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A family of timeshared computer wmodels qritten in APL have
been developed in an effort o link the functional areas
for communication, planning and control purposes, ‘The
models incorporate the concepts and toels of simulatien,
forecasting, long-range planaing and probabilistic
budgeting, Developed in a short time span and at low cost,
they are widely used at XEROX in both corporate and region
offices in both the U.$. and Canada. Under development is
a system of statistical and econometric models, Thé paper
digcusses the approaches used to design, implement and
involve the functional managers in buiiding and utilizing

the models,
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INTROGUCTION
We have developed and are utilizing

a series of deterministic simulation

models to assist us in fihancial

planning for Xerox (XCL} and

additiecnally as a step in the

development of  corporate planning
models.,

The purpose of this paper is te

describe how we use the models in our

planning process, the types of models we
utilize, the initial dimplementation
procedure and how we maintain the models
in a changing inteinal/extexnal
environment,

These models are on a timéshared

were developed by the

{r/S) computer,

functional users, and are written in
APL. They access an extensive series of
on line data bases which mechanically
interact with batch system data bases.
Mot at issue is whether or not
simulation is of wvalue. Wa accept and
have demonstrated to ourselves that it
can make a significant contribution.
Rather, we are essentially ccncerned
with applications to whish simulation
models can make an economic contributios
and how to implement them in a way that
managers (without a management =science
background) will be able to incorporate
their planning and

them into

decision-making processes,

The definitions of models and

simulation ares two popularly raised
questions when wofking with corporate
managers., Models are representations of

systems which themselves are too large

tc be brought into a laboratory or
otherwise experimented on in  their
natural environment {Ackoff 1970).
Models can be classified as physical
(ships in tow tanks), g:aphic} symbolic
repregentations (algebraic egquations) of
the gystem; or a specified procedura fqu
the evaluation of some criterion such as
expenses  ox profit (Schweyer) that
depend on other operating conditions
subject to conrntrol by mﬁnagement.

Simulation is the manipulation of a

model in such a manner as  the
*properties” of the system can be
studied. In the sense I'n using it,
simulation - is an experiment or

manipulation of a model that reproduces
XCL operations (a functicnal component
it moves

or the whole firm) as throuvgh

time. The manipulation may be by hand,
computer, or by a combination of man and
computer working together, The
simulation models we have worked with to
date have heen essentially of the latter

{man~machine) although we have

type

built some forecasting models that can
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‘stand alone’ undsr strict cocmputer

control. We simvlate systems {such as

the operations of XCL) bscause we want

to understand how thay work, determine

the factors that influence their

behavior and obsazrve how they reaet ¢o

changes in their environment az an aid

to planning, foracasting, and other
decigion processes,
SIMULATION MODELS BEING USED IN

FINANCIAL PLANNING AT XCL

It is most important ¢to realize
that we do not have a planning model as
such, rather, wa have a series of models
which are c¢hanging as wa learn more
about our business and as we laarn more

about how models can asuist us in

improving our planning and
decision-making capabilities,

Simulation models  have baen
previously (Gershefski 1971} clasged

into three types =~ budget compilers,

simple mathematical models, and large

complex integrated models. We use &all

three types and variations in between,
Our first siﬁulation model was of

the simple mathmatical typs, it was

developed in czrude operational form

within 1 calendar month with the

expenditure of less than $3000,00., This

model was built to assist us in the

development of our roiling 12 -month
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foracast of ocur buziness, a task which
is paxforméd wonthly and 1is used in
resource planning, profit planning, as a
control device, and in the development
of our operacing plan. Prior to the

model, this activity regquired shout 4

man-weeks of analyst level effort.

This dinitial model was operated
through a termingl where the analyst and
managér (genevally both) controlled 30
variables (aucl as growth rates, product
trading relationships, productivity,

etc.) and obtained a forecast of 300
output variables per month for 12 months
(such as order forecasts, inventory
changes, resource requirements, revenue,
expense and profit contribution, ete,)
(Seaberg 1972). This initial system can
be seen in Chart 1 (Initial Simulation
System), On this chart you can see the
interrelationghip of the timeshared data
base with the in-house batch systems,
Tanitially the data was keyboard entered
into the T/S data base; now, there are
mechanical {data tape) transfers .

To swmmarize our initiation to
simulatioﬁ models, one couid say that it
started with a recognition that a
computer model could be of significant
assistance in obcaining a more timely
forecast of XEROX

and conzsistent

operstions at a significant recuction in




cost (4 man-weeks to 2 man-machine days)

and infinitely more flexibility in

varying assumptions and observing the

simulated outcome on activity, revanue,

expense variables.
We classified this initial model as

a simple model. While it simulated our

marketing function in a fair amount of

detail, our distribution, service

{support) and financial functions were

handled in highly aygregated and

simplistic procedures (although in more
detail than the manual procedure which

the model replaced). The model did

however, stress key interrelationships
in both our financial and operating
structures and for this last reason we

iater used this particular simulation
model for the basis of a model designed
to assist in long range studies and
projections,

Our long range planning cycle (10
years)

begins with a projection of

current trends of key variables.

Management then may change these key
variables consistent with what they feel
to be desired directions (objectives and
goals) and the models are then exacuted
to determine the effects on operations
and the rasulting financial
implications.

INTEGRATED MODELS

“~
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The reqgquirement for incresased

mordel complexity becomes apparent as we
begin examining causal factors; the

interrelationships within, as well as

betwaen the functional areas; and for
the development of operating plans and
budgets.

Beginning with our simple model,
we, together with the functional areas,
enlarged the models to describe in more
detail, their operations and the
financial procedures of XCL. From this
effoxrt we derived More conplex,

integrated models for use in forecasting

, Planning, and simulating procedural

changes (operations or financial) and

for special oune-time or infrequent

studies such as pricing |©reviews,

promotional campaigns, and facility
locations. analysis., As can be expectead
these large models have both many more
input variables {compensation levels,
trends by employee group, freight rates
by destination and point of origin,
etc.) and outputs (an entire operations
and financial plan}. These larger
models tend to be operated primarily by
analysts supporting the functional
manager.,

It is difficult if not impossible
in both planning and forscasting to

avold looking outside the firm to the



external environment, Typically and in

the case of XC1, many  of thase
relationships are mnot clzarly defined

and even more rarely quantifiable.

However,

and must (even if only implicit) be
incorporated in a forecast and plan,
Typicaliy we find that these excgenous
factors for planning purposes, are
assumad not to change or at most, that
changes in them will have only a minimal
impact on the firm, Howevar, on a
hind~sight bazcis it is nearly always
demonstratable that environmental forces
both economic (up or downswing) and
social (riots) did have an influence on
the firm (generally earnings). It

becomes increasingly important to

explicit as possible a

provide an

mechanism to incoxrporate these
influences in our planning process.

To this challenge we are developing
octher models and information iinks to be
incorporated into our planning system,
Partial to-date results from these
efforts include a serias of statistical
and econometric models and data bases,
ECONOMETRIC MODELS

To date, we have focused primarily
on the davelopment of
“search-analysis~display” timashared

programs to examine econometric serxies

these forces cannot be ignoredl

(GNP; unanmployment, interest rates) and
XCL DATA (sales, profits) and applying ¢
he statistical concepta ef regreasion
raltiple and

analysis (single,

stepwise), find and determine relavant
relationships, The Service Bureau

{(which supports APL) providas an'

econcmic data base of 60600 series
maintained by Statistics Canada (CANSINM)
which in turn i3 the central agsncy in
Canada for funnelliing eccnomic data from
originating government agencies
{agriculture, commerce, etc .).

A major problem we encountered in
deing this  type of project is

organization of the data such that both

corporate and economic series can be
retrieved gquickly and stored on a
comparable basis for use in the

analytical medels. This is a major

problem szince these are on-line models
and the analyz¢ wants to spena only
minimal time retrieving and structuring
data so that it is in comparahle form.
We avercama this obstacle and an example
is demonstrated on Chart 2 (A Procedurs

for Structuring Data : Series With

Timasharing).

Through the terninal the user

specifies bhoth the economic gseries

(CANSIM code) and the XCL data which the
» from the files,

computer retriaves



Another series of programs shapes the

data according to information entered
threcugh the terminal by the analyst
covering such things as time periods to
be utilized, lead and lag velationships,
and the identification of dependent and
indepandent variables, Other ﬁrograms
then take over and check for data
conmpleteness, deletion of any extraneous
data, and that the data is structured
properly for the analysis programs,

We have obtained national economice
forecasts from the Institute of Policy
Analysis, University of Toronto and
these forecasts also reside on~line for
use with the planning and simulation
models, A sample cutput of an economic
analysis and projection related to XCL
data is contained on Chart 3. While
this analysis results from a multiple
regression analysis, we are developing
more sophisticated models {(to be covered
These

in Future Projects section).

print programs can also be used by
market research to sﬁow market or
geographical profiles at a point in time
or how they are changing over time in
addition to compariscn with economic
variables.
STATISTICAL MODELS

As we were completing our initial

simulation models, it was becoming
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apparent that a variety of statistical

forecast models would significantly

enhance the wvalue of the simulation

models especially if they were equipped
with an override capability tc allew the
managar to easily add information
affecting the outcome not contemplated
in statistical analysis, These
statistical models were designed to be
usad for estimating input variables with
hoth the planning and forecasting (12
rmonth rolling outlook) szimulation models
as well as on a stand alone basis,

Late in 1971, exponential smocthing

models wvere made operational. Three
models were included in the general
model - seasonal, s.ngle and double.
Optimization procedures are an integral

part of the models and are used to

compute demand levels, trends,
seasonals, and the alpha weighting
factors. A tracking system for bhoth
previous actuals and foracasts is
included to continually (over time)

determine the optimal forecasting model

{criteria is the minimum ahsolute

deviation -~ MED). In addition to the
MAD, a forecastahllity index is also
produced (actual‘patformaﬂce -~ gatandard
deviation). Chart 4 shows a typlcal
cutput of these models.

The effect of introducing this set



of statistical models was somsthing onliy

short of fantastic. Tha forecast MAD

was decraased by an average of 30% and

in some instances by 50%. The other

significant effect was & significant

reduction in the ¢iwme to prepare a

reliable formcast since now the

simulation models could be operated with

minimal human intervention, It is
significant to point out that 1if
msnagers nassags the statistical
forecasts to  incorporate special
knowledge, such a3 sales c¢ampaigns,
inventory ‘constraint, {a
man-atatistical-simulation interface}
the MAD decreases by a further 10 per
cent indicating the importance of
rmanagerial involvement and his insight

into the process, I would point out

that the computer based simulations

models without the statistical models

predicted about as w2ll as the purely

manual models { the great benefit of

course being time and human effort
savings) . This is, of course, because
the initial simulation models were
designed directly from the ranual

process they were to replace.

For use with the sgtatistical models

a series of curve fit programs are
available, We have found these in many
instances to ba excellent {although

610

models for some

naive) forecast

econometric series, Chart 5 shows ong
way in which we use thew in our planaing
process.

We are currxently developing other
statistical forecasting techniques which
will be covered in the f{uture projacts
section.

BUbGET_COMPILERS

Once we have a set of simulation
results from theQXCL operations models
we execute a sat of budget compller
allocate resources to

models that

organizational units and proorams. The

output includes budgets and pro-forma
financial statements, Moat of the
budget model input variables are

directly taken froem the results of the

operating and financial simulation
medels. A few input variables are
controlled separately such as
depreciation write-off assumptions and

allocation rates for overhaad expenses,
As in the other simulation models a
manual owverride capsbility exigts for
any last minute “management directions”

THE ROLE OF MODELS IN THE CONTROL
FUNCTION

An important role of ¢the above
models and their data bases has bean the

darivation of a series of "control®



models, The establishmaent of a control

system is one important coméonent of

the planning process that provides a

feedback mechanism to aasure that

objectivaes/goals are being achieved.

Chart 6 shows how the feedback system

works.

As actual performance data is

obtained, it is incorporated in tke

foracasting simulation models ({through

the statistical analysis models) which

in turn are a feedback 1loop to the

planning models.

In the a

control function,
discrepancy between actual observatione

and previously defined objectives

(Plansjis generally the stimulue to

trigger management action, The

nodels

statistical forecasting

{discussed above) utilizing actual

performance data, projects trends and in

addition do a comparison against plan,

These *actual-forecast-plan®

relationships are made availahle either
through routine or exception reports,

Whilie these control models - are passive

in the sense that they do not trigger

actiocn by  themselves to corre~nt

perceived deviations, they do provide

the manager with the exception

information which, when ccupled with the

simulrzion models, provides the manager
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with an adaptive mechanism for positive

action. Over the pazt two years each of

our functional areas have nmade extensive

use of the sinulation models in this,

control context,
UPDATE AND REVISIONS OF PLANS

Planning is a continuing process,

At various time intervals a plan must he
adopted as the basis for ohjectives and
resocurce allocation at which time it

becomes an Operating Plan, However,

every plan is based on assumptions, and

if the assumptions contain  gross

defects, then we have an invalid plan

which can bhe worse than no plan at all

{(especially from the viewpoint of

credibility). It may then be necessary
within the operating cycle to revise and

update the Plan. The models are used in

this process which in turn stimulates

changes to the long range plans which

are then simulated and adjusted for this
change in current direction.

THE PLANNING SYSTEM WE ARE USING

This next chart (chart 7) puts

together all of the various models we

have been discussing above (APL in

Business-~System at 28 months). As is
suggested by the chart we have to a very
large deqgree modularized the models so
that they could bhe used interchangeably

or on a stand alone hasis. The dnta



base contains operating plans, iong

range plans, forecasts. current &and

higtoric operating results. About 99%
of the data is either derived from the

models or in the case of actual
opaerating data, is mechanically fed from
batch systems, The models to the left of
the Data Base are the models discussed
in this paper.

The special studies ave models that
have been developed by the functional
areas for use in additional analysiz of
the data and “one~-time-only"” proijects.
95 percent of these programs are written
{in APL) directly by the functional
department.

The Reporting System indicated in
the upper right hand side is a series of
programs to format the data ox
information in a variety of user defined
ways. A unique function within the APL

system allows the user to develop some

basic reports in just a few saconds,
Elaborate reports take lbnger. This is
particularly useful wit* the simulation
models as frequently a unique problem is
bainy examined and the

manager or

analyst does not want to wade through
predetermined general reports to observe
the effects of

a particular set of

simulation outputs. In addition this

flaxible report writing procedure makes
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it very easy to change report formats .
One of the chief advantages of this
tyre of an overall system is that it
links together the historical and future
data, and all of <the parts of the
buginess so that the business can at the
same time be viewed as an integrated
whole or be broken down into its variocus
sinulation

components, Through ¢the

models , it can be readily ascertezined
how & decision in one functional area
will reverberate through the syatem and
affect other functional areas ana the
firm as & whole. These effects can be

gimulateé and shown in seconds or

minutes rather than hours or days for a

vhole series of alternatives, Through
the use of ®hase cazes”, variable
sensitivity analysis is quickly
calculated,

FUTURFE PROJECTS

In the same sense that planning is
an on-going procesg so are these models
and data bases, We find that solutions
to one problem generally result in

additional questions or deronstrate a

lack of understanding of other
processeas, For us this meang that our
models ust change to answer new

qgquestions and to handle problems and
alternatives not previcusly considered.

Little, probably best described this



process as an

"analysis~education~-decision process®
where man in working with models updates
his intuition as he understands more
about the problem and the models assist
in this process by interrelating the
factors for him {Little 1970).
We process model changes on an

on-going basis by changing, discarding
and recreating, or at the same time both
enlarging some models (to account for

added complexities) and adding

simplifying models for summary level
analysis.

We are also continuously
regsearching new capabilities in crder to
learn more about our business, its
envircnment, and to assist in developing
batter ways of doing business.

On Chart 7 the asteriks represent
some of the proiects with vhich we are
currently involved.

ECONOMIC DATA ANALYSIS
As previously indicated, we already

have hoth historical and forecasted data

for several economic series and a byroad
set cf statistical routines for
analysis. Currently under development

are 1/0 models to dsvelop industry and

geographic forecasts, models to combins
both economic and market research data

(potentials, penetration growth rates).
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From this will come {hopefully)
information for better resource
allocation, identification of growth

areas and a measurs of the influence of
environmental data on our business.
PROBABILISTIC FORECASTING

We are already doing statistical

variance analysis as a part of our

statistical and feadback models

discussed earlier and this provides us

with the capability of applying

confildence intervals to our statistical

forecastg in addition to the poaint

estimates,

We are currently working en the

capability of doing risk analysis
utilizing "Monte Carlo® simulation
methods (AMA 1972j. The objective here

is to integrate modeling, probability
theory and simulation feor investment
analysis, |
SENSITIVITY ANALYSIS

Currently we have the capability of
measuring the sensititivity of inputs by
changing an input variable,
re=-gimulating and mechanically measuring
the change in output variables against a
previously defined "base case", This
method while it is operational - it |is
crude, We are enhancing the existing
capability with likelihood information

for the input wvariables.



THE IMPLEMENTATION PROCEDURE

e became involved with simulation
and models when wa were able o
demonstrate to ourselves and management
that this alternative provided us with
better forecazt and planning procedures
than the manual systens they yaplaced
(mora timely and econcmical as wellj.
Bach new application must pass this éame
test. As was indicated earlier, our
initial model cost us wnder $3000 which

included computer cnsts, gystemes
analysgis support and the time of our own
staff,

From the models inception, cther
functional sreas wera asking us to
change input variables and simulate the
effects. We weyxe immediately requested
to incorporate additional features to
enhance and generalize the use of the
model for them.
important

Thera ara several

factors to this happy

We have already discussed three

contributing
state,
economy

important ones - usefullness,

and timeliness. There ere other
significant factors:

.Interactiveness~the ability to change

assumptions and obtain
instantaneous results. The
terminal | and models
eagentially bacone an

extension of the manager or
analyat.

Direct Involvement -There are nc third

perties or internediary
obstacleq to work through
{coding sheets, keypunch

routines or prograrmers), just

the manager and the terxminal.
APL Language -APL is axtremely macro
oriented and knowledge of only
a few commands allows the user
coneiderable “programming”
capability. OCur Management
Sciences oroup {in the U,S.

have found APL to E&Ye

resources over = conventional
lsnguages (Fortran, CORBOL,
BASIC) of from 5-15: 1
{Radwood 1972 and Schengilii
1971). '
Timelinees -To implement uvaelful models.,
The combiraticn of terminals,
on-line data bases and APL
allowed models to be developed
and implemented in the time
that it would take to write
the spscifications in a more
conventioanl language on &
batch system.
aner Iinvolvenent -3ecausa of all the
sbove, it put a modelling

capability directly in hands



of ths user - given that he

has analytical ability or

orientation,
All cof the above models have been
developed by my staff complemented with

one full time consultant from the

timesharing vendor and myself -« a total

of five. lNione of us have worked full

time on modelling, the models have

evolived as part of performing our

overall responsibility. We estimate our

total investment in these systems to be

under $30K to date,
We have worked sufficiently long

with these kinds of modelling

applications to observe their effects on

two other important work related aspects

resource requirements and job
satisfaction. We  have saved
considerable cost by using computer

based models rather than strictly manual

approaches, We estimate it would

require several magnitudes of manpower

increages to achieva the same leval of

output a significant increase in

£ficiency. Each analyst has a lcw-cost

terminal which they have come to rely

upon in all phases of analysis and

problem solving. The average usage is

50 hours per month per analyst. "he

range of APL programming capability

ranges from poor to very good. lHowever,
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te operate the wnodels no programming
ability is reaquired, but I de require of
the analy.ts, knowledge of how to access

files and use the computer in a

calculator mode, The use of timeshared

models gives each of the analysts
greater responsibility and scope than
would he possible in a manual

environnment which has generally resulted

in a much greater level of job

satisfaction,

In conclusion we have found

timeshaved simulation models to be

imminently successful in our planning

processes. We use them as an augment to

the manager in assisting him in planning
and decision processes by providing the

capability of an instantaneous data

retriever, analyzer and projector. The

mpdels have heen adopted in the U,S, as

well, further attesting to their

usefullness in these processesg (Redwocod)
We have well

plus other uses. as

adopted the simuiation models to our

smallest divisions which demonstrates
that computer based simulation models
arve economically viable in small as well

as large business.
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ILLUSTRATION

MULTIPLE REGRESSION OF FIjM4 DATA WITH ECONOMIC SERIES

ANNUAL
STARTYEAR 1959
PREDICT ALL

CLIM 0 INPUT
SIGNIFICANCE 1 VARIABLES
PITEST 3

DV REGRESS IV -~ PROGRAM EXECUTION

MULTIPLE REGRESSION OF SALES AGAIRST GLP AND CORPORATE PROFITS

COETFICIZNTS ST, ERROR - T VALUES VARIABLES
F “B4,659 212 1 SALES
B1 0.049 0,001 52.083 v 40012 cHuP
B2 “0.143 0.011 “12.573 Iv 30867
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Al ILLUSTRATION

PORECASTING WITH ¥XPONELTIAL SHOOTUING

HINIMIZZNG BESTIMATES-WRIGNTS 3Y P/L

NO/HAN
HODEL Dy Ta Sa DEHAHD TREND HAD
1 .2 .5 = 63 C2,00 13.8
2 .2 .2 79 3.00 11.3
3 o 71 89,00 11.5
ORUERS
JUL oUrLOCK
PERFORNARCE ouTLAnY ACTUAL-
Sin sppmomm e NN —o———mad CTUAL-OUTLOOK _ ... _
HODEL  FI ACT  ovuT  MAD  ACT oUr  RAD  JUL  AUG  SEP Q1 Q2 Q3 Qa FYPC
1 2.78 lus 155 13 ess 883, u2 145 152 152 419 469 860
338 121.36
2» 3,89 188 153 3 ees 877 30 148 187 146 419 453  ew) 34 1219.99
3 3.70 PLT TN § 4 29 698 913 3s 150 149 188 19 469 auy 338 120.%2

NODEL~~135 ASONAL
2: T, 'GLE
3 CVALE
LA SVl ]
s  OPTINUW ALPRA (TINH&) WEIGHTING FALTOR
2 DEMANID CONPORENT
THEND CONPONRHT
s SBASONALITY COUPONEAT

MAD = HEAN ABSOLUTE DEVIAZION
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ILLUSTRATION

U5t OF CURVE FIT PROGRAMS TO CEVELOP DATA FOR ECONGMIC FORECAST

GPP CURVEPIT TINE

GROSS PROVIRCIAL PRODUC? FOR OXTARIO (1957 - 1969)

LINEAR PARABOLA cusIc QUARTIC EXPONENTIAL
ACTUAL FORBCAST DBLTA PCRECAST DELTA FORECAST DELTA PORECAST DELTA FORBCAST DELTA
1957 13784 11134 23.¢ 13846 T0.5 13973 Tt 13776 0.1 12568 9.7
1958 14060 12701 10.7 18057 0.0 14057 0.0 14189 T0.9 1354 3.8
1959 14829 1260 _3.9 14515 2.2 14556 2.7 14637 1.3 14599 1.6
1960 15300 15836 R 15249 _o.5 15127 1.1 15234 0.4 15735 T2.8
1961 16030 17803 78,0 16170 “t.0 16989 To.s 16067 To.s 16960 75.6
1962 17018 18970 10.3 17367 T2.0 1781 C1.8 17194 T1.0 18280 T6.9
1963 18599 20537 Ts.c 15811 2.6 18811 To.6 18644 0.3 19703 5.1
1564 20303 22108 "8.1 20501 “1.0 20548 T1.2 20420 Co.6 21237 Ty
1965 22377 23871 5.0 22439 0.2 22519 “0.2 22497 “0.1 22890 “1.8
1966 25342 25239 0.4 28622 2,9 24716 2.5 26822 2.1 21672 2.7
196% 27193 26506 1.1 27052 0.2 27122 C0.1 27313 “0.8 26592 1.9
1963 29568 28373 “,2 29729 Co.5 29729 ~o.s 29861 “1.0 28662 3.2
1969 . 32693 29980 8.5 32653 0.5 32529 0.1 32329 0.5 30893 5.2
AVC ERROR 7.8 0.9 1.0 0.7 4.2
COEPRICIENTS A 8 ¢ 0 ;
LINEAR 11134, 0 1567.2
PARABOLA 130%6.4 87.7 123.3
cusIc 13973.3 7.9 157.9 "1.9
QUARTIC 13776.2 43¢2.9 Ts2.¢ 26.0 “1.2
EXPOBENTIAL u.t NS
ORICIA: OBSURVATICON - 1
NS®ROT SIGNIFICAAT
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