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‘The decisioﬁ to represent tﬁe introduction process of
an innovative product 1ineiha computey sﬁpported manner was
the basis for the Gevelcpment of a future model base system.
The functional submodels are concépted in a modular manner,
inaependently practicable as well as exchangeable . in the case
if relevant model parts shall be substituted resp. completed
with regargd to other submodels for the numeric simulatlon of
a sequence oroduct A user friendly command 1anguage, which
is realized for the time being, defines the respective model
building process.

In the subsystem 1 “iﬁvestigation.of real purchése
intensions all the behaviour manners’ and relations are sumha-
rized which are determinant for the monthly number of flrmly
determined buyers. Exogenous, i.e. from outside the system

boundary coming input variables into this subsystem are repre-
sented by

- the recommended standard price for the product
expenses of the enterprise for quality improvements
as well as

the promotion activities adjusted to the client and

to the consignees of the mailirg action (physicians
and pharmacists).
An endogenous, i.e. an input variable coming frém another
subsystem within the system bcundary 'is the
- averaqge tire of delive*v

Generated in-the subsystem 4, which influences in ‘a negative

mannex the number of firmly determined buyers with-increasing

tendency.
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- In the subsystem 2 'supplicr structure" the development
of thé trade's opinion witn regard to the product is modeled.
As an endogenous variablekthe customers® dehand of the sub~
system 1 (jump promotion) has a positive influence on the dea-
ler; as an.exogenous variable the promotion activities of the
produceér have a positive influence on the trade.

‘ In the.subsystem 3 "inventory and order system® the
stock~keeping policies and the order attitude of those dealers
are shownbwho could be interested for the inclusion of £he
?roducé into their assortment. In this réspect the acceptance
of the subéystem 2 "dealer structure” by the dealers as an en-
dogenous input is necessary. For filling up the relevant stock,
further informatlons concerning the supply on the producer's:
part (subsystem 5) become necessary.

In the subsystem 4 "order performance® the whole trans-
action o‘ the order of firmly cecided buyers is simulated. The
endogenous input intotne subsystem are on the one:hand the real
monthly buying intentions (subsystem 1), on the other hand the

acceptance of the trade, measured in the readiness to reorder

. the product for the customer (subsystem 2). Further endogenous

inputunits are given by the supply with the purposs of execu-

tion of the order, on the one hand by the subsystenm 3, stock-

' keeping and ordering in the case of high supply readiness of

the trade, and on the other hand by the subsystem 5 {(company
production sector) in the case of repeat and direct order of
the product from the producer.

In the subsystem 5 "company production sector™ the re-

. actions of the producer are shown on orders of the trade, espe-

cially the time of the order transaction. Input into this sub-



syster are conscquently the order of the trade (supplier) to
take care of their stock resp. the direct supply of the custo-
mers out of the subsystems 3 resp. 4. By analogy, the output’ of
this subsystem in fcrm of deliveries is rendered to thg same
subsystems.

- Each of these subsystems was formulated in accordance
with the structures founid out as a system of function equations.
The so formalized guantitative model was implemented on a com~

puter and adapted in an iterative process in its attitude to

. the observed real world (validation process).

1.5 Model application

The‘experiences and understanding in sensible para-
meters and bottleneck relations obtained in the process of vali-
éation yielded first starting points for a modification of stra-
tegies of the enterprise. Thus, for instance, the import;hce of
the acceptance by the trade and the important position of the
retailers were underestimated in the beginning. Furthermore,
only by the systematic analysis, especially of dynamic market

processes{ e.g. buyer attitude, objective groups -communication

‘etc.), the occurred partial fizzling out of promotional measures

could be explained and starting points for a more efficient use
of strategies could be developed.

With the grown spectrum of use it had become necessaxry
to extend the model by evaluation systems in order to enable a
comparison of alternative strategies, also with a view to the
product rentability (profit and loss account). For this purpose
the enterprise internal bill of costs system was integrated into

the existent model as-a self-reliant subsystem. As a result of

the modular construction this was connected with a very small
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coupling expenditure. In the interface only input resp. output
units in resp. 6u; of already existing subsystems are occurring.

Considered in a long term manner, in this place the
integration to a data base system with access to enterprise
internal (e.g. bill of costs system) and external data shall
be realized (see Miiller 1980), p. 1 ff).

For finding out strategies for the improvement of diffe-
rent objective variables two procedures had been chosen:

"l. For each parameter of the enterprise first of all
the development of selected objective variables {(e.g. monthly
turnover) .under variation of the relevant control variables was
separately investigated. Theée réSults for price vaiiations,
customer promotion and dealei promotion modifications represen-
ted the decision supported basis for the planning of the marke-
ting mix strategies, variable in time, by the en{erprise manage~
ment. By iterative feedback of the model results of such marke-
ting mix strategies the real strategies were permanently deve-
loped. ‘

2. By integrating the total model system to a defined
feedback lopp (structure)'with a heuristic optimizing algoiithm
the development of an appfoximately‘optimal, time variant
maiketing mix strategy was transferred to the computer (see

Krallmann (1676)). The approach for optimizing of simulation

models of the type system dynamics with the dimct search proce-

dures (razor search, evolution strafegy eté.) is the ﬁirst step
to establish an extensive method base system. The integration
of the models which are realized in the DYNAMO language (with
FORTRAN connection) ({see Pugh (1976), p. 118 f.) is peiformed

by an extensive software system in order to ensure highest
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user friendliness.

The integration of the DYNAMO model, the manipulation
of the FORTRAN code, based on the DYNAMO source and the choice
of the lcgic switches which control the simulation resp. opti-
mization process are realized by the software system. Iﬁ prin-
ciple, the end user indicates only the following variables:

- the decision variables with the bandwidths in which

they may be varied

~ the objectivé resp. state variables and their requested

upper and lower limits and

- some model based technical specifications (e.é. time

of simﬁlation in advance)} (see Krallmann and Lehmann
(1977}, p. 35 £.). i

With the usexr definition of bandwidths for the objective
variablesvto be controlled due to the relevant optimizatfion of
éhe decision variables, the demand for a goalseekingbcommand is
in some way realized (see Wagner (1980 b), p. 36).

The choice of the dimension of these bandwidths (upper
éhd lower limits) or Quide lines (as they are named by v.
Kortzfleisch) considers in an implicit manner a prbbability
cermponent of the computed state variaSle (see Keen and Wagner
(1879), p. 119). _ '

The total system configuration in its final phase of
develovpment is shown in fig. 3. The éeﬁdration lineskin the

picture describe the interfaces for the integration of the

method base system with a view to optimize the relevant model.

model base
system
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data base
system

Model

‘ : s (t) a(t)
' | ==
I\ e.g. sD model

(t)

Method

c{t): control vectoer
s{t): state vector

method base .
system

d{t): desired vector

Fig. 3: Total System Configuration
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1.6 Results
Useful krnowhows for the enterprise could be obtained
guring ‘the system analytic study in different phases:
a) Insights into the problem determinants and stfucture'
in the phase of system generating
b} Insights into the quantifative dimension of the
proplem determinants and structures in the phases of
system creation and implementation.
c) Insights into the margins of actions and results of
alternative strategies in the phase of model appli-

cation (model experiments).

2. Softwaretechnical Integration of Model and Method Base System

2.1 Sof:iware svstems and their control process

The here presented optimization process accofding to the
feedback principle is based on four essential program systems:

- the system dynamics model established by the user

in the simulation language DYNAMO (Pugh (1973))

- the procedure "SHOOT"

- the mcdel base system for the optimization routines

- the modules for representing different objective

functions.

The system dynamics models are realized in the simulation
languége DYNAMO III/F, i.e. the DYNAMO compiler is a preprocessor,
the generated source program of which is given in the programming
language FORTRAN. The DYNAMO preprocessor consists of two diffe-
rent subsystems: the precompiler system and the run time system.
In the run time system all subprograms are sqmmarized which are
wzed during the run time of a model. The precompiler system

generates of the DYNAMO model an equivalent FORTRAN program’
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(2ZMOD) anc & data file. The data file with the generated
FORTRAN program serves ithe procedure "SHOOT" as input. This

generated, efiicient and complex EDT routine1) modifies the

control process of the original FORTRAN (DYNAMO) programs

demonstrated in fig. 4.

The run time subroutines with names (capital letters)

and functions are shown in fig. 4.

In detail, the EDT routine "SHOOT" performs the state-
ments shown in fig. 5. The edited FORTRAN program (see fig. 5

last block) is then called.by the optimization algorithm

(razor search or evolution strategy).

n page 22




Call ot the FDT.

: Setting up of para-
) meter list, loading

' o
ZIFTL of the FDT proccdure
Verify read ot

the constants
: Output
| . 2ZMOD error ge
1 available -
2Z2CYL
Changes betore Reruns ~ Sto
Nudge of the expression P
Translation of
| - subroutine,
| generating of para-
: : meter list
Control routine ZZDYN
‘ |
comes comes comes . cones comes comes comes
from from (8 from (3) from (4) from (5) from (6 from m Definition of
Z2CYL - the logic
switches
I
Deleting of REAL
definitions of
the logic vari~-
. ables
(8) 4) (5) (6) (7) (3) ’
Initiali- | j Calculation Producing | Calculatior falculation) falculaty I
zation of | | of auxi- : the output | bf the of the pf the _
levels, liaries iSupple~ rates levels ' Integration of
rates ' ments . jurp points and
their transfer
positions
I
Restoring the
paraneters
|
Producirg of the
rg routines
for levels, rates and
Fig. 4: Procedure ot the original model ’ auxiliaries
]

! The data file processor EDT is a user orientated dialog text editor. , Output of the Fig.5: 5}12‘7{':95&&1‘1‘?5‘ the DG
It enables the providing of data tiles; the adding, deleting and i editad model mcel fo; co.;._x'm,:? and
redifying of the text; the deleting, copying, comparing and concate- secticnal cptimization
nating of data files. The EDY can edit data files in the virtual storage
or on the disk and contains advantages which permit EDT to become a 223-1

text processing lancuage (SIEMENS system 4004 (L975)).
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The logic switches in the objective function and in the -
) ’ Logic switches for the flow of control of the nodel
model (FORTRAN program) administrate the flow of control, the administrated by:
éingle oparations of which (from INITA to SAVE) are to be seen
Objective function model
in table 1:
. Switch ' 1
INITA : Starting inizialization of the model ’ {Constel FLAG 2 T @ SAV 1 SAVE FLAG 1
lations
INIT :  Set back to time point t = O
INITS : Set back to time point t = O and storing the model INITA +) +) - - +)
values as well as producing the output i
P g P INIT ) +) hnd = d
oPT :  Simulation in advance
- INITS +) ) +) +) -
OPTA : Set back to the last valid time point t = ti'
- . N OPT - - +) - -
and simulation up to the time point t = ti+1
; . OPTA - +) - - -
COPTAS 1. Set back to the last valid time peoint t =.ti
' simulation up to the time point t = tj 4, OPTAS b +) +) +) -
storing the model values and producing the output COMPUT - - - +) -
MPUTA : inm i = . B
COMPUTA Set back to time point t o, COMPUTA +) +) _ +) _
calculation of the optimized valué for t = O
SAVE = - +) had o
and its output
COMPUT : Caiculating and printing of the: optimized ' : +) Switch = TRUE

- Switch = FALSE
vaiues t = t1,... tend

SAVE : Calculating and +dintermediate storing of the last table 1: Switch constellation for flow of control of the model

valid time point t = ti‘

i FLAG 1 is set by the model itself. It performs the unigue call
"of the two initialization routines "Z2ZFIL" and “"ZZCYL". It does not

influence the proper model flow.
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- The variety of the operations has 5een effected on the
bals cf'the logic switcﬁ constellations on the one hand
- by the manifold combination of the simulation and optimi-
zation variants:
Simulation of the model from t

optimization of the model for every time point

start UP to tm following

t thtis

i’ tend;
“Optimization of the model for every time point
., t

.
i’ “start= %y Stem'i.

Optimization of the model for the time point t,;
following simulation with the optimal parameter values
for a2 definite interval £y o+ tD;‘with relevant combination

(optimizatioﬁ + simulation) up to tend

and on the other hand
- due to the time period of realization, in which connection
a certain redundancy of the logic switches could no: be

avoided {or only subsequently with additioral amount of time).

For-ihe continuous optimization fig. 6 shows. the procedural
schemg. V v

Furthermore, the possibility must be provided“that the
optimizafion algorithm relative to a defaul:t nunber of iterations
or due to a limited CPU time per‘optimizaticn time point ti is
not able to determine an optimal parameter éonstellation of "the
contrel vector with regard £O‘thé objective function.

The already effected and sﬁbsequént process of the total
integrated software éystem will be realized by a control routine
which is initiate& by the end user by means éf a user friendly

communicaticon part.

233-n
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‘| set back to the

last optimized
time point Ti
T = T, OPTA

Initializa-
tien of model]
valves T=0
INTT/INTTA

Set back, iSet back,
storing, prin- storing, prin-
ting of the ling of the
time peint imime point
T=0 INITS =T, COPZAS
FIRST = FALSE -

Set forward
to the time
point

moam
T,=T; 4 orT

n-times advance

sirmlation up tof
. s,

time ppl..t Tien

T=Tyaq Ty OFT

Retwm

Fig. 6: Flov chart for the con~
tinuous optimizaticn
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2.2 User friendly conmunlcatloj part (CUT) ° YOU ARE IN SEGMENT:
The above described software system serves the absolute (ouT) TEXT ;
Y : B (OUT) DO YOU WANT FURTHER RESP. REPEATED INFORMATION:
- : = e . L . . ' AKSWER (Y/N)
priority of the realization of a user friendly, computer sup- OR DO YOU WANT TO SKIP: ANSWER (C,<SEGMENT > )
R . . (N} v
e a3 - ~ e mmy 3
ported planning system (see chapt. III). The integration of the (OUT)  YOU BAVE THE PCSSIBILITY TO OPTIMIZE CERTAIN VARIABLES
. s . R (OUT)  OUT OF YOUR ALREADY DEVELOPED SIMULATION MODEL' BY MEANS
end user, the reduction of his acceptance problem by a.user (OUT)  OF AN OPTIMIZATION PROCEDURE (FURTHER ON CALLED OPTPARMS).
friendly cormunicati " hich i th hand 1 : R {OUT) FURTHERMORE YOU CAN OBTARIN STATE VARIABLES OUT OF YOUR
y comaunication part, which is on the one hand extremely (OUT)  MODEL (FURTHER ON CALLED ZUPARMS), WHICH YOU CAN USE IN
. toe Y
robust and on the cther hand easy to learn were the central Eggg; ¥OUR OBJECTIVE FUNCTION.
. i : . T AN . —WETGCHT1 % P . 5
point of this software development. The easiness of use and the EOU ) EXAMPLE: OBJ.FUNCT.=WEIGHT1 # ZUPARM1 + WEIGHTZ *ZU95R”2
’ oUT) YOU ARE GUIDED IN THIS INTERACTIVE PHASE OF THE CPTIMI-
minimal EDP specific know-how are demonstrated by the computer (OUT) ZATION BY QUESTION AND ANSWER. IF YOU ARE IN A TEXT PART
' . (0UT) {(LIKE NOW) THE SIGNS x+-0 APPEAR FOR TURNING OVER.
supported dialog in the communication part (see fig. 7). (0UT) + ORX MEANS TURN OVER ; - IS TURN BACK ; O FINISH
) . (ouT) .THE TEXT. o
In principlie, only the following informations are re- (ouT)
(0UT)
guired of the end user: (oUT) ®X+~0
(IN) X :
- Number, name and restrictions of the control variables (OUT)
(ouT) YOU ARE IN SEGMENT:
- Number and names of the state variables (OUT) TEXT
: (ouT) DO YOU WANT FURTHER RESP. REPEATED INFORMATION:
- Specification and parameters of the objective function ANSWER (Y/N)
OR DO YOU WANT TO SKIP: ANSWER (C,<SEGMENT >)
- Declarations regarding the simulation/optimization (IN) N .
o (OUT) YOU ARE IN SEGMENT:
. variants : . ! {OUT) EPROC. COMMON
’ (ouT) DO YOU WANT FURTHER RESP. REPEATED - INFORMATION:
~ Choice of the optimization algorithm and the relevant . ANSWER (Y/N) ( ;
OR DC YOU WANT TO SKIP: ANSWER (C,<SEGMENT >
parameters (documented in a self-explanatory manner). (IN) N
' {QUT) ENTER THE VARIABLE LIST, SEPARATED BY COMMATA,
MAXIMUM THREE DISPLAY LINES (80O SIGNS EACH) 11t
(IN) A1, A2,A3,A4,A5,76,A7,21,22,23,24,25

(OUT) A1,A2,A3,24,A5,A6,A7,21,22,23,245,25
(OUT) WAS THE ANSWER CORRECT? : ANSWER (Y/N) .
OR DO YOU WANT ONCE AGAIN THE EXPLANATION ? : ANSWER (R}

(IN) Y

. (oum) PLEASE WAIT !!
(0UT) E ND COMMON
(OUT)  YOU ARE IN SEGMENT:
(out) EPROC.OPTPARM

(oUT) DO YOU WANT FURTHER RESP. REPEATED INFORMATION:
ANSWER (Y/N)
OR DO YOU WANT TO SKIP : ANSWER (C, < SEGMENT> )
(IN) N-
(OUT) THESE ARE ALL YOUR POSSIBLE VARIABLES
(ouT) A1,A2,A3,A4,A5,A6,A7,21,22,23,24,25
(OUT) PLEASE ENTER FIRST THE NUMBER AND VARIABLE LIST
SEPARATED BY COMMATA, MAXIMUM 10, MAXIMUM THREE
DISPLAY LINES (A B8O SIGNS) 1
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(IN) 3,A1,A3,A5
{OUT) 3,A1,A3,A5
{OUT) WAS THE ANSWER CORRECT? : ANSWER (Y¥/N)
OR DO YOU WANT ONCE AGAIN THE EXPLANATION? = ANSWER (R)
) N
gOUT) ENTER FIRST THE NUMBER AND VARYABLE LIST, SEPARATED
BY COMMATA, MAXIMUM 10, MAXIMUM THREE DISPLAY LINES
(A 80 SIGNS) 1y
(IN) 3,A1,A3,A5
(ovT)  3,A1,A3,A5
(OUT) WAS THE ANSWER CORRECT? : ANSWER (Y/N)
OR DO YOU WANT ONCE AGAIN THE EXPLANATION ? : ANSWER (R)
(IN) Y

Fig. 7: Computer supported communlc;tion part

A communication part realized in this manner enables end users
with different know-how (EDP training etec.) and different

professional career to handle computer aided decision support
systems (see'also chapt. III), by having realized first steps

with a view to individual adaptability.

223-p
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III. Critical Summary

For judging the presented DSS the criteria by Sprague
and Watson ((1975), p. 35 ££.) shall be taken:

- Collection of modular models for support ih different
functional fields and on different management levels;

- Modular modellelements which are transferable single
or in any combinatidn;

- Méchanisms for direct automatic ‘data supply of models
out of the data bése;

- Common end user language for data handling and for

model building resp. execution.

Critically seen, it must be said that with the DSS for
the sales' planning of innovative products only proportional
parts of the criteria of Sprague and Watson resp. Keen and“
Wagner could be realized, but the basic conception as well as
principle ideas cquld be performed.

Some experiences and understandings of these first phases

of development resp. implementation process can be summarized as

.follows:

- The application spéctrum and the extensioﬁ of the DSS
should grow in a stepwise manner with the degree of matu-
rit& énd,comprehénsion of teqhnoloéy reép. of personal,
i.e. only modules should be added which are applicable
in technical, organizational and economical respect.

~ The development of the DSS and the implementaticn into
an existent EDP system of the enterprise should be di--
rectly supported and realized in cooperation with the

end user himself.
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if the demand of the DSS is defined in the improvement
of the efficiency of the strategic decision processes and in
the synergistic connection of the gualifications of men and

machines, there is still a far road to success.
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