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20. (continued)

models have the capacity to play an ever-expanding role
in the decision environment, but a system was required
that would provide the decision maker with information
which will (a) lead the decision maker to the proper
model for the si tuation , (b) automatically find and
transfer the required data to the model, and (c) transfer
results back to the decision maker in an easy to use
form . This paper explains the development and implementa-
tion of a Model Interface Program to meet these require-
ments in order to provide a bridge to enable the manager
to integrate mathematical models into his own decision
processes.
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1.0 PROBLEM ENVIRONMENT

1.1 Management’s Dilemma—an Explanatory Model

Management has been described as the process of converting

information into action with the actual conversion process called

Decision ~taking. (Paik, 1973) With the computer information systems

available today, the wider span of control and inherent multip lication

of complex interactions between variables has reduced our understanding

of the dynamics of these processes to such a point that our intuitive

judgement can no longer be trusted in many instances to make valid

decisions, Overwhelmed with the sheer volume of information that can

now be brought to bear with sophisticated computer retrieval systems, a

monumental task of the decision maker (DM) is simply defining the

relevant variables to the decision at hand. It is from this “intuitive

gap” that the related fields of operations management , operations

research and management science have developed. Russell Ackoff

summartzes the disciplines’ 20 year’s of resear ch and management’s

continued frustration with these words, “one cannot specify what

information is required for decision making until an explanatory model

of the decision process and the system involved has been constructed

and tested.” (Ackoff, 1967)
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1.2 Emergence Of Modeling As A Decision Aid

It is this emp hasis on “an exp lanatory model” that has become the

fulcrum to enable us to reduce the complexity of the real world into

manageable proportions. The mathematical methods that have found a

place in the literature have been volum inous and include , among others,

linear programming , dynamic programming , integer programming, simple

and multi ple regression analysis , exponential snoothing, Monte Carlo

simulation et. al. Entire subsets of problem types have emerged :

resource allocation , produc t line determination , distribution—location

analysis , transportation programming, risk analysis, decision analysis

(utility theory, stochastic decision trees, inventory problems , short

term scheduling and control , demand forecasting , and long range

forecasting). Mathematicall y and computationally feasible, these

models of decision and control allow the user to observe the

relationships between factors and objectives, to obtain a measure of

effectiveness to evaluate decisions and to predict future consequences

of selected alternatives.

1.3 App licability To The Task Force Environment

This tremendous volume of literature has not met with unqualified

acceptance in actual practice , however , due in part because managers

are not yet convinced that mathematical models can fully and accurately

describe what is happening in the “real world”. However , the weight of

evidence seems to indicate that these techniques , intelligently used, 

- ~~. - . j-.,~. -
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can be of immense ben efit i n  situa tions of c o m p l e x i t y  and u n c e r t a i n t y .

Tr~is i~ ex~i c t 1 y t h e  pos ition facing t he  Navy Task Force Commander whose

alread y pro fessionally demanding requirements for effective command and

control of the myriad interdependent task force elements has now been

exacerbated by a multi—level threat environment with a far greater kill

range and effectiveness than ever faced before. The reduced response

rime and increased pay load of enemy strike threats no longer afford the

l ux u ry of recover i ng from less tha n optimal decisions reached without

consideration of all per tinent variables of presen t task force

capabil ities/limitations.

In looking for methods to enhance the task force commander’s

ef f e c t iveness , th i s large bod y of literature on mathematical models for

desision making provided the Impetus for the Office of Naval Research

to fund the Operational Decision Aiding Project (ODAP). Emph a s i z i n g

the ut-lization of existing techniques which could provide better

opera ti onal dec i s ions , ONR assigned Independent applications—oriented

tasks to numerous subcontractors.

1.4 DAISY——A Decision Facilitator

But , it was perceived that providing the user with Interactive

tools was not enough. Tactical level decision makers had to have, In

the words of Dr. Howard MORGAN of the Wharton School , “the ability to

Integrate the latest In Information systems, modeling, and

probabilis tic estimation techni ques In to their own decision making

__________________________ ____ 
~~~~~~~~~~~ 

- - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~
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ac tlv iti es. ” (Morgan , pg 3] It was for this purpose that the Decision

Aiding Information System (DAISY) emerged at the Wharton School’s

Depart ment of Decision Sciences under the direction of Dr. MORGAN.

Throughout its development , the emp has i s has been on DAISY ’S role as a

facilitator that will allow the user to bring together available data ,

models , and progra ms and thro ugh an active role in user/system

intera ctions assist the user in his decision making activities. The

common theme since Inception is that the system should provide aids for

the DM and not to simply automate decisions.

1.5 The Cornerstones — Decisions, Models , Da ta , Tr i ggers

Three basic levels of decisions exist In DAISY. The generic level

con ta i ns a series of promp ts that form the framework for the user’s

approach to decision making. In using this framework, the user wi l l

dev elop a “specif i c” decision for the generic decision type at hand.

For i nstance in the task force environment a generic decision mIght be

refuelIng opera tions and the specific decIsion to refuel destroyers.

The final link in this chain is the actual decision to refuel the USS

DANIELS , and this will then become a decIsion “Instance” wIth the

inclusion of approprIa te i nput parameters (gallons of fuel needed ,

dis tance from refueling ships etc.)

Data is defined as both global and local, with local da ta used for

scra tch pad purposes and/or personal notes. The global data may contain

any da ta which  Is accessible to DAISY and , If not already 1.n the user’s

I

L _ _  . -.  . .~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~
---.

~~~~~~~~~~~~~~~~~~~~~~~ 
-. --
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data base, becoc~es a candidate for addition to the system if the user

determines it Is relevant to his decision processes, It is added to

the system by providing the information required by the Generic Data

Item format (data file , access path , data format etc.). Another

feature described later is that DAISY accesses the data when a

user—designated model requires it.

Triggers indicate the occurrence of an event which may or may not

cause the initiation of some pre—defined action. The event may be a

decision to launch a carrier air strike which would then trigger a

model to calculate flight time to target. Another example could be the

receipt of data on a casualty to a ship’s engines which may ti~ gger a

message to the task force commander to slow formation speed.

1.6 The Task Defined——A Model tr~cerface

It is the remaining cornerstone of DAISY, the model entity, that

the author is directly concerned with in this paper. With ODAP’s

interest in the potential of mathematical models for decision making,

“DAISY has been designed from the beginning to make access to

sophisticated models as easy as possible. This means that the decision

maker must be provided with information which will:

(a) lead him or her to the proper model [or the situation

(b) automatically find and transfer the required data to the

model

(c) transfer results back to the decision maker in an easy to
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use f o r m .” (Morgan , pg 7)

It w~s t h e ~iii thor
’s task to develop a model interface that would

accomplish these requirements and it is th is development process that
is the subject of the succeeding chapters.

__________________ __________
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2.0 A ~1ODEL I N T E R F A C E — — T U h ~0RY AND D E S I G N

2 .1 Basic RequIrements— —General i ty Vs Speci f ic i ty

The basic problem facing the designer of a model interface is to

produce a framework general enough to accomodate the infinite variety

of models potentiall y available to the DM while at the same time be

specific enough to handle the particular requirements of each model.

The ultimate goal was to enable the OM to use any model available by a

simp le comnand such as “RUN MODEL Air Strike Optimization ”, and the

model interface would then automatically be invoked to carry out the

necessary da ta / f i le  manipulations as well as be responsible for

prompting the DM for any information required from the user during the

execution of the model selected .

2.2 The Search For An “Equalizing Function”

Taking into consideration these basic requirements , the design

approach used had to embrace a global— to—specific viewpoint that would

allow a smooth integration of diverse , external model entities into the

DAISY environment by creating some “equalizing function” that would

enable a standard interface program to manipulate any model selected by

the user.

To find this “equalizing function”, it was necessary to review the

nature of the mode l ent i ty  itse l f .  HITCH and ~‘lcKEAN remind us that

models are simply “abstract representations of reality which help us to

- -. -

~

—

~

- - 
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perceive signi ficant relations in the real world , to manipulate them ,

and thereb y to predict others. “ [Hitch , pg 119)

2.3 hodel Manipulation——The “Black Box” Concept

If the relationships between real world events are to be

represented , one would expect that every model builder has to construct

his model within the framework of:

(1) data inputs
/

(2) information outputs

(3) structural elements

(4) a logic system of relationships usually in the form of

mathematicat formulas

Perhaps then , for our purposes, if the model builder could provide

-
fl 

DAISY with the specific format required for the data inputs and

resultant outputs , coupled with a brief description of basic structural

elements, the specific relationships detailed in the body of each model

could be treated by the programming interface as a “black box.” The

interface would then gather the necessary data values from the data

base and/or the user , present this data to the model in the required

format and then assemble the output data for presentation to the

decision maker upon completion of the model run.

Having assumed this “black box” view was a viable concept , what

remained to be outlined was the method of capturing the required

information elements for each model available in the DAISY environment.

_ _ _ _  _ _ 
_ _ _  

I 

::: ..-:~~
i -  

•
~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~
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If these elements could be captured on a one-time basis using a

standardized format as each model was added to the system , a single

interface program could then select the appropriate model’ s descriptive

module and proceed with model execution . The sought after “equalizing

func tion” would then have been attained .

2.4 The Interface Keystone-—a “Descriptive Module”

From a global perspective , this proposed system seemed to meet the

requirements for a generalized model interface , but to fill in the

specific characteristics of the system components , further questions

had to be resolved . The f i rst question to be addressed , and one that

would have far—reaching implications for the remainder of the system

design was to determine the nature of this “descriptive module,” It was

felt that the descriptive module had to meet the following basic

criteria:

(1) The composition of this module must be simple enough that the

model builder will not be discouraged from introducing

subsequent models into the DAISY environment that could be of

value to the decision maker;

(2) The module should comprehensively describe the relevant

input , output and structural information concerning the model

in order to allow the model interface to function

eff ectively;

(3) A brief model description followed by a more detailed

amplification of the model’s intended use should be incLuded

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~

‘

~~~~~~~~ iir i~~~~~i .~~~~~ ~~~~~~~~~~
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to allow the OH to make intelligent selections of model types

with applicability to the problem at hand.

2.5 The Semi—structured File Concept

If these criteria were to be effectively/efficiently met, the

vehicle chosen for the accumulation of this data should have the

flexibility to accomodate in troduc t ion af textual data of variable

f i e l d  leng ths in a loosel y defined forma t while at the same time

providing a me thod of segmenting the descriptions of different elements

( inpu t da ta types , output data types etc.). Fortunately, this area of

loosely structured character string/textual data has been the subject

of ongoing research conducted by the Wharton School’ s David NESS. In

his working paper entitled “A Family of Systems which Process

Semi—Structured Information ”, NESS states that semi—structured problems

“are characterized by the fact that while little of the information is

directly structurable into well defined fields, nevertheless it is

possible to provide some kind of useful structure.” [Ness , pg 4]

Of particular interest to the descriptive module notion is that if

the information supplied cannot easily be forced into highly structured

fields , we could treat the semi—structured information simply as

strings of text with delimiters that bound different fields of

information. NESS calls this the “escape ” character and uses the

up—arrow (
~ ) for this purpose . The up—arrow alerts the program that

the next character will be a “control” character that will signify the

I
L .  ~--~~~-__ — - f l~~~~~~. •~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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purpose of the next string of text. In essence then , the program

searches for an escape—control character comb i nation to beg in  the f i l e

( A  in our case) and scans the text until It finds an escape—control

character pair of interest. It then processes the ensuing character

str ing unti l another up—arrow is encountered signif y ing the end of the

current character string . The search process is then repeated until

the end— of—file pair (~ L in our case) is encountered to terminate the

f i le search process. Armed with this concept , we now have a v e h i c l e

tha t provides the flexibility required within a strai ghtforward , but

hig hly effectiv e and consistent package——the semi—structured file.

2.6 The Model Parameter Fi le (MPF)——a Framework

What model parameters must be included in this file to meet

requirement (2)’s effective functioning of the model Interface criter i a

for  a descr i p t ive module , which we shall henceforth call the Model

Parameter File (MPF) ? It appeared that the minimal set of critical

parameters that would allow effective interaction between the

-
~ user—model—da ta base Interface would be composed of:

( 1)  A qu ick , effective method of differentiating between each

model available to DAISY ;

(2) A generic variable def inition and generic name for each Inpu t

and output variable used by the model;

(3) The spec ific format required by the model for each generic

inpu t and output variable;

(4) The general type of Input and output variables that are

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~-- -~~~~~ - - ~~~~ -~~~~~~~~~~~~~~~~~~~ —-- -f l . .~~
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available from the user ’s data base (a subse t of (3) ) ;

( 5) The specific storage format for these data base variable

types;

(6 ) Information on whether these data base variables are to be

automatically updated after model execution;

In finding a method of representing a solution to each of the

required parameters , the basic tenets of logical consistency,

simp licity, readability and for the first time in our systems

development effort—programmability had to be constantly utilized when

considering the format for each parameter. The first step in the MPF

creation process was to determine the order in which parameters were to

be arranged in the sequential MPF. The structure instituted follows

the thought pattern one would tend to follow in creating the model

itse lf (the reader is invited to follow FIG. 2— i’ s MPF during the

following discussion) :

1. Identify the specific model we’re interested in:

a. Numeric designation CS)

• b. Model Title CT)

c. Actual location of the model (~ f)

2. grief summary of what this particular model “does” (U)

3. Input Variable Characteristics——

Now that we’ve identified the file we’re looking for and the

purpose of the model , we want to know what inputs are required for

model execution , CV)

a. Input variable definitions
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b. Var iable name for each Input requlr~ d

c. What format does the model require for each input variable?

(~ g)

d. Can the data base be of assistance?

(1 ) LIst the variable names of those i nput variable types

-
~~ that are available in the user’s da ta base (subset. of

- 
3b) (Th)

( 2 )  What i s  t he  d a t a  base s torage f o r m a t  f o r  each v a r i a b l e

type  i d e n t i f i e d  i n  3 .d . ( 1)  above? Ci)

(3) Will values of model inputs received from the data base

be modified during model execution? (YES/NO answer)

(— j )

(4) WIll these data base var iables have their values

automaticall y updated upon comp letion of the model’s

execution? (YES/NO answer). Ck)

4. Output variable characteristics---we now ski p to the “other side of

the blac kbox ” to identif y the resul tan t out pu ts of the model we

selected . (W)

a. Output variable definition

b . Var iable name for each output value produced

c. In what format does the model produce each output variable?

(~ l)

d. Is the data base affected by the outcome?

(1) List the type output variables that are contained in the

data base (always a subset of 4.b) Cm)

(2) What is the data base storage format for each type

_ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _  -~~~~-—- -- - - -~~ 

- 
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output variable listed above? Cm)

(3) Will these data base variables have their values updated

upon  completion of the model execution? (YES/NO) (
~

o)

5. Model Administr ation

a. What was the source of the original model development and

introduction to the system? (i.e. who could supply us with

additional information on model characteristics? ) (~X)

b. Detailed description of the model explaining specific

relationshi ps germane to the formulation of model outputs.

CO)

c. When was the last change made to this model and the person

executing the change? CM)

(1) Date———day/month/ year

(2 )  Name of person making modification

With this framework completed , the remaining question centered on

c reating the Model Interface Program which would extrac t the required

data from the MPF and perform the required interaction with the DN for

the specific model se lected,

~ 

_  _ _  _
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~A~S412

~TECONOMIC ORDER QUANT ITY

f1:M00412.DAT[4010, 1041

ThIN GENERAl . NOTATION , THIS INVENTORY DECISION MODEL MAY BE EXPRESSED
AS T — F ( Q , R ) ,  W U EK E “r ’ DENOTES THE TOTAL INVENTORY—RELATED COSTS FOR
A GIVEN PLALNING PERiOD , “Q” IS THE QUANTITY REPLENISIIEL) OR ORDERED ,
A~ 1) “R” IS THE TI:tP~C OF THE REPLENISHUENT. THE DECISION IS TO FIND
TUE VALU E S OF THE D EC I SION VARIABLES “Q” AND “K” WHIC H MINIMIZE THE
TOTAL COST “T” .

VCOST OF OR DERING PER ORDER (C) ;
TOTAL AN N UAL REQUIREMENT FOR ITEM ( D ) ;
DEMAN D RATE PER U N I T  OF TIME ( C ) ;
CARRYING COST PER U NIT  PER YEAR ( K ) ;
LEAD TIME PER ORDER (L ) ;

~ gF8. 2 ;F5 .O ;F5.O ;  13;F3.0;

ThC;K ;

~ iIS;F5 .2;

~
j  YES

~kYES

~WECON OM1 C ORDER QUANTITY (Q);
REORDER POINT (R);
TOTAL INVENTORY COST (T);

~lF8.O;F5.O;F7.2;

~nI5;F5.0;

~oY ES

~XI)EPARTMEMT OF DECISION SCIENCES, WHARTON GRADUAT E SCHOOL

OBROADLY DEFINED, INVENTORY IS A STOCK OF ANY ECONOIIC RESOURCES
REMAINING IDLE AT A GIVEN PO INT OF TIME , INCLUDING SUCH NONPHYS ICAL
INVENTORIES AS LEVEL OF CASH , INVENTORY OF ACCOUNTS RECEIVABLE, AND
INVENTORY OF HUMA N TALENTS AS WELL AS HOI E FAMILIAR INVENTORIES OF
PHYSICAL GOODS ANI) MATERIALS.

AS A SIMPLISTI C EXAMPLE IN THE TASK FORCE ENVIRONMENT , LET:
1. THE TOTAL l)EMANI) OF TIlE ITEM FOR TIlE NEXT PERIOD (D), BE THE

ANTICIPATED TOTAL OF FIGHTER PLANES LOST IN THE SEIZURE OF AN
ISLAND OVER A TEN DAY PERIOD. (I.E. 0 — 30)

I
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2. THE “CARRYING COST” FOR MAINTAiNING ONE UNIT OF INVENTORY
(PLANE) FOR TEN DAYS INCLUDES FUEL, REPLACEMENT PARTS , AND
MA I VI ENANCE COSTS. (I.E. K $20,000)

3. KN~~~N COST OF ORDERING REPLACEMENTS FROM NEAREST CONUS
r~ANSPORTATION POINT INCLUDES COST OF SURFACE/AIR FUEL COST,
AND PERSONNEL COSTS DURING TRANSPORTATION. (I.E. C —

~ 5,000)
4. THERE IS A FOUR DAY LEAD TI M E FOR TOTAL TRANSIT TIME FROM U .S.

TO ARR IVAL OF PLANE ONbOARD THE AIRCRAFT CARRiER. (I.E. L —
4 DAYS)

5. THE RATE OF CASUALTY ACCU MULATIO N (USAGE) OVER THE TEN DAY
PERIOD AVERAGES 3 PLANES PER DAY. (I.E. E — 3)

6. IF USER PROVIDED DATABASE VARIABLES WITH EQUIVALENT AND
APPLiCABLE NAMES (C — DAT3O1), (K — DAT3O8) AND TYPED IN
VALUES FOR 0, E, L MENTIONED ABOVE , THEN MODEL 412 WOULD
PROVIDE THE ANSWERS FOR Q, K, AND T.

~M25.8.75 ;MITCHE

Figure 2—1
Samp le MFF

- ~ —~ --~~~ —- -.----— - -~ - —- 
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3.0 CREATION OF THE MODEL INTERFACE PROGRAM (HIP)

3.1 Building The Interface——an Integrated Process

The design , development , and subsequent coding effort for

successful programs has developed its own extensive body of literature

in the last 15 years. The top—down—approach , the bottom—up-approach,

structured programming and modularization have become part of the

jargon of the software industry. Underlying each method is the concept

of a logical flow that enables the program (and the reader) to proceed

through the algorithmic structure in a step by step fashion that

produces a smooth transition from module to module in creating a final

integrated process.

3.2 The Functional Design Requirements

Following the development of the two basic concepts of treating

the model as a black box and the construction of the MPF as our

“equalizing function”, the integrated final process for the MIP was

created to parallel the logical flow pattern of:

(1) identify the model selected ;

(2) read the model parameter file;

(3) interac t with D!’l for modifications to generic definitions ,

names and/or insertion of any desired data base designations;

(4) obtain required input variable values from ON and/or data

base;

(5) execute the selected model;
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(6) provide the output values , along with input values used to

the DM in a User’s Summary Fi le (USF). t

3.3 A Three Phase Design — The Black Box Extension

Us ing these principle steps, the next task was then a matter of

breaking down the “micro—steps ” required to accomplish the six major

functions for the proposed interface. However the first process

involved a separation of these functions into three major components:

(1) The Pre—execution Phase; steps (1)—(4);

(2) the model execution phase—step (5);

(3) The Post—Execution Phase-step (6).

Each of these three phases were then designed as separate and distinct

programs that would “pull in” the next program entity into core as the

currently running program completed its execution phase. This

separation emphasizes the black box concept and enables the programs

that accomplish the required data manipulations (RMODEL and RETURN) to

be Independent of the location or content of the model file itself.

3.4 Emphasis On Modularization

The next step in systems development then evolved into isolating

the logical processes within each program to carry out the six major

steps required for a functioning model interface. Rather than to go

into details of the actual program, a schematic is presented of the

major FORTRAN sub routines and MACRO routine linkages (Appendix B). In

- -~~~~~~~~~~ - -~~ —~~~ — V _ _ _  .-.- . ~~~~~~~~~~~~~~~~~~~
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Appendix C the purpose of each routine is presented within the

framework of the 3 major components and six basic steps required for

the MIP discussed above. Since the FORTRAN language was chosen as the

source language for the interface due to its almost universal

transferrability , this emphasis on isolating the logical processes

through extensive usage of the subroutine concept created a number of

advantages that have paid div idends during development and should prove

invaluable for future expansion of the interface:

(1) In both the pre—execution progra m ( RMODEL) and the

post—execution program (RETURN), the main routine is used as

a “scheduler ”—— as the next process is to be performed , it

calls the applicable Taodule (subroutine) to perform that

task.

(2) The !2gmentation of each process into a subroutine context,

allows similar processes carried out on both input and output

variables to share the same general purpose processing

routines by having the MAIN routine pass the applicable

arguments for the current process of interest.

(3) Future expansion of interface functions can be affected by

modification of the specific process of interest or addition

of a new subroutine called from either the MAIN routine or an

existing subroutine.

(4 )  The “modularization” effect facilitates future program

maintenance by keeping the coding In easily understandable

blocks independent of one another.
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3.5 The Model Interface——a Working Reality

Following these design precepts the Model Interface was brought

“on line” in planned stages. January 1976 saw the system testing begin

for handling models written in FORTRAN. February 1976 saw the

commencement of systems testing of the brid ge to the models resident in

the APL environment. By March , the system was an integral part of

DAISY and passed its first external viewing during the 1 April 1976

visit by members of the ONR project steering committee.

At the present t ime the model interface has already proven its

versatility by operating with a wide range of model types including

forecasting models such as an exponential smoothing model written in

APL , a regression model written in FORTRAN as well as a probability

based optimization model concerned with air strike capabilities in a

task force environment. It appears , based on initial response from

users , that the development’s concentration on the logical flow pattern

processes within a framework of the black box and three phase design

concept has provided DAISY with an impressive facility to advance its

goal of providing the decision maker with “the ability to integrate the

latest in information systems, modeling , and probability estimation

techniques into their own decision making activities.” [Morgan , pg 3j
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‘e .O CUNCI.LSION

W i t h  th~ ever— increas ing comp lex ity of the management environment

! t n~ tu ture , tne effective manager will be forced to p lace greater

rtli an c e on the sci ent I fi c—mathemati cal—quantitative methods in order

t o  enhance n i s  ab i lity to discover , ana l yze and test relations

contained with i n an expanding set of diverse factors abstracted from a

given problem situation . However , if the decision maker is to make

si gnificant and effective use of available decision aids such as

-iathem aric al modeling, they must be available in a form that is readil y

understood , adaptable to the dec ision maker’s ‘spec i f i c problem” and

capable of  being integrated in the regular decision process of the

a ulager .

iiAISY has exp l icitly recognized the importance of modeling as an

integral part of the decision maki ng process and the Model Interface

may be viewed as a veh icle through wh ich  ma thema t ical  models could

b~’come dynamic tools rather than operational curiosities. It is hoped

that this Model Interface Program as outlined from the user’s point of

v i ew in Append i x A , wil l  i nsp ire the use of ava i lable models in the

user ’s decision process and spark a renewed in terest in and awareness

of the power of mathematical models. For then , “The very e f f o r t of

app ly i ng the fo r mal me thods exp l i c it ly and consciously would force the

decis i on maker and h i s anal ysts to seek rigorously and crea tivel y new

op tions for achieving the same end and to question and re—examine the

objectives themselves and the corresponding measures of effectiveness

emp loyed. Such certainly would be a major contribution.” [Paik , pg 5]

- - - - ———~~~~~~~~—~~~~~ ---~~~~~~~~~---- ~~~-- .--~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~
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-
- The Model Interface Program
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THE MODEL INTERFACE PROGRAM

A USER ’S MANUAL

1.0 INTRODUCT ION

1 .1 The Model Interface Program (MIP) — An Overview

The Model In t e r f a c e  Program (n IP) is a FORTRAN source language

s o f t ware package developed for the Decis ion Aiding Information System

(DAIS Y ) . It - a l lows the dec i s i on maker (DM ) to read i ly access

mathematical models previousl y entered Into the DAISY environment by a

s i mp le “ RUN ” command. The MIP w i ll then de term ine  what inpu t values

are needed , whether they’re obtainable from the data base or the DM ,

and wha t outputs are generated. The MIP then allows the DM to change

any variable defin itions and names and provide known data base

desi gna t ions for those type variables available in the DM’s data base.

If the model is an APL Model rather than a FORTRAN model , the MIP will

n o t i f y the user and f a c i l i ta te an e n t r y  to the APL environment where it

will carry—out an au tomat ic  execu t ion  of the APL model. Then , upon

comple t ion  of e x e c u t i o n  of the  APL work, it will au tomat ica l ly return

the user to the DAISY environment.

After obtaining values for all Input variables , it executes the

par ti cular model and produces a User Summary Fi le (USF) that has listed

the names and definitions of the output variables generated , and

d e f i n i tions , names and values of the i nput variables used to produce

that result. In addition , the program will update data base variables

as requi red upon completion of the model run.

_______ _______________________ _______________ _________ ~~~~~~~~~~~~~~~~~~~~~~~~ —
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To explore the capabilities of the MIt’, the reader will be taken

through a step by step development process of a fully operational model

integrated with the DAISY environment.

1~ 

- --- ~~~~~~— .-- ~~~~~~--— - --- -— ~~- -~~~~~~~ —~~
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2.0 The Model Parameter File (MPF)——the Connecting Link

The first step in the process is to provide a connecting link

between the model itself and the interface program that will enable the

FORTRAN MIP to determine all the parameters of interest concerning the

model such as input and output variable names and definitions , required

numeric formats, number and location of the model etc. The MPF

provides this link and the standardized structure illustrated below

ensures an efficient , straightfo rward method of accumulating the

necessary model information required for the program functioning of the

MIt’.

2.1 PROG RAM INSERT—a Description

Since PROG RAM KNODEL reads the Model Parameter File in 80

character strings ( chosen during implementation based on line display

characteristics of a CRT), an efficient method of producing the file is

to have a procedure of inputting character strings that will

automatically be padded on the right with blanks up to the 80 character

maximum. This will then ensure that control characters are encountered

at the beginning of a line and the file is searched on a logical line

by line basis as it progresses through the file.

2.2 The tIFF Elements — Data Insertion
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Using FIG A—i ’s example of a comp leted Model Parameter File , we

start the MPF creation process (NOTE: Unless otherwise stated , a

carriage return is executed at the end of each user—inserted line) :

STEP I: Set the remote terminal for both upper and lower case (local

procedure manuals should be the guide here, for Instance on

the Wharton School’s GP Assoc i a tes term ina ls , the user hits

“FUNCTION” key and holding this down , hits “C”. On o t her

terminals , the procedure i s to type in  “SET TTY LC”). Using

this option enables the user to insert both the upper case

and lower case control characters wi thout subsequent editing

tha t would be requ i red i f insertion of the standard upper

case charac ter strings were utilized. (Note in our example

upper case letters were used throug ho ut the f i le for  file

cons i stency and to h i ghl i gh t the lower case control

characters.) 

•—-—- -— ---——--—-- -— — — ••--~—- --------- .—----—- — — ~~——-—-———- - - ---- - —--- ----------—-- — -—.——--—~—-—-
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A 5412

~TECONOMIC ORDER QUANTITY

~fl:NOD4I2.DATL4O1O, 104)

~UIN GENERAL NOTATION, THIS INVENTOR? DECISION MODEL MAY BE EXPRESSED
AS T — F ( Q , R ) ,  W HI RE “T” DENOTES THE TOTAL INVENTORY—RELATED COSTS FOR
A GIVEN PLANNING PERIOD, “Q” IS THE QUANT ITY REPLENISHED OR ORDERED,
ANt) “R” IS THE TIMING OF THE REPLENISHMENT. THE DECISION IS TO FIND
THE VALUES OF THE DECISION VARIABLES “Q” AND “K” WHI CH MINI M IZE THE
TOTAL COST “T”.

~VCOST OF ORDERING PER ORDER (C);TOTAL ANNUAL REQUI REMENT FOR IT~1 (D);
D EMAND RATE PER UNIT OF TIME (E);
CARRYING COST PER UNIT PER YEAR (K);
LEA D TUIE PER ORDER (L);

gF8.2;F5.0;F5.0;13;F3.O;

ThC;K;

~iI5;F5.2;

JYES

~kYES

~WECONOMiC ORDER QUANTITY (Q);
REORDER POINT (R);
TOTAL INVENTORY COST (T) ;

~ lF8.O;F5.O;F7.2;

~mQ;R;

~nI5;F5.O;

0YES

~XDEPARTMENT OF DECISION SCIENCES, WHARTON GRADUAT E SCHOOL

~OBROADLY DEFINED , INVENTORY IS A STOCK OF ANY ECONOMIC RESOURCES
REMAINING I DLE AT A GIVEN POINT OF TIME, IN CLUDING SUCH NONPRYSICAL
INVENTORIES AS LEVEL OF CASH, INVENTORY OF ACCOUNTS RECEIVABLE, AND
INVENTORY OF HUMAN TALENTS AS WELL AS MORE FAMILIAR INVENTORIES OF
PHYSICAL GOODS AND UATERIALS.

AS A SIMPLISTIC EXAMPLE IN THE TASK FORCE ENVIRONMENT , LET:
1. THE TOTAL DE IANI) OF THE ITEM FOR THE NEXT PERIOD (D), BE THE

ANTICIPATEI) TOTAL OF FIGh TER PLANES LOST IN THE SEIZURE OF AN
ISLANI) OVER A TEN DAY PERIOD. (I.E. I) — 30)

—~~~~~~~ —- -i:~~
’- 

~~~~~~~~~~~~~~~~~~~~ ~~~~~~
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2. TUE “CARRYING COST” FOR MAINTAINING ONE UNIT OF INVENTORY
(PLANE) FOR TEN DAYS INCLUDES FUEL, REPLACEMENT PARTS , AND
MAINTENANCE COSTS. (I.E. K — $20,000)

3. KNOWN COST OF ORDERING REPLACEMENTS FROM NEAREST CONUS
TRANSPORTATION POINT INCLUDES COST OF SURFACE/AIR FUEL COST,
ANt) PERSONNEL COSTS DURING TRANSPORrATION. (I . E .  C —

$5,000)
4. THERE IS A FOUR DAY LEAD TIt~IE FOR TOTAL TRANSIT TIME FROM U.S.

TO ARRiVAL OF PLANE ONBOAIW THE AIRCRAFT CARRIER. (I.E. L —

4 DAYS)
5. THE RATE OF CASUALTY ACCUMULAT ION (U SAGE) OVER THE TEN DAY

PERIOD AVERAGES 3 PLANES PER DAY. (I.E. E — 3)
6. IF USER PROVIDED DATABASE VARIABLES WIT h EQUIVALENT AND

APPLICABLE NAMES (C — DAT3OI) , (K - DAT3O8) AND TYPED IN
VALUES FOR D, E, L MENTIONED ABOVE , THEN MODEL 412 WOULD
PROVI DE THE ANSWERS FOR Q, R, AND T.

M25.8.75 ;MITCHE

Figure A— i
Samp le MPF
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STEP 2: A c t t va te  progran INSERT by typing

execute tnse rt . f4

The program will respond as follows :

NAME OF MODEL PARAMETER FILE TO BE CREATED:

The user should now enter the nam e of the parameter file in

the forniat PARNNN .DAT where NNN is the three digit number

selected for this model. The numbering conventions required

are : 2XX—ALGOL model; 3XX — APL model; 4XX = FORTRAN

model. So for our model , the D~-1 would enter:

PAR4 12. DAT

PROGRAM INSERT has now c reated the named file and notifies

the user that it is ready to accept the first line of text by

displaying:

ENTER NEXT SENTENCE:

(From this point on, each 14PF Section explanation will follow

the pattern of (1) Section title, (2) Section description of

what is required from user , (3) an example of a typical user

insertion.)

Model Number (~ S)

The first sentence will now be entered containing the escape

control pair A signifying the start of the file, followed by

~
‘S indicating the model number follows next

~A~S412

ENTER NEXT SENTENCE:

Model Name (~ T)

Line 2 contains the control pair (~T) followed by the name of

_ _ _ _ _ _ _ _ _ _ _
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the model

~ TEconorn1c Order Q u a n t i t y

ENTER NEXT SENTENCE:

Model F i l e  (~ f)

The next control pair (f) indicates that the ensuing

character  s t r i n g  c o n t a i n s  the  model file location. In our

examp le th i s  loca t ion is g iven  by the device number (DEC10

uses “1” to Indicate disk storage), f i l e  name and ex tension

followed by the user’s workspace made up of the Project!

Programmer Number.

f1 :M0D412.DAT[4010, 104]

ENTER NEXT SENTENCE:

Model Description (~U)

This next section is the first mult i—line character string

encountered up to this point . For any mult i—line section ,

the user may type up to and Including column 80 prior to a

carriage return and continue data entry on succeeding lines.

The end of the multi—line section is determined (just as in

the single line section) when the MIP encounters the next

up—arrow at the start of the next MPF Section. All normal

typing conventions (punctuation , cap i tal iza tion , etc.) are

available on any line. The current section of interest is

the MODEL DESCRIPTION segment whose purpose Is to provide the

potential user with a brief statement of purpose of this

model in order for the user to assess the possible

applicability of the model to the present decision

— - - - — —-~~~~~~~~~ 
-
_

-

~~~~~~~~~:~~~~~~~~~~ _ _ _ _ ~~
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environmen t.

Thin gene ra l notation ...totul cost “1”.

ENTER NEXT SENTENCE:

Input Variable (~V)

The control pair V si gnifies that the next section contains

the generic detinitions and names for all input variables

required by the user. The variable definition can be up to

40 characters in length and the associated variable name must

follow on the sai.~e line.

The variable name can be up to ten characters in length , but

must be enclosed in parentheses and be followed by a

semi—colon. The total number of input variables that may now

be specified is 20. But , if this number is found to be too

restrictive , the basic Model Interface Program (HIP) may be

modified by changing the d imensions of one array in the

program (see the Program Coordinator for advice on this

matter).

~VCost of Ordering per Order (C);

Total Annual Requirement for Item (D);

ENTER NEXT SENTENCE:

Model Input Variable Format (g)

In order for the HIP to  provide the model with data In the

required format , the ~lI’F must have the specific formats

required for each variable. It is the present section that

provides this da ta using FORTRAN format specifications. For

those unfamiliar with the FORTRAN conventions , a basic

~

_

~

_

~

— .--- ---— - - - -  ~~~~~~~~ ~ —- -~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~
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summary follows of the data types uscd by the HIP:

(1) lw—this indicates a dec imal integer wi h “w” a number

specifying the maxim um f ie ld width of of thi~. integer

(cx. 13 has possible values of —99 to 100) 
_ 

-

(2 ) Fw.d——t hls indicates a dec imal f ixed point number with

maximum field width of ‘w” (which includes the dec imal

poin t ) and “d” specif ies the number of dec imal places to

the right of the dec imal point. (ex.F 5.3 can contain a

number from — .999 to 9.999).

The forma t statement may contain up to five characters , but

this slight constraint is not of great significance when one

considers that the HIP can handle numbers in the range for

integers of Ii to 19999 and for real numbers f rom F1O.9 to

F99.9. Following each format specification , a semi—colon

must be inserted with no in tervening blanks . For this

reason, do not continue partially comp leted format statements

on succeeding lines. Rather , if it does not fit on the

present line completely (including the semi—colon) back up to

the previous semi—colon , do a carriage return and start the

format on the succeeding lime.

A final special case occurs when the model is one in which

the number of input variables required varies with each

application (such as the number of observations supp l ied by a

user for a particular regression analysis or exponential

smoothing model run) rather than a fixed number of variables

that require values prior to the execution of the model.
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This  section should then contain the maximum number of format

statements (20) followed by a “M ’ a f t e r  the last sem i—colon .

The ti l t’ w ill then keep asking for values for input variables

only up to the tine tI’e user signif ies tha t this was the last

inp ut variable value to be supp l ied for this model run by

executing a carriage return without inserting a numeric

value .

gF8. 2;F5.0;F’5.O; 13;F3.0;

or for a regression analysis 1

g14.2;F6.3;F8.2;F8.2;F8.2;F8.2;.....F8.2;M

ENTER NEXT SENTENCE:

Type of Model Variab les contained in the Data hlase (Th)

This section allows the model builder (perhaps in conjunction

with the data base administrator or by personal

knowledge/ experience) to specif y those generic input

variables that contain the type of information that is

available in the data base. For instance if the generic

model has an inpu t variable called SPEED which requires the

value for the speed of an obj ect , the data base may have

values for ship 1 s speed under record element SIIPSPD or

aircraft maximum speed under FLYSPD etc. The ultimate user

is then , in essence, reminded tha t th i s  “type ’ of information

is available in the data base and , if known to the user or

the user has access to a data retrieval system such as WAND

(Cerritsen et. al. 1976], t he h i p  w i l l  facilitate retrieval

of this information rather than request the value [or that

~ 

-- -~~~ 
_
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variable t rom the user.

Th e variables contained in this section , obv ious l y m u s t  be a

s u 9 S c t  of those variables provided in the Input Variable

Section and are ident ified b y th e sa!ne ge ne r i c  na mes as

specified in that section. Again no blanks stw~ ld be lef t

between entities on the lines and the range of variables

would be froii 0 to 20 (11 all requested data types were

available in  the data  base) .

hC;K;

ENTER NEX T SENTENCE:

Da ta Base Variable Format (i)

If the ~1IP is to affec t retrieval of the information and

convers ion of the  da ta  base storage f o r ma ts to the req uired

generic model forma t for app l icable var iables , the spec i f ic

data base formats must be provided for each variable listed

in the previous section. As in the input variable format

section , each format must contain no greater than five

charac ters , be f o l lowed by a sem i—colon , and contain no

blanks .

i15;F5.2;

ENTER NEXT SENTENCE :

Are da ta  base inpu t  v a r i a b l e s  m o d i f i e d  during model run?

(
~
j)

The model  b u i l d e r  should  i n d i c a t e  w h e t he r  the  execu tion  of

t h i s  model w i l l  Cause a m o d i f i c a t i o n  to t h e  o r i g i n a l  va lues

supp l i ed  from t h e data base .

~

.— rn

~

- - -

~
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A

~jYe s

ENTER NEXT SEN T ENCE:

Automaticall y update input data base variables to new values

af ter model run? (~ k)

The model builder should indicate (probab ly in conjunc ti on

with t h e  da ta  base a d m i n i s t r a t o r )  w he t h e r  this model’s

modification of input values received from the data base

should be reflec ted in the actua l data base values upon

com p letion of the model run .

— ~ kYes

ENTER NEXT SENTENCE:

Output Variables (~ W)

Each generic model output variable is listed here——definition

and name using the identical procedures outlined under Input

Var iable Section (V). Again the maximum number of variables

~~ MIP will presentl y hand le is 20 with the same caveat

concerning raising this limit as mentioned in the input

section.

WEconomic Order Quantity (Q) ;

ENTER NEXT SENTENCE:

Model Output Variable Format (l)

Identical to the input variable format section , this provides

the format of values output b y the model upon execution of

the model r e l a t i o n s h ips.

~ I F 8 .O ; F~~.0 ;F7 .2 ;

ENTER NEXT S E N T E N C E :  

—~- —-- ---— —--—~~~~~— - .—~- — --.— ~~---~—--~~— --- . - ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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ryp&~ of model output varial )ies contained in the data base

(m )

Just as on the input side , t hese types of var iab les that are

available in the data base are a subset of the generic output

va r iab les .  The same rem i nders of identical spelling of names

as f o u n d  i n  the output  var iab le  s e c t i o n  as well as omi t t ing

b lanks and fol lowing each name w i t h  a semi~~c Ion  are a lso

app l icable here.

ENTER NEXT SENTENCE:

Data Base Output Variable Fo rmat Cn)

This provides the storage format for the type output

variables found in the data base as in the input data base

forma t section.

~nI5;F5.2;

ENTER NEXT SENTENCE:

Automaticall y update output dat-a base variables t.o new values

after model run? (~ o)

The model bu i lder (probab ly in conjunction with the data base

adm inistrator) should indicate whether this model’s

modif ication of output values received from tht- data base

sho u ld he r e f l e c ted i n the ac tual da ta base values upon

comp letion of the model run.

~ oYes

ENTER NEXT SENTENCE:

Model Source (
~ X )

~ 

~~~~~~~~~~~~~~
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~~55cqueut users nay require additional information on the

oevetopment of the specific relationshi ps of th is model.

lii i -; sect ion provi (les the development site for this model to

indicate where th is additional clarification might be

obtained .

~XDcpartment of Decision Sc iences , Wharton Graduate School

EN. R NEXT SENTENCE:

Model  Text ( 0 )

This section contains a detailed description of the

~.a thiematical/quantitative relationships underlying the

development of this model. It is an amplification of the

shorter Itodel Description section described earlier and is

mean t to provide a deeper understanding of the critical

constraints and relevance of the model’s ou tpu ts to the

problem situation at hand.

ThBroadly defined , inventory is a stock of any economic

resources.

ENTER NEXT SENTENCE:

Date of last Model modification and name of docui~enter (~ M)

Entering this data allows the model management system to

maintain the latest change status of models resident in the

system. As decision makers become more familiar with the

sys tem ’s models , it is certainl y expected that the model will

not remain a static entity, bu t evolve to meet the needs of

management. The date is day, m o n t h  , year separated by

per iods , wi th a seal—colon following the date and the

—

~~~~~~~~~~~~~~~~
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in i t i a l s  or last name of the person making the modification.

~M25.8.i~ ;MI TCUE

ENTER NEXT SENTE NCE:

End of F i l e  m a r k e r  (~~L )

This  t e rm i n a t e s  the HIP ’s search of the MPF.

ENTER NEXT SENTENCE:

Now that we’ve completed the NPF, we ex i t  from PROGRAM INSERT

by doing a carriage retur n immed iately after receipt of this

ENTER NEXT SENTENCE: statement. Since PROGRAM INSERT

interprets any line that has all blanks from position I to 20

as a signal tha t no more data is to be entered , it then

closes the output file and returns the user to the monitor

level.

p

i i

- —
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3.0 The ~hod e l — M I P  I n t e g r a t i o n

At this point we now have i n s t a l l e d  the “equ a l i z i n g  f u n c t i o n ” that

allows the common interface of the MU’ to access all the models

available to DAISY. Hut t h e  model builder has a number of additiona l

tasks to perform betore the Ml h’ will embrace this new model .

3.1 Model Storage Conventiona

STEP 3: The next  s tep  is to store the model on the disk medium and

rename the  model t i l e  ~R)I)NNN.DAT. In t h i s  case , based on our

examp le , the  name w i l l  be 10D4 12 .DAT.

Now we must add a “ f r o n t  end” and a “back end” to the actual

model.

3.2 The flodel “Front End ”

STEP 4 : The “ f r o n t  end” is necessary because the MI? gathers the

values for  the generic input  variables and places them into

f i l e  “ IN4 12 .DAT ” in the specified fo rmat  needed by the model.

The model must then read these values from the input file.

So the “front end” fo r  FORTRAN model 412 w i l l  be inserted in

file M00412.DAT as follows: (Note: Comment statements are

indicated by C in the leftmost position in steps 4, 5 and 6

of the FORTRAN coding)

CALL. RELEAS (1)

Cl Open a d i sk  file “1N412” for sequentia l reading of its

con te nt a  using channel 1.

- - CALL IFILE (l,”1N412”)

C2 Read the contents of the file using the generic formats 

~~- -- . - - - . - -
. 4
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f o r  each v a r i a b le .

R E A D ( l , 500, EN D 700) C

5500 FO RMA T (F8 .2)

RE A I ) (1 , 501 , ENI) 700) I)

5 01 F ORfrI AT (F 5 .O)

R EAD(l  , 5O 1 , ENL ) 700) E

R E A D ( 1  , 502 , END =7 0 0 )  K

502 FORMAT ( 13)

READ(1 ,503,END 7IJO) L

503 FORrIAT (F 3.O )

3 .3  The Model “ Hack  End”

STEP 5: Now that it has the required values , the model may proc eed

with execution , b ut the model cannot as yet transmi t its

ultimate output values back to the user in DAISY. This

problem is solved b y p u t t i n g  on the “back end” to t h i s

FORTR A N model by having the model place the out put values

into an output f i l e  w h i c h  t he  MIP t h e n  reads and passes on to

the User ’s Summary Fi le (USF). The back end appears in

M0D412.DAT as:

C Release channel  1 f r om d ut y in  read i ng f r om f i le “ 1N4 12 ”

CALL RE LEAS (1)

C Crea t e a file on disk (“0T4 12 ”) for sequential entering of

da ta us i ng channel  1

CALL O F I L E ( l ,” 0T4 12 ”)

C3 Wr l tr’ the values fo r  each out put valu e sequent ia l ly  Into

the output file using the generic formats for each variable. 
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wItI-rE (l ,600) Q

600 FoR!l1~T(F8.o )

WR [TE(L ,601) K

601 FORMAr(F5.0)

WR I T E ( 1 ,602) I

602 FORMAr(F7.2)

C Close file “01412”

END FILE 1

3.4 Model  to III?  Linkage

STEP 6: The remaining item to add on the “ba ck end” is the l inking

me chanism that  wi l l  activate the last half  of the HIP. That

is ac comp lished by inser t ing a cal l to a MACRO rout ine  that

executes a “RUN” command on the saved file for PROG RAM

RETURN,

CAL L RUNNER (NUMBER)

C NUMBER contains the word “RETURN ”

The final step in this process is then to “save” the model

file by performing the following steps:

LOAD M0D412.DAT,RUNNER.MAC

The system will respond with ,

LINK: Loading

EXIT

Then we save this compiled version ,

SAVE M0D 4 12

to which the system confirm s the completed process by say ing

Job Saved 

—~ ~~~~~~ - - -~~~~
. 

~~~~~~
- - -
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(No t & , nu extension i s ever gi ven on the SAVE comm and)

.1 • ~ the  APL Mode l A Spec Ia  1 Ca so

At this point we have a full y integrated FORTRAN model ,

available for the decision maker’s use. But this stud y of

t h e  FORTRAN model h i s  left out an increasingl y important

source ot models used in an interactive env i ronment , that of

APL models.

To illustrate the similariti e s between the addition of a

model in either system we will use our examp le model 412 and

imp lement it in APL . All APL m odels are maintained as

functions in the workspace “MODEL ”. After function M0D312 is

added to t his workspace , the “front end” and “bac k end ” are

accomp lished by the c rea t i on  of the two functions READ3I2 and

PUT3 12 which perform the same funct ions as the FORT RAN model:

A. Function MODELNR: obtains the model number 312 from file

MODNR. DAT

B. Function OPENFILES : opens f i l e s  1N312 on channel 2 and f i l e

0T312 on channel 3.

C. Function READ312: then performs the reads from file 1N312

[1] X<— READAS N

[ 2 ]  A <— C <— X

[3] X<— READAS N

[4] M — D <— X

[5] X <— READAS N

(6] A < — E <— X 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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11 X ~~— RE A UAS N

[
~-~] A K < •- X

[9] X c— i~EAi)AS N

[Lu] A L <— X

where N wt— ~ .~ and REALMS was a function X < — [ < — )  [2 ) N .

I). Funct ion l~[I U2: Hnall y performed the write out of output

va lues t o  t i l e  0T 312 ,

[ 1]  a <— OUT I  <— “F8.O ”S (q)

1 2 1 A <— O UT I [—> ]  [2 ] N

[3] A <—u11T2 <— “ F 5 .O ”$ ( R )

[4) A <—OUT2f—>] [ 2 ] N

( 5 ]  A (—OUT 3 —“F7. 2”$ (1)

[6 1 A <—OUT3 1—>] [2] N

E . F u n c t i o n  CL O S E F I L E S :  Cl oses al l  f i l e s  and releases the i r

channels used ,

F. Function COMPLETE: Executes a “RUN ” command on the saved

RETURN f i le to re tu rn to the M 1P upon comple ti on of model

execution .

So , the wheel has come full circle . Functions B and C

paral le l  FORTRAN ’s front end and func tions D, E and F perform

the same functions as the FORTRAN “back end”. We hav e

f i na l l y reached the point where the Decision Maker (DM) has a

functioning model In both APL and FORTRAN. It is now time to

utilize these new mathematical modeling tools.

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ J--
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4.0 Exec utIng the Model

4.1 initiat ion of the MEL’ — “RUN MODEL”

STEP 7: The DAISY en~ iron&aent is entered by executing the command:

RUN DAISY (400,400]

A. The system will respond with the current version of DAISY ,

the date and the time ,

DAISY Ver sion 2 D ( 14 ) — 2  on 16—5— 7 6 at 2 2 : 12 : 2 2

B. It w i l t  then ask you for  the inpu t  f i l e  of in teres t  for  this

work session.

Input File:

C. Let us assum e tha t  the OH has been working on a

communicat ions  plan fo r  th e ta sk force with a file name of

COMPLN.FIL, so we inser t  that  here ,

Input File: COMPLN.FIL

D. After a carriage return we will receive the DAISY statement ,

Command :

E. At th is  poi nt we wish to execute Model 412 (EOQ model) since

the pa r t s supp ly problem for  electronic equipment has been

mount ing .  To do this  we type ,

RUN MODEL 412

4.2 M l? — User Console Interaction

STEP 8: The next  t h i n g  to appear on the screen wil l  be:

MODEL 412: ECONOMIC ORDE R QU AN TI -ry

DO YOU WANT TO SKIP TO IN SERTION OF VALUES TO GENERIC INPUT

VAR I ABLES ?

Option 1: If the rep ly  Is “YES ” , the  prog ra m wi l l ski p

i

_______________ 

I
_ _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~
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direct l y to the last step prior to model execution and ask

the user to supply the appropriate values  fo r  each gen er ic

input variable. By skipping to data va lue  inse r t ions , the

use r , is imp licitly saying that there are no values available

(ton t h e  data base and the generic  d e f i n i t i o n s  and names are

su i tab le f o r  the decision under sc r u t i n y .

Opt ion  2: if the repl y is “NO” , the use r is a v a i l i n g  himsel f

of the opt ion o f ( 1)  prov iding data base designations for

app licable variables; (2) changing definitions and names of

input and output variables to fit the generic model to the

specific decision at hand .

Let us say that the Dli answers “NO” since he wants to fit the

model to the situation at hand .

4.3 Model Data Base Designations

STEP 9: The HIP w i l l  respond with ,

THE RE AR E 4 OUTPUT/ INPUT VARIA BLE TYPE S AVAILA BLE FROM THE

DATA BASE. DO YOU WANT TO SPECIFY ANY DATA BASE

DESIGNArIONS?

Option 1: If the user says “NO”, the MI? will skip this

section and proceed to the next section which deals wi th user

changes to variable definitions and names. By saying “NO”,

the user is imply ing that although there are model variables

of the type that are in the da ta  base , he e i t h er does not

wish to use the data base va l ues or does not know the

app licable data base designations

O p t i o n 2:  If the user says “YES ” , the ~iIP  will respond with , 

_ - — - - — -  -
~~ -~~- ~~~~~~~~~~~~~~~~~~~~~~~~~ - - - ;- 

~~~~~~
:--
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T H E R E  ARE 2 TYPES OF INPUT VARIABLES AVAILABLE FROM THE DATA

BASE:

C ; K

VARIA B LE TO BE S P E C I F I E D :

STEP 10: Option 1 --— The user has now been shown the two generic

variables that are of the type that are found in the data

base . If the user decides that  he wants to specify either

“C” or “K” he will type in that variable and the next display

st r ing  will be ,

NEXT VARIABLE TO BE SPECIFIED:

Op t ion 2: Bu t , if the Dli does not want to specif y any inpu t

data base designations , he may skip this section by simply

executing a carr iage  r e t u r n  in re pl y to VARIABLE TO BE

SPEC IFIED.  The III? w i l l  then proceed to the ou tpu t  variable

t ypes found in the data base and p lace the input  4ata base

t ypes bac k on the generic input  l is t  to receive the i r  values

from the Dli later in the program.

STEP 11: At this point if the Dli had previously specified “C”, he may

now add to that selection , the variable “K”. But , if he

selected “K ” in step 10, the MIP has assumed that since the

DII skipped over the first variable listed , that  variable was

not to be designated and the HIP had already removed it  f r o m

the data base variable l i s t  and placed i t among the list of

variables that would receive its value from the Dli later in

t h e  program. The natural pattern of selection is then

emp hasized by using the order disp layed criteria of the NIL’

L — - ~~~~~~~~. ‘-_
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analogous to t h e  first—in — f l rst—our , Fl FO , ba s i s  of

i n v e n t o r y  cont r’) 1)

STEP 12: After the Dli has specified all the input data base types

desired , he term inates the process by doing a carriage return

tol low ing the MIP statement ,

NEXT V A R I A B L E  TO BE S P E C i F I E D :

STEP 13: Following the carriage r turn , th e HIP will list the generic

names of all data base type variables , one at a time in the

order listed by the user. Assuming that the DM specified “C”

and “K” as candidates for data base designations , the M I P

will now respond ,

and the user may now insert any app licable data base record

element/designat ion up to 10 charac ters in  leng th.

UNITCUST

Then t he  nex t  v a r i a b l e  s p e c i f i e d  w i ll appear ,

The user then enters the data base designation for “K”,

KARRY CO ST

A siden ote here is that. if after the user made the

specification of “C” or “K” and he subsequen t l y forgo t the

da ta base des i gna t ion , the DM can s imp ly do a ca r r iage  re turn

fo llowing C = or K = and that particular variable will be

returned to the generic input l ist tor recei pt of a value

f rom the l)M later In the MIP.

STEP 14: After the input data base var i abl e types have been examined
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~in d  received - a p p r o p r i a t e  dat a  base desi g nat i o n s , the  M I P

1,roceeds to the output data base variable types;

r~li~:RE ARE 2 T  Y PES OF OIJTh’UT VARIABLES AVA I LABLE FROM INE DATA

BASE:

Q ;  R ;

VA RIABLE TO ~lE SPEC IF IED :

Wit h this , t he same procedure and res t ra in ts  delineated for

t h e  input va r iab les are app l icable here.

4.4 Model Va r iab le  Def in i t i on  and Name Changes

STEP 15: Upon comp le tion of the data base designa t ions sec ti on , the Dli

now has an opportunity to modif y generic definitions and

names for both input and output variables. In this way a

generic model becomes a “speci f ic” model and ultima te ly ,  wi th

appl icat ion of data , a model “instance”. The t i l L ’  introduces

this section by stating:

THERE ARE 8 GENERA L INPUT/OUTPUT VARIABLES . DO YOU WANT TO

CHANGE ANY GENERIC DEFINITIONS OR VARIABLE NAMES?

øPTION 1: At this juncture if the DM says “NO”, the HIP will

retain the previously specified data base designation names

along with the MPF’ s generic definition and generic name for

non—data base variables and skip to the numeric value

insertion stage.

Option 2: 11 “YES” is answered , the h I P  prints out

THERE A R E  5 INPUT VA RIABLES FOR MODEL 412:

UN ITCOST ; D ; E ;KARRY COS I;  L

VARIABLE TO BE CHANGED :
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Th e DM may then type in any variable he wishes to  m o d i f y ,

again moving from left to rig ht from the first variable

l isted. Let’s say he wanted to modif y var i able “D”. Ht

would type in

,,

A f t e r  entering “D”, the MU’ would type out the appropriate

generic definition and name ,

TOTAL ANNUAL REQUIREMENT FOR ITEMS (D)

STEP 16:

A. The DM then may change the definition by i nser t ing  any

character string of up to 40 characters for the new

definition followed by a carriage return. But , i f he doesn’t

want to change the definition he just. does a carriage return

and the generic definition remains intact.

B. Whether or not the DM changes the variable definition , he

st ill has the option to change the variable name. The new

v a r i a b l e  na me may be up to ten characters in length . Again

if no change in the name is desired a carriage return will

retain the original gener ic name. For examp le , the change

may appear this way (MIP provided variable definition and

name shown In cap i tals and subsequent user inserted changes

i n lower case) :

TOTAL ANNUAL REQUIREMENT FOR ITEM (D)

Annual Demand Criteria

Demand

C. A special note on the data base desi gnations (UNITCOST,

- _ _ _ _ _ _ _  - — —~~~~
-

~~~-
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KARRYCOST ) now used to Iden ti f y the former generic names for

data base types.  Si nce the data base retrieval program would

normall y make use of th i s  designation , the name should not be

changed once assigned if the user still Intends to use this

variable to obtain a value from the data base.

0. The ON terminates the input variable change session by

executing a carriage return upon receipt of the NEXT VARIABLE

TO BE CHANGED : message from the MIP. If he does a carriage

ret urn after i-tie init ial VARIABLE TO BE CHANGED : is

request ed , this section is ski pped and the user is then In

the output variable change phase.

STEP 17: With the comp letion of the input variable change phase , the

output phase comes In with ,

THERE ARE 3 OUTPUT VARIABLES FOR MODEL 412 :

QUEBEC ; ROMEO ; T ;

VARIABLE TO CHANGED:

The proced ures parallel those carried out wi th the input

variables. Note again the new inclusion of the data base

designations for the forme r generic names of “Q” and “R”.

4.5 MIP Data Entry Phase

STEP 18: Wi th the completion of the variable definitions and name

changes , the MIP enters the data entry phase. This point

would have been reached directl y from the beginning of the

MIP b y answering “YES” to the Initial ques ti on (STEP 8 ) ,  In

which case every generic input variable would be listed to

receive a value from the DM.

-

~

-- - -
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But in our example , the DM provided data base designations

for two input data base types. So those variables will not

be l i sted f or the DM to prov i de the nume r i c  val ue, since the

value has been obtained f rom the data base. In addition , any

user provided variable name changes will be reflected in this

l ist (such as “DEMAND ” below whose generic variable name was

or i g i n a l l y  “0”).

MODEL 412 INPUT VARIABLES NOT CONTAINED IN THE DATA BASE

REQUIRING DATA VALUE INSERTION BY THE USER:

This statement is now followed by the flIP presenting each

var iable requiring a value from the user. As each variable

name is disp layed the user inserts a numeric value, either

i nteger or real as the user desires , followed by a carr i age

return.

In the special case where the model to be executed is one In

wh ich the number of Input variables required/desired varies

wit h each app llicatlon (such as the number of observations

supp lied by a user for a particular regression analys i s or

exponential smoothing model), the user should signif y he does

not have any further values to enter by executing a carriage

return without entering a value for the current variable name

disp layed . The program will then stop asking for values of

inpu t variables and proceed to the model execution phase.

DEMAND =

1234

E =
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To ensure that each value supp l i ed by the user Is acceptable

to the model , range checks are performed on each entry. If

the va lue  supp lied is too low f o r  the model ’s requirements ,

the followi ng error message is generated :

INPUT VALUE IS LESS THAN MINIMJM PERMITTED OF NNNNNN. ENTER

NEW VALUE.

Conversely,  i f  the value is  too large , the fo l low i ng error

message i s genera ted ,

INPUT VALUE EXCEEDS MAXIMUM PERMITTED OF NNNNN FOR THIS

VARIABLE. ENTER NEW VALUE.

Along wit h these two boundary checks , the program no ti f ies

the DM if he I nserted a real value when the model requi red an

integer:

MODEL VARIABLE REQUIRES INTEGER. VALUE TRUNCATED TO NNNN.

4.6 Return to Monitor Level/DAISY Environment

STEP 19: Wi th the DM being guided through the da ta Inser t ion phase ,

the next direct interactIon will occur either upon complet ion

of the model run if the model is a FORTRAN model or prior to

model Insertion if the model Is in APL.

If the selected model is contained in the APL environment ,

the MIP notifies the user by the following message:

MODEL 3NN IS WRITTEN IN APL . FOLLOWING THE NEXT “Command :” ,

TYPE “ TOAPL” AND YOUR TERMINAL TYPE (BIT ,TTY ,T274 1,T4013). 

—- -- . 

•
~~ •

-
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ONCE IN APL TYPE “)LOAD MODEL ”.

Imm edIa tel y after th is message , on the Wharton terminals , the

MIP sw it ches the character set from ASCII to APL. Upon

comple t ion  of the APL model execution , the character set is

aga in switched back to ASCII.

5.0 Model Outputs The User Summary Fi le

STEP 20: Whether the model Is a FORTRAN or an APL model , the MIP w i l l

return the user to the monitor level/former environment. In

the DAISY env i ronmen t , the DM receives the result of the

model run b y typ ing in the followi ng command :

PRINT MODEL OUTPUT 412

The User’s Summary Fi le will then be printed out . on the

terminal in the following forma t :

MODEL 412 OUTPUT VALU ES :

ECONOMIC ORDER QUANTITY (QUEBEC) = 3333.

REORDER POINT (ROMEO) 3777.

TOTAL INVENTORY COST (1 ) = 45.00

INPUT VARIABLES USED :

COST OF ORDERING PER ORDER (UNITCOST) = 1111.00

ANNUAL DEMAN D ENVISIONED (DEMAND) = 1234.

DEMAND RATE PER UNIT OF TIME (E ) =4444.

CARRYING COST PER UNIT PER YEAR (KARRYCOST ) = 444

LEAD TIME PER ORDER (L ) = 55.

WI th these 20 steps, the DM has completed the Model Interface

Program’s “life cycle” from the first. introduction of the

model to the successful use of the formal decision aid , the

_____ _______  ____ ________  ________  ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~
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ma thematical model. As the DM becomes more c o n f i d e n t i n bo th

h is own abilities and that of the MIP in handling these

mode ls , the user should be encouraged to ac t ive ly seek out

mode ls that could be of assistance to him i n  h i s  da i ly

dec is ion processes. The MJP can then become a powerful tool

that enables the user to fit the model to the decision at

hand rather than fit the problem to the available techni que.

-~~~~~~~~ - - - - _~~~ - -~~— -~~~~~~~~ -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~ ~~~~ ----— — -  ~~ -. -~~~~~_— — —- --~~~ - - _ - -~~~ - -~~~ -~~~~~~~ - -~~~~ -~- -
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Appendix B

Schematic of FORTRAN

Subroutine Linkages for the

Model Interface Program
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Appendix C

Subroutine Functional Summary for the

Model Interface Program

_ _ _  ~~—- ---—~~~—~~~~~ ‘- - ~~~~~~~~~~~~~~~
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Appendix  C

A. PRE—EXECUTION PHASE (PROGRAM RMODEL)

1. Identify the Model Selected

a. MACRO Routine XPJOBX

PURPOSE: Ta kes the user ’s job number (NNN) received when

logging on the system and uses this number to identify

what file the MPF is contained in (NNNJOB.TMP). The MPF

was placed in this file by the POP function bridge from

DAISY to RMODEL.

2. Read the MPF

a. Subroutine READIN

PU RPOSE: Read next 80 characters of MPF each t ime the

routine is called.

b. Subroutine SEARC H

PURPOSE: Searches through READIN ’S 80 character string

for an up—arrow and control character of interest. If

none is found , it has READIN pull in next 80 characters

and continues the search. Once an escape—control pair of

interest is found subroutine MAKEIT is called.

c. Subroutine HAXEIT

PURPOSE: Based on the control character pair received

f r om SEARCH , it calls PARSEI , PARSE2 , or FORMAT to

separate out the applicab le information of interest. In

addition it computes high and low values permissible for

each input variable value as well as calculate the actual

number of input variables required and output variab les 

--- --- -_- - -_ -  -_ -  - -_  - - _- ----S -~~~ - — —— -—-—S
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required.

d. Subroutine PARSEL

PURPOSE: This takes the character strings for the input

or output generic definitions and places the definitions

in one array and then calls P~RSEV.

e. Subroutine PARSEV

PURPOSE: Called by PARSE1. This places the names for the

generic input or output variables into a separate array

for later manipulation.

f. Subroutine PARSE2

PURPOSE: This takes the names of data base variable types

and places them in a separate array.

g. Subroutine FORMA T

PURPOSE: This subroutine is called four times by

MAKELT——once each after the generic input , Input data base

type , output generic , and output data base type variables

are parsed into separate arrays. FORMAT then places the

specific FORTRAN format for each type variable Into

separate arrays for later manipulation of the ultimate

numeric values.

3. Interaction with DM

a. Subroutine COMPAR

PURPOSE: This produces a 20 by 20 matrix for both Input

and output variables that has data base variables for rows

and generic variables for columns, initiall y all 0’s, the

appropriate subscript receives a “1” when a match occurs 

- - - - - - . - -
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between a data base name and a generic name. This then

ensures the user will not be asked to supply a value for a

variable already contained in the data base.

b. Subroutine USERIO

PURPOSE: The names of the type data base variables

(either input or output) are listed on user’s terminal and

user is asked to type in which variables he desires to

supply with specific data base designation. For any

variable listed by the program that is not specified by

the user as a candidate for a data base designation , the

applicable “1 ” in the check matrix is replaced by a 0 so

the user will be asked to supply the value for the

variable later in the program.

c. Subroutine MATCH -

PURPOSE: The DM is now asked to supply the data base

designation for each data base type variable he named in

USERIO. If , for some reason he changes his mind, the

applicable “1” in the check matrix is zero’d out as done

in USERIO.

d. Subroutine WRITIO

PURPOSE: This subroutine now takes the names for the

input or output variables (either generic names supplied

by the MPF or the new data base descriptions just supplied

by the user) and lists them on the DM’s terminal.

e. Subroutine CHNGIO

PURPOSE: The DPI now may insert the name of any input or

_________________
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output name listed by WRITLO and CHNGIO will then call

CHANGE. Af ter return from CHANCE , the DPI is asked for the

next variable he wants to modify and the process is

- 
repeated .

f. Subroutine CHANGE

PURPOSE: For each variable named by the DH in CHNGIO ,

CHANGE disp lays on the terminal the generic definition and

current variable name. It then accepts any changes the

user wants to make on these definitions/names.

4. Obtain Values for Input Variables

a. Subroutine FILIN

PURPOSE: This subroutine first determines the input file

name which the model will read to obtain the values of the

input variables. (Input file name is INXXX.DAT where XXX

is the model number found in the MPF) . The input check

matrix is then checked for a “1” , if none, print out the

generic input variable name on screen and user enters a

numeric value. It does a range check on this value and if

value ~ Invalid , notifies the user to enter another

value . If a ~~~ is in the check matrix , this indicates

the variable is found in the data base under the

designation provided and subrout ine FETCH is called .

Whether the value is user supplied or from the data base,

the values are placed in the model input file as received

with the generic format for that variable.

b. Subroutine FETCH

- -~~~_ - - _~~~—— -- —-~-- -- -- - -~~~~~~———— -
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PURPOSE: T h i s  retrieves the value of the data base value

in question with specific parameters of storage format and

data base designation.

c. Subrout ine AMODEL

I’URPOSE: This tout~ ne determines the name of the f i le

which  rece ives  the output values from the mode l

(UTNNN.DAT ), the file to receive the User ’s Summary File

(OL’TNNN.DAT), and th e f i le  to receive parameters created

by PROGRAM RM()DEL that will be needed by PROGRAM RETURN

(CKNNN .DAT ) where NNN inodel number obtained from MPF.

d. Subrout~ ne PASS

PURPOSE: Pass c r it i cal para met ers to PROGRAM RETURN

needed to comp lete the accumulation of i nput and output

definitions , names and values in the USF. Then write in

f i le “MODNR ” the model nuznber ,the parameter holding f i le

name (CKNNN), and the number of DB and NON—DB output/input

variab les.

e.  MACRO Routine RUNNER

PURPOSE: If the model number starts with a 4 (i.e.400,

401 , etc.) it is a FORTRAN model and this routine executes

a RUN command on the model saved file to start execution

of the model. Ho wever , i f the model number star ts wit h a

“3” the model is written in APL and the user Is notified

that such Is the case and to execute the TOAPL DAISY

rommand followed on the same line by the terminal type

(T40 13, T274 0, etc.) the user Is on. PASS will also 
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automaticall y sw~ tch to APL characters prior to the return

to the DAISY environment. Once in the APL environment

type “) LOAD MODEL ” and the APL model is executed.

B. Model Execution Phase—PROGRAM MODNNN .DAT

1. Execute the selected model

a. Model “Front End”

PURPOSE: This is not a separate routine but a code

wri tten in the model’s language as the f i r s t th ing  in the

model execution stream. The model simp ly reads all i ts

inp ut values in the appropriate format from the input file

INXXX.DAT.

b. Model “Back End”

PURPOSE: Th is is not a routine but code written in the

model’s language tha t wr it es ou t the values for  the ou tpu t

values to the output file “OTXXX.DAT”.

c. APL execution RUN tine instruction :

If model is in APL it executes a “RUN” command to star t

PROGRAM RETURN.

d. MACRO routine RUNNER

If in FORTRAN the model executes thi.s routine which

executes PROGRAM RETURN .

C. Post Execution Phase——PROGRAM RETURN .F4

1. ProvIde output values/ Input values to USF

a. MAIN Routine

PURPOSE: This firs t obtains model number of model just

executed from Fi le “MODNR ” along wi th numbers of input and

- ~~~~~~ 
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output variables used. It then reads the parameters

comp ut ed by PROGRAM RMODEL from f i l e  CKNNN.DAT.

b. Subroutine OUTPUT:

PURPOSE: This routine reads file OTXXX.DAT for model

output values , then reads file INXXX.DAT for model input

values used (where XXX=mode]. number). It then p laces each

value wi th associated input, or output variable definition

and name in file OUTNNN.DAT (the User’s Summary Fi le

(USF)).

c. Subroutine UPDATE

PURPOSE: This routine updates the post—execution value

for  var iables , for which the user provided data base

des i gna ti ons , by ca l l ing  rou ti ne STORE af ter conver ti ng

the format of the output value to the data base storage

format.

d. Subroutine STORE

PURPOSE: Data base values are modified followi ng the

model execu tion by p lacing them in f i l e  “DBTG.DAT”.

e. MACRO routine CDAISY

PURPOSE: Returns user to the DAISY envi ronment.

I 
~

_ _
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