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Distrlbuted Cooperative Budget-Planning and -Control

Eckart Zwicker. Claus Rouenbacher

Abstract

This presentation summarizes our efrans 10 implement a budgeting computer system, named

INZPLA, that allows managers 10 realize a cooperative budgeting and control system for de­

cenlralized organizations applying network- and databac;e-technology in a distributed envi­

ronment. The fNZPLA system is based upon the lheory of ITP. The theory determines

lNZPLA 10 be a highly specified application of commonly known lechnology of equation

based systems. It enables a campiere decenlralized budget planning and camTel procedure 10

be performed. Up 10 naw, equation based systems have not been employed for this economic

purpose. We have fauod that the application of an equation based system has significant ad­

vantages.

INZPLA is a dient server application based on a reJalionaJ DBMS.

1. Introduclion

Everywhere in business the trend towards decentralization of responsibility to managers down

the line can be observed due to increasing complexily of markets as weH as the inlemationali­

zation of many companies. Many aulhors demand the 'entrepreneur wilhin a company' 10 have

autonomous profit responsibility and wide ranging freedom to act. They would Iike companies

to shift towards profit-centre organizations.

Information technology systems must be developed to meet this trend. However. large-scale

development cf cerporate software should be (ounded upon a thorough econemic theory.'8

In part (WO the theory of ~ncremental target planning and control' (ITP) will be outlined. Part

three describes the INZPLA computer syslem and the hard- and software applied for the de­

veJopmenl.

11 Schc:er (1990). p. IS.
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2. Theory 01 'incremontal targot planning and control' (ITP)

2.1. Introduction

ITP ('incremental target planning and contro!') has been developed by Eckart Zwicker at the

Technische Universität Berlin.79 It is a normative theory for budget planning and contra!. ITP

is based on the leadership style 'Management By Objectives' (MBO). Management By Objec·

tives is aleadership style 'specifying that superiors and those who report (0 them will joindy

establish objeclives over a specified time frame. meeting periodically to evaluate their prog­

ress in meeting these goals:1O However. it is extended and formalized into a consistcnt and

general theory for bUdget planning and controt.

NegOliations belween executing and leading departments about the objectives for a planning

perlod are an integral part of the ITP theory. At the outset of negotiations executing and lead·

ing departments tend 10 have different opinions about objectives. The ITP concepl provides a
special. structured method to define the two negotiation positions and to reach an agreement

betwc:en the two groups of interest, using a three step planning procedure which will be de­

scribed in chapter 2.5.

2.2. TholTP modol

Tbe ITP theory rests on lhe incremental target planning model (ITP model). Exhibit 1 shows

its basic structure.

Group ollnterest

Top targets

~TP;- In t t
Buk .......

Top management

Exhibit 1: Basic structure of an ITP model

The ITP model consists of equations. The equations for an application in a firm must be de~

termined by the user. These equations link the so called IOP largets with the so called basic

7ll Sc-t ZWICker IIml.

10 R05enher, 119111). p.ZSI.
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investment (ROI) or cash-fiow. Basic targets are targets of the executing departments (area of

responsibility. AOR) such as sales volume, demand rates (e.g. in tons per hour) or fixed costs.

Basic targets are the objectives of the AOR's.

Thc ITP model is an equation system linking the targets of top management with the targets of

executing departments (AOR's). Each AOR is defined as an independent profit-centre. It has

its own equations and fonns a small self-contained ITP model (AOR model) which is subse­

quently used for decentralized budgeting.

operational-profit_PCl.Y ~ earnings_PCl.Y - costs PCl.Y

ENDSEGMENT

earnings_PC2.Y ~ price_PC2.Y • sales_volume_PC2.Y

costs_PC2.Y = variable_costs_PC2.Y • fixed_costs_PC2.Y

ENDSEGMENT

Exhibit 2: ITP model for profit-centre budgeting

All equations of one AOR are contained in one segment Tbe ITP model in exhibit 2 has two

segments. Each segment has two basic targets (sales_volurne_PCx. Y, fixed_costs_PCx. v).

In order to reduce the number of objeclives that must be negotiated, the results of equations

that are infiuenced by basic targets are recombined ioto a new equation, resulting in a single

new objective, the area target. The area target in exhibit 2 is operationalJ)rofit_PCx. V. As

a matter of fact the area target of an AOR is always operational profit.

With the area target being the new objective of a profit-eentre, there is no further obligation to

meet the values of basic targets. Basic target values can now vary and must be adjusted to

meet the value of the area target.

Once the area targets of all AOR's are established they can then again be combined ioto an­

other single area target (see exhibit 3).
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SEGMENT HEADQUARTER:

oper&tional-profit_HQ.Y

operational...,profit_PC2.Y

overheads . Y

ENDSEGMENT

Exhibit 3: Equalion of a superior AOR

Taking overheads ioto consideration. operational...,profit_PCl. Y is added to opera­

tional...,profit_PC2. Y and results in the area target of the so called headquarter AOR. The

area target of the headquarter AÜR is the top target of an ITP model. The headquarter AOR is

not only responsible for its own acta target but also the area targets as weil as the basic targets

of all subordinaled AOR's.

So rar a ralher rudimentary description of AOR models has been presented. It is important,

however. 10 menlion that is is possible 10 consider any number and sort of accounting and

organizational issues (e.g. choice of transfer prices. detennination of overhead costs share for

AOR's) when AOR model equations are constructed.

2,3. Th. global ITP model

Global ITP model

[--1. H••dqUartar~

11 Profit-centre 1 IProrit-eentre 21

Exhibit 4: Global ITP model

Level of AOS's

secondary

primary

The sum of a1l equations of all AOR's is called the global ITP model. In the global ITP model

AOR's that aggregate area targets of subordinated AOR's into a single area target are called

s«ondary AOR·s. Secondary AOR's are leading departmenls. Tbe highest secondary level
always represenls the corporate headquarter.
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Executing departments are called primary AOR's. Exhibit 4 shows an example of aglobai ITP

model with only one secondary level; however, there can be a hierarchy of secondary levels. A

global ITP model for profitMcentre budgeting is always organized hierarchically, because even

if there is onIy one secondary level, several area·targets of AOR's on the same level will be

combined ioto one area target of the headquarter AOR.

2.4. The four states of basic variables

MathematicaJly, both top and basic targets are variables within an equation system, the ITP

model. To be more specific, basic targets are one state of basic variables. In total, there are

four states of basic variables, see exhibit S.

States of basic variables

~
basic targets
decision parameters
uncontroUable basic variables
objectionfree basic variables

Exhibit 5: States of basic variables

The differences between the states are as folIows:

(I) The basic targets are the 'objectives' as described by MBO. The AOR's are responsible to

meet their basic targets. The sets of basic targets of the AOR's are mutually exclusive. Thus

each AOR is responsible for different basic targets. Values of basic targets are initially set by

the area management. The values are voluntary targel obligations and will change during the

planning procedure. (see in 2.5). At the end of the planning procedure the values of basic tarM

gets become the objectives for the AOR's.

(2) Values of decision parameters are set by Ihe top management and will remain unchanged

throughout the planning. Examples are product sale prices or the desired inventory at the end

of the planning period. The values of decision parameters are fixed. Decision parameters are

always totally controllable.

(3) Values of uncontrollable basic variables are estimated for planning and usually remain

unchanged during the planning procedure. An example is the currency exchange rate. When

the values of uncontrollable basic variables do change, the variations then Iie beyond a firm's

sphere of influence. AOR's cannot be hold responsible for deviations between planned and
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real values of uncontrollable basic parameters. Uncontrollable basic parameters are not objec­

tives thai have 10 be met.

(4) Objeclionfree basic variables are rare in corporate accounting systems. An example is the

loao change rate. The state of objectionfcee basic variables is special. Variations of their val­

ues have 00 influence on the AOR's in meeting their objeclives. Therefore, values of objec~

tioDfree basic variables are not detennined exactly lill the end of a planning procedure. They

are changed and adjusted once or several limes within a planning procedure in order to opti­

mize top targets.

Thc distinction between the four types of basic variables has considerable implications:

(I) Ooce the equations of an ITP model are detennined, all basic variables can and must be

c1assified into one of the four states described above. The c1assification guarantees that only

basic targets, which are controllable by AOR's and therefore need to be negotiated, will in fact

be negotiated.

(2) Sometimes the state 'objectionfree' can be assigned to one or more of the basic variables

in an ITP model. It is then possible to adjust those basic variables in order to optimize top

targets. without affecting the commitment of any AOR to rneet its objectives. In this case ne~

gotiation of objectives and optimization are not contradictory.

2.5. The th,.. etllp plannlng procedure

The planning procedure includes (I) the houorn up step, (2) the top down step and (3) the

houorn up top down step (confrontation), see exhibit 6. In the following these three steps will
be discussed in detail.

Numerical specifications fo;l
basic variables I ]

j Step 1

8ottom up step I
j

Top down step \ Step 2

I

Botlom up top down step l Step 3

Exhibit 6: The thru step planning procedure
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Bot/am up step

79

In the bouorn up step the AOR's must provide numerical specifications (bottom up values) for

a11 basic targets.
11

Once the values of a11 basic variables are given, the area targets can then be

calculated. The area targets represent the negotiation position of AOR's.

Top down step

The top down step serves to present the negotiation position of the top management. The top

management usually postulates a higher operational profit than the one resulting from the

bonorn up step.

Top targets are calculated (rom basic targets by means of equations. In order to detennine the

top down value of a basic target, the top management specifies a load rnargin for each basic

target, that is the highest admissible change towards increased 10ad.82 For example, the sales

volurne of a certain prociuct can only be increased by +10% due to the limit of maximum mar·

ket demand. lf the basic target is a cost target the additional load percentage would show a

negative direction. Once the load margins are specified, basic target values are then adapted

within their individual load margin in order to reach the top targets postulates of thc top man­

agement. This is done by an optirnization procedure.

At this point of the planning procedure the (Wo initial positions for the negotiation process are

established: (J) the position representing the interests of lhe area management which has been

detennined in the bouorn up step and (2) the position represenling the interests of the top

management which has been determined in the top down step.

Boftom up top down step

In the bauorn up top down step ('confrontatian'), the final numerical values ofthe area targets

are negotiated between top management and the management of all primary AOR's through

another adaptation of the values of basic targets.

Each basic target influences lhe top targets differently. Same basic targets have a greater in­

fluence on the value of top targets than ethers. The degree ef intluence of one specific basic

target is represented by a parameter. This parameter depicts the change of a tap target value

resulting from a I% change of a basic target value. Consequenlly, it is possible to devote the

main attention to the basic targets of greater influence.

" Specific persons are authorized to enler bouom.up....atues or IM OIher basic-variables.
Il) The idn of establishing load margins is based on Ihc lheory of ·Orgamz.ationat Slack'. see (yen.. March (1963).
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The determination of the final numerical values of area targets preceeds on the determination

of specific values for the basic targets. In the AOR's these values are called accepted basic

targets because they represent Oße possible combination of figures that will definitcly fulfill

the agreed area target.

Due 10 thc option of choosing different sets of basic target values, thc actual value of the

headquarter area target will probably differ from thc planned value. even when the planned

values of all area targets are met. The deviation of actual top target values from planned top

target values can be represented graphically. The range of vaJues wilhin which top target val·

ues can vary is called thc unccl1ainty area of top target valucs. An example of lhe uncertainty

area of two top targets is shown in exhibit 7.

TOp targ.1 1

Unc.rt.lnly.,.'

P •• nn.C1 'I.lu. TOll 1110 •• 2

Exhibit 7: Uncenainty area of two top targets

The top management must define an admissible region for the choice of each basic target

value in order to be able to influence the size of the uncelUinty area. The more the top man·

agementlimits the choice of basic target values, the smaller will be the uncertainty area of top

target values and the less will be the deviation of actuaJ from planned top target values. It is

imponant to mention that the accepted basic target values must always lie in the admissible

region of the basic targets. The admissible region is called 'are,a of variation'_

The possibility of showing and comparing different uncertainty areas enables the top man­

agement to mue a caleulated decision about the areas of variation with regard to their own

ideas and targets. Beside strategie eonsiderations there is also a fundamental economic need

for the top management to define the areas of variation. A negative example: A profit-centre

produees and se1ls two products p. and PI with the sales volume XPI and XP2 being the ac­

eepted basic targets. In the houorn up top down step an operating profit (area target) of that

profit-centre has bcen negotiated. If thc profiH:entre has complete freedom in choosing its

sets of basie target values (which still meets thc planned area target value), XPI or XP2 could
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be assigned a value of zero. The negotiated. operating profit would Ihen be achieved by pro­

ducing and selling only one of the two products.

Once an agreement on area target values is reached. between top management and executing

depanments and once the arel variation are established by top management, the planning

procedure is finished and the area targets have to be reaJized.

2.6. Dec:entrallzed budgeUng ('post confronation')

While the negotiated objectives are being realized, each AOR has the possibility to assign any

numerical values to its basic targets wilhin the given areas of variation. In other words, even

after the objcctives are agreed upon. the planning is not finished. but continues in decentraJized

budgeting. This marks a fundamental difference of the ITP method from other MBO planning

systems.

For example, for an objective of 30 an AOR can choose a set of basic targets of 10+10+ 10 or

12+10+8, ete. The optimal set of basic targets is ealculated. by each AOR using its self-eon­

tained. AOR model. Tbc possibiJity to define the sets of basic targets to their best advantage

has a motivating effect on AOR's.

However, AOR's are not isolated. They are embedded within the corporate cost centre struc­

ture and hierarchy. Each variation of numerical values of basic targets affects the amounts of

mutual profit-eentre transfers and leads to a higher request or release of eapacities of interre­

lated AOR's. Therefore, the degree of variation of basic target values is cesteicted by the ca­

pacities of interrelated AOR's. Because each AOR works with a self-eonrained AOR model it

does not know the occupations of interrelated AOR's. Occupations of all AOR's are part of

the global ITP model. Therefore every change of basic target values within decentralized

budgeting must be approved by the top management. This guarantees the observance of ca­

pacity restrictions of interrelated AOR's.

2.7. Tlrget control

In order to perfonn the cx post controt process, the actual values (as opposed to the negotiated

values) of basic variables must be registered. Some actual values can be observed or calcu­

lated. Others, such as the total amount of monthly salaries. can be relrieved from other corpo­

rate computer systems. They are the parameters of a further model wh ich is used to calculale

the actual values of the area lafgets. In the target control the actual values of the objectives are

compared with the negotiated values. The larget contral takes place on a monthly or quarterly

basis. However, the above desceibed planning procedure provides objectives on an annual
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basis ooly. Thc splitting up of the negotiated yearly values of basic targets is done by a proce~

dure that will not be described in this essay.

Each AüR is ooly responsible for the deviations of planned and aclual area target values

which result from changes of its own basic target values. No AOR is responsible for devia­

tions produced by value changes of decision parameters or uncontroJlable basic variables.

3. Th. INZPLA system

3.1. Overvlew

Thc architecture of the INZPLA planning and control system is based on requirements estab­

Iished by the theory of ITP. A fundamental requirement is that the INZPLA system must be an

equation-based system. since the ITP model consists of equations.

The application of an equation based system for bUdget planning and contral has significant

advantages. With former cost accounting systems the calculation of top targets and, when si·

rnultanious equations occur, the calculation of mutual transfer prices has been rather compli­

cated. This is because fonner cost accounting systems are no equation based systems. Values

of transfer prices, once calculated, have heen accepted for monthly or annual periods, ignoring

the fact that in the course of a month or a year the actual values of transfer prices usually dif·

fer from the calculated values. With the INZPLA system beeing an equation based system, it

is much easier to detennine top target values and transfer prices. Therefore a set of precise

values is available at any time.

As mentioned above. there is the possibility to define objectionfree basic variables. When

objectionfree variables occur. negotiation of objectives and optimizatioo are 00 longer contra·

dictory.

As opposed to other equation based systems, INZPLA is not a further auachment to existing

corporate planning systems. It distinguishes itself as a special corporate budgeting and control

procedure. based on the ITP theory.

There is another important difference: equation based systems usually work on a highly ag­

gregated level and are therefore used to evaluate aggregated business planning problems (such

as the DuPonHystem or other management ratio systems). 13 Unlike these systems, INZPLA

employs highly disaggregated models to achieve the requirements of aMBO planning process.

In that respect the global ITP model presented in exhibit 4 is not representative for INZPLA (it

IJ Rckhmann (1990). p. I S ff.
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is considerably simplified). For example, ITP models representing individual finn-accounting

systems that have heen developed within this research project consist of some ten thousand

equations. In the recent time we have been working on reconstructing the model descrihed by

Kilger.S4 The Kilger ITP model consists of 38 cost centres, 149 cost units and 11 products. Jt

contains 19864 variables, 3353 of which are basic variables. A printout of the Kilger ITP

model would amount up to ca. 1150 pages. The size of a database of another ITP test model,

containing some 58000 variables, has turned out to he approximately 500 MB.

3.2. Applled hard- _nd software

The INZPLA system uses dient server architeclure of relalional database managemenl sys­

tems. To develop the INZPLA system the following platform is heing employed:

Hardware and operating system: 486 Pe network using Windows for Workgroups 3.11 and

NOVELL 3.11.

Language interface system: An editor to feed model equations into the system plus a compiler

10 generate executable libraries (Dll..). The compiler processes a non proceduraJ order of

equalions and encodes simullanities (e.g. the mutual cost centre charge transfers) by using the

Gauss Seidel algorilhm.

Database (RDBMS): Gupta's SQLBase, Version 5.12.

User interface system: Gupta's SQLWindows 4.01 (objecl oriented 4GL) to develop all dient

applications and Borland's PASCAL 7.1 with SQL interface for object orienled methods. MS­

EXCEL and Gupta's ReportWindows as report systems.

3.3. Tb. distributed system

INZPLA as a distributed budgeting and control system is spread throughout the organization

of a firm. The AOR's use client frontends to work with their self-contained AOR model and

independent RDBMS. Bach AOR database is a copy of a part of the centraJ RDBMS (storing

the global ITP model) and contains a11 information conceming itself. MutuaJ updates are per­

fonned periodically on an asynchronous basis.

The INZPLA system has the following subsystems:

(1) Control station for the following tasks

.. Sef: Kilger (1988).
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administration of users of the INZPLA system, Ihis includes: entering and deleting of us­

ers; relating users 10 primary and secondary AOR's; granting and revoking user authori·

zatiORS conceming back- and frontend

defining thc sequence of tasks and a planning caJender

distributing tasks 10 users

supervising the execution of tasks.

(2) Specific modules for the following tasks

creating lhe ITP model equations

dala entry for values of basic variables

scenario ca1culations

planning procedure

determination of the uncertainty area

post confrontation

reporting.

(3) Various lools 10 analyze the structure of the ITP model

1001 for graphical analysis of interrelations between AOR's

1001 for generating reduced equations based on the ITP equation model

1001 for graphical analysis of the the syntax-tree of ITP models

Exhibit 8 shows the strocture of a disaggregated global ITP model for a decentralizecl profit­

eentre budgeting process. This ITP model of a fictitious firm consists of seven AOR's, four
primary and threc secondary ones.
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Global ITP model

[ Local &qUalions globallTP·model I

Secondary AOR profil-eenlre 1 (pell S&condlllY AOR proliloeenlre 2 (Pe2)

I Local secondary OQUlllort ] [ Loc:al seeondary equallon I I,
jequaüons primary I lequalionl primary I leQUlliOnS prtmary I IEquallons prlmary I

AOR 1 AOR2 AOR 3 AOR4

Exhibit 8: Disaggregated global ITP model for decentralized profit-centre budgeting

All seven AOR's form a hierarchy within which the secondary AOR consists of aH subordi­

nated AOR's plus a local model equation which aggregates subordinated area targets. Exhibit

9 iIIustrates a possible configuration of the globallTP model shown in exhibit 8.

Headquarter

DBMS

Secondary AOA PC2
plusAOA3&4

Global Plofit-cenlre 2 (Pe2)

ITPm_~~

Secoodary AOR pel
plusAOA 1 & 2

Prol1loeenlre 1 (PC1)

Exhibit 9: Possible configuration of the global ITP model shown in exhibit 8
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