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PREFACE

The Center for Information Systems Research (CISR) is a
research center of the M.I.T. Sloan School of Management.
It consists of a1 group of management information systems
specialists, includ ing facul ty members , full— time research
sta f f , and student research assistants. The Center ’s general
research thrust is to devise better means for designing ,
implementing , and maintaining application software ,
informa tion systems , and decision support systems.

Within the context of the research effort sponsored by
the Naval Electronics Systems Command under contract
N00039—78-G—0l60, CISR has proposed to conduct basic

• research on a systematic approach to the early phases of
complex systems design. The main goal of this work is the

- 
•: development of a well-defined methodology to fill the gap

between system requirements specification and detailed
system design.

The research being performed under this contract builds
directly upon results stemming from previous research
carried out under contract N00039—77—C—0255. The main
results of that work include a basic scheme for modelling a

- 

~
- set of design problem requirements, techniques for

decomposing the requirements set to form a design structure ,
- 

• and guidelines for using the methodology developed from
experience gained in testing it on a specific , realistic
design problem.

The present study aims to extend and enhance the
previous work, pr imarily through efforts in the following

— areas:

1) additional testing of both the basic methodology,
• and proposed extensions, through appl ication to other

realistic design problems;

• 
- 2) investiga tion of alternative methods for effectively

coupling this methodology together with the preceding
and follow ing activi ties in the systems analysis and

- •
• - design cycle; -

• 3) extensions of the earlier representational scheme to
• allow modelling of additional design—relevant

informa tion ;

4) development of appropriate graph decomposition
techniques and software support tools for testing out
the proposed extensions.

iii
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This Document relates primarily to category (1)
above. It reports the results of the application of
the Systematic Design Methodology to the deve].opement
of a design architecture for a new Institute-wide
Budgeting System for M.I.T. Various techniques and

• methods discussed in earlier reports of this series
were used in the application study. This report
discusses both the development of the system’s
architecture per Se, 55 well as the ways in which the
methodology was used by the designers, and the lessons
learned in the study.

I
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EXECUTIVE SUMMARY

Recent research in software engineering and systems• design has shown that many of the problems of cost, reli-
ability, and modifiability of complex software systems
arise because of fundamental design errors and oversights

• made during the early stages of systems design. While
a number of other software researchers and practitioners
have developed new design methodologies recently, none
of them directly address such preliminary design issues.
The Systematic Design Methodology, a new approach being
developed by researchers at the M.I.T. Sloan School of
Management, consists of a set of concepts, analysis
techniques, and tools to assist a software architect in
synthesizing a design framework early in the design
process. This report describes and analyzes the results
of an application of the Systematic Design Methodology
to the architectural design of an “application” software
system - a new Budgeting System currently under develop-
ment by M.I.T.’s Office of Administrative Information
Systems.

Following the introduction , Section 2 provides a
• description of the problem context. In Section 3, the

various activities constituting the SDM analysis of
• the new Budgeting System are discussed , and certain

important lessons learned there are reported. The SDM
architecture for the new Budgeting System is presented
and analyzed in Section 4.

Research implications and other conclusions are
included in the final section. The reports appendices
contain various documentation pertaining to the study.
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1. INTRODUCTION.

• The 197J’s will b~ remerrbered as the decade in which

software considerat~~ns surpassed hardware considerations.

Concerns about the cost, reliability, and ease of modifica-

tion of comp lex computer— based systems are now largely

focused on sof tware , not hard ware . Fur t hermore, it is

becoming increasingly clear tha t these problems , althou gh

detected in la te phases of the system developmen t proc ess,

in fact very often arise because of basic mistakes made dur-

ing the earlier, less structured phases (Horowitz 75, Thayer

75) . -

The change in priorities from hardware to software has

led to the development of a collection of metho ds and ideas

aimed at improv ing the software design and development pro-

• 
- cess. while there are certainly some differences among

these approaches, one impor tant commonality shared by them

all is that they do not attempt to address the early (prel-

iminary. or architectural) phases of the system development

process. For instance, Dr. G. Myers , primary developer of

the Composite Design Methodology (One of the methods refer-

red to above), points out:

If the product being developed is a ~~~~~~~ ra ther
than a single program, there is another design
process that must occur between the external
design process and the use of composite design .
This process, called sy stem design , i~ the d~ coir-
position of the system into a set of individual

• — 1 —
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subsystems or individual programs. Although some
of t he  ideas of composite design ~re ap p r o p r i a t e
her e, and some people have clair’ed to have used
composi te desiqn for  this process, compos ite
design does not appear to be directly applicab le
to system design. Therefore, when ~Iesigning asystem, as opposed to an in d ivi dual pro g ram , the
designer mu st first partition the system into d is-
tinct subsystems or ,~royrams. Then the methodo l—
oqy of com posite design can be use d to produce the
structure of these individual pieces.

Th is preliminary partitioning task is not at all a tri-

vial exercise. In fact, one of the reasons it ha s received

so little research attention to date is simply that it has

been viewed as analytically intractable - too deep an d com-

plex to be successfully structured and moJelled .

• The Systematic Design Methodology (SD~I) is a new

approach consisting of a set of concepts, analy sis te~hni-

ques, and tools to assist a software architect in synthes.iz—

inq a design framework early in the design process. This

framework should

• 1. Be based on a clearly stated set of requirement
stateme nts, ex pressed in the normal language of
the system’s users;

2. Convey the interdependencies, bo t h  tradeotfs and
reinforcements, aironq system reluirements as
viewed by the designer ;

3. Establish sets of strongly interdependent reguire—
ments, or design su bp ro blerr s, that o u g h t  to be
considered simultaneously for design purposes;

4• Suggest ways in which solutions to the alternative
• design subproblems ought to be coordinated so as

to obtain an enduring global design.

The 5DM is currently under development by software research-

ers at the M . I . T .  Sloan School.

— 2 —
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1.1 Ii~ 1EE~P !Qg 5DM ~I~1~U~ T ION.

The Systematic Design Methodology research to date has

involved both methodology development and application stu-

dies. The applications addressed in earlier reports include

designs for a database manager (Andreu 77(a)) and an operat-

ing system (Holden 78). In both cases, however , these stu-

dies were carried out by SDM researchers themselves — not by

the “real” system designers. For this reason, they pre-

sented a somewhat biased result. For one thing, the indivi-

dual performing the study was already very familiar with the

methodolog y itself, its goals, and operational features.

Th us there was little or no designer learning time involved

(there was, ho wever, learning time as regards the applica—

tion being addressed). Furthermore, while these investiga-

tors did both report that using 5DM seemed to provide both

direct (an effective architecture) and ancillary (a better

understanding of the system requirements) benefits, the

credibility level of their assessments must be judged somew-

hat lover than would be those of a real system designer

operating with a real design problem .

In order to determine how well SDM would perform in a

real design context, and to learn how a practicing system

architect would view and evaluate it, we undertook to locate

an appropriate scenario within which to carry out such a

study. Fourteen organizations were contacted by letter and

• then by telephone, and five indicated they (a) currently had

_ _ _ _  - — : 
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an appropriate design problem under consideration, and (b)

would be willing to spare the manpower necessary to carry

out such an evaluation. One of these organizations was

M.l.T.’s own Business Systems Development (BSD) group. It

was felt that USO was the best choice for an initial outside

application study for three different reasons. First, corn-

munication and transportation problems would clearly be

nonexistant (all the other  organizat ion s were  located in

distant cities). Second, following an initial presentation

of the concepts and objectives of the 5DM , the BSD people

concerned seemed genuinely interested and willing to expend

some effort in a serious evaluation of the methodology.

Finally, the system deemed most appropr iate for the evalua-

tion scenario was a fairly conven tional, yet reasonably com-

plex, data processing application system. As the earlier

SDM applications had been concerned wit h systems software —

a database management system and an operating system — this

study promised to provide new insights as to SDM applicabil-

ity to such application systems design.

This investigation, then , provides the first signifi-

cant unbiased evaLuat jon(1) of the usefulness and effective-

ness of the ITethodology. Also, in return it provides the

- 
I BSD system designers with an SCM—derive d architecture upon

which they may base the further detailed design and develop-

meat of their target system.

(1)j n  the sense that the assessir~nt dat a c3mes from real
system designers, not the SCM researchers.

—

• • • • -
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Th. remainder of th i s  report is organized as fol lows.

In the nezt section , background informat ion on the target

system, a new M IT computec-base~, budget ing system , is given .

Section 3 contains a discussion of the 
~~~~~~ 

of applying

the SDM to the Budget System architecture design, and

includes certain observations made by the BSD designers, as

well as lessons learned by the SCM researcher , in the course

of working through the application. Section ~e describes the

results of the graph decomposition calcula t ions, and pre-

sents the system archi tec ture  that  emerged f r o m  the SDM ana-

lysis. Implications of the suggested architecture are also

d iscussed . Finally, the important lessons learned from this

exercise are summarized in the  Conclusions , Section 5. The

appendices include various exhib i t s  pertaining to the  analy-

sis and decomposition exercise, including original and final

sets of requirement statements, and the interdependenc y

assessments.

— 5 —
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2. £PPLICATION SYSTEM BACKGI~OUND — THE MIT BUDGETING
SYSTEM.

In this section we provide brie f background information

on the speci fic application system bein g addressed in the

study . The focus is a computer—based system to support the

NIT budgeting process. This system ‘will be referred to as

the Budgeting System. A clear distinct ion must be made bet-

veen the present budget~ng system, whic h is also partially

compute r based , and the new system bein g designed. Both the

present system , and considerations for the new one, w i l l  be

discussed below.

Much of the information presented below was gleaned

from two sources: a Sloan School of Management Master’s

Thesis writ ten by N. Gutierrez and U. Schirmer which pro—

vides a detailed description of the present NIT budgeting

process , and supporting systems (Gutierrez and Schirmer 77);

and, especially, a report written primarily by the chief

designer of the new MIT ~udqeting Systeni, H. von Letkemann

(von Le tkemann 78) .

2.1 ~~ B E14T ~~j  ~JJPJ~~TI HG ~~~~~~~~~~ 

-

In this  re port the terms budget and budgeting are used

in a broad context.  They include financial planning and

financial management, and therefore overlap with other ele-

• 

• :~~~~~~ ••~
- -~ ~~~~-•- ~~ 



ments, general planning at one end of the  spectrum and spe-

cific accounting or reporting at the other. The terms

include, but are not limited to , the existing Ins t i tu te

b udget system , financial  target  setting procedures, fore—

casting of f inancial req u irements , loca l departmental budg-

eting systems, and generation of var iou s f inancia l  reports.

Budget ing funct ions  at M I T take many forms.  In this

report these funct ions are divided according to the three

levels of management pr imar i ly  concerne d with them. The

titles listed for these three levels are examples and are

not meant to be all inclusive.

1. ~~~~~~~~ fl~~~~ çmeQt - concerned w i t h  Ins t i tu te -wide  
- •

planning and manaqement . This j coup includes the
President, Chancellor, Provost, Treasurer , certain
Vice Presidents and the supporting Finance and
Budget Offices .

2. ~~~~~~~~~ fi~ naqement — concerned with planning for,
and managemen t of , speci f ic  ma lor  components of
the Inst i tute.  This group includes the Deans,
Vice Presidents, Dep a r tmen t  Head s, and the Direc-

[ tors of Laboratories , Centers , and programs .

3. A~~ j n istra t iv~ ~~~~~ - concerned w i t h  carry-
ing out the plans and s up p o r t inj  operations of

j senior management.  They include Adminis t ra t ive
Off icers, and certain Admin i s t r a t ive  Assistants.

At MIT an overwhelming number of demand s for fund ing  compete

for a f inite amount of resources. The Ins t i tu te  has a fis-

cal 1979 operating budge t of $336 million . Of this amoun t

approximately $200 million is direct expense for sponsored

research, $55 million for  instruction and unsponsored
• research, and the balance for  supp ort  services and aux i l i a ry

— 7 —
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act ivities. There are about 130 budgeting entities consist-

ing of schools, academic departments , int erdepar tmental

laboratories and centers, senior off icers, support depart-

ments and specia l activities. The acti ve accounts number

about 10 ,000 . Resources must be allocated among those pro-

grams in a wanner consistent with the academic and societal

goals of the Insti tute.

The Ins t i tu te  faces substantial fiscal pressures and

constraints, both internal and exter nal . It has considera-

ble fixed expenses, including an extensive physical pl ant

and a 60% tenured faculty. ~ecent shifts in enrolment pat-

terns have strained the capacities of some departments and

led to underu t i l iza t ion  of others. Ex te rna l ly ,  the impact

of inflation has been substantial. The cost of materials

and services has gone up every year, and salaries and wages

have been increased in an a t tempt  to keep pace with the

increased cost of living. Inf la t ion  has also aggravated a

second key problem , the economic slowdown that  the United

States has experienced for the last several years. Al though

there are some indications of recovery, many sources of

gifts and resea rch sponsorin g agencies, including governmen t

agencies, corporation s, foundations and individuals, are

still hold ing back because of their own economic problems .

Addit ionally, problems such as the ever worsening energy

crisis, and additional government regulations and require-

ments continue to burden the Institute’s limited resources.

— 8 —  
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MIT’s responses to these economic problems have taken

several forms. Budget reductions have been necessitated in

every area. For the most part these budget adjustments have

been absorbed without detriment to the services prov ided.

However,  there is the general feeling that the easy cuts

have been made and tha t  f u t u r e  reductions will be more pain-

ful.

Major efforts are under way to develop new sources of

recurring income and gifts to be used in operations. The

Leadership Campaign , and the expansion of the  Industrial

Liaison Program , ef fo r t s ty faculty to secure more sponsored

research support, all are directed toward this goal. Vari-

ous other Institute programs, including the new Facilities

Management System to optimize building energy use, and

increased undergraduate  enrolment , have also been introduced

to achieve fu r the r  economie s or additional income.

Some of the financial challenges which NIT faces will

change with time and others will remain the same. New prob—

léms will arise and old ones will be solved, but it is clear

that the Institute must use its resources wisely and effi-

ciently if it is to continue to meet its goals of excellence

in education and contribution to our society. With these

goals in mind and the knowledge that resources are limited,

it is essential for NIT to have a good system for  budgeting

and financia l management.

-:
~~~~ 

- - 
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2.2 ~~~ ~j~ST1N~ ~U D~ ET IN~ S!ST f l .

The budget system now used at NIT grew as a result of

responses to specific requirements.  As a need was recog-

nized a new component of procedure camu into existence. The

system is soundly based on the MIT account s tructure and

includes some analysis functions. These characteristics

make it a valuable guide for any new system. However , ~t is

still a loosely—connected mix ture  of manual procedures and

computer operations. The system has not been developed suf-

f icient ly to take advantage of the avai lable data already in

the budget files and in those of the Accounts Reporting Sys-

tem (A R S) • Ot her important data , pa r t i cu l a r ly  historical

data , is not even in these files and must be developed manu-

ally from various sources. The functions of the existing

budget system are hampered by the lack of an integrated base

of consistent information.  This has kept it from being the

important management too l it could be. Some of the limita-

tions of the existing procedures are discussed from the

viewpo ints of the various levels of management .

2. 2.1 122 ~ana~ em~~~.

The reports used or issued by Top Manag ement at N iT are

predominantly manual ly  produced. They are frequently pre—

pared in response to changing requirements .  Of ten  the per-

tinent data does not exist in a computer—based f ib , or if

it doss the format or content may be inconsisten t with other

— 10 —
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files. Even periodic reports , such as the Treasurer ’s

Report, the Operating Budge t , the  calcu lation of research

overhead , the NIT Operating Plan (MITOP) , and the  Dynamic

Nodel(2) are produced either ent i re ly  or par t ia l ly  by hand.

The manual preparation of a report does not necessarily

detract from its value or content , but of ten th is  prepara-

tion requires extended periods of scarce managerial time.

Production of reports either entirely or substantially by

compute r would use Ins t i tu te  resources more efficiently.

Cumbersome manual  method s of handling information have

a real impac t on what information is used and what is done

with it. For example , the Dynamic Mode l forecasts Insti tute

financial scenarios several years into the f u t u r e  by pro—

j ectinq current  data and assumed trej~ds. Because of the

time and difficulty involved in changin g the assumptions and

running additiona l iterations, only a l imited numbe r of corn—

b ina t ions are reviewed. If the mode l could be changed more

easily , more combinations of variables, and their  relat ive

impacts, could be assessed and it co u ld be run more often.

Then manager s could spend their  time more e ffec t ive ly  in

steering controllable elements and monitoring important

external factors.

(2) For addi t ional  de ta i l  on these and o ther  components of
the cur ren t  budqut. inq system , re~ ur t o  (Gut i .~rr cz and
Schirmer 77) .

— 11 -
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There is no system for looking ahead several years by

collect ing, evaluat ing and summarizing the planned act ivi—

ties and expense projections of the senior managers or the

Institute on a regular basis. Even whe n setting budget tar—

gets with the Chancellor there often has been little atten-

tion paid to the years beyond the period being budgeted.

klthoug h many senior managers do their own longer range

planning, these plans and projections are never brought

together to show the aggregate of the  estimates and their

effect  on where MIT wi l l  be three to fi ve years hence.

Fund accounts are f r egu en tby  managed in a less th an

optimal fash ion . For instance, an unrestricted gift may be

received and then designated for a specific use by the

Institute, The fund is then accounted for according to tha t

designation. In time tha t  designation may begin to bose

priority . Wi th  no easily accessible record to show tha t  it

was originally an unrestricted g i f t , there is no way to be

sure that  the g i f t  is being used to the Inst i tute’s best

benefit .

2.2 .2 Senior ~ 1ement .

Is wi th  top mana~ ement , senior management Must re ly

heavily on the current and previous yea r ’s figures when

developing their fu t u r e  budget plans. lithoug h certain

items in their budgets wil l  be adjusted by the Bud get Office

to reflect salary and tuition increases and other changes ,

— 1 2 —
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it is sometimes difficult to knot. what resources will be

required for the coming year, particularly if any changes in

activities are planned. The President, Chancellor and Pro-

vost qi ve general guidance, but they depend heavily on the

ludgement of the deans regarding new subjects, trends in

student demand, and research undertaken. The absence of

uniform planning and budgeting presentations allows for a

s iqnif icant  amount  of subject ive j udgeinent to be exercised

in the establishmont of the budget targets.

In the cases where a request of the senior manager for

a budget increa se is accepted , it is likely that the request

has been supported by a detailed and w’ l1 s t ruc tured  projec-

t ion explaining the requirment. Although no detailed justi-

fication nor any plan beyond the next- f iscal year is nor-

mally required , it is often those managers who document

their needs and provide the most meaningful presentations

who get the most consideration for addi t ional fund ing .  How-

ever , the current budget system prov ides almos t no e f f e c t i v e

s~ipport to those managers who are mo t ivated to deve lop such

t horoug h documentation .

2.2. 3 ~dm in ~~~~~ ~~~~~~~~~~
Adminis t ra t ive  management is the group closest to the

day-to— day financial management of the Institute. As a

group, it has the greatest need for current and detailed

information about individual  accounts. This funct ion is

- - —-- --— -—~~~~. 
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supported by the Institute with periodic reports such as

those listed below .

The Accounts Reporting System (AL ~5) provides th em with:

Detailed Transaction Report

Ronthly Statement

Information Summary

Volume ~eport

Analysis of Exp ired and/or O verrun Accounts

The Budget Off ice  provides them wi th:

Budget Proposal Forms -
‘

Budget Author izat ion (green sheet)

Budget versus Actua l  Analyses

The Payroll  department produces :

Salary and Wage Expenses by lndividual

Consolidated Salary Expense Ana lysis

The AB S reports contain essentia l accounting data, including

information regarding month ly  charges , f iscal year and cumu—

lative figures . and authorized budgets. Commonly mentioned

shortcomings of A R S reports are that the data is not timely

and that the commitment f igures  are not always meaningfu l .

These prob lems are inherent in the design of the current

accounting and purchasin g systems.

Budget vs. Actua l reports produced by the Budget Office

are the only teal ana lyses tha t  the Inst i tute provides the

administrative ma nagers. These reports compare fiscal

year—to-date expenditures wi th  Budget Off ice  pro jections

- 
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based on standard expenditure patterns. While the projec-

tions are generally sensible and realistic, not all adminis—

trators find them useful. Under the currant system however,

these reports are probably the best tha t could be produced

on an Ins t i t u t e—wide  basis.

In many instances, indiv id ual departments have devel- 
* 

-

ope d their  own tailored systems to monitor actual—versus-

budgeted expenditures or provide other services deemed

important by tha t  depar tment .  The scope and sophistication

of these “local” systems varies widely. However , their

existence indicates the existence of a mult i tude of report-

ing and monitoring need s not now met by the current  budge t-

in4 and acc~ unt in~ systems. The y also represent a rich

source ot ideas for  potenual  fea tur es  of a new budget ing

syste m.

F
2.3 ~~~~~~ ~~~~~~~~~~~~~~ ~~ A ~~ ~~~~~~~~ ~ TS TE .~~

In this  section, an overview of various user require-

men ts for  a new budgeting system is presented. These

require ment issues are deri ved from man y  sources, including

interviews with rianagement personnel across the Institute,

other interviews and ques t ionnaire  su rvey  resu lts from a

study of the planning and bud get ing pract ices of eleven

other colleges and universi t ies  (Hud ock 17) , and analysis of

th e current NIT Budget ing  system operat ional capabil i t ies .

p .
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The new budget system vii]. build on many s t rengths  of

the existing Dudqet system and the systems developed by sev-

eral of the administrators. It will automate many of the

manual procedures and exten d the  present system ’s capabi ] i—

ties by increasing the data available to both the Budget

Office and the departmental users. Capabilities could be

expanded by sharing the data bases of other systems and by

making budge t data available to users in other  areas. Some

additiona l input would allow imp roved support  for a broad
I 

range of f inancial management applications and additional

reporting capabilities. These features are discussed in
-
‘ this sect ion in the context of the management level primar—

fly involved .

2.3.1 Preliminary Technical Issues.

The present budget ing system is batch—oriented and

heavily involves magnetic tapes for dat a storage. The new

system would prov ide for considerable on-line funct ion , as

veil as batch, and would rely much more on disk storage

media. Tapes may still be used for disk backup, and possi-

bly for t ransferr ing data between other older systems.

The new system will be developed and operated on one of

the Inst i tute’s I .B .M.  System/370 computers . Storage for

the proposed database will require on the order of one full

disk pack (3330— 1 type) . The system will be able to inter-

face with different termina l types so as not to constrain

— 1 6 -
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the system users. Any terminal which n ormally communicates

with the 370/168 should be acceptable. A new pr inter , the

IBM 3800, is desirable for the new system. It would allow

more data to be shown on a report, could produce the reports

in less time , and would print them on 8 1/2 by 11 inch

paper. A sample copy of the 3800 outpu t is included in

App endix A.

The new system will be designed to operate it conjunc—

tion with a database management system. The database man—

aqement syst em (DBMS) wil l  supp or t  storage of detailed

information and allow simple access and updating through

batch or interactive processing. The DBMS will support

standard and non-standard reports and inquiries, and func—

tion independently of the programs and syst ems usin g it. It

is planned that the database management system will  interact

wi th many systems, increasing its usefulness beyond just the

budgetary function.

2 .3 .2 Supp o.g.t f or ~~~ M anag em ent .

Th ese functions are categorized in three areas: spe-

cial information requirements, standard reports , and plan—

ning.

Special informat ion support  for top management basi-

cally involves supporting the need for “one—time ” reports or

queries. Although it is not feasible to anticipate every

request for such informat ion , the Budge t System must carr y a

— 17 —
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wi de range of data that can be easily accessed, organized

and presented as required. The details of this function are

somewha t dependent on the capabilities of the database man—

aqement system used. It is anticipated that the data would

include at least the Chart of Accounts and detailed monthly

budget and actua l f igures  for each object code for each

account. Certain data for past fiscal years would also be

included . For fund accounts there would also be historical

informa t ion that  could facilitate their management . For

examp le, fund data should include the donor ’s original

designation for the g i f t  and its related income as well as

how it is current ly  being used , thereby making more effec-

tive fund management possible .

The new system vou ld continue tp produce most of the

current standard reports , including (bu t not limited to) :

The Printe d Budget

Certain portions of the Treasurer ’s Report

Indirect Cost Recovery Percenta ge

NITOP - -

• Dynamic Node ].

• Periodic Summary of Operations

Node l.inq and analysis capabilities mus t be provided to

explore historical data and to project observed trends and

assumpt ions. This would probably require  a new program to

replace the Dynamic Model , which would automatically inter—

relate the various assumptions. This would faci l i ta te  re—

— 18 —
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r unninq the modol so as to check out assumptions or do sen-

• s i t ivity analyses on i nd iv idua l  fact ors . This modeling and

analysis system could be developed in-house or a commer—

ciaily available packa ge might be used.

If MIT is to take fu l l  advantage of t he  new system ’s

modelinq and forcastinq capability there must also be input

concerning the p lans made by top and senior management . The

b u dget system w ould p rov ide the support for collecting,

storinq and providing a:cess to such data. The most impor-
• tant contribution to a forecasting system would be senior

managers submi t t ing  the i r  plans and projected expenses

related to those plans. These should be for two specific

periods ; for example , a “short range ” one year plan and a

“long range ” three year plan. The p.lart s should be in a rea-

sonably uni form format  and should be correlated wi th  pro-

posed budget targets as well as the senior managers ’ area

summaries in the Report of the President and Chancellor.

The Budget and Fiscal P lanning Of f ice  would t hen collect

t hese plans and projections and enter them into a planning

databas e to  support  modeling and forecasting.

2 • 3 • 3 S u ppo~~ ~~ L~i~~ ~~~~~~~~~~
The Budge t System would provide senior managers w i t h

standard periodic reports , special reports and access to the

database that would allow them to make their own inquiries

and analyses. These reports would contain data extracted

— 19 —
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from the Budget System database or any other file which is

normally accessible.

Of the standard period ic reports c u r r e n t l y  produced by

the Budget Off ice only the Budget Author iza t ions issued

prior to the beginning of the fiscal year would remain the

same , In the new system the subsequent bu dget authoriza-

tions and changes would be included in a Monthly Analysis

report.  The Monthly  Analysis would als o replace the Budget

vs. Actual  Report .  This report would be a summary of the

analyses produced for administrative management.

Special reports for senior management would be availa-

ble on request. They would include var iat ions of the

Monthly Analysis  report and other widely—used reports .  It

is anticipated that  they would be reguested via a terminal  
*

and printed ei ther at the terminal  or on a high speed prin-

ter at the data center.

Customized reports could be obtained by use of an

easy—to—use Beport Wri ter  language to  a ccess the database.

Senior managers would be able to access their data , perform

various kinds of calculations, and display the results  in a

variety of formats .

The Budget database would also be available for special

inquiries or analyses originated by senior managers. There

would be support zor batch processing as well as a pre—pro—

qrammed “menu” for terminals which would allow easy access

to the database for the most common types of inquiries.

I I  — 2 0 —
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More complex analyse s could be obtained by using an easily-

learned database inqui ry  language.

Protection of data against unauthor ized access wou .d

most probably be done by a system of passwords. Within a

department the re might  be several le vels of securit y depend—

ing upon the sensitivity of the data and the “need to know.”

Furthermore, even when data elements would be accessible to

author ized users , most ot them would be on a “read—only ”

basis. To maintain database integri ty ,  onl y t he  data

“owner ” - such as A R S , Payroll , or Budge t  Of f i ce  - would be

allowed to add or change most data.

As for top management, there is a need for senior man-

agers to submit their future plans and projected expenses.

‘ 
Not onl y will  this aid top mana gement in mod eling and fore-

casting, bu t it will also assist senior managers in present—

inq a concise, meaningful and convincing proposal for their

financial support.

2.3. 11 ~~~~~~ ~~~~~~~~~ ~~~~~~~~~~~~~~ ~~~~~~~~
Just as the administrative managers have the most inti-

mate and continuing contact with budget and accounting func-

tions, they would experience the greatest impact from the

new budget system. The system would irake cons iderably  more

data available and would provide facilities to access it.

It would also demand more of them , in that to effectively

use the system they must provide, ari d revise as necessary,
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month—b y-month projections of expenditures and income for

each account and object code. The system would make this as

easy as possible to do. Each object code would have a stan-

dard or “defaul t”  projections fo rmula  which the administra—

tors could either accept or replace wit h their own. Projec-

tion chanqes w i t h i n  an ob ject code woul d be made directly by

the Administrat ive Of f i ce r  and reviewed by the Budget Of f -

ice. Other changes to the budget data would be submitted to

the Budget Office , which would be responsible, as it is

today ,  for  review prior to upda t ing  the database.  V
Prog ram Budget ing can be an e f fec t ive  tool in re la t ing  L

plans or qoa ls of the Ins t i tu te  and senior management to the

financial resources available.  It is a method by which

budgets are established along program or activ ity lines.

Although some administrative managers use Program Budgeting,

others budget and monitor solely on a line-item basis. The

new budget system should encourage the use of Program Budg-

eting. This budgetary method would be far more useful in

monitoring expenditures than the tradit ional line—item

budget. In addition, program budgeting would be a signifi-

cant aid in estimating requirements and in preparing for the

target—setting discussions between senior managers and the

Chancellor .

The Bud get System should provide manual  and on-line

options for the preparation and submiss ion of budget propo—

sals. Duplication of effort, and time to prepare proposals ,

— 2 2 —
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would be minimized by using the compute r to do the calcula-

tions and make projections and modifica tions within the

* budget target amount.

The new system would supply all the periodic informa-

tion currently contained in the Budget Authorizations (after

the start of the f iscal year) , Month ly  Statements , Infor in a-

tion Summaries, and the Budget vs. Actual reports. This

would be done with a single Monthly Analys is report which

would show cur rent  month , fiscal year to  date, budget  and

other data in a format which would compare actual and plan-

ned account activity.

In addition to replacing these Instit ute reports, the

system could eliminate the requirement for some of the

* 
dep ar tmenta l ly—produced  reports.  If a department  still

wished to have its own special formats, they could do so by

• extracting their information from the database using the

Report Writer feature.

The Budqet System would produce optional reports on

request. These would include standard reports for non-stan-

dard periods, such as contract year, or reports which would

be widely, hut not universal ly  used .

Th e system woul d suppor t  the  add i t iona l  needs of admin-

istrators for inquiries into the database or for special

analyses. Access to the data would be real-only . an~t, sub-

ject to data security restrict ion, would use the same facil-

ities available to senior management .
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2. 3. 5 ~~~~~~~~~~~ the ~~~~~~~~~~ ~~~~~~ tjj~jg ~~~ Bu d~ etin ~Office.

Th e new budget system would cause some significan t

changes in the activities of the Fiscal Planning and Budget

Off ice. In addition to mos t of its current responsibili-

ties, there would be the est ab lishment and maintenance of a

d atabase for the long range projections of th e  senior maM—

aqement. The dollar amounts and other volume figures should

provide the Budget Office with the base for a good forecast-

ing system.

Processing of bud get proposals would  be s implif ied by

the use of computers and terminals, greatly reducing the

routine manual  func t ions . Proposals could be accepted

eit her on pa per or via depar tment  terminals . In either

case , the  comp u te r would edit them for internal consistency

and check or generate necessary tot a ls. The computer would

determine if the proposals were within the authorized target

amounts and also check for open account s wi thou t  proposals .

Art y discrepanc ies would be followed up by t he  Budget Otfi ce .

The current  procedures of w r i t t e n  requests and apiro—

vala fo r  non recurr ing  equipment , c a r r y fo r w a r d  amounts , sab-

batical. leaves and other special expens es would remain

unchanged . The approva l  ac t ions  would enter the bud get  sys-

tem as author ized budg et  changes.

Tb. exis t ing Fund Dratt procedure would remath in

effect, except the input log sheet would be replaced by a

similar record enter ed via  a terminal or batch input by the

managing department and checked by the Budget Cffice.

— 2(4 -
• ~~~~~~~



r ~~~~~~~~~~~~~~~~~~~~ 

-

~~~~~~~~~~~~~~

The budget proposals accepted and approved by the

Budqet Office would continue to be adjusted for “dollar

budgeting ” via the computer , and Budget Author iza t ions

(“green sheets”) would be printed and distributed as at pre-

sent. Once the fiscal year beg ins, any subsequent adjust—

ments would appear on the now Monthly Analysis report pro-

duce d f rom the Budget database. A note explaining the

change wou ld also be shown.

It is an ticipa ted tha t the Budge t database would have

month—by—month figures for:

Proposed budget , next tiscal year

Authorized budget , th i s  fiscal yea r

Actual  expense , th i s  fiscal yea r

Author ized budget , last f iscal year

Actual  expense , last fiscal yea r

Summarized data would be included for prior years. The

database would also c a r ry ,  or be able to  access , the d ata

f rom the Chart  of Accounts , account makeup and non-standard

support , and addit ional  data  as requ ire d for fund  and

research accounts. Hon—standard  f inanc ia l  agreements bet-

ween top and senior management , and other nonrecurr ing tran-

sactions, voul.d be catalogued in a spec ial Budget  Of f ice

t ile. The database o rgan iza t ion  must a l low the  addit ion of

data element s t h a t  are not cu r r en t l y  required so tha t  the
* database can grow and change wi th  t he  needs of the Inst i—

* 
tute.
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3. 5DM &t4&LYSIS CF THE HEW BUDGETING SYSTE M .

In this sect ion we describe b r i e f ly  the steps tha t  were

taken in conducting the SL~ analysis  of the 11T Budge t ing

System , and the methodolog ical lessons learned. The key

documents deveLop ed or reter~ nced du ring this act ivity are

conta ined in appendices .

As me nt ioned earlier , the SDN re searct~ers ’ “int~ rven —

tion ” in the  Bud get in g System design ac t iv i tes  commenc e~Y

wi th  a pres~’ntation on the na tu r e  and purpose of the  metho-

d ology, a t tended by the  ~IIT B SD s t a f f .  Following the pre-

sentat ion, it was agreed by the researchers and the BSD

staff tha t the Budget System w as proba b ly the mos t appropri-

ate system to use as an SCM test scenario. The main reason

for  this was that the system ’s developuent was a t the r igh t

sta ge — i.e. , most user requirements had been determined and

documented , although detailed design act iv it y had not yet

commenced. Also, the system was percei ved to be about the

r ight  size and scope for an e f f e c t ive SD~1 study: large

enough to present considerable cornplex i ty  to the designers,

but not so large as to overwhelm the 5DM researchers.
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3.1 8EOUIU~~ NtS £~~~~ AI1QJi .

The first step in the study was to prepare a set of

SDM-oriented requirement  statements for the  new system.

Following ini t ial  discussions wi th  the  Budget System desig-

ners , it was decided tha t  t he  designers would  prepare an

initia l requirements list, which would later be modified, if

necessary. This initial list of statements was prepared by

the two key budget System designers , H. vo n Letkemann and R.

Shaw , and is reproduced in entirety in Appendi x B . These

requirments statements were develope d largely out of exist—

inq prose documentation of the needs of the various Bud get

System user groups , similar to the description given in Sec-

tion 2.3

• Th is initial set of requirement st atements proved

somewhat inappropriate  for SDII use for various reasons. The

most important difficulty concerned the manner in which many

of the statements had been constructed by the  designers. As

may be seen in App endix B , many s tatements consisted of a

very general “leader ” statement , fol lowed by a series of

sub—statements. For instance, original statement 19 was

19. Support  Specia l reports ror bu dget—related activities.

a) Standard reports at non-standard times

b) Standard reports for non-s tandard periods

i) Contract period

* 
ii) Sponsor ’s fiscal  year

C) Standard d a ta in non—standar d formats
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d) Report wri ter  language for fully customized

reports . This language must be easily learned

and used.

Also , a number of the statements included reference to

implementation mechanisms , something to be avoided at this

stage in system design. As an example, original statement

18 read

18. On Personnel Action Form add a box to indicate

whether person hired is a replacement or an

addition.

It is clea r that as stated, this requir ement specifies a

procedural technique rather than a function to be provided.

Finall y , the various statements exhibited wide varia-

tions in their abstraction level. Statement 1, for

instance, originally read

1. Automate as many manual  procedu res as feasible

to save time and effort.

There is a rather substantial differenc e in abstraction

level between statement 1 and statement 18 (above) . In

fact, statement 1 was later removed , as it was felt  to be so

all—encompa ssing as to be design—irrelevant .
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Occasionally, the designers ’ original set of require-

men t statements included requirements for ~~~~~~ ~~ ~
j~—

died ~~~~~~~ as opposed to the ~~~~~~~~~ g~ ~~~ ta rget  
~~j~-

~~~~~~~ For example , original  statement 37 read

37. Determine the des i r ab i l i t y  and feas ibi l i ty  of

encumbering salary and wage budgeted amounts.

Statements such as these were judged to be “s tudy  t asks ,”

and were not included as system functional requirements in

the fin al set of s tatements .

A two—stage approach was followed for re—writing the

set of funct iona l requ i rements  to work them into a form more

sui t able for additional SD~ an alysis . In the f i rs t  stage .

the SD~i researcher re—draf ted  all the  statements fol lowing

the general guidelines discussed in (Huf f  78) .  The te lnp—

lates concept (see Huf f 78) was fol lowe d in f raming  indivi-

dual statements, and proved quite effective in helping to

meet the guidelines.

* In the secon d stage , t h e  designers examined the  re-

drafted statements to make addit ions , corrections, and modi-

fications. This took place over the course of two meetings,

of about two hours each . One i n t e res t ing  j henomenon occur—

red at this point. In many ~.nstances, the designers pos—

sessed specific, often implementation-oriented , information

th at bore upon certain requirements . They felt that it was
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important  tha t  such i n f o rm a t i o n  be included within the

req u irement statements themse lves. However , in man y cases

it was precisely this kind of detailed, implementation-or-

iented information that  the requirement s had been redra ft ed

to a void.

One of the under ly ing principles of 5DM analysis is

that requirement statements should specify functions only,

not procedura l issues. Inclu d ing proce dural inform a tion

(“implementation issues”) in the requirements tends to unne-

cessarily constrain later design options at the start, per—

haps resulting in potentially superior alternatives never

being considered. However, in this case the designers were

eff ectively saying that  various good procedural ideas had

occurred to them, and they would “like to see them reflected

in the requirement s ta tements.” Certain other factors

played a role in the matter as veil: w ant ing to include

• reference to a “ pet idea” of particular users; wanting to

include references to specific techniques or devices for

vt~ich it was felt  tha t higher  author i t ies  might  require  some

“selling.”

An effective solution to this problem was to add a Corn-

ment section to many of the requirement statements. This

fea ture  allowed the designers to include addi t iona l in f orma—

tion , deemed not appropriate  or relevant for the  basic

requirement stateme nt , but  which they desired to have for-

mally stated alonq with the basic statements. Examples are

conta ined in App end ix  C.
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The two  meetings mentioned above led to a reasonable

set of functional requirement statements for use in further

5DM analysis. However, this was by no moans the final ver—

sion of the statements. In the meetings to follow, numerous

additional modifications to both statement form and content

were made. Certa in new statements were  added in l ight  of

improved understandin g that  occurred as a result of these

discussions. Similarly, some other statements were deleted

or merged together, and minor or major wording alterations

were made to many .  The f i n a l  version of the  Budget ing  Sys-

tern Functional Requirement Statements is given in Appen-

dix C.

Another  mechanism foun d u s e f u l  in the  deve lopment of

the requirement statements involved the use of the ~Iaterloo

Script text formatt ing system (“~4 SCEIPT ”) whi ch runs on

fl.I.T. ’s IBM System/370 computer. This powerful formatter

allows the user to write command macros . One such macro was

used to provide automat ic  number in g  control on the require-

ment statements. Through this means, sta temen ts could be

added, deleted, or their sequence altered, withou t reguir in g

extensive and time-consuming statement renumber ing .

3.2 TERD ~~~ ND E ~j ç j  ~N .T ~LY SI S.

Once the requirement statements had been expressed in a

form appropr ia te  to 5DM , work began on determining th e  exis—

* 

tence and s t renqth of the var ious  re qui rement  interdependen-
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cies. This work was carried out in a ~erios of six j oint

meetings, each las t ing abou t  t w o  hours.

A simple form was designed for carrying out the  inter—

dependenc y analysis, a copy of which  is includod here in

Appendi x D. The approach fol lowed was s t r a igh t f o r w a r d .

Beginning w i th  requirement  pair  ( 1 ,2 ) ,  each indiv idual  con-

sidered whether  or not a s ign i f ican t  implementat ion interde-

pendenc y existed between the two req u irements. This assess-

ment was carried out by considering “conceptual models” of

th e implementa tion of each requireme nt in the pair, then

determining in the  context  of these models whether or not

there  would drise any concordant or discordant in teract ion

between them. These notions of mental  implementa t ion

models, and concordant and discordant interdependencies have

been described in depth  in ( An d r e u  7 7 ( b ) ) .  The basic idea

• is as fol lows:

1. First, one thinks about how the first requirement

would most l ikely be implement ed . This general ly

requires th inking  th r o u y h some de ta i led  design ,

procedura l - type  issues.

2. Wi th  th at “mental model” in mind , t ue same th ing

is do ne as regards t h e  second requirement.

3. Then the two menta l  models of implem enta t ion  are
• lointly compared to determine whether

— 3 2 -
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a) one scheme makes it ~~~~ to implement the
other (condordance) ;

• b) one scheme makes it ~g~g ~~~~~~~~~ to implemen t
the other (discordance) ;

C) there is no apprec iab le  ove r l ap ,  or interac-
tion , in the  above sense, bet ween the two.

The resul t of this coir~arison suggests the existence

or non—existence of an in terdependency between the

requirements under consideration .

$. F ina l ly ,  the  s t r eng th  of each interdependency was

assessed. S t rength  r a t i ngs  were chosen f rom a set

of three alternatives:

S — strong

A — average

* 
U — weak.

While int erpolat ion and extrapolat ion of these

categories are possible , these three alternatives

were found to be satisfactory for this project.

The interdependency s t r ength  ass esstnent was made

j u d q m e n t a l Ly , ba sed on the perceived amount of

“over lap, ” or in te rac t ion, between the  mental

models being contrasted.

In practice, the d i f f e r e n t  i ndi v i d u a l s  involved in the

assessment activity nearly always agreed on a common

strength value for a given interdependency. Intuit ively,

then, t hese assessments should be judged to be reasonably

consistent between diftcrcnt dcsiynets.

— 3 3 —
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Interdependency analysis proved to be somewhat more

difficult for the designers than expect ed. The ma in reason

for this seemed to be the d i f f i c u l t y  in cons tan t ly  keepin g

in mind precisely what  interdependency assessment was sup-

posed to be. Specifically, there was a noted tendency for

the focus to shift from issues about how two particular

requirements might be related ~~ ~~~~~~~~~~~~~~ level,

to whether or not they were j~~~ç~~fl rela ted.  An example

of this phenomenon should make it clearer. Requirements 56

and 57 are , respectivel y

56. Bud get propo sals can be prepared manua l ly .

57. Budget proposals can be prepared on—line.

Now , on f irst  glance it might appear that since both

requirements pertain to budget proposal preparation, they

must have an interdependency, probably a strong one . This

would be an instance of what was termed “logical relation-

ship, ” above . In practice, th is kin d of logical relation-

ship is easier to i den t i fy  than  is t h e  implementat ion—level

interdependency, consequently they often “jumped out” at the

designers during the interdependency analysis activity,

tending to f u r t h e r  obscure the search for true implementa-

tion interdopenlencies. The only solution to this problem

was for the SDM researcher to continually ask the designers

—-5 .~~— — .5 -5- — -~~~~~ -———-5—-- -5~~~_~~~~
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whether a given interdependency they had determined to exist

was in fact a result of implementation overlap, or something

else. If the answe r was “something else” (e .g. ,  in the

• above e xamp le, the source of the init ia l interdependency

assessment was “both requirements concern budget proposal

preparation ”) then we had  to t h ink  more c a r e f u l l y  about  the

requirements and our mental models of their implementation

within the taryet system. In the above example , this re-

thinking did in fact lead to an j ~j~atj~~j in terdepen-

dency. judged to be weak in importance. The underlying

arg ument concerned a key imp lementa t ion  model , the concept

of a suspense or holding file for budget proposals, tha t was

seen as leading to a concordant  in terde pendency between the

two requirements.

3.3 ~~~~ 14~~QJi~ ~~~~
The interdependency analysis activ ity, as mentioned

above, consumed approxima tely eleven hours of meeting time.

This is a not inconsiderable load. Hovever , in this case at

least , the meetinqs were judged to be profitable exercises

in a sense independent of any potential benefits that may

emerge from the SD~i-produ ced a rch i t ec tu re  per se. Specifi-

cally, some important issues regarding the Budget System

were raised, discussed , and clea red up  or at least better

understood as a result  of t h e  carefu l , repeated s tudy  being

given to each requirement. This effect is raised and dis-

— 3 5 —  



cussed, and modelled as an important SDN benefit in

(Huff 79b). —

The most qeneral side benefit gained from -the 5DM ana-

lysis exercise concerned a heightened awareness and under—

standing of all the “pieces” of the new Budget System , and

now the y fit together. The designers ind icated that working

thr ough the SDM activit ies, especially the interdependency

analysis step, served bo th  an integrating and differcntiat-

ing function. Developing imp lementatio n—free requirement

statements tended to force them to “stand back ,” to abstract -

• f rom many of the specific ixn plementati3 n— or iented details

wit h which they were generally concerne d , thus  hel ping them

to develop a better grasp of the “big pi cture. ” An examp le

of this concerns original requirement

Sc) Provide checks to ensure tha t  each person

is not budgeted more than 100% 5.?.!’.

Di scussion of this requirement led to the broader recogni-

t ion that what was real ly  desired was a general set of edit-

ing and checking capab il i t ies,  not l imited to this one par-

tic ular aspect. Hence the more general re luirement ,

58. Budgeted proposals w i l l  be automat ically

checked and edited to the ex t e n t  possible.
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emerged. Nonetheless, the problem wi th  EFT (effect ive

full—time) budgeting of certain staf f occasionally exceedin g

100% was felt to be an impo r tant ~~~~~~~ of the general if
S . requirement, so was included in the final set of require-

ments as a comment.

Another class of lessons learne d concerns new ideas

that  occurred to the designers as a result of working

th rough the SDM analysis. A good example of th i s  was

related by the chiet designer during one of the  meetings.

It concerned his observation of the parallels between the

research proposal tracking and budget proposal tracking

tasks. In the past these activities were viewed and treated

separately.  However , through having to think carefully

about the relationships among the requi rements  in the  course

of the inter dependency analysis, he had come to recognise

many procedural commonalities between the two  general activ-

ities. This, he pointed ou t, suggested new , potentially

better ways of performing the former task based on ideas

th at had been developed for performing the lat ter .  At the

present time the procedures tor performing the two tasks are

quite different. Essentially, the need to develop a mental

implementat ion model for the research protosal tracking

requirement led the designer to consider a similar, better

understood model for the budget proposal tracking require-

ment, which in t u r n  led to the idea of implementing both

requirements in a common fashion . This may be thought of as
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a kind of inverted interdependenc y analysis: rather than

deriving the interdependency from the conceptual implementa-

tion models, one iirplemented model was derived from the sec-

ond model and the perceived potential interdependency. The

normal and inverted pattern s of interdependency analysis  are

i l lustrated in f igure  3 . 1(a)  and (b) .

A th i rd  category of benefit reported by the designers

was tha t  workin g wi th  the  SDN concepts gave them some useful

new ways of th ink ing  about  system design j1~ ~~jieral (not

restricted to th is  specific system) . The most f re -j uent ly

cited case concerned the central 8DM concep t of separating

functional issues in the requirement statements, and imple-

mentation issues in the interdependency assessments. The

designers reported that they found this a most useful way of

organizing their thoughts in addressing system design prob-

lems, and in fact found themselves using the concepts when

discuss ing design issues wi th  other parties. They reported

conve rsations with the Business Systems Development manager

(their boss) in which the 5DM conceptual framework was used

to help clarify certain design issues being discussed.

Another category of “lesson” that ought to be mentioned

concerns the importance of what we will call “polit ical”

issues in the system prel iminary des ign process. As wi th

practically any act ivi ty  tha t results in impacts on the

working needs and relationships of the members of the organ-

ization in whic h it operates, system design activities are

— 38 —
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sublect to more than strictly “technical” concerns. In the

case of system preliminary design, t hes e concerns fa l l  in to

two main groups : (a) impact of system design activit ies on r
the needs of even tual users of the target system, and

(b) impact on the needs of the designers and developers of

the system. The 5DM exercise brought to light cases ot.both

types. This was found useful by the designers, although not

because they believed that these kinds of issues ought not

enter the design process at all. in most cases the desig-

ners were not really in a positior~ to make such a judgment .

Rather , it was seen to be beneficial  simply to recognise the

nature  of the reasoning under ly ing  such considerations.

Design decisions involving  “politica l ly—based ”  r equ ir ements,

for instance, might be handled in a manner different than

tha t  for other requirements .

An example of this issue concerns the need for the

Budget System to interface and share data  with certa in other

existing administrative data processing systems. The desig-

ners, in assessing interdependencies among requirements that

involved this need for data sharing , found themselves limit—

m g  the ir thinking to certain irrpleirentation approaches and

ruling out other, potentially good aplroaches that were seen

as “politically infeasible” for some reason . In another

instance, the designers suggested tha t  certain items ought

to be included (generally as comments) in the SDN reluire—

ment statements on the grounds th .~t some othor individ u a l or

— 40 —
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orqanizat ional  ent i ty “would want to see it there, ” There

were also some instances of comment items stemming from the

designers ’ desires to give expression to parti cular techn i-

• ques or approaches b~ fel t  to be especially important .  As

a hypothetica l example , a designer might be convinced (per-

haps quite correctly) th a t a pa r t icu lar device w ou ld be

necessary to properly meet one or more user requirements.

Therefore , even though the  choice of device could be ar gued

to be an “implementation approach” to meeting the regu ire—

ments , the designer miqh t  choose to inclu de a reference to

the  particular device as a comment on the requirement state—

ment , so as to help develop a mental association between the

d evice and the re quirement  in the minds of the  users reading

• the requirement statements la ter  on.

An dr eu expressed concern over the  time required to e xe-

cute the SDM interdependency analysis on requirements sets

of nontrivia l size (Andreu 78) • He countered this  concern ,

howe ver, wi th  the observ ation tha t the interdependency

matr ix  is quite  sparse, hence the pro blem is not as serious

as it might  at fi r s t  appear .  This tu rned  out to be accurate

in the present case as well . For the Budgeting system, 77

requirements were determine d , and 289 interdependency

assessments made over a course of about 12 hours, This

represents approximately four interdependencies per require-

ment, and approxima tely 2.4 minutes per assessment. Note

however, that the total potential numbe r of interdependen—
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cies is 77x76/~ 2’,26. Using the total  f i g u r e , the assess-

merit rate turned out to be 15 seconds per interdependenc y

a ssessment. The tact tha t  about 90% of the requirement

pairs arc of the “easy” assessment type , and hence require

very little study time, makes the entire interdependenc y

assessment activity feasible.

In carryin g out his DBMS application study, Andreu per-

forme d all the interdependency assessment himself - i.e., he

played the role of a sing le DDNS designer. He later pointed

out (Andreu 78 , page 232) the  fact  tha t  he fe l t  a group

approach to the assessment activity mig ht work out veil, in

th at individual  desig ners need reinforcement of their  think-

ing process from other designers to insure them that  they

are not “ way of f  base .” This in fact did seem to be the

case with the Budqetinq System assessment exercise. Having

th ree people thinking about the interdependencies definitely

resulted in a clearer and more consistent set of interdepen-

dency, and in the propa gation of ideas, modi f ica t ion and

im provements to the req uire men ts, etc. that would not all

have been generated by any s ingle  i n d i v i d u a l .  An effective

balance — between target system—relevant knowledge possessed

by th e designers , and SD!~—or iented concept s better under-

stood by the SDi researcher - was in evidence, On numerous

occasions, the SDN researcher suggested possible interdepen—

dencies that were discounted by the designers as a result of

their better grasp of t he  needs of the  target  systeu.  In
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contras t , the SDM researcher was effect ive in maintaining

the correct focus during the requiremen t statement develop-

ment and interdependency assessment activities, as discussed —

earlier. The materialization of this symbiosis suggests

tha t  a group approach to interdependency assessment is prob-

ably the  most f r u i t f u l  one.

3•~ ~1Hi~tMi!.

This exercise has indicated clearl y that there are

immediate  design benef i t s  to be had fro m the  SDM require-

ments p reparat ion and in te rdependency  ana lys is  act ivi t ies,

The common source of these benefits lies partially in the

simp le fac t of havin g to th ink  caref u l l y ,  ;ind rep ea t ed ly ,  in

a structured way, abou t wha t each re quiremen t real ly  means,

abou t how each migh t be im p lemen ted, and abou t how al terna-

tive implementation schemes interact, In the next section

we analyze  the a rch i tec ture  for the new Budge t ing  System

that emer ges f rom this analysis.
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4~ AN AI~CHIT ECTURE FCL~ flI T ’S . NEW BUDGE TING SYSTEM.

Once the interdependency analysis has been completed ,

the interdependency statements can be entered into the corn-

puter for use in the decomposition anal ysis. The Budgetin g

System interdependency statements are of the form:

node l no de2 wei gh t descr ip t ion

The wei ght valu es are en tere d as ‘W’ , ‘A’, or ‘S’, as dis-

cussed earlier. The “description ” is a brief text commen—

tary used to document the rationale underlying the desig-

ners’ assessment of the existence of that particul~r

interdependency. A complete listing of the Budgeting System

interdependencies is given in Appendix E.

It should be noted tha t the capability of entering,

storing , and retrievinq interdependency descriptive infor ma-

tion was ~udqed by Andreu to be an important feature not

present in his initial version of the SDN analysis  package.

While the techniques that have been developed for this pur-

pose in the curre nt ef f o r t h ave been foun d useful , t here are

some further improvements that could be made , and are dis—

cussed in the final section.
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The Uud qotinq System interdependencies define its

- - requirements graph. The interdependencies data file (Appen—

• dix E) was converted , using the analysi s packages to another

data file (containing no text information) that could then

be used as input  to the MASTER decom p ositi n rou t ines .  These

routines were described and documented in (Huff 79a),

The fac ili ties of the ana lys is  package were  then used

to develop decoznpositions of the requirements  graph , to

evaluate t hem using the oblec t ive  funct ion N , to m o d i f y  and

manipula te  the  decompositions in var iou s w a y s , and to save

and pr int  out the results  so o b t a i n e d .

Each of the f i ve  decomposit ion t echn i~iues (f our clus—

terinq techniques , and the interchange algorithm) were

applied to the Budgeting System r equ i r e ments g raph .  The
* outcome s are shown in Table 4.1. Of the four clustering

methods , H1E~~3 produced the best overall decomposition , with

an obj ect ive funct ion  va lue  of N = 0.67 . The o b j e c t i v e

function values for HILF 1, H1 E B 2 , and H I L ~ L 4 (3 )  were , respec-

tively, 0.05, 0.27, and 0.27.

The in te rchange  a l g o r i t hm  was a lso ap plied to the

requirements graph , and produced a decomposition with

N 0.85. This decomposition , then , was judged to be the

best in te rms of i den t i fy ing h i g h — s t r e n g t h , low—coupling

subqraphn (as measured by N). This best decomposition of

(3)Th.ae algorithms are discussed in detail in (Huff 79a).
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Ob jective Function Value
oii ~~ ij~ ~~~~~~ ~~~~~~~~ t~ on

QIE R 1 0.05

H I E R 2  0 . 2 7

R I E R 3  0 .67

HIEB L$ 0 .27

I N T E R C H A N G E  0,85

tabl.~ ~ .j

Comp arison of resul ts  of f i v e  decomposition

algorithms on the Budget ing System requirements graph
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the requi rements  graph  produced  by t he in te rchange  method is

i l lus t ra ted  in Figure 4.1. Appendi x  F cont a ins a li s t ing  of

the abbreviated Budgeting system requirements (no Commen t

sections incl uded the re , for b r e v i t y )  o rgan ized  according to

subqraph . Finally, Appendix C cont ains a listing of the

inter-requirement links between each identified pair of sub-

gr aphs.

The task that remains, then, is to study the decomposi-

tion - both t h e  r equ i r emen t s  subsets, and the sets of inter—

dependencies between r e q u i r e m e n t  subset s - so as to fo r m u—

lat e an i n t e rp re t a ti on  ox the  graph  dec omposi t ion as a

system architecture. At the same time we seek to identify

anomal ies , c o u r te r in t u it i ve  results, etc . ,  t h a t  m i g h t  m d i —

cate earlier errors  in assessments , requirements  f o rm u la -

t ion , etc. Alternatively, anomalou s resul ts mi ght turn out ,

on closer inspection, to be correct af ter all, but simply

unforseen.  Such issues wi l l  be examine d in g rea te r  de ta i l

in the  next  section.

4.2 L~~~~1~ QI ~~~~~ ~~~~~
A total  of eleven design sub pro blems were iden t ifie d in

the bes t decomposition o~ the requirements gr a p h .  Three of

these subpr ob lems are “m idd lo - s i z c~ , ” c o n t a i n i n g  15 , 19 , and

13 requirements;  the remainder  ar somewhat  smaller , rang—

m g  in size f r o m  two to seven r e q u i r e m e n t s  each.
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~~bqraph _______

- 1 7,28,38,56,57~&2,65.66,68,71,76
- 2 18—26 ,29 , 31— 34 , 36.3 9 — 4 2

3 16,43—52,64,74

4 15,77

5 9,10,13

1 
6 53—55,67,69,70

1 7 11,12,14

1 
8 5,6,21,35 

*

L 

9 8,63,75
- 10 1—4 ,17,30 ,37

11 72,73

L~uL~.c ~hi

Best loca ted decomposi t ion produced by t h e  interctiange
method on the Bud ge t ing System re1uirements graphs
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Figure 4.2 shows the relationships between the eleven

desiqn subprob lens  and t h e  21 inter— sub problem linkages. 
U

This f igu re  wil l  be exp anded w i t h  addit ional descri p t i v e

information followin g our discussion of the individual sub-

problems and linkages in this and the next section.

~~~~~~~ ~i = 2~~~~~~ IA2.D Q~ i~ i~t 21~2.Q~1~ •

This subproblent centers on the preparation of budget

proposals. One of the in tended f ea tu re s of the new Budge t-

ing System is a much more streamlined , easier-to—use set of

proposal preparation facilities, including on- line prepara-

t ion, au tomatic checking and cross-checking of entered data

fo r  consistency and reasona bleness of va lu~ s, on-line exarni—

nat ion by the  Budget  O f f i c e ,  and on-line m o d i f i c a t i o n  by the

budget preparers (administrative officers, department heads,

* etc.). Most of the requ i rements  in th i s  subprob le m hinge

directly on these related activities .

Req uirements 7 , 2u . 38, 62 , ari d 68 all are related to

the maintenance ot various kinds o~ dat a directly relevant

to proposal preparation . The fact that these data sources

are ident i f i ed  together  is u s e f u l  for  la ter  detai led design

of the Bud qct in g System database  - e.g., wh en deci d ing on

segment structure , record layouts , etc., it is most u se fu l

to have a clear idea of what  data is most l ike ly to be used
* 

lointly or in closely related activities.

— 49—
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Requirements 56 and 57 pertaIn to the proposal prepara-

• tion process itself. Requirements 58, 59, 60, and 61 all

pertain to the issues surrounding the checking, ed i t ing ,  and

revision of budget proposa ls or chang~s to pending propo-

sals. Requirement 71 , rega rding fund  d r a ft  checking, is

closely tied to various other requirements within this sub-

problem, including those involved with special financial

arrangements (7,68), and those requirements wit h similar

processing steps (s 9 ,60 .~~1 ,6 2 ) .

There are two seeming anomalies, in the presence of

requirements 65 , 66 , and 76 in this subproblem . A deeper

examinat ion , however , re inforces  the correctnoss of this
• - assiq nment. Beguirements 65 and 66 involve handling of

- I

resea rch proposals by t he  Budget ing  System. Researcn propo-

sals may not appear a t  f i r s t glance to have much in common

U with budget proposals. However , as discussed in Section 3.3

earlier , one of the useful discoveries made by the chief

designer in the course of the 5D~ interdependency analysis

was the existence of strong potentia l ~~~~~~~~~~~~~ paral-

lels between the handl ing of research and budget proposal

preparation. (4) The se paral le ls  manifes t themselves in

interdepend encies that eventually result in the research

proposal preparation requirements be ing grouped together,

for design consideration purpose s, with the budget proposal

(4)specifically, the use of a common suspense file approach
pending final acceptance of the proposals.

- 
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preparation requirements.

The existence of requiremen t 76 in Subproblem 1 simi-

larly makes good sense upon closer examination. The Insti-

tute’s overhead recovery rate is, in fact, a key item of

information in budget proposal preparation. The rate is

ad-justed as a function of the Institute ’s financial situa-

tion each year. The intention in the new Budgeting System

is to estimate the rate for the coming fiscal year on the

basis of information available in the budget proposa ls

(hence req uirement 16) and make this estimate available to

the budget officers for their proposal preparation activi—

ties. Thus the manner  in w h i c h  recover y r ate  calcula t ions

are made is closely tied in wi th proposal prepara tion, so

should be considered together for design purposes.

2 Qp~~~~~~~~ ~~jj~g.

The second subprobleni is the largest in terms of the

number of requirements included: 19 reguiiements. Its cen-

tral focus might be termed “operations reporting.” B-isi—

cal]y, this subproblom addresses monitoring of actual income

and expense in format ion  against the op erat ing budget  — i.e.,

the control side of  the b u d g e t a r y  process. Since th is  is

• perhaps the largest and most important funct.ion to be pro-

vided by the ne w Bud geting Sys tem, i t  is most appropr ia te

that it should also turn out to be the focus of the largest

design subproblem .

— 52 —
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Certain of the requirements in this subgrou p directly

t address the operational analysis and reporting capabilities

of the new system, including requirements 18, 19, 29, 31,

• 33, and 39. Nany  of the remaining r equ irements ended up in U

this group because of strong d~~~ in terrela tionships betw een

them and the ones cited above. This includes requirements

20 through 26. These requirements spec ify that certain

databases will be maintained by the Budgeting System, data-

bases in t imate ly  l inked to the  provision of the moni tor ing

and reporting funct ions to be provided.

It is interesting to  note t h a t  these requi rements  end

up together in the requirements decomposition because of

their ~~ ta~ orj ~~~~~ inter rela t ionships, as opposed to their

p~ ocessjn~j interrelat ionships.  One of the recent “discover-

ies ” in software engineering research concerns the fre-

quently underestimated importance of the role of data struc-

tures and data handling in system design. Earlier work

usually assumed program control flow to be the pEe-eminent

concern , data organization to be of secondary importance;

more recent work  has tended to elevate the relative impor-

tance of data organ ization (Jackson 75). The evidence that

emerqes from the present study is t.hat SD~ is inherent ly

quite  compatable  w i t h  t h i s  more balance d view of the inpor —

tance of both processing and data inter relationships in det-

erminin q good system structure.

• • •• •~~~_•_~~~~~~~ 
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Finally, a few other requirements fall into this sub—

problem because they specify report ing needs that would be

met primarily using data common to other requirements of the

same subproblem. Included here are requirements 314 , 36 , 140 ,

41, and 42. All five of these statements refer to potential U

reporting requirements of various types that all would most

likely involve budget and actual operat ional data common to

other requirements in this subproblem.

In summary ,  whi le  Subpr oblem 2 is a fairly large sub—

pro blem , careful  stu dy indicates that the 19 requir ements do

“hang together” for design purposes, largely as a result of

their common data implications.

~~~~PLQk Lj ”’ ~ ~_~t~~b~~ ç .cess for Nonst n~ ard R eport Gener—

at jog.

The third subproblem contains 13 requirements. The

focus of this subproblem is database access for purposes

other than standard report generation. This includes

requirements for users’ ad-hoc access (re4luirements ~4 ’4 and

45), users’ access via the report writing racility (requi re-

ments £43 and 46), and access to the Bud geting System ’s data-

bases via other systems (requirement 16). This subprohlem

-

U 

also includes certain database security requirements that

pertain to user access, namely, requ irement £47 through 52.

These requirements all relate to data  ownersh ip  and data U

element controls that arc closely related to data ownership.

— 5 4 —
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Since these security issues manifest themselves, in imple-

mentation terms, primarily at the point of data access, it

makes very good sense that they be grouped together with

other data access requirements.

The presence of requirement 714 in this subproblem also

makes good sense: forma l training issues would undoubtedly

be heavily concerned with data access, as this would be the

main interest of most users. An interesting side point

regarding this requirement is that, at first glance, it may

not appear to be a design—relevant issue at all. This ques-

tion was in fact debated among the system designers and the

SD~1 researcher , with (eventually) the opposite conclusion.

The main a rgumen t  ran as tollows. Ther e is no require~nent

• stating that the system (specitically, access to data) be

“easy for users to use.” Such a requirement would be too

general , at too high an abstraction level, to be appropriate

for SDN analysis. In contrast, requirement 114, specifying

the need for formal user training, is more specific, a t an

abstraction level comparable with the other requirements ,

and at the same time achieves most of the same results. In

thinkin g a bou t how one mi gh t “implement ” a requirement such

as 714 , one is led to imag ine what a tra iner would  have to

say to explain various aspects of system f unct ioning t h o u g h t

to be of interest to difterent user groups. Thinking in

this way leads the system desi,ners to adjust their concep—

tua l models of imp l em e n t a t i o n  zor t~1e Q~~ j~j~j  requii-e-

ments, with an eye to the n,~ed for torInal tt~~ ziin~.
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Finally, requirement 614 (support for current budgeting

techniques) also ended up in Subproblem 3. The case for

this requirement being in this  subproblem is not obvious

initially. However , a review of the “a u d i t  t r a i l”  of inter—

dependency assessments indicates that requirement 64 was

found to be interdependent with only two other requirements:

weakly with 32 (Subproblem 2), and with average strength

with requirement 74 (Subproblerr 3). Its ending up in the

prese nt subproblem is therefore justifiable on purely

“mechanical” grounds. The rationale for its interdependency

with 74 concerns user training. Formal training on the one

hand, and support for all budgeting methods on the other,

are seen to be discordant requirements. Through this line

of reasoning one can envision second—order relationships

between 64 and many of the other requirements in Subproblem

3, bearing on the fact that a multitude of budgeting

approaches would probably make the impl ementation of user

access to data , and control of data, more difficult to

achieve . Clear ly ,  users w ay requi re  access to d i f f e r e n t

data combinations under , say, line item budge tin g than they

would under program budgeting. Howe ver , the fact remains

that requi rement 64 is only tangent ially concerned with the

main focus of Subproblem 3, but as it is n~ “closer” to any

other subpcoblem, it ended up there.
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This subprobLem only contains two requirements , and is

therefore rathe r easy to interpret. Its focus is physical

report handling. One requirement (15) concerns the report

medium, specifying that reports will be physically easy to

handle. In implementation terms, this may be viewed as

arquing against the  product ion of reports  on s tandard  11x 14

inch computer paper, and suggests the use of 8 1/2 x 11 inch

paper for reports. In fact, this requi rement is an example

of a situation discussed earlier: the designers’ original

requirement statement (see Appendix H, requirement 7) actu—

ally specified the way in which this requiremen t could be

achieved , i.e., contained within it its own implementation

approach. In the spirit of SEM analysis, the  requiremen t

was re-written so as to be functional in form , and imp lemen-

tatjon—free. However, as the  desi gners did not want to lose

sight of their implementation concept (and indeed wanted

other readers of the requirement statements to be aware of

it also ) they decided to keep it , in the form of a comment

on requirement 15 (Appendix  C ) .

The other requirement in this subpro b lom, 77, simp ly

says that the new uudgeting system shou ld be designed so as

to minimize unnecessary delay in report p roduc t ion  and dis-

t r ibut ion.  A discordant interdependenc y bet ween require-

ments 15 and 17 occurs because one way of meeting 77 would

be to employ a number of EJE terminals or remote printers at

— 57 —
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user sites; but this would likely result in reports being

printed on large forms, thereby counteracting requirement

~~~~~~~~~ ~~ j~~~~ ~Q ~~~~~jj~~ ~~~~~~~ Levels. -
U

Subproblem S contains three  requi rements, and is

straightforward to interpret. The central focus for this

subproblem is the use of EFT (“e f f e c t i v e  fu l l - t ime”) un i t s

for dealing with personnel data. The idea is that many

administrative officers (AO’ s) find it easier to think in

terms of EFT uni ts  fo r  personnel budgets  than  in dollar

terms, hence requirement 9 specifies that EFT may in fact be

employed to develop personnel budgets. However, as budgets

are necessarily f r a m e d  e v e n t u a l l y  in dollar terms , there

must be a mechanism wi th in  the I3udgetin g System for convert-

ing between EFT and dollars . This  is not as simple a task

as it may at first appear; a number of detailed issues have

to be considered, and the conversion algorithms may be

ra ther  complex. - -

Finally, requirement 13 specifies the need for flexi-

bilit y in manpower ~~~~~~~~~~ (as oppose d to budget ing) . In

practice it is easier to report sorne ty pes of manpower in

man—months , other  types  in , say ,  man-hour s , etc. C learly,

allowing such reportinq flexibilit y complicates still

further the dollars-EFT conversion issue, hence this

requirement’s presence here.
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This subproblen  includes six requ i rements , and has as a

central focus the maintenance of database i n t e g r i t y  and con-

tro.L . Requirements 53 , 54 , 55 , and 67 a l l  relate d i rec t ly

to this issue in various ways.  It should be noted t h a t

these requirements impact system design primarily in the U

choice of a commercial DBNS to be used as the heart of the

new system , as there is no intent  in the  minds of the  desig-

ners to develop their own under ly ing  data  managemen t soft-

ware.

Requirements  69 and 70 per ta in to computerized f u nd s

d r a f t s  being per formed , ei ther  o n — l i n e  or via batch transac-

tions. Once again, these requirements might appear to be

- - rather distant from the preceding four. Closer examination

dispels this notion, and confirms again the correctness of

the partitioning. Funds drafting, and the checking and ver-

ification thereof, is perhaps the most sensitive data—han —

dlinq aspe ct of the new system , as i t  deals d i r ec t l y  w i t h

the movement and control of real, spendable credits. (5)

Therefore  the  requ i rements  to al low ele ctronic  funds  d r a f t —

ing in the new system are especially closely related to the

in tegr i ty  concerns , no tab ly  the  aud i t t r a i l  r e qu i r e m ent

(67) . In implement ing the in t eg r i t y  requ i rements , ver y

close at tent ion wi l l  also h a v e  to k e  pa id s i m u l t a n e o u s l y  to

the gunds drafting issue.

(5) most of the  system ’s d at a b a ~;es w i l l  coz~~i~it of bti~~j~~tdata, or else real expense (credit) data.
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The separation of r equ i remen t s  69 and 70 f r o m  other

requi rements  dealing w i t h  f u n d s  (see Subpr oblem 10) is

another good example of t h e  issue discussed on page 3L4 , con-

cerning the need to c a r etu l l y  d i f f e r e n t i a t e  between recjuir e-

ments t h a t  are ~~jj~j  related (e.g., all re~ uirement s

dealing w i t h  funds )  , and those tha t  are related in implemen-

4 tation terms.

~1Lk2~Qb1~Ln I Q j j 7 t~ on of ~ flQ~ ACCQ3jfltjJj~ O~j~CtS. UI

-rhis subprob lem ir i c lude~ three  requirements .  The sub—

problem ’s Locus is the organizat ion of the budge t— r

U inq/ accountAnq “obj ects. ” T h i s  term has an unambiguous

meaning to the  bu d g e t i n g  and administrative staff of the

Institute. “Objects” represent one way of organizing the 
U

elements of income and e x p e n d i t u r e  of the  I n s t i t u t e;  for

instance, “secretarial salaries’ migh t  be an expend i tu re

object, while “federal grants” might be a revenue object.

In the present. budgeting system, there is a fixed set of

objects, and codes for  each object , with which all concerned

must work .  (6)

The new system , as these re~j u iLement s  indicate , is to

have greater flexibil ity in terms of object definition.

Speci f ica l ly ,  i t  wi l l  be çossil~le to  de f ine  m u l t i p l e  hier ar-

chies of objects. A lso , depar tments  will be able to define

(b)at least as far ~s the cent ral b U d g e t i n g  o f f i c e  is con —
cerned , a lt h o u  ~h many p i ~ tment s  also r u n  t h e i r  own par-
allel systems tha t  b e t te r  n~ et their  specif ic  needs.
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their own persona l objects w i t h i n  t he  central  system.

The three requirements  of this subproblem are clearl y

related quite closely for implementation purposes. In par-

ticular, it way he noted tha t  the requirements for mul t ip le

obj ect hierarchies ( 11 and 12) probably rule out the possi-

b i li t y  of using a h i e r a r ch i ca l l y—or i en t ed  commercial DBM S

such as IBM ’s Informat ion  Management System (I B M 74) for  the

system ’s database manager.

Su ~ p~ obJ~~~ 8 - Developmen t 
~~~ 

M an a ~~~~ ~~ ~~~~~~~~~~~~ Data.

This subproblem contains f o u r  requirements, and has as

its focus  the developmen t and management  of Inst i tu te

in termedia te—range  p lanning data .  Planning data d if fe r s

from budget  data  in a nu i rker  of w a y s .  First , its develop-

ment is nei ther  homogeneous nor un iversa l  across the  Ins t i—

tute. Some departments develop much more, and more highly

detailed, planning data than  do others;  some plan up to two

years ahead , others up to t h r e e  years , still others  f ive

years out .  Also , the n a t u r e  of the  data d i f f e r s  from budget

data , often being more in the fo rm of descr ip t ions  of u nd er-

ly in g qoals, direc tions, etc., for a given department.

rather than hard numbers at a relativel y fine level of

detail.

Dur ing  their  analysis  of the present p lanning/budget ing

practice, the Budge t  System designers  found  a need for  some

leve l of au tomated  assis tance to the  ~lann in~j  f u n c t i o n  of

— 6 1 - 
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various administrative staff. Since th is function is fairly

closely rela ted to the bud getin g funct ion, to inclu de some

planning assistance capabilities in the new system seemed

appropriate. Requirements 5 and 6 address the planning data

issue directly .  Requirement  35 concerns dat a requirements

for the “Dynamic Model” — i.I.T.’s financial forecastin g

model. since man y of the  model ’ s da ta  requirements  are in

the n a t u r e  of p lanning data , it is appropr ia te  t ha t  this

requirement fa l l  in the  c u r r e n t  subproblem. Specif ical ly,

— the determination of the t y p e  of planning data to be U

obtained from the Ins t i tu te  managers ought to be influenced

direct ly  by the data needs of the model.

The inclusion of req uirement  27 in this sub prob].em is

another instance of a surprisingly intelligent outcome of

the SDM decomposition . whi le  logically related (in the

sense discussed on page 34 ) to req u irements 21 t h r o u g h  26 ,

this requi rement  d i f fers  on one very important  respect :

historical actual data is the key database referenced by

managers and administrators in drawing up their intermedi—

ate—range plans . None of the other reguirements 21—26 have

this proper ty .  The implementa t ion  of p lanning  assistance

facilities in the new Budgeting Syst em must take into con—

sideration both what planning data will be captured , and

what  data will be required by  managers in developing their

plans. 1~equirements 5 and 6 correspond to the  former con—

cern , requirement 27 to the la t te r .
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.2 - p~pye~ n~~it ~~~~~~ ~~~~~~~~~~~~~~
This subprob lem , w i t h  th ree  requirements , concerns

employee benefit rate calculations. In ‘the present budget-

ing system , management of employee benef i ts  may presen t some

complexities, especially when a) amount s  budgeted  for  per-

sonnel expenses are used for non— personnel expense items ,

and vice versa ; b) dollar budge t ing  blanket ad jus tments  are

made , such as changin g t he  ra te  of benefi t s  as a percent of

salary; and C) when non—standard  emp loyee benef i t  rates must

be applied due to contract  provisions, re t roac t ive  changes ,

mismatchs of fiscal years, etc.

& typical  example  of these problemat ic  issues migh t

involve a depa r tmen t ’ s budget  t h a t  is approved  given a cer—

tam s t a f f i n g  prof i le .  ~th a t  prof i le  may then be altered

t hrough subs t i tu t ion  of certain staf f members for ot hers

(e.g., increasing the number of individuals assigned to a

particular research project) . lh i s  kin d of change may

require a compensating change in employee benefit amounts

being charged to that department. Such a change is, at pre-

sent, freq uently “lost in the  s h u f f l e . ” Subproblem 9

addresses the need for an effective mec hanism for controll-

ing the employee benef i t  issue w i t h i n  the  Cur ren t and Fu tu re

b udgets .

Since employee benefit amounts are a percentage of per —

sonne l sa la r ies and wages , it mates good sense that  require-

men t a be included in th is  subprobl em.  S imi l a r ly ,  require-
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ment 75 is concerned wi th  handling non-standard employee

benefits (e.g., benefits for a part—tim e faculty member),

which are subject to very similar needs for control as are

standard benefits .

~~~~~~~~~~~~ 1Q - o~~j c i n j~~at ion ~~ ~f ~ und

1~~ Qunt s .

There are seven requirements  in Subprob lem 10. The

focus of this subpr oblem is the orga n ization and ma nagement

of fund accounts. At the heart of this design subproblem is

requirement 30, “...facilitate t he  e f f e c t i v e  use ot funds

accounts. ” The other requirem ents  in t h i s  subproblem (wi th

one exception, to be explained shortly) all partia lly derive

from requirement  30. Requi .remonts  1, 2,, and 3 all specify

al ternat ive ways in which fund  data may be organize d (and

h ence retr ieved dur ing  queries, etc.). Requirement 4

addresses the need to supply  adequate descriptive informa—
U 

- 
tion f or each fund account within the database itself.

Bequi.rewent 37 pertains to repor t ing  s tandard  fund  informa-

tion . Fina l ly ,  requirement  17 specifies the need for access

to data in the databases of other  In s t i t u t e  DP systems . The

system designers saw this  as closely associated w i t h  e f fec—

tive fund  mana gemen t, largely because much of the informa—

tion that would be needed in order for requirement 30 to be

properly implemented resides in the Gil t System. (7) A direct

( 7 ) T h i s  is the  sys tem t h a t  is used to  ma n aj e  ~ i ft s ,
bequests, etc.
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link to the latter system would be superior to duplicating

- 

and separately main ta in ing  the  necessar y databases.

I
- p~~ blei~ ii = Data!a~~ ~~~~~~~~~~~~~~

The f ina l  subprob lem contains t w o  requirements, and its

focus is database expandability. Specifically, requirements

72 and 73 state tha t, unlike the present budgeting system,

the  new system vi i i  a l low new data elements to be def ined

wi th in  objects or accounts, in orde r to provide additional

f l e x i b i l i t y  and usefulness tor the system ’s users. For

instance, one department may wish to su mmarize a certain set

- 
~ of account balances in a unique way . The new system woul d

allow a special d a ta item to be defined to hol d the ap pro-

priate summary data, and also to tie the new it.em logically

to the lower-level items it summarizes, so t h a t  when changes

- are made to the lower-level  items the s u m m a r y  item wil l  also

be upda ted. (8) This requirement ties into the concept of

logical data independence that has come to prominence along

with the  use of da tabase  management  systems ( M a r t i n  77) .

U Th is concludes the  analysis and in terpre ta t ion of the

eleven identified system design subprob]ems. The sub prob—

lems and the i r  i n t e r p r e t a t i o n s  are summarized  in Tab li~ 4. 2.

In  the next section we analyze  the  in terre la t ionships  (sets

of interdependencies) between the various subprob lems . The

(8)-either ac tual ly  or virtually — see ( Folinus , et. ~tt .  76) .
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1 Preparation of budget  proposals

2 Operations r epor t ing

3 Database access for purposes other than
standard report  genera t ion

4 Physical report handl ing

5 Use of EFT to define personnel levels

6 Naintenance of database integrity, control

7 Organization of budgeting/accounting objects

8 Development, and management of planning data

9 Employee benefit  rate calculations

10 Organization and management of fund accounts

11 Database expandability

~~~~~~~~~~~~~~

Subprobl em Summary Descri ptions.

I
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combine d in terpre ta t ion of subpr oblem and interrelat ionship

analyses constitutes the architecture interpretation for the

new Bu dqet inq System . The f i n al  section contai .~s concludin g

comments pertaining to global aspects of this architecture.

4’ 3 !~LThL~ QI L~abhQDJ~;.~ .IiLIi~~~ i IIQ ii.Ui~ .

There is a total of 21 links interconnecting the 11

desiqn subproblems in the new Bu dqet in g  System archi tec ture .

Some statistics regardin g these links are shown in Table 4.3

below. I t  is shown there that the average number of inter—

dependencies per subproblem link is 4.5; however , there are

only f ive  l inks consisting of more than f i v e  interdependen-

cies . Since both number  of interdependencies as wel l  as

U 
interdependency weights  are imp o r t a n t  determinants  of lin k

strenqth , Table 4 .3  also shows total  w e i g h t  for  each l ink .

This is just  the sum of the weights  on all the  interdepen—
U dencies making up each link. From this  table it  may be seen

tha t  the d i s t r i b u t i on  of l ink total weights  is as shown in

Fiqu re 4.3 below. From the f i g u r e , it is clear that  the

design partitioning has two ra ther  strongly interconnected

subproblems ((1 ,2), and (2,10)), three subprohlem linkages

of medium strength ((1,10), (2,3), and (2,8)), while the
U 

rema ining subprobleir  l inkages  have  a to tal weight  of less

than 2 .0 , so are re la t ively  w e a k l y  connected . In the dia-

• gram of Figure 4,2 earlier, the strongest linkages are shown

shaded , the medium-we ight  ones are  d r a w n  as double lines,

while the remainder are shown is single lines.
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Number of
Linking

First Second Interdc— Total Average
ID # Subproblem Subproblem pendencies Weigh t Weight

1 1 2 20 7.6 0.38
2 1 3 5 1.9 0.38
3 1 5 4 1.1 0.28
4 1 6 3 1.2 0.40 U

5 1 9 4 1.4 0.35
6 1 10 10 3.8 0.38
7 2 3 7 3.2 0.46
8 2 5 2 1.0 0.50
9 2 7 2 1.3 0.65
10 2 8 10 3.8 0.38
11 2 9 2 1.0 0.50
12 2 10 16 6.8 0.43
13 2 11 5 1.9 0.38
14 .3 4 - 1 0.5 0.50
15 3 6 2 0.7 0.35
16 5 . 9  2 1.3 0.65
17 6 9 3 0.9 0.30
18 6 10 3 0.9 0.30
19 6 11 1 0.5 0.50
20 7 8 1 0.5 050
21 10 11 1 0.8 0.80

- Table 4.3

Statistics for the Inter—subprob lem Linkages

U

. 
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f requency

~~~~~x x x  x x- 
I - X XXXXXXXX X X X X X

I ~

1.0 . 2.0 3.0 4.0 7.0 8.0

!A2iL~~ ~~~~~~~~

Distribution of Link Total Weigh ts .

It is worth recalling at this point that the ‘inderlying

mot ivation for this entire SDM exercise is to formulate a

• system architecture which exhibits high module strength and

low coupl ing . The ob jective f u n c t i o n  N , of course , is a

formal attempt to quantify that concept . Informally and

j u dj m en t a l l y,  a system decomposit ion w i t h  only t w o  rela-

t ive ly  s t rongly  interconnec ted subprob l em pairs , th r ee  pairs

with medi um interconnection s t r e ng t h , and f i f t e e n  with rela-

tively weak interconnection stren;th should probably be

judged as a fairly good ore from this point of view .

We now examine each subprob lem l inkage , and descr ibe an

interpretation of the nature o~, and the reasoning behind ,

each .
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Link~ .q.ç I ______k1

~~

i
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I ~~~ 2) .  - -

This is the lar ges t linkage, wi th a total link weight

of 7.6. Eleven of the linking interdependencies represent

common data issues: databases defined, either implicitly or

explicitly, in con junction with requirements in Subproblem 2

that are also needed for effecting certain proposal prepara-

tion-re lated requirements in Subproblem 1. This includes in

particular Char t of Accounts data, and Current and Future

Budget databases.

The remaining linking interdependencies represent con-

cordant relationships that arise because of common process- 
U

ing techniques. In one case, the automatic proration feature

may be used to good effec t in proposal pre para tion as well

as operation s monitor ing activities ; in the other case ,

potential wethods of opera t iona l  moni tor ing  faci l i ta te  cer-

tain aspects of monitoring proposal preparation.

j~jj~k~q~ ~ (~~~~~~ob lers ~~~ ~) .

U This linkage has a total wei gh t of 1.9 , and includes

f ive interdependencies. ‘Iwo of the interdependencies repre-

sent the need for tra ining users to use the system for pro—

posal preparat ion. The other three represent the use of the
U menu—orien ted query facilit y for proposal and fund draft

• review and checking.
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This linkage consists of four interdependencies , with a

total weight of 1.1. The common focus for all four concerns

the ability of users to prepare and/or monitor the personnel

component of bud get  proposals in the most conven ient units

( typ ica l ly ,  EFT or dollars)

~~~~~~ .~~ 
(
~~~~~ k~~i~ .1 ~~~~~~~~ ~) .

This linkage includes three interdependencies, with

total weiqht 1.2. The process of preparing budge t proposals

(Subprohlem 1) requires administrators to access va r ious

kinds of data that will, in the future, be available via the

new system. The focus of this linkage concerns the imple-

mentation issues sur rounding  protect ing the secur i ty  and

in tegr i ty  ( Subproble m 6) of the data that will be accessed

for proposal preparation purposes.

Linki~~ 5 (Sub pr oblern s 1 and 9).

Th is linka ge inclu des f our interdepend encies, and has a

tota l weight of 1.4. These interdepend encies all pertain to

the role of employee benefit calculations in the proposal

U preparation process.
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Link~ g~ ~ ($j~bprob1em~ I ~~ .1Q) .

Th is linkage contains 10 in ter dependcnc ies, and has a

total weight of 3.8. Subprob lem I addresses budget proposal

preparation generally, and the requirements wi th in  Subpr .~b—

l~m 1 that connect to Subprobletn 10 are concerned specifi-

cally with the role that funds play in proposal preparation.

Subprob lem 10 focuses on the orgainzat ion an d use of fund

accounts. Good informat ion  is the  key  to better management

of Institute fund s (gifts, bequests, etc.). At the present

time fund monies are frequently not used to their greatest

benefit , because individuals who make expenditure decisions

haven ’t been informed of , and have no eas y way  of discover-

ing, the existence of certain funds  whose des ignat ion meets

their needs. The intention in the new Budget ing System is

to make fund purpose information rE~adi ly  availa ble to users,

and to otherwise orient the reporting and control of fund

— data so as to make more e f fec t ive  use of fund monies. This

would conserve general monies to more fully meet the needs

— to which funds do not apply. - -

Linkage I (Su~ p~oblems 2 ~~
This linkage contains seven int erdependencies, wi th

total weight of 3.2. Al l  seven interde pendencies have a

fairly strong common focus: they all represent techniques to

allow users to access data in a manner other than via stan—

dard reports (special reports , ad hoc queries, etc.).
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There are two interdependencies making up this linkage,

with  a combined w e i g h t  of 1.0. The focus of these interde- r
• pendenc ies is the proration of personne l budgets for the

production of periodic operating reports.

~jjjka~e ~ ($~ b~ro~~~~~ 2 ~~~ .2) . -

This l inkage includes  t w o  in terdependencies , w i t h  a

combined weight of 1.3. It focuses on the use of a hier—

archica l organization of object codes for facilitating the

product ion of special reports.

U 1~~~~ A~L~ I~ ~~~~~~~~~~~~~ 2 ~~~ .~ ) .

U 
Th is linkage contains ten interdependencios , w i t h  a

total we igh t  of 3.~3. Al l of these interdependencies have a

clear common focus, namely, data commonality between

requirements for operations r€çorting (Suhproblem 2) and for

planning (Subproblem 8). Alt hough as pointed out earlier ,

plann ing data and budgeting data is not identical , tr~ere is

enouqh commonal i ty  t g e ner a t e  numerous  imp l e m e n t a t i on - l e v e l

interdependencies.  For ins tance , some of t h e  d a t a  r egu ir ed

by the Dynamic ?Iodei (reguircirent 35 in Subproblcm 3) may be

obtained from various managers ’ Future audgets (reguire-

ment 22, Subproblem 2) databases.
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~ink~~~ .1.1 (
~~i~~~i~~ 2 i~~ 2) .

This linkage contains two interdependencies, with tot~~l

weight 1.0. Its focus is the data management issues common

to Future Budqet personnel data.

L~~~~ii~ ii ~~~~~~~~~~ .~~ ~~ .1P).

This linkage contains 16 interdependencies , wi th a

total  weight ot 6.8, All of the interdepend encies within

this linkage concern different aspects ot data access com-

monality between the two subprobloms. Eight of the interde-

pendencies focus on databases common to ad hoc retrieval

requests associa ted with operations monitorirj, and s imilar

requests associated with funds management. Ano ther four

interdependencies are related to databa ses common to opera-

tions monitoring, anti to making effective use or fund

accounts. Another three relate to similar databases common

to standard report generation for operations monitoring and

for fund management. Finally, one of the interdependencies

represents the common need for access to other systems ’ data

f iles.

~~~~~~~~~ IJ ( A ~~ .~~ ~~~~~~ 
ii).

Th is linkage represents iive interdependencies, with a

total weight of 1.9. All five interdependenc i~ s pertain to

the application of the facility for adding new data Lt~’m

types P o  c u r r e n t l y  e x i s t i n g  databas s, to the development or’

operations monitor ing requiL*-~r.~nt.;.
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Uk~a~ i~ ~~~~~~~~~ ~ ~~~~~ .~ ) .

There is a single in te rdependency  in th is  l inka~j~i , w i t h

a wej qh t of 0.5. The focus of this  lin k is mechanisms for
speeding the delivery of Budgeting Syst em information , in
the form of s tandard repor t s , to system users.

1~ 
(
~~~~2Nj~~ ~ ~~~~~ ~

)
There are two interdependencies within this linkage,

with a total weight of 0.7. Their common focus is the

maintenance of database integrity and s ecu r i ty  by means of a

F transaction logging technique .

Link~a~ i& ~~~~~~~~~~ .~~ 2 ) .
- There are two interdependencies  in th is  l inkage , w i t h  a

total wei gh t of 1 .3. The ir common focus is the conversion

of personnel data between dollars and EFT.

17 (~~bproblems 6 ~nd 9).

This l inkage includes three interdependencies, wi th
combined weight  0.9. Their focus  is a u d i t  t r a i l  maintenence

in the face of au tomatic system updatin g of certain data

items,

_____ - ______
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ii ~~~~~~~~~ ~ ~~~~ 12) .
This linkage includes three interdependencies , tota l

weight  of 0. 9. They all focus on the effect in g of computer—

based funds  d raf t ing .

~~~~~~~~~~~ j~~ (~jbprob~~ms 6 ~nd 11).

This l inkage Consists of a single interdependency,

t otal wei gh t  0 .5. The l inkage concerns the implementat ion

of a data change log in a restructurab] . e database.

~2 ~~~~~~~~~ 1 ~~~1 ~) .

This linkage contains a single interdependency, with a

weight of 0.5. It concerns the use of the object hierarchy

for organizing the development of plann ing data for the

Dynamic Nodel.

LAn~~~~~~ 21 ~~j~~~~~ b1ews 10 ~~d
The f in al l inkage also includes but  one interdepen-

dency, wi th  a we igh t  of 0.8.  Its focus is the addi t ion  of

fund  purpose categorizat ion informat ion to the  funds

accounts.

This completes the description of the individual link-

ages between the design subproblems . Summary descriptions

of the 21 inter-subprob lerr linkages are given in Table 14•4,
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Figure 4.4 shows a complete descri pt ion of the SDN —der-

ived architecture for the new Budgeting System. Each design

subproblem and linkage is labelled in an abbreviated fash-

ion,, based on the descriptions given in Tables 4.2 and 4.4.

In the final section of this repor t we briefly discuss

certain broad issues that arise out of this archi tec ture. i L
We also summarize there the work to dat e and suggest some

areas for further research.
U 

I
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- Sumrnar,y Descr ip t ion

1 1,2 common databases; common processing
viz. proration , monitoring.

2 1,3 training in proposal prep . use; proposal/
fund draf t review and checking via juery.

3 1,5 alternative units for personnel data.

4 1,6 protection of the security and integrity
of proposal preparat ion data.

5 1,9 employee benefit calculations in pro—
posal pr eparation .

6 1,10 effective use of funds in proposal preparation.

7 2,3 data access for nonstandard usage.

8 2,5 personnel data proration in period ic rpts.

9 2,7 use of hierarchical object organization in
production of special reports.

1 10 2,8 operations reporting and planning data
commonality.

11 2,9 comm on Fu tur e Budge t in g/Personne l Bu dgeting
‘ L  data management  issues.

12 2,10 data commonality: ad hoc retrieval, moni tor-
ing standard reporting, other systems.

13 2,11 extension of operations monitoring data files.

14 3,4 prompt report delivery.

15 3,6 use of loggin g to effect database integrity
and security.

16 5,9 conversion of personnel data: dollars vs. E?T,
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17 6, 9 maintenance of audit trail in face ot auto.
updating of data elements.

18 6,10 effecting computer—base d funds drafting.

19 6, 11 maintenance of chang e log when database
structure is modified.

20 7,8 hierarch y of object codes used to e f fec t
generation of Dynamic Model data.

21 10.11 addition of fund pur pose categorization
data to fund accounts.

Summary Description of the Subproblem Linkages.
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5. CCNCLUSIONS.

The original objectives of this s tudy  were threefold:

1. to s tudy the application of t h e  Systema t ic Design
Nethodology in a real , ongoin g design contex t ;

2. to study the reactions of a grou p of real(9) sys-
tern desi gners to th e meth odology, to begin to
learn their views o its usefulness, effective- U

ness, etc.

3. to assist the budgeting System design team in con—
structing an archi tec ture  for th is new system.

As for the first poin t, the various steps of the SDN were

able to be executed with little difficulty. P~s reported

earlier, a substantial amount of time was spent initially in

preparing the requirement statements. Also, the interdepen-

dency analysis phase consumed guite a bit of meeting time.

However, the decomposition analysis and architectural

interpretation were both relatively str aightforward , and not

particularly time consuming. This suggests that the time

and effort invested early in the SDN effort pays off in

U terms of a “good” ini tial decomposition and easily inter—

pretable architecture later on.

Such an observation is in general agreement with what

other software design researchers have found in other con—

texts. Boehm , for instance, has estimated on the  order  of a

(9)as  opposed to SON researchers playin g the role of syster i
U 

designers

— 8 2 - - --• -

J~~~Tr~ )IG P~~I ~~ME

-~~~~~ —~ _ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~--~~~~~~~-~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~



- ~~~~~~~ 

- - -
-

3—to- i payback to additional time invested in early design

activities (Doehzn 75). Also, the truth of this observation

in the 5DM context is verified by earlier applications car—

n e d  out by other SDI researchers. Andreu (Andreu 77(a))

applied SDM to the design of a database management system.

He adopted a set of government—issued DB M S requirement

statements for use in his design. His first pass at build-

ing a system architecture resulted in a ra ther unsa tisfac-

tor y decom position, wi th a few large, unwie ldy ,  hard—to—in-

terpret subproblems. After “complet ing the requirements

set” by studying the requirements statements carefully for

missing requirements, ambiguous statements, etc., and making

a number of ad ditions and mod i f ications, a second decompos i-

tion resulted in wha t A n dreu ar gued was a much better archi-

tecture - smaller , more coherent subproblerns arranged in a

fashion he found much easier to interpret.

In contrast, in the present study we spent much more

t ime in f r a m i n g  and re f in ing the o r ig ina l  requirement  state-

ments . In fact , the requiremen t specifications up on which

the SON statements were t~ased was the resul t of over a year
• of study, analysis, intervie ws, etc. Also, the SON version

of the statements was given reasonable in—depth study over a

number of iterations by both the system designers and the

SON researcher. It is most likely for this reason that the

requi rements  decomposit ion and resul ting archi tecture turne d

out to be as good as it did af ter a sin gle “pass” of the SDN
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analysis. With very few exceptions (to be discussed below)

the design subp ro blems and lin kages were  clear an d easy to

interpret. All subproblems were found to nave an obvious

design focus, as described earlier. Similarly, the impor-

tant design implications of the various inter—subproblem

linkages were easily identified. Judge d by this mixture of

intuitive and explicit measures, SDN func t ioned well in

quidinq us to the identitication of a good architecture for

the new Budgeting System.

The second poin t concerns react ions of the Bu dget ing

System designers to SON. They expressed both positive and 
U

negative reactions to the analysis exercise, all of which

were discussed earlier (see Section 3.3). In summary ,  the

main negative reactions concerned the time required for the

anal ysis, ari d some uncertainty about the overall value of

the exercise (the latter occurred mostly at the outset).

Both issues were tempere d , of course, b y an ap precia tion of

the research nature of the study. The positive reactions

concerned new design ideas, as well as clar i f i c a t ion an d

improvement of cur ren t ideas, that emerged during the exer-

cise ; discovery of ne w ways of approachin g the desi gn task

in genera l (e.g., separation of func t ional. concerns from

implementation issues) ; and their belief that the firhl l

archi tecture would be of assistance in the later detailed

design efforts.
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As for the final point, the eventual value of the Dudg—

eting System architecture presented in t-he preceding section

Cannot be know n at this time. Rathe r, it will be necessary

for the 3DM researchers to follow up this exercise in the

future to learn what kind of imp act this study might promul—

qate.

The s tudy  has provided a number of other insigh ts, many U

of which were mentioned earlier in this report. The most

important of these are summarized below .

1. The design architecture that emerged from our work

did prov e to be rela tively “clean ” (high strength ,

low coupling). Elowe ver, a f e w  min or points mi g ht

bear additional investigation by the system desig-

ners. For instance, requirement 64 was found not

to have an obvious “ho~’e” in any sub~’roblem. This

may suggest tha t either cer tain in terdependencies

between it and other requirements were missed dur-

ing the earlier analysis, or possibly that other

U req uirements more closely associated with reguire—

ment 64 are missing from the requiremen t set.

2. A second minor decomposit ion issue concerns the

U size of Subproblem 2. As discussed in Section 4.2

earlier, there are good reasons for the relatively

• 
- 

broad scope of this subproblem . The opera t ions

reporting function is central to the Budgeting
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System, hence we should expect this subproblem to

encompass a larger collection of requirement

statements than many of the others. The centra l-

ity of the subproblem is further evidenced by not-

ing that it has eight linkages to other subprob-

lems — substantially more than any of the others

(see Figure 4.4) • The centralit y of this subprob—

lem should serve as a signal to the system desig-

-: ners that  perha ps the detailed design ou ght to

als o center on the implementat ion of these

req uirements. Also, in general th e presence of a

lar ge su bp rob lem such as this in a decomp osi t ion

shoul d be ca re fu l ly  studiei, as it may suggest

possible improvements to the decomposit ion.

Andreu found the occurrence of especially large,

heterogeneous subproblems to be “caused” by in

incomplete or poorly framed requirements set.

Also, it could be that certain interdependency

assessments are missing or in error . While they

will no t be f u r ther investigated here , these pos-

-~~ sibilities are worth some study by the system

designers in the future. 
-

3. A th i rd  summary  po in t is that  the  SON techniques

used in this s tudy  seemed to funct ion  ra ther  wel l .

The use of a three—way breakdown for specifying

interdependency wei-jhts should b i-’ judj’d ~juit~’

effec tive in prac tice: a th reefol d di st in ct ion— 86 —
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could be made easily by the designers, and the

need for finer detail rarely arose. Other mechan-

isms - the interdependenc y data form , use or

VSC BI PT to manage the requiremen t statements , etc.

— worked well. The decomposition package aLso

functioned effectively. A numbe r of ideas for

mar ginal im provemen ts to the package arose in the

course of its application to the ~udgetin g System

problem, but these will not be elaborated on here.

4. One lesson that came through quite clearly in this

exercise is the important role data linkages play

in determining requiren-ent interdependencies in

this kind of system design. In a number of cases,

• part or all of the common imp lemen tat ion issues

tying a set of requirements together within a sub-

problem were common databases required for their

implementation. Also, such data commonality

forme d th e basis of the lin kage between various

subproblems. it is interesting to note that in

the previous SON application exercises this iznpor-

tant role of data commonality was not evidenced .

This is not too surprising since systems like the

Bud getin g Sys tem are muc h more concerne d wit h cap-

turing, processing, reporting, and otherwise deal-

ing with various databases than would be “sys-

tems” software such as a CP~S ur an op er a t i ng

— 8 7 —
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system, at least at the architecture level.

However, while perhaps not so surprising in

retrospect, this observation should serve to make

the importance of database organization for the

Budqeting System stand out durin g future design

and implementation work.

While still a research project, the Systematic Design

Methodology is proving its effectiveness in aiding system

architects to organize and manage the many and diverse

requirements typical of complex systems design. This study

has suggested new improvements that may be made to the meth-

odology, while again confirming its fundamental soundness

and value.

.1
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Appendix A

EXAMPL E OUTPUT FROM THE IBM ~800 PRINTER.

On the following page is a sample of the output obtain-

able from the IBM 3800—type printer.

I
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Appendix B

INITIAL BUDGETING SYSTEM FU NCTIONAL REQU IRM~ENTS A S PREPAREDBY THE SYSTEM DESIGNERS.

1. Automate as many manual procedur es as feasible to 4save time and effort

2. Provide in the Chart of Accounts the following for
all fund accounts:

a) Coding for Principal - Endowment, Quasi-endow-
ment, or Term Endowment

b) Coding for Income or current funds  — Unres-
t r icted, Restricted , Designated, or Restricted
and Further Designated.

C) Update the 60—character ‘Fund Purpose ’ field

3. Collect and store plann ing data contributed by the
senior managers

a) Data must be in reasonably uniform, useful for-
mat

b) Data should include short range (Next fiscal
year) and long range (3 to 5 years) plans

C) The report of the senior managers contained in
the ‘Report of the President and the Chancel-
lor’ should refer to and be consistent with the
short range plan presented prior to the begin—
ning of the fiscal year.

d) Planning data would be available to the Dynamic
Model (or its replacement)

• 4, Provide for collecting , storing and reviewing
details of special financial agreements made among
wanagers. Details could be picked up when drafts
are processed . Tnese might be input at time
drafts are made.

1 1
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5. Provide for budgeting and report in] by E F.T. as
veil as dollars. An interrace with the Payroll
System may be necessary.

a) Automate system where possible so that a pt~rsonmay be budgeted either by E.F.T. or dollars and
provide a method for one to generate the other

b) Allow for either actual or average salaries to
be used in budget proposals.

c) Provide checks to ensure that each person is
not budgeted more than 100% E.F.T.

6. Provide for producing reports in units of man-
veeks, man-months or man-years

7. Provide for additional object codes to be suaunar—
ies of other object codes as necessary

a) Use summar y codes for subtotals on reports or
for reporting only these subt otals

b) Ex plore usefulness of summary codes that would
correspond with Billing Codes

8. Revie w Object Code desctiptions to ascertain their
current applicability

9. Provide support for special object codes for usc
by each department. The descriptions for these
codes would be supplied by the using departments.
and they would subtotal to the appropriate summary
object codes.

10. Reports must be easier to handle and store. Both
the IBM 3600 and Xerox 9700 Printers would solve
this problem through the use of 8 1/2” by 11” size
paper without sacrificing data capacity.

11. Provide for sharing budget data wit h users of
other systems and for use of the files of other
systems by the Buoge t Systei~ (e.g. ~ift System,ABS . Payroll, Purchasing, etc.)

12. Provide for as mucn early recognition of potential
problems as possible so that corrections can be
made in time to prevent them

a) Provide easy way to project income and expenses
over the fiscal year on a month by month basis
so as to provide a ready measure of actual per—
formance vs. budget.
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b) Provide way to flag amounts or items when pre-
determined tolerances or dates are exceeded

• 13. Provide and ma intain access to data:

a) Chart of Accounts
- 

b) Future budget data by mont h by object code
within account

c) Current fiscal year budget data by month by
object code within account

d) Last fiscal year budget data by month by object
code within account

e) Current fiscal year actual data by month by
object code within account

f) Last fiscal. year actual data by mont h by object
code within account

q) Historical data , up to 10 years of budget and
actual data by object summary within account

h) Salary and other data required for proposal
preparation

U4. Promote optimal use at fund accounts so as to con-
serve general monies

a) Provide directory (or directories) and an
application index of funds so as to readily
show how they can be applied. This would
require collection and maintenance of abbrevi-
ated text of fund descript ion and donor ’s
intentions.

b) Enhance existing reports (X52 , X53 and/or X56)
with available data so as to make them more
useful in applying f u n d s .

C) Provide for production of a report in X52/X53
format sh owing 10 years of hist rical data.

4) Explore other ways to promote use of funds when
it is optiona l, such as Matching fund expend i-
tures with a certain amotn~t of t.eneral money .

15. Support monitoring of operating budget

• a) Budget vs. actual.

— 95 —
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b) ‘Operating gap ’

16. Support, improve or replace the following reports
or items of information:

a) Printed Budget

i) In detail by account within departments
and areas of responsibility

ii) In ‘Schedule A ’ format for inclusion in
the Treasurer’s Report -

iii) In functional format

b) Schedules for the Treasure r’s Report

C) Indirect Cost Recovery Percentage based on CAD
Studies

d) Analyze effects of potential ‘dollar budgeting ’
decisions, such as 1~ salary change, etc. Be
sure to provide for changing scholarship, fel-
lowship and stipend rates when changing tui-
tion.

e) MITOP

f) Dynamic Model

i) Provide for automatic interrelationship
so that when dat a changes the subsequent
effects are shown

ii) Provide I or ease of rerunning with
changes in variables and assumptions to
answer ‘what if’ questions

iii) Explore use of Boeing’s Execut ive Infor-
mation System or other packages to sup-
port modeling

g) Periodic Summary of Cperations

h) Budget Authorizations and Changes, and explana-
tions of the changes, including dollar budget—
ing.

i) Provisional and approve d Budget Authori-
tations

ii) Changes in authorized amounts  or alloca-
tions and explanations of ~iai”e , includingdollar budgeting

_________ i _ ~
_.
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i) Gross and net effect of budget changes. includ-
ing , but identifying, ‘dol lar budgeting ’

• 1) Budget vs. Actual Reports (X80, X83. XR4)

k) Detailed Transact ion Repor t

1) Print account title on DIR

ii.) Include detail at Purchase Order Commit-
ments

iii.) Provide more i~nformat ion in descriptionand reference fields so as to facilitate
tracking expenses -

iv) Expand data content to include YTD and
cun’ulativc data

v) Do not produce DTR in months when there
is no activity for an account

1) Nonthly Statement

j) Consider showing ‘‘rave l Outstanding ’
immediately following ‘travel’ and subto-

- 
taking them

ii) Supply mean ingful Purchase Order Commit-

L 

ment data

m) List of accounts about to expir~
n) Budget proposal for~s and supporting documents

o) Area of Responsibility Report
I

p) Departmen t Profiles

qj Report  of Fund C r a f t s

r )  Phys ical  P l a n t  Sun ~m a r y

17. Supply  new reports  as r equ i r ed  for  fiscal  p lanning
and budgeting

a) Anal ysis of faculty surport, in both h .F.TS and
dollars, contr~butcd by labor atories to aca-demic departments

b) Report on researc h type , d iscipline and func-
• tion so as to s~at is~ y &o’L NSF tal ~IT ~~ments
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C) Monthly Analysis

i) Dfitarmine if Monthly Analysis should !~~
published in place ot or in addition to
Monthly Statement

ii) Investigate rounding of dollar amounts to H
nearest $1

iii) Investigate feasibility of not publishing
M o n t h l y  A n a l y s is  for months  in w h i c h
there is no act 1v~ t y  in an account

iv) Provide for including or excluding cer-
tain data dei~~ndin~j on user requirements ,i.e. e l i min at e  b i l l ing and tiscal year—
to—date dat1~ from repor t to principa l
investigator , etc.

v) In forms design try to show subsections
by rounding tops of column beads

vi) Consider showing ‘Trave l Outstandin g ’
immediately tollowing ‘Travel’ , and sub-
totaling their

vii) Print  account numbers  in Lower ri~~~t cor-
ner for  eas y lookup whe n report. s are
filed in a nctebook

viii) Print notes to show speci~L restrictions.

ix) Provide for tlexibllity in forma t for
content (opt ional columns)

x) Print notes that describe budget chang es

xi) Supply meanin~ tul Purchase Order Commit-
ment data

4) Summary Analysis for:

i) Parent Accounts

ii) Departments and su~departments

iii) Schools

iv) Areas of Responsibility

The Institute

vi) Principal invcstigator

— 9 8 —
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vii) 1~esearch lype , Discipline and/or function

viii) Other subdivisions as reluired

e) Termina) formats for entering bud get proposa ls

• f) Budget Projection — Month by month  p ro jec t ion
by object codes for  one or a g roup  ot accounts.

g) Addit ional  reports used by certa in  depar tments,
such as K. Keays series

18. Or~ Personnel Action Form add a box to indicate
whether person hired is a replacement or an addi-
tion.

19. Support Special reports for budget-related activi-
ties

a) Standard reports at non-standard times

b) Standard reports for non—standard periods

i) Contract period

ii) Sponsor’s fiscal year

C) Standard data in non—standard formats

— d) I~eport—writer language for fully customized
reports. This language must be easily learned
and used.

20. Support for on-line operations with budget data-
base

a) ‘Menu ’ for standard inquiry series

b) In qu i ry  language  for  special use

c) Support  for  on—line  requests  for repor ts  to be
printed e i ther  on ter~ninal or at remote pr in ter

21. Provide data securi t y and recoverab i l i ty

a) Protect sensitive data against unauthorized use
by checking and logg ing indentity of user and,

• possibly, by encoding data

b) Prevent data from being changed by unauthorized
persons, access would be ‘read only ’ except to
its owner

— 99 —
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C) System must provide data integrity through log-
ging of changes and capabilit y of reversing
them

d) Provide adequate file backup procedures —

22. Provide a simplified propoáal preparat ion proce-
dure that will support both on-line and manual
preparation of budgets.

23. Investigate proposal preparation using primarily
summary object codes.

a) Standard MI~ monthly statement summary objectcodes for subtotals

b) Billing summary object codes

241. Provide for review of budget proposals and changes
by the Budget Office in simplified ways

a) Investigate feasibility of n’anually-prepared
machine-readable budget proposal worksheets

b) Provide for review and acceptance of proposals
prepared either manually or on—lin e

c) Provide maximum el ective amount of computer
edit ing of b u d g e t  proposals

d) Provide check to be sure prop osals are within
target amount

e) Compare actual E.F.T. and head count against
allowances

f)  Provide check to be sure ever y open account has
a proposal

g) Be able to tell status of every proposal

25. Identify ‘base general’ in budge t

26. Provide for changing Employee Benefit amounts when
changes are made a f f e c t i n g  the  amount  of Salary
and gages budge ted

27. Encourage the use of program bud geting while still
supporting other effective budgeting techniques
currently in use

28. Provide logical integrity of bud-jet data by
assiqnin~ ownership and res~onsibility for each

— 100 —
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data element. Administrators should  be able to
change certain elements or allocations on their
own authority, whereas others should reguire

• Budget Office apprcval.

29. Provide a system for trackjng research proposals
so as to show whethe r the y arc accepted or
rejected , what a~iount ot fur i.*j is made availa-
ble, funding aqency, princtpa l investigator ,
lengt h of contract , s~ecial restrictions , andother appropriate information . 1~ecord aSP propo-sal number on 001 tony .

30. Support the establishment and use of a system of
Discipline/Function codes for research projects

31. Eliminate the need for certain departm entally—pro—
duced reports by m aking available either standard
or special reports.

32. Promot.e simplification of the budgeting and finan—
cial p.Lanninq operations

33. Provide documentation and audit trail required for
follow-up of discrepancies in system , operational
or user areas.

• 34. Support handling of all required aspects of spe-
cial items such as:

a) Nonrecurring equipment

b) Carryforward amounts

C) Sabbatical leaves

d) Drafts

e) Reserves

f) Other special requests

35. Support Fund ~raLts by c o m p u t e r  via on- l ine and
batch as well as manual (log sheet) requests from
user dcpdrtments . Use on—line checking by Rudget
Office where feasible.

36. Provide for recording joint or non—standard sup-
port for an account

37. Determino desirability and feasibility of encum—
bering salary and wage b u dj . ! t e d  - - u r ~ts.

~ 
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3~. Establish data base to support budget activitiesas well as AbS and other data or syst~w1s

39. Investigate the feasibilit y of updating actual
income and expense data ni~ re frequently than once
a month.

kO. Review system of fund purpose codes to see if they
could be made more beneficial to both gift system
and fund users.

41. Provide for communicat ion betwee n Budget System
and Gift System. -

‘12. Provide for additiona l data and types of data to
be stored as requirements occur

a) Provide Lor an open-ended system of descriptors
for accounts or objects within an account to
carry whatever supplementary data may be needed
by users, This would include:

i) Data on special funding and non-recurring
expenses

U) Indicators as to Functional Summary cate-
gories

iii) Complete sot of applicable Donor Purpose
codes for fund accounts

b) Provide for access to data via the special des-
criptors

~~ Provide for discussion of all pr ojected changes
with affected users whenever feasible

4$ i4 , Provide formal tra ining for users when system is
introduced and periodically t hcreattcr

$5. Provide , main ta in  and d i s tr i b u t e  adequate  documen-
tation for alt system users.

46. Support various Srrployee Denc t it Codes and Over—
hea d L~ocovery Rates as appropriate

a) Insure that data is avai lable  to show employee
benefit and overhead recovcm~y rates appropria te
to the accounting period,

b) Support individus i employe e benetit rates to
accommodate pers~nn~ ’ from o t h c ~i univ~ rsm t i~~who work on projects ~tt i . i . c . ,  ~imc~ as th~’
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consortium for the Center for Materia ls
Research in Arc haeology and Technology

• i$7~ Speed up delivery of reports to users

48. Explore possibility of accounting cutoff at the
end of the month
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Appendix . C

FINAL WJDGLTING SYSTEM FUNCTIONAL PL~UIh1~1ENTS AS USED INTHE SON AhA LYSIS.

1. Fund accounts will be categorize d by fund pur-
poses.

2. Fund accounts can be categorized by principal
type.

3. Fund accounts can be categorized by income type .

COMMENT:

Principal types may include endowment , quasi-en—
dow mont, and term endowment .

Income types may include: Unrestricted, Res-
tricted, Designated , or Restricted and Fur ther
Designated.

1. Each fund accoune will be described via abbrevi-
ated text description.

CO N ME NT:

The current 60— character fields may be used for
this purpose .

5. Short-term and long-term plannin g data will be
provided by Senior lanagers.

COMMENT:

Senior Managers arc: Deans, Department Heads,
Lab Directors, and Vice Presidents,

6. Planning data will be provided in a standardized
format.

CON ME NT:

Departm ent  p ro f i l e  f o r m a t .
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7. Data regarding special financial arrangements mide
by managers will b~ main tained.

COMMENT:

Could be between managers or between Lund donors
• and managers.

8. Personne l. budgets can be developed in dollars.

CO N N EN?:

Either average or actual figures .

9. Personnel budgets can be developed in EFT.

10. There wil t  be a facility for con verting F
salary/wage informat ion between dollars and EFT.

COMM E NT:

This conversion should be as automatic as possi-
ble,

11. Certain objects may be logically related to gro u~sof other ob jects.

COMMENT:

For examp le, su~rir~ ry object codes.

12. A particular object may belong to multiple object
groups.

COMMENT :

For example, certain codes may b.~ reser ved assummary  codes ~or sp ec i f i c  gro ups  of other
obje ct codes. s un ;ir t r y  codes mi qL ~t in clude subto-
tal information .

13. Manpo wer can be reported in alternative units.

COM M ENT :

For instance, dollars , man—days , man-months ,
nan-years.

14. There wi l t  be special oh~ ect codes avai lable  for
use by each department.

• CONtIENT:
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Each depa~tment would determine its own
categorizations.

Instance: additional. subdivisions on travel:
Travel to LA , Travel to .~ashington, etc.

15, Reports will, be physically easy to handle.

COMMENT:

3800 printer would help to do this by increasing
data capacity per page.

16. Budgeting dnd planning data can be accessed read-
ily by other systerrs.

11. The budget system can access directly data in
other systems files.

COMMENT :

Including ABS , Payroll , Gift systems.

18. There wiLl. be a general comparison reportin g capa-
bil ity.

COMMENT :

Nay be budget—versus—budget or budget-versus-ac—
teal.

May be for diiferent time periods (e.g., a par-
ticular week this year versus same week last
Lear).

Other exampLes would be: one department versus
rest of school; co.’nparisons between budgets of
different princilal investigators.

19. Items exceedin g prespecified bounds can be high-
lighted.

20. Chart of Accounts and associated supplementary
data will be accessable by Budget System.

21. Current fiscal. year budget data will be main—
tam ed.

22. Futuce Budget data will be maintained.

23. Last fiscal. year Budget data will be maintained.
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24. Current fiscal year Actual data will. be main-
tained.

. 25. Last fiscal year Actual data will be maintained .

COMMENT:

In genera l, income and expe nse data will he
accessable by month  and object code within
account.

2b. Historical. Budget data will be maintained for up
to 10 years.

CONM~ NT:

flay be aggregated ; will he off-line.

27. Historical Actual data will be maintained for up
to 10 years.

COMMENT:

Nay be aggregated; will be oft—line.

28. Data required for budget proposa l. preparation and- I not available elsevhe~e will, be maintained .

CON M~ NT:

e.g.. salary data from ~ayroll system; targetdata.

29. Bud geted income and ex~ eise data will be prorated
automatically on a rn on t~ -by-mont h basis.

COMMENT:

Prorations can be selected from standard pro-
files.

Special. proration irotiles may be supplied by
managers.

There will also be a “no proration ” alternative.

30. Information to facilitate the effective use of
fund accounts will be available.

COMMENT:

Provide directory (or directorLe $~) and an a p : l i —
cation index ot t unds so ~a.. to r~..adily ~~~~ i~owthey can be applied. This would require
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collection and maintenance ot abbreviated text
of donor ’s intentions and f und description .

Enhance existing reports (X5 2 , X 53 and/or X Sb)
with available data so as to make them more use-
ful. in applyin j tends

Provide for production of a report in X52/X53
forma t shoving 5 years of historical data.

— Explore other ways to pr omote use of tunds when
it is opt ional,  such as match in g  fu n d  expe nd i—
tures with a certain amo unt of General money.

31. Monitoring of the operating budget will, be sup-
ported.

CON MEN 11:

e.g.,  budget-versus—actual reports; operat ing
gap analysis.

32. Various Fu tu re  Budget  reports wi l l  be generated .

COMM E NT :

Support, improve , or replace the following
reports:

Printed budget:

In detail by account within departments and
areas ot responsibility.

In ‘Schedui.e A ’ format for inclusion in
Treasurer ’s report.

In functional format.

Physical plant summary.

Department profiles.

Budget Authorizations and Changes, and expiana-
tions of the chang es, inclu d ing dollar budget-
ing.

Provisional and approved Budget Authoriza-
tions.

Changes in authorized amounts or alloca-
tions and explanat i~ n~ of same , inc 1t~~ing
dollar budgetin g .
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Gross and net effect of bud get changes,
— 

- 
including , but identifying, ‘dollar budgeting ’.

Budget proposal. forms and supporting documents.

33. Periodic operating reports for each account will
he generated.

COMMENT:

Reports will include curren t budget and current
actual-to—date data.

.

Modified detailed transaction report (ARS).

Print account title on DTR.

Include detail of Purchase Order Commit-
men t s.

Provide additional information in descrip-
tion and reference  fields so as to faci l i—
tate tracking of expenses.-

Expand data content so as to include YTD
and cumulative data.

Do not produce DTR in months when there is
no activity on account .

Monthly statement or its replacement (monthly
analysis).

Consider showing ‘travel outstanding ’
immediately after ‘travel ,’ and subtotaling
them.

Supply meaningful purchase order commitment
data.

Budget versus Actual reports (X80, X83,
1814)

3ie~ Various special-purpose (non-per iodic) reports
will be generated.

COMMENT :

Schedules for Treasurer ’s Report. -

Indirect cost recovery percentage, based on CAC
studies.

MITOP.
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Periodic Summary of Operations.

List of accounts about to expire .

35. The data necessary for use by tne Dynamic Model
will be generated.

COMMENT:

The model will support automatic interrelation-
ships of variables.

36. Ad hoc requests for information will, be supported.

COMMENT:

For examp le, analyzing the effects of potential
‘dollar budgeting ’ decisions, such as 1 percent
salary changes, etc.

37. Various funds reports will be generated.

CO PIN E NT :

In particular , the repor t on Funds drafts.

Also Funds Schedule for Treasurer ’s Report.

38. The system will, have access to certain personnel
hiring data.

CON N E NT:

Monitoring head Coun t allowances.

Add box on Personnel Action form to indic~tewhether person hired is a replacement or an
addition.

39. Certain budget report data items can be optionally
included or excludEd from lonthl y Analysis I~eportas specified b y the user .

COMMENT:

e.g., eliminate billing and fiscal YTD dat a trom
report to principal investigator.

140. Variations ot standard Budget System reports .‘ill
be developed as requested.

CONM~.NT:
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Analys is  of f a c u l t y  sup ~’ort , in bo th  r .F .T .  - m d
dollars, contributed by la~oratories to academicdepartments.

keport on research type , discipline and (unction
so as to satisfy both NSF and NIT rcquirements.

141. New budget reports will be developed as required.

COMMENT :

e.g., Month ly  A n a l y s i s :  -

Determine if M o n t h l y  A n a ly s i s  should  be
published in place of or in addition to
Monthly Statement.

I n v e s t i g a t e  r o u n d i n g  of dol lar  amounts to
nearest  $1.

Investigate feasibility ot not puh l i sh i ng
Monthly Ana ly . is tor months in whicn there
is no activity in an account.

Provide for including or ~‘xcludin .; c~’rt~ indata dependin g on user re~uirem~nts, i.e.e l imina te  b i l l in g  and fi sca l  y e a r — t — da t . e
data f rom repor t  to pr i n c i p a l  i n v e s t iga t o r ,
etc.

In forms design try to show subsections by
rounding tops of column heads.

Consider showing ‘Travel Outstanding ’
immediately following ‘Travel,’, and subto-
talinq them .

Prin t accoun t nu mbe rs in lo wer r i~ ht corner
for easy lookup wh en r epor t s  are f il e d  in a
notebook.

Print notes to show specLil restrict ions.

Provide for flexibility in format for con-
ten t (op tional  columns)

Print notes that describe budget changes.

Supply meaningful Purchase Order Co~rmitmentdata.

42. There will be a sir:~lc repo rt—writ ing faci~~itv .
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143, Users can develop their own spec ial reports using
the report writing facility.

414• There will be an on-line menu -oriented query
facility.

~5. There will be an on—line ad hoc query facility.

46. t~eports generated on-line can be directed to thesystem printer or to users’ printer/terminal.

47. identity and activity of users will be logged.

COMM E~4T:

Should be provided by D~3N S.

48. Data items can be accessed only by permissab le
users.

49. Data items can be changed only by their owner .

50. There will be a set of permissable users for each
data item.

51. Each data item will have a unique owner.

52. Data items can be encoded for security.

53. There will be a log of all database changes.

514~ There will be a file backup facility.

55. The database ’s integrity can be restored using
backu p files and change log if necessary.

56. Budget proposals can be prepared manually .

57. Budge t proposa ls can be prepared on—line.

58. Bud get proposals wil,I be automatically checked and
edited to the extent possible.

CO M ME N T :

Every  open account must have  an associated pro-
posal.

EFT cannot exceed 100 percent per person.

59. There will, be controlling lirits on amounts in
proposed budgets and budget changes.

COMIEt4T :
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Check that proposals are wit hin targe t amount ,
or within sponsor ’s limit.

Compare actua l EFT and head Count against allo-
wances.

May be desirable to have co~ :ols on summaries
also.

60. Budget proposals will be reviewed by the budget
office and/or OS?.

61. Budge t changes will be reviewed by the budget off—
ice and/or OS?.

62. Sources of funding for each account viii be iden-
tified.

C O M M E N T:

Identification information may be included in
budget account record.

63. Budgeted employee benefits will be changed auto-
matically following changes in budgeted salary and
wage amounts or EL) rates.

64. All currently used budgeting techniques will, be
supported .

COMMENT :

Including line item budgeting, program budget-
ing, and task—oriented budgeting.

System should promote program budgetin3.

65. Research proposal information can be stored ,
— updated , and accessed.

COMMENT:

Provide various kinds of information for track-
ing research proposals to show whether they are
accepted or rejected , what amount of funding is
requested and made available , Lunding agency,
principal inv e st igat o r , length of cont rac t , spe-
cial res t r i c t ions, and o the r a p p r o p r i a t e  infor -
mat ion .  Record CSP proposa l number on 001 form.

66. Research accounts and proposals will be categor-
ized by type , discipline , and function.
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67. There will be documented audit trails for deter-
mining system discrepancies. -

6d. Required aspects of non-recurring expenses will be
supported.

COMMENT :

Concerns primarily sabbatical leaves, dra f ts,
carryforvard amounts, and nonrecurring eguip—
ment.

69. Fund d ra f t s  can be performed on—line.

70. Fund d r a f t s  can be performed in batch mode .

71. Fund drafts can be checked and approved on-line by
Budget  Of f i ce .  -

C O M M E N T :

Check may be done by Budget Office, or the res—
ponsible officer.

72. Ad ditional data item types can be added to
accou nts or objects within accounts.

73. New data items can include or refer  to supplemen-
tary data needed by users.

7L4~ Formal training in the use of the system will be

— 
provided to users.

COMMENT :

Training and use documentat ion wi l l  be made
available to legitimate system users.

75. Non—standard employee benefit calculations will be
supported.

• COM MENT :

Support individual employee benefit rates to
accommodate personnel from other universities
who work  on proj ects  at ~1IT (e.g., Consor t iuzn

— for Materials ~esearch in Archealogy and Tech—- — nology).

76. Overhead recover y rate calculations will be sup-
ported.

— 
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- 77. Stan ’.,~rd ~- : .  ) LIC r e p o rt s  wil l, be produced and
- aiitributed to users -~~~~ - , u i c k l y  as possible.

- - COMMENT:
- 

Minimize time ~ •~~~‘ t ween cutoff date and report
- 

- receipt.

- 3800 printer  wii.l help by shor ten ing  pr intout
time and by printing in d ist r ibut ion  sequence .

I

1

I I

I~ H
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Appendix .D

FORM USED IN G A T H E R I N G  I N T E h D L p L N D ~.Ncy DATA.

The data form shown on the following page was used for

gathering the interdependency data during the interdepen—

dency analysis phase of the study.

— 116 —

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  

- 
-



— ----~
-,-— --

~
- - —------

~ -——-~
—------ --

~~~~~~
- -

~~~~~~ -~ ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—

~~
--
~~~

--- 
- •--

-
~~-——--~ .‘— —,-

~
- - ---—,

- - - - -  ~~ --~~— -- - -~--- -~~“-~ --~~~~~~

fl

LIUI~~l cl_1~ i~ .~ lix §I•~I~1~
_ 

_____

I FR ~ 10 ~ Vt ~ I TO ~ iT $ PE~ A L~KS I
— t_ —— _ t————1 _ ——-t — t

I I I I I I I I I
I I I I I I I I I— t — — — — t — — — - t — — - - 1  — ta a I I I I I I Ia a I I I I I I - I 

.t———— .t——— t———— t  ta I I I I I I II $ $ I $ I I I I 
I ———— t  

I I I I I I I I
I I I I I I I 

— . t — - —— t ———— t ———— t —t
I I I I I I I Ia I I I I I I I ,t——— t — — —— t ———— t 
I I I I I I I I
I I I I I I I 

.t——-—t ———--————— .t
I I I I a i i a $
I I I I I I I I I ———— .t———— t———— t—-——1  t
I I I I I I I I II I I I I I I I I 

t — — — — t — — — — t — — — — t  •1
• I I I I I I I I I

I I I I I I I I I 
t — — — — t — — — — t — — — — t  $

I I I I ‘ I  I I I I
— I I I I I I I I 

~— — — — t — — — — t — — — — $  $a a i I I I I I I
I I I I I I I I $•———— t ——— — .t —— -— 1 
I I I I I I I I II I I I I I I I

-L $~~~~t t t  t t ’ ~~ ’t 
‘ I  I I I I I I I
I I I I I I I I I t — — — — t — — — — t — — — — $  •1
I I I I I I I I I
I I I I I I I I 

$———— ~ — —— — ~ — — — — p  
$ I I I I I I I I

F- - $ $ I ~ 
) I I a 

t ———— t . ——— t ——— — t  I• I I I I I I Ia a I I I I I I I t — — — — t — — — — $ — — — — t  t
$ $ i I $ I I I I
I I I I I I I I I 

t.———— t—— .— t — — ——$ t
1 I I I I I I I I
I I I I I I I I I t — . —— t —— . — t —— . — I  $

— 117 —



- 
--
~~
—----

~~~~~ -_ _

Appe ndi x E

BUDGETING SYSTEM R EQUI}~EMENT IN?ERDEPENDEN CIES.

FR TO WT DESCRIPTION

1 4 S Text description will reinforce and

describe the categorization.

1 17 A Fund purpose data may be stored elsewhere.

1 20 A Fund purpose data may also be in Chart of

Accounts.

1 30 S Fund purpose code is a important instance

of “effective—use ” informat ion.

1 36 W Possible “fund purpose ” report.

1 37 W Possibly want to  inc lude  f u n d  purpose

information.

1 58 A Check budget proposals regarding fund

purpose.

1 60 A Reviewer would check fund purpose for

consistency.

1 71 W Can be checked for consistency.

1 72 S May want to add new purposes.

2 4 S Text description will reinforce and

duscrLbe the categorization .
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2 17 U Fund purpose data may be stored elsewhere.

2 20 & Chart of Accounts contains fund accounts.

2 30 S Principal type is critical effective use

information. 
-

2 36 V Possible fund  repor t .

2 37 A Information to be included in fund reports.

3 4 S Text description will describe and

reinforce categorization.

3 7 A Often have special income restrictions.

3 17 V Gift system is source for fund account

data,

3 19 A Accumulated income important to monitor.

3 20 A Carried in Chart of Accounts.

- 
3 30 S Income type important regarding how spent.

3 36 A Likely fund report.

3 37 S Possibly want  to include fund purpose

information here.

4 17 A Other systems may need to access descrip—

— tion data. - -

4 30 S Fund purpose description used in directory

entry.

4 36 V Text description likely target of ad hoc

requests.

4 37 S Text description would be included in many

reports.

5 6 S Use and capture of planning data related to

format.
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5 22 S Related informat ion sources.

5 34 A Might want to develop projection reports.

5 35 S Lia~or purpose of plann ing data is to

provide Dli input.

6 22 U Common formatting issue.

6 34 U Summary planning reports possibly contin—

gent on planning dat a format.

6 35 A Format affects what can be requested.

7 30 P~ Special arrangements tot funds.

7 37 U May want to report intormation regarding

special arrangements.

7 58 A May be able to automat e checking to include

SF&.

7 59 A May be limits or controls on SFAs,

7 60 U STAs are grounds  fo r  examina t ion .

7 62 S Routine examinat ions.

7 68 S An SFA is a special it em of importance.

7 71 U SFAs would need to be checked .

8 10 S Common conversion issue.

8 13 A Common conversion issues.

8 29 A Proration of personnel expenses important

issue.

8 63 S Employee benefits developed from personne l

budgets in dollars.

8 75 S Employee benetit calculations need 1’ersonneL

informat ion in dollars.

9 10 S Common conversion issue.

~



9 13 S EFT required for  ce r t a in  r e por t i nj  u n i t s,

9 29 A Ptoration of personnel expenses important

issue here.

9 33 A Standard reports include manpower.

9 38 V Need EPT to properly monitor headcounts.

9 59 U One control item.

10 13 S Common conversion issues,

10 28 A Budget proposal data m a y  need conversion

facilities.

10 38 U flay need conversion facilities to make

effective use.

11 12 S Common logical relationships issue.

11 14 A Special codes hive to summarize correctly .

- 
- 11 34 A Logica l relationships used in summarizing.

11 35 A Model uses mostly summary data , and logical

relationships detine certain summar izations.

12 14 A Department summary codes need logical

groupings.

12 34 S Summarizations defined in logical groupings.

15 77 S Common preparat ion iw ue — easier h an J l i n g

makes for faster delivery.

16 48 A Allowable accesses must be controlled [or

other systems as wel l as individu.tls.

16 49 A Need change protection as regards other

systems.

16 52 V Other systems may heed encription key access.

17 20 S l iudqet  syst em w i l l  nee d acct~ss t o  Lh~~& t data.— 121 —
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17 69 U Need link to Funds system.

17 7 1 U Need Funds system link.

18 19 S Comparisons indicate items to be highlighted.

18 22 A Data used in compar isons.

18 23 A Data used in comparisons.

18 24 A Data used in com parisons.

18 25 A Data used in comparisons.

18 26 U Data used in comparisons.

18 27 V Data used in comparisons.

18 29 S Prorating generates detailed informat ion for

doing comparisons.

18 31 A Comparisons necessary for monitoring.

18 32 A Comparisons included in budget reports.

18 33 A Comparisons included in periodic analysis

reports.

18 34 A Some comparisons included in summary reports.

18 39 A May include comparisons.

18 41 A flay include comparisons.

20 22 A Related data ina intainance issue.

20 2.3 A Related data ma intainanco issue.

20 211 A Related data maintainance issue.

20 25 & aelated data mnaintainanco issue.

20 31 A Data used in monitoring.

20 32 A Data is source for reports.

20 33 - A Data is source for reports.

20 34 A Data is source for reports.

20 35 A Data is source tot reports.
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• 20 36 A Data is source for reports.

20 37 U Data possibly source for reports.

20 lel A Data possibly source rot reports.

20 58 A Chart data used in checki~g.

20 62 N Type of supp lementary data.

20 66 V Type of supplementary data.

20 68 V Requires certiin suppl ementary Chart data.

20 72 A Descriptors nay need to ~ used for

supplementary Chart data.

20 73 V Descriptors tray nt’.~d to refer to

supplementary Chart data.

21 23 V Would need to transfer data at year end.

21 29 S Requires current budge t data.

21 30 S Used in monitoring reports .

21 31 S Used in monitoring reports.

21 32 S Used in mon itoring reports.

21 .33 A Used in monitoring reports.

21 35 U Port ions of data may he used as input to Dli.

21 38 A Seed budget data to àø function.

21 39 A Choices nay include CFY t udget data.

21 moO S Variations tray reluIro certain C?! budget

data.

21 60 A Proposed reviro often re~uires examination

of C?! budget data.
- 

21 62 A Part of C?! bud get data. --

22 29 A Future budge t data submitted in prorated

form sub3uct to c~an~;~.
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22 32 S Data needed for reports.

22 35 A Data needed by Dfl .

22 3 6  A Reguests for fut ure budget data.

22 41 A flay require future bud get data.

22 60 A Review of data maintained .

22 61 A Review or data maintained.

22 62 U S of F data must be ma intained with future

budget data.

22 63 A Automatic changes will be applied to future

budqet data.

22 65 A Commonali ty in how to treat data.

23 36 A Needed for requests.

24 31 A Needed tor monitoring operating bud get.

214 33 A Source data for reports.

214 34 A Source data for reports.

24 36 S Heavily used data for ad hoc requests of

in format ion.

24 39 A Optional data items must be available or

derivable .

24 140 A Required data for variations may include

current acutal data.

214 41 A flay include current year actual data.

214 58 A Needed for edit ing and checking of future

budgets.

25 30 U Actual dat a needed for funds application.

25 31 V Needed for corrparison to last year.

25 32 A LF! Actual data is potenti.al data s~urce.
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25 33 A Ii?! Actual data is potential data source.

25 314 ~ LFY Actual data is pot ential data source.

25 35 A L?Y Actual data is potential data source.

25 36 A 1.?! Actual data is potential data source.

25 39 A L?Y Actual data is potential dat-a source.

25 40 V L?Y Actual data is pot ential data sourco.

25 41 A LU Actual data is potential data source.

26 36 V Ad hoc req uests may need old budget data.

27 3 V Ad hoc requests may need old budget data.

27 53 A DN may need actual dat a tor

extraç~clation/modelling.

23 38 A Hiring data not now maintained.

28 56 w Manual preparation may mate use of some data.

28 57 S On-line çre~ acat ion will  need data.

28 58 A Certain preparation data needed for

checking/editing.

28 59 V Preparer might need to interact with limits

informat ion.

28 60 A flay need specia l  data for review.

28 61 A May need dat a for changes review.

29 30 S Eftective use of fund accounts depends on

accurately ~rorated data .

29 31 A Prorated data importan t for operations

monitoring.

29 32 & Prorating used in YB report generation.

- 
29 40 V Variation may involve modification to

proration arrangements.
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29 149 U Changing proration may be done directly by 
4

managers via on-line access. —

29 56 A Budget prorated when prorat ion established.

29 57 A Budget prorated when prora t ion  established.

29 63 A Automatic ck~ange to prorat ion also . - -1
30 36 A Ad hoc requests for information regard ing

fund  accounts import ant.

30 37 S Fund reports should be addressed toward

effective use.

3) 62 V Easy ava i lab i l i ty  ot S of F in format ion

should improve etfect iveness of use .

30 69 A Makes for  more e f f e c t i v e  use.

30 70 U Dra f t s  related to e f fec t iveness  of use.

30 71 A Fund draft checking can intercept

ineffective use.

31 32 S Periodic budget—versus-actual reports serve

monitor ing needs.

31 .33 A Periodic reports may servo monitoring

c a p a b i l i t y .  - -

31 34 A Summary monitoring reports.

.31 36 V Ad hoc monitoring.

31 41 U May need to develop new monitoring reports.

.31 61 A Changes impact  monitor ing funct ion .

31 68 V Special items may need special moni tor ing.

32 33 V Common reporting issues.

32 314 U Common reporting issues.

32 37 W Common reporting issues.
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32 40 A Related reporting issue.

32 141 A Related repor t in g issues.

32 61 U Changes may be reviewe d via repor ts .

32 64 V Needed for  certain report requi rements .

33 314 A Common data source.

33 36 A Common data for typica l queries and reports.

33 37 V Common data source.

33 39 S Common report modification issue.

33 140 A Common data and reports.

33 141 S Monthly analysis scheme common.

33 62 U Sources of f u n d i n g  i n f o r m a t i o n  may be in

some reports.

34 36 S Nay produce special-purpose report using ad

hoc facility.

34 41 V flay deve lop new budget  reports  out of

special-purpose reForts.

314 142 A May produce some special reports using

report writer.

36 141 U Ad hoc r e q u i r e m e n t s  may lead to new reports.

36 £42 S Most ad hoc req uirements accommodated via

report  w r i t e r .

36 143 A Users may  w i sh  to  develop t h e i r  own reports.

36 45 A May use query f~tcility to answer ad hoc

questions.

36 48 S Data control 1r~tkes ad hoc query use more

difficult.

36 72 A New data it ~~m ty p e s ma ke ad hoc re~1uire ~~~nts
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easier to implement.

37 62 A Funding sources will be shown in funds

report.

39 140 A flay want general mechanis~is for modification.

39 141 W Modifications may lead to new reports. —

39 72 V New data item types can carry data regarding

report content.

40 41 A Variations may lead to new reports.

140 65 U Budget report format may be used for

research proposal reports.

41 65 A Research proposal information prime

candidates for new reporting.

41 72 A Common data organization issue.

42 43 S Facility intended for users.

42 46 V Destination code in reports.

43 46 A Report directing aids must be available to

all users and easy to use.

143 147 U Need to log id information regarding report

writer users. - -

43 148 V Constrains use of report writer.

- 
- *43 74 S Train use of report wr iter — make it easy to

use and learn.

44 46 U Possibly need to dump menu-query output to

terminals.

44 ‘47 A Log query  users.

418 148 A Control query access.

1418 63 A Proposal review coul-1 use t~uery f3cility.
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114 61 A Proposal revieu could use que ry  f a c i l i t y .

44 71 A Use query facility for funds drafts.

1414 7L~ A User training would be necessary.

45 £46 V May need to send ad hoc results to users

terminals.

45 47 A Loq query users.

45 48 A Control query access.

45 74 A Need user t ra in ing .

46 77 W Can achieve faster distributino via remote

printing of reports.

‘$7 148 A Need identity to determine permissable users.

147 49 A Need identity to determine owner.

47 53 A Activity logging would include database

• changes.

48 149 A Common access control issue.

48 50 S Common access control.

118 52 A Encoding can be used to insure that only

permissable users get access.

149 51 S Need owner id concept to implement control.

149 52 U Encoding can be used to insure that only

permissable users can change items.

49 53 U Validit y of change attempts logged.

50 51 V Common access issue.

53 55 S Need log to restorc.

53 61 A Can locate changes via 101 stream.

53 63 U Need to log automat ic changes to LBS.

53 67 S Log is important part of audit trail.
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53 72 A Need to log additions of new data elements.

544 55 S Restore via backup.

5’8 67 U Might want to perform control total chocks

prior to backup.

55 67 A Restoration would have to meet audit checks.

56 57 U Common prep. activities.

56 SB U Data format. etc., common.

56 60 U Entry of manual proposals must lead to

Budget Office review .

56 74 U Need documentat ion for manual entry.

57 58 ~ will want to chack on— line preparation .

57 60 U Common on-line processing.

57 744 W On—line activities for users must be easy to

learn and teach.

58 59 S Control limits key to automatic checking .

58 60 A Budget Office revie w Lorms part. of check.

58 62 A Check sources as part ot checking procedures .

58 66 ~ Check t hat category codes correct.

58 75 A Adds complexity to aut omatic chcckinq

funst ion.

59 60 A Review against controlLinj limits.

59 61 A Review changes controllin.j limits.

59 62 A Control l ing l imit s  may bo t ie~I to S oE F.

59 63 U Automat ic  inc remur ta t ion  in employee

benefits requires secondary check.

59 65 U Suspense file approach tied in with

controlling Limits.
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59 68 V There are limits on such items.

59 71 S Commonali ty  in perform ing choci~s.

59 75 A Control limits must take this into account.

59 76 A Relevant to checking overhead amounts.

60 - 61 A Common review mechanisms.

60 62 S Sources of funding important aspect of

review.

60 65 A OS? can use same mechanism to review

research proposals.

60 66 U Would have to check categories.

60 68 W Checking overlap, although mainly manual.

60 71 A Budget Cff ice  must  be akde to review these

also — common facility possible.

4 61 62 A Changes often incorporate new funding.

61 b3 V Automatic changes make change review more

difficult to execute.

61 65 A flay need to review RP changes.

61 66 V May need to review RP ch -rnges.

61 68 A Changes to budgeted amounts of some

non—recurring expenses may need to be

reviewed.

61 71 A Common r ev i ew r equ i r em en ts  - potent ia l

common facility.

62 65 V S of F data related to research proposal

preparation.

62 71 A Need to chack fund  d r a ft  •aga inRt  account

funded to.
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63 67 A Need to keep audit log of changes to

employer benefits.

63 75 S Automatic changes more difficult under this

requirement. —

64 74 A Need to be able to train in all techniques.

65 66 A Categorization information part of data base.

65 76 A Overhead rates are important in manipulation

of proposals .

67 68 A Non-recurring expense transactions must be

included in audit trail.

67 69 A Fund d r a f t s  must  be included in audit  trail.

67 70 A Fund dra~ ts must be included in audit  t rai l .

67 75 U Non-standard employee benefits must be

auditable.

67 76 U Overhead recovery rates must be auditable.

68 71 U Fund drafts for most non-recurring expenses

must be chacked.

— 69 70 A Common processing issue.

72 73 S Applica tion of new data item types.

I
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Apptndjx .F

REQU11~I~ LNT SUBSETS DIRIVED FI~Oh TH~ BEST SY STEP
DECUNPOSITIOh .

**• SUBPR OBLE M 1 *** -

7. Data regarding special financial arrangements made
by managers will be maintained .

28. Data required for budget proposal preparation and
not available elsewhere will be maintained.

38. The system will have access to certain personnel
hiring data.

56. Bud get proposals can be prepared manually .

57. Budget proposals can be prepared on-line.

58. Budget proposals will be automatically checked and
edited to the extent possible.

59. There will be controlling limits on amounts in
proposed budgets and budget changes.

60. Budget proposals will  be review ed by the  budget
office and/or OSP.

61. Budget changes will be reviewed by the budget off-
ice and/or OSP.

62. Sources of funding for each account will be iden-
tified.

65. Research proposal information can be stored,
updated , and accessed.

66. Research accounts and proposals will be categor-
• ized by type, discipline , and function.

68. Required aspects of non-recurring expenses will be
supported .

71. Fund drafts can be checked and approved on-line by
Budget Office.
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76. Overhead recovery rate calculations will be sup-
ported.

*** SUBPROBLEM 2 ***

18. There will be a general comparison reporting capa-
bility.

19. Items exceeding prespecified bounds can be high-
lighted.

20. Chart of Accounts and associated supplementary
data will be accessable by Budget System.

21. Current fiscal year budget data will be main-
tam ed.

22. Future Budget data will be maintained.

23. Last fiscal year~ Budget data will be maintained.

24. Current fiscal year Actual data will be main-
tained.

25. Last fiscal year Actual data will be maintained.

26. Historical. Budget data will be maintained for up
to 1 years.

29. Budgeted income and expense data will be prorated
automatically on a month—by—month basis.

31. Nonitoring of the operating budget will be sup-
ported.

32. Var ious Futur e Budget reports wil l  be generated.

33. Periodic operating reports for each account will
be generated.

31$, Various special—purpose (non—periodic) reports
will be generated.

36. Ad hoc requests for information will be supported.

39. Certain budget report data items can be optionally
included or excluded from flonthly Analysis Report
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as specified by the user.

*0. Variations of standard Budget System reports will
be developed as requested.

41. M aw budget reports will be developed as required.

42. The re will be a simple re port—w riting facility.

••• SUBPR OBLEM 3 ***
16. Bud getin g and planning data can be accessed read—

ily by other systems.

43. Users can develop their own special reports using
• the re port writing facility,

44. The re will be an on-line menu—oriented query
facility.

45. There will be an on-line ad hoc query facility.

46. Reports generated on— line can be directed to the
system printe r or to users ’ pri~ ter /ter mina l.

47. Identit y and act ivity of users will be logged.

48. Data items can be accessed onl y by perm issable
users.

I $9. Data items can be changed only by their owner .

SO. There wil l be a set of permissable users foc each
data item.

SI . Each data ite m wil l, have a unique owner.

52. Data items can be encoded for security.

64. All currentl y used budgetin g techniques will be
supported.

71$ , Formal training in the use of the system will be
provided to users.
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••• SUBPROBLEII i~ see

15. Reports will be physically easy to hand le.

77. Standard periodic reports viii be produced and
distribu ted to users as quickly as possible .

‘*5 SUBP R O BLEN S *5*

9. Person nel bud gets can be developed in Efl.

10. There will be a facility for con vert ing
sal ar y/wa ge information between dollars an d EFT.

13. Nanpowe r can be reported in alternative units .

*5* SUBPR OBLEN 6 *5*

53. ~her a will be a log of all database changes.

54. There will be a file backup facility.

55. The database ’s integrity can be restored usin g
backup files and change log if necessary .

67. The re will be documented audit trails for dete r-
mining system discrepancies.

69. Fund drafts can be performed on—line.

70. Fund drafts can be performe d in batch mode.

••~ SUBPR OBLEM 7 5*5

11. Certain ob jects m a y  be logically related to g roups
of other objects .

12. A part icular object may belong to multip le object
gr oups.
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14. The re will be special object codes available for
use by each department.

*5* SUBPROBLEM 8 ***
5. Short—term and long-term planning data will be

provided by Senjo~ Managers.

6. Plannin g data will be provided in a stan dar dized
format .

27. Historical Actual data will be maintained for up
to 1 years.

35. The data necessar y for use by the Dyna mic Model
will be generated.

••~ SUBP R OBLE M 9 *5*

8. Personnel bud gets can be de velope d in dollars .

63. Bud geted empl oyee benefits will be changed auto—
matica ily following changes in budgeted salar y and
wa ge amounts or LB rates.

75. Non—standard employee benefit calculations will be
supported. -

*** SUR P R OBLEN 10 5*5

1. Fund account s will be categorized by fund pur -
poses.

2. Fund accounts can be categorized by principal
typ e.

3. Fund accounts can be categorize d by income type .

4. Each fund account will be descri bed via abbrevi-
ate d text descri ption .
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17. The budget system can access directly dat a in
other systems’ files.

30. Information to facilitate the effective use of
fund accounts will be availab le.

37. Various funds rep orts wil l be generated .

*5* SUBPROBLEM 11 *5*

72. Addition al data item types can be added to
accounts or ob jects within accounts.

73. New data items can include or refer to suppleu~en-tary data needed by users.

N
’
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ApFen dix G

INTER D E PE N DENCI ~ S BETWEE N RE QUI R~ rIENT SUBSETS IN BEST
DcCONPCSITIOE.

CLUSTER PAI R INTE R DE PE N D ENT NODES

1, 2 38, 21 ,A 56 , 29,A 58, 20,A
58, 24,A 60, 21,A 60, 22,A
61, 22,A 61, 31.A 61, 32,V

2, 20,W 62, 21,A 62, 22,W
62 , 29 ,A 62, 33,W 65, 22,A
65, 40 ,W 65, Z$1 ,A 66, 20,W
68, 20,W 68, 31,W

1 , 3 56 , 7’e ,w 57 , 714,W 60, Z41$,A
61, 44,A 71, 41$,A

1, 14 ** NONE **

1, 5 28, 10,A 38, 9,W 38, 10,W
59, 9,W

1, 6 61 , 53 ,& 68 , 67 ,A 76, 67, W

1, 7 *5 NONE **

1, 8 ** NON E **

1, 9 58, 75,A 59, 63,W 59, 75,A
61 4r 63,U

1, 10 7, 3,A 7, 30,A 7, 37,W
- 58, 1,A 60, 1,A 62, 30,W

62, 37,A 71, 1,W 71, 17,W
71, 30,A

1, 11 5* NONE ~*

2, 3 29, *8,W 32, 611,W 36, 43,A
36, 45,A 36, 148,5 42, *43,5
42, 46,V

2, 4

2, 5 29 , 9, A 33 , 9 ,1
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2. 6

2 , 7 44 , 1 ,A 34 , 12 ,S

2, 8 18, 27 , W 20 , 35 ,1 21 , 35 , V
22, 5 ,S 22, 6 , W 22 , 35, 1
25, 35,1 34, 5,1 34, 6,V
36, 27,k

2, 9 22, 63 , 1 29 , 8, 1

2, 10 19, 3 ,1 2G . 1,1 20 , 2,1
20, 3,1 20, 17 , S 20 , 37,W
21, 30 ,5 25 , 30 ,W 29, 30, s
32, 37 ,W 33 , 37 , V 36, i,v
36, 2, W 36, 3 ,1 36 , 4, W
36, 30, 1

2, 11 20, 72 , 1 20, 73 , 11 36, 72, 1
39, 72 , 11 111, 7 2 1

3 , 4 46 , 77 , 11

3, 5 ** NONE **
3, 6 *47, 53,1 49, 53,11

- - 
3, 7 ** NONE **
3, 8 ~* N ONE ~~
3, 9 5* NONE 5*

3 , 10 ** NONE *5

3, 11 ** NONE **
4, 5

4, 6 ** NONE **

4, 7

4, 8

4, 9 ** NON E **
4, 10 ** NONE 5*

4, 11 ** NONE *5

5, 6 5* NONE **

5. 7 ** NONE *~

5, 8 ~~~ N ONE **
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5, 9 13 , 8 ,S 13, 8 ,A

5, 10 •~ NCNE ~~

~~‘ 
11 •~ NONE 5*

6, 7 ~~ NONE *5

6, B ** NONE ~ *

• 

- 

6, 9 53, 63,11 67, 63,1 67, 75,11

6, 10 69, 17,W 69, 30,1 70, 30,W

6, 11 53, 72,1

7, 8 11. 35 , 1

7, 9 *~ N O N E  **
7, 10 ** NON E **
7, 11 •~ NONE **

8, 9 ** NON E **

8, 10 ** NON E **

8, 11 ~~ NON E *4

9, 10 ** NONE 5*

9, 11 ** NON E *5

10, 11 1, 72,S
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