get arecord from afilegivenakey. In redlity,
there must be a DBM S to accomplish this. Most mini and mainframe manufacturers
includea DBMS withtheir operatingsystem. RM Sand RDBarecommonfor VMS. The
examples used in Section 7.8 made use of an indexed DMBS such as RMS. As a
manager you need not understand how a DBM Sworks, but you may have to decide
which one to use. Let me make a case herefor the relational system.

Relational data organization isextremely simpleto understand and to set up (one
of the pros). Inan RDB every item isexpressed as part of atableor relation. The rows
of thetables(tuples) can becompared to records, the columns(domains) tofields. The
rulesfor setting up the tabl esisthat each tuple in onetablemust be unique, and nofield
needs to be repeated in any of the tables unless they are needed to 'join' onetable to
another. Joining meanslooking up arecord in onerelation by afield found in ancther.
Figure 7.11isan example of the relations (tables) that could be defined for the ABC
system. Note how closethisisto thefiledesign of Figure 7.9 and Question 8. Thefile
names becamerelation names, therecordsand fiel dsbecamerowsand columns. Infact
entering thetablessuch asin Figure 7.11 isall that isrequired to create the data base.

Student rel ations:

St ud- No St ud- Nae Conpany- No all items unique to student
1 JOHN BLAKE 999

2 JANE SMITH 999
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Run of a course relations:

Course-No Course- Date Location Instructor Cost
123 1/1/90 OTTAWA RAKOS 1000
123 1/2/90 NEW YORK RAKOS 1500

Enrollment relations:
Course-NO  Stud-No Pymnt
123 1 0

Course relations:

Course-No  Crs—Name Desc Ma-No items unique t0 a course
123 WEAVING INTRO 001

Compay relations:

CarpNo  Addr Ship-To Bill- To Tot- Owing

999 FIRST ST. X Y A B 10000

Material relations:
Mat No Desc Whse Source Cost
001 STRAW 1-1 X CcO 1.00

Figure 7.11 Rdationsin the ABC relational data base

Asin the nonrelational method, the DBM Swill retrieve afield given other fields. For
example, if you requirealist of studentson COURSE-NQO'123," therelational system
will search ENROLLMENT for the course number, build a table of the associated
STUD-NOS, then search STUDENT by the STUD _NOs to build the table of STUD
NAMESs. The beauty of the RDBMSisthat thismay be donefor you automaticaly. It
is wise, however, to set up the relations knowing the regquirements ahead of time
because there isalot of overhead associated with constantly creating tables.
Theformatfor thiskind of ad-hoc data base query hasactually been standardized,
and itiscalled Structured Query Language(SQL). Most relational data base products
have SQL built in. Oracle (Reference 2.6) is the most well known productfor this. For
example, the following will instruct SQL to list what courses 'Smith' isregistered on.

SELECT CRS-NAME FROM COURSE
WHERE COURSE—-NO I N
SELECT COURSE-NO FROM ENROLLMENT
WHERE STUD-NO IN
SELECT STUD-NO FROM STUDENT
WHERE STUD~NAME = 'Smith’

Unfortunately, SQL asoriginaly defined by IBM hasmany shortcomings so the
newer products have to extend the language to provide additional features. Y ou could
simply ask a lot of new 4GL.’s (that support Query By Example[QBE]) tofill in the
following form:
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F 3

STUD-NAME Smith
CRS_NAME

\. /

Themajor advantagedf an RDBMSisflexibility. For example, if you need to access
the same data differently from several applications, the system will accommodate. If
you anticipatead-hoc queries, (andit isdifficult toforesee theexact format), RDBM S
is the best tool to use. In Section 16.6 on Computer Aided Software Engineering, we
discuss using a Fourth Generation Language together with an RDBMS to automate
amogt al of the classical computer applications!

The only drawback of an RDB is performance. Thereis alot of space and time
requiredfor storing, tracking,and traversing through all the tables. But computer cycles
are getting chegper—the time saved in user friendliness and flexibility makes an
RDBMSon apowerful CPU a worthwhile investment.

7.10 BENEFITS OF STRUCTURED ANALYSIS AND DESIGN
Reducing the Number of Initial Errors

Thefollowing statistics arequoted from surveysdoneby TRW for large projects, and
DEC’s Customer ServicesSystemsEngineering(the departmentresponsi blef or ensur-
ing that DEC products—both software and hardware—are as bug freeas possible).

USING UNSTRUCTURED METHCDS

ANALYSIS REMAINING AFTER
AND PHASE OPER.
DESIGN
EFFORT SPENT: 10% 23% 67%
PROBLEMSINTRODUCED: 64% 36%
PROBLEMSFOUND: 19% 2% 54%
DOLLARS SPENT(A V() 25K 57.5K 167.5K

(TOTAL=250K)
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USING STRUCTURED METHODS
ANALYSIS REMAINING AFTER
AND PHASE OPER.
DESIGN
EFFORT SPENT: 20% 50% 30%
PROBLEMSINTRODUCED:  32% 68%
PROBLEMSFOUND (1): 30% 33% 37%
DOLLARSSPENT(AVG) 40K 50K 100K
(TOTAL=190K)

(D There were half as nany as before

Figure7.12 Causesand costsof problems

Figure 7.12 proves that even though the up front cost increases, structured methods
reducethe overall cost of asystem. There are other benefits to finding errors up front
instead of later on in the cycle. Statistics have shown that it is up to 100 times as
expensiveto correct an analysis error after acceptance than at analysis time.

7.11 THE DESIGN PROCESS

The Design Team

Choose your best peoplefor the design team. The best designers are not necessarily
your best'bitsand bytes' people. They are the peoplewho can conceptualize thewhole
thing. Avoid a perfectionist on the design team. There is always a better way to do it
given enough time—but the limitsof timeand cost must always be kept in mind. Since
many trade-offs and decisions are made during the design, it is best to have an odd
number of peopleon theteam, or at least a good moderator.

The Design Meeting

Designing islike brainstorming: several people get together in an undisturbed, quiet
room. Evervone is encouraged to 'burst out' their ideas for al the functions to be
performed and how toperform them. Sincetheideaswill flow inrandom order, provide
afacility tocapturetheideas. Write down eachidea, and at theend organizeall theideas
and suggestions into unique modul es.

7.12 TECHNICAL DOCUMENTATION

The design specification isa very technical document. It is intended to be read and
understood by the programmers. The user iswelcome to see it but you need not ensure
that he understandsit. Consider thefoll owing pointswhenwriting techni cal documents:
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1 Useformal, precise language. The second largest source of errorsin a
software system is when the programmer misinterprets the design. (The
largest source, incidentally, is when the analyst misinterprets the user's
needs) Readalaw text. It isnot gobbledegook. Lawyerstry to uselanguage
that can not be misinterpreted.

Use pictures—structured diagrams and such.

Make theintent of the design clear on thefirst few pages. Then elaborate.
Beconsi stentin thegraphi cslanguageand sentencestructure. It isbest when
onepersonwritesall of it. If deadlinesforceyou touseseveral people, be sure
that they use acommon style.

H WP

7.13 STANDARDS 'DICTATED' AT DESIGN TIME

Certainthingsmust bedonethesameway no matter whodoesit. Thisisespecially true
in the programming phase where the most parallelism can take place. You may get
frownsfor imposing 'bureaucratic' standardsbut establish rulesfor thefollowing:

e Design Conventions. Methodsof break-down, structurediagram formats.
Module and variable naming conventions. This must be used for al the
lower levels.

e Parameterpassing. Detail order, length,format, placeholder if missingand
soforth.

e Error handling. Strictly structured standards suggest that a single error
handler be used. Every module passes context (situation where the error
occurred) and an error number to this handler. Thehandl er displaysthe error
message. This guarantees consistent error handling, but the performance
may suffer dueto all theadditional callsto theerror handler.

¢ Programmingstandards. Structured programming standards such as code
appearance(whitespace, indenting,comments), constructsal lowed, organi-
zation, modulesize, and interdependenceisdetailed. Createa ‘template” or
skeleton contai ningcomment lines for thefollowing:
header (title, author, purpose, date, modification history)
parameters(received, sent)
entry (oneonly)
variablesusd
subroutinecalls
error handling
exit {one only)

¢ The programmer starts with this template and fills in the process code.

SeeSection 9.4 for programming tools that help format programsconsis-
tently.

If you set thesestandardswell youwill beabletousethemformany other projects.
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714 OUTLINE OF THE DESIGN SPECIFICATION

Aswith other project documents, Appendix A givesan actua example.

1. Title page andtableof contents All sectionswith page numbers.

2. Overview Although the programmersareurged to read the Requirements
Document and the Functional Specs, the Design Specification (DS) should begin by
summarizingthe problems, the general solutionsand how thesystemwill fit into the
user's environment. This makes the DS into a stand-al onedocument.

3. HardwarelSofiware  Listthehardwareonwhichthesystemwill run; listthe
operating system and version, as well as any packaged software, utility programsand
languagesthat will be used.

4. DesignPriorities  List,indescendingorder of priority,thedesign priorities
discussed in Section 7.3. Emphasize the trade-offs that may have to be made.

5. Design Diagramsand Module Dictionary Conventions  Explain thestruc-
tured diagrammingconventions. how each box refines thefunction of the box above,
and how thedatapassing among the boxesisindicated. Tell theprogrammer that asshe
breaks downfurther during modul edesign, shemust follow thesamediagrammingand
dictionary keeping conventions.

6. ModuleNaming Conventions  Explain the naming conventionsuch as the
onediscussed in Section 7.5.

7. Parameter Passing and Data Dictionaries  List the rules for parameter
passing among modules. I ndicate where the data dictionariesare to befound and how
they areorganized. Sofar theDD containsall the parametersdefinedfor the TLD and
MLD. The programmer will have to add any new parametershe definesfor submod-
ules. Giveexamplesd typical CALL formats.

8. ErrorHandling Describehow errors aretobehandled. If thereisasystem
wide error handler show how the programmer calls it and gets control back. Give
examples.

9. Structured Programming Standards  List thestandardsdiscussed in Section
7.12. Indicatewherethe'template’ program can befound.

10. Programming Teels  Coding and testing tools such as Editors/Language
SensitiveEditors, Compilers, Debuggers, Automated Testers and Source Code Ana-
lyzers will be discussed in Section 9.4. These dl makethe job of programming and
debuggingeasier. If thesetoolswill be availableindicatehow they are to be accessed
and used.

In Section 9.4 we will discussa Code Management System (CMS) to store
sourcecode and track the changesto sources. If aCMSis to be used, indicate how.

List any sourceor object codesubroutinelibrariesavailable, as well asexisting
modulesthat may be reused-do not re-invent the whed.
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If specific packaged software such as Data Base Management Systemsor Forms
Management Systems are used, explain how and when to use them.

11. TopLevelDesign  IncludetheTLD structured diagramsuchasFigure7.1.
Briefly explain the TLD, and the general functions to be performed by the five mgjor
components. Explain how theother componentsfit together, referencing all appropriate
sectionsin the medium level design.

12. MediumLevel Design  Includeall theMLD structured diagrams. Explain
the general function of each module or box. For example:

Module AM000000 gets control when the operator types ABC a command level. (May
beautomaticaly started by aLOGIN file) It first calls AMST000 to open dl systemfiles
and do someinitidizing.., and so forth until dl the general functionsdf the modules are
detailed.

For the outline of the lower level modules, use the following format:

Module name

Called by: ligt dl calers

Subroutinescalled: (to befilled in by programmer)

Input parameters. list

Digplays: the 1/0 with thetermind or user

Returned parameters. list

External variables used: list

Filesused: list

Functions: Lig in English statements. If you have

pseudocodefor each module, it can gohere.
And so on until all the medium level modules are detailed.

13. Module and Data Dictionaries  Explain the construction and use of the
three dictionaries discussed in Section 7.6. Explain where the CDD will be—for
exampleif theoperating system providesone—and how to useit. Show how tolistitto
seewhat isalready in therefrom the top and medium level design and what i sadded as
the design proceeds.

14. Filesand Tables Recall that in the Functional Specswe listed the data
elements that will be kept. In the design we show how these elementsfit intofiles. For
the ABC system we must provide the details for the files COURSES.DAT,
STUDENTS.DAT and so on. For each fileshow Organization (e.g. RMS), attributes,
record length, keysand what modulesin the system use thefile.

Includearecord mapthat detail seachfield name, length, restrictions, and soforth.
Indicate which modules access that field and for what purpose.

Do not forget toinclude when thefile will becreated, how largeit will be, and how
expansion will be handled.

Explainany other datastructuresthat areto beused, such asin-memory tablesand
arrays.
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7.15 TESTING THE DESIGN

When thedesignis done, thewholething must be walked through. Thepurposeof this
wak throughis to ensurethefollowing:

1 All the Functional Specificationrequirementsare met.
Do this by stepping through the FS, sentenceby sentence. For any function
promised in the FS, the designer must be able to point to a module and say,
"We handlethat here"* Conversdly, dl designfunctionsneed to becalledfor
in theFS—ensure that no bells and whistles were added by the designers.

2. Thedesigniseasy to program and maintain.

Thiswill bethecaseif a structured, pi ece-by-pieceapproachwasused. Look
for small, independent, well understood pieces.

3. It can beimplemented on time and on budget.

Thisisasubjectivequestion that only the Design Leader can answer. Ques-
tionsto ask are:

Haveall thesoftwareand hardwarecomponentsthat weredesigned
around been shown towor k previoudy?

e |sit asmple, straightforwarddesign?

o Arethepiecesdtill estimable? Arethe estimatesstill within the
origina ballpark?

7.16 CHANGES TO REQUIREMENTS DUE TO DESIGN

Somedf thedetail cddesi gnwill invariably |ead torequirements changes. You may have
to go back to theusernow and convinceher that she doesnot really want what sheasked
for before. Asbefore, your argument hasto be based on cost/benefit. If thechangecan
be shown to save money i n development or maintenancedue to the simplified design
that you aresuggesting, theuser should agree. If you are stuck in afixed pricecontract
usethe argument, “We can do it thepreviously agreed way, and we know wecan'traise
our price, but welll takethree months longer.' That iswhy | suggest that you shouldnot
get into suchacontract until after thedesign isdone.

7.17 PLANNING THE ACCEPTANCE

Although Acceptance is a phaseon its own later on, planning for acceptancecan be
begun after the medium level design is done. Preparing the AcceptanceTest Plan is
thereforepresentedin the next chapter sinceit is thenext chronol ogical activity. It can
be done anytimeafter this point, aslong asit iscompleted by the Acceptance Phase.
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QUESTIONS

What is the purposedf the Design Phase?

What isstructured design?What is top-down design?

What i s bottom-updesign?What type of systemsare typically designed bottom-up?
What may bethe adverseeffectsdf setting 'user friendliness asthehighest design
priority?

What isthe purposedf the top level design wak-through?What can beamagjor problem
inawak-through and how can you avoid this?

What is a Common Data Dictionary?Why isit useful?
Why break asystem into structured modul es?

Referringto thefiledesign in Section 7.8, assumethat the two most common requeststo

thesystemwill be"*How many studentsare registered on course no. NINN?'’ and **What

arethecoursesthat studentno. SSSisregistered on?”* Canyoudescribeafiledesignwhere
both of these questionscan be answered with access to only onefile?

What are the advantagesand 'disadvantagesof using arelational data base management
system?

What isthebenefit of structured analysisand design?

Wheat personality traitswould you look for in asystem designer?

What itemsmust be standardized by the designers and why?

What is thepurpose df the medium level design walk-through?

Group Exercise:

Write the Design Specificationfor the'Bell Family Communication'ssystems.
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The Acceptance Test Plan
Agreeing to Agree

8.1 INTRODUCTION

The goal of acceptanceistoget awitten statement from the user that the product was
delivered aspromised. Getting thisstatement — andpayment if it isacontracted project
—may be difficult unless the user can be convinced that the system works exactly as
promised. The user may be apprehensive at acceptancetime: he hasto take over the
ownership and responsibility for the system. He may be reluctant to hand over the
check —what if something goes wrong?

8.2 THE TRIAL PERIOD OR PARALLEL RUN

The trial period or the paralel run are the most common approaches to acceptance.
Usingthe'trial period' approach the project teamsimply installsthe new systemfor the
user to try. The 'parallel run' approach adds the dimension of leaving the old system
running aswell for comparisonand backup. In both casestheclient usesthe new system
for “X’ days. If there are no problems the user accepts; if there are any problemsthe
project team issupposed to fix them and rerun the trial for another X" days.

These approaches are simple, but they have several major flaws:

1. Small problemscanforce youtorerunfor X' daysindefinitely. Sometimes
acomplex software system is never 100%debugged. Youlearntolivewith
the faults. (Document them asfeatures!)

a3
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2 It may be difficult to trace the cause of aproblem. If ten usersareon an
interactivesystem and it crashesit isachallenge tofind exactly what caused
thecrash.

3 Thereisnoguaranteethat all thefeatureswill betried within'X' days.| have
seen oneaccountingsystem that wasimplemented at thestart of anewfiscal
year. It ran wdl during thetria period (six months) only tofail at the end of
thefiscal year when the accountantsattempted to closethe books. Unfortu-
nately the warranty was over and thevendor would not fix the problem.

4. Letting theend user accessasystemn on thefirst day that itisimplementedis
not alwaysbeneficia . Would you test airplanes that way? Asinromance, first
impressions areimportant.

83 SOLUTION: A THOROUGHBUT PIECEMEAL ACCEPTANCE

A better approach is to devise a series of tests that demonstrateall of the promised
functions. Theacceptance will beaformal run through of thesetestsfor thecustomer.
Successful tests aresigned off one by one. If atestfails, the PT fixes the problem—
hopefully onsite; if itisamajor problemthen thetests areadjourned until theproblem
isfixed. In theory only failed tests are repested, howcvcer the user has every right to
rerun previoudly accepted testsafter a'fix.'” Theset of testsand theorder in which to
run themiscalled the acceptancetest plan (ATP).

This approach has thefollowing advantages:

1. You can demongtrateall the promised functions.

2 Theaction causing aproblem is aways known—you know exactly whowas
typing what when the problem occurred.

3 Theuser will beless apprehensiveabout many,'small’ signatures than about
asingle'binary’ signaturethat acceptsall or none.

Themajor disadvantagedf this approachisthat it takesalot of work to writethe
ATP. In additionthe user may not befamiliar with theapproach. But you canfamiliarize
her with thisnew method beforehand. It ismentioned briefly in the Proposal, whichis
asigned document. It isdetailedin the Functional Specification, another signed docu-
ment. She will also see and sign-off the ATP before acceptance. There should be no
reluctanceto accept and pay if thismethod is used.

8.4 ENSURING THAT ALL THE PROMISES ARE TESTED
To ensure that all promisesare tested go through the FS page by page, paragraph by

paragraph,andlistall thefunctionsthat arc testable. Consider atablesuch as Figure8.1
as shown on the next page:
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FS FUNCTION TO BE TESTED TEST TEST
REF METHOD NUMBER
SEG/PAR

31 Main menu appearsa start-up T 10

32 Registrar menu appearswhen.. T 21

33 Manager menu appears when... T 22

77 Store 10,000 student records I 78
102 Students by course by city report TA 45

T-tet | -inspection A - Anadysis(Hand calc,or use another pgm) N/A - not applicable

Figure81 Functions vs tests table

Note that some things will not be tested (N/A). It is not worth breaking a disk just to
provethat the'Parity errorhandling' works. Somethingssuchasitem 7.7 in Figure8.1
will be tested by inspection (I} — forexample, you can look at the OPEN statement in
the code or the directory listing for the size of afile. The results of calculations,
formulasand total sshould bedouble-checked, perhaps by hand. Reusetestsif possible.
Often a test defined for one function can be reused as it stands or with a slight
modification.

8.5 USING THE DESIGN

Y ou may bewondering why | suggest doing the ATP after the design isdone. Strictly
speaking, you need only the Functional Specification to producethe ATP.However, the
design helps to group the tests into test sets that demonstrate major functions of the
system. You can run the testsin the same top down order asthe TLD, which is well
understood by your user. Approaching the ABC system intheorder of theTL D (Figure
7.1}, you can demonstrate all the menus, then al the inquiries, followed by al the
updates and so on. Another way to group test setsis by function. Go through all the
Registrar's functions, followed by the Administrator's and so on.

The TEST NUMBER assigned in the Functions vs. Teststable (Figure 81) can
follow the same numberingconvention asthe Medium Level Design (see Appendix A).

8.6 WRITING THE TESTS

Y ouhaveal ready determined how you will testanitem when filling in TEST METHOD
in Figure 81 above. Thefollowing is an example of test number 4.5, 'Students by
Course by City' report. [Notes in square brackets would not appear — these are the
explanations.



TESTNO: 45
TEST PURPOSE:

F.S. REFERENCE(SEC/PARY):

SETUP:
INPUT:

OUTPUT:

INPUT:

OUTPUT:

USER SGNATURE

Chap.8 The Acceptance Test Plan

Demonsaatethe productionof the Students by
Course by City report.

10.2, 12.8, 11.3 [Note how onetest candemon-
strateseverd functions]
EnsurefilesSTUDENT.DAT and COURSE.DAT
contain data.Start System.

Choose Selection 1.from Mii n Menuusing mouse
click and drag method.

'‘CHOOSE REPORT TY PE' menu (format per FS
pg 17 Figures.15) appears. [Refer to the Funtiond
Spec. whenever possible]

Choose Sdlection 5. (Students by Course by
City report) by UP/DOWN arrow and RETURN
method.

Message'Report being prepared.’ appears. No
longer than 60 seconds later, message'Report
being printed' appearsand the printer startsprint-
ing. The termind can be used toenter any other
command. User will try upto 3commandsadf his
choice.[There isdangerinstating, "User may type
any number of commands.”* Hejust may!] When
the report iscomplete (printer stops,) inspect it to
ensureitisof format FS pg. 23, Figure 12,12, Total
cotumms Will becheckedby hand ca culated addi-
tionof theattendancefigures printed.

PROJECT TEAM SIGNATURE

DATE
COMMENTS

Figure 82

Typical test

8.7 THE ACCEPTANCE TEST PLAN CHECKLIST

Use thefollowing as achecklist for al the activities required to plan the acceptance:
e Functionsvs. Tests table produced and all the FS promises are addressed.
e Testsand test sets are defined.
o Responsibility for writing thetestsis assigned.

e Theclient and the PT are aware that the ATP will bereviewed, revised if
necessary, and signed off by the user. The client is aware that successful
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completion of the tests constitutes acceptance of the system. Look at the
sampleform in section 10 of the ATPin Appendix A.

Responsibilityfor test datais assigned. Test datashould be providedby the
project team and theuser. If theuser can providedatathat istruetolife, the
systemwill get abetter test, plusthe user will feel morecomfortablewiththe
accuracy o thetedts.

8.8 CONCLUSIONSTO THE ACCEPTANCE TEST PLAN

Encouragetheuser towritethe ATPIf hecan. It will givehi mafeelingof control —the
project team must build the system to meet the tests. The project team must have a
signoff onauser written ATP, what if theuser testsfor something that thePT doesnot
intend to provide?

Y ou can overdo acceptancetesting. Consider thecost of thetest versusthecost of
therisk that thereisaproblem. Y ou can never test everything,especiallyinamulti-user
interactive system.

8.9 CONCLUSIONSTO THE DESIGN PHASE

At theend o the Design Phasewe have reached to thefollowing milestones.

1 TheDesign Specificationdocument,containingthefinal toplevel desgnand

2

3

medium level designis waked through.

ATPresponsihility is assgned and started. It need not befinished until the
AcceptancePhase.

The project plan, especialy the estimates, are revisited. Although you are
estimating only the remaining four phases, the Programming Phase will
probably bethe most expensiveand time consumingin thewhole project. The
design gives you an approximatecount of the number of modulesand their
complexity.By now you probably know whotheactual programmerswill be
soyou canfactor their productivity into theestimates. With thisinformation
the amount o programming time required can be easily estimated (see
Chapter 13). Statistics show that at the end of the Design Phase estimates
should be no more than 10% off.

QUESTIONS

1. Whatisthegoal of Acceptance?
2. What arethe advantagesand disadvantagesof a'trial period' as theacoeptance method?
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What are the advantages of the piecemeal approach to acceptance over the trial run
approach? Are thereany disadvantages?

List threewaysaf testingafunction. Giveexamplesof functionsthat would be tested by
each method.

Writea'Functions vs. Tests' tablefor the Bell Family Communications(BFC) system.
Writeatest for 'Cal afamily and communicate function of the BFC.

What are the milestonesof the Design Phase?
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The Programming Phase

Building the Pieces

9.1 INTRODUCTION

Programmingis usually the easiest pat—that is what we 'technical types are most
familiarwith. Infact, as Project Manager you may find yoursalf restrainingyour staff
from starting to programtoo soon. Thereisalwayspressureto'do somethingconcrete,
not only from theproject team but from higher level management as well. Be careful
of amanagement disease called WISCA: Why Isn't Sam Coding Anything? (Con-
stantine) It worriesmanagerswhentheprogrammersaresittingaroundidle. Never start
coding until the design isfirm enough that no rework will be necessary.

Theactivitiesinthisphasewill bewritingtheprograms. The milestones will be the
tested programs, the System Test Plan, and atleast astart on theuser's documentation.

This chapter isfairly technical, so those who are strictly managers may consider
reading the War Stories, the Conclusions,and then going on to Chapter 10.

Programming War Stories

This story is about alargegrain farming co-operative. For those who arenot familiar
with thegrainfarming business,afarmer ususally delivershisgrainto thenearestgrain
eevator. He gets areceipt for his delivery and payment depending upon the type of
grain, tonnage, quality, and pricebased on grainfutures. The headquartersof thegrain
company must keep rack of the grainin all theelevatorsunder its jurisdiction, so that
whenalargeamount of grainissold thetrucksand trainsthat pick up thegrain aresent
to theright locations.

99
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A few years ago this grain company, hcadquartercd in city 'A’, decided to
computerize its operation. They were going to use FMMC (Famous Minicomputer
ManufacturingCa.) hardware and networking software, so thegrain company sent its
programmersto FMMC’s training center, located in city 'B," to learn the networking
software.

Thegraincompany wasso impressed with the FIMM C courseinstructor that they
hired him asaconsultanttodesignthesystem. Thedesignwasexcellent. The Instructor/
Designer suggested that PC's be placed in each elevator (very littlecomputing power
wasneeded there) tohandlethefarmers transactionsand receipts. A minicomputer at
headquarterswould keep the transactionsand grain stocks anh automaticallydial up
each PC at midnight toget thetransactions. It took theinstructor three weeksto design
this and hewent home,

But the grain company was so impressed with this design that they hired the
instructor asaconsultant todo theprogramming aswell. T he programming wasto take
placein city 'C,' sinceit washometomost of the programmers. Thepictureat thispoint
was. instructor/programmer wasincity 'C;' TheProject Leader (theinstructor's man-
ager) wasincity 'B;' andthe Project Manager, whowas theaccount representativefrom
FFMC, was at the graincompany headquarters incity 'A." Thisiscalled 'distributed
project management.’

Theinstructor beganto program. Despiteaschedule of onemodule per week, the
first modulewas not donefor eight weeks. Findly thePL recaved thefirst module-mailed
electronically to city *B’—and panicked. The programming was awful: unstructured
andfull of bugs. He phoned theinstructor at once, and thefollowing conversation took
place:

PL: Wheat took you so long? And why is this program so bad?

PGR:  John(not hisreal name,) | have not programmedfor six years. | thought
it would befun toget back toit. But | hateit, and | hatecity 'C.! Get me
out of here!

Comment:  Theinstructor wasnot even reprimanded. Hewas an excellentin-
structor and designer, but aterribleprogrammer.Thisiscommon. The problem wasthat
the PL was not supervising. Had they been together, the PL would have noticed the
problem at once and replaced the programmer immediately. For any new or unknown
resource, wak through their work within one week of starting. This is especialy
important with outside contractors.

Epilogue:  The instructor was moved back home, another programmer was
movedlo city'C' toreplacehim, and the project wassuccessfully completed, albeit ten
weeks late.

About threemonthslater FMMC noticed thet their new grain control computers
wereenjoying an inordinateamount of popularity. After alittleinvestigation FMMC
discoveredthat the PC's, whichwereidle90%of thetime, magically grew gamesand
compilerssuch asBASIC. Informa computer courses were sprouting up. Thefarmers—and
especialy their children—were enjoying the new systemimmensdly.
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9.2 PRE-PROGRAMMINGCHECKLIST
Beforeyou start programming, answer thefollowing:

¢ Did the design reviews suggest any rework?If so, schedule the time and
delay thestart of programming.

¢ Arethe planned resourcesand programmers still available? Do not betoo
optimistic about other people’s proiects finishingon time. If therehavebeen
any staff changes, have you re-estimated for the productivity of the new
people?Industry statistics have shown that the best programmer can be as
much as eight times as productiveas theworst.

o Arethepeopletrained?Programmersneed to know theoperatingsystem, the
languages, packaged programs, and programming tools that will be used.
They should alsobefamiliar withthe user applicationand businessproblem.
Ensurethat they read the Requirements Document and Functional Specifi-
cations.

e |stheprogrammingenvironmentgood? Y ou need easy-to-usedevel opment
software and programming tools (see Section 9.4). The development com-
putcr must providefast response, must be avail ablewhen needed, and must
be reliable. Besurethat thewarranties provided by themanufacturer sswell
asall the development software documentation are up-to-date. Providea
quiet enviornment isolated from interrupts.

9.3 THE PROGRAMMING STEPS
Step 1. Planthe Integration

Common sensedictatesthat you cannot program it al and then throw it al together—
that a step-by-stepassembly will berequired. Plan theorder in whichyou will put the
pieces together. Chapter 9 detail sseveral methodsfor assemblingthe pieces, but you
must plan this order of integration now,sinceyoushould bewritingtheprogramsinthe
order that they will be integrated. Thisiscalled theSystem Test Plan.

The remaining steps pertain to each module:
Step 2. Design the Module

The programmer receives some level of design from the Design Phase. Hisjobisto
break it down to lower and lower levelsof detail until he reaches astagethat he can
program. Thisis called module design. The medium level design such as Figure9.1
bel ow, was developedin the Design Phase.
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1.0
MENU
AMAOQO000
11 1.2 14 1.5
START DRAG alxK ACTION ERROR
AMSTO0000 AMDR0000 AMC0000 AVACOCO AVEQODO
MOVE
ERROR ERROR CALL CALL AL
CURSOR SUBMENU INQUIRY UPDATE REPORT
GEN.
ERROR/
HELP

ERROR &

Figure9.1 Mediumlevel design (3rd level)
The programmer receivesfrom the designers a description of the modulesuch as

the one below (see Appendix A):

Modul e name:  AMSTOOOO

Call ed by:  AMDOOOOO

Subroutines called: to be filled in by programver

I nput paraneters: none

D spl ays: none

Returned paraneters: if noerrors exit code o. If error, exit
code is error nunber

External variabl es used: (list)

Files used:  STUDENT-DAT (open), COURSE.DAT (Open), MATERIAL.DAT
(open), SYSTEMDAT (open)

Functions: Open the fil es STUDENT.DAT, COURSE.DAT, MATERIAL.DAT,
SYSTEM.DAT. If error, exit with code... [Initialize variables...
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Check for abnormal shutdown by checking Record 1 of SYSTEM.DAT
file. Byte 1 = -1 neans proper shutdown (See npdul e AMSHUTO0O). If
not -1, do following ... On error exit with error code ...
Ensure correct status of
Mouse by checking...
On error exit with error code +.4
Screen by ...
On error exit with error code .us
Network by ...
On error exit with error code ...
Normal exit error code 0

The programmer first draws astructure diagramfor the module. It may look like
Figure 9.2.

AMSTO0000
(INITIALIZE SYSTEM)
ENTRY
EXIT
SHCLHED%TNN CHECK OPEN INITIALIZE
STATUS HARDWARE FILES VARIABLES

Figure9.2 Fourth level modulebreakout

The moduledesign isapproached top down starting with the topmost box, AMSTO00
and break it into theappropriate sub-components asin Figure 9.3.

1.1

AMST0000
111 112 1.1.8 114
AMSTSHCK AMSTHWCK AMSTOPFI AMSTINVA
1.1.5 1.1.6
AMSTMENU AMSTERRO

Figure9.3 Fifth level modulebreakout
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Then each sub-component can be further divided asin Figure 94.

1.1.1

AMSTSHCK
1.1.1.1r 1.1.1.2 1.1.1.3[ 1.1,1.4[
AMSTSHOP AMSTSHWM AMSTSHCD AMSTSHER

Figure9.4 Sixth level module breakout

Andso it isbroken down further and further until a level isreached whereit can
be programmed.

A commonquestionis, ** At what level doessystemdesign stopand moduledesign
begin?'" The answer is, "* The system design breaks down to the level where the
programmer can begin."* Thislevel may vary from project to project and evenfromone

part of the system to another — depending on the programmer who receives that part.
There are other considerations:

« If modulebreakoutiscrucial tomeet prioritiessuch asresponse, user friend-
liness or consistency, the designers may go lower.

« Thelevel of breakout of thedesign may bedictated by the contract. Govern-
ment departments such as the Military specify the number of levels.

« |f the programmersarenot known at design time, amedian level of program-

mer knowledge can be assumed, and the design is taken to a level that a
median programmer can handle.

But remember thatprogrammersdetest receivinga design o suchdetail that program-
ming i ssimply translating English-like statements verbatim into a program language.

Step 3. Walk Through the Module Design

Asinthetopand medium levelsof design, tradeoffshavetobemadeinthelowestlevels
aswell. Walk through the design of each modulebefore coding it. Thiswalk-through
issmall: only the appropriate programmer, his supervisor and perhaps another pro-
grammer need to attend. The purpose of the module design walk-through isto ensure

that the best design was done, all functions are addressed and all contingencies are
handled.

Step 4. Plan How to Testthe Module

The programmer should prepare the test plan and the test datafor the modul e beforeit
iscoded. Test plansdoneafter thecodeare prejudiced. They tend totest only the'hard'
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partsof the code. The Project L eader may insist on atest plan walk-through along with
the module design walk through. Do these two walk-throughs together.

Step 5. Code Each Module

Coding standards were set up during system design (See Section 7.12). We will not
discuss here how to program — consultReferences 12 (this paper discusses design as
well asprogramming) and 13for someinsights. Hereisasummary of what constitutes
astructured program:

* |t issmall. Rules of thumb suggest approximately 100 lines of executable
code, lessthan two pages of listing.

* Oneentry, one exit.
* Minimum global references.

e« Structured constructs to use: Sequence, TF/THEN/ELSE, CASE, WHILE,
UNTIL, CALL (not GO TO).

Step 6. Testthe Module

The programmer tests a module by setting up the appropriate environment, providing
someinput, letting themodul ego through the processing | ogicand observingtheresults.
Theinput may haveto befaked, especialy if the module that will actually provide this
input is not available.

Modulesshould be tested in twophases. Phaseliscalled 'white box' testing. The
programmer knowswhat i sinsidethe module, and suppliestest datasothat each logical
path in the program i sexecuted. After this, Phase 2, or 'black box' testing can be done.
Inblack box testingthe programmer ignorestheinnardsof themodul e-dataissupplied
in the order and frequency that approximates real use.

Step 7. Testthe Lowest Levels of Integration

If amain module calls sub-modules, the programmer must integrate and test all these
modul esworking together. Evenif heisnot responsiblefor writing the sub-modules, he
must test the CALLs to and RETURNs from these modules. The best method to do this
isto create a'program stub' in place of the sub-modules. A stub may be afour line
program which indicates that control was successfully received, showsthe parameters
received, and passes control back with some fake parameters if necessary.

Step 8. Save the Results of All Tests;
Submit Finished Modules to Integration

Test results are used to gather statistics on the causes, cures and costs of correcting
errors. TheProject Leader isusualy in charge of integration inasmall to medium sized
system. Softwaresuch asCM S (Code Management System) isvery useful for configu-

ration management — keeping track of versions and changes to source code (See
Section 9.4).
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Step 9. Get Started on the User Documentation

Whether the programmersare responsiblefor user documentation or not, thisphaseis
the best time to begin producing it. The following documents may have to be written:

User'sGuide.  Thisdocument can bewritten by the programmers, atechnical
writer or even the user. Recall that the FS hassectionsthat detail the menus, screens,
forms and other user interfaces—do not re-invent the whesel.

A good USER'S GUIDE isdivided into sections that represent different users
jobs. In the ABC system USER'S GUIDE, for example, there should be a chapter
labeled 'Registrar's Functions, another labeled 'Warehouse Functions' and so forth.
The material should be in the order that the user will normally use it. This makes the
USER'S Guide useful for learning the system. Another popular order for USER'S
GUIDESishy alogical trace down thetreeof menucommands. At theend of the guide
provide reference sectionswhere each command, menu, form and message appearsin
alphabetical order.

MaintenanceGuide. How doyouget programmerstodocument thedetails of
their programs for subsequent maintenance? Most PM’s find this very difficult to do:
programmers are reluctant to document before the program iswritten; and good luck
getting them to doiit after everything else isdone. Programmers think that maintainers
require a detailed explanation of program logic. This is boring to write and totally
unnecessary. There isasimplesolution to this: A good, detailed module /evel design
specification with structured, self documented codeisenough for system maintenance.
The MAINTENANCE GUIDE will consist of the Design Specification, the program
listings, and an explanation of how itall fitstogether, how to approach changes, and how
to link and test it all.

Operator's Guide/System Manager's Guide.  Thisis the equivalent of the
USER'S GUIDE for the person who bringsthesystem upin the morning, shutsit down,
does backups, handles mgjor problems, does the accounting and so on. The documen-
tation provided by the manufacturer of the hardware and the operating system may be
enough— only the procedures unique to the custom software will have to be written
down.

Training Documentation.  If you will provide courses on how to use the
system, plan what form of training material will berequired. A good USER'S GUIDE
should be adequate in most cases. You may have to produce training aids such as
overhead transparencies, hands-on exercises, tests and so on.

94 PROGRAMMING CASETOOLS
Thefollowing are software productsthat help the programmer do hisor her job better.

These are called CASE (Computer Aided Software Engineering) tools because they
help to automate the programming process. See Reference 2.1 for actual products.
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The Programming Language

The programming language and compiler i sthe most important tool. If itissimpleand
well-suited to the application the programmer will be able to learn it quickly, use the
exact construct required, and program without awkward work-arounds, the short
comingsof the language. The compiler should befast, and the error messages clear.

Language Sensitive Editor (LSE)

An LSE provides templates for every statement in the language. For example, in
PASCAL, the user cantype 'FOR' and the LSE produces

FOR ${ctrl-var}t := %{expl}% %{TO|DOWNTO}% %{expl% DO
'%{ statements)%
END;

The programmer merely fills in the variables and the LSE ensures that the syntax is
correct. TheLSEcanalsocall thecompiler. If anerror i sfound by thecompiler, theL.SE
gets control back, and the programmer is back in the editor — with the compiler error
message and the source line that caused it on the screen. The L SE can produce the
program header from a template.

ANLSE aidsinsyntax checking, compiling and ensuring consistent sourceformat
throughout the system.

Debugger

A debugger helpsdetect and correct errors. It should provide program stop, trace, and
step. A good debugger allows setting and displaying of variables at any point, aswell
as executing specific partsof a program.

Code Management System (CMS)

Sometimes called a configuration manager, CMSisinvaluablefor any programming
effort. CMS isthe 'librarian’ that ownsall sources. It can police who updateswhat and
ensuresthat conflictsare avoided if two people are updating the same module at once.
CMSkeeps track of all changes toall the modulesso that ahistory of amodule iseasy
tosee. Andfor theicingonthecake, CM S provideseasy regression to previousversions
of the sources.

CMS can handleany ASCII file. It istherefore useful not only for tracking,source
files, but for storing and tracking documentation files, test files, and system build files
aswell. Imaginethesituation at ahardware/software manufacturer suchasDEC, where
there are usually 20 to 30 versions of an operating system supported, each varying
slightly depending on hundreds of permutations and combinations of hardware and
softwareflavors. A CM Sisabsolutely necessary totrack all of theseversions. (Excuse
mefor sounding overenthusiastic, but CM S has saved my life many times.)
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Module Management System (MMS)

AnMMSis used toautomate the compileand link process, or the system build. It can
rebuild only thosecomponents that were changed sincethelast build. MM Scan be used
to automatically run aset of testsagainst amodule. MM Sisvery useful when you are
buildinga'release’ of asystem: assemblingall the appropriate sources and executable
images, aswell asall thedocumentation in a package. MM Sworks hand-in-hand with
CMSwhere al the sources, document filesand command files that run MM S can be
stored.

Test Manager (TM)

ATM isnsed toautomatethetestingof a module. To usethe TM you defineaset of tests
toberun against the moduleal ong with the expected output. TM will run the tests, and
inform the programmer if the results vary from the expected output.

9.5 COPYRIGHTS

Thesubject of copyrighting softwareisstill in the courts, but arecent ruling states that
not only is the piece of software copyrightable, but also the 'look' and ‘'feel' of it
(whatever that means). If you wish to protect your code, add acopyright noticeto each
source module and document. ** Copyright © 19nn, Company Name'" is dl that is
usually required.

9.6 CONCLUSION TO THE PROGRAMMING PHASE
Here are some thoughts on programming:

Programming used to beconsderedtobeanart. Programmerswerealowedto" dother
ownthing."" It was very quickly discoveredthat it istoo expensivefor that. It hastobe
considered as ascience--rigoroudy dictated.

Programmingis fun--debugging it is not. Watch out for statementssuch as** Codingis
dong; dl that's |eft istodebugit, sol an90%donel** Statisticsshow that the programmer
isonly 50%done after coding.

Here are some thoughts on programmers:

Programmerswill dways underestimate a task. Teach them pessmism—things will go
wrong.

Programmerswill enjoy their jobif you mativatethem withachallenge. Eachtask should
be jugt alittle bit harder or different than the lest. If you wish to learn how to motivate
programmers, read G. Weinberg's book, ** The Psychology of Computer Programming**
(Reference14).

Programmersareeasily abused—they will work overtimewhen requested. But bewareof
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congtant overtime. Afterawhilenoextraproductivity will be gained andthe programmers
will burnout.

At the end of the programming phase look for the following milestones:

NO oA~ W N
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1. The module designs have been walked through and signed off.

2. The individual programs have been coded, tested and signed off by the
project leader.

3. Theorder for the integration has been decided, written in the System Test
Plan (and programming is progressing inthat order).

4. Theresponsibility for the user documentation has been assigned, and if you
arelucky it hasaready been started!

QUESTIONS

Why do programmersawaysstart codingtooearly (beforethedesign is compl eted) ?Why
isthisinadvisable?

When does system design breskout stop and moduledesign begin?What factorswould
overridethis?

Why should programmers plan the moduletest before writing the code?

What iswhite box and black box testing?Why use both?

List five attributesdf astructured program.

What two thingswould a good User's Guide be used for? Why provide both?

What isthetraditional program maintenance document, and why is this disliked?What
could replacethis?

List,inorder of importance,six programming CASE tools. Explainwhy you chosethefirst
threeas most important.

What are the milestonesaf the Programming Phase?
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The System Test Phase

Putting it all Together

10.1 INTRODUCTION

The System Test Phase has two activities. First, the pieces will be integrated into a
composite or system; and second, this system will be tested. The testing is there to
ensurethat the pieces work together, and that the system functions asit should.

Itisdifficult toestimate how long systemtest will take. Y ou cannot state that there
will be X number of bugs, each of which will take 4 hours to resolve. A rule of thumb
isthat system test will takeoneeighth theamount of timeof all that hashappened before.
Inaddition, if the activitiessofar have taken longer than planned, system test will take
longer as well. Good project managers allow lots of contingency when scheduling
system test.

System Test War Story

On one large tel ephoneswitchingsystemproj ect the Chairman of the Board of theclient
company waspresent at system test time. Thisswitchwassupposed to handle2001ines.
When wefirst turnedit onit crashed after 20 lineswere plugged in. The CEO panicked
and suggested an immediate halt to thewhole project! Hesaid, ‘‘Looks likeyou have
only one tenth of the system ready after all thistime and expense, and | cannot afford
another ten fold expenditure!**

It wasonly aDIMENSION statement that waswrong, but it took the President of
my company to calm this CEO down.

110
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Comment: | amusually reluctant toallow theclient to be present at the start of
the System Test Phase. If the user (or even the PM for that matter) is watching the
integration and test activity, and is not used to the nature of the exercise, pani ¢ may
result. It alwaysappearstobeinterrible shapeat first: hundreds of problems, nothing
works. But things soonfall into place. Y ou may haveonly one module working on the
first day; but by theend of the second day you will have fivemore working, and by the
end of the week most of the system may be ready.

10.2 THE SYSTEM TEST PLAN

How do you assemblealarge system comprisingof many programsand modules?Y ou
do not first write al the programs, then link all of them together at once and turn it all
on. Obviously somesort of piecemeal integration isneeded. We will seethedifferent
ordersinwhich you canintegrate thesytem, but in al casesthisorder hasto be planned
in the System Test Plan (STP).

The STP documents not only the order in which the pieceswill beintegrated but
also theteststhat will be run at each stage of the integration (aseach moduleis plugged
into the 'package’).

Contents of the STP

Test schedule, staff, resource requirements.

Configuration management, integration and testing tools to use.

Order of integration.

Checklist of teststo run at each step of integration, source of these tests.
Checklist of 'bad' data and proceduresto try.

. Regression process.

Load and perfomance tests.

List of deliverables(sources, documentation, etc.)

oNOOTA WN P

Getting Something Going as Quickly as Possible

The System Test Plan should be written before the programming begins because the
programs can then be written in the order that they will need to be integrated. This
impliesthat you do not have to program everything before you can start integrating. In
fact, thereare advantages to bouncing back and forth between the programming and the
systemtest phases. Program several integratable modules, thenintegrateand test these,
and you have somethingworking toshow the user and your management. Then goback,
program another set of modules, integrateand show off again. Another advantage tothis
isthat the experience gained during integration helps in approaching the subsequent
programs.
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The Order of Integration

There are three common orders in which to approach integration:

MENU
| ]
REPORT
INQUIRY UPDATE e TN
i ]
FILE
HANDLER

Figure10.1 Top level design

Top down order. The order of assembling the pieces can be done top down
according to the TLD. For the ABC system whose TLD isshown in Figure 10.1, top
down integration would assemble the modules or programs comprising the MENU
portionfirst. WhentheM ENU isworking, theprogramscomprising INQUIRY arefirst
integrated, then plugged into the MENU. Then UPDATE followed by REPORT
GENERATION are added to compl ete the package.

If you wish to get something going asfast aspossible, you wouldfirst program the
MENU modules, integrate them, and show thisto your management. Thiscould bea
small milestone. Then go back to programming theINQUIRY', and show it off when it
isintegrated, and so on with the other components.

Bottomuporderand programstubs. Itisvery temptingtointegratebottomup,
starting with the FILE HANDLER and working upwards on the TLD —&fter all, the
FILE HANDLER isprobably the least complex component. The MENU is the most
complex, and it ispsychologically difficult to begin with the hardest piece. Butamajor
problem will crop up. When integrating and testing components without the other
components in hand, you must 'stub out' the other components by fake routines that
simulate the presence of these components(See Section 9.3 Step 7 for an explanation
of stubs) Working top down, when MENU is being integrated, the INQUIRY,
UPDATE, and REPORT GENERATOR must bestubbed outinordertotestthe CALLs
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these components. For example, the stub for INQUIRY is probably afour line routine
that indicates it received control, shows the parameters it received, pretendsto get a
record from the data base by delaying afew milliseconds (if timing isimportant) and
sendsafakerecord back inabuffer. Thisisrelatively simpleto do. But working bottom
up from the FILE HANDLER, you would have to stub out the MENU aswell as the
middlelevels. Thestubwould haveto openthefiles, initialize many things—youwould
spend almost as much time stubbing the higher levels out asyou would writing them!

For certain systems, especially real time systems, integrating bottom up may be
necessary. For example, the automobile engine test bed discussed earlier (Section 7.2)
had the TLD shown in Figure 10.2.

USER INTERFACE
AND SYSTEM
CONTROL
| |
HANDLE DANGER HANDLE NON
SENSORS DANGER SENSORS REPORTS
|
| | | |
DEVICE DEVICE DEVICE DEVICE DEVICE
DRIVER 1 DRIVER 2 DRIVER 3 DRIVER 4 DRIVER 5
ATO-D ATO-D ATO-D ATO-D ATO-D
HEAT SPEED POWER VIBRATION OIL PRES
SENSOR SENSOR SENSOR SENSOR SENSOR
1 | | 1 1
|
ENGINE

Figure10.2 Toplevel design for enginetest bed

In this case you would probably start integrating bottom up—not because the
stubbing problemisany less serious—but because the heart of thesystem istheengine
sensorsand drivers, and you need to get that portion going first.

Systems that are in large part created by re-assembling existing components or
modulesalso should be designed and integrated bottom-up.

Sub-function or Release order. This method is best for getting something
useful going asquickly aspossible. For instance, assume that therewere 20 different
menus, 50inquiries, 50 updates and 25 reports promised in ABC. How about getting10
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menus, 20inquiries, 20 updates and 10reportsgoingfirst of all? Thissub-system would
be accepted and implemented for the user as Release 1. Then go back to programming
additional menus, inquiries, updates and reports and implement as Release 2. This
approach is used in very complex systems such as operating systems, because the
developers (and users) can start with something simple, learn it, then go to more and
more complex systems.

10.3 SYSTEMTEST TOOLS

Code Management System (CMS)

Did you ever haveseveral developerstry tochangeamoduleat once? Did you ever wish
foraway of policing the'midnight codechanger'? Did you ever have amodul ethat was
‘almost working', and someone applied achange (then a change to the change, and so
on until nothing worked) and you wished you had a way of going back to the old
version? CMS assists in all of these areas by controlling and tracking changes to
sources. CM Scan prevent changes entirely, warn adevel oper that another developer is
working on the same module, or indicate where the changes conflict.

Themost useful featureof CMS iseaseof regression. CM Snever burnsitsbridges.
If achange is made to a source it isdone by coding a ‘change file, containing change
commands somewhat like edit changes. Change files are then applied to the original
source. A 'level' is reached when a set of sources work. Changes can be applied
subsequently, but if these changes 'break’ something that worked previously, the
Project Leader caneasily regresstotheold level of thecode. A history of all thechanges
to asinglesource module, alevel, or the whole system can be produced. This can be
used to producestatistics onthecost of thetest effort, which will beuseful for estimating
subsequent systems.

Test Manager (TM)

Aswesaw in Section 9.4, aTM allowsyou to define aset of test proceduresand data,
aswell asthe expectedresults. The TM runsthetestsand indicatesif any of theresults
do not match what was expected. With the best TM systems you can even create the
testing files (procedures, data and results) automatically by running the tests once
interactively and storing the results.

The TM makes regression testing (going back to tests run previously because
something'broke’) very simple. TM alsoallows you to easily organize, summarizeand
examinethetestresults. For thoseinterested in problem causes, solutionsand costs(and
who isn't!) TM provides a history of the whole process.

Source Code Analyzer (SCA)

An SCA is atool for finding a character string throughout many source files. For
example, you canfind all theoccurrences of avariable nameor aroutinename. Thisis
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useful when avariable issuspected of causing a problem somewhere, or when all the
CALLs to aroutine need to be traced.

PerformanceCoverage Analyzer (PCA)

APCA traces thesectionsof the systemwhich are executed and their frequency. This
measurement can be used toimprove performance — optimizingshould take placeinthe
sections of codethat are executed most. Thetraceisalso useful toensurethat your tests
forced al parts of the code to be executed.

A good PCA can be used to analyze the crucial interfacesfromyour system into
the operating system such as Input/Qutput and system function calls. One of the most

important itemsto optimize on avirtual memory computer ispaging. PCA shows where
pagefaults occur.

Module Management System (MMS)

An MM Sautomatesthebuilding of thewhol esoftware package. |t doesthecompileand
link of the sources, as well as assembling the appropriate test sets, data files, and
documentation. MM S saves incredible amounts of timein system test since it can be
programmed to rebuild only the pieces that changed since the last build.

10.4 THE INTEGRATION PROCESS

Thefirst testsin the system life cycle were done by the devel oper, who devel oped aset
of tests— procedures plus data—to thoroughly test the module. When submitting the
program tointegration, the programmer should providea smaller set of cruci al teststo
the integration manager. Thisisshown asTESTA in Figure 10.3.

ALL TESTS CRUCIALTESTS
(used for Integration)

TEST1

TEST2 TEST 1

TEST3 TEST 3 TEST A

TEST4 TEST6

TEST5

TESTN

Figurel03 Crucial tests retained for system test

When integration begins—for example MODULE-A is integrated with MODULE-B
tests are defined that test the CALLs madefrom A to B, the parameters returned, and
the functionsin A that depend on B (and vice-versa). Let us call this TESTAB (see
Figure 10.4). Y ou must al so run teststo ensure that nothingwas broken in A or B when
the twowere plugged together. Thetotal testsfor the lump A-B (called a'build’) will
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bethetestsTESTA, TESTB (the crucia testsfor MODULE-B), and TESTAB.

A

B

TESTA
TEST AB (test A to B link)
TEST B

Figure 104 Integrationtest for MODULESA and B

Figure10.5 extendsthisto many modules. When moduleCi spluggedin, TESTCisrun
to check out MODULE-C. TESTABC isrun to check out the CALLs to Cfrom A and
B (and vice-versa). Toensurethat A and B did not break when Cwaspluggedin, some
or al of thetestsin TESTA. TESTB. and TESTAB should bererun. Thebracesin Figure
10.5 show the order of the integration and the test setsto be run at each stage.

TESTA SUBSET >
TESTAB RUNA
TESTB

TESTABC & ——o

aucacT a \ SUBSET ,': \

OF AUN2 OF RUNA

RUN2

RUN3
TESTC >

RUN 4
TESTABCD o
TESTD o
TEST ABCDE o
TESTE o

Figure10.5

Integration test for many modules
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TheTest Manager (TM) software discussed above can be programmed torun any of the
test sets automatically.

105 REGRESSIONTESTING

TheTM canalso beusedfor easy regression. For example, what if thetestscomprising
Run (3) in Figure 10.5show that TESTABCD failed? The problem may bein any one
of MODULESA, B, C or D! If the project team cannot identify the cause of the
problem, they must first goback and rerun theRun (2) testsagainst thebuild comprising
of ModulesA, B, Cand D. If the problem still persists, the cause isin MODULESA,
B or C; if the problem isgonethen it wasin D. They may haveto goasfar back asRun
(D or even toindividual modul etestsif necessary. The TM can makethisprocessvery
simple, especially if a CMSis used tostoreall the test files.

10.6 THE FINAL, THOROUGH TEST
The System Test

Whenthesystemisall integrated, someonerunsthroughathorough set of teststoensure
that the systemfunctions aspromised. Followingistheorder of theteststhat should be
run:

1. Unless nothing haschanged sinceintegration (hardware, software, environ-
ment, test personnel), run through some of the tests used toward the end of
integration.

2. Deviseaset of teststhat aretrueto life—emulating how thereal user would
be using the system. Hereyou would log several userson amulti-user system
to check the interactivity. Try to approximate the typical system load by
issuing the commonest commands. Do not forget to test the operation func-
tionssuch assystem startup, shut-down, backup, restore, and so on. Thebest
sourcefor this data isthe user.

3 Try tooverload thesystem toensure that the promised performance require-
mentsare met.

4. Try to break it by entering wrong inputs, out of range values and simulating
error conditions.

5. The Acceptance Test Plan should be finished at this point. (See Chapter 8)
Run through the acceptance procedure privately. This provides another
thorough test and ensuresthat therewill be no surpriseswhen thetestsarerun
publicly during the Acceptance Phase.

6. Do notforget to test the user documentation aswell. M ake sure the manuals
areclear, useful, and structured according totheformat and standards agreed
to up front.
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All of the above isdocumented in the System Test Plan.

The Case for an Independent Tester

For a small to medium sized project, the person in charge of system integration and
testing is the Project Leader. For a larger project, or for any project where you can
afford it, put aseparate, independent person in charge of afinal, thorough test exercise.

Sometimescalled TV&YV (Independent Verification and Validation), the independence
isneeded becausedevel opersare prejudiced testers. They look for specificthingstogo
wrongand testonly the'hard parts' of their code. They look for thingsworking; agood
tester looksfor things not working. Anindependent tester will al so exercisethesystem
asthe user would.

10.7 CONCLUSIONS TO THE SYSTEM TEST PHASE

K eepthe PM informed of the progressof the system test. She/he iswaiting with baited
breath to announce to the world the major milestonewhen an integrated, tested system
has been reached.

The milestones to achieve at the end of the system test phase are:

1. Thepiecesareall problem freeand work together. The PM signs off, agrees
that thisisso, and callsa party to tell theworld that we have a system!

2 TheSystemTest Plan is updated with theresults of the tests. Write down
the type of teststhat you had to run, the causes of the errors and the cost to
correct theseerrors. Thisisnot doneto policeyour people; itisdonetogather
statisticssothat you can better estimate thetest effort on subsequent projects.

3 The acceptance test plan has been run (privately) and any problems found
were corrected.

4 Thetimeand place for acceptance has been verified with the user.

QUESTIONS

What are the two purposes of the System Test Phase?

Why have aSystem Test Plan?Why writeit before programming begins?

Lig the advantages and disadvantagesof integratingtop down.

What typesof systemsare usudly integrated bottom up?

What is the benefit of integrating by releases?

Which featuresof CM S are the most useful in the System Test Phase?

Which feature of PCA would you consider mogt useful when testing asystem?

Modules A,B, and C need to be integrated. Tests A1 and A2 ran successfully againgt
ModuleA done; testsB1 and B2 ran successfully againgt Module B done; and €1 and
C2 againgt Module C done. ModulesA and B wereintegrated into Section AB and tests

NG A WN R
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Al, A2, B1, B2and new testsAB1 ran successfully. Module C wasintegrated to make
Section ABC, but tests A1 failed. Isthe problemwith Module A a Module C? Defend

your answer with examplesof eror types.
9. Why isan independent tester better than testing by one of the developer s?
10. What arethe milestonesof the System Test Phase?
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The Acceptance Test Phase

Demonstration to the User
and (Hopefully) Payment

111 INTRODUCTION

Wesaw in Chapter 8 that the goal of acceptanceiswritten acknowledgement from the
user that the project team hasdelivered what waspromised. Weal sosaw that the major
problem in the small to mid size contract isthe user's reluctance to pay —not because
thesystemisbad, but because the user i safraid tolose the control he holdsover the PT
when he hands over the payment. To avoid this problem we suggested developing an
AcceptanceTest Plan (ATP) which isapproved by the user ahead of theacceptancetest
phase. In the acceptancetest you will merely run through thetests defined by the ATP
at aformal, ordered session to demonstrate the promised system functions.

The obvious but major milestone is the user's signature of acceptance— onthe
bottom of a check.

Acceptance War Stories

Story 1. Thereisalarge city in North America that has recently and rapidly
grown to a population of 700,000. The inhabitants of this city still think that they live
inasmall town—for example, traffic moves like molasses. Recently, the city council
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decided that they needed arapid transit system. They invented one: buses. Not ordinary
buses, but computer scheduled buses!  They gathered statistics on bus use and traffic
in the city by geography and time. Then they hired programmersto writea statistical

analysissystemin COBOL onalarge mainframecomputer at a time-sharingcompany.

About one year later they decided that it would be better to have their own computer,
so they bought amicrocomputer and attempted to install the software, still in COBOL.
They very quickly realized that the micro would not handle the load, so they bought a
computer from our Famous Minicomputer Manufacturing Company (FMMC) and
hired programmers from FMMC to convert the system to run on the new computer.

Everything went well until acceptance. When the acceptance test procedure was
run al the testswent smoothlv except that the statistical results of several calculations
were not the sameas on theold system. The resultswere only different by one digit in
the third decimal place, but the client refused to accept.

The FMMC programmers spent hours poring over formulas and algorithms in
their programs but could find no errors. Finally one of the programmers took a hand
calculator and analyzed some data manually. L o and behold, the FMM C calculations
were correct. It turned out to be a bug in the COBOL compiler on the old system.

Comment: Never assume that anything is correct.

Story2.  ThereoncewasanAccount Representative (al so known as salesman)
whose job was to negotiate the Functional Specifications (FS) for a project with the
client. During the negotiations the client asked, ** Could we have additionally the
functions A, B and Cfor our fixed price?""

" Of course you may!"" answered the Account Representative, came back to his
office, and updated the FSto contain the new featuresA, B and C. He thought, ** The
project team has not started the design yet; when they do they will print out thisFSand
build the right thing."" He neglected to tell anyone about the changes, or even put
“VERSION 2’ onthefront page of the FS. Unfortunately, the PT had already printed the
FS and were busy designing.

At acceptance time the following scene took place:

Project Team:  Here isyour system, Mr. Client.

CLIENT: Very nice, but whereare our functions A, B and C?
PT: What functions A, B and C?

CLIENT: The ones on page x of the FS.

PT: Our page x doesn't have that!

Comment: First of al, only the technical people may make commitments.
Second, besure that all communications are clear among the membersof the PT (even
the Account Representatives).

Epilogue:  Guesswho had to addfunctions A, B and Cfreeof charge? Oh yes,
that Account Representative no longer works for the company.
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11.2 ACCEPTANCE CHECKLIST

Hereare theitems that must be done before acceptance can begin:

o The ATP has been written, reviewed by the user, and revised as necessary.

* A specific time has been set aside and confirmed with the client's signing
authority as convenient to run the acceptance.

The PT personnel required to run the acceptance has been advised. These
includethe PM, to handleany negotiationand sign off, and at least the Project
Leader to handle technical issues, fixes, and so forth.

* Any resources required for the acceptance run have been prepared. These
are the software and hardware needed, formsfor sign off, and copiesof the
acceptance script.

¢ Onecopy of theuser documentationisavailable. Remember that thisis part
of the deliverables. Do not photocopy it yet —there will be changes.

* ThePT has run through the ATPthoroughly ahead of time and made all the
necessary corrections.

* Theacceptance procedure has been agreed upon. Thisincludes the order of
thetests, who will enter the inputs, which terminalswill be utilized, and so
on. Remind theclient of the agreement: hewill sign off each successful test
and thewhole thing if all the tests work.

Prepare for the acceptance test well. This may be thefirst time that the user sees the
system. If you are disorganized and ill-prepared, the client will become apprehensive
about paying you.

11.3 RUNNING THE ACCEPTANCE

| usualy suggest to the client that a member of the PT type while the client watches.
Invariably the user answers, "'l want to type and you watch!** Thisis understandable
because by now the user is dying to play with the system. So | schedule extra timefor
typing. (Whereas | can typewith twofingers, the user types with fewer.)

What happensif atest fail s?(See next section for the types of problems that may
be encountered.) If the problem is minor and it can be fixed within 30 minutes, the
project team applies thefix and the acceptance iscontinued. If it will takelonger tofix,
the acceptance may bestopped and resumed later, perhaps the next day. In the case of
any changes to the system, the client has the right to rerun all previously performed
tests, although you can probably make the case that you do not need to regressto a
previously completed test set. (See Chapter 8 for what comprises a test set.)

Leavetimefor theuser totry to'break’ thesystem after each test. The ATP tests
only for thingsworking. Y ou must al so test for things not working, and thisisdifficult.
Encourage the user to enter wrong things, use bad procedures, and so on.
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11.4 CONCLUSIONSTO THE ACCEPTANCE PHASE

Problems encountered during acceptance will be very minor orvery major. Since you
have run through the acceptance procedure beforehand, all the obvious problems
should be corrected when the user runsit. Minor problemsthat you may run up against
are incorrect spelling of commands or messages, wrong abbreviations, and so forth.
Theseproblemsareeasily corrected, or thedocumentation may be updated toreflectthe
change—if the user agrees.

Major problems could be serious misinterpretations of the requirements. The
client may reject a screen or areport because he did not understand the description in
the FS, or despite agreeing to the FS, be realizes only now that it does not solve his
problem. He may have changed his mind about something, or the problem itself may
have changed since the FS was written. Most of these problems are caused by poor
definitionor analysis. If the FSwascorrect, thesechanges must bepart of anew project.
If indeed the FSwasincorrect, or ambiguous, or incomprehensible, preparetomakethe
change.

The acceptancephase hasone milestone—the most important one of the project —the
client signature.

A Success Story

I wish to conclude this chapter with another story to demonstrate how pleasant
acceptance can be.

The FMMCwashired at a recent Olympiad to providea computer systemfor the
news media. The system wasto provide reporters with immediate event results and to
comparetheresultsto previousones. Therewastobeafacility toword processreports
and send the articles electronically to their respective newspapersand TV stations.

FMM C prepared the ATP meticulously — itwasextensive. Theenvironment was
set uptodo the acceptance and everyone showed up. But the client representative (the
head of the Olympic committee) smiled and said, ** FMMC, if you wish to provide a
faulty computer systemtodozensof newspaper and television reporters throughout the
world, go ahead. We know that there will be no problems with your system.”™ The
checks were then signed.

QUESTIONS

1 Lig thepeopleand thingsto bringto the acceptance session.
2 Why arethetestsdefied by the ATP not adequate for athorough test?

3 Discussseverd problems, caused by poor definition or andysis, that only becomevisible
during acceptance.
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The Operation Phase
The Proofof the Pudding

12.1 INTRODUCTION

Soyou arefinally ready to turnon thesystemand let thereal user begin touse it tosolve
real problems.The key issuehereisthat thewholeproject team may not leavetownyet.
Therewill alwaysbe problemsfound by the user, a least therewill bequestionswhich
turninto problemsif they arenot answered quickly.

The major activity of thisphase is thewarranty: aperiodof timewhenthe PT fixes
any problemssitill left in thesystem. A minor activity is apost project review meeting
to ensure that any mistakesmade in the project are not repeated.

The milestones are afully operational system and the sale of the next project
(probably Version2 o theold project).

Operation War Storles

Thereareso many cases where we turn the system on only tofind major surprises, that
| will notrel ateaparticular story here—| amsureyou haveseveral favoriteones. These
storiesusually show that you just cannot test everything and that faultsalwaysremain
in systems. There are documented cases whcre elections results reporting systems
elected the wrong parties or candidates; wherereservation systemsshowed trainsfull
only to have no passengersriding on them; whcrerocket guidancesystemssent rocket
shipsinto thewrong orbitsand so on. Softwarehas been knowntokill people. Recently
therewas acase wherethe softwarein a cancer irradiating treatment machine (kemo-
therapy) produced alethal dosed radiation when the back-arrow key on the operator
terminal washit too quickly. Themanufacturer'sfix (temporary, | hope) wasto pry the
cap off the back-arrow key. | collect horror stories. Pleasesend meyours. My address
isin the Preface.
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12.2 PROVIDING WARRANTY

Warranty meansfixing the problems caused by the authorsfree of chargefor acertain
period of time. Six months to one year isa common warranty period in the software
industry. Providing warranty can be handled in one of three ways.

1  Have someone reside at the user site to address any problem. This person
should bethe project leader or asenior member of theteam who knowsevery
aspect of the system.

2. Have someone who can address the problem be accessible by phone.
Preferably all of the authorsof the software should be accessible.

3.  Havesomeonewho can addressthe problem available within a short period
of timeafter a phone call isreceived. Again the actual authors are best.

Y ou may consider acombination of the above. How about someone at the user sitefor
two to four weeks after delivery? She could also do any user training required in this
period. Forthenext twomonthsguaranteethat someonewill beavailableby phone. For
thefollowing three months guarantee to address the problem within 4 hours after the
problem report is phoned in.

Note that in all cases the terms of the warranty state that someone will address the
problem,not fix it, in a certain period of time.

Manufacturers such as DEC have the following warranty availablefor both their
software and hardware: When a problemiscalled in (and it cannot befixed remotely)
they promiseto have alow level technician at the user site within a certain amount of
time, for example four hours. If he cannot fix the problem within eight hours, someone
at the next higher level iscalled in. Thiscan progress up the hierarchy until the actual
author of the softwareiscalled in.

12.3 SELLING THE NEXT PROJECT

Amaj ormistakeproject managers makeistoignorethefact that oneprojectwill usualy
lead to another. If the project team isin the business of selling projects, the Operation
Phase providesan excellent opportunity tosell the next project— Version2 of thefirst
project. If there were changes requested but turned down during the development,
Version 2 of the product can incorporate these changes. Thisiswhy it isso valuableto
write down all change requests on aform such as the Change Request Form discussed
in Chapter 21. If therewere no changes, or the PM seesno new opportunity for another
project with the user, he could offer to do maintenance on the old project.

12.4 MAINTENANCE

Thereisaways a need to change a system in order toimprove it, add new features, or
fix any problemsstill eft after thewarranty isover. M ost of thetime, the user's business
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will changewith timeand sowill hisrequirements. Thesechangesor enhancementsare
called maintenance.

Several software development methods include a Maintenance Phase. Mainte-
nance may goonfor along period of time. StatisticsfromTRW, NASA, and DEC have
shown that maintenance costscould beas much asseven timesthecost of the original
development. In order to have a clean ending point to the project, maintenance should
be considered as a separate project that begins after the warranty period is over. See
Section 22.5 on how maintenance projects can be treated asany other project.

125 POST PROJECT REVIEW

Y ou should closethe book on the project with a meeting called the post project review.
Although this meeting will be detailed in Chapter 21 on meetings and reviews, the
purpose of the post project review is to write down what went well, what could have
been improved, to make suggestions for future projects, and to gather statistics on
actualsversus plans in order to improve your estimating formulas. Do not let thisbe a
‘chat over coffeein the cafeteria’ type of get together —it should be aformal meeting
with awritten report.

12.6 OPERATION PHASE CHECKLIST

Y ou are done with the whole project when:
o The new system isup and running smoothly.
« Conversion or cutover from any older systemsiscomplete. Cutover should
be done in phasesif possible.
* Theend usersare trained and comfortable on the new system.

o Warranty isprovided. The PM should make sure that whatever technical re-

sources were promised are actually made available. This is especialy
difficult when the warranty resource is supposed to be available by phone.

o (Optionally) The next project issold.

o Apostproject review isheldand all itemsthat can benefit future projectsare
documented.

« Theresponsibility and method of ongoing maintenance isdefined.

12.7 CONCLUSIONS TO THE OPERATION PHASE

Include the price of thewarranty in thefirst proposal for the project. It is much more
difficult toget additional fundsfor six monthsof warranty after thesystemisdelivered.
Proper operation isessential for user satisfaction. Remember that first impressionsare
critical —hold the user's hand at the start.
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12.8 CONCLUSION TO PART 1 OF THE BOOK

This wraps up the 'theoretical' aspects of the business. At first glance it may seem
'bureaucratic' to do all these steps, write al these documents, and have al these

meetings. But each phase, step, junction, document, and review providesatool todo one
or more of the following:

1 Plan asmaller chunk.

2. Complete awork packageto measure progress. Progress reporting is needed
to make both the client and your upper level management happy.
3. Involvetheuser at areview point. It bears repeating that the moretheuser is

involved, the moresuccesful your project will appear to be, eveniif it islate
or over budget!

4. Providea point tostop and look for problems. We must ensure that each step
correctly interprets the intent of the previous one. Thisis called Validation.
Following are the six major transformations of information in the system
development life cycle, and validation must be done at each transformation:

I
II
I

v

\%

VI

The user perceives hisown needs. (Mental transformation!)
The user relates the needs to the analyst. (Verbal transformation.)

This is written down as the Requirements Document. (Written
transformation.)

The requirements document is transformed into the Functional
Specifications. (Written transformation.)

The Functional Specifications are transformed into design. (Written
transformation.)

The design istransformed into code. (Written transformation.)

Validation isdifficult. Thereare no (good) toolsavailableto ensure that informa-
tion istransformed correctly. The step-wise method allows usto intersperse reviews,
walk-throughs, and inspections throughout the development to ensure that a problem
introduced in one phase is caught as soon as possible, beforeit is carried on to the
following phases. The next section of the book detailsthe practical tools that make the
development activities easier.

g~ wphnpE

QUESTIONS

Wha arethe waysto providewarranty?

Why isthe Operation Phasea good opportunity to sall the next project?
Why should maintenance not be part of the project?

Why haveapost project review?Wha is the result of thisreview?
What are the milestones of the Operetion Phase?
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Practical Methods
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Estimating

The Weakest Link in the Chain

131 INTRODUCTION

Estimating is an iterative process. Recall that the first estimate is done during the
Definition Phase, whenyou writethe preliminary project plan. Itis necessary todo it
at that point because you need an estimatefor the proposal. But statisticsfrom DEC,
NASA, TRW, and othershaveshownthat anestimatedoneat that pointis50% to 100%
inaccurate. After the AnalysisPhaseyou re-plan. You havetorevisit theestimatesand
revisethe preliminary project planintothefinal project plan. At thispoint theaccuracy
of your estimatesshoulddouble: Y ou should beonly 25% to 50%0ff. After themedium
level designisdone, yourevisetheestimatesagain. With theknowl edgegai ned by that
time you should be within 10%. Although not mentioned asan explicit activity in any
other phase, plan to reviseyour estimateeach time somenew knowledgeadtersit.

All of thetechniquesthat wewill discussarecrucially dependent upon granulari-
zation: breaking thingsinto small pieces. It is thereforeessential to have agood work
breakdown structure (discussed in Chapter 3), before any estimating is attempted.

13.2 ESTIMATING TECHNIQUES

Therearethreemaj ortechniquesused to estimate: professional judgement, history, and
formu!las.

Use of Professional Judgement

L et ussay that you know a person who has extensiveexperience programmingreport
generation modules. You approach him or her with the design of areport generation

128
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program and ask him or her to estimate how long it would take to program it. After
studyingthedesignforfive minutes, the programmer closes hiseyesfor another five (he
is not adegp—heiscaculating), and thenreplies, ** Fifteen days."" Thisispure profes-
sional judgement.

Theadvantages of thismethod arethatitisfast, and if thepersonistruly an expert,
the estimatesare amazingly accurate. The main disadvantage of the method i sthat you
need an expert who has experience in the appropriate areaand expertsareusual | y hard
to find. Furthermore, the estimate that you get i sfor the length of timeit would takethe
expert todoit. It may not bedependabl eif someoneel semust perform thetask. Itisalso
dangerous to rely solely on the subjective knowledge and opinion of afew experts.

Use of History

Toget away from depending onafew people and to maketheestimate morescientific,
you should keep history. Writedown how long each task took to completeand whowas
responsible for it. You can then compare the task to be estimated with the actuals of
similar tasksdoneinthepast, and come upwith anestimate. T hisimpliesthat you should
break the project up into tasks that are usually repeated and are easily compared. For
programming this may be the generation of an input form, areport, calculation of a
complex formula, and so forth. Companies or departments tend to build similar types
of projects. Find the basic building blocksand document the actual s required for these.
If youareredly intelligent, takethisonestepfurther and build theseblocksinareusable
fashion. Y ou can estimate are-use much more accurately than a re-write.

In order to compare apples with apples, you should also write down who
performed thetask. StatisticsfromIBM and DEChave shown that therecan beasmuch
asan 8 to 1 productivity ratio between the best and worst computer professional.

Use of Formulas

There have been many formulas published on software estimating. The best known is
called COCOMO (Reference15). COCOMO can be used toestimateproject cost, effort
(person months), schedule (months), and staffing (number of staff) for each of the
following four phases:

Preliminary Design (PD) - our Analysis Phase

Detailed Design (DD) - our Design Phase

Code and Unit test (CUT) - sameasours

System Test (ST) - our System Test and Acceptance phases

There are three types of input to COCOMO: First, the monthly cost of the staff
involved. Typesof staff can be programmers, analysts, designers, test staff, adminis-
trators, and technical writers. Figure 13.1 showsan input screen that promptsfor the
second typeof input. These are factorsindicatingthe general level of complexity of
the software, the size and availability of the computer used for development, the
capability and experience of the staff, and the programming practices and tools used.
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f/ Estimation Mode Form N\
Nane: Test
Mode:  Sinple (Internediate Conpl ex)
out puts:
PBCOST: 5500 (Prel. Des. = Anal ysis Phase)
DDOOST: 5500 (Detail Des.= Design Phase)
cUTCcesT: 5500 {CodegUnit Test)
ITCOST: 4800 (Int, & Test)
I nput s:

Li ne of Source Code: 10000
Factors (1 - lowthroughto 5 - extra high)

Rel ability: 3 Exectime const: 1 Analyst cap. 1
Data base size: 2 RAMconstrained: 3 Applicat'n exp 3
SW conplexity: 3 VMvolatility 1 Progrm’r cap 2
Tur nar ound 2 W experience 3
Lang exp 4
Moder n programn ng practices: 3
Sof t war e t ool s: 4
Schedul e constr ai ned: 3
J

The Factors are:
1 - Very Low 2 - Low 3 - Nominal 4 - Hgh 5 - Very High

Figure13.1 COCOMO parameter prompt screen, as implemented by VAXSPM

(Reference 2.1)
At thispointyou probablyfeel that COCOMO will do awonderful estimate, sincethese
items seem to be exactly what determinesthelength of aproject. But hereis therub:
thelast item COCOMO asksfor isthenumber of linesof sourcecode (LOSC). | feel
that by the timeyou haveenough knowledge about thesystem to accurately predict the
LOSC, you do not need any formul as— you can probably accurately estimatethewhol e
project.

Function point formulas. The COCOMO approach can beimproved vastly by
productsthat cal culatethe LOSC given thefunctionsthat aproduct does, and feeds the
resultinto the COCOMO formulas. Onesuch product isBeforeYou Leap (BYL) by
theGordonGroup (Reference2.5). Figure 13.2 istheBY L screenthat promptsthe user
for thefunction points as well as the language used. Theresults given by BYL are
similar to thoseof COCOMO, except that the output can be presented as graphs such
aspieor bar charts.
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External Input/Ingquiry 25 Simple 10 Average 4 Conmplex
External Output 18 Simple 5 Average 3 Conmplex
Logical Intermal File 1 Simple 1 Average B Complex
External Interface File 5 Simple 2 Average B Complex

Processing Complexity — Degree of Influence
Data Communications None Insignif m Avg Signif Strong
Distributed Functions None Insignif HMod m Signif Strong |Function Pt.
Perfornance None Insignif Mod Avg PRI Strong [Analysis
Heavily Used Config I Insignif Mod Avg Signif Strong
Transaction Rate None Insignif Mod j Signif Strong
Online Data Entry None Insignif Mod E Signif Strong |Delivered
End User Efficiency None Insignif Mod Avg [EUIY Strong |Source
Online Update None Insignif MHod Avg LMY Strong |Instructions
Complex Processing None Insignif Mod } Signif Strong |(thousands):
Reuseability None Insignif m fivg Signif Strong 21.35
Installation Ease None Insignif Mod P Signif Strong
Operational Ease None Insignif Mod Avg Signif
Multiple Sites None Insignif I Avg Signif Strong
Facilitate Ch ignif Mod

F1 = HELP
{default set of data} Calib:dft CstDriv:dft ZBMM 9Months

Figure13.2 BYL Function Point Analysisscreen

Another product worth consideringisEstimacs by Computer Associates. CA-Estimacs
allows you to explore cost, effort, schedule, and staffing asin COCOMO, but adds
suggested hardware required (IBM oriented), financial break-even analysis, risk
analysis, and maintenance cost for both single and multi project environments. CA-
Estimacs can take into account modern system development tools such as code
generators and prototypers. It can even estimatefor purchasing existing or customized
packages. Thetypesof factorsinput to CA-Estimacsarelisted in Figure 13.3. Notethat
these are more detailed and sophisticated than those of COCOMO.

INPUT FACTORS AFFECTED ESTIMATE
Businesscosts Payback

Tool costs

Har dware costs

Customer complexity Effort, Function point,
Cugtomer geography Maintenance

Developer'sfamiliarity
Business function size
Targel system sophistication
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Target system complexity
Development strategy Staff, Cogt

Skills Deployment
Rates

Work week
Machinecost

System type Hardwarerequired
Application category

Operatingwindow

Transaction volume

Background workloads

Number of terminals

System size Risk analysis
Project organization

Customer/developer relationship

New technology

Deadlines Multi project aspects
Other projects

Background Workloads

Figure13.3 Tabledf sone CA-Estimacs inputsand outputs
Theonly fly in the ointment isthe cost of CA-Estimacs: over $20K MSL.
Estimating Programming

One formula approach that has been very successful for estimating the programming
phaseisasimplified function point approach. Let usdetail this in order to understand
how all formulaswork. If you go throughthisexercisefor the programming phase, you
will have a much better understanding of all the other phases. Those whowish to skip
technicalities may wish togo on to Section 13.3. The method is this.

There are basically only two factors that affect the duration of a task: the
complexity of the task (C), and the productivity of the person performing it. The
productivity of the personin turn dependson the number of yearsof general experience
(G) and knowledge of the particular job (J). Asaformula thiscan be expressed as.

D=Cx{(G+17) [formula1]
Where:

D isthe task duration
C isthe complexity factor

G isthe general experiencefactor
T isthe job knowledge factor

(You may besayingtoyourself, "I hateformulas! Isthisa math text? Thisisthe
reason | dropped out of math and went into computers!®* Do not worry. This
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formulawill bevery simpleand | promisethat therewill benomoreformulasin
the book.)

Let usdiscussthefactorsin formulal
Complexity

Toderivethecomplexity factor of atask you must break it down tothesmallest possible
repeatabl e functionswithin the task, and add up the complexity of each function. For a
programming task, theseare called function points. Thefunction points could be user
input, user display, peripheral I/O, restructuringdata, conditionchecking, calculation,
branching and calling, and so forth. (Sometimes the language constructs such as
SEQUENCE, IF, WHILE, UNTIL, FOR, CASE, and ASSIGNMENT are counted.)
The complexity of the program depends of course upon the language used and the
complexity of each function point. Taking all this into consideration a table such as
Figure 13.4 can be produced.

PROGRAMMING ESTIMATE COMPLEXITY FACTORS(C)

LANGUAGE FUNCTI CN PO NT SI MPLE aWPLX VERY
QWPLX

Interp'r User | nput
User displ ay
Peri ph. | nput
Peri ph. Qut put
Restructure Data
Cond. Checki ng
Cal cul ati on
Branchi ng
Cal l'i ng

H gh- Level user Input
User D spl ay
Peri ph. | nput
Peri ph. Qut put
Restruct ure Dat a
Gond. Checki ng
Cal cul ation
Br anchi ng
Cal ling

Assenbl y User Input
User D spl ay
Peri ph. | nput
Peri ph. Qut put
Restructure Date
Gond.  Checki ng
Cal cul ati on
Br anchi ng
Cal l'i ng

NNWORNMNDRMNNPRDRIWONDNNWWOOD WW
WwWwhooogowouwa|lbhwwdhdhoodhhsH>
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LANGUAGE FUNCTION POINT SIMPLE CMPLX VERY
CMPLX

Changing an User Input

Existing pgm. User Display
Periph. Input
Periph. Output
Restructure Data
Cond. checking
Calculation
Branching
Calling

Il = I e

Figurel34 Weighting factorsfor program complexity

Thesefactorswere derived by using actual measurement and then adjusted so that the
formulaD = Cx (G *I) comesout in person-days. Thefactorsinfigures 13.4through
13.6 are based on a paper by IBM (Reference 17), and is only an illustration of the
method. Y oushoul ddefinefactorsaf your own. Y ou may bethinking, ** Boy, will Ihave
to keep detailed time reports!** Thisis correct.

The total complexity (C) for a program will be the sum of al thefactorsfor the
function points.

Productivity

Y ou need to establish factorsfor your staff's productivity. Thisis much moredifficult
to do than thetask complexity factors, since people's productivity can change depend-
ing on their interest level, mood, and so forth. Recall that productivity isinfluenced by
general years of experience and knowledge of thejob. Thefollowingisalist of factors
based on the general experience of the person:
PRODUCTIVITY FACTORS
BASED ON YEARS OF GENERAL EXPERIENCE(G)

Pgr.Type Years of Experience Factor Range

Senior 5 + 0.5 = 0.75
Average 15 =5 10 - 15
Junior 0.5 - 15 20 = 3.0
Trainee 00 - 0.5 35 - 4.0

Figure135 General experiencefactors(G)

Note that the productivity factorsare presented asranges to account for the variety in
people. Thesefiguresareal so based onTBM papers. (Reference 17).Devel op your own
factorshy assigning '1' to your average person and fill in thedatafor the other people
based on their history.

Thespeed at which a professional will produce a product depends not only upon
the general experience (G) calculated above, but also on how much experience the
person has at the particular job at hand and at related jobs. In addition, the amount of
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knowledgeactually required should befactoredin. Thefollowingtable can beused to
quantify this knowledge(J).

PRODUCTI VI TY FACTORS
BASED ON KNOWLEDGE OF THE PARTI CULAR JOB(J)

JOB KNOWLEDGE KNOWLEDGE REQUI RED
Much Some None

Detailed knowledge of this job and 0.75 0.25 0.00
detailed knowledge of related jobs

Good knowledge of this job and 125 0.50 0.00
fair knowledge of related jobs

Fair knowledge of this job and 1460 0.75 0.00
no knowledge of related jobs

No knowledge of this job and 1.75 1.00 0.25
detailed knowledge of related jobs

No knowledge of this job and 2.00 W2 0.25

no knowledge of related jobs
Figure 136 Factors for job knowledge (J}

Again, you must develop your own job knowledge classifications and productivity
factors.

Example of Using Formula1,D =Cx (G +J)

Let us estimate how long it would take to write a particular PASCAL program. The
numbersin parenthesis are referencesto linesin the cal culation below.

(1)The program prompts the user for something, (2)reads the user response,
(3)validates it, (4)reads arecord from disk. (5)calculates anumber, (6Ywrites arecord
back to disk, {(7)displays the result to the user, and (8)calls another module(returns).
(9)The programmer has two years of experience, is a good but average programmer
who has (10)fair knowledgeof this particular application, but no knowledgeof related
applications. (11)Some job knowledgeis needed to do thisjob.

Complexity (C) calculation. Thefactorsarefrom Figure13.4,fora HIGH LEVEL
language.

Function Factor
(1) USER DI SPLAY( SI MPLE) 2
{2) USER INPUT{SIMPLE) 2
(3) CONDI TI ON CHEHECKING (CMPLX) 4
(4) PERI PHERAL INPUT (SIMPLE) 4
(5) CALCULATION{SIMPLE) 2
(6) PERI PHERAL OUTPUT {SIMPLE) 4
{7) USER DI SPLAY (SIMPLE) 2
(8) CALLI NG( SI MPLE) 3
TOTAL COMPLEXITY C =23
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General experience G. (Factor from Figure 13.5)

(9) Programmer is average (2yrs. exp) G=1.00

Job knowledge J. (Factor from Figure 13.6)

(11) someisrequired

Plugging al thisinto Formula 1:

Duration = 23 x (1.00 + 0.75) = 40.25

(10) Fair knowledge of application, no related knowledge, but
J=0.75

So it will take this particular person 40 days to design, document, code, and test this

program.

Conclusion to the formula method. This method will work if you develop
accurate factors. The beauty of thisapproach isthat it can be used for any task, beit
programming or building a house. Note that this method, as any other estimating
method, depends upon how well you granularize.

13.3 ESTIMATING THE ANALYSIS PHASE

Estimating analysisisvery difficult becauseit issuch a human oriented activity. Here
is one method. Again, it depends upon breaking the task into its components. Figure

13.7 isthe Level 2 WBSfor analysis.

ANALYSIS
ésgl}Tl\zlcE; BYSNTHESIS PRESENTATIONS
INTERVIEWS DOCUMENTS & OFOLD AND
SYSTEMS AND NEW APPROVALS

Figure13.7 Analysismajor components

The worksheet (Figure 13.8) is derived from level 3 of the WBS: each level 2
component is broken into appropriate sub-components and activites. A multiplication
factor isthen assigned to each activity such that the answer comesout in person-days.
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ANALYSI S ESTI MATI NG WORKSHEET

INTERVIEWS

137

TYPE ND FACTOR DAYS REF. SUB

| PTS

TOT

Managenent .5 12

Super vi sor 10 1.2
Techni cal 15

Clerical .5

TOT | NTER

ANALYZE EXI STI NG poc.’s, SYSTEMS

1.25

TYPE NQ

TOT

I nput forms

Qut put forns

Manual files

Aut omated files

Tabl es

Syst ens

TOTAL EXI STI NG SYSTEMS

SYNTHESIS

TYPE NQ

I nterviews

Docunent s

ad system functions kept
ad system functions changed
New functi ons

Al ternatives presented

TOTAL SYNTHESI S

PREPARE FUNC, SPEC.

TYPE NO

TOT

I ntervi ews

Docunents and Systens

Synt hesi s

O her TOTAL PREPARE FUNC. SPEC.

PRESENTATI ON (INCL. PREP)

TYPE NO.

FACTOR

TOT

Attendees

Locati ons

Approval s
Charts/slides

TOTAL PRESENTATI ON
GRAND TOTAL ANALYSI S

Figure 13.8 Analysis estimating wor ksheet

.25

.5
1.0
1.0



138 Chap. 13 The Estimating

Thefactorsin Figure 13.8 comefrom DEC statisticsand can be used asmultiplication
factorsto calculatehow long each activity should take.

An Example of Estimating Analysis

Figure13.9 below isa filled in analysis estimate. The line numbersin parentheseswere
added to assist in the explanation. The itemsin bold were filled in by the estimator.

ANALYSS ESIIMATE FCR ABC SYSIEM

INTERVIEWNVS

TYPE NO. FACTCR DAYS RE~ 3B IPTS TOT
(1) Management 2 .5 1.0 1.2 1.2

{2) Supervisor 2 1.0 2.0 12 2.4

(3) Technical 1 15 1.5 1.5

(4) Clerical .5

(5) TOT INTER 5 5.1 1.25 6.4

ANALYZE EXISTING DogC.*'s, SYSIEMS

TYHE NO. FACICR TOT
(6) Input forms 10 .5 5
(7) output forms 20 .5 10
(8) Manua files 2 2.0 4
(9) Automated files 20

(10) Tables 2 2.0 4
(11) systems 1 4.0 4
(12)y TOTAL EXISTING SYySIBVIS 35 2 5
SYNTHESS

TYPE NO. FACTCR TOT
(13) Interviews 5 .5 12.5
(14) Documents 35 .5 17
(15) oOld system functions kept 10 1.0 10
(16) old system functions changed 5 1.0 5
(17) New functions 10 3 8 15
(18) Alternatives presented 240

(19) TOTAL SYNTHESS 64 59.5

FREPARE AUNC SPEC.

TYPE NO. FACICR TOT
(20) Interviews 5 .25 1
(21) pocumentsandSystems 35 .25 9
(22) synthesis 64 .25 16
(23) Other

(

24) TOTAL FREPARE FUNC. SPEC. 104 26
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PRESENTATI ON (| NC

TYPE NO. FACTOR TOT
(25) Attendees 10 .25 2.5
(26) Locations 2 .5 1
(27) Approvals 1 1.0 1
(28) charta/slides 5 .5 2.5
(29) TOTAL PRESENTATION 7
(30) GRAND TOTAL ANALYSIS ( PD) 125.9

Figure 13.9 Analysis estimate example
Explanation

Interviews. (1) 2 managersneed to beinterviewed, timesfactor of .5 is1 (under
DAYS). The REFisoverhead for referral: you need to phone him or her, make an ap-
pointment, show up, and so forth. Multiply, and put theresult under SUBtotal. Similarly
the subtotal sfor interviewing 2 supervisors and 1 technician are calculated. The total
of theSUBs isadded, and multiplied by 1.25for the interruptsduring theinterviews, to
get theTOTAL INTERVIEWS of 6.4 days.

Analyze Existing Documents and Systems. (6) There are 10 existing manual
input forms, (7) 20 reports, (8) 2filesin afiling cabinet (students and courses), (10) 2
tables (materials vs. courses, cost vs. courses), (11) and 1system (warehouse). Result
of these lines, when multiplied by the appropriate factors, gives TOTAL EXISTING
SYSTEMS of 27 days.

Synthesis. Thisisthethinking, discussing, analyzing part. (13) For each of the5
(NO. from(5)) interviewsthereisasynthesisfactor of .5. (14) Similarly for the35(NO.
from (12)) documents. Now comesthe hard part. If thereisan existing system, manual
or automatic, count approximately how many of thefunctions in theold system areto
be reproduced in the new system, and put under NO. in (15). Count the number of
functionsin the old system that are changed for the new system, and placein (16). NO.
in(17) isthenumber of entirely new functionsto bedone in the new system. If several
alternative approaches are to beanalyzed, put downin (18). Multiply by thefactorsand
total inTOTAL SYNTHESIS, in this example 59.5.

Preparethe Functional Specification. Thissection calculates the timethat will
be spent intheactual writing, word processing, proofreading, and correcting of the FS.
In (20) we account for the preparation asaresult of the5(from line(5)) interviews; in
(21) for the 35 (from (12)) existing documents and systems, in (22) the total synthesis
(from (19)). Put anything else you can think of in (23), multiply it al and add it, which
comesto 26 on line (24).

Presentation. Eachattendeeisfactored in(25) because they ask questions, each
separate |ocation (26), approvalsrequired (27) (I would increase thisone!) and factor
inslidesor chartsthat have to be produced for the presentations. Multiply and add on
line (30). The GRAND TOTAL ANALY SISisthesum of the subtotals on lines (5),
(12), (19), (24), and (29).
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Conclusionstousingtheanalysisestimatingchart. Obviously thischart will
not giveyou an accurate estimate asit stands. It isvery useful, however, if you develop
factors that work for your applications. If anything, it servesas achecklist or WBS of
all the activities that may be involved in analysis.

Itisvery important to be able to estimate analysiswell. If you are using the two
phase proposal process (See Section 4.2) thefirst step istheanalysisaone. Even DEC,
withall of itsestimatingexpertise, preferstodotheanalysis phaseof aprojectonaTime
and Materials (Cost Plus) basis.

13.4 RATIOS

If you tend to dosimilar typesof projectsyou will find that your projectswill consist of
similar mgjor activities, and that each major activity takesthesame proportion of time
from project to project. Y ou should therefore calcul ate these proportions or ratios for
your past projects. Thisisespecially trueif youfind that thetop levelsof the WBS’s for
your projects tend to be similar. For example, if level 1 on the WBS of your projects
always consists of the 7 phases (which it should!) you should have agood idea of the
percentage of thetotal effort each phasewill require. Figure 13.10isatableof industry
averagesfor asmall to mid sizeconmer ci al project:

PHASE 60% OF 90% OF
PROJECTS PROJECTS
Definition 10%
Analysis 20% - 40%
Design 108
Programming 20% - 20%
System T est 17%
Acceptance 7% - 40%
Operation 16%

Figure13.10 Ratioof effort in the7 phases

Figure 13.10 shows that whereas only 60% of the projects fitted into the finer break-
down percentage, avery high percentagefitted into the 40% PLAN, 20%BUILD, 40%
TEST ratio.

Brooks (Reference 3) found that for ©/8 360(huge project, first operating system
intheworld, written inassembler) it took 33%to PLAN it, 17%to CODEit, 25%todo
MODULE TEST AND LOW LEVEL INTEGRATION, and 25% to do SYSTEM
TEST. Establish common ratios at lower levels of the WBS aswell. For example,
Gildersleeve (Reference 2) found that:

TIMETO DESIGN, DOCUMENT, AND CODEA MODULE
EQUALSTHETIMETO DEBUGIT.
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How to Use Ratios

You may be tempted to do an accurate estimate for one phase, and extrapolate this
estimate to the remaining phases using past ratios. Thisisnot very dependable, since
projects are always different. Instead, estimate each phase as well as you can, then
compare the new ratios to past ones to see if any item isout of the norm. Revisit the
estimatefor that item, taking a better look at the risksand contingencies.

13.5 DEC (AND OTHER LARGE CORPORATIONS)
ESTIMATING RULE OF THUMB

Do large companies such as DEC use these approaches? Y es, they use formulas, but
they keep to the following rules:

Never ask an inexperiencedperson to estimate. Estimating iscrucialy de-
pendent on experience. Hereishow you teach a junior person to estimate:
Either have him work with an experienced person as she is estimating, or
have the experienced personwork out al theformulasin detail and giveitto
the junior person to 'verify'.

o Estimate in a group if you can afford the manpower. A meeting of several
mindsfollows the rule of squares: two minds are four times as effective as
one; three minds nine times and so forth. When | teach Software Project
Management toaclass| alwaysinclude areal casestudy toestimatein small
groups. | find that a project that would take one person three to four daysto
estimate alone can be estimated by a group of three or four peoplein oneto
two hours! Group dynamics are fascinating. The members are motivated to
be productive— peer pressure stops any slacking off. The group usually
comes up with great ideas, identifies all the risks, and everyone on the team
will be committed to the estimate.

« Never forcean estimateon aprofessional such asaprogrammer.Thesuper-
visor should first ask the programmer how long hefiguresit will take. If the
supervisor disagrees they must negotiate.

« Never takean average of different estimates. For amajor product, have two
or more separate groups or individualsestimate. If thereisasignificant dif-
ferencebetween the estimates, get the peopl e together and cometo an agree-
ment. Theonly reason two people with similar experience will estimatethe
samethingdifferently isthat one hasthought of something that theother has
forgotten.

o Granularize down to one week or | ess. Asoftware task of approximately one

week seems to be the most a human being can conceptualize and estimate
well.

¢ Alwaysadd (multiply?) for contingency. See Section 2.4 on risk manage-
ment.
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Always quote a range when giving estimates to managersor clients. There
isaninteresting psychology toquoting estimates. If you tell amanager itwill
take 12 months, shethinksyou have anaccuratenumber; if youtell heritwill
take 10 to 14 months, she will know it is an estimate.

o Useyour 'gutfeel'. After you develop the estimate, sleep on it one night,
then ask yoursdlf, " Does this estimate feel right?"* It is amazing how
accurate feeling becomes with experience. At least it will warn you if the
estimate is way out in left field.

13.6 THE ESTIMATING PROCESS

If you have agood project management software package available (see chapter 17)
you can develop your WBS’s on it and enter the estimatesfor all the appropriate tasks.
The best packages will add up all the estimates and costs, and even roll them up toany
level of the WBS. If you do not have such a packageavailable, develop and useforms
such as thefollowing:

PROJECT ESTIMATE SUMMARY

Project Date
Client Author
Units

Definition

Analysis

System Design

Prep. of the ATP

Programing (DES, Doc, Code, Test)
Prep. of User Manuals

System Test

Acceptance

Client Training

Operation (Warranty)

Project Management

Project Meetings

Contingency

Other ( )

Total

Figure13.11 Project estimatesunmary
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Note that figure 13.11 has an estimatefor the seven phases of the project, aswell as
important and costly activitiessuch as ATP preparation, user manuals, client training,
project management and project meetings. This summary form, when completed, is
what youend upwith. Y oustart withformssuchasFigure 13.12, for granularizing each
major item on the summary form. See Appendix A Project Plan for acompleted set of
summary and detail formsfor a sample project.

Task EgtimateDetail For Project

Item Author
Date WB S Reference
TAXK DESCRIPTION CMP EST. COMMENTS
LX DYS
TOTALS

Figure13.12 Task estimate detnil

Thefieldmarked CMPLX istask complexity: enter Low, Mediumor High. Thiswill be
used later to assignthetask toapersonwith alow, medium,or highlevel of experience.
To estimate analysis, use the chart in Figure 13.9. For programming tasks, the major
breakoutsshould alwaysbeDESIGN, DOCUMENT, CODE, and TEST, soaformsuch
as Figure 13.13can be used.

Programming Estimate Detail for Project

Item Author
Date WBS Reference
TASK  DESCRIPTION CMP  ESTIMATES COMMENTS

LX DES DOC CODE TEST

TOTALS

Figure13.13 Programming task estimate detail

A detail sheet may be the rollup of other detail sheets. Thereisnolimit, although you
should not breakdownfurther thanonehalf day. Alongcoffeebreak and theregoeshal f

aday!
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13.7 CONCLUSIONTO ESTIMATING

Estimating, asthesubtitle of thischapter suggests, isour weakest talent. Y et al of our
planning and control depends upon our estimating skills.

Estimating is iterative— expect estimates to change. That is why we must put
milestones into the development of a product. Milestones allow usto stop, assess how
long it took to get there, and re-estimate the dates of the remaining milestones based
upon the experience so far. Do not allow anyone to hold you to an impossible date.
(Point out to management the definition of the word 'estimate.”)

Estimatingisstill anart. Therearenofool proof softwareor manual toolsavailable
tohelp us at themoment. Thekey toestimating isgranularization. Statisticshelp. If the
tasksarebroken intovery fine pieces, and if you calculate a best estimatefor each one,
onsomeyouwill beover, but on othersyou will beunder. It will averageoutintheend
—and itisonly theend point that matters.

QUESTIONS

1 Whenintheprojectlifecycle must you estimate(and re-estimate), and how accurateare
these estimates?

2. Describethe professional judgement estimating method. What are the advantages and
disadvantagesof this method?

3 Why isthe historical method better than professional judgement?

4. Usingthefunction point formuladevel opedin section 13.2, estimatehow longit will take
to programthefollowing:

COBOL program, promptsthe user for akey, ensuresthat theentry iscorrect length, gets
arecord fromaDBMS, structuresit into adisplayablerecord, callsasubroutineto display
the record asa screen form. The programmer has 3 years of experience, good knowledge
of thisapplication, fair knowledgeof related jobs, some knowledgeis needed.

5 Estimatethe Analysis Phase of a project that involvesthe following:
a. Interview 2 managers(referred), one supervisor, and one technician.

h Theexisting manual systemhas 10 input forms, 15 output forms, 2 manual files,
and 1 table.

¢ 5oldfunctionsare kept, 5 are changed, 10 new functionswill be needed.

d Oneapproval is needed, then a presentationto 3 attendeesmust bemade. 10
chartswill have to be prepared for the presentation.

6 What are the two waysto use ratios? Which one is better?
7. Why is estimatingin a group worthwhile?
8 Group Exercise:

Some of the estimates for the ABC project in Appendix A are purposefully inaccurate.
Consider each of the estimatesin Appendix A and reviseany that you disagreewith. Re-
estimatethe whole project.
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Scheduling

Putting /t All on the Calendar

14.1 INTRODUCTION

The estimate calculated in Chapter 13 isthe number of person-days of effort that will
be required to build the project. Thisiscalled direct time. Scheduling mapsdirect time
onto areal calendar, to give calendar duration or elapsed time.

In Chapter 3wesaw that the actual stepsin planning a project are:

1

S

G

Theplanners(usualy thePM and the PL inasmall tomid size project) details
the Work Breakdown Structure (WBS). Aperson or group isallocated to be
responsible for each lowest level activity.

The responsible party estimates the lowest level activitiesin person or direct
days.

Thereponsible party alsoindicatesthe precedent activitiesrequired for each
task, and suggest the resources required for the task.

The planners draw the network of activities, usualy in theform of a PERT
chart.

The PM optimizes the network by allocating appropriate resourcesto each
activity.

The PM produces the schedule of activities.

This chapter details steps 4, 5, and 6, the network and the schedule.

145
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14.2 THE PERT CHART

PERT, which incidentally standsfor Program Evaluation and Review Technique, was
invented by the US Navy in 1958 when developing the Polaris missle—a project of
over 300,000 activities! At first PERT was simply used to describe a sequence of
activities using a set of arrows, such as Figure 14.1.

Figure14.1 A PERT chart

Each arrow represents an activity and is labeled with the activity name, for
exampleA, B, and soforth. If an activity cannot be begun beforea preceding activity
iscompleted, thetail of thearrow of thesecond (successor) activity isplaced at thehead
of theprecedent. In Figure 14.1, for example, E cannot be begun before D isdone, G
cannot bebegunbeforeboth Cand Fisdone. Starting and endingpoints are callednodes
and are numbered. The chart in Figure 14.1 may seem trivial, but it isworthwhile to
draw up a PERT for any size project, becauseit forces you to analyze the sequence of
activities.

The PERT also shows which activities may be going on simultaneously. A
sequence of activities, such as A-B-C-Giscalled apath. If there are paths or sections
of pathsrunning parallel, as path B-Cand path D-E-F, then the activities B and C can
be done simultaneously with activitiesD, E, and F.

The Critical Path

A vast improvement to the PERT chart above can be achieved by putting the duration
of each task on the PERT, asin Figure 14.2. In Section 14.3we will see how duration
is determined when resources (people) are allocated to the task.

Firgt, the critical path can becalculated. Thisisthelongest path in the network,
calculated by adding up al the durations along the path. For example, in Figure 14.2
thetop path is26 days, and the bottom is25 days, making the top path thecritical path
(CP). Thedoublelineindicatesthecomplete CP. Knowing the CPisessential tothe PM.
It showsthe length of the total project: 26 daysin our case. It also showsthe activities
to watch. If any activity on the CP slips (takes longer than planned) then the delivery
date of the project dlips.
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Figure14.2 A PERT chart withduration in days

Float or Slack

Activitiesthat arenot on the CPhave float or dack —a period of time that theseactivities
canslip and still not affect the CP and therefore the delivery date. In Figure 14.2, for
example, activities D, E, and F have among them 1 day of float. (Calculation: CP
activitiesB and C take 11 days; simultaneousnon CPactivitiesD, E, and Ftake 10days
together; 11-10= 1 day of float.) Any oneof activitiesD, E, or F, or all threetogether
may take one day longer and still not affect the CP.

The Critical Path May Change!

What if activity D takes5daysinstead of 3? The CP haschanged tothe D-E-Fpath. This
iswhy the PM must constantly update the network with any changes. Automation of all
thisis recommended of course, and Chapter 17 details the tools available to do this.

Free Float and Total Float

In the PERT chart in Figure 14.3 below the CP activities Program Module A and Test
Module A are done by Programmer 1. Activities on the center path, Program Module
B and Test Module B, done by Programmer 2 have 5 days of float. Activities on the
bottom path, ProgramModuleC, Test Module C and | ntegratearedoneby Programmer
3and the Project Leader. The bottom path has 5 days of float aswell.

Let us say activities Program Module A, Program Module B, and Program
ModuleCwereall started at onceand finish on time on April 1st. Programmer 2 comes
tothe PM and says, "'l have 5 daysof float, so | wish to take April 2 and 3off."" The
PM, feeling benevolent, letshim take the days off. Seeing this, Programmer 3 comesto
the PM and says, "'l have5 days of float aswell, so | wish to take April 4 and 5 off.*
The PM looksat thescheduleand says®* Noway. Programmer 2hasbdaysof fotal fioat,
but you have 5 days of free float. Back to work!"*
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Total float isthefloat timethat an activity hasbeforeit affectsthe CP. Free floaz,
isthefloat timean activity hasbefore it affectsany other (non critical) activity. What
if theProject Leader explicitly set asideApril 4to 6towork on the Integration and Test
o Cand D, and she hassomeother activity planned for the subsequent days?Allowing
Programmer 3 to be late with his activity will cause a major problem.

PGM MOD A E TEST MOD A

PGR 1 PGR 1
10D 10D

DESIGN l PGM MOD B > TESTMOD B

PGR2 PGR2

10D 50

PGM MQOD C PG MOD D > INT& TESTC, D
PGR3 PGR3 PGR3

3D 2D 10D

Figure143 Freefloat and tetal float

Projectfroat (any float on any activity) i san item owned by theProject Manager,
to be used at his or her discretion. Some PM’s even go so far so not informing
individuals about the float on their own activities.

Dummy Activities

The PERT chart described sofar iscalledactivity onarrowformat. Themajor drawback
to this format of the PERT is the need for dummy activities. For example, in Figure
14.4A we haveactivities B, C, and D-Fall starting at the same node and ending at the
same node.

It would bebetter to have a uniquestarting and/or ending node for each activity.
For example, if someone refersto the activity between nodes 2 and 3, it is not clear
which activity heisreferring to. Thisisespecialy truewhen the network iscomputer-
ized. We al know how finicky computers are about unambiguous representation of
things. Figure 14.4A is therefore usually redrawn asFigure 14.4B. Hereall activitiesare
represented by a unique start-end node pair. The activity between nodes3and 4 isa
fudge, or dummy (that is, not real) of zero duration and drawn asa dotted line.



Sec 14.2 The PERT Chart

Figure144A A PERT chart

B
> 3
DUMMY |
A4
A c £
1 b—m- 2 ——m> 4 5
D F

5

Figure14.48 A PERT chart with dunmy

Activity on Node or Precedence Network

Theactivity on node orprecedencenetworkisanother format of thePERT chart. Figure
14.5 is the same project as Figure 14.4, drawn asan activity on node PERT.

B
ad

>
o0
&m

Figure 145 Activity on node PERT
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The nodes are labeled with the task names, and optionally with task duration. The
arrowsindicate precedenceonly. Notethat dummies never needto beused. Precedence
networksare therefore better than activity on arrow networks, and are becoming more
and more common, especialy intheworld of computer drawn PERT charts.

14.3 RESOURCE ALLOCATION

If you are doing the plan manually, the PERT chart is the best diagram to use for
resource alocation. First draw the PERT ignoring al resources. The diagram for a
software project may look like Figure 14.6.

ATP (10d)
2
PGM MOD A (20d)
. g
PGM MOD E (306)
h
PGM MOD C (10d)
N
PGM MOD D (10d)
»
DEF ANAL DES "M wop e INT&SYS  USER OP'N
= —— — X
PGM MODF (10d) TST20d | TRNG 15d
» 10d
USER GUIDE (10d) ACC
al 5d
OPER GUIDE {10d)
. g
MAINT GUIDE (10d)
>

Figure14.6 PERT ignoringresources

The next step isto redraw the PERT taking resources into account.
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Allocating Human Resources

ThenetworkinFigure14.6 has 10 simultaneous activitiesgoing on at one point in time,
which may be an option if you have 10 programmers available. (Or one programmer
who will spend one tenth of histime on each one!) Obviously there are better waysto
use your people. Allocating human resourcesisvery subjective and dependsmainly on
their availability, but thefollowing are things to consider:

Assign taskstoindividualswhose skill level suitsthetask. Do not assign an

expert an insignificant task, nor assign a very complex task to a junior
person.

Assign similar tasks to the same person. Thiswill reduce learning time.
Assign time critical tasks to your most reliable people. A reliable person is

not onewho could do the task inthree days, but sometimestakesfiveor ten;

areliable person isonewho saysit will takefive daysand that is how long
it takes.

Assign tasksthat communicate to the sameindividual to minimize people's
interaction.

Do not forget that the Project Leader will need to spend time supervising,
especially at the start of the project.

Level your resources asmuch as possible. It is better to keep three programmers busy
forfiveweeksrunningthantoemploy fivefor oneweek, noonefor the next week, three
for the following week and seven the next. The PERT in Figure 14.7 is Figure 14.6
redrawnwith resourcesassigned. Thedirect timefor eachtask is shortened if morethan
one resource is assigned.

ATP

PM, USER (1/2 TIME)
20

USR
DEF ANA DES TANG OFER
PM PL PL PL PL
PL P1 P1 P1 15
6 8 13 5
ACC

LUSR G 3 OP G 3 MAINT G
FP3 P3 P3
10 10 10

Figurel4.7 Resourcesallocated
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Staff allocation decisions were made based on the following: P1 (Programmer 1) is
available throughout the project, but P2 and P3 are only availablefor a shorter period.
Modules A, B, and Carethe most difficult but they are similar, so the Project Leader
(PL) will help P2 code all of these together. Having the PL on the CPwill also reduce
thestress on the PM. P1 isasenior person capable of working on her own, P3isjunior
so he is assigned the documentation (somewhat unfair!). Note that everyone works
contiguous periods of time.

Reducing(?) Task Duration by Adding Manpower

AsBrooksso aptly proved (Reference 3), adding peopleto ateam does not necessarily
reduce thetask’s duration. Oneindustry rule of thumbthat | havefound useful is, ** Add
at least 10% to the direct time estimate for each additional member on a professional
team."" Thisimpliesthat if atask takes10 daysfor onepersontodo, with 2 peopleit will
take 11 person-days, or at best 51/2 calendar days. Add 10%for each additional person
cumulatively.

The task durations were translated from Figure 14.6 to Figure 14.7 taking the
aboveruleof thumbintoaccount, plussome professional judgement based on how well
the subtasks can be divided, how well theindividuals communicate, and so on.

Allocating 'Non-Human' Resources

Non-human resources needed for a software project may be computer hardware,
software packages, operating systems, information, manuals, training, computer war-
ranties, printingservices, and soforth. Theseitemswere probably listed by the person
responsiblefor theestimate. Usually wedo not bother puttingtheseitemson the PERT,
but ensure that they are listed somewhere.

14.4 THE TRIPLE CONSTRAINT

Aswesaw earlier, " You can have it good, cheap or fast: picktwal" Adding more
resourceswill reducetheduration, but at a higher cost. Moving areliable personfrom
acomplex but short activity onto alonger one may reduce the time taken overall, but
may endanger thewhole project if the quality on the short task is reduced.

Many options are possible when you assign resources. Always try severa
approaches, looking at the effect on resource utilization and cost, the length of the
critical path and the general simplicity of the PERT. The PM must juggle the three
constraints and come upwith the best balancedepending onthe prioritiesplaced on the
three constraints by the user or upper level management.

Crashing a Project

One of the most difficult situationsiswhen timeisthe highest priority among thethree
constraints. Takeascenariowhereyour manager hasasked you toestimatea project and
you are presenting the results:
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YOU: If al things go well, we can deliver this project on April 15th.

MGR: Noway! Marketing promiseditfor April 1st. Wehaveto pay apenalty
of $1000 per day after April 1st. Can you do it faster?

YOU: Yes, but I'll have to crash—buy extra computer time, hire more
people and do overtime. It will cost more to develop it.

MGR: Crash everything! Hang the cost!
YOU: (To yourself: sounds like there are political motivators here.) OK.

Should youindeed crash every task? Obviously not—why crashtasksthat arenot onthe

critical path? Figure14.8 below isan example of calculating which tasksto crash and
by how much:

E

11,9,1500

A B Cc D

3,2,500 5,3,200 7,5,1500 3,2,500

F

55,0

Figure14.8A PERT for a project

Crash Task Days Tot al

Step from Days Gained Cost Cost
to Days

1 A, 3 — 2 1 500 500
2 B, 5 — 4 1 Z00 200
3 B, 4 — 3 1 200

E, 11 - 10 1500 1700
4 ¢, 7 — 6 1 1500

E, 10 - 9 1500 3000
5 D, 3 —= 2 1 500 500

Fiyr e14.8B  Stepsto crashing the project
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6000

DIRECT COST

5000

4000

3000

EXTRA COST $$

2000

1000

[ B [ I l

APR10 APR11 APR12 APR13 APR 14 APR 15

DELIVERY DATE

Figure14.8C Cost vs crashgraph

First of all we must calculate three numbersfor each task:
1st number: Thenormal duration(days). Thisistheestimateyouwould present
to your manager at first.
2nd number: The minimum duration (days) intowhich you could crash (squeeze)
the task.
3rd number: The extra cost per day for the crash.
For example, task B (Figure 14.8A) would normally take 5 days. If the programmers

work overtimeit could bedone in aslittle as 3days (absol ute minimum), but it would
take $200 per day extra.
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Solet uscrash the project. Thealgorithm to useisthis: Crash tasks on theCP, one
day at atimeaslong asnootherpath becomescritical. If otherpaths becomecritical,
crash those aswell.

Step 1: (See Figure 14.8B.) Crash task A from 3daysto 2. There is1 day
gained at a cost of $500. No other path isimpacted because there
arenoother parallel activities. Task Acannot becrashed further (3
is the minimum).

Step 2 Crash B from 5daysto 4, cost is $200. E ison a parallel path, so
check toseeif it hasbecomecritical. E happens simultaneously
with tasksB and C. With B crashed to4 days, B and C together take
11 days. Eis11days, it hasjust turned critical, hut does not need
to be crashed yet.

Step 3: Crash B to 3daysat acost of $200. Since E isparallel and critical,
in order to gain theextraday, E also hasto becrashed to10daysat
acost of $1500, for atotal cost of $1700.

Step 4 Steps 4 and 5 are similar so the explanation isleft to the reader.

Five days are the most that the project can be crashed. Notethat not every task needed
tobecrashed, nor were all the crashed taskssqueezed to the minimum. And last, Figure
14.8C isagraph that isincredibly useful to management. It graphsthe delivery date of
the project (X-axis) versus theamount of extradollarsthat will havetobespent toreach
that date. The pointswere plotted backwards, from the lowest cost step to the highest:
by taking Step 2 (lowest cost step), you could deliver on April 14, at an extra cost of
$200. Then taking Step 1 (next lowest cost step), delivery can be April 13, but cost is
$700($200for Step 2 plus$500for Step 1). Then Step 5 and so on until @l thestepsare
plotted for atotal cost of $5900.00. Thestraight linelabelled 'Direct Cost' isaplot of
the penalty charge of $1000 per day. Y our manager will love you (perhaps you would
prefer araise) when you point out that it isonly worth crashing tothedatewherethetwo
linesintersect — April12. After thisdate the crash cost is greater than the direct cost!

Conclusions to Crashing a Project

Several assumptions were made here: First, that tasks can be crashed. Adding man-
power or overtime may not speed things up. Second, that tasks can be crashed in any
order. Third, that tasks can be crashed independently. Crashing one task may affect
others. The best computer packages will do all these calculationsfor you.

14.5 THE SCHEDULE OR GANTT CHART

A Gantt chart isjust atime bar chart. It iscalled Gantt after itsinventor Henry Gantt.
The Gantt chart in Figure 14.9 isaschedule of the project PERT in Figure 14.8.
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PROJECT ABC AUTHOR B. Leader
DATE SEP. 5, 1990 COMPANY X¥? Software
START DATE: JAN 2, 1991

TASK |RE JAN FEB MAR APR

SP |2 7 14 21 28| 4 11 18 25/ 4 11 18 25|1 8 15 22
DEF |PM [3—1
6 PL
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MILESTONES: 1 - Proposal 2 - Func. Spec. 3 - Design
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- ALL B8 - END
Figure149 Ganttchart o a project
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Thesteps to drawing such a Gantt are:

Step 1:

Step 2

Step 3.

Step 4

Step 5

Step 6:

Draw in the unitsof timeat thetop. Choase time units so that you will
need no more than two such charts. Y ou will seethat the Gantt is the
project manager's bible. All calendar dependent information can be
puton the Gantt, and 99% of the PM’s lifeiscalendar dependent. Start
dates of the weeks should be marked if space allows.

Mark all known calendar events at the bottom. Thesearethe holidays,
vacations, leaves, meetings, training, prior commitments, and soforth
—adl events that you have to schedule around.

From your PERT such asFigure14.7, schedul e each activity. Starting
with the first activity, Definition, draw a bar equal in length to the
calendar daysonthe PERT. Mark in the responsible people, and the
percentage of time that you expect each oneto work on the project if
it is not 100%.

Schedul econtingency task by task. For each activity ask yourself, **Is
there anything that could extend the duration of this specific task?"*
For example, "*What could make definition take longer than six
calendar days?"" Notethat two daysof contingency has been added
to the definition phase, maybe because the user knew too little.
Review the Risk Quiz (Section 24) to see if any of the items there
apply. Figure 14.101ists some common project risk itemsand thetasks
that can be extended because of that risk.

L oop back tosteps 3and 4, scheduling al the taskson the PERT, from
left to right and from top to bottom for the parallel tasks. A task starts
when the contingency for thelast precedent task isfinished. Add lots
of contingency onto the last private task, the System Test, as asafety
measure.

Mark in all other important events. Mark the major milestones indi-
cated by the completion of important eventsand products. Besurethat
milestones are freguent enough so that the time between each oneis
short enough that things can not get out of control. Every two tothree
months on a twelve month project is common. This implies that a
'fake' milestone may have to be invented, such as Milestone 3, Mid-
programming reviewin Figure14.10. Mark inimportant reviewsand
meetings. The participants at these events will appreciate being
notifiedasfar inadvanceaspossible. M arkindateswhen al the pieces
of hardware arerequired. Thelonger thelead time that you give the
manufacturer, the better are your chances of receiving the item on
time.
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RISK TASK(S) IT EFFECTS

USER ORIENTED

Poor relationshipwith user definition, analysis
everything user is
involvedin.

Delaysof items (e.g. definition,analysis, possibly

Approvals, provided by user) ATP, documentation,
test (data)

User knowstoo much analysis, design, progamming,
acceptance

User knowstoo little definition,acceptance,operation

User unavailable(different everything

city)

NON USER ORIENTED

Hardware down time, lack of programming, integration,
system computer time lest, acceptance, operation
Interruptions, illness everything
Major changes (Functional Spec. everything between
isweak) design and operation
Excessive acceptance requirement ATP, acceptance
Inadequate devel opment software programming, system
test
Hardware too small design, programming,
system test
Unstructured methods(full of design, programming,
bugs) system test, operation

Figure1l4.10 Tabledf risksand tasksextended

14.6 FOCUS ON THE CRITICAL PATH

Calculating the Critical Path

If you are using a computer to draw the Gantt, the CPwill be highlighted by special
graphicsor color (see Chapter 17 for examples). If you are drawing the Gantt manually
you will havetohighlight the CPusingacharacter suchasthe'=" asusedin Figure 14.9.
To determine the CP, do the following: If you drew a PERT, calculate it there and
highlight the corresponding critical items onthe Gantt. It issimpletofind the CPon the
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Gantt aswell. Take the last (rightmost) item and highlight it—it isalways on the CP
(Operation on Figure 14.9). Find its predecessor(s) (Acceptance and Training) and
highlight the one with the latest end date (Acceptance). Find this last activity's
predecessor(s) and so forth until the start date of the project i s reached.

All the non highlighted or noncritical tasks have float. The float occursfrom the
end of the activity to thestart of the next successor. If there are several successors, it
goestothestart dateof the earliest one. Float i sshown asthe dotted linesin Figure 14.9.

Reducing the Risk on the Critical Path Items

Although all of the taskson the project need attention, you should always consider the
CPitemsfirst. Look at the resources required for each CPitem. Ask yourself, " What
isneeded for the task, when, and what istheimpact if it iSlateor not availableat all?"
Asdiscussed in Section 2.4, put contingency plansin place. Look especially at items
provided by peopleoutsideof your control. Seeif you canexercise authority over those
providingtheresource. For internal staff, the best way toexerciseauthority istoprovide
input into their performance reviews. For external contractors try to negotiate mile-
stones, walk-throughsand penalty clausesfor latedelivery. Get asecond sourcefor the
item they provide.

The later thetask, the higher the risk. The earlier tasks use up al the project float
making the later taskscritical. Alwaysadd extrafloat tothelatest tasks. Theshorter the
task, the higher the risk, since the chances of a short task exceeding its estimate is
greater than that of alonger task. Add extrafloat to very short, critical tasks.

14.7 CONCLUSIONS TO SCHEDULING

As of thiswriting, the cost of a Personal Computer with excellent project management
softwareisequal to theburdened salary of a project manager for one week. Cost isno
excusetoavoid usingacomputer product todraw PERT’s and Gantt's, to-calculate the
CP and so forth. The PC is aso useful to redraw the project Gantt into individual
resource Gantt's; for each person, the schedule of activitieshe or sheisinvolved in. If
you have never drawn a PERT or Gantt manually, do it on paper first to learn the
concepts, then use the PC.

Consider keeping three sets of Gantt's. Thefirst set isfor yourself alone with all
thefloat and contingency visible. The second set isfor the individualsinvolved—itis
their resource Gantt. On thisonethe length of each task does not include thefloat or the
contingency you added. Hiding the individuals float avoidsslowdown due to Parkin-
son's Law, which states, ** Work will expand tofill thetimeavailable."” Thethird setis
for distribution to upper level management. On this one the tasks are summarized; for
example, there is one line per phase. Hide the contingency — thelength of each task
includes the contingency. Thisway they will not try to bargain you into a shortened
schedule.
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QUESTIONS

1. What isdirect time?What is elapsed time? What is the relationship of one to the other?
2 Draw the PERT chart for thefollowing plan:

ACTIVITY DURATION(D)  PRECEDENTACTIVITIES
A 3 3
B 5 A
c 3 A
D 11 B
E 7 B
F 4 C
G 9 E,F
H 2 D, G

Highlight the Critical Path (CP). What isthelength of the project?

What arethe non CP activitiesin the plan?What isthefloat on each one?Why isthefloat
on D free, but not on C?

What is the drawback of dummy activities?

What isthe 'triple constraint' in a project?

Redraw Figure 14.7 with the constraint that there are only 2 programmers available.
Discuss, in termsof thetriple constraint, how this could effect the project.

w

NG IIN

7. Crashthe project of Question 2, given thefollowing likely, minimum, and extra cost per
day to crash figures:
ACTIVITY LIKELY MINIMUM COST/DAY

A 3 2 500
B 5 3 30
C 3 2 100
D 11 8 400
E 7 S 100
F 4 4

G 9 7 100
H 2 2

8 DrawtheGantt chart for theprojectin Question2. Mark inthe CPand float for each task.
9. What risk items can you think of that could stretch the analysis phase?
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Prototyping
Working with a Model Fird

15.1 INTRODUCTION
Our Greatest Headache: Requirements

I overheard the following conversation during a recent analysis session. The analyst
was interviewing the potential user, who was a course registrar with no computer
experience. Theanalyst asked, " Whileyou are registering astudent, would you liketo
network fromyour PCinto thedepartment mini and seeawindow showingthestudent's
current registration status, or would you rather network tothe corporatemainframeand
see a window of his company's credit rating, or both?"* The user answered with a
bewildered look, **I always wanted windowsin my office!"*

Anyonewho has ever done asoftware project will agree that thefirst problemis
getting proper requirements fromthe user. Our second problem isbasing our agreement
of what to build on the Functional Snecification (FS). The FS attemptsto describe the
system using graphicsand narrative. But a picture and an explanation cannot describe
the way the system will feel, perform, behave, and affect the user's business. In
addition, the FSis usually misunderstood (if it isread at al).

Misunderstandings between the user and the analyst result in expensive changes,
or asystem that isnever completely implemented or onethat i srejected outright. Proto-
typing can solve these problemsfor certain types of systems.

161
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15.2 THE THEORY BEHIND PROTOTYPING

Wul d You Buy a Car from a Sales Brochure?

Just as you cannot judge a car without a test drive, the user cannot judge from the
Functional Specification how the systemwill feel and behave. But if the user can see,
touch, and usea'model' or prototype of the proposed system, he can readily judgethe
system's usefulness. If changes are necessary the prototype can be modified, perhaps
several times until the user states, ** Y es, this type of systemwill solve my problem!**
Then the devel opers havean excellent model onwhich to basethe requirementsfor the
final system.

Advantages of Prototyping

A prototyped system resultsin better requirementsthan those produced by the ‘written
specifications' method. Fewer changesshould occur. Hopefully, the user hasthought
of most of the changes during the prototyping. The prototyping method will result in
moreaccurate estimatesthan previously, because therequired functionsand their com-
plexities are much better known.

Another benefit is a happy user. First of al, he gets a gentle introduction to
computers. By playing withthe protototypefirst (with theanalyst holding hishand), he
learns about computers and the application that will be built for him. Second, he will
beinvolved right from the start and motivated tosupport the analyst for the duration of
the project.

15.3 THE PROTOTYPING METHOD

The Steps of Prototyping

The following six steps must be donein order:

STEP1 Requestinitial requirements from the user. With theold method at the
Definition Phaseyou had tosay toyour user, ** Y ou must give usyour
requirements for the next Syears by date X. If you don't, we must go
ahead with what we assume you need and you will not be able to
change anything (easily).”* With the new (prototyped) method, you
cansay, ** Give uswhat you think you need. And you can change your
mind as much as you wish (almost)."*

STEP2 Build a prototype system to meet the initial requirements.

STEP3 Lettheuser play with the prototype. Theanalyst must of courseteach,
assist, and sit withthe user, especially at first. Encourage changes. The
user must look at thefunctions and behavior of the prototype, see how
it solves the business problems and suggest improvements.

STEP4 Implement thesuggested changes.

STEP5 Cyclebackto STEP 3 until the user is satisfied.

STEP6 Design and build thefinal system as before.
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15.4 SYSTEMS THAT BENEFIT FROM PROTOTYPING

Since requirements (read Functional Specifications) are mostly concerned with the
user's view of the system, prototyping only the user interfaces isenough to check out
the requirements. Menus, input screenforms, output screen or printed reports, queries,
commands, and messages arc ideal candidatesfor prototyping. On the other hand,
complex calculations, batch updates and real-time and scientific systems are very
difficult to model. (You can 'pretend' to do these activities; for example, you print,
"*Batch update of transaction file with 10 new transactions has been successfully
completed'* without any real processing.) Thesystemsmost suited to prototyping are
the ones most dependent on user input/output—systems with on-line transaction
handling via menus, screens, forms, reports, queries, and commands.

155 SOFTWARE FOR PROTOTYPING

What Must a Prototyping Software Package Provide?
A good product must provide thefollowing scven things:

1. Quickandeasy menucreation The menusmust beabletocall sub-menus,
forms, reports, prototypeprogramsand provideon-linehel pfor any menuselection and
prompt. Figure 15.1 shows a menu construction programin action.

SCREEN PERSMENUMENU
DRAW '3.10 TO 7.55

TITLE 'FUTURE INDUSTRIES INC" AT4.15
TITLE'PERSONNEL SYSTEM MENU' AT 6,24
SKIP 5

ALIGN (28.32)

SUBSCREENSTAFF

SUBSCREEN BRANCHES

SUBCREEN POSITION LABEL "POSITIONS'
BUILD

VN OV VY VY Y Y VY

MODE ACTION........

FUTURE INDUSTRIESINC.

PERSONNELSYSTEM

01 STAFF
02 BRANCHES
03 POSITIONS

0 ERRORS © WARNINGS HIT RETURN TO CONTINUE

N y
Figure15.1 Powerhousemenu designer (QDESIGN) (Reference 2.4)
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2. Input and output screen form creation  You should be able to 'paint' a
screen form by placingthccursor atthedcsiredficldlocation (amouseisbesttodo this),
type the field name, and cven specify edit rules such as field length, required
alphanumcrics,range of allowablevalues, error and help messages, and so on. Figure
15.2 showsafield definition programin action.

ORDER INFORMATION

Ordar Number: Jezlslels[vlelels]s] Invcica#:_ (BEICHE MM-DD-YY

CATALOG QUANTITY PRICE

TAX

SHIPPING ADDRESS

INVOICE ADDRESS

Order Taken By: . Marketing Rep: . Problems: _

Figure 15.2  Excclcrator form definitlon screen (Rcference 2.2)

3. Similarly, you should be able to easily describe the format of a printed
report.  Theitcmsto specify for report gencrationaretitles, footnotes, whichfields
to put wherc (it is best if the program prompts with al thefields it knows), column
hcadcrs, grouping, sorting and sub- and grand-totals. Naturaly, one should be able to
report on selected itcmsonly. Figure15.3 showstheuse of areport generator program.

DATE: 18-Aug-1986 Order info PAGE 1
TIME: 17:24 EXCELERATOR

ORDER DATE CUSTOMER ORDER NUMBER PART # QUANTITY PRICE

A

Title | Header | Width | Delete | <-- | —> | Count | Total | No | Cnv/Tot

ORDER NUMBER 12

ORDER DATE 10
CUSTOMER 30
PART # 06
QUANTITY (o]:]
GG o7
TAX 06
.....Complets.....

- -
ISSEEEEEENEEEEEEEEEREEEN]

Figure15.3 Excelerator report definition screen
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4. The software should automatically produce a data dictionary (DD) The
DD keepsinformationoneveryknownentity such asscreens, reportsorforms; but most
important, it keeps information on every field, including length o the field, edits
required, and on which reports and forms theficld is used. The DD isthe heart of the
product, and implemented properly, theprototypingtool can usethe DD to check that
afieldis used consistently on each screen, and can save repeated typing if thefield
appears morethan once. In the sameway, the software can keep track of all interrela-
tionshipsamong menus, screens, reports, and data. (See Chapter 6 on how such atool
can be usad for Analysis as well asprototyping.)

5 The software mug be able to build a rudimentary database  The input
screen definitionssuch astheoneused in Figure15.2 tells the tool about theformat of
therecord. The softwaremust build the databaseand then dlow the user to enter data
using theinput forms. The best products alow the user to optimizethe data base by
predefining theformat and keys of therecords.

6 Lookforaproductwithfaston-linequery to thedatarecordcdonthedatabase.
Y ou should be able to do smplesearch, sort, select, and display of records.

7. What if therequirementsi ncludecomplex|ogicor cal culationsthat need tobe
prototyped?Althoughnotessential, thebest programshaveabuilt-in smplestructured
programming languageto alow you to do specia processing, timed events, automatic
procedures, and so on.

Prototyping as Part of CASE

Prototypingisamethod of automatingthe Definition and AnalysisPhases, soitispart
of CASE (Computer Aided Software Engineering). But prototypingfeedsnicely into
automating the subsequent phasesaswell. If thenext stepisto build thered systemin
athird generation programming language, theprototypingproduct shouldallow you to
print out all the itemsthat it knowsabout: al the menus (inthe order of their logical tree
structure), all theforms, reports, and commands. The best productsallow the user to
print alogically organized document, with chapter and section annotation that can be
usedasthe Functiona Specificationdocument. Some even provideaword processorto
insert explanatory text among the items. The product should also print out the Data
Dictionary. Thiswill save thedesignersmany hoursaf labor.

If the design and programming arc using Fourth Generation Language or an
integrated CASE tool (see Section 6.6), you should be able to input the results of
prototypingdirectlyintothetool. Thebest of these CA SE tool swill automatical lybuild
the data bases and even the codefor thefinal application.

How Fast Should You Be Able to Prototype?

Theprototypingsoftwareshould beable tolct you quickly build theinitial model of the
system. Typically, you can build thefirst prototype of asmall to mid sized projectin
only two to three weeks! You must be able to implement changesquickly as well. It
should take afew minutesto makecosmetic changes such asmoving afieldon aform.
It should takelessthan an hour to define anew menu or form, and at most afew hours
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to create a new file or restructure an existing file for a new field, key, or access. To
achievethisspeed it isessential to have asimpleand logical user interface. Infact, if
theprototypingsoftwareissimpleenough, thedevel oper can train theuser to runit. The
user will then devel op the prototype and call the developer when it isready toturn into
thefinal system.

15.6 WHERE DOES PROTOTYPING FIT
INTO THE SEVEN PHASES?

Youmay now feel that the prototypingmethod cancompletely replace thesevenphased
approach to project development (and may even feel annoyed that | made you read
Section | of the book beforetelling you about prototyping!) Do not fear — prototyping
replaces only portions of the Definition and Analysis Phases. Figure 15.4 showsthe
chronological events in the seven phases of the old method side-by-side with the cor-
responding events in the new (prototyped) method.

OLD METHOD(7 PHASED) NEW METHOD (PROTOTYPED)
PHASE ACTIVITY COMMENT  ACTIVITY COMMENT
Defini- Reqt Doc Had to Initial Truly initial
tion be final req'ts
TIME Proposal  Estimate Proposal Est. is accurate
isguess
Analysis Initial Know it Not needed Changes to the
Func. Spc  will change prototypeas
required
Negotiate Not needed
the FS
Fina F.S. Fina F.S. Prot. prints
most of it. No
negot'n needed
Design Des. Spec  Regts Des Spec. Prot. prints
changes fewer DD, records, rest
changes of design issame
v Prog'g Programs  changes Programs Same-less change
SysTst Int.&Test changes Int. & Test Same-less change
Acceptnc  Acc. Test  changes Acc. Test No surprises-fast
Operat'n  Cut-over, Cut-over, No surprises-fast
training training less required

Figure154 How prototyping fitsinta theseven phases

Opponents of the method argue that if you alow any number of iterations to the
prototype, the requirements could take forever; that at least the old way of doing
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definition and analysiswill take less time than the new way because a deadlinecan be
set. Thisargumentisnot valid—if you liketoset deadlinesyou canjust aswell setalimit
tothenumber of prototypes. | havefound that if the user and the devel oper agreetolimit
the cosmetic changes to one iteration, the prototype can be built in less than five
versions, with three being the most common. Even if the new way takes|onger upfront,
you will save time and money over the total life of the project because there will be
fewer changes, the Design Phase will beshorter, the acceptancewill betrivia, and the
user documentation and training will be a piece of cake.

Onelast thought before you throw out theold lifecycle. | feel that unlessyou do
afew projects the old way first, you will not beabletofully understand and utilize the
prototyping methods. Isthereany truth to thesaying, ** Y ou must learn torideabicycle
before you attempt to ride a motorcycle?*

15.7 SOME PRODUCTSTO LOOK AT

Excelerator as a Prototyping Tool

In Chapter 6 we saw a good analysistool called Excelerator (Reference 2.2). But this
tool hasfeatures that make it a good prototyping tool as well: It has menu, form, and
report building facilities. It maintains an excellent data dictionary and it can create a
data base using the defined input forms. Most important, it will allow you to print out
alogicaly organized Functional Specification document consisting of all the items
defined with word processed paragraphs inserted for good measure.

Fourth Generation Languages as Prototyping Tools

Sometimes we need complex screen handling logic, special calculations, automatic
procedures or unique reporting features, and most prototyping tools do not have the
power to do al this. There is a whole clan of products called Fourth Generation
Languages(4GL) that do have this power. Wewill discussthesein the next chapter as
tools for developing the whole system, but almost al the 4GL’s can be used as
prototyping toolsas well.

15.8 CONCLUSIONS

Prototyping has been used very successfully to enhance the implementation of many
software systems that involve heavy user interfacing via menus, screens, reports, and
on-line transactions. Business oriented systems typically fit into thismold. Real-time
systemsand scientific systemsfare less well when using this method.

Thequestion that i s probably uppermost in your mind at thispoint is, **Why goto
al thistrouble to build an empty shell? Why could | not have software that allows me
to build all these menus, screens, and formsand end up with areal, working system?*
Indeed you do have that software. Read the next chapter on Fourth Generation
Languages!
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QUESTIONS

What isthe greatest problem with the old (specified) method of getting requirements?
Why isthe Functional Specification not the best tool to describea system?

Why is prototyping better than specifying the system requirements?

Draw aflowchart of the steps of prototyping.

What types of systems benefit from prototyping? What types do not?

What itemsshould a prototyping tool provide to assist in describing the user interfaces?
What internal functions must a prototyping tool provide?

Why isprototyping part of CASE?What other toolswould you expect from anintegrated
CASE product?

Would you expect the prototyped definitionand analysistotakelonger or shorter thanthe
equivalent specified method. Would the total development belonger or shorter?
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Fourth Generation Languages

Developing Applications Five Times Faster

INTRODUCTION

A new set of tools, called Fourth Generation Languages (4GL), can be used to develop
certain types of applicationsmuch faster than third generation languages (3GL) such as
COBOL, BASIC, or FORTRAN. Aswith any tool that provides more automation, the
benefit comes at a price.

This chapter goes hand-in-hand with the last one on prototyping: you must read
Chapter 15to understand thisone. Onthesurface, A 4GL providesessentially thesame
features as a prototyping tool (see Section 15.4), but with more power and detail. The
best way to understand the 4GL approach to development is to imagine building a
prototype asdescribed in Chapter 15, but instead of building athrow-away model, you
are building the basis of the final working system. In fact, developing an application
usinga4GL usualy involvesa prototyping approach: acore system isfirst developed
as a prototype that lets the user see the interfaces of the system and use the basic
functions. Theuser isencouraged torunthesystemand suggest changes. Thesechanges
are incorporated into the prototype (next iteration o the prototype), and in a few
iterationsthe prototype itself becomesthefinal system.

| am assuming that you are familiar with 3GL project development discussed
earlier. Thischapter will emphasize only the differences between the third and fourth
generation approaches.

169
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End-user and Developer 4GLs

Therearetwomajor kindsaf 4GLs: end-useroriented and devel oper oriented. Theend-
user oriented 4GL emphasizeseaseof useg; itisintended to beprogrammedby theend
user. Thisuser friendlinessis usualy traded for fewer functionsand lossin perform-
ance. Thedevel oper oriented 4GL emphasi zesfunctionand performance, at thecost of
user friendliness. Most of the examplesin this chapter usea4GL called Powerhouse
from Cognos Inc. (Reference2.4). Powerhousedoesnot do any onethingsignificantly
better than other 4GLs, but (in my opinion) it does everything well. It is a developer
oriented tool asopposed to anend-useroriented tool sinceit doesrequireknowledgedt
the Powerhouse (PH) language syntax. PH is completely integrated into the host
operatingsystems (uses RMSand RDB on VMS diiectly) and thereforeprovidesgood
performance. It is also reasonably priced.

16.2 FEATURES OF A GOOD 4GL, OR HOW TO EVALUATE A 4GL

Followingisalist of functionsthat you should look for in a4GL.

1 MenuSetup Theprogrammer of a4GL (called devel oper) must beableto
set upat ree of menus. Menusmust beabl eto call sub-menus, input screenforms, output
screenforms, reports, processesor functions. Onelevel must beableto passparameters
to other levels and provide security such as password prompting between levels. The
4GL should provide automatic entry numbering and theuser should beableto makea
selection, deletion or correction using the cursor and/or mouse. The best products
providetwo levelsof help a any entry: ashort messageat the bottomof the screenor
afull screen. Look for a fast method df accessingsub-menusand automaticreturntoany
menu level after somethingiscompleted. Fancy cosmeticssuchasheaders, footers,and
highlight (color, shade, inversevideo, bold, |etter size, blink, framed box) arenice to
have. Figure16.1 is an example df what a developer would type to set up amenu in
QU CK, the Powerhouse screen design program. Items in square brackets are my

comments,
SCREEN REGISTRAR MENUJ [Name the screen,]

TITLE " Registrar's Functions®™ AT 2,40 [Will appear second
line, col 401
TITLE *" Pleaseenter the number of your choice."™ AT 22,10
TITLE ""To exit type *~*.’' AT 23,10
DRAW THIN FROM 4,2 T0 20,79 [Draws a thin line box. ]
SKIP TO 6 [Skip te line 6.1
SUBSCREEN REGISTER CLEAR ALL REFRESH ALL MCCE E LABHEL
"" Register a Student** [First choice, clears the

screen and calls Register a student’
entry form, in ENTER (input) mode.]
SUBSCREEN CANCH. CLEAR ALL REFRESH ALL PASSING STUD-NO LABEL
"" Cancel a Student®"* [Second choice, passes to
the form previously entered student no.]
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BUILD [Command t o Powerhouse t o
‘compile’ this menu.]

GO [Command t o Powerhouse t o
actually run this menu to see what it
looks like.

Figure16.1A Buildingthe menu screen

And theresultis;

/MDDE:E ACTION: — [Cursor is herel] \
Registrar's Functions

01 Register a Student
02 Cancel a Student

Please enter the number of your choice.
To exit type"E. J

Figure16.IB Resultant menu screen

2. InputForms Youshouldbeableto point to any positionon thescreen and
specify that afield will beentered there. Y ou should be ableto specify thenameof the
field, itsformat, edits(range of values, lookup valid values, automaticre-format) and
hel p messages. Complex functions such assloring datafrom one screeninto different
files, ensuring that there are no duplicateson keys, providingdefault values, calcula-
tions and conditional input logic should be alowed. Look for the ability to enter
repeating fieldsin ascrolled region. How about moving afield by pointingtoit wth a
mouseand draggingit to the new position?The best softwarecan even provide an audit
trail of theinput data automatically. Figure 16.2A shows an example of building an
input screen in Powerhouse and theresult isshownin Figure16.2B.

SCREEN REGISTER

FILE STUDENTS FRIMARY [Where the data will go.]

TITLE " Student Registration Form." CENTERED AT 2,40

TITLE " Use arrow keys to get to a field. Enter // to
get to ACTION prompt. At ACTION you can enter the
field number to jump to a specific field, or type
U to update the file with this student record.""

AT 17,5

CRW THIN FROM 4,2 TO 15,78

ALIGN (1D 5, LABEL 9, DATA 35) [Format the output at specific

columns. ]
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FI ELD STUDENT- NO oF STUDENTS REQU RED LOOKUP NOTON
STUDENTS LABEL "" Student Nunber ** [First field to display.
Must enter, it nust be
uni que, and the | abel to
pronpt wth.]
FI ELD LAST- NAME GF STUDENTS REQU RED [Next field as above. Pronpt
| abel defaults to nane of
the field, "" Last Nane"" .]
FI ELD FI RST- NAME OF STUDENTS | D SAME [Do not assi gn new | D nunber
(see below.]
FI ELD STREET OF STUDENTS FI ELD A TY oF STUDENTS
FI ELD PROVI NCE CF STUDENTS LABEL s 'province/state’’ .
[Gher fields desired. There
is also a coomand t 0 aut o-
matically generate FI ELD
statenents for every field

inthefile.]
Figure16.2A  Generatingan input form
4 Student Regi stration Form )
01 St udent Nunber 44
02 Last Nane Perry
First Name Kel l'y
03 Street 944 Red Street
adty Gtawa
Province/State ot .

use arrowkeys to get to a field. Enter // to
get to ACTION pronpt. At ACTICN you can enter the
field nunber to junp to a specific field, or type
U to updatethe file with this student record.

Figure 16.28 Resultant input screen

3. Output Forms  Output forms display records given a key or other field

contents. Some people design systems of many filesthat areinterrelated by key fields.
Some of us even write down the names of thefields, and the keen ones even spell the
namescorrectly. When accessis to multiplefilesthe 4GL should automatically match
therecordsby acommon key field. When the output form isdisplayed, update of the
fieldsshould be allowed (with security restrictions) using the sameformat and logic as
wason theinput screen. Tool ssuch as Powerhouse can be programmed to usethe same
screen for input and output. At the top of ascreenan ACTION isprompted. If the user
types'E' then Entry modeisassumed and all thefieldsare prompted. If the user types
‘F* then Find modeisassumed. The user is prompted for a key or other fields, and the
record isfound and displayed.
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4. ReportGeneration The4GL should allow the developer to format reports
with headers, footers, and columns of data. Grouping, paginating, sorting, and record
selection logic must be available. Complex requirements such as multi-file access,
calculations, totals, and counts must besupported. Report formatting can beacomplex
task so look for a simple report generating language.

Someof the 4GLs allow ad-hoc report generation. Theuser canspecify inavery
simple fashion the content and format of the report. Some 4GLs such as Focus
(Reference 2.3) have a question and answer method of specifying the report format.
Cognos' product Powerplay usesmouseand icon graphics under M SWindowstoset up
crosstabulated or columnar reports (Figure 16.3). Powerplay takesthisfeatureonestep
further by allowing a 'drill down' capability to isolate lower and lower levels of
information. The reports can be displayed in text or graphics format.

Report of Students by Geography by Year ? a
File | Data | Compute  Display  Format ~ Window

Years Change Rows al West Total
1985 | Change Columns o M2 1502
1986 Change Pages 10 499 1612
1987 Change Domain 13 518 1730
1988 Swap Rows & Columns 21 612 1809
1989 Swap Rows & Ranges 82 701 1962
1990 Swap Columns & Ranges 91 852 2010

Show Total Row

Show Total Column

Show Total Page

Al Years 1849 4024 2142 8615

Figure16.3 lcondriven graphicreport generator Fa Cagnos Powerplay
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5. Data Dictionary (DD) and File Definition A 4GL must have a data
dictionary to keep track of menus, screens, reports, records, and the interrel ationships
among them. M ost important, the DD must beabletostoreall field related information
such as format, edit, security, and error/help messages. As opposed to prototyping
software, a 4GL should not automatically createfiles and record definitions. (At the
least the developer should be able to override the defaults) This is because the
performance of an application written ina4GL iscrucially dependent uponthe design
of thefiles. An automatic system cannot possibly foreseetheoptimal key relationships,
accessrates, and futureneedsof theuser. The developer must beableto enter al| thefile,
record and field definitions, and then optimize thefilesfor the host operating system.

6. On-line Query For pre-defined queries, the 4GL should alow you to
specify multiplefilesto beaccessed, the keysto usefor access (the 4GL should beable
to detect the common keys and automatically accesssecondary files by those) and the
format of theoutput. For unforseen queries, some4GLs insist that aspecial processing
language be used. For example, using DEC’s DATATRIEVE product, the user would
first have to set up links to all the files required using " DEFINE DICTIONARY,""
" DEFINEDOMAIN," ""READY ™" the domain(s), et up the interrelated fields, then
issue a command such as ""FIND STUDENTS WITH AMOUNT-PAID EQ 0,”
Needlessto say, thisisdifficult. Thiscomplexity may forcetheusertoask thedevel oper
towritea program, which isoneway to achievesomesecurity and performance since
the query applications are controlled by the developers.

The more user-friendly products allow a request in freeform English. Using
rudimentary Artificial Intelligence, the program searchestherequest for keywords, and
asksquestionsfor clarification until ameaningful request can bedetermined. The most
powerful products can even 'learn' this type of request and will not ask the same
questionsagain.

7. Built-in Programming Language for Special Processing and Calls to 3GL
Subroutines  Thisseems redundant, but why abuilt-inlanguage in addition toa4GL
one?Thislanguageisused todocomplex menu or screen handling logic. Thedevel oper
must be able to handle special security requirements (hide fields from certain users,)
takespecial action dependingon input to certainfields, doaspecial task at acertain time
of the day, evaluate a complex formula and so on. Look for astructured language that
givesyou blocks of code that can be accessed at each screen and field. For example, if
a Powerhouse input screen hasafield ' AMOUNT-PAID,' thereisaprocedurecalled
'PROCESS AMOUNT-PAID' automatically created. If the developer needs to do
something unique when the user entersavaluefor thisfield, heor shemerely addssome
statementsto this procedure. For example,

I|F AMOUNT-PAID < AMOUNT-OWING/10
THEN DISPLAY " Pay up Oor we will get angryt<-’
BE.
Sincesomethingsaremoreeasily doneina3GL (dueto the nature of the problem
or the experience of thedevel oper) the4GL should alsoallow callsto 3GL subroutines.
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8. Swuctured Printout  Aswith prototyping software, the4GL should allow
you to print out al the defined menus, screens, reports, relationships. This helpsin
producing the Functional Specifications,and the user/raining documentation. You also
nced adetailed report on al thefields, including the screens and reportsthat use each
field.

9. Documentation, Consulting and Training A large amount of documenta-
lion will discouragemost people. Y et the opposite should be true. In most casces, the
more manuals the better. Consulting and training should also be provided.

10. GoodPerformance  Andmostimportant,look for aproduct that performs.

Noonewill publishthat their product performs poorly, so herearesomecluesthat may
indicate that the product will not give you theperformance that you require:

o 90%¢df the installed base ison large mainframe computers.

e Toomuchemphasison user friendliness. If the4GL isso end-user oriented
that 'evcn anidiot can programit’, thereisusually too much overhead spent
on supporting idiots.

e Themecnus, screens, reports are not compiled. ('Compilc' can mean differ-
ent things to different vendors: threaded code isnot asfast as object code.)

e Nodirect interface(rcad and write) to the host operating system files.

The only way to evauate the performance of a 4GL is to look a working
applicationsthat aresimilar to yours. Ask the vendor for alist of contactsat installed
sites in your area and talk to those who use them.

16.3 DEVELOPING AN APPLICATION
USING A 4GL—A CASE STUDY

The Phasesin a 4GL

L et usseehow the ABC system (devel opedin Appendix A usinga3GL method) would
bc developed using the Powerhouse product. Thefollowing sections can also provide
afrarncworkfor the phasesin thedevel opment of a4GL project.

Developing the Requirements Definition

Theapproachto anayzingtheuser's problemsin a4GL environmentismuch thesame
asina3GL environment. First aRequirements Documentiswrittentodefinetheuser's
problem. The RD for the4 L development is not as detailed as that of the 3GL one
because thcuser's problemsmay be hazy until afirstprototypei sbuilt. Drawing adata-
flow diagramis the best way to begin, and the result would be the sameas before(sce
Figure6.1). Aswitha3GL, thenext stepistodetail each bubble. Figure 16.4 detail sthe
Registrar bubble.
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STUD. INFO
PAYMENT

1
P STUDENTS

INQUIRE

INQUIRE

2
COURSES

Figurel6.4 Dataflow diagram of registrar functionsusi ng Excelerator

Define What —Analysis

There are three major differences between 3GL and 4GL analysis. First, with the 4GL
the user must be familiar with the approach: he or she must realize that only a basic
systemof corefunctionswill bebuilt first, detailed functionsand cosmetic changeswill
be added later, and after alimted number of iterationsthe final system will be ready.
The second difference is that the user will have to be a lot more active in a 4GL
environment than in the 3GL, spend a lot of time with the developers, perhaps even
becomefamiliar with the language. Theuser should also be aware that the system may
not provideevery function exactly asrequested — thedevel oper may suggest alternative
functions(even changes in the business) so that the 4GL may be used most efficiently.
Third, theanalyst required for a4GL needs tObe very familiarwith thelanguage. Infact,
the analyst should be a developer aswell.

In the 3GL SDL C the estimatesat thisstage were 50%-100% erroneous. With a
4GL theestimateshould beonly +/- 20%inerror. Why thisimprovement? Becauseyou
will have a much better handle on what needs to be done. The 4GL methodology is
based on standard building blocks, plus limitscan be put on thefirst prototype and the
number of iterations. After the estimates aredone, aformal proposal should bewritten
to define project scope, cost and duration and to provide a milestone for this phase.
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Define How —Design

Thefirstitemtodefineina4GL developmentisthe top leveldesignorbasic structure
ofthe system. Itisusually easiesttousethebusinessfunctions Of theapplication as the
basis of the top level design. The TLD inFigure 16.5 follows the functionbubbles
defined inthe dataflow diagraminFigure 6.1 and others such asFigure 16.4.

ABC
REGIS- ADMIN- WARE- MANAGE-
TRATION FINANCE ISTRATION HOUSE MENT
SCHED. A CRS. INVENTORY REV.
CANC. ACRS. REORDER EXP.
MATERIAL MKTG.
TO COURSE
STUDENTS COURSES

MAIN- ATTEN-

REGISTER CANCEL ENQUIRE TAINENCE DEES MATERIAL ENQ
REGISTER CANCEL STUD-DATA CHANGE UST HOW MANY?
PAYMENT REFUND HOW MUCH  STUDENT TO INSTR. HOW MUCH?
CONF.- LETTER DOIOWE? INF. CHANGE WHO?
LETTER WHERE AM LETTERS WHERE?

| ENROLLED? WHEN?

Figure165 Top leve designwith businessfunctions
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The next stepistolist the syslem requirements undereachf unctionbox,shownin Figure
16.5 asthelower case items. Read through therequirementsdocumentitem by itcmand
ensurethat all the featuresarelisted. Revisethe TLD if necessary.

Design the File Structure

Filesare designed at the sametimeasihe structured thesystem. Design thefilesthe
same Way asbefore: Fird, determine thedataentities and rel ationships, then definethe
fidldsin such awav that al theaccessesare aseflicient as possible and thefieldsare
repeated aslittleas possible. (For moreinformationon data basedesign see references
19 and 23.) However, there arc afew morerules to be followed when designingfiles
for a4GL, especially if anindexed file structuresuch asDEC’s RMSor IBM CICS is
used.
1. Avoidvariablelength records.

2. Avoid variablecontent records.

3. Avoidrecordsthat aretoolong.Itispreferabletohave more fileswith shorter
records than fewer files with very long records.

Theserulesarc moreimportant witha4GL than with a3@. becausea3GL such
as COBOL handles variable length records with clauses such as the 'OCCURS n
TIMES." But most 4GLs do not have an easy (default) way of processing records of
variablelength or content,forcing thedevel oper towriteprocedures(whichisnofun).
Look at thefile structures defined earlier for the ABC system (Section 7.8). We
can redesignthesefilestoremove the variablelengthrecordsasshown in Figure 16.6.

PK =Primary Key, SK=Secondary Key

STUDENT STUDENT-COURSES
(Onerccper student) (Onerec per student per
registration)
STUDENT-NO(PK) COURSE-CODE(PK)
LAST-NAME(SK) COURSE-NO{SK)
FIRST-NAME COURSE-DATE
STREET LOCATION
CITY STUDENT-NO(SK)
PROV/STATE AMOUNT-PAYED
POSTAL-CODE
COURSES COURSES-SCHED
(One rec. per cour setype) (Onerec. per run of acrs.)
COURSE-NO(PK) COURSE-CODE(PK)
COURSE-NAME(SK) COURSE-NO
DESCRIPTION COURSE-DATE
LOCATION
PRICE
INSTRUCTOR

Figure16.6  File structure for ABC
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COURSE-MATERIAL MATERIAL

(Onerecord per course (Onerecord per material)

per material) Material-No(PK)

COURSE-NOPK) MIN-INV

MATERIAL-NC SPPLIERIN-O
WAREHQUSE-INFO
DESCRIPTION

HISTORY

(Recordsfrom STUDENT-COURSEScopied here
after acourseisrun)

Figure16.6 Filestructurefor ABC (continued)

At first glance thisfigure appears to be more complex than before because there are
morefiles, but thisstructureis morestraight-forwardand allowsmoreflexibility. This
isjust afirst crack at thedesign. Aswe will see later the structure will have to be
modified becausedf anew user requirement.

A good test of thedatastructureis to run through al of theknown requirements
and seeif thefiles can accommodate them. For example, the requirement, "*Ligt all
courses that use material 'MATERIAL-NO™" can only be done using a sequential
searchof the COURSE-MATERIAL file. If thisis an often needed request. making
MATERIAL-NOasecondary key will speed upthesearch. Theanalystmust determine
thefrequency and performancerequired of each function and ater thefile structure
accordingly.

Design the User Interfaces (Ul)

In the 3GL we designed the user interfaces (Ul) up front in the Analysis Phase. In the
4GL approach we may prototypetheUT upfrontbutit isnot final until the major system
structures are defined. This is because the system design determines in part the
appearanceof the UL The TLDand thelist of system functions(Figure16.5) areused
to define the required menus, screens, and reports. The main menu for this system
promptsfor the mgor functions and can appear asFigure 16.7A.

ACTION: ™
ABC System Main Menu

01 Registrar

02 Finance

03 Administration

04 Warehouse

05 Management

06 Other

Type the number of your choice. To EXIT type 'E',
type '?' for HELP .

Figure16.,7A  ABC main menu
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Registrar Meu
01 Student Functions
02 Course Functions

Figure16. 7B  Registrar sub-menu

The'01 Registrar' choiceon the main menu can result in the Registrar Menu (Figure
16.7B), and the '01 Student Functions' choice on the Registrar Menu canresultin a
screen such as Figure 16.8.

~ STUDENT FUNCTIONS )
01 Student No.
02 Last Name
03First Name
04 Street
O5City
06 Province/Stata
07 Postal - Code

10Courses for this Student

To Find (enquire) a student recond type 'FT*

To Enter a new student record type 'EY

To Delete a student record type 'D'

To Update any information on the file first
Find the student, then type the number of the
field you wish to update, change the field,
and type 'U' to updaqte the file.

To change any course information for this student

- (aswell as ENROLL or CANCHL) type '10' J

Figure1l6.8 Student function sub-menu

(Course Entry k.
Student: John Smith Student Number: 123456
Course Data for this Student [following i s a scrolled region]
Course No. Date Location Amount Paid
o1 101 1988/Jan/01 TR 900.00
02 403 1988/Jun/C1 NYC 900.00
03
04
05
06
To ENROLL use E (Enter) and enter the course information on the
first empty line
To CANCH. use D (Delete)
To change any information simply type new information and then
U (Update)
J

Figurel6.9 Course entry screen



Sec. 16.3 Developingan Application Usng a4GL—A Case Study 131

The screen in Figure 16.9 was accomplished by accessing from the STUDENT-
COURSESfileal therecordsthat match theSTUDENT-NO key. Notethat the 4GL to
be used (Powerhouse) and the previously defined file structure affected the format of
the user interfaces. The user may have preferred a separate menu for Enquiry on a
student, Delete astudent, Enroll astudent and soforth. But Powerhouse providesrecord
enquire-find-enter-del ete-update by default on any screen, so we combined all these
functionson onescreen. Similarly, we provide onescreen to do all course registration.
We have altered the requirements somewhat to use the language efficiently. The user
getsthefunctions he requested but not exactly theway herequestedthem. Thisiswhere
a compromise has to be reached.

When the user sees the interfaces that the developer defines he or she will
immediately request many 'cosmetic' changes. Thedeveloper must ensurethat al the
basic functions are accomplished by thisfirst design, and politely defer all low priority
changes by promising to do them later. _

A formal Functional Specification (FS) can be now be written and signed off to
provide a clean milestone. Remember that the FS containsthe project team's commit-
ment to provide a system with documentation, training, and warranties as well as
adequate performance. TheFSwill still betheformal mechanism toensureacceptance.
Infact, the only difference between a 3GL FSand a4GL oneis that theformat of the
Ul inthe 4GL isnot final (but the functions are)!

Build the First Prototype (Programming, System Test,
Acceptance of First Prototype)

There are seven stepsto programming the prototype:

Step 1. Build theFiles. Thedeveloper begins by building the Data Dictionary
(DD). Figure16.10 showshow onewould use the Powerhouse DD maintenance screen
toenterinformationabout all files, recordsand fields(type, size, key type, edits, ranges,

look-ups, help and error messages, etc.). The CREATE command can then be used to
create the empty file.

/ RECORD SCREEN \\

01 Record STUDENTS

02 File STUDENTS Organization: INDEXED Type: RMS
Open STUDENTS

Mode:E ACTION: E Element Attr Item Attributes
Element Usage Tvype Size Dec Datatype Size Occ Key Seq.No |

01 STUDENT-NO 1ID C 5 CHARACTER 5 1 U 1.0

02

03

Figure 16,10 Creating thedata dictionary
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Step2. Build theMenus. Menusare built asshown in Figure 16.1. All sub-
menusare built similarly.

Step3 Buildthelnputforms. Figure16.2A shows how to construct aninput
form. All the screen input and output formsare built in asimilar way. As wesaw, itis
very simple to accessinformationfrom more than onefile. Thedeveloper canindicate
a primary file and several secondary files. As each secondary file is accessed the
program looks up which keysmatch with keyson the primary file and sets up the link
viathekey. Optionally, it can show thedevel oper all thefieldsin the secondary filesfor
display on the input form.

Step4. BuildtheReports. Figure16.11 showsaPH program that promptsthe

user for the STUDENT-NO and generates a confirmation letter to be printed for that
student.

quiz Confirm.Letter [QUIZ is the PH report generator] \\
Access Students Link to Student Courses [Specifies prinmary
and correspondi ng secondary file]
Choose Student-no Parm Pronpt [Pronpt for Student-no and
access Students record with that key
Page Heading Skip 2
Tab 50 SysDate [Date]
Skip 2 Tab 10 First-Name Last-Name Skip 2 [ From Students
Tab 20 " Dear ** First-Nane “*,** Skip2[From Students
TAB 25 " You | ucky dueck! You get to go on course --
Description ** on date ¢’ Date [From Student- COURSES
Set Report Device Disc Nanme Confirmet [This file will
\ be queued for printoutg

Figure16.11 Report generated to print confirmation letters

Steps BuildtheQther Functions. Add inall therequiredspecial processing,
logic, extra programming, timed events, batch runs, and 3GL calls if necessary.

Step 6. Show the User and Solicit Improvements. The user isnow encour-
aged totry al thefunctionsin thesystem, useall the menusand screens, enter test data,
and run sampl ereports. All changerequestsarewrittendown, their costisevaluated and
(hopefully) most of them are accepted for the next iteration. Keep up the enthusiasm
— show your user something working within 2 to 3weekseven if it isjust a part of the
prototype.

Step 7. Build the Next Iteration. The next iteration will include all the
changes suggested in step 6 and go through the steps again. Hopefully, you will only
need tocycleback tostep 2, althougha major changemay force youasfar backas step L.

Here is a rea-life story about how easy it is to change a 4GL. After the first
prototype of the ABC system was delivered, the user requested a major change: He
wanted the confirmation letters produced automatically when a student enrolled in a
course.
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Thefirst suggestion of thedeveloper was, **WEell generatetheletter whenever a
new record is entered into the STUDENT-COURSES file."* But a design reviewer
asked, "*What if the course DATE or course LOCATION is updated? A new record
would not beentered, but a letter would still have to besent!"* Thedeveloper, being a
compromising sort, changed the suggestion to ** Generatea |etter at all updatesto the
STUDENT-COURSES file."* Again the reviewer found a problem. "*What if we
change a field that does not affect the student, such as the COURSE-NO, or the
AMOUNT-PAID? No letter should be sent in these cases!**

Someti mesthebest solutionto such acomplex problem istodumpthewholething
into theuser's lap. They gave the user the ahility to indicatewhen tosend aletter. The
STUDENT-COURSESrecordsizewasincreased toholda““Y** or *"N** (yes/no)flag,
with **Y"" meaning that the student has to be sent aletter. Figure 16.12 showshow the

new course entry screen displayed thisflag ina new ‘Conf.Let’ column (bold itemsare
new).

course Entry \

Student: John Smth St udent Nunber: 123456

Course Data for this Student [following is a scrolled region]
Cour se No. Dat e Location Anount Paid Conf. Let

01 101 1988/Jan/01 TOR 900. 00 N

02 403 1988/Jun/01 NYC 900. 00 N

03 707 1989/Feb/03 ONT 1000. 00 Y

04

05

06

07

99 Print Confirmation Letters Now

To ENRCLL use E (Enter) and enter the course information on the
first enpty line

To CANCEL use D (Del ete)

To change any informati on sinply type newinfornmation and then U
(Updat e }

Choosing item 99 will Print GConfirmation Letters for those
records that have **¥r+ under Conf. Let. You rmay set any
record to “‘Y¥’'' or ‘’N'‘ J

Figure16.12 New courseentry screen

The Conf.Letflagissetto" Y"" by default for any record update. It can beset to*"N"*
by the user. If item 99 ischosen ontheformscreen, thesystem runsareport generation
program which prints a confirmation letter for each student whoseflagis™Y," When
the print successfully executes, theflagisset to"*N."" Just in casethe user forgetstoask
for theletters, abatch job can berundaily tosearch thefilefor any recordswith theflag
set to " Y™ and print a letter. This way all contingencies are handled.
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Itwould havebeen very difficulttoadd thisfeatureusinga3GL program. But with
a4GL, the complete modification (restructure the STUDENT-COURSESfile, change
the Course Entry screen, display the **Y*" after an update, produce the new reports,
queue them to print and then change the **Y"* to *"N"*) took less than one day to
implement. After al thefunctional (not cosmetic!) user requested changes are made,
any functionsthat may have been left out of thefirst prototype are added. These may
includeoperation functionssuch asautomatic start-up, shut-down, backup/restore, and
default login or accounting routines. The operating system may provide many of these
functions. Set up any required networks and interfaces to existing software. When all
the required functional changes and featuresare added, then the cosmetic changes can
beapplied. Lastly, donotforget tofinalize the user documentation — hopefully thishas
been progressing all aong.

It may take agreat deal of effort to makeall these improvements. Remember that
there may beseveral iterationsso break upthework. Usually threetofour iterationsare
needed before Version 1 of the system can be released. (I suggest that the maximum
number of iterationsbelimited and agreed upon inthe Proposal.) Subsequent enhance-
ments can go into Version 2. As with the first prototype, keep up the momentum by
showing the user some progress every two to three weeks even if the results are
incomplete.

Acceptance and Operation

Despite thefact that the user hasbeen involved in the production of thefirst prototype
all along, aformal demonstration of the whole system must take place to show that it
functions as promised. As inthe 3GL method, an Acceptance Test Plan must be drawn
up and agreedupontoavoid hassles. TheFSi sthe basi sfor acceptance. Acceptancewill
besimpler andfaster ina4GL environment than in a3GL since the user isfamiliar with
the system.

Operation isexactly thesameaswith a 3GL system. Y oucan doa parallel run or
cutover to the new system after acceptance. Warranty and support must be provided.
There will definitely be an opportunity to sell a new system (Version 2)) since many
changes may have been left out of Version 1 due to the limited number of iterations.
User training will not bedifficult because some of the usersare already 'experts.” Try
to get the 'expert’ usersto train the othersin the company.

16.4 TEAM ORGANIZATION AND RESPONSIBILITIES
IN A 4GL ENVIRONMENT

In Section 188 wewill detail the roles of the project team membersof a4GL project,
but asummary can be provided here. The PT will besmaller when a4GL isused. There
must still bea Project Manager to handle all theadministration, but this person will have
to know the language. The Project Leader will be the chief developer. There will no
longer beany 'programmers.’ They will becalled 'developers,' sincethey will haveto
wear asuit and tie and talk to the users.
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16.5 TIME DURATION OF THE PHASES WHEN USING A 4GL

Figure 16.13showstypical 4GL activities and thetimeit takesto doeachitem. The ABC
project would fit into the 'SMALL TO MID SIZE APPLICATION' column. The
numbersinthe'COMPLEX APPLICATION' comefromalargefield service mainte-
nancesystem, distributed acrossthe country, that handles approximately 500itemsand
over 10000 parts. The system has over 50 menus, 150 reports, 18 complex batch runs
and 25 magjor functions. In the simple application case | would have expected the
equivalent 3GL development to take three times aslong, for the complex onetwice as

long.
Smple Complex Average Small
Application Application ToMid Size App.
(Person-days) (Person-days) (Person-days)
Initial Requirements 3 15 10
Filedesign 3 25 15
Each menu 0.5 1.0 (x50) S &S
Each screen/form 0.7 1.0 (x50) S5 (x25)
Each report 0.8 1.5 (x150) 1 (x20)
Each batch run 1 2.0 (x18) 1 (x4)
Createdata dict. 1 5 3
(incl help/err msgs) 5 15 10
Uptofirg prot.
(Sum of above) 20 421 82
For each iteration:
Use & gather
Changes 5 15 10
Impl. changes 2 15 10
No. of iterations 3 3 3
Total iterations 21 90 60
Total for Project 41 511 142

Figure16.13 Typical durationsfor 4@ activities

| suggest that you try to break a project into partsso that the timing is approximately
this: initial requirementsdonein one month, andfirst prototype ready one month later.
Thiskeepsthe user interested. Then planfor threetofour iterationsat about one month
each, with Version 1 to be implemented in six to eight months.

16.6 CONVERTING A 3GL ORIENTED COMPANY TO A 4GL

Use thefollowing five stepsin this order:

Stepl Start with the upper levelsof management. Always use a cost/benefit
argument. Show them the statistics in the previous section to prove
that many more applicationscan bedevel oped inthesametimefor the
same money. Show the possibility of turninga normally hostile user
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department intofriends. Invitethe4GL vendorsto make apresenta-
tion to management.

Stcp 2 Get permission to do a quick, one or two person application (the
software vendor may give you the 4GL for an evauation period).
Advertisethe success.

Step 3 If you are not the Manager of MIS, convince the MIS department.
Starting with the top management, provethat a 4GL will leave the
organi zation unchanged (that MISwill still bein charge). Provethat
the backlog of applicationswill go down, the programmerswill be
happier becausethey will not be asisolated as before, and the users
will be happier because they will be more involved. The technica
people will be easy to convince--they are motivated to learn new
things.

Stcp 4 Get the Project Team trained. Two aspectsof the product must be
Icarned: the languageitself and how to develop applicationsin the
language. My cxpcricncehas shown that adcvcloper necds approxi-
mately six months of training. This consists of one to two weeks of
languagetraining,followed by oneto three monthsof practice. Then
oneto two weeksof advancelanguageand applicationdevel opment
training is needed, followed by one to three months of practice.

Step 5  Educate the users. Beforestarting the first project the user must be
shown the new approach. Pointout that specificationwill nolongerbe
formal (thisshould beawe comestep), butinrcturnthe user may have
tocompromisemore—mainlyin cosmetics and somewhat infunction.
Everyonewill havetounderstand that therewill bemore of the®* wait
until the next verson'* syndrome, but that the versions will happen
morefrequently.

16.7 COMPUTER AIDED SOFTWARE ENGINEERING
CASE from Start to Finish

Theided CASEtool isonetha will takeyou from analysisto operation, do everything
you want it to, and doit more Smply than with the non CASE method. L et usdescribe
thisideal tool and then see where the technol ogy stands.

Thetool to do thisshould alow you to Define thebusiness processesand data
flowswitha DFD or other logic drawingtool. Y ou should then be ableto describe the
user interfaces (Analyze) with ascreen formatling tool. Thedataelements [rom the
DFDs should be reconciled with those on the screens, then fed into a DBMS for
automaticcreationd recordsand fields. At the sametimetheapplicationtomanipul ate
al these processes should be built underneath. The result is 3GL code or a 4GL
application with a wealth of features that handles al your requirements. We have
alrcady seen toolsthat accomplish dl this: prototyping tool sautomatethedefinitionand
analysis, and 4GLs automate design and programming. All that is nccded is a
combinationand wc have astart tofinish CASE todl.
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How a CASE Tool Works

On thefront end, a CASE toolkit provides the DFD and the menu, report and form
designgraphics. A structuredlanguagemay beused to definesomeprocessing. Inthe
middle, CASE creates a data dictionary to ensure consistency, and automatically
creates a data base, usually using a relational data base management system. (The
devcloper may haveto enhancethisdata base schemaby providingrecord and field re-
lationships.) At theend, out pops the applicationina 3 GL suchas COBOL or C, or
ina4GL.

For simpleapplications, thisisal that is needed. We have seen that prototyping
toolsand 4GLs automatepartsof thisdevelopment. Why can't t he two becombined?
All weneed isfor the prototyper to automatically feed itsoutput intothe 4GL. Infact,
there is a product from Cognos called Flex, which is Exceerator combined with
Powerhouse.

The Miracle of a 4GL Integrated
with a Relational Data Base Management System

We have seen how the 4GL automatesthelifed an applicationsdevcloper. A4 GL that
incorporates the power of an RDBMScan drastically improve the productivity of the
systcmmaintainer and user aswell. For thesystemmaintainer,agood DBM S provides
automati cbackup/restore, audit trails, and cleanup of thedatabaseif therewasacrash
during atransaction. If anew application has to be added on to existing data, it may
smplyneed toadd afew new relations. Thetool may even provideafacility tosmply
draw therelationship.

Thereal benefitis the power provided to theuser. Unforseenforms, reports, and
ad-hocquerieswill be accommodated without arebuildof thedata. Depending on the
power of the 4GL, complcx requests can behandled. Forexample, you coulddoaquery
of the ABC systcm such as, ““CITY=SELECT CITY FROM COURSES WHERE
AVERAGE NUMBER OF STUDENTS>10."” Imagine dl the programming this
would requirein a 3GL.

Choosing a CASE Tool

But what if the applicationisvery complcx? Followingisalist of items that arc most
difficult to accomplish with CASE:
Secure, multi-user access to the applicationand data.

Audit trail, data backup and recovery.
High volumetransaction handling.

Flexibledataaccess, needed to servicead-hoc requestsand add new features
without reprogramming.

Network accessto application and data.

Change management (tracking, control, releases).

0. Datasharing amongdifferent applications.

ceooco

—+ (D

Figurel16.14  Thingshardest to do with CASE
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h Transportability of the application between operating systems and
hardwares.

i. Decision support, graphics, statistical analysis, complex calculations and
logic.

j- Real-time, processcontrol.

Figure16.14 Things hardest todowith CASE (continued)

Thekey to solvingitems a through d in Figure16.14 isagood RDBMS. All of these
featuresarc builtinso that theapplicationneed not worry about them. That iswhy most
CASE toolsare based upon arelational database. Evaluate your needs and makesure
that the product will do what you warnt.

Solving items e through i in Figure 16.14 depends upon the specific CASE todl.
Therearedozens, and each onedoesdifferent thingsdcpendingon theapplicationthat
it was built to suit. You must analyzeyour needs and chooseone that suitsyou. If the
CA SEtool doesnot automatically provide thefeature, you should beabletomanipul ate
theresultingapplicationtohaveit dowhat you need. Asalast resortyou should beable
to accessa 3GL to do what the CASE will not. Thisiswhat you would need todo for
itemj in Figure16.14.

16.8 CONCLUSIONS

Let ussummarize the pros and consof usinga4GL.
First the bad news:
e New products must be bought and learned. Old systems may have to be
converted. All thistakes time and costsmoney.
e A4GL inthe handsdf many users opens more security leaks. Strong data
administrationand security measures have to be devised.
e A 4GL invites many new users and applications, causing adrop in system
performance.
o Red-time, scientific, complex, non transaction oricntcd systems are not
suited to be developed in a4GL.

e Moretalent is needed to develop in a4GL thanin a3GL. Thesimplepro-
grammer (my apologiesto dl you programmen—surely you arenot 'smple)
will not suffice when user interfacing, negotiating, and explainingis re-
quired. Retrainingwill be needed. (Isthisredlly a'con'?)

o Mot important, at thistime, awell designed applicationin a3GL will out-
perform thesame application in a4GL. To provethecost/benefit of a4GL
you must show that the cost of the additional hardwarerequired to run the
4GL is worth the productivity gained and theincreased number of applica-
tionsthat can be devel oped.
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16.8 Conclusions

The good newsfar outweighs the bad news:

o Itiseasier to manageasmaller project thanalarger one, itiseasier todivide
alargeproject intosmall projects using a4GL. With a3@Q. the usual way to
divide and conquer istodevel op onefunction out of many. But onefunction
isusually meaningless until all theother functionsare done. Witha4 Q. you
can produce a meaningful small system by developing the core of every
function. The next iteration is another small project and so on.

« Withthe4_ approachtheuser isinvolved, therelationshipisfriendly, and
al companies benefit from interdepartmental communication.

= Most important, the productivity gained when usinga 4GL can increase by
threetofivefold the number of applications developed in a period of time.

QUESTIONS

What are the two kinds of 4GLs and what are the differences?

What does a4GL provide that aprototypi ngtool doesnot?Can a 4GL be used to prototype?
How about vice-versa?

Which features of a 4GL areusualy not found in a prototyper?

Comparetheactivities and productsinthe Definitionand AnalysisPhasesof the3GL and
4GL devel opment methods.

Whet items must be designed when using a4GL?

6. Why isthe DFD analysismethod especially useful when using a4GL?

10.

11

12.
13.
14.

Ina4GL, why istheuser interfacenot final until thedesigniscomplete?Givean example
of acase wherethe desigh may dictate the user interface.

Outlinethesteps of building the first prototype. Which of these should be done together
with the user?

What makesthe Acceptance and Operation Phasesfaster in a4GL thanina3GL?
Who arethe peoplein atypical company that may haveto be ‘converted' from a3GL to
a4GL7? Ligt argumentsthat you would useto convince each one.

You are the accountant for the MIS department. You have to calculate the cost of
converting completely froma 3GL to a4GL. Ligt theitemsthat may cost you (indicate

with -) or profit you (indicatewith +) when converting from a 3GL shop to a 4GL one.
Begin likethis:

ITEM COosT
Have to buy the4@-
Save on development costs +

Show how a CASE tool autemates each phase of the devel opment process.
What in your opinion are the three most difficult items to program with CASE?

Discussion topic: CASE and 4GLs will never replace 3GLs and traditional system
development methods.
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Project Management Software

Planning and Controlling With a Computer

17.1 INTRODUCTION

At this time, there are over 500 project management software packages written for
mainframe, mini andmicrocomvuters. Infact. therearecompanies whoseonly business
istoevaluate these productsand publish their findings (Reference Section 3). Chances
are that there is a product out there that will do the job for you.

| recommend these productswhol eheartedly. Thereisnoreasonwhy ahighly paid
project manager hastospend hoursdrawing and constantly redrawing PERT and Gantt
charts, calculating budgets and evaluating resource allocation strategies when a
$1000.00 micro with a $500.00 software product can produce these itemsin minutes.

But beware: a software packagewll not managetheproject for you. Itissimply
atool to speed up some of the mechanical activities of the job.

17.2 PLANNING TOOLS
Data Input

Thebest productsallow you toinput on onescreen the headerswith their sub-tasks, the
resources for each, durations, start dates, stop dates—in fact everything to dowith the
project. Most people find that this is the screen they will use to plan most of their
projects.
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SuperProject Expert
Edit Select File Output Help

Heading/Task Resource Schd Tatal Total
Start Hours Cost

SOFTWARE.PJ 11-27-89«
DEFINITION
REQUIREMENTS DOC

11-27-89
11-27-89
11-27-89
11-27-89
12-84-89
12-84-89
12-84-89
1Z2-84-89
12-11-89
12-11-89
12-11-89
12-11-89
12-11-89

PL 12-11-89
MGT SECTIONS 12-11-89

TASK SLCT: tst
ame of heading/task or resource.

Figure17.1 Qutline view of Superproject

PROPOSAL
PRELIMINARY PLN

-

WUJUJU'ILH'A.I\IUWLHU'INU'IU'IMNI

WRITING

ANALYSIS
FUNCTIONAL SPEC
TECH SECTIONS

Work Breakdown Structure (WBS)
Some productsallow you to interactively draw a WBSsuch as Figure 17.2.

F1-Help FZ- Graphs ¥F3-Data F4- Edi t FS- Format F&-Compute F7- Ot her

REQ DOC i PRELIM PLAN % PROTOTYPE

~ TECH PART ﬂ

INTERVIEWS

Fast track

Figure 17.2 Work breakdown structure using Harvard Project Manager
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Thisishelpful if you liketo planonline usngaWBS. The best productscan even
build the PERT by connecting the lowest level WBS boxes which usualy rcpresent
activities. Look for a product that aso gives you the option to omit making this
connection. Sometimes you want to detail the network yoursclf,

PERT

Most dof thcprojcct management productsgiveyou someformof PERT. [tiseasiestto
work with the 'activity on node' typed PERT asshownin Figure17.3.

PERT Chart SuperProject Expert
View Edit Select File Output

PROGRAM MOD A
PL 5
02-28-90 82-26-90

e 7/ or F9 for Menu, F1 for Help.
ique name for this task.

Figure 17.3  PERT created using Superprojcct

Some peoplefind that the PERT chart isthe best graph to useto enter aplan into the
computer. Thisisfinefor aprojectof 25tasksor |ess, butover thisnumber even the best
PERTSs appear cluttered. The PERT is best to see the 'network’ o activities. The
soflware should allow you to enter the precedents and successors of a task and
immediately di splay the PERT network, The programshouldalsodlowyoutomove the
activity boxes to any location on the screen. Some products use the ASCII characters
toproduce the PERT. Thismeansthat theconnecting linesmust be vertical or horizontal
(doncusingthevcrtical and horizontal barcharactcrs,)or onadiagonal (doneusingdots
or diamonds) asin Figure17.3. Some products(Project Scheduler 5000 for example)
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uses hit mapped graphics. Thisresultsin very low resolution on a CGA PC, but quite
acceptable for EGA or VGA. Apple Macintosh products such as Macproject and
Microplanner use bit mapped graphics most effectively. Printout in al cases should
have straight connecting lines.

Gantt

You will use the Gantt more than any other screen. Y ou should be able to add, delete,
link, and modify taskson the Gantt. The Gantt should clearly indicate thecritical path,
the noncritical tasks, floats, and milestones. Some productsencourage you to plan your
project using the Gantt (by not giving youa PERT at al) but the best allow you to enter
activities on either one. As a control tool, the Gantt should show progress against a
baseline plan, and portions of tasks actually completed.

Resource Planning Tools

All of the project management productsallow youtoallocate resourcestotasks. A syou
enter each task (or perhaps afterwards) you canenter whowill beworkingon it aswell
asany non human resources required for the task. The better productsallow fractions
of people (preferably the upper parts) to be allocated to several tasksin one project or
acrossseveral projects. (I highly discourage putting people on several projectssimul-
taneoudly. It takes a person about one half hour to'switch context' when moving from
one project toanother.) Some products even give you aresource usage histogram such
asFigure 174.

Resource Gantt SuperPro ject Expert
Select File Qutput Help

1 Day Per Sumbol May 98
1D Task Assignment a7
@15 |MODULE C
B13 |HODULE A

: PROGRAMMER 60.8
5 48.8
Hrs: 36.8

24.9

12.8

Total Hrs/?7 Dau(s)

[Shift arrows move task, INS/DEL adds or subtracts duratiom.

Figure 17.4 Resourcehistogram created wsing Super proj ect
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Look for a product that can indicate when a resource has reached itslimit. For
example, in Figure 17.4 Superproject usesa horizontal line to show that the maximum
of five programmersisexceeded in May. The best productswill (optionally please) re-
schedule activitiesand projectsso that no resource exceeds itslimit (see Section 17.4).

Cost Planning Tools

Costsgo hand-in-hand with resources. Asresources are entered for each task, the cost
of theresourcecan be entered. Y oushould beabletospecify that thecost of theresource
depends upon the duration of the task (variable cost,) or on afixed price independent
of duration. The program cal cul ates costs by task and resourceand rollsit upasthetotal
project cost. The productsthat support a WBSshould beable toroll up the coststo any
level of the WBS. Thiscan give you an indication of the costs by project phase. Costs
can be incurred at the start or the end of a task, or pro-rated as the task progresses.
Several packages produce line graphs such as Figure 17.5 showing costs, by week and/
or cumulatively, for thelength of the project. Othersallow easy export of thefiguresto
graphics packages such as Lotus 1-2-3.

COST ENVELOPE REPORT

PROJECT: FACILMG1 DATE: JUN 5.1990 4:09 PM
MARCH 1990 OCTOBER 1880

16 4

| I I | ] ] | | | | | | |
428,00
325.65
223,31
120.96

-
18.61 =

&———h EARLY START COSTS

Sy, LATE START COSTS

[3——=+] SCHEDULE START COSTS
$ X 1000

2.4449 WEEKS

Figure17.5 Cost linegraph created using Microsoft Project
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Gaming (What If?)

You will really appreciatea project management product when you try your hand at
gaming: playing 'what if' with themultitudedf factorsthat the product will alow you
tomanipulate. Asyou ater afactor theproductwill instantly show you theresultsof the
alteration. You can reallocate some or al of atask's resources; alter task cost or
duration; movetasksaround thenetwork for optimal sequence; rescheduleoneor more
activities. Thereis no better way to study theeffect on the three constraintsof quality,
duration, and cost. At planning timeyou can fine tune a project to the best of your
knowledge, and as the project unfolds you can constantly readjust to take the most
efficient course of action. The best products can show two or three scenarios on one
screen.

Reports for Planning

When you finish entering your original plan you may wish to produce several paper
documents for your own records or for inclusionin a proposal. The software should
alow easy printingdf thegraphicreportssuchasthePERT and Gantt charts. Makesure
your brand of printer is supported (thereis a printer driver providedfor it), otherwise
the printed graphics may not look like the screen display. You may wish to print
resource Gantts—a Gantt chart for each resource (person or thing) showingonly the
activitiesthe resourceisinvolvedin. These must beshown to theresource providersto
obtain their commitment.

You should be able to print text reports of dl the useful facts about the project.
Figure 17.6 shows a task detail report for the budget planners, and 17.7 shows one
without cost but with float figuresfor the resource planners.

Task January February March
No. Desc. Fixed Cost Var Cost Fixed Cost Var Cost Fixed Cost
1. Definition 10000 11000

2. Analysis 20000 25000 20000
3. Design 50000
Totals 100000 50000 150000 suaemsans

Figure 17.6 Task detail report = any good package

No. Task Start Stop Float Float
Davs Type
1. Definition 01/01 01/15 0 Critical
2. Analysis 01/17 02/10 0 Critical
7. ATP 05/12 06/17 23 Total

Figure17.7 Task critical /float report - any good package
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Look for a product that can list any field (entered or calculated) in any column, and
provide selection criteria, sort, subtotals, and totals. The best products allow you to
customize your own report formats. Thisisusually done by specifyingthat the report
be broken down by three or morefields; for example, the report in Figure 17.6 wasa
request in Superproject toreport onall tasks, by month, FIXED COST vs. VARIABLE
COST.

17.3 CONTROLLINGTOOLS

The key to control is measuring progress against plan and reporting to everyone
affected if thingsare not on track. A project management software product should allow
you to enter the actual start and stop datesfor each activity, actual duration and cost,
time spent on the activity by resource, and expensesincurred by resource. Charts and
reports can then be produced to show how the project istracking against plan in terms
of time and cost. The most powerful packages can track earned value, extrapolate the
trend, and forecast the delivery date and cost.

Gantt Chart as a Control Tool

The best tool to show how the project is tracking against the time plan is the 'double
Gantt chart such asFigure 17.8.

Task Gantt w/Actuals SuperProject Expert
UView Edit Select File Output Help

Decenber 89 January 90
a4 11 18 25 a1 68

DEFINITION

REQUIREMENTS DOC
Late Start
PM

PROPOSAL

PRELIMINARY PLN
Late Start
M

jame of headinjftask or resource.

Figure 17.8 Double Gantt created using Super project
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The software must be able to show:

1
2.
3.

4
5
6

LOB (Line of Baance)—-a vertical line at today's date.

Actual start of any activity that has started (and original planned start).
Actual completion of any activity that has ended (and original planned
completion).

The portion of any activity that iscompleted.

Planned start of any activity not yet started (and original planned start).

Planned completion (and original planned completion) of any activity not yet
completed. The most important item is the planned completion of the last
activity in the project.

Thedouble Gantt in Figure 17.8 showstwo linesfor each activity. The top lineshows
the plan, and the bottom lineshowsthe actuals. LOB and partial completion of tasksis
indicated by shading.

Cost Control and Earned Value (EV) Reporting Tools

Look for aprogram that can storeand report earned value(EV). Thiscanbe either atrue
EV in dollars or as percent completed for each task. In both cases you will have to
calculate the true earned value. The software should be able to report earned value
versus budget, and actual expense viatext reportsand linegraphs. For example, Figure
17.9 plots earned value, budget, and actual expenditure.

PLAN | — — — — — —/ — —/ — e -

cosT |

COST$K

LOB PLANNED
COMPLETION

TIME

[3———] budget (BCWS)

Ay, actual (ACWP)

S earned value {(BCWP)
Figure17.9 Earned vnlue
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See Section 20.2 (Budget Problems) for interpreting this kind of graph. Most
microcomputer software productsdo not have this kind of graph built in, but some of
the products allow you to create customized plots, and most of them will allow you to
easily export thefigures to a graphing tool such asLotus 1-2-3 or Harvard Graphics.

Other Reports for Control

In Chapter 21 on Meetings, Reviewsand Reports we discuss the content of the Status
Report. It should contain a double Gantt such as Figure 17.8, an expense plot such as
Figure 17.9, and for thosewho wish moredetailsthan what thegraphs provide (such as
accountants), a report such as Figure 17.60r 17.7 can be produced. Some companies
requirea breakout by resource cost or account codes. The key isto have the flexibility
to enter dl of thisdata and to print it out on reports.

17.4 HOWTO EVALUATE/BUY PROJECT
MANAGEMENT SOFTWARE

Sections 17.2 and 17.3 detailed the basic features required of a Project Manager
program to run a project. The following features distinguish a good product from a
mediocre one:

User Interface and Documentation

| prefer a pull-down menu to the in-line type. The menu choicesshould be logically
organized into groups under main headingsthat are visible at all times. If youfind that
you are asking yourself, **Where did | see that menu choice?"" the organization is
inferior. The most common functions should be accessible by aone or two keystroke
'fast track' method. Some of the products can be set up to runin'beginner,” ‘interme-
diate’ and 'expert’ modes. The menus and features become more complex only in the
advanced modes. The screen graphics should be clean, simple, attractive, and the use
of color should help, not overwhelm the user. Look for clear, context-sensitiveon-line
help.

The product must come with a high quality, clearly written, well organized user
guide. Look for one section of this guide where all the menus and commands are
organized inthe order that you would use the commands, and areference section where
all thecommandsarelisted alphabetically. There should bean index of all theimportant
wordsin thedocument. An on-linetutorial or learning guideshould be provided aswell.

Necessary Features

The basic features that these products have are listed in Sections 17.2and 17.3.The
following are optional extras that you may wish to have:

Full Project and Resource Calendars. All the products allow you to set up
working and nonworking days for the whole project. The best allow you to set up a
nonstandard work week down to aspecific hour or minute of the 24 hour day. Look for
productsthat alow thisdetail to be set up on anindividua calendar for each resource
aswell.
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Cost Charging Flexibility. The best products support overtime ratesthat can be
different for the sameresourcefrom task to task. They providetheflexibility to charge
for a fixed price resource at the beginning or the end of a task, or to be prorated
throughout the task. Every company has its own accounting system. Make sure that
yours will be supported.

ResourceAllocation and Scheduling Flexibility. Thegood productsallow you
to define the duration of each task, and assign resourcesto work on a task for itstotal
duration. The schedule that comes out of this calculation is time based. The best
products calculate the duration of each task depending on the availability of the
resources assigned to the task. Thisis resource based scheduling.

Resource Leveling. The best project management tools allow one resource (or
part of one resource) to be scheduled on severa activities of one project or across
several projects. If this isthe case the software should beabletowarn youif theresource
exceedsitslimits, and optionally reschedule the tasks or even the projects so that the
resourcelimitis not exceeded. Some softwares allow you to control the algorithm used
for leveling; for example, moving tasks within their float period only, or moving the
lowest priority tasksfirst. The product must indicate where rescheduling took place.

LargeLimits. Thelesspowerful productslimit thenumber of resources per task
or the number of tasks per project. The more powerful ones have no limits, aslong as
themainmemory (RAM) of your computer islargeenough. Ifind that most of the micro
productswill hold approximately four tosix tasks per kilobyte of freeRAM. If you have
over 640K of RAM, make sure that the product you purchase will support extended
memory.

FlexibleReporting. Thereporting capability makesor breaks aproduct. Look at
how many useful built-in reports the program provides, as well as the ability to
customize these reports or to create new ones of your own format. Y ou should be able
to ask that any known field appear on a report. Look for easy sort, search, and select
capability. For example, you should be able to select a specified date range (used to
report only for the past period,) aspecific WBS code range (used to report on acertain
level or phase), or aspecific float (used to report on CPitems only —float iszero). You
should be able to preview al the reports on the screen.

Sub-projects. Many projectsinvolvethousandsof activities, but one cannot plan
and control a project that has over one hundred activities. It is therefore necessary to
break a large project (the superproject) into many smaller projects (sub-projects),
which can be managed more easily. T o support thisthe software should alow one task
in the super-project to represent a sub-project of many tasks. Y ou should be able to
zoom from a task in the superproject into the appropriate sub-project and vice versa.
Several levelsof sub-projectsshould besupported. If achangeismade a onelevel that
affectsanother, al the appropriate items affected should be automatically updated by
the software.

Multi Project Merge.  If the product allowsscheduling of resources(or fractions
of resources) across several projects, it should allow aview of all the ongoing projects
together. The best view isa Gantt that includes the activities of all the merged projects.
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In addition, look for a product that can give you schedulesand costsfor the resources
across al the projects, warn you if a resource isoverloaded, and doresourceleveling
across many projects.

Data Import/Export. A spreadsheet program such as Lotus 1-2-3(TM) ismuch
better than a project management program for manipulating numbers. Similarly, a
database program such as dBase ITI{TM) can do search, select and report formatting
better. Y ou may therefore wish to transfer the information created on your PC project
management program to other PC products, or even to a mini or mainframe computer.
Look for easy data interchange in both directionswith the software you wish to use.

Networking. if you have a LAN, you will want a product that will share the
program among users. You may desiresharing resources such as printersor disks, as
well asdatafiles. Make sure the data can be secured.

ThelcingontheCake. Thefollowingfeaturesare not absolutely necessary but
are niceto have:

o Full featured report formatting, such as control of column headers, column
location, field size and format, page breaks, and multi level sort.

o Gantt chart that showsmaore than one baseline, percent complete, and alink
to precedent activities. PERT chart automatically arranged so that the lines
do not crossand have arrows on the ends time scaled PERT chart.

o Mouseinput, particularly if mostof your work involveschoosingitemsfrom
pull down menus or manipulating graphics. Thisislessuseful when alot of
text needs to be entered. Some people find that switching back and forth
between the mouse and the keyboard isbothersome.

« Estimating and statistical tools. Several productshaveasoftwareestimating
tool suchasCOCOMO built in. Other products use CPM tocal culate project
estimates. Y ou enter apessimistic, a probable, and an optimistic estimatefor
eachtask, and the program cal cul atesthree proj ect estimate ranges: onewith
99%, one with 95% and one with 68%oprobability.

o Outlining that allows you to indent sub tasks and sub-sub tasks to indicate
work breakdown. Y ou should be able to collapse the outline to any level,
move major or minor sectionsat once, and expand only selected sections.

17.5 SOME PRODUCTSTO LOOK AT
Personal Computer Products

At this time, the following are the four most popular IBM compatible PC project
management products (and indeed thefour best ones in my opinion). Although they are
listed in descending order of my own preference, every oneof themisafull —featured.
friendly product. In fact, if | were to grade the best as 100, the other three would be
graded 99, 98, and 97 respectively.
1. Superproject Expert (Computer Associates, 2195 Fortune Drive, San Jose,
CA 95131, also Vancouver, Canada)
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Pros. Excellentuser interface(pull downmenus), best graphics, just about all
thefeatureslisted aboveincludingaword processor that allowsyou tomake
notes. Every feature that is supported is donewell and logicaly. Computer
Associatesis very helpful in support and training.
Cons: Wesk on documentingthe use of reporting, PERT chart connecting
linesnot graphic, no linegraphs.

2 Timeline ® Symantec, 10201 Torre Ave,, Cupertine, CA 95014
Pros: Bestuserinterface, with*/* type menu treestructure, good on-linehelp
and tutorial, and aquick pick featurethat listsall the possiblechoicesfor an
entry. Typingthefirstfew lettersof the desired choicereducesthelist until
only theselectionisvisible. Activitiescan bescheduled down tooneminute,
making TL useful asa 'Things to do Today' notepad.
TL dlowsyou todisplay and print any column o informationinfront of the
Gantt. Figurel7.10showsa'notes column that may show dateswhenaction
needs to be taken. This column can be sorted and the display used as a
reminder list.

26-Dec-89 9:.BBan Press [/] for Main Menu

Resource:
SUMMARY, 97 days, 26-Dec-89 9:8fam thru 14-May-98 5:0Bpm. Future.
Dec Jan Feb Mar Apr May
Task Name Resource Notes 26 1629 285 26 16 7
SOFTUARE
DEFINITON 98/81/15 =
REQUIREMENTS DOC 98/81/25 W=
PRELIMINARY PLAN PN, PL
PROPOSAL PN, PL
ANALYSIS 98/02/61
FUNCTIONAL SPECIF PM, PL
TECHNICAL ASPE PL 98/82/12
MANAGEMENT ASP PM
PRESENT PM, PL  90/02/28
APPROVAL PM, USER
DESIGN
TOP LEVEL PL, AN1
OBJECT ORIENTE PL 98/83/01
HIPO PGR1
MEDIUM LEVEL PL
REVIEW FL, AN1 58-83/15
PROGRAMMING
MODULE 1 PGR1
SOFTWAREREnd: 14-May-58 5:868pn

Figure17.10 TL Reminder list with Gantt
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Cons: Lack of resource calendars. Weak PERT —all the activities appear in
astraight line. You must buy an extra package for good graphics printout.

3. Harvard Project Manager{Software Publishing, P.O. Box 7210,1901 L and-

El-Help

ings Drive, Mountain View, CA 94039)

Pros: Window ontwoformsat once, good bar and linegraphs. Good graphics
including activity on arrow type of PERT.

Harvard hasa'Fast Track' approach tobuilding asingle line of activitiesfor
a particular resource. (See Figure 17.11). Y ou can cursor tothe spot where
the activity isto appear and simply typein the name of the activity.

FZ-Graphs F3-Data  F4-Edit FSFomat Fe—Compute F7-Other

11728789 |27 |12784 |12711

NESTS Eaeil T AN <1 - F ST

—Notes
ANALYST
DESIGNER
WRITER
PROGMR1
PROGMR2

Fast track
REQ DOC starts on 11/27/89, ends on 11/29/89 (3.88 Dys W)

FSTPIC:5% full

Figure 17.11 Hnrvnrd Fast Track screen

Cons: Automatic creation of PERT from WBS ismore of a hindrance than a
help; PERT easily gets cluttered due to restrictions; it is also difficult to
manipulate the PERT. Not enough activities visible on the Gantt screen.
Harvard is the slowest of the four products listed, especially when doing
graphic printout.

Microsoft Project ** (Microsoft Corporation, 16011 NE 36 Way, Box 97200,
Redmond, WA 98073)

Pros: Good lineand bar graphs, excellent reporting, great import/export and

networking, least costly of the four products. Microsoft Corporation is also
very helpful and supportive.
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Cons: Not easy to use unlessyou arefamiliar with other M S products.Microsoft

delivers fewer features, such asa limit of sixteen resources per task and no

resource leveling. Also, the PERT isweak.
The above productsare all in the $300-600 (US) price range, so price should not bea
deciding factor.

Evaluate more than the products above, because new and better ones are appear-

ing constantly. Personal computer magazines are the best sources for the most recent
product evaluations.

Minicomputer and Mainframe Products

The following products all work on DEC VAX (VMS) and IBM (MVS or VM)
hardware and software. Some of them work on the HP and DG families aswell. The
following products have everything a project of any sizewould require, soitisdifficult
todifferentiate based onfeatures. L ook rather at thecompany behind the product. Since
you may need answers to questions, consulting, and installation, look for avendor that
has experience in your type of application, and agood reputation for service. Look for
an active user group in your area. These products are so complex that having someone
with experience on the product, preferably inasimilar field asyour own, isagodsend.

The cost of these productsisa major deciding factor: they range from approxi-
mately $2,000 to $500,000, depending on your computer and the number of modules
and features you buy.

Thefollowing are listed in my order of preference. Value for the money hasbeen
considered:

1. Artemis (Metier Management Systems, every major UScity; Toronto, Can-
ada; and worldwide. ($27K-$95K)

Metier's only businessis project management, and it Shows. Artemis
features a thorough cost tracking and reporting system. Cost levels can be
imported from other data bases; costs can beallocated to tasks depending on
early and late start, at the beginning or the end of the task, or using a
distribution throughout the duration defined by the user. Earned value can be
tracked and reported using several algorithms.

Artemis is aflexible system with built in menus, reports and com-
mands, as well as the power to modify any menu, report, calculation or
graphicchart. Y ou can build/edit graphics such asalogo, or overlay charts;
preview portions and print them out.

Theuser interfaceisreasonabl ef or asuchasophi sticated system, with
input via menus, mouse, or a structured English-like command language.
Interfacetoother mainframeapplicationsisexcellent. You can transfer infor-
mation toand fromaccounting systems, payroll, inventory, time-card report-
ing, budget datasets, and so on. It even has a configuration management
system built in to help track changes to items like drawings and purchase
orders. Arfemis usesitsown relational databaseto storeall thisinformation
and its performanceis second to none.
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In the past, large customers have asked Metier to implement certain
features required for projects such as plant shutdown, construction, petro-
leum processing and such, and thesefeaturesare now availablein Arfermis. 1t
may therefore be to your benefit to approach Metier with your project and see
if they have the experience and software for it.

Nit-picks: One of my clients phoned Artemis recently for technical
help. After thefourth phonecall hefinally got someonewho started that day
and waslearning the system by answeringquestions. Thereisa PC version of
Artemis that isa subset of thefull blown one, but Artemis has not expended
the same effort on the PC product as on the Mini. It is very weak in
comparison to the others.

DECSPM (Digital Equipment Corporation, Maynard MA., and everywhere
else) ($1K-$54K)

Thisproduct isthe weakest of all intermsof features. For example Version
1supportsonly oneproject. It is slow and unwieldly inmanipul atinggraphics.
But for the price and if you like the DEC 'feel' it isagood value. DECSPM
(they call it DEC Software Project Manager) is especialy suited to the
software project since the COCOM O software estimating algorithm is built
in. Simply call the ESTIMATE menu option and al the pertinent COCOMO
parameterswill be prompted. The product produceseffort in person-months,
aschedule and the cost for each phase. (see Figure 17.12)

4 Estimation Mdde Form \
Nane:Test
Mode:  Sinple (Internediate Conpl ex)
out put s:

PDCOST: 5500 (Prel. Des. Anal ysi s Phase)
ppcosT: 5500 (Detail Des.= Design Phase)
cuTcosT: 5500 (Code&Unit Test)

ITCOST: 4800 (Int. & Test)

I nputs:

Li ne of Source Code: 10000

Factors (1 - lowthrough to 5 = extra high)

Rel abi lity: 3 Exec tine const: 1 Anal yst cap. 1
Data base size: 2 RaM constrained: 3 Applicat'n exp 3
8w complexity: 3 VMvolatility 1 Progrm’'r cap 2
Tur nar ound 2 VM experience 3
Lang exp 4
Mbder n progranmi ng practices: 3
Sof t war e t ool s: 4
\Schedule const rai ned: 3 .

Figure17.12 COCOMO parameter prompting screen (adapted)



Sec. 175 Some Productsto Look At 205

The graphics, mostly line drawings, are adequate if not glorious.
PERT, Gantt, line graphs, and histograms are available. Input is oriented to
graphics using iconsand mouse.

All of the DECPM graphicmanipulationscan bedoneinacommand
mode but there arc over 200 commands. The product can automaticallv
createthe commandsfrom graphic input, and the user can alter and run the
filecommandsin batch mode. Keep your eye onthis product; knowing DEC
(and the devel oper) subsequent versions will be much more competitive.

3. Project/2 ® (Project Software and Development Inc., 20 University Road,
Cambridge, MA 02138) ($50K-$500K)
PSDI hasbeen in the project businessfor over two decades, and hastheclient
basetoprove it. Project12 isthe most powerful of any product, withaprice
to match.

The best feature of Project/2 is that it has the Oracle data base
management System built intoit. This gives Project12 arelationa data base
that integrates dl the data on the project (scheduling, cost, and resource,)
supportsan ad hoc reporting system, astructured query language(trueSQL)
and amenu system. The menu system comes with afull treeof predefined
menus, plus givesflexibility to createyour own. Thedata baseal so provides
configuration management and audit trail tools.

Special featuresof Project/2 include: Discontinuousactivity schedul-
ing. An activity can stop (duei o network logic, reported progressor resource
leveling) and restart anytime. Activities can be segmented and resources
assigned to a segment-only. Consumable resources, as well as crested
resources (for example, one activity creates funding for another to use are
supported.)

Projecti2 has thebest costing system of all the products. Cost can be
input and viewed as spreadsheets. Input and reporting can be by account
codes, organi zationcodes, work breakdown structurelevelsand so on. Cost
rates can bc determined using 'rating factors' such as unit cost, escalation
rates, exchangerates, overhead rates, time-varying rates, rates by account,
organizationin the company, and quantity. Risk factors can be builtin and
cost trends and forecasts varied accordingly. The costing system can be
integrated with existing systems on your computer.

Project12 hasa menu driven graphicseditor to customizethegraphic
outputs.

PSD hassold Projects2 for large projectssuch as plant certification,
contract management, equipment maintenance and so on, and they can of
course be hired for training and consulting.

Project/2 comes in modules (Schedule Manager, Cost Manager,

Graphics Manager, Relational Database Manager, and Screen Application
Manager) and the price varies accordingly.
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PSDI’s PC product is called Qwiknet. It is more powerful than the
products evaluated above, especialy in tracking costs, but again the price
putsit out of therangedf those products.

4. Primavera (Primavera Systems Inc., Two Bala Plaza, Bala Cynwid, PA
19004) ($4K-30K)
Primavera will do almost everything that the above products will. It has a
menu interfacethat issomewhat cumbersome, but probably necessary |0 get
all the different data input. It has the most sophisticated built in reporting
system of al the products, with excellent support for graphics output to dot
matrix printers.

Primavera also comes on the PC, and is fully compatible with
Microsoft Project. This gives a good growth path from a $400.00 micro
product (Microsoft Project) to a$2000.00+ PC product (PrimaveraPC) toa
sophisticated VAX product without major data modification.

5 PACIL®II® andIII ® (AGS Managcment Systems, 880 First Avenue, Kingof
Prussia, PA 19406) ($33K for PAC Il and WINGS)
The low end product, Pac | isasingle user, single project system typically
used onsmall tomedium sized engineering, construction, manufacturing, and
publishing projects.

Pac IT is a widely used multi-project management system that is
flexible and casy touse. It hasfull scheduling, resource utilization, and cost
processing capabilities.

The top-of-the-line Pac I and WINGS products are sophisticated
systems with most of the capabilities of the products mentioned above.
Mainly used onIBM mainframes with 3278 typeterminals, special features
include: Automatic resource matching and allocation so that the task gets
done as soon as possible, progress reporting on a Gantt conlaining original
plan, revised plan, actual and projected bar for each activity. Costs may be
reported by cost center, report center, company department, WBS level or
box, responsible person, purchase order, contract, change order, and so on.

When to Use a Mini or Mainframe Rather than a PC

Followingisalist of items that may urge you to use themini or mainframefor project
management:

¢ Youneed multiuser access. If several people mustinput data, receive unique
reports and supply updates, itisaburden to run oneven anetworked micro.

e You have alarge or complex project. Themicro products run out of steam
if thereare over severa hundred activites. Thelarger productsusually allow
you to specify complex costing, accounting or scheduling calculations.

¢ You need unique or changing reports and calculations. Most of the larger
productsallow full customizationof reports and costingformulas, usually in
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e You need tointerface to existing data bases and systems. These products
allow full access and conversion to and from the usual IBM and DECdata
basesfor cost, resource, accounting, materials, suppliers and so on.

e You need to interface the project management system to company wide ac-
counting, job costing, time-card, or inventory control systems.

e You need sophisticated project management tool ssuch ascomplex resource
leveling, hammocking, work breakdown and cost reporting by accounting
codes or company departments.

¢ You need automatic backup (you are too lazy to back up the PC and you
know the mini will be backed up).

e Youhave aVAX;you arcalready familiar with it; it hasroom onitfor PM;
you can affordit.

¢ You havefound amainframcproduct and auser group targeted specifically
toyour industry.

¢ You want to stay with onevendor (training, tech support).

e Youneed a huge plotter which is only supported on the VAX. Personal
opinion: Atal to 10 priceratio, | sulfer and live with the PC products.

17.6 CONCLUSIONS

Thereisno question "if" you should use acomputer project manager: the questionis
""Whichonc?'" Most vendors provide a‘demonstration’ version of thcproduct that will
show you the fcaturcs and Ict you play with the program. Besure to evaluate threeor
four, read the appropriate literature and visit companicsthat have bought the products
that you areconsidering. Choosethe onethat has the features that you need and that you
canlearn to use and like most quickly.

QUESTIONS

1. Lig, in chronologicd order, the automated project planning tools that you would use to
plan a projcct.
2. Wha twoitems contributeto the cost of theprojcct?Why areautomated tools useful for
tracking cost?
3. What isgaming? Why is thisuseful for managing aproject?
4. What reportswould you send thefollowing people when thefirst plan for the projectis
complctc?
a. Department head Who provides you with aprogrammer for severa tasks.
b Accountant for the company.
C. President of the company.
d. Yoursclf.
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Wheét reports would you send the samepeopleas the project progresses?

Oneof your usersasksyou torecommenda project manager PC product. Theuser isnaive,
hc does not sharehis resourcesacrosstasks, his projectsareapproximately 200 tasks, he
wishestouse dataalready on dBASE, and hehas toreport only 1o his bosswhoisinterested
in costs. Which product featureswould you look for in choosing a product?

Y our manager asksyou torecommendaproj ectmanager. Hewishesall fiveprogrammers

to input their own time, thereare 500 tasks in the prgject, and the existing accounting
system on the V AX hasto providethecost rates. Which product would you recommend?



PART 3
People

18

Organization

Who Does What and When

18.1 INTRODUCTION

We have all attended meetings where many action items are discussed but noone is
assignedthesetasks. Theseitems never get done-everyonethinkssomeoneel sewill do
it. A mgor project milestoneis reached when everyone knows exactly what they are
responsiblefor.

18.2 ORGANIZING THE PROJECT TEAM
The Small to Medium Sized Project Team

As mentioned in Chapter 3 (PLANNING), a good team organization for asmall to
medium sized projectis the oneshownin Figure 18.1.

Each person on the team has a specific job. The programmers program. All
techni cal peopleneed close technical supervision, so theProject Leader (PL) provides
thisby leading the technical activitiesand solving any system problems. Themgjor re-
sponsibility of thePL isproduct qudity. TheProject Manager (PM) is thereto provide
management leadership and handle all communicationbetween the Project Team and
the outside world. Themajor responsibility of thePM isto plan and to control.
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PROJECT

MANAGER

PROJECT

LEADER
GRANMMER GRAMMER . PRO-
GRAMMER GRAMMER GRAMMER
1 2 5 (MAX)
—

Figure18.1 Project team

The Larger Project Team

Sinceatechnical leader (PL) cannot effectively supervise morethanfive programmers,
consider organizing larger project teamsasshown in Figure 18.2 (on page 210.)

If you attempt thisform of organization, divide the large project up in such away
that theindividual teamscan treat their portion asastand-alone project. Oneof the most
interesting conclusions made by Tom Peters in the book In Search d Excellence
(Reference 4) isthat the best productsin theworld were produced by teamsof lessthan
seven people.

The Functional Project Organization

Most companies are organized functionally. For example, if a software constructing
organization is responsible for severa different types of software, there may be a
function or group dedicated to producing each type. The banking software would
always be done by the bank applications group, the process control application by the
process control group and so on. Themanager of the banking applications group, called
the functional manager, is automatically the Project Manager for the bank software
project, and the functional manager of the processgroup is PM for the process control
applications.

Organizing thisway has advantages and disadvantages. On the plusside, you can
easily find ahome and a manager for afamiliar project. On the negative side, projects
usually require experts from outside the group, and problems may occur if people have
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to be borrowed from another group. These expertsare ususally lent 'part time' to the
project, and wesaw what happenswhen people haveto devote portions of their timeto
different projects— they spend moretime switching than producing. Itisalso boringto
alwayswork with thesame people, for the same manager, on the same type of project.

EITHER
FM
PL
TEAM TEAM
LEADER LEADER

PGR PGR PGR PGR PGR PGR

1 2 3 4 5 6
OR
PM
PL
[ 1 | I
PGR PGR PGR PGR SR
1 2 3 4 PGR
i I
PGR PGR PGR
5 6 7

Figurel8.2 Larger project teams
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The Matrix Project Organization

DEC and other large software producing companies sometimes use the following
method of organizing project teams: Groups of programmers report to a function or
Line Manager (LM). The programmersare in their specific groups only because they
happen to live near aparticular office or ajob slot wasavailable when they were hired.
When a project i shegun, someonewith thenecessary skillsisfirst found to manage the
project. ThisPM isusually asenior programmer who hasexperience with theclient and
the application and who knows how to manage people. The PM then decideswhich
programmers would be best suited to build the project, and negotiates with the
respective Line Managersfor the use of these people.

The people are assigned to the project full timefor the duration of their specific
task, and at the end of the project the people go back to theLM. The PM paystheL M
for the use of the people, and the payment iscommensurate with the profit of the project.
Thus both the PM and the LM have astakein the success of the project.

Thisform of matrix management worksbest if thePM and theLM haveequal re-
sponsibility and authority. Thisimpliesthey have equal say in project decisionsaswell
as in the performance reviews of the individualsinvolved. In most companies, some
managers are more equal than others. In DEC for example, since the LM is the
permanent boss and the PM is the temporary boss, the LM has the final say over the
peopleinvolved.

Nevertheless, theideaof organizing theteam dynamically tosolvethe problemis
excellent. Tom Peters found that the best products come out of small, dynamically
organized teams. People are motivated to work with different team members, for
different managers, ondifferent problems, aslongasthey do not haveto reorganize too
often.

Reorganization gives theillusion of progress. In redity, it creates
demoralizationand insecurity.

Petronius (RomanGeneral) 66 A.D.

18.3 THE ROLE OF THE PROJECT MANAGER
Selling the Project Manager Job

If you organize a project team as shown in Figure 18.1, you will have no trouble
convincing anyone that thereisa need for a Project Leader (all technical teams need
supervision) but you may havetroubleselling the need for a Project Manager. Sincethe
PM’s major roleisto interface with the user, your user will argue, ** Why put a person
in placeto communicate with me? | will 'manage’ your project!"* Thismay be possible
onaninternal project. But thereisalot moreto project management than interfacing to
theuser. Will the user know how tohandle people, interfaceto upperlevel management,
obtain resources, and control the milestones? Will this user be impartial whenamajor

change isrequested from the user sideand the project team does not want to
implement it?
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Y our upper level manager may alSoargue againstthe PM position. Showingyou
an organizationchart, hesays,”" Wehavelotsof managersaround—makeoned them
thePM!** Thisisfine if these managers have the specific skillsrequired to managea
softwareproject (see Section19.2). Theskillsarenot the sameasthoserequiredfor a
personnel or general business management job.

All multi-personcfforts require organization, communication, and firm leader-
ship. Sell project management as a neccssary job, advertisesuccessesfrom your own
experience, and from your industry. (Or tell the manager to read this book!)

General Responsibilitiesof the Project Manager

Themaior roleof thePM istointerfacethe project team to theoutsideworld. Thev are
responsible for reportingon plans and progressto theclient, toupper level management
and to al those concerned. All information from the outside regarding changes,
budgets, schedules, people, and company issues—anything that affects the PT—is
communicated to the PM whoinforms the appropriateteam members. ThePM obtains
al theresourcesrequired to get the job done.

Another responsibility is to manage the project people. The PM is the leader,
motivator and solver of any people problemsas necessary.

And, last but by no meansleast, the PM protects the team from the politicsand
bureaucratic baloney showered on it from the outside (and generates any baloney
required to get the job done). **The project manager is the buffer or screen for the
adminigtrivia" Metzger (Referenceb).

Specific Responsibilitiesof the PM in Each Phase

1 Definition  ThePM may betheonetomakethego/no-go decision. Thismay
involveinterviewingthe user and hel pinginthewritingof the Requirements Document.
The PM will probably be the author of the proposal. The PL will help by providing
technical assistancewith itemssuch asthe preliminary project plan. The PM will plan
the higher levels of thework breakdown structure, then give the WBS to the technical
peopl eto break thework downand do theestimates. When thedetail isdonethe PM will
calculate the total cost, draw up the schedule, and get tentative commitment for
resources.

The PM will chair any interna or client reviews and approvals, negotiate the
proposal, ensure that thetechnical team approves dl proposal changes, and obtainthe
client signoff.

After theproposal issigned, the PM formally initiatestheproject by cstablishiig
the Project File (PF). The PF will bethecentral repository for al thelatest ver si ons of
project documents, including status reports, minutes of meetings, nasty memaos con-
cerning the project and so on. Shecallsa projectkickoff meeting (see Section21.5) to
set the objectives, establish therules, and set an enthusiastic mood.

2. Analysis The PM should write the following sections of the Functional
Specifications (see Section 6.3): Deliverables, Specification Changes, Acceptance,
User and Project Team | nterfaces, User's Responsibilities(input from PL on details),
Termsand Conditions, Warranties,and anythingabout theeffectsof thenew systemon
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the user's environment.

The PM will ensure that the FS (or prototype system) gets done on time (mainly
that the user's input isreceived in time), negotiates the FS with the client and obtains
the client sign off. The hard part is to ensure that the user understands the FS, that
changesdo not go onforever and that any changes areapproved by thetechnical team.

At thispoint the PM isheavily loaded down with the planning tasks of the project.
Hegetsfirm commitment from thefunctional managersfor all theresources, especially
for designersand programmers. Courses are set up for anyone who needs training.

Control starts in this phase as well. The PM monitors progress by running all
necessary status and review meetings, writing status reports to all concerned and
handling any problemsthat crop up. If staff hasbeen borrowed from other departments,
the performance of the individuals must be fed back to the appropriate managers.

Control is very important when using aprototype or 4GL . The PM ensuresthat the
model isimproving, that there are not too many iterations, and that the developersare
providing theappropriate support, and hemay evendosomeof thehand-holding! The
PM makessure that the user isinvolved and motivated.

3. Design Since this isa highly technical phase, the job of the PM is less
demanding. Formal control proceduresareestablished now, and used for theremainder
of the project. The PM sets up regular status meetings, and publishes a regular status
report. Weekly he or she checks time and budget progress against the plan, forecasts
final cost and delivery date and resets expectations if necessary. The PM must detect
any problems, solve them if possible, replan if not. If there are any management
meetingssuch assteering committeeor milestonereview meetings, the PM will preside.
Most important, the PM will ensure that the client issatisfied with the progress of the
product.

Theissueof changesto therequirementswill first rear itsugly head at design time.
The PM must establish and maintain the change control procedure to ensure that the
impact of changes isreflected in the project price.

4. Programming This phaseinvolvesthe most people and therefore the most
people problems. The PM will have to monitor the happiness of the team and react
immediately if something isamiss. The line manager will be lookingfor input into the
performance appraisals, so the PM must be aware of each individual's performance.

This phase can be the longest stretch of time without a clear milestone. The PM
will haveto bemost perceptivetoensurethat progressisbeingmade. The PM must walk
around a lot now, talk to programmers, and use his or her intuition to detect any
problems (see Section 20.2 for detail on how to 'walk around').

5. SystemIntegration and Test The best thing the PM can doin this phaseis
tokeepout of theintegrators hair. Theoutside world (client, upper level management)
is probably getting anxious by now, phoning the PM, calling endless meetings and
asking for daily progress reports. Thisiswhen the PM isreally needed to keep all this
flack away from the PT.

And at last when the PL reports that the system isall integrated and working, the
PM first ensures that the ATP is run through and corrected, and then calls a major
milestone meeting (pizza and beer) toannouncetotheworld that ** Wehave asystem!**
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6. Acceprance The PM schedulesthetime,facility, and theresourcesrequired
for the acceptancerun, and ensures that the user signsoff as agreed.

7. Operation ThePM must ensurethat the technical support promised earlier
isavailableand that theuser i ssatisfied with theoperational svstem. If shewantstosell
anew project, thisis the opportunetime.

Andfinally, the PM callsthe post project review mesting toevaluate theproject,
and writes apost project report to close the book.

184 THE ROLE OF THE PROJECT LEADER

General Responsibilities of the Project Leader

The major god of the PL is to produce a highquality product. Whereasthe PM is
oriented toward theoutsideworld. theprojcctlcadcrisoriented insidetheproject. If you
arc the PL you will have to make sure that the product is built according to the
specifications and it will not be full of bugs. You will lead most of the technica
activities, chair any technical rcvicws, assign tasks to designers and programmers,
solve major problems, and perhaps do the most complex tasks yourself.

Specific Responsibilities of the PL In Each Phase

1. Definition The PL will domost of thePreliminary Project Plan, such asthe
lower levelsof theWBS and the estimates(or at |east supervise the estimators). If the
user must providetcchnical detailsat this point or if thercis aprototype involved, the
PL will be the maininterface.

2. Analyss Inasmdl tomidsizeprojcct thePL isthe chief analyst and writes
al the technical sections of the Functional Specification such as the Overview,
Objectives, System Requirements,and Component Descriptions (see Section 6.3). If
the PM needs technicd assistance with the negotiationdf the FSor needsto know the
cost of achange, the chief technician isstanding at thesidelinesready to help. The PL
should also help choosethe remaining members of the project team.

3. Design ThePL isthehead of the design team. They will conduct al the
design revicws and walk-throughs, assign tasks to designers, and probably do most of
thedesign, cspccially at the higher levels.

Inthisphase, as well asin the Programming and System Test phaseswhen the PM
remains in the background, the PL will meet with the PM (weekly is best) to report
project status. Since it isthe PL who is in direct contact with the workers, he must
provideformal feedback to the PM about the performanceof theindividuals.

4. Programming Thisiswhen the PL wears the T-shirt with thebig **S’’ on
the chest. The PL will makeal the programming assignments, and solveany problems
that the programmerscannot solve. She must approve(wal k-through) programdesigns,
test plans, codes and user documentation, and ensure that the programmersinteract if
necessary. A very longor complex program can be assigned to a programmer whowill
be assisted by the PL. This alows the PL Lo code the complex sections while the
programmer fillsin thedetail. The PL may also writeentireprograms, but not thoseon
thecritical path.
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5. SysemTest  Integrationandfinal test of the product iscomplctcly there-
sponsibilityaf thePL. Heplanstheintegration,controls it, keeps track of the resultsand
keeps the PM informed of progress--perhaps daily.

6. Acceptance ThePL will run the technical aspectsdof the acceptance. She
will probably write the ATP, doadry run of it at theend of system test, and executeit
for the user.

7. Operation  Althoughasenior programmer may beadequate, thePL may be
the resident warranty person, or the pcrson who is available by phone to answer
questions, or even to do most of the user training.

18.5 WEARING SEVERAL HATS AT ONE TIME

If yoursisafive pcrson company or department, the same person may be PM, PL and
even the programmer on asmall project. You may havelittlechoicehere, but | suggest
that you try to scparatetheadministrativejob (PM) from thetechnica job (PL). There
aresevera good reasonsfor this: First, if thePL issupervising4or 5 programmers(and
doing analysis,design, programming and problem solvingon theside,) hewill find his
time 100% occupied. Project management of a small project is not 100% (industry
standardsstatethat managing aproject takes 15% of everything else,) butitisanevent
driven job. You are constantly interrupted to attend meetings, answer the phone, and
fightfires. Doingafull time job (PL) along with aninterruption driven job (PM) makes
you ineffectiveon both jobs. Itisthcrcforcgood to put a ‘fire-chief® in place (the PM)
to handle the administration and the interruptions.

The second reason to separate the PM and the PL jobsis psychological. During
definitionand analysi sthe user and thePL aretogether interviewing, talking, prototyp-
ing and becoming good friends. User changes are encouraged. But beginningwith the
Design Phaseuser changesarediscouraged or rejected outright. If it isthe PL whohas
tosay ""NO™ to thesechanges, the user will feel that theformer friend has suddenly
turned into an enemy, and this may spoil the rapport needed Ihroughout the whole
project. If thereis a scparate PM and a change control processis in place, the user
changesneed not herefused. The PL can simply remind theuser that al changesmust
go through the proper channels and everyone can remain good friends.

18.6 RUNNING SEVERAL PROJECTS AT ONCE

If aProject Manager issupposed to spend only 15% of histimeon a project, how can
one possibly justify hiring an expensivefull time person to manage the project?The
solutionistogivethe PM severa projectsto manageat once. Watch out, though: each
phased a project places adifferentload on the PM. Asshown at the bottom of Figure
1.1, the first twophasesand thelast two phasesdf a project will take most of the PM’s
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time. The center three phases(Design, Programming, System Test) will take the least,
but these three usually takethelongest elapsed time. A good PM can infact manageas
many as five or six small projects at one time, as long as not too many of the time-
consuming phases of the projects occur together.

18.7 THE ROLE OF THE PROGRAMMER

The programmer receives the medium level design for a module, designs the lowest
levels, plans how to test the module, codes it, documents it and then tests it. A
programmer may also be responsiblefor user documentation and training, although a
good case can be made for hiring professional writersand trainers to do this. A good
programmer isnot necessarily a good author or teacher. The programmer must report
progressto the PL, and assist at System Test time with integrating and testing those
aspects of the system that involve his or her programs. Watch out for friendships
between the the user and the programmer. The following scenario is very common,
especialy in an internal project:

ACTI,SCENE1 (ProgrammingPhase, user talkingwith PM)
USER: | wish an additional field Fon Report Y.
PM: Looks difficult, but | will submitit tothe PT.
ACTI,SCENE2 (Nextchangemeeting.PM did not submit changetoPT
becauseeverybody was running around like chickens
with headscut off, project isalready late and over bud-
get,and PM will havetotaketheblame)

PM: That change will cost you 25% overrun in budget
and a 6 month dlip in schedule. Do you still want it?
USER: | guessnot.

ACT II, SCENE 1 (Discouragedby the formal change procedure, User
invites Programmer out toabar. After several drinks...)
USER: How longwould it takeyou toaddfield X to Report
Y?
PGR: (hiccup) Nosweat. Couple of hours. Consider it
done.

ACTII, SCENE 2 (User meetswith PM)
USER: | want field X added to Report Y.
PM: Y ou saw the last time how difficult it isto add fields
to Report Y.

USER: Ohyeah! Y our programmer said it would only take
afew hoursl!
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Alternative ACT II, SCENE 2 (Acceptancetime)
PM: Where did thisfield X on Report Y comefrom?
USER+PROGRAMMER: Oh, did we not tell you about
that?
PL: Doyou redizethis puts everythingon form Z out of
synch?

Comment:  Theprogrammer iSwelcome tofraternizewith theuser aslong as
no commitments aremade.

18.8 RESPONSIBILITIESOF THE PM, PL AND PROGRAMMER
IN A 4GL ENVIRONMENT

The team structure suggested in Figure 18.1 will work just aswell ina 4GL environment
with onemajor change—the teamswill bc smaller. Thr ee or four peopleareenough to
program asmall application. Theroles will changealittleas well.

The Role of the Project Manager

ThePM isstill responsiblefor project administration: there will always be mestings,

reviews, status reports, and sign offstohandle. The PM will haveto becomeabit more
technical than before. Since the team is smaller, the PM ismore involved. They will

havetobefamiliar withthe 4GL approachaswell asthelanguage used. Thisknowledge
isneeded becausethe PM, in therole of chief negotiator, will at timeshaveto convince
theuser to compromiseon ccrtai nrequirementsn order toreapthebenefitsof usingthe
4GL. ThePM will havetoteach theuser about the4GL and set theexpectations: what
can beexpected of thefirst prototype, how many iterationstherewill be, what thetime
frameswill be and soforth.

The Role of the Project Leader

ThePL will bethechief developer of the4GL. Aswell asdoing therequirements and
thedataanalysis, they will bethe one workingmost closely with the user todevelopthe
prototypeand theiterations. ThePL will need new skills: communicationtoexplainthe
product, to help draw out the requirements, and to help the PM convince the user to
compromise.

The Role of the Developer

Theclassica 'hacker' (codingaonein acorner, talkingto no one, wearingadirty T-
shirt,) for the longest lime on theendangered specieslist, is now nearing extinction.
Today's 4GL devel opcr isacompetentcommunicator who looks presentabl e, because
they must interface with the user.
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18.9 THE ROLE OF THE LINE OR FUNCTIONAL MANAGER

TheFunctional or Line Manager lends their staff out for projects, and will get them back
when the project is over. Since the FM is responsible for the happiness, growth, and
motivation of his people, he must keep tabs on the projects in which his people are
involved. The FM must make sure that the people are treated fairly, are enjoying the
project and are not burning out. The FM will therefore attend some project meetings,
meet with his people occasionally, and receive the status reports.

Asin most matrix organizations, the FM’s goals may at times conflict with the
PM’s goals. For the FM one project isjust part of the overall business, but for the PM
that one project may betheonly responsibility. Upper levelsof management must make
sure that the responsibilitiesand authorities of the FM and PM are clearly communi-
cated and agreed upon by both parties.

18.10 THE ROLE OF THE USER

The user may haveexplicit responsihbilities, such aswritingdocumentsor providingtest
data. Inall casesthe user must appoint a user project co-ordinator to interface with the
project team on management matters. The client should al so ensurethat thereisat least
one knowledgeable person available to answer the PT’s technical questions.

The user should take the effort to learn about project management so that they
know where user reviewsand sign offsfit in. When thereisadocument to beapproved,
the user must read it and returnit in time. If usersstay out of the technical phases, use
the PM asthesole contact, and abide by the rules such asthe change procedures, they
will find that the PT will deliver afine product.

18.11 CONCLUSIONS

You will find that assigning responsibility for each known task is the only way to get
thingsdone. But what about unforseen tasks? Who doesthose?1suggest that you define
the following general responsibilitiesaswell: The PM is responsible for any activity
involving contact with the outsideworld, aswell asfor people oriented issues. The PL
isresponsiblefor all technical isssues. Thisway, if a new responsibility popsupit will
be automatically adopted by someone without any hassles.

QUESTIONS

1 Why shouldn't the PL supervise morethan five programmers?



220

2

3

4

Chap. 18 Organization

Company A, with 25professionad employees, has thefollowing organization chart.(Expertise

Group Exercise:
in brackets)
— LM1
(NETWORKS)
CEO
(NOTHING) | LM2
(BANKS)
M3 —
(POLITICS)

P1 (NETWORKS)
P2 (NETWORKS)
P3 (PC'S)

P4 (NETWORKS)
P5

— P6
— P7 (PC'S)

— P8 (NETWORKSEXPERT)
— P9 (DBMS)

— P10 (BANKS)

P11 (PROC. CTL)
P12 (NETWORKS)

— P13 (NOTHING)

A new project on networksisaccepted. It will requirea PM, a PL and four programmers.
On the diagram above, mark withan X the peopleinvolved if you would organize the
project functiondly. Mark witha the people involvedif you would organizethe project

asameatrix.

List the possibleadvantages and disadvantages of each organization.

Why isitdifficultto'sell' theproject manager job?How would you convince upper level

management to hirea PM?

Wheét are the threemgjor roles of the PM?Whichisthe mogt important?
5 List theseven projcct phases in descending order of load on the PM. Explain why you

chose thefirst three.

What arc the mgjor rolesdf the projcct leader?

List thescven project phasesin descending order of load on thePL.
Isit possibleto have one person do both the PM and PL job?

What are the reponsibilitiesof a programmer?

How hasthe role of a programmer changed with the advent of 4GLs?
Gan the PL and the programmer job be combined?

Why must the line manager know how the project is faring?

List therolesdf the uscr in each phase of the projcct.
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Staffing
The Right People for the Right Task

19.1 INTRODUCTION

Staffing i s having the right person do the right job. This chapter will be particularly
useful tothoseof youwho must chooseindividual sfromexistingstaff or whomust hire
a project team. If you have afive person company or department there will be little
choiceastowho getstodo what, but oneday you may have to make that choice, soread
on.

19.2 CHOOSING THE PROJECT TEAM MEMBERS

If you organize the project team asshown in Figure 18.1, the slots to befilled are the
Project Manager, the Project Leader and the programmers. Let uslook at how you do
this.

The Project Manager

The PM isthefirst position tofill. Thisjobisfilled when the project isstill agleam in
someone's eye, since it isthe PM that may first have to establish whether or not the
project isworth building.

Upper level managers appoint the PM. They are looking for someone with
excellent communication skills. Other skills they look for are knowledge of project
management, the ability to organize, and lastly they consider technical expertise. It
helps if you know what the techies are talking about—but thisis not as essential as
people oriented skills.

At times the PM job requires unpopular actions such as saying *"NO'* to a
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divergent change request, announcingaslip, or disciplining people. ThePM must know
the people involved as well as the politics and procedures of the user and project
companies. The skills required for such ajob arein large leadership, negotiating ability,
and diplomacy.

The politicsof the organization may limit who can be chosen asPM. A largecity
government data processing department called me once to help choose a program
manager (the person to whom all the project managers would report). Due to the
political nature of this department | felt that the only person who could get anything
done would be someone who had organization chart authority over every project
manager. | recommended that the City Auditor be appointed. He was the only person
at a high enough level that had any project experience— even though he had no
computer expertise. He made an excellent PM because he could enforce the project
rules by his position of authority.

Beespecially careful in amatrix organization where the functional manager has
greater authority than the PM. Here the PM must have leadership qualities that will
motivate theworkers even though they do not have thefinal say in their performance
reviews.

The Project Leader

Thisisthesecond position tobe filled. It isbest if the PM picks thisperson. The PM must
first negotiate with the appropriate functional manager for the PL’s services, then
convincethePL tojointheteam. ThePL issigned on at proposal timesincealot of the
proposal detail isdoneby the PL. Thisjobishighly technical, sochoose thebest expert.
Donot look for a'bits-and-by tes' person, rather look for someonewho can keepin mind
thegeneral detailsd the whole project.

ThePL must have good communication skillsaswell. Shewill conduct the major
user interviewsand betheday-to-day supervisor of the programmers. Choosesomeone
who canorganizetasks, makeassignments, and track progress. Thisperson's reputation
should be such that the programmerswill do asasked dueto their respect for the PL's
technical knowledge.

The Programmer

Even before the go-ahead is obtained for the project, the PM and the PL should start
thinking about who could make up the programming team and ask the appropriate
functional managers (if necessary) about the availability of these people. (Add some
contingency to their availability dates, as other people's projects are always late.)
Later, when contracts are signed, start assembling your programmer team. If you are
lucky you will get everyone promised to you but more often than not, you will haveto
scramble for resources.

Choose programmersfirst by their programming ability. In addition, look for ex-
perience with the particular application, but not someonewho has done the same thing
fivetimes recently —this person will be bored! If the candidate has no experience with
the particular application, background on the operating system or related applications
isthe next best thing.
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The Guru Programmer

A new lifeformhasevolved sincecomputerswereinvented. 1tisthe programmer guru,
or 'hacker." This person worksin mysteriousways, at strange hours; isargumentative
and unruly, wantsit always their way (we will not mention appearances). But darn it,
the guru can program those complex tasks ten times as fast as anyone else. My
suggestion is that if you have gurus, organize a team with one guru surrounded by
juniors. Thiswill be especially successful if the guru likesto explain thingsto others
(which they usually do)—-the juniorswill learn from this person.

The Junior Programmer

Whenever Iran a project at afast-growing company such asDEC, | wasrarely ableto
get very experienced project team members—the experienced people were always
managing or leading projectsthemselves. Most of thetimel got people whowerefresh
from school with little or no experience on a programming project. But | was never let
down by junior programmers!

Junior programmers are usual ly talented and eager to provethemselves. Thereare
two skills, however, that are not always taught in school: team and management com-
munication. There is aways competition in school (only the top n people will be
acceptedinnextyear'sclass). Evenonateam project students may not assist each other.
They may not be taught to share the work and the knowledge, and to communicate the
vitalissues and problemsto theother team members. | nacompany ateam memberwins
only if the whole team wins.

Along the samelines, students may not be taught that their managers must at all
times know what each one isdoing and how their task isprogressing. Thismay not be
requiredforaschool assignment. But if you teach yourjuniorstocommunicate, youwill
have invaluable team members.

19.3 PERSONALITIES

Personalities can impact the project. Hereis a list of desirable personality traits for
project staff. (Be careful, because no onewill suit this description toa™* T.*" Useyour
judgement carefully.)

1. You want acommunicative person whois part of ateam and who canshare
valuable knowledge and ideas. Not only should this person express ideas
well, but should also be willing tofight for them.

2. Youwantagood listener, someonewhowill hear other people's opinionsand
bewillingto concede if these opinionsare better. (There once wasasign on
theofficedoor of asoftwaredesigner that said, ** Thisis zot Burger King: you
may not haveit your way."" Mind you, he was in charge of standards.)

3. Youwantanorganized person. Therewill bemany tasksto perform, each one
at itsappropriate time. Beware of the person who keeps dropping tasks part
way through to start another. Soon there will be a dozen tasks partly done.
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4. You do not want aperfectionist. Choose a person who can meet adeadline.
There is always a better way, but if it works now, get it out intime and save
the improvements for the next version.

5. You want the best technical person, one who isanalytical and logical, with
appropriate experience.

19.4 ASSIGNING TASKS TO INDIVIDUALS

I'n the book The Psychology of Computer Programming (Reference 14), G. Weinberg
statesthat thegreatest motivator of aprogrammer islearning new things. Alwaysassign
atask that isjust a bit morechallenging than the previousone. But do not assign avery
complex task toajunior person— it may never get done; and interestingly apaltry task
in the hands of your expert may never get done either.

If there arerelated tasks, assign them to the same person. Take advantage of the
learning curve. Similarly, if thereare programs that communicate with each other, give
them to the same person (or to two that talk to each other).

Assign critical tasks and the most complex tasks to your most reliable person. A
reliablepersonisnot the'expert' who iscapable of completing thetask intwo days, but
whosometimestakesfour, or ten depending onhisor her mood! Areliable personsays,
"It will takefivedays,"* and that is how long it takes.

Never assign tasksso that one person becomesindispensable. TBM hasfound that
achief programmer team (CPT) organization isvery productive. With the CPT method
an expert chief programmer does all thecomplex code (80%,) assisted by ‘juniors for
theeasier code(20%). But if thechief weretoleave, thetribewould besunk. To prevent
this, IBM usually usesabuddy system, where one programmer isassigned towork very
closely with the chief programmer, assist and share the load when possible, and learn
everything that the CP knows.

19.5 MOTIVATING PEOPLE AND FURTHER READING

ThePM isthecoach of theteam; the PL i sthecaptain. ThePM leads, motivates, teaches,
and uses the carrots and sticks to get the job done. The PL plays on the team and
motivates by example. The project leadership (PM, PL) must be available and ap-
proachable. Use MBWA (coined in the book Ir Search of Excellence, Reference 4)
Management By Walking Around.

When a person approaches you with a personal or technical problem, do them a
favour: be quiet and listen. Usualy the presenter will solve the problem while
explaining it. Never forget the three basic tenets in the book The Ore Minute Manager
(Reference 21): If deserved, praise (one minute), if necessary, criticize (one minute),
and always set objectives (one minute) to communicate exactly what is expected of
each person and how they will be measured for success.

Involve your people in all the important project decisions and they will be
committed. For example, always have each person re-estimate their work and reach a
concensus if your estimate and theirs do not agree. Read The Soul of a New Machine
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(Reference 22) to learn how to get people (hackers!) to'sign on' to a project.

Send your people to courses (see Reference 3.2 for my Project Management
course) —-it isamazing how much can belearned even by the most experienced person.
A period away from the office will foster renewed enthusiasm and productivity.

19.6 CONCLUSION

After all the discussion on how to choose the right people, keep in mind that the
availability of the people will be thefirst deciding factor.

QUESTIONS
1. Who sdectsthe PM? When?
2 What aretheKills, in order of importance, of agood PM?
3. Who sdectsthe PL?When?
4. Wha aretheskillsof agood PL?
5. Who sdlects the programmers?When?
6. Wha arethe skillsof agood programmer?
7. Would you rather havefivegurusor five juniorson your project teeam?Explain.
8. Ligt,intheorder of importance, the personality traits of agood project team member.
9. Group Exercise:
Thefollowing five modules need to becoded:
MODULE DESCRIPTION DURATION PRECE- CALLED BY
NAME (avg pqr) DENTS
MAIN Control of whole system 12 - -
TA Tests hardware A 4 MAIN
B Tests hardware B 4 - MAIN
TC Tests hardware C 4 MAIN
REPS Generate a report 6 = MAIN, after
on tests TA, TB,
TC done
Y ou can have thefollowing five programmers:
Joe - guru, wrote control systems before, but has trouble
communicating.
Henry -  junior, likesto learn, has done well on asmall
report generation program before.
Sue -  average, does not like anything to do with hardware.
Jane - average, slow but reliable.
John - new hire, junior, no past history.

Who would you assign to program the modul es?
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Controlling the Project
by Monitoring

Management by Exception

A1 INTRODUCTION

Management by exception isleaving aloneanything and anyone that isdoingwell, and
reacting only to problems.

Controllinga project involvesonly threeactivities: constant monitoring of project
progress against plan, solving any problemsthat crop up, and, if the problem cannot be
solved, replanning and warning everyone affected by the new plan.

20.2 PROJECT MONITORING
Monitoring by the Project Leadership (PM and PL)

The PL supervises the day to day progress of the Design, Programming, and System
Test phases. Unlessthe PL watches over the shoulders of the professionalsinvolved, it
isvery difficult to measure progress. Reports by programmers stating, "'l am 90%
done,"* are meaningless. It may take as much time to complete the remaining 10% as
it took todo thefirst 90%. The only percentages that can be measured in the progress
of a programming task are 0% and 100%. The PL canensure progresshby being close
to the workers and reacting to any major problem that could cause a delay.

How much monitoring should aPL do? Theamount of monitoringwill depend on
the expertise of the programmers. junior programmers will have to be watched more
closely. More monitoring will have to be done if there is communication among the
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programs (and thereforeamong the programmers). Most of themonitoring will haveto
be done at the beginning of each phase or major task.

How can the PL watch the programmersand not beapain inthe neck? Monitoring
can beinforma — walkingaround, talking to programmers, participating in social ac-
tivities such as having coffee with them. There should be formal monitoring aswell
—that iswhy there are weekly status meetings.

Here are the issues the PL should watch out for:

1. The programmers are building the promisedproduct. Each task isdone on
time, functions according to specs and has no bugs or unsolicited bells and
whistles.

2. The programmers are keeping to the prescribed standards for the module
designs, for structured programiningand for the user manuals.

3. Thework is progressing according to plan. Any problems that may cause
delays are solved.

4. Peoplearegenerally happy. They arelearning on the job, not much overtime
isneeded, no oneishburning out, people problemsare reported to the PM and
solved.

The PM supervises as well, but from the sidelines. The PM must monitor project
progress, timespent, money spent, quality, and peopl€'s happiness. They may alsowalk
around and get informal input from the PL. and the programmers, but receivemost of the
project statusfrom theteam informal meetingsand written reports. (See Chapter 21on
Meetings, Reportsand Reviews.) The PM watches for thefollowing problems:

1. Project progressis less than the amount scheduled.

2. Project expenditure exceeds the budget. This may not be a problem if the
accomplishment exceeds the budget as well. See section 20.3 on Budget
Problems.

3. Peovleproblems. Even though the PL isthe one in constant contact with the
team members, they may not bethebest persontonotice peopleproblems the
PL istoo closeto theaction and probably suffersfrom thesame problems. The
PM must therefore keep in touch, using intuition to detect these problems.

4. User and upper level management communicationproblems. The PM watches
out for phonecall sandmemosthat beginwith, **Why wasInot told about...”’

In the next section we will discuss how the PM solves these problems.

Monitoring by the Upper Level Management

The PT’s umbrella management has a right to know what is going on in the project.
Their themeis, "*No surprises please!** They will monitor the following issues:

1. 'Bottom lin€' issuessuchas"* Will the project be doneon time?** and ** Will
the project make the budgeted profit?**

2. Overall userhappiness. Theremay beseveral projectsunder constructionfor
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the user department or company. There should be interfaces between the
highest levelsdf theuser organization and the PT"s upper levelsof manage-
ment to monitor overall satisfaction.

3. Projectteamand PM morale problems. Upperlevel smusthelp thePM if there
is a problem that they cannot handle. What if the PM is having persona
problems?

Upper level management must monitor the project formally: attend meetings and
reviews, bcon the Steering Commitlee, get copiesof the statusreport, and meet with the
PM. They should not hang around the project team.

Monitoring by the User

Thetheme of ""Nosurprises!*’ holdstruefor theclient as well. Although the FT may
disagree, the user also hasaright to know how theprojcctisgoing, sincetheuser isthe
onemost affected by project failure. He will be anxiously checking whether or not the
productwillbeontime, if thefinal price will beasquotcdandif theproductwill perform
as promised.

The user should also monitor the project formally by obtaining the status reports
to seeproj ectprogress, trends, and forecasts. Shccan altend thesteering committee and
milestonemestings. Therearespecificuser reviewsand signoffsthroughoutthedevel -
opment that indicate projcct progress. Theuser project coordinator will also meet with
the PM regularly.

20.3 DETECTING AND SOLVING PROBLEMS

Schedule Problems

The most common problem you will encounter asPM isadlipintheschedule. Itisnot
difficult todetectwhenataskslips: eitherthe persondoing thetask will reportthatit will
belate, or thetask will smply not bedone by the scheduleddate. First,check whether
or not thetask ison thecritical path (CP). If itisnot aCPtask, and thedipislessthan
thefloat thereisno problem. If thedipisgreatert han thefloat, or if itisaCPtask, the
whole project will dip. Thefirst reaction to this is usually, **We will catch up later
(somehow)."" Never bury asl i p--you will ot be ableto catch up. React likethis:

1 If itisanongoing task that is dlipping, you may beableto get it back on track
by managementfocus. If itisatechnica problemthatissowingthingsdown,
get help from an expert (maybeyou or the PL can help the programmerin
trouble) If it isan individua's performance that is causing theslip, seeif it
isa persona problem. Communicate, motivate, and use carrotsor sticksas
necessary.

2. If management focusdoesnot work, seeif additiona resourcescan beput on
thetask to speedit up. You may be lucky andfind that onetask doesnot need
all the resources assigned to it, in which case the excess resource can be
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and crash thetask by using overtimeorhiring moreresources. Be careful! Not
many programming tasks can be sped up by adding manpower.

3 Look at theCPd futuretasks. Aretheretasks that could bedonein parallel
but are scheduledin sequence becausedf resourcecongtraints? Re-visit the
resource providers. Maybe their requirements have changed and they can
Now spare an extraresource.

4 If itisafuturetask that is predictedtodip, (anditisnot caused by adlipin
an ongoing task) it usually meansthat arequired resource will not material -
izein time. Focus management, pull strings, threatenor cajol eas necessary.

5 [f dl o theabove fails, bebraveand announce a dip. Thisisthe most common
and in someways the best solution becauseit istheleast risky.

How to announceslips. Thereis an interesting reaction when peoplehear
about adlip. Toan uninitiated person (read user), weekly reportsthat theproject 'keeps
dlipping' implies that the PT is out of control. Yet the oppositeis true: the PT is
monitoring the project very closely. Since you get into just as much trouble for
announcingabig dip asfor announcing alittleone, consider hoardingtheweekly dips
and announcing abig dip a theend of the month.

Caution: donot hoard if you arenearingthe end of theproject.If you are10 months
downtheroad on al2month project, tell your user about every slip-even thedightest
delay will affecther a thispoint. To your internal management you must annhounceeach
dlip asyou noticeit.

Try this approach thenext time you have to announcea dip:

Thereisbad news and good news Bad news isthat wewill dip. Good news iSthat weare
telling you now.

Budget Problems

Thesecond most common problem that you will encounter is that actua expensesto
dateexceed thebudget. To seeif thisisreally aproblem, and to be abletoforecastfinal
project priceaswell asdelivery date, you must track EarnedV aueor accomplishment.

Forecasting Completion Date and Final Cost
by Tracking Earned Value

Condgder theBudget and Expensefiguresin Figure20.1 (asshownon page229.) Figure
20.1 shows that the plan was to completeone module a month, a a cost of $100 per
module, so the budget was to spend $100 per month. Asof today (April 30) $450 was
spent instead of the budgeted $400. At first glance this may look bed—but we have
completed fivemodul esinstead of thebudget of four. Wehaveal sospent only $4500n
thefivemodules. How can wereport dl this good news?

Sincewe must report accomplishmentindollars, wereport that theEarned Value,
(whichisdefinedasthe budgeted amountfor thefivecompleted modul es) is$500. This
isusually reported graphically as shown in Figure 20.2.
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Today's date: April 30

TASK PLANNED ACTUAL BUDGET ACTUAL ACT.
COMP. COMP. COST COST CUMUL
DATE DATE COST TO
DATE
1 Jan 30 Jan 30 100 100 100
2 Feb 28 Feb 15 100 100 200
3 Mar 31 Feb 28 100 100 300
4 apr 30 Mar 31 100 75 375
5 May 31 Apr 30 100 75 450
8 Aug 31

Figure20.1 Task budget vs. actual
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Figure20.2 Earned valuegraph
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Thisfigure shows that athough the actual expenditures are tracking above the
budget, the earned value iseven higher than the actual expense. The PM can use such
a graph to evaluate project trend and forecast completion date as well asfinal price.
Assuming that theactual and the EV lineremainsstraight, the PM can extrapol ate these
lines. Use the following steps (See Figure 20.3):
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Figure20.3 Forecast graph

1 The project endswhen all eight tasksare completed, or the earned valueis
equal to the budget of $800. So extrapolate the EV line (a) until it reaches
$800 on the Y axis. At theend of the EV line, draw vertical line (b). Where
thislinemeetsthe TIME axisiswhen the project i sforecasted tofinish, inour
case, July.

2. We stop spending when the project ends, so extrapolate the ACTUAL line
until it meetsline (b) at point (). Draw a horizontal line at point (c). Where
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thisline meets the EXPEN SE axis definestheforecasted cost of theproject.
inour case $750.

Crashingand uncrashing. If theactud expensesare under budget, but the
EV isasounder theamount planned todate, crash spend moreto get back on track. I
the actual expensesare higher than planned, and the EV is al so ahead, uncrash: spend
lessfurioudly. It is usualy not worth coming in early, as you will just get your time
estimates bargained down the next time.

204 DETECTING AND SOLVING PROBLEMS UP FRONT
(BEFORE THEY OCCUR!)

Rememberingthat anounceof preventionisworthapoundof cure(substitutegramand
kilofor Canada,) hereare someearly signsthat troubleis brewing.

1. Therearenoplans If someonesays,"* Theprojectistoosmall toplan,
or, " Theplan will happen later,"" insist that a plan bemade. No projectistoosmall to
plan (seeSection 22.3), and the PT will be much too busy todraw one up later.

2. TheFunctional Specifications are bad or non-existent  Ifsomeoneclaims,
*“The user doesnot know what hewants,"* or ** Thespecificationswill change,”* or you
seethat therearetoo many assumptionsmadeabout therequirements, takeal ook at the
FS. Get theuser involved and commited, prototype theinterfaces,or use thetwo-step
proposal to finalizethereguirements.

3. Theestimates are by edict  If you hear, "*Well never doit in that time-
frame or for that amount.”* someoneisforcinganestimate on the PT. Doagoodestimate
and defend it.

20.5 DETECTING AND SOLVING PROBLEMS
DURING DEVELOPMENT

Here are typical problemsyou will encounter during the devel opment phases:

1. Watchoutforrequeststochangerhespecificarions  Try tosay "*"NO"" and
defer user requested (magjor) changes to the next release. Someone on the PT may
request Lo change the specs, after redizing that the product will never bedeliveredon
time. Scissorsaresni ppingat your specs! Thisisnot allowedunl essthe user agrees. Bite
the bullet and takethedip.

2. Documentationisnor gettingdone  Thefirst items that fall through the
cracksin acrunch arc the project documents, followed closely by the user documents.
Thesedocumentsarethe mostimportantitemsin theproject! Ensurethat the documen-
1ation getsdone well, evenif it meansdelaying somed the other tasks.

3. Programming or testing before the design is completed As we saw
earlier, programs written beforethedesign will awayshavetobe rewritten. If you need
to do something with idle programmers send them on training.
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4. Problemsareimpliedin statusreports  If thestatusreportsarrivelater and
later every week (or stop arrivingatogether),or if progressislacking, theproject may
be stuck. Walk around, find theproblem. Try thesolulions suggestedin Section 20.3
(Schedule Problems).

Look for schedulechangesinthestatus reports. Noonecan plantotheday all the
activitiesinamajor project. A statusreport contai ningstatements suchas'*We predict
Task X will be1 week |ate, and sinceit affectsTask Y makingit 1 week |ater aswell,
weare announcing a2 week projectdip,”* actualy meansthat thePT iscontrolling the
schedule well.

5. The Project Team is disappearing  If project members do not return
phone calls, refuseto attend meetings, or avoid you in the corridors—there s trouble.
Corner them, insist on communi cation,see what the problemis.

6. Theuser isdissatisfied i someone on the project team (or on the user
side) claims, " Thereisno lovelost between the projcct tcam and the user,'” thereisa
major problem. The PT may have alienated the user by condescension, rejecting
changes outright, not involving the user in reviews or not reporting (true) progress.
Sincethe PM is supposed to bethe major interfaceto theuser, thisis afailingon your
part. Do whatever it takesto satisfy the user.

20.6 DETECTING AND SOLVING PROBLEMS
TOWARDSTHE END
Theend of the project is acrucia stagebecause all the slack has been used up and
everything ison the criticalpath. Look out for the following:

1. Lackof computertime If someoneclaims, **Wearenot getting enough
machinetime,"" thetesting istaking longer than anticipateddueto bugs. It istoolateto
fix thisproblem. Take adlip rather than releasealow quality product.

2. Too much overtime A sure sign of impending burn-out is constant
overtime. Programmersarewilling —Vven esger —to work after hours. Someovertime
can be productive, but after a point you will find that overtime buys no extra
productivity at al. Do not let peoplework regularly more than two extraevenings per
week.

3. Upper level management'concern’  Toward theend of theprojec( espe-
cidly if it is late) upper levels of management will become apprehensive. You will
notice them hanging around more, asking for more progress reports, calling you more
and asking you to meet with them endlessly. You will just have to spend extra time
convincingthem that everythingisunder control —but thisisexactlywhat the PM’s job
isdl about.

20.7 CONCLUSION

Keep your finger on thepulseof your project, react immediately to any problemsthat
you detect, and most important, stay cool. After all, if there were no problems, you
would not haveajob.
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Chap. 20 Controlling the Project by Monitoring

QUESTIONS

What does controlling a project involve?

How doesthe project leadership monitor the project?
What issues doesthe PL monitor?

What issues does the PM monitor?

Why does upper level management have the right to monitor the project? What problems
must they watch out for?

How can upper level management monitor a project?

Why does the user havetheright to monitor the project? What problems must they watch
out for?

How can the user monitor a project?
List threeways you may be ableto fix the problem causing adlip.

What i sthemost common solutionto aslip?How do you announce adlip to aperson who
isnot familiar with project management?

Draw the earned value graph for thefollowing project report:
TASK PLANNED ACTUAL BUDGET ACTUAL
NO COMP. COMP. COosT CcosT
DATE DATE

1 JAN 30 JAN 30 100 100
2 FEB 28 MAR 31 100 150
3 MAR 31 APR 30 100 150
4 APR 30 JUN 30 100 200
8 AUG 31

Forecast the completion date and cost.

What BUDGET-ACTUAL-EARNEDV AL UErelationshipwouldtell youto crash?What
relationship would tell you to uncrash?

Many project problems areeasily fixed with knowledge learned from this book. Discuss
onesuch problem that occursup front, onethat occursduring development, and onethat
occurs at theend of the project.
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Control Using Meetings,
Reviews and Reports

Communication with the Outside World

21.1 INTRODUCTION

The projcct team must communi catewith each other as well as with the outside world.
This communication will be done using meetings and reports.

Therc ac three kinds of meetings in a project.  Firdt, there are regular status
meetings to assess project progress. Sccond, there are productreview or walk-through
meetings to detect and correct technical problems. And last, there are manage-
ment meetings to report progress to management. The management meetings may
occur regularly, such as the steering committee meetings, or at major events such as
project milestone reviews.

The second form of project communicationisviareports. To reach those people
who cannot meet with the team the projcct i ssues the status report.

21.2 THE STATUS MEETING

Purpose and Attendees

Onasmall-to-mid-size project thereshould beaweekly statusmceting, attended by the
wholeprojcct team. Thismeeting provides an opportunity for the project members to
report progress and problemsto the project leadership. On alarger project, especialy

235
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if therearcseveral teamsinvolved,| suggest that the statusmeeting bedividedintotwo
sessions. First, thewholegroup, including the PM meetfor ashort time(30 minutes) to
discussissueswmmon toeveryone. Then eachteammeetswiththeirindividual leader.
Thismeetingis alsoshort (30-60 minutes, dependingon how close the team leader is
to theproject membersduring theweek) and theteam membersreport verbally totheir
own team |leader. A third meeting between the PM and the team leaders or project
leadersmay takeplacel ater. At thismeeting they discussprogress, trends, and problems
that need thePM’s attention.andthey cal cul atetota projectstatus. If the PM isincharge
of many projectsheor shemay request awrittenreport, otherwiseinput may beverbal.

Interestingly, the least popular meeting will be the one where the whole group
meets. Somepeoplewill ¢claim, "Why should | meet with them? My work has nothing
towiththerd"* It isamazing how many issueseffect everyone, frommachinetimeand
resusable wdeto parkingand thecafeteria. Alwayshold group meetings, perhapsless
frequently than theother status meetings.

When to Hold a Status Meeting

Always hold the weekly status meetings at theend of the week —Friday afternoonis
best. If members must report progress by Friday afternoon, they will get busy by the
middleof theweek at thelatest, shut out non-project interruptions and make progress
by Friday. If you hold the status meeting Monday morning peoplewill only begin to
worry toward theend of theweck and work through the weekend to make progress by
Monday. Everyoneneeds their weekend to rest or they will burn out.

21.3 THE STATUS REPORT

Purpose and Size

Themainformof communicationfrom the project tcam to the outside world isashort,
standard project statusreport published regularly by thePM. Thereisamajor problem
with status reports, and it is a problem not only in the software industry but in most
project areas as well: The reports arc too long and they taketoo long to prepare. It is
common knowledgethat peoplewill read the first paragraphof any document. If itis
aninterestingparagraph, they may read onepageand skip tothclastparagraph. A status
rcport should contain only onepage d narrative, followed by one or two pages of
compuier generatedreports. It shouldtake the PM no longer than30 minutesto prepare
it. You do not need to rchash past problems, make long-winded excuses or theorize
about futureeventsin astatus report. Dothisat informal discussions.

Frequency of the Status Report (SR)

Sinceit isrewardingto report measurableoroaress, thefreauency of thestatusreports
isdctcrmined by the average length of theworkpackagcsin the project. Weekly is most
commonfor small to mid sizeprojects, which its in with thesuggestion that your work
bc broken down totasksthat take a weekor less, If most of the activities takeone month,
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the SR should only be published monthly. Y ou could still consider publishing more
frequently if thereareindividualswhowill get ulcersif they do not seesigns of progress,
or if theproject isvery dependent on outside resources (the status report can serve asa
weekly reminder that their deadline is approaching).

Contents of the Status Report (SR)

Here are the topics that a status report should contain:

1. Activitiesand accomplishments during thereportingperiod.
List each activity that was worked on, progress on each one, and the
completion of any.

2 Problemsencountered.
Explain any new stumbling block, who or what caused it, who isresponsible
for fixing it, and what you are doing about it. Most important, state how it
impacts the project.

3 Problems solved.
Explain the problem (or refer toa past SR), how it wassolved, who solved it,
and how thisimpacts the project.

4. Problems still outstanding.
Remind past offenders that you have not forgotten about an unsolved
problem. Only a phrase or two is needed. Reference earlier SRs for a
description.

5. Scheduleprogressversusplan.
Page 2 of the SR (see Figure 21.2, top) should beacomputer produced Gantt
chart showingtwolinesfor eachactivity: the plan and theactual duration for
past activities, the planand rescheduled duration for futureactivities. Explain
al changesfromlast week's Gantt, especially if the project delivery date has
changed. Underlie the announcement of adlip.

6. Expenses versus budget.
Referencetheattached computer generated numerical reportssuch astheone
in Figure 21.3, or if you areclever, the line graph of budget aligned with the
Gantt as in Figure 21.2, bottom. Summarize the actual expenditures that
occurred and the earned value versus the budget.

7. Plan for next week.
List the planned activitiesand milestonesfor the next period.

Figures21.1and 21.2 show anexampl eof astatusreport. Figure21.3 is an optional
third page of budget reports that may only berequired for the accountants. Thisstatus
reportisfrom the PM. A copy goesto functional manager X, from whom the project
leader of this project was borrowed, and to the head of department A, who isthe boss
of functional manager X. Thisreport doesnot gototheclient. (An edited version does,
inwhich our personal problems are deleted.)
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Project Team, project File, From: Project Manager
Functional Manager X Date: June 20, 1990
Head of Dept. A

Subject: Status Report for Project ABC, week ending June 16
Page 1 of 3

a1

Activities and accomplishments.

The User's Guide and System Programers Guide were completed this
week, ahead of schedule. Programs B and C are being programmed and
areon schedule. Program A was completedbutwas notwalked-through
by Project Leader, so it is one week behind.

Problems encountered.

Jane Doe, ny Project Leader, was pulled off ny project | ast week
by Functional Manager X. Apparently a major problem was found i n
a program she wrote on a past project, and she hasto fix it. This
mey take as long as two weeks. 1 will meet with functional manager
X next week to try and resolve this. If J. Doeis not returned to
this project by next week, each week of delay will slip project by
one week.

Problems solved.

None.

Unsolved past problems.

None.

Schedule progress versus plan.

A's shown on Page 2 we are one week behind schedule. The only change
from last week is a delay of one week in walk-through of Pgm. C.
We are forecasting delivery date of Oct. 6, 1990.

Expenses versus budget.

Expenditures this week were $2200 on labor and $500 on word
processing supplies (see page 3). We are under budget by §50K to
date, and as shown on page 2 bottom, our earned value is al so ahead
of plan by $50K. we are forecasting a total cost of $950K.

Next period.
Wewill go onto programing of modules D and E, but unless J. Doe
is returned, we will be idle by the end of the following week.

Figure21.1 Statusreport page 1 (narrative)
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Status Report Page 2 of 3
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Status Report Page 3 of 3 (Accounting Dept. Only)
Expense and Budget Report as of June 20, 1990
All Numbers are sk

Task Planned Actual Budget Actual Planned Act.
WBs Comp. Comp . Cost Cost Cumul. Cumul .
Ref Date Date Cost To Cost To
Date Date
1.1 Jan 30 Jan 30 100 100 100 100
2.1 Feb 28 Feh 15 100 100 150 200
3.1 Ma 31 Ma 15 100 100 250 300
4.1 Apr 30 Apr 1 100 75 300 375
4.2 May 31 May 1 100 75 500 450
4.3 Jun 30 Ma 15 100 100 600 550
4.4 Jul 20  Jun 30 100 100 700
4.5
10.1 ct 5 75 950,000

Figure21.3 Budget report (computerized)

21.4 REVIEW MEETINGS

Some of the review meetings (for example, the system design reviews and the
management reviews) are very expensive because of the people's time. Run these
meetings efficiently:

Set an agenda with time allocated to the discussion of each item.

Distribute thisagendawell in advance, aswell asany material that attendees
must review before the mesting.

Schedulealocation where therewill be no interruptions. Have agood mod-
erator, keeptotheagendaand to thetimeallotments. (Do not overkill thisone
— sometimes it isworthwhile to digress a little or take a little longer on an
important topic.)

K eep good minuteswith action itemsassigned; follow up the progress of the
action items.

Technical (Plan, Design, Code, Test, Documentation)

Reviews

These reviews were detailed in the appropriate project phases, so here we need only
discusswhy we havethesereviewsand whoisinvolved. Toreview aprogram, adesign,
adocument or atest plan you walk throughthe appropriate product looking for errors
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and suggestingimprovements. Only the author of the product under review, oneor two
peers(from thesame project or from another team) and the PL need to attend. Theonly
exception isthe system design review where 3to 4 outside expertsare invited.

Management Reviews

The steering committee review. Behind every successful project there is a
steering committee (SC). The SC consists of the PM, the user project coordinator, one
or more functional managers who provided staff to the project, and at least one upper
level manager who has authority over all of the departments that will be supplying
resources to the project. The SC meets at a set frequency — usually every 6 to 8 weeks
on a 6 to 24 month project. The purpose of the meeting isto receive information on
project statusand tofocuson problems. Itisamazingwhat stringsagroup of high level
managerscan pull to get afloundering project back on track. This meeting also gives
the PT some management visibility which motivates everyone.

Milestone Reviews. Reachinga major milestone callsfor a party. Most mile-
stone meetings should have two sessions. Onefor the technical team to discussaccom-
plishments and problems of the last phase and to plan the activitiesfor the next phase.
Thesecond session isfor everyone on the project including the user, management, and
the PT. ThePM chairsthismeeting and orovidesnizza and beer. Beforethe beer arrives
be sure to discussgeneral project accomplishments, problems, and resource needs for
the next phases. These sessions are needed to keep up morale and renew enthusiasm.
Each milestone meeting is discussed in the next section.

21.5 SPECIFIC MEETINGS HELD ON SPECIFIC OCCASIONS

Herearemajor eventsin a project which call for input from several minds. Y ou could
have a meeting dedicated to each event, or discussseveral topics in one sitting.

The Go/No-go Decision Meeting

Anytime you are evaluating risks, call a meeting of those who have experience with
similar projects (or experience with the client if that iswhere most of the risk appears
to be). Thismeeting should be held beforethe proposal iswrittento decidewhether or
not to bother with the proposal and to ensure that all the riskshave been evaluated and
priced intoproject. The PM, PL, and outside experts attend.

The Project Kick-off Meeting

Not many people have this meeting. Just as the coach brings the team together before
the game, the PM calls this meeting after the proposal issigned. Have a management
sessionfirst, followedby atechnical one. For thefirst session invite everyonewho will
be involved in the project (client, resource providers, steering committee, technical
staff) tointroduce all the players, set up theinterfacesand explain general background
and obiectives. Use this session to establish the required enthusiasm. Have a second
session for the technical people only. At this meeting you can establish the guidelines
(design standards, programmingstandards,) procedures(reports, administration, hours
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of work, place of work) and so on. Find out exactly how much everyone knows and
arrange for any necessary training.

The Project Planning (Estimating) Meeting

Aswesaw in Chapter 13, estimating isvery productive when done in asmall group of
three or four people. This group can be used to produce the work breakdowns,
determine the resources required, and put the tasksin order.

The Functional Specification Signoff (Milestone) Meeting

Hold atechnical session first to go over the specific problems of thelast phase, and to
revise the estimates and schedule, especially if the requirements have changed. Then
hold themanagement session with everyoneasdescribed earlier. Announceany change
in plans, such asaslipinthedelivery dateor arisein cost. Get commitment from those
who will provide the design and programming resources.

The Top Level Design (TLD) Walk-Through

The PL chairs this meeting. There are at most five attendees consisting of other
designers, outside experts or the senior programmers on the PT. The design author
presents the alternative TLDs with the prosand cons of each one. Others suggest any
missed prosand especially cons, and any other TLDs that they can think of. At theend
the best TLD is chosen. Thiswalk-through should take approximately 2 to 4 hours.

The Medium Level Desigh Walk-Through

For a large project, walk through each level of the design as it is completed. In al
projects walk through the complete design when it isdone. The purpose of the walk-
throughistofind all the problemsin thedesign. Thedesigners present their design; the
PL moderates the meeting, notes any suggestions, and follows up later with the
designers. Depending on the number of modules there may be several sessions, but use
no morethanfive persons(other designers, outside experts, project team members,) and
take no longer than 3 to 5 hours per session.

The End of System Design (Milestone) Meeting

The approach and objective is the same as for the FS signoff meeting. Revise the
estimates again, and get commitment for items such as the delivery of the hardware,
staff for programming, acceptance, user documentation and so on.

Module Design, Documentation
and Test Plan Walk-Through

These three items can be walked through together. Only the PL, the responsible
programmer, and perhaps one other programmer need to attend. The purpose of the
meeting isto ensure that the best design approach ischosen and to find any problems.
Consider walking through several modulesat once. Take no morethan 1.to 2 hours per
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module, and no more than 4 hours for the session. The author of the module presents,
notes any suggestions, does not attempt to fix the problem there but later reports back
tothe PL on the progress of the solutions.

Code and User Documentation Walk-Through

All the comments made for the modulewalk-through above hold true here. Thesewill
be the most detailed walk-throughsin the project, so more people may attend.

Acceptance Test Completion (Milestone) Meeting

Thisislessof a milestone than some of the others (plusit probably comessoon on the
heels of the system test milestone) o not that much fanfare is needed. Consider a
meeting of the client and PM only.

Operation Completion (Milestone) Meeting

Thissession isinforma (it isthe biggest party) and everyoneisinvited. Usethissession
to let off steam and leave the business issuesto the post-project review.

The Post Project Audit Meeting

Thisisameeting most peoplewould rather not have. | realize that most of thetimeyou
wish toforget all about the project but this isthe most important review. There should
be two sessionshere; onewith theclient, and one without. In thefirst session, invitethe
client, the PT, and upper Levd management. Do not let this degenerate into a finger-
pointing session. The objective isto analyze the problems that were under the control
of the user (or the management if it was an internal project), and to avoid thistype of
probleminthefuture. If the user i sunhappy, this meeting can be an opportunity toshow
him or her all the problems that were not under your control. If the user ishappy, get a
letter of recommendation.

Thesecond session i sattended by the PT and associated management. Makesure
that this one is also a constructive criticism session. Hindsight is perfect or better.
Analyze what went wrong, determine how those problems can beavoided in the future
and writeit all down. If thereisany finger pointing necessary get it over and donewith.

Thepost projectreport. Theresult of the Post Project Audit meeting isaformal
report by the PM. Thereport isastand-al one document that will becirculated to many
project aswell as nonproject people. Here are the topics to include in the report:

« How the project got started, what the original objectiveswere, and the pro-
posed solutions. Thisisincluded to make this report stand alone.

o The project method and organization, with recommendations on improve-
ments, if any.

« Estimates compared to the actual results, with explanation of when and why
the actuals crept away from the plan.
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o Update of the estimating formulas and ratios.
o Successful aspects of the project.

« Problemsthat were encountered, with suggestions on how toavoid eachone
in thefuture. Update of the Risk Quiz.
o Reusable portionsof the product.

* Recommendations that answer thequestions, ** Should we stay in thisappli-
cation area?"" or "* Should we stay in the project business at all?**

‘Major Problem Cropped Up' Meeting

There aretimes when the PM al one cannot solveaserious problem. Theissue could be
turnover, major resources not materializing, project wide burn-out or conflict, or user-
PT communication breakdown. The PM should call a meeting of all thoseinvolved and
those who could provide asolution. Usually higher levels of management in the user
department or project department attend.

21.6 CONCLUSIONS

Reviews are absolutely necessary to ensurethe quality of the product. Other meetings
are held to provide project communication with the outside world. But let us not meet
each other to death. A meeting should only be called if two-way communication is
needed. High level managers in North America spend over 90% of their time at
meetingsand hate every minute. Usememos, phonecalls, and el ectronic mail whenever
possible before resorting to a meeting.

QUESTIONS

1 Wha typesof megtings mugt a project have and why? Which of these happen & asat
frequency?Which of theseare event driven?

2 There may bethree status meetingsin a large project. What are they and why separate
them?

Why have the status meeting a theend of the week?

What is the major problem with status reports? What is the solution?

What determinesthe frequency o the status report?

Group Exercise:

Followingis the plan for theingtallationof the hardwarefor the Bell Family Communi-
cations project:

At theend of February you discover that TECH-2will be away for the month of March.
Writeastatus report (2 pages) for the project dated Feb. 28,

oA~ W
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INSTALLSWITCH

INSTALL PHONE 1

INSTALL PHONE 2

INSTALL PHONE 3

INSTALL PHONE 4

INSTALLPHONE 5

SYSTEM TEST

© 0o N

TECH-1

TECH-I

TECH-2

TECH-1

TECH-2

TECH-1

TECH-142

Lig threeplanningactivitiesthat are necessary to run agood mesting.
Who should attend a module (code) walk-through?

Why have a steering committee?

10. Why hold milestone meetings?

11. Why hold a project kickoff meeting?
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12. What comesout of apog project audit?What isthemain purpose of thisdocument?
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Special Projects
Does the Method Still Apply?

221 INTRODUCTION

Certain typesof projectsrequireauniqueapproach. In thischapter wewill discuss how
the project management method needsto bechanged dlightlyfor real time projects, very
small projects, conversions and maintenance projects.

222 REAL TIME PROJECTS

Let ussee how the seven phases of project management must be applied to real time
(RT) projects:

Requirements

The major difference in the requirementsfor a RT project and those of other projects
isthat in RT systems such asprocesscontrol, responseisdictated by something physical
in the environment. For example, if the system isto insert control rodsinto a nuclear
reactor tostop thereaction, theresponseisdictated by thespeed of the nuclear reaction.

You start gathering RT regquirements asyou would gather non RT requirements,
in that people are interviewed and existing systems and methods are investigated.
However, in RT you must investigateand measure the physical systemsthat need to be
controlled aswell.
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Sometimes the final requirementsfor a RT system cannot be determined until
some tests are run using a working system. Take the case of a new communication
network message routing system. The system design depends upon the types and
freguency of the messagesthat areto berouted, but there may benoaccuratedata about
the messages at first. The approach must be somewhat like prototyping—a model
system must first be built based on assumed reguirements. The seven phases in the
development are still followed, but some phases areintentionally recycled asshown in
Figure 22.1.

PHASE ACTIVITIES
Definition Define initial 'best guess' requirements.
Analysis Specify building of model based on initial requirments.
Design Design model.
Programming Program model.
System Test Test model.Determine changes required for final system.Cycle

back to ANALYSIS, DESIGN, PROGAMMING, SYSTEM
TEST for final system. Onceis usually enough.

Acceptance User accepts final system.

Operation Final system implemented.

Figure22.1 SDLCfor real timesystem

An unusua fact of life has to be kept in mind when determining real time
requirements. never believe the quoted time constraints. | have seen a requirement
demandingthat thesystem respond in af ew nil | i seconds to amalfunctioning turbine by
activating acontrol valvethat took 20 seconds to close. (Sometimes the response is to
warn ahuman operator whois probably aslegp!) Obviously aslower response would be
acceptable here. The slower the response time required of an RT system, the cheaper
and easier itisto develop it!

Design

RT systems are usually designed bottom-up. Section 7.2 details such a design for an
automobile engine monitoring and testing system. Another approach to designing RT
systemsisto break up thefunctions by the reauired response time. For example. there
may beaset of functions requiring lessthan onesecond response, another set requiring
onetofivesecond responseand soon: the last set mav be thefunctionsnot reauiringreal

timeresponse at al. The next step would be to design modul esto handle each response
class. Figure 22.2 isanother design for the automobile engine control and monitoring
system that we saw in Section 7.2. Note that in this design the system isbroken up into
the following four modules:
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Thefirst modulehandlesitems that requireless than one second responsetime.
If heat, oil pressure, and engine speed are not reacted to this quickly, the engine will
blow up. This modulewill probably be activated by a hardwareinterrupt.The second
modulehandlesitems that requirebetween onesecond and fivesecondsresponsetime.
Enginevibration, power,and operator commandsmay beinthisclass. Thismodulewill
probably be activated by atimer, and will poll the appropriatedevicesto seeif service
is required. The third module handles items that require between five and twenty
seconds response.

Warningsto the operator or response to operator inguiries aein thisclass. This
modulewill probably run when nothiig el serequires CPU time. Thelast moduleruns
itemsthat need little or no response, such asreports generation. Thiscan beservicedin
non real time, such as background mode.

CONTROL

MODULE
<1 SEC 1-5SEC 520 SEC NON
RESP RESP RESP RT
Interrupt Polled When idle Background

Driven

Figure222 Real time module design by response time

Youmay be wondering what this has to do with the management of the project.
Plenty, becauseadcsign such asthisdictatesthat the project hastobe developedin one
of two ways You either buy an operating system that supports priority levels or
foreground/background processingso that these classes of responsescan be handled.
Or you buy two computers (or one with multiple processors,) onefor therea time
functionsand onefor the non real time. In both cases thecost of the projectisaffected.

Programmingand System Test

Programnmingdf aRT systemisexactly thesameas that of anon RT one. Lower level
langunages such asassembler, Cor Fortran{more recenily ADA) tend tobe used because
these languages have hardware control capabilities. Integration and test will be
different bccauscit will probably havetobedonefrom thebottom up. Dothe testin this
order:
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Start withthe hardware: test thesensors, theinterrupt rates, and the clocking
of the system.

Test thesystem responseto thedifferent interrupt classes moduleby module,
Use expected or normal data.

Test the control modules.

If thereisabackground set of tasks, test thoseindependently first, then put the
background and foreground tasks together.

Do not forget to test all the human interfaces.

Test the overload conditions: see how the system reacts to multiple (unex-
pected) inputs and rates that are greater than the requirements.

AW NP

o O

Testing an RT system is difficult because you may not want to try it in the real
environment. Would you test an aircraft control system for the first time on areal
airplane with real users? The environment usually hasto be simulated. There may be
simulator tools available or you may have to writesoftware to providethedata. In the
last case do not forget to include the simulator as part of the project.

Acceptance and Operation

Acceptance of an RT system has to be a trial run. Since the environment was only
simulated at system test, therewill be many problemsfound when the system isturned
onfor thefirst time. Operation isexactly asbefore—awarranty period, user trainingand
hand-holding must be provided as necessary.

22.3 VERY SMALL PROJECTS
Why Tiny Projects Fail

A single person project that takestwo monthsor lessisconsidered atiny project. These
projects have a history of failure—they fail because they do not get the full formal
project treatment. Let us say that most of your projects are one month (plan), but you
deliver in two months (actual). One month of slip does not sound too bad until you
consider that the project is100%late. Will they choose you to build aone year project?

All seven phasesmust bedone even for the smallest project. Keepin mind that to
the user there is no difference between a tiny and a large project. He or she has a
problem to solve, and whether the problem issolved by one report or a whole system
the attitude is the same. Therefore the phases that involve interfacing to the user will
take relatively longer to do than the corresponding phases of alarge project.

Tiny projectsare easy tostart but unfortunately easiest to cancel aswell. A small
project does not have the same priority and visibility asalarge one, sowhen resources
run short thesmall projectisthefirst to suffer. If al of your projectsare littleonesand
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othersget the big onesyou arethe lowest man on thetotem pole. Try tofit in some larger
ones. Small projects can still be very successful if all seven phases are there with the
following caveats:

Definition and Analysis

Therequirementsfor atiny project are usually determined informally. Theuser and the
analyst sit down over coffee and discuss a report that the user requires. The format is
drawnonanapkinand theanalyst says, ** Thiswill takeacoupl eof weeks."" Theanalyst
means three or four weeks, the user interprets oneor two. It will take even longer than
four weeks. Theanalyst isignoring that even one report will have to beformally docu-
mented, accepted, and the user will have to be trained.

Abetter way todo theanalysisisaformal session (it may only takeonehour) with
awritten FS of three or four pages—the format of the report, the acceptance method
(ATP), and an outline of the documentation and training. The FS issigned off before
development starts.

Design, Programming, Test

Thesephasesmay only taketwoweeks. Do not forget the programming documentation,
especialy if it ispart of alarger system. Test the new program thoroughly.

Acceptance

Theacceptance plan waswritten inthe FS, and afull formal demonstration must be run
for the user.

Operation

This phase will be relatively long. The user must be trained, questions must be
answered, problems fixed, and warranty provided for the usual period of three to six
months.

22.4 CONVERSIONS

A conversion may involve rewriting an application to run on new hardware, a new
operating system (or new version), or a new language (or new version). The word
‘conversion' bringsfear toany experienced DP professional’s heart. There are few of
us who have not been burned by a conversion, yet hardware and software vendors
constantly force conversions on us. Again, the key istoapply the seven phases of the
project methodology. | once agreed to convert a COBOL system written in 1964for an
IBM 7040 (yes, | am that old) toaDECVAX. Not only wasthere nodocumentation for
the application, there was no documentation for the old COBOL compiler! | thought
COBOL was COBOL, so | converted the programs (taking into account the obvious
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syntax differences), and tried to run the new system. Unfortunately, some of the old
routineswerewritten to get around somequirksin the old COBOL compiler. Addition-
ally, thefilesdid not contain what the user said they did. The conversion took 100%
longer than | had anticipated.

Definition and Analysis

You must begin by becomingthoroughly familiarwiththeold and the new systems. The
user will request that the converted system appear tothe user exactly asthe old onedoes.

However, thenew hardwareor software may havefeaturesthat enhance theold system.

Usetheopportunity tosuggest new ways of doi ngbusiness. Convincetheusertochange
his requirements to make the most of the improvements that are available.

Design, Programming, Test

Asfor analysis, redesign for the new system. Test everything thoroughly. Draw up an
acceptance test plan {ATP)—it should be as thorough as a plan for a new system.
Relatively large amountsof machine timewill berequired for aconversion. Timewill
be needed for source conversion, file conversion, document reprocessing. New pro-
grams may have to be written and compiled aswell. When converting old files never
destroy the old copies—you may have to go back!

Operation

Cut over tothe new system cleanly. Training will havetoconcentrate onthedifferences
between the old and the new systems.

22.5 MAINTENANCE PROJECTS

The Seven Phases for a Maintenance Project

Eventually every system has to be maintained or changed. Consider even the smallest
change asatiny project:

Define why the old system needs changing and what the difference will be after
the change. Analyze the appearance, performance or function that the change will ac-
complish and writeit down. Get agreement from the potential users. Plan exactly what
resources will be required — usuallya few hoursof your own time and a bit of machine
timeisall that isneeded, but schedule the time.

Look at the present design of thesystem. The design of the change will have tofit
cleanly into the system. Make sure that the appropriate function, design and mainte-
nance documentsare updated.

Program andtestthechange. If iti saproductionsystem you may have todait after
regular hours. When testing a modification, first run test data that exercise the change,
then run real data to make sure nothing has been broken by the change. It iswise to
defineathorough set of 'real-life’ teststhat can be reused with every change. Document
the change in the User Guide, train the user, and provide the usual warranty.
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Anadternativeapproach, especiallyif changesarerequested frequently,istosave
up many changesand apply them a once. These would be new versionsor rel easesof
largesystemssuch as operating systems. A new release is considered a full project, with
itsown budget and all the phasesapplied.

Doing Maintenance Along with Development

Oned themostfrustratingaspectsof adcvcloper's lifeisthat assoonasyou getdeeply
involved in the developmentdf an exciting new system, the phone rings and someone
isaskingyoutoansweraquestion or fix abuginsomeother program. Itisvery difficult,
if notimpossible, to get hack to the point whereyou left off in the development.

Y ou cannotdo devel opment and beexpected tofightmai ntenancefiresat thesame
time. Onemethod that successfully avoidsthis problemisto appointafirechief tofight
the fires. This person handles the phone calls, answers any questions and solves the
problems if he or she can. Only if this person cannot solve the problem are the
developersinterrupted, but at an agreed upon timedof theday —say after 4:00 pm. The
problemis usudly solved by the next day. Here aresome additiona thoughtson this:

e Thisfire chief position should be rotated every threeto four months.
e Thefire chief wearsapager S0 that he cannot escape.

e Itisagood way totrainjuniors, or seniorswho need experiencewith inter-
facingtousers.

e |t isamazing how many problemsdisappear if someonehasto waitfor the
answer until thenext day (usualy they revert to reading the manuals).

22.6 CONCLUSION

Specia projects may need specid attention, but basically they al must follow therule
that we started out with—any software activity hat results in a deliverablemust be
considered a project.

QUESTIONS

1 %pa_eﬂ‘e project development methodology o a RT project to that o abudness
ication.
2 Isasmdl project more prone tofalure then alargeone? Is thefalured asmdl project
lessd aproblem?
3 Whaisaconverson?Whet are the mgior causssd problemsin aconverson and how
would you plan toavoid t hen?
4. How do yau handles multaneous development and maintenance?
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Conclusion

Is It All Worth If?

23.1 INTRODUCTION

Congratulations! Y ou have made it to the end of the book. Before you put it down, |
would like you to leave with some thoughts.

23.2 CAN YOU BE A GOOD PROJECT MANAGER?

In Chapter 19 wedetailed theskillsand talentsof thePM, but hereareseveral important
questions to ask yourself that may tell you whether or not you have got what it takes.

1

"Can | say 'NO'?**

Saying no takes courage and wisdom. It is difficult to do but at times abso-
lutely necessary for a successful Project Manager. Practice saying 'NO'.
Every day when you wake up go to your mirror, smile, and say 'NO' afew
times.

" Can | attack problems as they arise?"*

If a problem cropsup, you must get on the phone immediately, investigateit,
fixitasquickly aspossibleor itwill turninto adisaster. Thisisespecially true
for people problems.

*"Can | live unloved?*"

A PM isnot apopular person at the best of times. Every failure isthe PM’s
fault (every success isdue to upper level managers). He or she hasto make
unpopular decisions, announce dlips, say *"NO,"" crack the whip, discipline
people—adll of thesethingsmakethe PM a paininthe neck, if not an outright
ogre. Butitisnot thelove of your people that you need, it istheir loyalty and

respect.
253
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23.3 THE FUTURE OF PROJECT MANAGEMENT
Software Tools

Expect to see better automation. Project management is becoming more and more
important, and software products that make our lives easier are appearing daily. | am
especially excited about the emergence of artificial intelligence (Al) insome software
products. Al will allow software to solve some of the complex scheduling problemsthat
the PM is faced with, and to provide an English language (perhaps even voice!)
interface to the program.

Visibility in the Organization

We have seen MBO (Management by Objectives), then MBE (Management by
Excellence), MBWA (..by Walking Around), MB1M (...oy One Minute), and many
more. None of these methods have provided significant improvements in the business.
A few yearsago someone tried MBP&C (Management by Planning and Control —that
is, Project Management) and lo and behold, profit and business improved.

Many companies have discovered the advantagesof organizing by projects. It is
common to see'Project Manager' as job titles high up the organization chart. In fact,
many companies have appointed aVice President of Projects. Theskillsthat you have
learned from thisbook (I hope) will bemoreand moreimportant for your company, and
you should of course ask for a raise and promotion at once.

Personal Growth

If you think these methods and skillsare only used on a software project, you are dead
wrong: they can be applied to any project that you undertake. In fact, project manage-
ment isa philosophy that can be applied to any activity in life. Everything has a good
chance of success if itisplanned and controlled, and you will become a better person
if all of your endeavors are successful.

23.4 CONCLUSIONS TO THE CONCLUSIONS
Applying All of This

Y ou are probably thinking, "* Boy, will | haveto change alot of things!** But do not go
to your boss and say, "*Here are the 500 things we need to change in the next six
months.”™* Y ou cannot moveamountain, but you can whittleaway at it. Pick asmall (no
morethan three month) project, one that will get some management visibility, and use
the proper methods to manage it. Advertise your sucess and soon you will get the
commitment to do alarger project. Slowly but surely, you will turn the world around.
GOOD LUCK!

QUESTION

1 Manage amagjor software application!
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Case Study (An Example of All
Project Documents)

AMALGAMATED BASKETWEAVING COURSES SOFTWARE
AND HARDWARE PROJECT

INTRODUCTION

[This project started with thefollowing memo: All itemsin square bracketsare
comments by the Author.]

Amalgamated Basketweaving Courscs Ltd. gives different types of weaving
courses. They have classes in 10 magjor cities in North America, each one
presented at |east every threemonths. Studentscomefromall over thecountry,
but can register by phoning headquaters (collect) in Rattan.

MEMO
FROM: John Strawman, President
TO: Larry Loom, Technical Department

SUBJECT: Need for Automation

Larry, we have to do something about our registrationand informationsystem.
When a student phones to register for one of our courses, Joan takes the
informationon apieceof paper, thentransfersit to acoursefile (another piece
of paper), which eventually gets collated (on paper).

Last montha onewel ost 3 registrations, tol d2studentstogo tothe wrongcourse,
did not have enough material for 2 courses (twice asmany people showed up as
wc anticipated, and wehad no way of telling who wasofficially registered) and
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weforgot totell theinstructor about onecourse. | alsosuspect wearenot billing
everyone--our revenuesare down but the number of students seemsto be up.

| also suspect we should give courses in Montreal, and that we are giving the
wrong courses for the time of the year.

Can asystem be implemented to solve this?

John.

P.S. If wedo not have our act together in six monthswe will beout of business.

P.P.S. We have $200,000 |€&ft in our bank account. ¥




Requirements Documents

REQUIREMENTS DOCUMENT

REQUEST FOR PROPOSALS

Amalgamated Basketweaving Courses Ltd.
14 Weaver Rd., Rattan, On., K1M 1L5
Contact: Mr. Case Basket

Controller, ABC.

Thisdocumentis prepared to provide vendors with informationto quote aprice
on providing and installingsoftware and hardware for the information system
requiredfor ABC. All bidsmust bereceivedby date X. Termsand conditionsfor
selection are outlined in Section 16 of this document.

1. INTRODUCTION:

ABC gives different types of weaving courses. They have classes in the
following major citiesin North America[list here].

Each courseis presented at least 4 times per year per city. Studentscome from
all over the country, but can register by phoning (collect) our main officein
Rattan. We have no computer expertise. All expenditures must be approved by
our fearlessleader and CEO, Mr. Barry Strawvman.

Major problem: General confusion in registration and course administration.
Presently, when astudent phonesto register for one of our courses, thesecretary
writes the information on a piece of paper, then transfers it to a course file
(another piece of paper), which eventually gets collated (on paper).

Last month alone we lost 3 registrations,told 2studentstogo to thewrong course,
did not have enough material for 2 courses (twiceas many people showed up as
weanticipated, and we had noway of telling who was officially registered) and
weforgot to tell the instructor about one course. We also suspect we are not
billing everyone—-our revenuesare down but the number of students seemsto
be up.

Weal sosuspect that we should givecoursesin other cities, and that we are giving
the courses at the wrong times of the year.

2. PROJECT GOALS:

Replace existing manual registration system at ABC with:

Registration that is fast (on phone), no losses, with timely natification to
student, instructor and ABC of appropriateinformation.

Financial systemtoaccurately producebilling, accounting, and course material
information when needed.

Reporting to management, for better decisionsabout where and when to hold
appropriate courses, available immediately on a terminal or to be printed on
request.

Project should be done within 6 months of initiation, for under $200,000.
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3. MAJOR FUNCTIONS:

Registration on-line by a phone operator, with informationon all coursessuch
as enrollments(list of students), cost, location visible. Automatic confirmation
to student, and summary of enrollmentsto ABC. Two weeks before a course,
enrollmentsgo toinstructor, ABC, and course material warehouse.

Course Administrationonline. Add/remove coursesfromaschedule. Change
pricing on a course. Close a course (tell system that a course ran and who
attended.)

Financial systemthat invoicesstudent withintwo weeksafter attending course,
keepsAccountsReceivables, rollup of revenuesby coursetype, timeperiod and
geography monthly. Warning about students who owe us but want to enroll.
Warehousesystem notifieswarehouseclerk twoweeksbeforecourse, of items
required for the course, where the course is, location of itemsin warehouse.
Enter/alter materialsrequired for a course. Automaticinventory decrement and
re-ordering as well.

Management Information Reporting system: Weekly report to CEO, or on
request, of number of registrations, courses, revenues. On request, reports
detailing courses, enrolIments,and revenuesby coursetype, geography, timeof
year.

Although not needed at thistime, weareal sothinking of producing mailinglists,
instructor schedules, and location schedules in the future.

4. GENERAL OUTPUTS:

Online: if astudent phones, answer questions such as:
""When are the next 3 XY Z courses, where, what price?""

| am John Smith. Where am | registered? How many others are registered?
""What isthe maximum enrollment?**
" Pleaseregister mefor XY Z course."
"' Pleasecancel me from course XYZ "'

Confirmation: Printoutof student confirmationmailedtostudent. (What course
he enrolled in, when, payment information.)

Weekly print-out: al enrollmentsfor theweek by courseand location, revenues
associated with courses that ran.
Monthly print out: course sales for the month by type, location, time (for
management). Accounts Receivablesreport with itemsinvoiced and outstand-
ing and paid to Accounting.
Two weeks before acourse: print out of enrollments,|ocation, course material
(for instructor and warehouse). Revenue summary (for management). List of
materials required and location of the course (to warehouse).
Oneday after a course: invoice (to student), a diploma (to student), update
Accounts Receivables.

Reports on request: on-linereportsof registrations, attendance, and/or reve-
nues by course, by geography, by time of year.

5. GENERAL INFORMATIONINPUTS REQUIRED:
[Theproject ream, after further interviewswith the user, fillsin thefollowing:]
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Registration: Student name, address, courseto register on, payment informa-
tion, etc.

Financial: course cost, billing status by student, material cost, etc.
Warehouse: materid required by course, minimum inventory, information on
vendor of material, reorder quantity, etc.

And so forth.

6. PERFORMANCE:

Registration or general enquiry phone calls are expected approximately 2 per
minute(maximums3), registrationsoneper 20 minutesmaximum 10min; reports
may be requesteda most oneper 10 minutes. Other reportsand requestsweekly,
monthly or driven by occurranceof courses as detailed above.

There areat most 15 courses per month.

7. GROWTH:

ABC expectsageneral 30% growth per year. Thissystem must perform for the
next threeyears.

8 OPERATION AND ENVIRONMENT:

The computer will residein room 105 at our Rattan office. Terminals must be
availableto our two registrars, one each in the offices of Mr. Case, Mr. Straw-
man, and Ms. Administrator, and 2 in the warehouse. Printout capability is
required in theoffice areaand in the warehouse. Thewarehouseis full of paper
dust.

9. COMPATIBILITY,INTERFACES:

Weare considering opening a branch office on the West coast. Therewewould
doonlylocal registrationfunctions, with all other functionsto bedonein Rattan.
WehaveaBrand X word processor presently. Wewish all documentsaccessible
or converted to the new system.

10. RELIABILITY, AVAILABILITY:

[Quote Mean Time Between Failures(MTBF) figures, Mean Time to Repair
(MTTR) and percentage up time required. All manufacturers publish these
figuresfor their hardware, except that they are never over 95%, so do not request
anything greater than that.]

We wish the computer to be up 99% of theworkday period, and we cannot lose
any information.

11. HUMAN INTERFACE:

ABC has no computer experience. Mr. Strawvman's son has thiscomputer that
has a'mouse’. He wishesour new system to have menus driven by ‘'mouses
(meeces?). We wish detailed help at the push of a button.
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12. ORGANIZATIONAL IMPACT:

[This paragraph will befilled in by the PT. The user may state items such as,
""Dueto astrong unionin our shop, we cannot reduce the number of peopleon
our staff.™]

13. MAINTENANCE AND SUPPORT:

Thevendor must fix any problemswith thesystem for 6 months after delivery,
within 24 hoursof being notified.

14. DOCUMENTATION AND TRAINING:

Vendor mugt provide documentsand trainingfor all of theusers. Thedocumen-
tation and thetraining will explainin detail each person's job on the computer.
Thevendor must also provide training for one computer operator.

15. ADVANTAGES[RFP ONLY]:

Vendors must supply: Names and phone numbers of 3 locations where they
implemented successful sytems. A description of the project management
method they use, including size and relevant experience of their project teams.

16. TERMS AND CONDITIONS (T'S & C'S) [RFP ONLY]:

ABCcompany hastheright toselect among vendorsbased on their own criteria.
Any submitted documentswill becometheproperty of ABC. Thewinner will be
announced no later than date X. ABC has the right to accept and/for reject any
portion(s) of theproposed systems. Pricingfor such will berenegotiatedwiththe
vendor.

ABC will own al softwares implemented, including the right to resell it. The
vendor must guarantee the delivery of thesoftwareand hardware 6 monthsafter
signing acontract, or therewill beapenal ty of 10%/%60f the project price per month
of latedelivery.




Preliminary Project Plan ABC Project

PRELIMINARY PROJECT PLAN ABC PROJECT

1. PROJECTTEAM

The Project Team will consist of thefollowing 6 individuas:

PROJECT MANAGER:  Jane Flynn
PROJECT LEADER: Jim Bean

PROGRAMMERS (4):

2Level 3(Junior)

Not yet assigned. The levelsrequired are:
1 Level 1(Senior)

Level 2 (Intermediate)
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PROJECT
MANAGER
PROJECT
LEADER
SENIOR INTERMED JUNIOR JUNIOR
PGR PGR1 PGR 1 PGR2
FigureA.1

Time Frames and Responsibilities

Proj ect M anager
Time Required:
Responsibilities:

ProjectLeader
Time required:
Responsibilities:

January 1to November 30,1990

Project team management; including input (at least) into salary

reviews of team members.

All communication to and from ABC. All communication to and

from upper levelsof management.

Weekly status assessment, scheduling, and status reporting.
Chair all major review (management, milestone) meetings.

Obtain all resources from outside.
Handle any unforseen events.

January 1to December 30,1990

Assist PM on technical aspects of planning, for example

project network and schedule.
Do project analysis.
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Lead the design team.
Dothe ATP, system test, and spend threeweeksat theuser site for
operation.

Supervise programmers. make programming assgnments, and
quality control.
Assigt Senior Programmer on magjor tasks.
Report project statusto PM.
Senior Programmer
Time required: April 1 to November 30, 1990

Responsihilities:  Program maor modules A and B, assist Junior programmers as
necessary.
Report status to PL. asrequested.

Intermediate Programmer, Junior Programmers
[Supply detail asfor Senior Programmer]

2. WORK BREAKDOWN STRUCTURES AND COST ESTIMATES
TASK ESTI MATE DETAI L FOR PROJECT: ABC

I TEM  Sunmary AUTHOR  Ji m Bean
DATE: Dec 1, 1990 WBS REFERENCE: 0.0 ABC
TASK DESCRI PTI ON ow  EST COMMVENTS
LX DYS
1.0 Definition H 38 Anal yst (MR)
2.0 Anal ysi s H 40 Anal yst (MR}
3.0 Desi gn H 40 Desi gner (BB)
4.0 Programming M 80 Pgr’s, Designer
5.0 Syst em Test H 15 Al
6.0 Accept ance M 8
7.0 Operation L 20 Incl. 10 day crs
8.0 Proj. Myt. & Mgs. H 53 Proj. mtgs only
9.0 Cont i ngency H 30 Har dwar e del i very
TOTAL PRQIECT 324
Figure A.2
TASK ESTI MATE DETAI L FOR PRQJECT: ABC
ITEM Definition AUTHOR Ji m Bean
Date: Dec 1, 1990 WBS REFERENCE: 1.0
TASK DESCRI PTI ON ow  EST COWMMVENTS
LX DYS

1.1 Requi renent s Docunent H 10

1.2 Go/Wogo Deci sion H 1d

13 Pr oposal H
TOTAL FCR 1.0 Definition 38

Flgure A.3
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TASK ESTI MATE DETAI L FOR PRQJECT: ABC

I TEM Requirenents Docunent AUTHCR  Ji m Bean
DATE. Dec 1, 1990 WBS REFERENCE:1.1
TASK DESCRI PTI ON Cw  EST COMMENTS
LX DYS

111 Meet with User M 4 User Myr. A 5up.B
1.1.2 Assi st in Preparation M 4 User will do nost
1.1.3 Negoti ate H 1 with User

1.1.4 Approval s M 1 Director |evel
TOTAL FOR 1.1 Regq.ts Doc. 10

FigureA4

TASK ESTI MATE DETAI L FOR PRQJECT: ABC

I TEM Go/No-go AUTHOR  Ji m Bean

Date: Dec 1, 1990 WBS REFERENCE: 1.2

TASK DESCRI PTI ON ow  EST COMMVENT

LX DYS
121 Feasabllity Study H 5 Eval build vs buy 2
pckgs

1.2.2 Wite Report M 2

1.2.3 R sk Anal ysis H 2

1.2.4 Approval s L 1 Director |evel
TOTAL FOR 1.2 Go/Nego 10

FigureA.s

TASK ESTI MATE DETAIL FOR PROJECT: ABC

| TEM Proposal AUTHOR: Ji m Bean

DATE: Dec 1, 1990 WBS REFERENCE: 1.3

TASK DESCRI PTI ON ow  EST COMMVENTS
LX DYS

1.3 Pl an Proposal H 1 JR

1:8.2 Do the Wrk M 10

183 Prepare Proposal Doc. M 2 20- 30 pgs

T, 3504 I nternal Approvals H .5 WP level

L.:3.5 Dry Run L .5

1.3.6 Present to User M 1 JR+ MR for .5

a |8 (B, Negoti at e M 1

1.3.8 Techni cal Revi sion M 1

1.3.9 Approval s L 1

TOTAL FOR 1. 3 Proposal 18

FigureA.6



TASK ESTI MATE DETAI L FCR PRQJIECT: ABC
ITEM Do the Wrk
DATE Dec 1, 1990

Appendix A

AUTHOR  Ji m Bean
WBS REFERENCE: 1.3.2

TASK DESCRI PTI ON aw  EST COMMVENTS
LX DYS

1.321 prelim Proj. Plan M 5

1.3.2.2 Det ai | Scope L 1

1.3.2.3 Det ai | Fi nanci al R 1

1,3.2.4 Detail Dev't Plan H 2

1.3.25 Detail Support Plan M .5 6 nos warranty

1.3.2.6 Discuss Ts & Cs H .5 with User

TOTAL FCR 1.3.2 Prep. Proposal Doc. 10
Figure A7

TASK ESTI MATE DETAIL FCR PRQJECT: ABC

| TEM Anal ysis
DATE. Dec 1, 1990

AUTHCR  Ji m Bean
VBS REFERENCE: 2.0

TASK DESCRI PTI ON aow  EST COMMVENTS
LX DYS
21 I ntervi ens M 10
2.2 Anal yze exi sting
systems/document 10
2.3 Synt hesi s M 9
2.4 Prepar e Functional Spec
Docurent 3
2.5 Negot i at e H 4 of our time
2.6 Revi se M 3
2.7 Approval s H 1 WP

TOTAL FCR 2.0 Anal ysi s
Figure A8
TASK ESTI MATE DETAI L FOR PRQJECT: ABC

ITEM Synthesis
DATE: Dec 1, 1990

40

AUTHOR  Ji m Bean
WBS REFERENCE: 2.3

TASK DESCRI PTI ON aw EST COMMENTS
LX DYS
3.31 Reusability of old
system M 3
2.3.2 Changes to old system M 3
2.3.3 New f uncti ons needed M 3
TOTAL FCR 2.3 Synthesi s 9

FigureA.9
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Task Estinate Detail for Project: ABC

| TEM Programm ng AUTHCOR  Ji m Bean
DATE: Dec 1, 1990 WBS REFERENCE: 4.0
WBS ACTIM TY CW  ESTI MATE CWNTS
LX DES DOC CCDE TEST TOT
4.1 Driver module{a) H 40 Menu
4.2 Modul e B M 10 I NQ
4.3 Modul e C L 20 P S
4.4 Modul e D L 10 UPD
TOTAL 80
Figure A.10

TASK ESTI MATE DETAI L FOR PRQJECT: ABC

| TEM Programmng Driver Md A AUTHOR  Ji m Bean
DATE: Dec 1, 1990 WwBS REFERENCE 4.1

wBS ACTIM TY OW  ESTI MATE CWNTS

LX DES DOC CCDE TEST TOT
4.1.1 Mai nl i ne A1 H 3 1 4 2 10
4.1.2 Subroutl ne A2 M 2 1 1 1 5 MOUSE
413 Subroutine A3 L 5 .5 .5 5 2 GRAPH
4.1.4 Subroutine A L 1 1 1 1 4 ERRCR
4.1.5 Subroutine A5 L 501 1 .5 4 | FCE
4.1.6 Subroutine A6 L 1 1 3 1 5 I/0
4.1.7 Subroutine A7 L 2 1 1.5 2 5 ENT/EX
4.1.8 Integrating
Driver H 5 1
TOTAL 40
FigureAll

COST CALCULATI ON ( Exanpl e)
Programm ng Module A
RESQURCE HRS OVRTI RATE VAR CST FIXED TOT
Seni or Pgr 160 0 40. 00 6400. 00 0 0
Juni or Pgr 60 0 25.00 1500. 00 0 0
Comp. tine 40 0 100. 00 4000. 00 0 0
Buy Wrd Proc. 0.00 5000 5000

[A chart likethis should appear for all of the estimated tasks]
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Rates:  Ratesquotedincludeadll overhead, plusaprofit factor of 33% for staff
and 15% for fixed priceitems.

Risk: A risk factor of 0%to 33% has been added to individual tasks in the
estimates. For further detail seeJane.

3. PROJECT SCHEDULE

Task Gantt SuperProject Expert
Vieu Edit Select File Output

1 Day Per Symbol Decenber 89
ID Heading/Task  Resource | 27 84 11

P1 |SOFTVARE.PJ
DEFINITION
REQUIRENENTS DOC
PH
USER
PROPOSAL

PRELIMINARY PLN
3|

PL

URITING
M ;
ANALYSIS HBPRRBNRBDRBNHB
FUNCTIONAL SPEC HDDNDDRDIINRRDN!
TECH SECTIONS ;
L
HGT SECTIONS

ame of heading/task or resource.
Figure A.12  Superproject project schedule

4. REVIEWS AND MEETINGS

Steering Committee Reviews (every threc months, or asnecded).

March 3, June9, Scptcmbcer 8, Dccembcer 12, 1991 .

Attendees: PM; Functional Managers A, B, C; Department Dircclors X, Y, Z:
Client projcct rcpresentative; Account Manager A,
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Milestone Reviews. Functional Spec sign off: February 14; Design finalized:
April 12; Mid programmingReview: July 4; Fina programming and ATPreview:
September 15; System test: November 18; Post project review: January 1,1990.
Atlendees: All of steering committeeplus appropriatepersonng from hardware
manufacturer or technica staff, depending on the previous and next phases.

Technical Meetings

A statusmeeting will be held every Friday afternoon {from 1:00 to 3:00 with all of the
project team. The PM and PL will optionally meet alone Fridaysfrom 3:00 to 4:00.
Therewill beamediumlevel designwalkthroughheld March 12, andfinal design

alkthrough held April 1.

Attendees: PL, DesignersA and B.

5. REPORTS

A Status Report will be published by the PM every Monday.—.

The contents include progress past period, problems encountered, plan for next
period and progress againgt plan. A schedule produced by SUPERPROJECT will be
included to show actuals versus plansfor every task.

Therecipientswill be projectteam, steering committee, clientsA, B, C (thismay
be an edited version); resource providers D, E, F; troublemakers[you may choose a
different word] G, H, |. If any recipient notices a problem he must report it to the PM

withinoneweek of receiving the report.

6. DOCUMENTATION
User Documents

DOCUMENT

User Guide

Operator Guide
Maintenance Guide
User Training Manua

Project Documents
Requirements Doc
Functiona Spec
Design
Program in-lineDoc
ATP
System Test Plan

RESPONSIBLEPERSON
Junior Programmer 1

Junior Programmer 2
Senior Programmer
Intermediate Programmer

Client, Project L eader assists
Projcct L eader

Project Leader, Senior Programmer
Programmers

Senior Programmer

Project Leader
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Word Processing

Secretary M. Blink will be availableduring the months of February through October.
The Secretary will word processal of the user documents, as well as the FSand the
ATP.

7. CHANGE CONTROL

Since thisisafixed price project, any clientrequested change will he submitted to the
PM on changerequestform A-3. 1t will beassessed by thePL, and theclientmust agree
to pay extrafor any changeas per termsand conditionsin the contract. Project team
requested changes will also besubmitted on changerequestform A-3tothePL, who
will deal witheach one.

8. ASSUMPTIONS

a Thepersonnel mentionedinSection 1 of thisdocument will beavailablefull
limefor the required periods.

b. Hardware, operating system, and DBMS will be delivered on date X as
promised.

C. All of the volume, performance, and throughput maxima detailed in the
Requirements Document arecorrect.
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1. COVER LETTER

PROPOSAL
September 1,1989
Mr.J, Strawman
President
Amalgamated Basketweaving Courses Ltd.
Rattan, Ontario

Dear Mr. Strawman,

Thank you for giving XY Z Software Co. the opportunity to discuss
with you thenceds for a new regidtration system at ABC. Asaresult of these
discussions, included pleasefind a Proposal to implement thissystemfor you.

XYZ proposes toimplementcomputer hardware, purchased software
and custom written software to solve your present problemswith registration,
courseadmini stration, management information and warehousing. Thesystem
should meet your needsfor thenext 3 years.

Thecost of the hardware will be $100,000, the purchased software
$20,000 and thesoftwarecustomwrittenby X Y2 is estimated tobe $80,000. The
system can be implemented in Sx monthsif we are given a timely go-ahead.

If we are given a go-ahead by October 1, 1990, we can start your
project January 1, and ddliver by July 1,1991. Thispricequotationisgood for
30 days. Hardware vendor israising hispricesby 10% on September 30th.. so
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Hoping to blah ..blah ..

aquick decision on your part will save both time and money.

Signed by,

Project Manager
(optiondly)

Account Representative

2. TITLEPAGE

"*Proposal,™" thelille of the system, author, date, revision number, company logo, and

soforth.

3. TABLE OF CONTENTS
Section 1. Scope

Section 2 Advantages
Section 3 Financial

Problems addressed by theXYZ solution, the
size, extents and limits of the proposed sys-

Why you should choose XYZ ..ccevesesees Pg 4

How the cost and delivery date was deter-
mined, and payback graph.seseeesssssssssssens Pg5
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Section

Section
Section

Section

Section

Section

A

7

8:

9

Project Plan

Deliverables
Acceptance

Alternatives

Terms, Conditions
and Assumptions

Terminology:

Appendix A

Steps that will be taken, the project team,
how the userfitsintoeachstep.......... g7

Ligt of theitemsthe user will receive...Pg 9
How the systemwill be demonstratedto the

USer —k 10
What other sol utions(vendors) the user could
(610160 > - R Ry 12

Ry 15

A glossary of computer related terms that
MY APPCAT ccurnsmsnsnsssmsssmsssasssssssssssssnsnsns Pg 16
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PROPOSAL FOR AMALGAMATED
BASKETWEAVING COURSESLTD.

COPYRIGHT XYZ2 SOFTWARE CO. 1987

1. SCOPE

The purpose of this proposal isto prove how XYZ Software Co. can solve ABC’s
problems with registration, course administration, management decision making, and
warehousing. [ The general itemsthat will go in here are; ]

Background.  [Summarize the problem statement, and how the previousinterviews
and/or assistance givento the user inwriting the RD gave XYZ athorough understand-
ing of ABC. |

Solution.  [Summarizethehardware/software that you are recommending, and show
why it is the best choice. Show proven track record, etc.

Summarize[one or two sentences per department wherethe new computer systemand
terminals will be located, the departmentsthat will use them and how. For example,
""The registrar will have a terminal and will be able to answer students' queries by
phone as well as register them on-line."* Emphasize the improvements that will be
noticed by each department. ]

Futuregrowth. [State thegrowththat will beanticipated aswell asfutureimprove-
ments that can easily be added on (you are already selling your next project!]

Limits.  [Thisisnotaspecific section, but ensurethat the user does not read into this
proposal major items that you do not intend to provide. ]

2. ADVANTAGES

XY Z hasbeeninthesoftware businessfor over sevenyears. Weareexpertsat training-
oriented software. We implemented three such systemsin the past, including Mainte-
nance Courses Ltd.

The Brand X hardware and purchased software that we are recommending has
been availablefor the past five years, and has proven to be one of the most reliable in
the industry. Brand X is the world's nth largest computer manufacturer and has an
excellent reputation for reliability and service. XYZ has extensive experience on this
recommended hardware and software. We used it successfully on productsfor the past
four years.

XY?Z hasan excellent reputation for quality and we stand behind every product
that we develop.
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3. FINANCIAL

Delivery Date( given go-ahead by July 1): Dec 30,1988
Costing Breakdown

Har dwar e
Brand X nodel 123 CPU...... nn
Menory
Di sks
Terminals
etc. [include manufactorer’s quotes]
TOTAL HARDWARE 100, 000
Sof t war e
Pur chased DBMS 10, 000
VSM Operating System 10, 000
XYZ provided custom sof tware 80, 000
TOTAL SOFTWARE 100, 000
GRAND TOTAL $200, 000

PAYBACK GRAPH
DEVELOPMENT COST = 200K

g

£ 300K

8 240K DEVELOPMENT COST
) e e e e i ey

% 160K

=

Z 80K

w

1991 1992 1993 1994

YEAR ENDING

Figure A.13

Thesystem will pay for itself in two and one half years, by the middle of 1992.
Other benefits: Reduction of Registrar turnover due to job satisfaction, savingsin

warehouse due to fewer losses, better customer relations, and unquantifiable benefit
because you will be able to make better management decisions.
4. PLAN

Thefollowing will be the seven mgjor activties involved in your project:
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Anaysis. In thorough interviews with yoursaf and al the users of the
proposed system, wewill determineand agreeupon exactly how thesystemwill
behave.

Design. Our best designerswill determine how wewill build thesystem.
[A few wordson PROGRAMMING and SY STEM TEST]

Acceptance. We will demonstratethe system to you before dclivery to
provethat it worksas we promised.

Operation. Wewill turn the new systemon at your site, train your users,
and provide someoneat your site for three weeksto handle any problems.
[Describethe project team and the project organization, asin the Preliminary Project

Plan, but includeonly theitems that will be visible to the user ]

We use thefollowingsevenphased, step-by-step projectmanagementmethodthat
insuresthorough planning and control of your project. [List here theseven phases, and
where the user approval/sign off will appear.]

In each phase there will be milestonesthat you will be able to review and see
project progress.
In addition, you will havet he opportunity to be part of asteeringcommittee...and

you will atend milestone review meetings..and you will reccivc a Status Report
weekly...ctc.

Y ou will havc to providefor our use a project represcntative: someone who will
be available to answer business questions regarding your prescnt operation and the
proposedsystem. Thispcrsonmust havcthe authority to makedecisions about what the
new systemwill provide. You will also havc to providesampledata and files that you
presently use. ABC will receive certain documents for sign off from XYZ. These
documentsmust be approved and returned within five working days of receipt.

5. DELIVERABLES

XY Z will déeliver the following:

Brand X Hardware, VSM Operating System, DBM Ssoftwareslisted above.
These itemsare available now with adelivery timeaf three months.

Custom written softwarelisted above, to be produced in six months.

Warranties. Brand X warrant their hardware and softwarefor oneyear after
the dateof dclivery. Subscquent warranty can be purchasedfor...[detail]. XYZ
warrant their software unconditionally for six months after the date of delivery.
Thercwill be one person at your sitcfor one month after delivery to solve any
problcms. For two months after this,a pcrson will be availableto solve any
problemsby phone. He/she will attempt to solvethe problemfirst on the phone,
otherwise by beginning work immediately on your problem. For three more
months after thisperiod, aperson is guaranteed to begin working on aphoned in
problem within four hours of the call. Subsequent warranty can be purchased
for...[detail].



274 Appendix A

Documents. Thefollowing manuaswill bedelivered:
Brand X completeVSM documentation[detail it dl].
XYZ will produce: User Guide: tellseach of your users how to use thesystem

specifically for their job. Operator Guide:  tellshow to bring the systemup, shut
it down, backup/restore and handle errors.

Training. WerecommendBrand X 'VSM Concepts and Utilities and 'VSM
System Management' coursesfor one person.

XYZ will provide. User Course: teaches each of your users how to use the
system specifically for their job.

Operator Course. Teacheshow Lo bring thesystem up, shut it down, backup/
restoreand handleerrors.

Method of delivery. Thehardwareand softwarewill bedelivered and installed
a the user's appropriate locations. One copy of the documentation will be
dclivered with the system. Training will be delivered at the user's site, on his
computcr.

6. ACCEPTANCE

Acceptance will involve a thorough, step by step demonstration of all the system
functionsto theuscr beforcthe actual delivery of thesystem. If ABCagreesthat al the
functionswork, they will pay XYZ all funds still owingless$10,000, whichwill be paid
upon successful delivery of the computcr system.

7. ALTERNATIVES

Analternativesolutionwouldbetouse Brand Y withthe IDOT database. Wehavenot
chosen this onefor thefollowing reasons....[detail]

8. TERMS, CONDITIONS AND ASSUMPTIONS

¢ Amounts quoted here aregood for 30 days after receipt of this letter.

o XYZ reservestheright toal source code and documentati ons produced.
o XYZisnot liablefor any lossesdueto our software.

e Thisdocumentis copyrighted.

e XYZ is not responsible for any problems with Brand X hardware or
software, or for the delivery dates promised by Brand X.

e |tisassumed that the user responsibilities will be fulfilled as detailed in
Section7 of this document.

e Itisassumed that al information in terms of volumes, throughput, number

o users,and responserequircmentsareaswritten downin theReguirements
Document Verson 2.1 dated August 30, 1990.

9. TERMINOLOGY
[Glossary of all computer terms used.]
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FUNCTIONAL SPECIFICATION

1. TITLE PAGE

FUNCTIONAL SPECIFICATIONS

FOR AMALGAMATED BASKETWEAVING COURSES
BY

XYZ SOFTWARE COMPANY

AUTHOR: GEORGE SMITH

JULY 8,1990

VERSION 3.0

2. TABLE OF CONTENTS

[ Section names with page numbers.]

3. SYSTEM OVERVIEW

Amalgamated Basketweaving Courses Ltd. gives different types of weaving courses.
They haveclassesin 10 major cities in North America. Each courseispresented at | east
every three months. Students come from all over the country, but can register by
phoning headquarters(collect) in Rattan.

Presently, there are major problems in registration, course administration and
warehousing, and useful data to make management and marketing decisions is not
available.

Tosolvethisproblem, XY Z Software Company will implement asystem consist-
ing of hardware and custom software as shown in Figure A.14.

Thesystem consists of 4 mgjor components:

1 An | NQU RY component that handles questions regarding students and
courses, such as'*When isa courserunning?'®, ** How much isit?"" **Who
isinit?"" and soforth. Thiscomponent also gives management information
for marketing decisions.

2. An UPDATE component that allows changes of any information regarding
students or courses, for example change of course location or status, or
change of student address.
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TERMINAL TERMINAL
| |
TERMINAL TERMINAL
MENU
[ I | '
INVENTORY REPORT
INQUIRY UPDATE CONTROL GENERATION

I | ] I

STUDENT/
COURSE PRINTER
DATA

Figure A.14 Maj or functionsof the system

3 A INVENTORY CONTROL comuonentthat handlestheinstructionstothe
warehouse for shipment of material, reordering of materia if aminimum s
reached and keeping the appropriatefinancial datafor material.

4. A REPORT GENERATION component that handlesall requestsfor print-
out. Reportssuch asclassenrollments, confirmation, attendeesby course, by
geography, and so forth arehandled here.

5 Tomakeall this easy to use, all conversationwiththe userisviaMENUS, and
choices on thesemenus is by useof amouse.

All of thestudent and course information will be kept on adisk.
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4. MAJOR OBJECTIVES

INQUIRY will allow i nmedi at e response to questions on the phone such as ** How
many studentsenrolled inacourse.”" It will also allow fast management decisionsto
be made since inquiries such as, ** How many students attended course X in the past
year?'" can be answered immediately.

UPDATE]... detail]

REPORT GENERATION will allow immediate written confirmation to be sent to the
student, a report on attendeesto be printed for the instructor...

[General description of how each component solves specific problems.]
The new systemwill improve [do not use 'affect] thework of the following people:

Mr. Strawman will haveaterminal and a printer in hisoffice. Hewill be able
toaccessall coursedata, student data, enrollment data, and revenue/expense data.
Hewill not be ableto change student or coursedatathough. Hewill automatically
get a report after each course on ... a report weekly on ... [and so forth,]

Ms. Accountant will have aterminal in her office. Shewill beableto.... She
will therefore no longer need the Klunker adding machinein her office. Shewill
be able to ask for financial information on line ...She will be able to ask for
financia reports... which will be printed on the printer in the main office area.

Mr. Warehouse Supervisor will beableto.... Thismeansthat only two people
will be needed to staff the warehouse.

[List all the people that will be involved.]

5. SPECIAL SYSTEM REQUIREMENTS

Although no electronic communication is required, Brand X hardware and VSM
operating system can easily be updated with CEDNET computer-to-computer commu-
nication. Thiswould allow another computer in another location of thecountry tostore
local information and communicate it to Rattan.

The present GONG word processor fileswill be converted to Brand X word
processing format by XYZ.

Performance

Although the ABC Requirements Document asks that ** The system respond to every
input in 5 seconds,”” XY Z cannot guarantee this. Even the fastest computer ever
manufactured will under certain circumstances take longer than 5 seconds to respond
tocertain requests. Thenew system will respond to 95%of therequestswithin 5seconds
ina24 hour period, and the main desi gn objectiveswill be user friendliness and system
response. As per the requirement that the ABC system sufficefor the next threeyears:
The ABC system will beabletohandle upto 250n-lineinquiriesper minute. Thesystem
will keep history on up to 10000 students, 100 courses and keep track of 200
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registrationsat any time. Thiswoul dmorethanhandl ethe present requirementof 10on-
linequestions, 2000 studentsand 100 registrations. Theanticipatedgrowth of 20% per
year for thenext threeyearswill al sobehandled. Although only 10 simultaneoususers
are anticipated, the system will handleup to 16.

6. COMPONENT DESCRIPTIONS
Menu System

When the computer is turned on, the ABC system automatically starts up and the
following'MAIN MENU' appears.

(" ABC SYSTEM MAIN MENU N
WHI CH FUNCTI ONS DO YOU W SH?
1. REG STRAR
2. COURSE ADM NI STRATI ON
3. FINANCI AL
4. MANAGEMENT
5. WAREHOUSE
6. OTHER
7. QUT
USE UP/DOWN ARROW TO HIGHLIGHT YOUR CHOICE, Hl T THERETURNORUSEMOUSE
TO HI GHLI GHT YOUR CHOI CE, THEN PUSH MOUSE BUTTON PUSH HELP KEY FOR
EXPLANATI ONS )

Figure A.15 Sysem main menu

Theerror messages are:

¥OU HAVE MOVED OUT OF RANCGE i f user tries to nmovetoo | owor too high.
I NVALI D I NPUT i f a key other than RETURN i s pressed [and so forth for
al |l nessages that you can foresee].

The HELP messagesthat will appear when the HELP key is pushed are

HI GHLI GHTED HELP MESSAGE
NUMBER

1 Do Registrar's functions
2 «aa etce.

Action takenwhen ‘1’ REGISTRAR functionsar e chosen:
Registrar Main Menu Appears
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REG STRAR FUNCTI ONS \

1. 1 NQU RE ON A COURSE

2. INQUIRE/CHANGE STUDENT | NFORVATI ON

3. ENROLL/CANCEL A STUDENT

4. QUT
USE El THER URYDOWN ARROWTO H GHLI GHT CHO CE THEN RETURN, CR MOVE
MOUSE TO HI GHLI GHT, THEN PUSH BUTTON ON MOUSE PRESS HELP KEY TO
GET HELP ON HI GHLI GHT | TEM J

FigureA.16 Registrar main menu
Functionsallowed when student phonesregistrar:

Data. Verba over phone, or mailed in Inquirieshandled:
Location,datesof courses, number enrolled/maximums, cost, skillstaught,
Instructor name, Previous knowledge required.

Responses given. Course locations, dates (next 6 months), number en-
rolled (next 6 months), maximum allowed, cost, volumediscounts, skills taught
list (max. 25 lines), instructor name (next 6 months), Previous knowledge
required (max. 25 lines) status (running or cancelled}(next 6 months).

Changes. Updatename, address, payment information of student,cancel a
Student from a course.

Register astudent. Obtainand enter name, address, course (by number),
payment information.

Performance. Must handleup to 3callsper minute.

When 1’ 'InquireonaCourse' ispressed on RegistrarMain Menu, the INQUIREON
COURSE menu appears.

I NQUI RE ON' A COURSE .
ENTER AS MUCH OF THE FOLLON NG | NFORVATI ON AS
POSSI BLE. USE UP CR DOWN ARROW TO GO TO A FI ELD
THEN RETURN,

OR MOUSE TO GO TO A Fl ELD THEN PRESS BUTTON
WHEN FORM | S ALL DONE.

COURSE NUMBER

COURSE TI TLE

COURSE LOCATI ON
\CQJRSE DATE (CR RANGE)

Figure A.17 Inquireon coursemenu
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[Thusall of the possiblesysteminterfacesfor the Regisuar function are addressed |

Action TakenWhen '5' WAREHOUSE functions are chosen:
Warehouse Main Menu Appears

WAREHOUSE FUNCTI ONS -\1
1. INQUI RE ON INVENTORY/COURSE MATERI AL
2. CHANGE INVENTORY/COURSE MATERI AL | NFORMATI ON
3. ISSUE MATERI AL FOR A COURSE

4. QUIT

USE El THER UP/DOWN ARROW TO HI GHLI GHT CHOI CE THEN RETURN, OR MOVE
MOUSE TO HI GHLI GHT, THEN PUSH BUTTON ON MOUSE PRESS HELP KEY TO GET
HELP ON HI GHLI GHTED | TEM J

Figure A.18 Warehouse main menu

Item X will bereorderedat thebeginningdf eachmonthif amount onhandislower than

the number specifiedin ‘2' CHANGEINVENTORY/COURSE MATERIAL INFOR-
MATION on this menu. [Detail all theuser menus,commands, messages, inquiries, and
reports.]

Data Kept by the System

CourseData. Coursetitle, date, numberenrolled, materia required,loca-
tion, instructor, status (running or cancelled).

Student Data. Name, address, phone, SIN, course number of course(s)
enrolledin, coursenumberof past course(s) enrolledin, payment methodflag, bill
to address, amount owed to us.

Materal Data. [Detall al dataitemskept.]

7. OTHER DELIVERABLES

Documentation

User'sguide.  Showsall theappropriateusershow tosignintothesystem, use
their menus, do their work, respond to error situation, and sign off the system. It is
divided into sections, onefor the Regisuar, onefor the Administrator...

TheUser's Guidewill be useful for two areas; First, asalearning tool sinceall the
commandswill be presented in the order that the user will see them in his/her work
situation. Second as a reference since at the end of the guide all the commands and
messageswill bepresented al phabetically. Followingisthetableof contents(not final):
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1.0 Registration

11  Signintosystem

12 Callingup aCourse
13 Registering a Student

6.0 Warehouse
7.0 Manager
8.0 Accounting

15.0 Referenceof al Commands
Indexes

Training

Registrar's Course.  Thiswill beafiveday course, teaching three registrars
how toget on thesy stem, useal | their commands, handleany problem situation, and sign
off the system.

Modules (not final)
1.0 Registration
10 Signing on the System
11 Registrar Main Menu
12 Handling Course Inquiries
13 Handling Student Information Inquiries.. etc.
2.0 Errors, Problems and Questions

21 Error Messages... etc.

Warehouse Course.  This will be a two day course for two warehouse
personnel...etc.

8. SPECIFICATION CHANGES

Since changes that are requested after the Analysis Phase can be costly and can cause
delivery delays we propose the following change control procedure:

We will form a** change control committee,”* consisting of at least one person
from ABC (can be the project coordinator), the XY Z Project Manager. All changes
must cometo the PT through the user change person. Each week, the committee meets
and all changes are presented to the PM. XY Z should prioritize the changes from a
rating of *"critical*" to "" desirable." The PM then takes the changes to the technical
membersof the PT, whoclassify thechangesas' easy™" or "*hard."" The PT will usually
implement as many of the easy changes as possible.

A hard change usually involvesalarge cos—in dollars of effort and/or project
delay. The PT will calculate this cost and will present it to ABC, usualy at the next



282 Appendix A

meeting, perhapssooner if itisa" critical"* change. ABC must give written go-ahead
to any change, accepting the impact such asa priceraise or delivery dateslip.

9. ACCEPTANCE

Acceptancewill bedoneasfollows: A set of tests, and theexpected resultsof thesetests
will be written up. These tests will be designed to demonstrate step by step all the
functionsthat the system is supposed to do. These tests, called the ATP (Acceptance
Test Plan) will be approved by ABC before acceptance. Aseach test isrun, ABC will
sign off all successful tests. Only failed tests are repeated. If al the tests work, the
system will be accepted and payments by ABC to XY Z will be made as agreed.

10. USER AND PROJECT TEAM INTERFACES

ABC and the Project Team must communicate at both technical and management
levels. At a technical level the PT needs fast and accurate answers to technical
questions. These questions do not stop at the Analysis Phase, they in fact get moreand
more complex as the project proceeds. ABC should appoint at |east one person to be
availabletoanswer questions. Thispersonmust know theuser's businesswell, and have
authority to makedecisionsfor every department that the proposed system will affect.
We suggest Ms. Jonesasthe ABC project coordinator, to be in constant contact with
XYZ’s Jim Flynn.

ABCand XYZ must communicate at management level aswell. Thiswill bedone
by at least the AB C project coordinator and the XY Z project manager. They willdiscuss
issues such as budgets, schedules, major changes or people problems. We suggest
ABC’s Mr. Administrator to be in contact with XYZ’s Project Manager.

11. USER'S RESPONSIBILITIES

ABC must provide test data with which to test the system by Sep-
tember 1, 1991.

ABC will write chapter 3of the User's Guide by October 12,1991.

ABC will returnwithin oneweek (if approved) thefollowing docu-

ments (Dates tentative)

ATP October 1, 1991
User's Guide October 30, 1991

This Functional Spec must be returned within two weeks.

12. TERMS, CONDITIONS AND ASSUMPTIONS
[Can be duplicated from the proposal]
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DESIGN SPECIFICATION

1. TITLEPAGE, TABLE OF CONTENTS

DESIGN SPECIFICATION

FOR AMALGAMATED BASKETWEAVING COURSES
BY

XYZ SOFTWARE COMPANY

AUTHOR: GEORGE SMITH

JULY 28,1990

VERSION 4.0

[On next page, Table of Contents,

section names with page numbers]

2. SYSTEM OVERVIEW

Amalgamated Basketweaving Courses Ltd, gives different types of weaving courses.
They haveclassesin 10major citiesin North America, each courseis presented at | east
every three months. Students come from all over the country, but can register by
phoning headquarters (collect) in Rattan.

Presently, there are mgjor problems in registration, course administration and

warehousing, and useful data to make management and marketing decisions is not
available.

Tosolvethisproblem, XY Z Software Company will implement asystem consist-
ing of hardware and custom software that will do thefollowing:

Allow online response to questions from students, registrars, managers, financial
people, ete. regarding students and courses.

Allow online course registration.

Automatic notification of students, instructors, and appropriate ABC personnel
when a course runs, and after a course runs.

Automatic invoicing of students, and accounts receivables/payables.

Automatic notification of warehouse to ship materials for a course, as well as
inventory control with automated material reordering.

Allow on-line or on printer management report generation regarding course
attendance by date and geography.

3. HARDWARE/SOFTWARE

CPU Brand X WAX Model 800
4 megabyte RAM

2 RD50 (75 megabyte) fixed disk drives
1TX51 streaming tape drive
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1 MN terminal controller

2 LP300 Printers

10TV440 Terminals with appropriate cabling
VSM Version5.0

Datatrees data base management system
PASCAL V3.0

SETDECdevelopment environment (CMS, MMS, DTM, SCA, with PAS-
CAL LSE)

4. DESIGN PRIORITIES

User friendliness, response, cost, time.

5. DESIGN DIAGRAMS AND MODULE
DICTIONARY CONVENTIONS

The design method used is the hierarchical breakout method. In the top level (see
Section 11) each box represents a major component. Each major component is num-
bered N.0 where N isaninteger. The medium levelsof design (see Section 12) break
out each top level module into functional components. In thefirst level of MLD the
boxes are numbered N.I, N.2, where N was the number on the appropriate box of the
TLD.

Onthedesign diagrams, asolid linewill (usualy) represent control flow (proce-
dure call ). The dotted arrows represent data flow; the direction of the arrow isthe
direction of the parameters passed. The arrows are labeled with the parameters to be
passed.

Please follow this convention as you break down further in module design.

6. MODULE NAMING CONVENTIONS

Modules are named asfollows. Every module begins with the letter ‘A" for the ABC
system. The next character represents the TLD module name: “M” for MENU, 'I' for
INQUIRY, ‘U’ for UPDATE,'W' for WAREHOUSE, 'R' for REPORT. Thenext two
characters represent the second level breakout module name, followed by 4 characters
for thegeneral function. For example, themodule name ‘AMSTMVCR’ isconstructed

asfollows:
A ABCsgystem
M MENU component
ST start function at second level
MVCR - move cursor

At higher levels, fill the module name with “0’s.
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7. PARAMETER PASSING AND DATA DICTIONARIES

All parameters are passedviaprocedurecalls. They must be passed intheorder that the
subroutinewill usethem. All parametersarevariables(no indirect or addressreferences
please). If a parameter need not be passedin a particular call that would normally take
the parameter, use ‘,* as place holder. All parameters used must appear in the Data
Dictionary (Section 12).

8. ERROR HANDLING

Module AMEOOOO is a system wide error handler. If anerror is detected anywhere in
thesystem, exitfrom your modulewith global variables ERR1 through ERRS signaling
context to AMEOQ0Q. For example:

[ PROCEDURE ERROR; {error trap) w
BEGIN
ERR 1:= ‘AMXYABCD’; {name of my routine}
ERR 2:= *2'; {severity code)
ERR 3:= ‘R'; {wish return)
ERR 4:= 'RESUME; {label to return to)
ERR 5:= -1; {return with code)
k END; )

9. STRUCTURED PROGRAMMING STANDARDS

Breakdown your moduleuntil there areapproximately 50t0100executabl e statements
per submodule.

Attempt to use the structured constructs IF, FOR, CASE, WHILE, UNIl L, or
named Procedure. Avoid GO TO, except for an unconditional exit.

Entry must beat thecalledstatement. Exit must be using asi ngleprocedurenamed
'RETURN.’

Comment linesfor routine description, author name and so forth are availablein
a'template’ programin account [SY STEM] file TEMP.PAS. Y ou must start with this
and fill in the appropriate code.

10. PROGRAMMING TOOLS

PASCAL V3.0isavailable, with al the appropriate tools, to code the project.

ThePASCAL Language Sensitive Editor isavailable. Call itby... Using thisLSE
will makecodingeasier and standard informat. For information on how to usethistool
see Document...

An automated testing tool that allows you to predefine a set of inputs to your
program as well as the expected outputs is available. DTM will allow you to repeat
standard tests, especialy in batch mode. For information on how to use this tool see
Document...

All sourcesshould be kept in the CM S library [CMSlyour name.SRC. CMS will
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keep your sources, track the changes, and prevent in advertent erasure. For informa-
tion on how to use thistool see Document...

There isa wealth of source subroutinesfor parameter handling, 1/Q, and soforth
in [PAST]LIB.PAS. Look toseeif any of thesewill do some/all your job and usethem
if at al possible.

11. TOP LEVEL DESIGN

TERMINAL TERMINAL
| |
TERMINAL TERMINAL
MENU
| | | 1
INVENTORY REPORT
INQUIRY UPDATE CONTROL GENERATION

L 1|

COURSE
DATA PRINTER

Figure A.19 Major functionsof thesystem

l

The general functions to be performed by thefive major components are:
Menu
Automatically called when thesystemisstarted. It handlesallmouseinput, and behaves
as the overall system control module, receiving control when nothing else is active. It
handlesall theerrorsthroughout thesystem, on-line helpwhentheHEL Pkey i spressed,

and activates the general INQUIRY, UPDATE and REPORT GENERATION pro-
grams. It also shuts the system down.

Inquiry
[Fill in the detail.]
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12. MEDIUM LEVEL DESIGN

MENU Component

11

START

287

1.0
MENU
1.2 1.3 1.4 15
DRAG CLICK ACTION ERROR

FigureA.20 Menu second level of breakout

Y ou may consider breaking it down further. Example of third level breakdownis

found in Figure A.21.

1.0
MENU
AMADOCOO0

B 1.2 I 1.3 1.4 l 1.5 I
START DRAG CUCK ACTION ERROR
AMSTO000 AMDROO0CO AMCO0C0 AMAOD0O AMEOOOO

MOVE i et ERROR CALL CAU CALL ” SPACI;I;

CURSOR SUBMENU INQUIRY UPDATE " GEM
ERROR/
HELP

FigureA.21

ERROR &

HELP
MSGS
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M odul e AVIG00000 getscontrol when theoperator typesABC at commandlevel. (May
be automatically started by aLGQd Nfile.) It first calls AMSTOOO to open all system
filesand do someinitializing. When control is returned AMOOO0O0 displaysthemain
menu, then waits for an asynchronousinterrupt from the mouseor the keyboard. On
mouse interrupt, control is passed to AMDROGO with the position of the mouse.
AMDROOO highlightstheappropriateentry and returns. If the mousebuttonis pressed,
control goesto AMCOO000 withthestatusof themenu (highlighted item). AMGO0000
either call sasub-menu or takes someother indicatedaction. [And soforthuntil al the
genera functionsdf the modulesaredetailed.]

MODULES:

Modul e nane: AVBTOOO

Call ed by: AMBOO00O

Subroutines called: to be filled in by programrer |nput parane-

ters: none

D spl ays: none

Returned paraneters: if no errors exit code 0 if error, exit code

is error nunber

External variabl es used: (list)

Fi | es used: STUDENT.DAT (open), COURSE,.DAT (open),MATERIAL.DAT

(open) , SYSTEM DAT (open)

Functions: Qpen the fil es STUDENT.DAT, COURSE,.DAT,
MATERIAL.DAT, SYSTEM.DAT. |f error, exit withcode...
Initialize variables.. .

Check for abnormal shutdown by checking Record 1 of
SYSTEM.DAT file. Byte 1 = -1 neans propershutdown
(See nodule AMSHUTQD . If not -1, do following ...
On error exit with error code ...

Ensure correct status of
Mouse by checking...

On error exit with error code ...

Screen by ...

On error exit with error code ...

Network by ...

On error exit with error code ...

Nornal exit error code O

Figure A.22
[Thefollowing sections werefilled in by the programmer.]

Dictionary 1. Entriesadded:

1.1.1 AMBTSHCK Handl e warm/cold start
1.1.2 AVBTHWXK Check hardware status
1.3 AMBICPFI pen files

1.4 AMSBTINVA Initialize variables
1.5 AMSTMENU Present main nmenu

1.6 AMSTERRO Handl e error return



Design Specification

Secondlevel modulebreakouts:

1.1.1.1 AMSTSHOP Open SYSTEM.DAT file and check record 1
1.1.1.2 AMSISWWM System wam start handler

1.1.1.3 AMSTHER System cold start handler

1.1.1.4 AMSTEHCK error trapping and return

1.1.2 AMSHWMXK ... [etc. for all the 1,1.n meodules.]

[ End of information inserted by programmer.]
Module name: AMDROOOC
Called by: AVGO0OO0D
Subroutines called: to be filled i n by programmer |nput parameters:
mouse position, integer 0-9 Displays: turn appropriatelinet o inverse

video

Returned parameters: if no errors exit code 0
if error, exit code is error
number...

External variables used: (list)
Files used: none
Functions:

Calculate bit ma position of menu entry

If invalid position exit with. error code ...

Turn entry to inverse video

On error exit with error code ...
Normal exit error code 0

[And soforth until all the mediumlevel modulesaredetailed.]
FigureA .23
13. MODULE DICTIONARIES
Asyou progressthrough the design, build thefollowing three dictionaries:

Dictionary 1. Numericaly ordered by component number, gives the routine
name and ashort descriptionfor every module. For example:

0.0 A0000000 Amalgamated Basketweaving System
1.0 AMO00000 Menu system

1.1 AMSIOCO00O Start and display 1st menu

1.2.1 AVERWR Move cursor depending on mouse move
1.5 AMECCC00 System wide error and help message

Dictionary 2. Alphabetically ordered by component name, gives the routine
number and ashort descriptionfor every module. For example:

AO00000O0O 0.0 Amalgamated Basketweaving System

AMO0O0000 1.0 Menu system

AMSIOC000O 1.1 Start and display 1st menu

AVDRVWR 1.2.1 Move cursor depending on mouse move

AMEOOOCO 1.5 System wide error and help message

This can easily be created from Dictionary 1 using a sort program.
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Dictionary 3. Alphabetically ordered by short description, gives component
number and theroutinename. For example:

Amal gamat ed Basket weavi ng System 0.0 AOOOO000
Menu system 1.0 AMOG0000
start and display 1st menu 11 AMST0000
Move cursor dep. on npuse nove 1.2.1 AMDRMVCR
System wi de error and hel p message 1.5 AMEDO0000

This can also be created from Dictionary 1 using asort program.

Y ou can usethesedi ctionariesduring design, programming, or subsequenttesting
and maintenance-anytimeyou need to find amodule, its callsor its parameters.

The(common) data dictionary (CDD). The VSM CDDwill be used tostore a1l
datainformation. Enter intoit al new parametersthat youdefine. All theparameters
that are shown on the data flow arrows are aready entered. For each data item
(parameter,fileelement) enter intothe CDDthename,t ype, length, restrictions, and the
modulesthat useit.

14. FILES AND TABLES
MAIN FI LE ORGANI ZATI ON

One record

per student

enrolled One record per

on a course unique course/

notyet run location/date
STUD-NO. CRS-NO

STUDENT | NAME COURSE CRS NAME
FILE ADDRESS DESCRIPTION
PRICE
MAT-NO Repeatedper
itemreg'd
COMPANY
CRS-NO Repeated per
PAYMENT} crsregistered
on

One record One record

per item per run of a course
MAT-NO. CRS_NO.

MATERIAL | DESCRIPTION SCHEDULE | DATE
FILE QNTY ON HAND FILE LOCATION

REORDER QNTY INSTRUCTOR
LOCATION MAX ENROLLABLE
SUPPLIER ADDR STUD-NO. Repeated for

each student

FigureA.24
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COURSE.DAT (RMS file, location ... Primary Ke/ aus
Secondary Key(sS) wus

Use: [all modules that use a field from this file])

FIELD NAME TYPE SlIZE DESCRIPTION/COMMENTS

NO.
01 CRS_NO A7 Course no (Primary Key)
02 CRS_NAME A 30 Course name (Secondary key 1)

STUDENT.DAT

Special Comments Each course will bhe assigned a uniquecoursenumber,
placed in the GOURENO field in the COURSES.DAT file record. If a
student registers on a specific course, the field GOURENO in the
record for that student in the STUDENTS.DAT file will contain this
course number. The system uses these fields to correlate the STUDENTS
and GOURES files.

[detail as above.]

MATERIALS .DAT

HISTORY.DAT

[and so on for every file]
If you must define a new file (discouraged!) or table, show Organization (e.g.
RMYS), attributes, record length, keys, and what modulesin the system use thefile.
Includearecord mapthat detail seach field name, length, restrictions,and soforth.
Indicate if a field has a specific system purpose.
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ACCEPTANCETEST PLAN

The following tests are designed to dcmonstratc to ABC that the computcr system
provided by XYZ functionsfully aspromised in the Functiona Specifications. Eal of
these tcstsfunction successfully, ABC accepts the system.,

4. TEST SETS

The testsarc organizedinto thefollowing sets:

MENU tests
INQUIRY tests
UPDATE tests
WAREHOUSE tests
REPORTStests

Thesesetswill testthe ABC systemin h esame order asdescribed inthe FS, Sections

6.1 through to 6.5.

Thetestsareorganizedintogroups. Thesegroupsfacilitatesetup of thetesting: a
singlesetup should sufficefor all the tcstsin thegroup.

Certainitems arelisted astested by 'Inspection.” Thescarc thefilesizes, certain
error messages, and dl of thedocumentation. Tests indicated as 'Analysis arecalcu-
lationsdonetocheckformulas. This will bedone by ABCtogether with XYZ witheach

appropriatetest.

5. MENUTESTS

5.1 Main Menu
Purpose:

FSRelerence:

Setup:

Action:
Result:

to dcmonstratc ABC System Main Menu

Sec. 21, pa. 3

CPU with ABC softwareinstalled, 2 terminals on-
line

Power up thecomputcr

(Within 120 seconds) 2 terminas display MAIN
MENU o format FSSec. 6.1



AcceptanceTest Aan

Action:

Action:

Successful Completion Dae:
Client Signature:
Comments:

5.2 Registrar Menu

Purpose;
FS Reference:
Setup:

Action;
Result:
Action:

Action;

Successful Completion Date:
Client Signature:
Comments:

UP/DOWN arrow keysmovehighlightof items1to
17 up and down...

Going up beyond item 1 and down beyond item 7
produceserror message...

Pressing HELP key on item 1 produces HELP
message... Pressing HEL P &t other items produces
messages as per FS Sec. 10.1...

...ctc.moving mouse up and down...

to demonstarate ABC System Registrar Menu

Sec, 3.1, par. 3

10 test students on history file, 5 test courseson
coursefile, each course with 3 test studentsregis-
teredonit.

on MAIN MENU select ‘1. REGISTRAR'
REGISTRAR MENU o format FSsec. 6.2appears
UP/DOWN arrow keys move hilite of items1to4 up
and down.

Going up beyond item 1 and down beyonditem 4
produceerror message..

Pressing HELP key on item 1 produces HELP
message... Pressng HEL P a other items produces
messages as per FS Sec.10.5 ...

moving mouse up and down ... €tc.

53 Smla explanation of each Menu Test.

6. | N RYTESTS
[Detail asrequired.]
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7. UPDATE TESTS

7.1 Enroll/Cancel a Student

Purpose: to demonstarate ABC System capability to register
and cancel a student.

FSReference: Sec. 3.1, par. 3

Setup: test course with title'BASKETS' number B-123-5
ison the COURSE FILE

Action:; on REGISTRAR MENU select '3. ENROLL/
CANCEL A STUDENT'

Result: FORM of format FS Sec. 6.6 appears....etc.

Successful Completion Date:
Client Signature:
Comments:

8. OPERATION TESTS

8.1 System Backup and Restore

[Detail asrequired.]

9. MANAGEMENT TESTS

9.1 Set-up of Files and Accounts

10. CLIENT ACCEPTANCE

ABC and XY7Z agreethat the tests that wererunin the ATP detailed here were
successfully completed and verified by both parties:

ABC SIGNATURE: DATE:
XYZ SIGNATURE: DATE:
WITNESS SIGNATURE: DATE:
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indesign. 79. 285. 290

in prototyping, 165
useindGL, 174

Data flow diagrams, 59, 66

in CASE, 186
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(see Completion date)

DBMS, relational. 84

Deadlines, unredlistic, 2 (seeal so
Estimatesby edict)

Debuggingtools, 107

DEC estimating techniques. 141

DEC Test Manager, 108, 114

DECDESIGN. 67

DECSPM, 204-205
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in 4GL, 176
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goals, 12

Project L eader responsibility in. 215
Proiect Manager responsibility in, 213
real time project, 246
milestones, 12, 54

small project. 250

work breakdown, 31

Deliverables, 47, 63. 273. 280

Departments sharing

resources, 211, 212

Design phase, 10, 70-91
indGL, 177

bottom up, 73

conversions, 251

design methods. 70
dictionaries, 78, 284
example. 289

effortin, 86

enhancements, 84

file. 80

maintenance project, 251
medium level, 76, 90, 101
example, 287

meeting, 87, 240

milestones. 70, 97
priorities. 75
Project L eader I‘eSpOI‘IS!bIlItP/In 215
Project Manager responsibi

real timesystems, 73

review. 240

smdl project, 250

staffing, 70

standards. 71, 88

structured, 72, 103, 284
team, 87

testing, 84, 91

topdown. 72, 103

top level, 180, 53, 69, 90, 286
sign off meeting, 241

trade off's, 74

walk-through, 75, 84, 91
meeting. 242

war gtory. 71

Design Specification, 10, 89-91
example. 283

Developer (see Programmer)

Development

with maintenance. 252

tools, 3

standards, 4

Direct time, 145

Disclaimer, 53

D|V|d|ngsystem up. 70, 76

in 4GL, 189

Documentation

baselines. 64

examples, 255-294
Functional Specification. 63, 280
maintenanceguide. 106
managers guide, 106
operators’ guide. 106

plan, 40, 267
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