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THE DESIGN OF A CORPORATE PLANNING SYSTEM SIMULATOR

ABSTRACT

The integration of various functional activities
in an organization can be accomplished by using a
hierarchical data model based on the firms chart of
accounts. Viewing the entire accounting system

as a schema and the information requirements of
each decision-making unit as a subschema, modu-
larity in planning can be uchieved. Once the
total configuration of the system and the account-
ing transactions are stored in a data base, a
simpler planning language can be developed to
simulate the performance of the total system or
any subsystem,

I. INTRODUCTION

In recent years there has been a great growth in
the use of corporate planning models (10). A num-
ber of speclalized planning languages have been
developed to make the task of constructing these
models easier (4), (5) and (13). In additionm,
information retrieval systems with sophisticated
report writers, graphic packages and foreccasting
modules have been counstructed to assist top manage-
ment in their planning function (2) and (16).
Concurrently management scientists have developed
models and built computerized support systems in
the functional areas of management such as market-
ing, finance and production. While many of these
individual efforts have been successful (12) there
have been few attempts to provide a comprchensive
and self-consistent integration of these models
into the overall planning and budgeting system of
the firm. Thus the accounting framework which is
the common language of 'corporate' models and the
various models in different functional areas re-
main unconnected.

In (1) the idea of using a graphical-hierarchical
representation of the corporate financial system
to provide an easily implementable computerized
framework in which optimization and other planning
models could be coordinated was introduced. This
was used to classify groups of representative
planning models according to their 'breadth' and
'depth' of coverage. Various applications to
common planning tasks such as budget preparation
and the projection of financial statements were
also deaerihed,  In thin paper we describe the de-
wipgn of a computerized plantng sydtoen baed on
this mrthodology., We concentrate on the methods
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used to support a wide variety of models, and to
integrate their outputs into a common accounting
framework,

The organizational setting we assume 1s as follows.
The planning system is designed to support manage~
ment decision-making and -to help in the coordina-
tion of the budgets for various organizational
units, Model builders and system analysts are res-
ponsible for the logical design and maintenance of
the system. The planning system contains a central
module called the 'central financial model' (CFM)
which at any time contains the financial and bud-
geting information for the firm in a manner consis-
tent with the firms chart of accounts. The CFM can
be used to display the past history of various fin-
ancial and economic time series. It also contains
information concerning the adopted budgets and
plans and has the capability of automatically pro-
Jecting proforma financial statements by time-scrics
and/or regression methods. Various simulation and
operations research models can be used in conjunc-
tion with the forecasting models to arrive at a ret
of 'official' projections,

The planning system also contains modules which sup-
port the planning function at a more detailed lcvel.
These are categorized by functional area and/or
organizational units, For case of reference these
modules will be called 'functional arca models'
(FAMS). 1t should be pointed out that we use the
word 'model' in its broadest sense Lo mcan any sub-
system which provides computerized inputs to the
CFM. This might include, for instance, subjectively
estimated plans and budgets produced by lower or-
ganizational units,

The planning system is designed to assist the mana-
ger by providing: 1) retrieval of historic and
projected information concerning the state of the
organization, 2) integration of the plans of

the various functional units in the organization
allowing both 'top-down' and 'bottom-up' planning,
and 3) automatic projection of proforma financial
statements. It assists the model builder (system
analys*) by providing: 1) a simple method of ex-
press.ng the logic of the planning system as data
whiry can then be operated on to provide different
configurations of multiple models with the output
of one model belng uned an Input to other modeln,
2) a comprehcunive aystem for walntalafog the
fntercomectfonn botween models and allowing thefir
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inputs and outputs to be checked for consistency
with the overall financial plan of the organization,
3) information concerning all data elements and
models in the planning system.

In section 1I we briefly describe the planning sys-
tem and in section IIl the hierarchical data model
on which it is based. In section IV we describe
the methods used to support the integration of
models with the central financial plan. Section V
describes aspects of the computer implementation of
these integrative methods. The logic of the con-
sistency checks provided by the system is described
in detail and illustrated using a typical financial
planning model, Krouse (8), In section VI we out-
line some of the methods used to help automate the
construction of models. In particular the rela-
tionship between the lincar hierarchical system of
the CFM and the Krouse model is described.

11, STRUCTURE OF THE DECISION SUPPORT SYSTEM

The planning system i{s currently being implemented
in APL. 1ts major software components are:

1. The System Manager (SM)

This contains the softwarc for generating, managing
storing and retrieving the accounting-related logic
of the corporate planning models (both CFM and
FAMS). This module is bascd on the linear hierar-
chical model explained above and 1is outlined in
Section II1. For a more dctailed explanation see
(11).

2, pata-base Management System

This is general purpose softwarec based on the EDBS
package (17) . It may be accessed by the user if
desired from any other module (including PMS--al-
though PMS contains its own mechanism for retrieval
of historic and predicted timec-series associated
with the accounting system), A network data model
is used by the planning system to maintain the re-
lationships between model data inputs, model state-
ments (simulation, regression and mathematical
programming tableaux), and model results. The re-
lationships between multiple interconnected models
are also maintained (16).

3. Simulation Planning Language

This module is used for stating regression, time-

series and corporate simulation models., Its cap-

abilities are similar to those of a number of sim-

ilar languages (5), (13).

4, Forecasting Module (Time-Series and Regression)

5. Operations Research Algorithms and Statcment
Generators (Mathematical Programming and Con-

trol Theory Algorithms)

6. Model Data Input and Logic Specification Sub~
system

7. Report Generator,

Fdward A.

8. Graphics Package
9. Planning System Data Dictionary

In this paper we will concentrate on describing the
interface between 1, 3, 4 and 5.

ITI. THE HIERARCHICAL DATA MODEL

Accounting transactions are used to report the
monetary affects of different activities within the
firm and 1n the final analysis financial statemcats
provide the yardstick for measuring its perfor-
mance. In this section we briefly describe a model
for the firm's financial accounting structure.

Double entry bookkeeping can be described by mcans
of a tree diagram and a set of directed arcs (3).
The nodes of the tree correspond to the various
accounts, The hierarchical relationships betwecen
the nodes in the tree define the accountant's sys-
tem of classification and aggregation. Figure |
provides a small example of a chart of corporate
balance sheet accounts together with a list of four
typical transaction types.

FIGURE 1

ILLUSTRATION OF LINEAR
HIERARCHICAL ACCOUNTING SYSTEM

Legend

Balance Sheet Transaction Types

Tl - investment in firm
by owners .
T2 - purchase of fixed
assets for cash
T3 - long-term borrowing
- T4 - short-term borrowing|

Current Assets (CA)
Fixed Asscts (FA)
Current Liabilities (CL)
Long-term Debt (L)
Equity (E)

Note that both balance sheet and income statement
accounts can be represented in the tree (sce .
Figure 2). Although the former represent 'stock'
variables and the latter 'flows' both types of
accounts will be referred to as the 'states' of the
system. Assuming n state varfiables, their values
at time t will be represented by the vector, bt eRrR"

The various types of accounting transaction are
represented by directed arcs connecting leaf-nodes
of the :ree; the source node is credited by the
transaction and the leaf node is debited., A value
associated with each arc represents the cumulative
value of all individually recorded transactions of
that type for a time period. Assuming that there
are m arcs the vector of values associated with
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FIGURE 2
CORPORATE FINANCIAL SCHEMA
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TREE REPRESENTATION OF A CORPORATE FINANCIAL REPORTING STRUCTURE

RO, Description of Transactions  Node No, Acct.Entrics . Synb -
. P {from-to) . _ (Cr. [vb.) _A(fngk-) ymbol  Dbescription (:2::‘:) Symbol = Description

1. Cash Sales 43,7 SR/C 1. A Asscts 2. T - Liab, & Equitics
2. Sales on Account 43,8 SR/AR . 3. CA Current Assots 4. FA Fixed Assots

3. Salcs Forece Expenne 7,47 c/str 3. L Liahilitics 6. E Fquities

4. Advertising Expensc 7,48 C/AdE 7. c Cash ) -8, AR Accounts Rec.

5. Cost of Goods Sold 22,04 F1/CCS 9. ¥pE Pre-Paid Exp. 10. INV lnventory

6. Collections of Receivables B,7 Ar/C 1. s Marketable Sccurities 12,  BVA Bk, Valuc Of Asscts
7. Office Salary Expensc 7,49 c/ofr 13. cb Cumulative Depreciationld, CcL Current Liab,

8. Labor Costs Pald In Cash 7,71 c/up 15. ST Short-term bebt 16. LD Long-term Debt

9. Material Used in this Period 20,21 RL/WD 7.  RE Retained Earnings 8. CE Common Equity

10. Direct Overhcad 7,21 C/vr 19. e Preferred Equity 20, RI Raw Mat. lov,

11. Pre-pajd Expenses Adjusted For 9,52 PpE/OL 21, wr Work-in-Process 22, ¥1 Finished Inv.

12, bepreciation Expense 26,51 ED/DE 23, Bl: Rk. Valuc of FLand 24, BB Bk. Value of hldg,
13. Inventory lnercase 21,22 WI'/F1 25. BE Bk. Value of Fquip, 26. BD Dep. on Land&Bldg,
14, Gash Purchasc of Inventory 7,20 C/R1 27. ED Equip. Dep. 28, AP Accts. Tayable

15. Purchasc of luventory on Acct. 28,20 AP/R1 29. AcE Accrued Fxpense 3o, DT Deferred Taxcs

16. Payments of Accounts Payable 7,28 C/AP L. PL Profit & lLoss 32. [4)¢ Conmon Div.

17, Equipment Bought for Cash 7,25 C/RE 3. SFQ Equity Salc 34, EBT Earninps Pefore Tax
18, Purchase of Lquipment on Acct. 28,25 AP/EE 3. T . Taxcs 36. ¥D Preferrcd Dilv,

19, ludirect Evpenses 7,52 C/OE 37. EBIT Eer. Before Int. & Tax 38. IE _Intavest Expensc
20, Repayment of Accrued Expensc 7,29 C/AcE 9, oP1 Operating lncome 40. 01 Other Income

21, Payment of Deferred Taxes 7,30 c/vr 41, I Gross Income 42, SAE Sales & Adm. Exp.
22, Revenue from Marletable Scc. 40,7 o0l/C 43, SR Sales Revenue 44, CGS Cost of Coods Sold
23, Intercst Expensc 7,38 C/1E 45. SE Sales Expense 46, AE Administrative Exp.
24, Taxes paid in Cash 7,35 c/T 47. Sfp Sales Force Expense 48. AdE Advertising Exp.
25. Taxes Deferred 30,35 bT/T 49. ofp Office Payroll 50. oh Other costs

26. Other Expenses Deferred 29,52 Acl:/OE 1. br Depreciation Exp. 52. OE Other Expenscs

27. Preferred Div, paid in cash 7,30 Cc/PD Q.cgend)

28, Common Div, paid in cash 7,32 c/cpi

29. Expenses Pre-Pald (Rent cte.) 7,9 c/rpk

30, Repayment of Long-term bebt 7,16 c/Lb

31, Repayment of Short-term Dubt 7,15 c/STh

32. Procecds f[rom Short-term Loan 15,7 sTp/C .

33, Purchase of Marketable Sccurit 7,11 c/M$ o [T

34. Proc, from Salc of Mkt., Sec. 11,7 Ms/C s R

35, Proc., from Issve of Commnn Stk, lﬂ,? Cr/C '

36, Proc. from C.E, in Excuss of parlB,3d CE/SEQ . N

37, Proc, from lasuc of Pref, Stk. 19,7 PE/C s

38, Proc. [rom lssuo of L.T. bebt 16,7 Ln/c

A TYPICAL LIST OF TIANSACTION TYPES o

Edward A. Stohr and Mohan Tanniru

Northwestcrn University, Graduate School of Management

Tho Neolan AfF 0 Aavaccce.n NV oLt -~ . ~e .



the arcs at time t will be denoted by the 'aggre-
gate transactions vector', Te € R™. The states of

the system (values associated with the nodes) are
changed in each period by the transactions. The
effect on the leaf nodes can be summarized by the
conventional node-arc 'incidence matrix'. 1f one
also wants to represent the effect on higher order
nodes Iin the tree structure, it suffices to add a
row for each such node. Each transaction linking
two leaf nodes defines a unique loop in the tree
and will correspond to a column of the matrix.
Thus a complete algebraic representation of the
tree requires a (0,+l,-1) natrix with as many rows
as there are nodes in the tree and as many columns
as there are feasible transactions between leaf
nodes. Finally we need to adopt a sign convention
for the direction of the transaction. Our conven-
tion i{s to take debit entries--i.e., increases In
the assets accounts or decreases in the equity/lia-
bility accounts--as positive and credit entries--
i.e. decrecases in the assets accounts or increases
in the equity/liability accounts--as negative. The
resulting matrix will be referred to as the (n X n)
'systems matrix', S. Corresponding to Figure 1 we

have:
W T, 300
A T+ 0 41 417

e |-1 0 -1 -1
CA RS S S TS |
5= FA 0 4+ 0 0
CL 0 o0 o0 -1

) 0o 0 -1

E |-1 0

Since some of the states are flow {items (income
statement accounts) the corresponding balances must
be zeroed each period. Let E be an (n X n) matrix
with Eyy = 1 if the ith node is. a balance sheet

item (stock variable) and zero otherwise. Then
b,,, can be obtained from b, by the linear 'systems
equation’:

bt+1 =_hbc + s-rt (1
This completes the description of the graphical
and algebraic representation of the accounting
system employed by the SM. Borrowing terms from
the database management field, the tree structure
and list of arcs is a 'data modcl' and the firm's
chart of accounts expresscd in this way a 'schema'.
Models introduced by planncrs to solve particular
problems will be concerned with a subset of nodes
and transactions. In fact the vicwpoint of a
particular model may require a rearrangement of
nodes and a redefinition (aggregation or disaggre-
gation) of transactions. The system's tree and
set of arcs used by a model corresponds to the
model's 'subschema' in database terms. An cssen-
tial step in the procedure used to reconcile a
model's outputs with the financial accounting sys-

Edward A,
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tem is to provide a wapping between the model’s sub-.
schema and the offic“al schema. A partly automated
procedure for doing this is described in Sec-

tion V. The system trees are stored internally us-
ing a 'multi-attribute' tree structure (l1), (15).
The systems matrices corresponding to the schema
and subschemas are not stored but can be generated
as required for use by the models. One immediate
implication of (1) is that it contains all relevant
accounting identities. 1If the initial state of the
system is known and the aggregate transactions vec-
tor T, can be estimated, then the prbjected finan-

cial statements can be immediately computed using
(1). As another application, in simulation models
the modeler usually has to write a large number of
statements describing accounting identities. Since
these are already stored in the schema this task
can be eliminated.

IV. INTEGRATION OF MODELS WITH
THE CENTRAL FINANCIAL PLAN

In this secction we describe the design features of
the planning system that allows the integration of
diverse models (FAM's) with the central financial
model (CFM). Referring to the systems equation (1)
our gencral approach i{s to use the transaction vec-
tor, T, as the mcans of communication: the {inputs
and outputs of the model are expressed in terms of

the aggregate transaction vector, Ts, associated
with the model subschema and the vector T° {s then
mapped to the aggregate transaction vector T
assoclated with the CFM, Since we wish to accom-
modate both the ‘top-down” and 'bottom-up'
approaches to planning we need to provide for a
mapping in both directions. We use transactions
instead of states as the medium of communication
since these are most closely related to decisions
and their affect on the state of the system is des-
cribed by the accounting identities stored in the
system tree. As far as possible we wish to reduce
the model-builder's model statement task by auto-
matically supplying accounting identities. Our
main purpose in this part of the paper is to speci-
fy the processing logic required to implement- the
mapping's between the schema and various subschemas.
This will be done algebraically rather than al-
gorithmically. We first clarify our terminology
and establish some basic notation. In the next sec-
tion we describe the planning system logic involved
and {llustrate its use in the specification of a
financial planning model. The CFM consists of the
following software and data:

1. Logical statements of models: these 'models'
arc used to derive a set of corporate plans,
budgets and predicted financial statements.
Many different algorithms may be employed
(e.g. time-series, regressiom, simulation,
subiective).

2, The corporate schema (T,B) where T is the set

of transaction types (arcs) and B is the set
of state variables (nodes in the tree).
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THE DESIGN OF A CORPORATE...(continued)

3, Data base for corporate and economic data.
4. Retrieval and display facilities.

An example of a typical CFM schema is shown in
Figure 2, A FAM conslsts of:

1. Logical statemenct of model: e.g. a production,
financial or marketing model using a variety
of. interconnected operations research algor-
ithms and/or subjective estimates.

2, The subschema (TS,BS) where TS is the set of
transaction types and 8BS the set of state
variables which the FAM 'affects',

3. FAM database

4. Retrieval and display facilities.

5. Mapping functions: (TS,BS) - VS and

VS - (TS,BS) where Vs is the set of all vari-

ables used in the model.

Note that there may be more than one FAM-related
to a given organizational function such as market-
ing and that the 'model' may consist of a number

of related submodecls cmploying different algorithms
as long as these submodels are operated as a unit.
. As an example of a FAM consider the Holt, Muth,
Modigliani and Simon (HMMS) aggregate workforce and
inventory sgoothing model (7). The model vari-
able set, V” is:

Py = aggregate production rate at time t
W, = workforce level at time t
It = net inventory-on-hand at time t

St = sales revenue at time t

The subschema and mapping are shown in Figure 3:

Transa:tion Type

C/HL ~ Hiring and layoff costs

C/SC - Inventory back order & sct up costs
C/0T - Expected overtime costs
C/INV - Regulat payroll costs

SR/C - Sales Revenue (exogenous)

Mapping rule, Vs~ Ts

C/HL - c2(wt "W T

c7(It - (CB -cgst))2

2
cll) + c13

c/sc -

2
cl/or - c3(pt- chwt) +Cp, - CgW. F C PV,

SR/C - c W + ¢,

The cocfficients, c,, are parameters to be estimat-
ed. Referring to Figure 3 it can be seen that, re-
lative to the schema, some nodes in the subschema
are aggregation points and some are disaggregation
points representing a fincr classification. Sim-
ilarly, some transactions are aggregated and some
disaggregated while the transaction C/SR occurs in
both the schema and subschema.

The mappings (T,B) - (I°,B%) and (15,8%) -~ (T,8)
will require further rules to be stored by the
planning system and these will depend on the account-
ing system chosen by the ffrm. One purpose of link-
ing the FAM and CFM in this way is to assist the
model-builder in estimating the paramcters and
exogenous variables required by the FAM. 1In the
HMMS casc past values of the cost transactions (at
least C/INV and some aggregation of the others)
might be made available for parameter estimation

and forecast sales could be supplied whenever it is
necessary to run the model,.

The relationship between the schema, subschema and
FAM model is depicted in Figure 4.

FIGURE 3

HMMS MODEL
(only those nodes affected by trans-
actions in the model are shown)

FIGURE 4
RELATIONSHIP BETWEEN CFM AND A FAM

CFM PLANNING | FAM

.8 SYSTEM /)gs' 85)
\

<(T,B) IW\Pl1 g{ns) MAL vS

ODEL

pmovELS | (r, B, [MAP | 3
> @ 8)

This provides for the communication necessary in
both top-down and bottom-up planning activities.

In top-down planning plans and budgets are for-
mulated at the highest level in the organization
using ! .e CFM. Budget levels or goals are then
sent (via T) to the FAM's where more detailed plan-
ning 1s carried out. For cxample, plans at the

top level may be in annual or quarterly terms,
those at the FAM level may be for daily, weekly or
monthly periods and may take Into account the more
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detailed constraints and requirements of the lower
organizational entity involved., Since the top

level plans should be constrained by the feasibility
requirements of the FAM's certain parameters, bounds
and constraint conditions should be maintained and
stored in the FAM for use by the higher level plan-
ning system when required (not shown in the Figure).

In bottom-up planning on the other hand, the results
of the FAM models are made available (via T°) to the
CFM which consolidates them into the overall finan-
cial projections for the company. Obviously an
iterative approach employing both top-down and
bottom-up planning may be implemented. Finally {t
should be pointed out that it may not be necessary
to implement all the 'maps' shown in the Figure for
all FAM's.,

The maJor stages in building and running a FAM which
are of interest to this discussion are as follows:

1. Input of Model Subschema (TS,BS).

2. Prereconciliation Stage (Mapping (T,B)-*(TS,BS))

The objective of the systems manager (SM) at
this stage is to make the historical and pro-
Jected time series data stored in the CFM com-
patible with the variables of the user's model.
The model builder can then use the previous
historic and projected data to estimate model
parameters and examine historical relationships
which may provide guidance in the specification
of the model,

3. Model Construction

The planning system attempts to make the task
of model specification simpler by automatically
generating the matrices E and § in equation (1)
(which together contain all accounting iden-
tities) aud providing other aids such as an
integer, linear and goal programming tableau
gencrator which works directly from an alge-
braic ('sigma notation') statement of the prob-
lem (14), (16).

4. Running the Model

Data base techniques are used to manage the in-
put and storage of data, model spccification,

the results of runs and the interrelationships
between algorithms employed by the models (16)

5. Post-reconciliation Stage (Mapping (fi&%-'(T,B))

The objective of this stage is to tramslate the
model results into a form compatible with the
data stored in the CFM. This allows the user to
examine corporate financial statements revised
according to the results of his model. Since
the model will be concerncd only with a subset
of the CFM transaction types the others have to
be automatically estimated by the CFM to com-
plete the financial statcments.

Edward A.

V. PRE- AND POST RECONCILIATION

In this section we outline the method used to_es-
tablish the relationship between (T,B) and (T°,B%)
and illustrate it using the financial planning model
given in Krouse (8). This model is used to deter-
mine a firm's short-term cash budget, long-term
capital budget and related financial mix. 1In com-
mon with a number of other financial models (6),
(9) (as well as the HMMS aggregate production
model given above), this is a linear quadratic
Gaussian (LOG) stochastic control model with the
familiar 'linear decision rule'. The model sub-
schema, variables and transactions are shown in
Figure 5.

FIGURE 5

SUBSCHEMA FOR KROUSE MODEL

Input By Urer Krouse Hodel

ki fecied Rodes - Ve e
. A ) s
o Cr/iib) Description Nature of these Variadic el tuit i
1 SR/A Salce Peveuuwe exoRenous 13
2 AIE lutereat Expense endogenous LT3
3 /A Uebe Acquired decisfon vartable b
4 Alcvr Dividends Pald duciston varjable d
] Alve Varicble Lxpense declofon vartable 2
6 Al Tax Expense endazenous C-Feyp
? ADE Deprectation Expeuse endogencas (T3

The objective of the Krouse model is to determine
optimal values for the debt acquired, di, the divi-

- dends paid, bt' and the expenses incurred, ap, sub-

Ject tc achieving a set of financial goals--ecarn-
ings growth and a number of balance sheet ratios
(ratios of elements in B7).
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In this section we cxplain the stages 1, 2 and 5
outlined in the previous scction in some detail,
since these are the primary means for integration

of planning activities. It should be pointed out
that either or both of phases 2 and 5 may be irre-
levant to some planning tasks. Also that in general
these stages can only be partly automated since the
translation depends on the semantics of the models
involved. The role of the system manager is to pro-
vide a first approximation of the relationship
between the CFM and FAM., The FAM model builder,
perhaps working jointly with the CFM model builders
and accounting staff, will be required to resolve
ambiguities. They are assisted in this task by an
automated data dictionary.

To simplify the design of the planning system cer-
tain rules arc employed which must be followed dur-
ing the specification of the subschema:

Rule 1: The model subschema can have at most one
directed arc in each direction between any two leaf
nodes. This can always be achicved by adding sub-
classification nodes where necessary (e.g. the nodes
0T, HL and SC in the HMMS model).

Rule 2: If the model subschema contains nodenames
which also appcar in the schema then the associated
nodes arc assumed by the SM to represent the same
state variables, The mcanings of the nodes can be

,altered at a later stage by the model builder if
necessary

Rule 3: Every path from a leaf node to the root of
the model subschema must contain a node which also
appears in the schema. This rule can be easily
satisfied by including nodes A and LE. Subject to
the above rules the model builder can redefine
state variables and their hierarchical relation-
ships.

The subschema tree generated and stored by the SM
(the 'internal' subschema) may differ from that in-
put by the user. It will have to satisfy the fol-
lowing properties:

Property 1: Each of the transactions defined in
the user subschema will be associated with two leaf
nodes. All the schema nodes on the paths from this
set of subschema lcaf nodes to the root of the tree
are included. If some of the leaf notes and/or
aggregate points are not known to the schema, the
first recognizable node in this path is taken as
the starting point for this vxpansion. The start-
ing point is always ensured by rule 3. Before go-
ing to property 2, let us define the lecast aggre-
gation points (LAP's). LAP's arc necessary when-
ever a uscr defines a set of new nodes not known

to the schema and/or revises the structure of the
existing ones.

Let LS(X) represent the set of leaf nodes of the

sub-trces for which the nodes in X are parents
and let Ps(x) define the nodes in the path be-

tween x € X and the root node of the subschema,
The SM can generate Ls(x) and Ps(x) for each aggre-

gation point of the subschema input by the user in-
cluding the root ncie. Let us also define Ig(x) as
a measure functiou, which is 0 if Ls(x) C L(x) and

is n {f there are n elements in Ls(x) that are not

in L(x). Here L(x) is the set of leaf nodes in

the schema for which x is the parent. If x, itself,
is not known to the schema, then I(x) is set to -1
to avoid its consideration.

Let us now define a least aggregate point (LAP) as
a node that satisfies the following properties:

(1) x € X where X is the set of all aggregation
points in the subschema.

(11) I(x) = k> 0.
(111) {T y € x|pg(x) € Pg(y) and I(y) = k}

(tv) {2y € x|Ps(y) © B(x) and I(y) > k]

Determination of LAP's will partition the tree such
that the trce above a LAP is similar to the one
given in the original schema and below the LAP it
requires a revision through uscr interaction.

Property 2: The subschema modified according to
property 1 has to be 'balanced' above the LAP's.
The 'balancing' here is defined as the inclusion

of ail the immediate children of a schema node that
appears in the modified subschema,

Figure 3 depicting the HMMS model does not satisfy
property 1 because, for example, schema node A is
not included; it does not satisfy property 2 because
schema nodes AR, PPE and MS are omitted from the
subtree for CA. Note that the LAP here is OE. If
'OE' was redefined by the user in his subschema as,
say, "IC', then the LAP would have been 'OPI'. The
subschema for the 'Krouse' model (Figure 5) satis-
fies property 1, but not property 2. The LAP here
is EBT.

For future reference letus define BS, as the sct
of subschema nodes input by the user and revised
by property 1 with the gevision occuring above the
LAP’s. Let us define B, to include nodes added

to satisfy property 2. BS is then Bf U Bg.

STAGE 1: INPUT OF MODEL SUB-SCHEMA (TS,le

(a) Input of State Variables, BS

The user first inputs the names of the nodcs
used by the model and indicates if they are stock
or flow variables. This is followed by the hier-
archical relationships as depicted in Figure 5.
Sample interactions between the model builder and
the system manager are shown in (T) and (L). The
nodes used directly by the Krouse model are

B} = [#.LE,L,E,LD,RE, PL,CDI,EBT, T, SR, VC,DE, IE}

Note that all these nodes also appear in the schema
with the exception of VC. After the subtrce de-
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finition has been completed by the user, the sys-
tem manager checks for adhercnce to rules 2 and 3,
and develops the internal subschema that satisfies
properties 1 and 2. The nodes added to satisfy
property 2 are:

ng = {cL, sTD, CE, PE, SEQ, PD] .

The nodes in set Bg (and their associated historic
or projected schema transactions) are required dur-
ing the post-reconciliation stage so that their
parent nodes are properly evaluated. During the
pre-reconciliation stage on the other hand the
associated subtrees and transactions must be sub-
tracted from the schema.

(b) 1Input of Transactions

The user is then asked to input the transac-
tion types (defined by the associated leaf nodes
in from-to or credit/debit order) and their des-
criptions for his model. In the Krouse example
there are seven transactions as shown in the table
ig Figure 5. Let this transaction set be called
T®. Note that all transactions from the asset
side of the balance sheet have been aggregated un-
der the total assets node, A. After the input of
the transactions the planning system checks that
rule (1) is satisfied.

STAGE 2: PRE-RECONCILIATION

For comparative evaluation of the subschecma with
the proforma schema one nceds to establish the

relationships between the nodes and transactions
in both, The system manager takes the following

steps:

(a) Ildentify, To, the set of all transactions in

the schema that affect two lcaf nodes in the sub-
schema. This eliminates all transactions which
have a zero affect on leaf nodes in the subschema.
(These are the schema transactions that form a
leaf in the schema and sub-trece associated with a
subschema leaf node, e.g. the collection transac-
tion AR/C),

(b) Develop a Mapping, M, between leaf nodes in

the Model Subschema B1 and the Schema, B. Now

L(B) - L(Bg) represents the leaf nodes in the
schema which are of interest and L(Bf) represents

the leaf nodes in the model subschema. To assist
the user in the identification procesg the sys-
tem manager: (i) scans the list L(Bl) and iden-

tifies nodes defined in the schema. If a non-leaf
node is identified it is mapped to its children in
L(B); if a leaf-node is identified it is associated
directly with the node of the same name in L(B).

A list of the identified associations and nodes
with no associations is then printed. For the
Krouse example we have:
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Subschema Schema
Leaf Nodes Leaf Nodes
LD LD
SR SR
DE DE
IE 1E
T T
[40) § CDI
A C,AR,PPE,RI,WI,FI,MS,BL
BB, BE, BD ,ED,

Nodes with no associations: CGS,SFP,ADE,OFP,OF,OI.

If the planning system can not identify a subschcma
node it requests that the relationship be defined
by the user. 1In the example 'VC' is such a node.
The model builder then has the following specifica-
tion alternatives:

1. VC B CGS, SFP,ADE,OFP,OE, 01

2. VC = CGS,SFP,ADE,OFP,OE
SR = SR,0I

3. VC s CGS,SFP,ADE,OFP,0OE
ol =g

In the first specification 'variable costs' is de-
fined as an aggregation of the various cost accounts
and Other Income, OI. In the second OI is combined
with sales revenue to produce a redefinition of the
subschema node SR as 'total income'. In the third
specification OI is not relevant to the_model.

This node 1s then included in the set 52 for use in

. post-reconciliation. During the post-reconciliation

phase it will be recognized by the system as a child
of EBT,

More generally, if the model subschema involves
disaggregation as well as aggrcgation as many-to-
many mapping is obtained. Thus in the HMMS model
we have: 0T, HL, SC 8 OE.

To test that the association is complete the system
manager determines (i) that all model subschema

leaf nodes have been assigned and that (ii) an exact
pargition of L(B) has been obtained consisting of
L(Bz) and the sets defined by the above mapping.

(c) Develop the association between the Model
Transa8tion Set, TS, and the Schema Transaction
Set, T .

The system manager scans TS. Each subschema trans-
action identifies a pair of subschema node sets in
the mapping, M, defined in the previous step. Let
S; be the 'from' node set (contains the 'from'

leaf node of the subschema transaction) and S; the
'to' node set (contains the 'to' node of the trans-
action), All schema transactions with a 'from'
node in 4(S;) and a 'to’ node in M(S3) are then
associated with the subschema transaction. For

the K.ouse example with VC = CGS,SFP,ADE,OFP,OE

we obtain:

Stohr
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Subschema Transactions = Schema Transactions

No. From/To

1 SR/A SR/C, SR/AR

2 A/IE C/IE

3 Lb/A 1/c

4 A/CDI c/cpi

5 A/vC FI/CGS,C/SFP,C/ADE,
C/OFP,PPE/OE

6 A/T c/T

7 A/DE BD/DE

More generally, this mapping is also many-to-many
if the model is more disaggregated than the schema.
For example, in the HMMS model we obtain:

¢/oT,C/HL,C/SC B C/OE

The model builder is then given an opportunity to
redefine the transactions as required. Note that
in the Krouse case the user can obtain exact his-
toric data concerning the transactions in the
mode]l via an aggregation process. In particular,
the exogenous transaction SR/A is immediately
available. On the other hand, in the HMMS model
the model builder obtains only an aggregate value
for thrce of the variables in his model.

STAGE 5: POST-RECONCILIATION

After the model has been tested and run its results
can be integrated with the overall financial plan.
The model builder may require projection of the
financial statements: (1) for only the subschema,
BS, agsociated with his model; or gZ) for any sub-
set of the schema which includes B°.

Use of property 2 facilitates the projection of
financial statements for the subschema, B”, asso-
ciated with a users model. However, 1f the pro-
jection iIncludes a subset of the schema provided by
the user and if this involves a disaggregation of
a user's schema node, then estimation procedures
such as least squares have to be used. As an
example, if the projection of the subset below 'A'
in Figure 5 1s desired, then the SM has to deter-
mine how the leaf nodes below A are related to the
transactions estimated. Here the transaction SR/A
is the aggregation of SR/C and SR/AR, and thus the
value of SR/A has to be disaggregated to SR/C and
SR/AR appropriately. This procedure is widely
used in top-down planning where an aggregate fin-
ancial plan determines transaction values which
then have to be disaggregated to the lower levels
nodes based on their historical relationship to
the nodes/transactions of the schema used by the
corporate planner.

V. MODEL FORMULATION

Given that a user's subschema has been tested by
SM for its comparability with the schema, the plan-

ning system will facilitate the input of the model
using the Model Data Input and Logic Specification
Subsystem (MILS). 1ails subsystem accepts the in-
terrelattonqhipé between transaction types, and
between transactions and the current state of the
system and/or exogenous variables., It then con-
structs the following system of equations:

L7 = b+ Lt 2)

where the vector zt corresponds to the exogenous
variables at time t. The MILS also’'facilitates
input of objectives/goals as function of the states
of the system. This is expressed as

xlb = Ky (3)

Using the system equation in (1), {t reliies the
transaction types to the state vector bt (after
some rearrangement) as:

t+l

b = ab® 4+ Bt 4 c2t (%)

A modeler will be able to use any of the available
algorithms to estimate rt. In the example dis-
cussed by Krouse, a control theory algorithm is
used and by inputting the cost matrix Q that oper-
ates on the deviations of K3, we have

T-1
Min: < bt+1K;QK1bt+1 (5)
tel
s.t.: bl e oAbt 4 sTt 4 c2f, v = 1,2,...,1-1.

All the clements of (5) can be automatically gen-
erated by the MILS and by providing this as input
to the control theory algorithm it can evaluate

Tt, t=1,...,T. For more detailed discussion on

MILS see (10).

The support system, thus, uses the features of the
SM and MILS to develop an integrated planning
framework that facilitates linkage of multi-period
(or long-term) planning to single-period (or short-
term) planning using the set of transaction types,
T, and the states of the system, B.
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