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Abstract

Emerging 'High Technology' and 'New' industries present
complex forecasting problems since their growth patterns
are correlated to GNP growth, to nominal improvements in
cost/performance from routine R & D, and fo potential
innovations or poliey interventions. This paper describes
the application of the USC Center for Future Research
INTERAX System to forecasting the size and strueture of
Data Processing Industries. Results indicate that some
proprietary planning organizations may be factoring into
their forecasts subjective probability-based estimates of
the impact of technology innovations on produet cost/
performance and industry sales. The emerging industry
simulation methodology is data-driven, thereby permitting
rapid definition of industry structure and derivation of
elasticity/substitutability coefficients by tuning the model

to historie or short-term forecast data. -

INTRODUCTION

This paper presents a methodology for forecasting the
long-term growth and structure of emerging industries.
Such industries present complex forecasting problems since
their rapidly changing technologies and produet mix do not
lend themselves to the traditional growth rate extrapola-
tion methods, which assume stable product and technology
interrelationships. Desecribed is an easy-to-use computer
simulation system that forecasts the growth of multiple
types of inter-related 'high technology' and 'new' indus-

tries.
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Our hypothesis was that a straightforward econometric
model could be produced that would incorporate as para-
"natural®
trends, and would accurately forecast long-term industry

meters measures such as cost/performance
growth and structure. This approach and hypothesis is a
continuation of the long-range forecasting and modeling
efforts of the University of Southern California's Center
for Future Research. The generic cross-impact simulator
program used was developed and is extensively used by the
Center. The Data Processing Industry was chosen as the
illustrative case study for the emerging industry applica-
tion model incorporated in the generic program, since
extensive traditional short-term forecasting data was
available from a recent multi-client research study in

Network Information Services performed at the Center.

METHODOLOGY

The forecasting model uses five types of data: elasticity
coefficients, cost performance trends, event probabilities,
event on trend impact coefficients, and event on event
odds multipliers.

a. Elasticity coefficients were derived for total industry

growth characteristics and for sub-industry penetra-
tion (market share) characteristics. The derivation
of the elasticity coefficients includes the "tuning" of
the model to fit short-term forecasts produced by
various proprietary market research firms. For
emerging industries where such forecasts are not

available, historical results could also be used.
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Emetrging Industry Simulation(continued)

b. Cost/Performance trénds were derived directly from

technology forecasts by various laboratories. Such
forecasts are normally available in the literature of
high techndlogy industries and follow the "S" type
curve of increasing then decreasing rates of cost/
performan'ce growth,

c. Event probabilities are cumulative probabilities of

each independent event occurring through period t.
These probabilities were derived from published
sources (Delotta et. al., 1976; Lecht, 1979; Withing~
ton, 1975) and from, in—deptﬂ Delphi interviews with
several experts in data processing technology fore-
casting. ' This methodology limits the praectical num-
ber of events severely (Eymard, 1977, page 228).
Therefore, the model used five innovation events plus
an individually introduced alternate scenario policy
event. ‘

d. Event on trend impact coefficients are multiplieitive
coefficients that modify cost/performance trends

over a specifie period. The values of these coeffi-
cients were also derived from the Delphi interviews.

e. Event on event odds multiplication coefficients are

odds of occurrence multipliers that modify normal
event probability distributions (see Alter, 1976, for
methodology) and are used to define event cross-
impacts. These cross-impacts specify the impact of

" occurrence of an event on the probability of other
events oceurring in subsequent periods. The values of
these coefficients were also derived from the Delphi
interviews. '

The emerging industry application model was incorporated
into the USC generie cross-impact model program, and the
elasticities tuned to fit 1975 through 1983 traditionally
derived industry forecasts.

The equation used for total industry demand was:

"8y = Spmo 1+ DL + YTy - Ty

where S, = total industry constant dollar sales at period t.
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r = basie annual real growth rate of the economy (a value
of .035 was used for the data processing industry simula-

" tions).

~

T = weighted mean technology index of cost/performance
trends.

n = technology/demand elasticity coefficient (simulations
used a value of .015 for the data processing: industry.)

The demand equation can be derived as the produet of
three factors: initial industry size, real GNP correlate,
and emerging technology correlate.

S¢ {constant dollar sales) =
S, {Iitial Industry Size) x

fireal GNP) x glcost/performance)

A long-term view of GNP growth is uséd for the second

term of the demand equation.

flreal GNP) = (1 + r)t

The traditionally high correlation between GNP and iridus-
try demand is widely used in foreecasting (Spencer and
Siegelman, 1964, page 150); Its use it the demand equation
accounts for growth due to an expanding total economy.

The emerging technology térm is derived from the simplest
functional form of a declining marginal utility curve
{Tintner, 1965, page 54).

—g%”ﬂ‘-b where o €b <1

Solving the differential equation and substituting for initial
conditions at t=o, gives the basie production/demand
funetion used.

S=an+1 where d=b +1
implying 0 €d <1



The last step in the derivation is the determination of the
exponent (d) of the technology term T. The mid-point of
the range for the expoﬁent (.5) was used as an initial valué,
as did Wahi (1972). Based on the ¢lose fit of the derivative
of the simulation result curves to the calibration data, no
later adjustment was made.

The equation used for determining market share at both
the primary industry level (product differentiation level)
and at the sub-industry segment level (technology or
delivery system differentiation level) was:

Mi,t = Mi,t-l @w++gn Tizt)
gTi,t)

where Mi,t = market share of i th industry segment during
period t.

§ = substitutability coefficient

if @ = 0 there is complete substitutability, no produet
differentiation. If § = 1 there is no substitutability,
isolated markets. {(The data processing industry
simulation used values of .25 and .15 for the primary
and sub-industry levels.)

The industry segments used were:

i=1 Al Network Services (sum of i =
4 and 5)

i=2 Centralized Services

i=3 Decentralized Services

i=4 Network Information Servicfes

i=5 Dedicated Network Services

These econometric demand functions are similar in format
to the equations used in numerous management simulations
games; see, for exampie, the Yale University game
(Shubik, 1964) and the IBM game (Wahi, 1972).

The simulation model was used to produce a fifteen-year
forecasting run of the data processing industry from 1975
through 1990. Three types of simulation runs were per-
formed.

a. Nominal Seena}'io
A nominal seenario was run utilizing existing variable
inter-relationships, nominal trends, and excluded the
impact of future events. This run operated the
simulator model in the same deterministic format as
traditional short- and medium-term simulation
models and excluded the long-range forecasting

eross-impact elements.

b. Stochastic Seenario
A stochastie scenario was run utilizing cross-impaect
probabilities and impaets. This run used Monte Carlo
methods to approximate the impact'of oceurrence of
abrupt events and changes.

¢. Alternate Poliey Seenarios
Several alternate stochastie scenarios were run
'incorporating the specialized policy or technology
event, "White Collar Unionization Expansion." These
runs demonstrated the methodology for using the
simulator model for studying the impact of potential
poliey interventions.

SIMULATION RESULTS

The INTERAX simulation model in the eompanion paper by
Enzer (INTERAX:
Futures Research) at this conference produced results

An Interactive Simulation Model for

closely matching the published foreecasts of various experts
for the next decade in data processing.

Clarity of Model

The trade-off between realism and simplicity defines the
clarity and generality of the model. Based on limitations
due to complexity requirements (Armstrong, 1978, page
204) and expert opinion survey reqixirements {Eymard,
1977, page 228), the data processing industry simulation
was performed with the following limited number of vari-
ables.

o. Cost/Performance Trends
Four independent trends were used: maxi-ecomputer,
mini-computer, shared network, and dedicated net-
work cost/performance. A dependent trend, data

communications eost/performance was also used.
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Emerging Industry Simulation{continued)

o .Exogenous Events
Four independent abrupt impact events were used:
computer architecture, micrologice, shared network,
and dedicated network innovations. A dependent
event, data communications innovation was' also
used. Ajpolicy intervention event was used in the

alternate scenario runs.

Although, the four event and four trend model would
appear very simple, the research, interviews, and compu-
tation required to reliably derive the required variables
turned out to be very complex. .Several hours of inter-
viewing were required to explain the model and the para-
meters to each participant and to obtain a full set of
parameter estimates. Four ."experts" and the authors
submitted a full set of parameters. Several other persons
interviewed either would not take the time to understand
and create the complex opinion set or .felt that their
expertise did not cover the full range of technologies and

produets.
The aythors feel that the sample size is small but ade-
quate, since the data processing forecasting community is

small and utilizes commonly available basic forecasts.

Comparisons of Forecasts

" The forecasts produced’ by simulation are compared to
independently obtained forecasts in' the following table:

The deterministic forecast t‘racked a composite forecast
combining such diverse groups as: Frost and Sullivan
(ComputerWorld, . January, 1977), INFORUM research
project, (Almon et. al., 1974) and Quantum Sciences Corpo-
ration (MAPTEK, 1975)' Tﬁg ‘ét&"ah&l’e gl%&iaizrxon fore-
casts tracked the International Data Corporation (IDC)
forecasts (Fortune, March, 1977). The IDS forecasters
appear to incorporate some level of innovation expecta-
tions in their forecasts.

APPLICATION OF MODEL

The model produces annual real dollar and current dollar
figures for each segment of the emerging industry. The
following table presents the 1990 forecasted constant
dollar results for the nominal and stochastic seenarios.

Forecasted 1990 Data Processing Industry Sales
{in billions of 1975 dollars)

Type Service Nominal Scenario Stochastie Scéenario
Centralized ' 24 23
Decentralized 16 16
NIS 5 28
Dedicated Network 10 12

Total DP Industry $55 $79
The introduction of the innovation oc¢eurrences significant-

ly expanded the market while changing its structure.

‘ TO’I‘AL DP INDUSTRY FORECASTS

{in 1975 biIlfons of dollars)

1980 1983 \
Model Results $ MAPE $ MAPE
Nominal Scernario 50.03 1% 69.9 1% of compromise
Stochastie Scenario 53.89 6% 78.8 1% of IDC

Validation Data -

Composite Forecasts 50.5

IDC Forecasts 750
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69.5 (11.2% growth rate)
78 {15.6% growth rate)



Econometric models of the type used in the emerging
industry simulation are well suited to testing sensitivity
and accuracy (Armstrong, 1978, 343). By inserting several
values of the parameter under investigation, a sensitivity
index can be computed giving the planner a quantitative
feel of how results will vary as the inputs are changed.

As an example, the following results were produced during
a sensitivity analysis of an alternative poliey seenario.

Sensitivity Analysis Data
{in millions of 1975 dollars)

Value of

Event-On-Trend Total 1990 DP
Coefficient Industry Sales

1.0* 79

Rt} 78

.8 77

N 75

.6 73

R 71

A 68

3 66

2 64

1 61

*Has no effect giving same results as stochastie scenario.

As the value of the policy multiplier is reduced, the nomi-
nal technology trends are reduced and with it Data
Processing Industry Sales. A good way of analyzing these
results is to compute, as illustrated, a sensitivity index:
the ratio of percentage change of the results to the per-
centage change of the parameter.

Sensitivity Results

Parameter Deviation Sensitivity Index

-10% .08 = (~.8%/-10%)
-20% 0
-30% a3
-40% .16
-50% 18
-60% o .20
-70% 21
-80% .23
~90% 24
Average 17

The interpretation of the index is as follows: on the aver-
age, a percent changé in the value of the event-on-trend
coefficient will create a .17 as large percentége change in
current dollar data processing sales. '

CONCLUSIONS

The abjectives of the model were to (1) apply eross-impact
modeling - to micro-economic planning, (2) develop quariti-
tative technology diffusion and demand funetions, (3)
incorporate constant dollar cost/performance growth
rates, and (4) create a usable system, balaneing simplicity
and generafity and produeing realistic results. In general,
these objectives have been met, but with several -impbrtant
limitations.

Micro-economie Application of Cross~-impact Modeling

S

The model should be applicable to technology-based
emerging industries such as calculators and videographics,
The.data proecessing industry simulation forecast uséd as an
example of the system appears successful in the sense of
produeing consistent and realistie results.
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Emerging Industry Simulation (continued)

Development of Technology Diffusion and Demand

Funetions

The model is econometric in 'nature, forecasting cost/
performance trends under technology diffusion assumptions
and deriving market share and industry sales based on
elasticity-based demand equations. The model accurately
forecasted data processing industry structure through
forecasting underlying trend variables and derived sub-
industry and industry sales.

Incorporation 6f Constant Dollar Growth Rates

The model is capable of using any form of cost/
performance growth curve. The data processing .industry
forecast uses constant dollar gro'wth rates varying from
4.5% to 9% pel; year. These growth rates reflect expert
industry forecasts (Withington, 1975) and should hold true
during the emerging phase of the data processing industry.

Usable System

The model is based on a generie cross-impact program
(Alter, 1976) which should permit easy modification or
expansion of the model. The system is interactive and runs
on.g PDP-10 system utilizing the FORTRAN language. As
discussed in prior paragraphs, the model, like any cross—
impaét system, requires the specification of many proba-
bilities, trends, and multipliers. Even with four events and
trends, the numiber of parameters is quite large.

Based on estimates of several weeks to learn and produce
the structure of a new emerging industry, and a day for
each .expert's interview, a month's work is probably re-
quired to get a model running. This implies the model is
straight-forward, but still complex to implement in prac-
tice. :
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Emerging Industry Simulation (continued)
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