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nis paper describes the imrlementation features ol

n

of the "Online Flanning Experiments" whic n utilized the above

menticned system to examine the behaviorzl features of

man~machine interaction.

Emphasis is given to the discussion of APL as .a simula=
tion language. Issues around the tradeoffs between online

[N

E’)

cing ave discussed and followeld by a

-

arid batch data proce

discussion of the positive and negative features of AFL

in

2s a simulation language. The paper iz concluded with some
normative statements concerning when APL should and should

not be used in simulation.

¥3imulaticn: A tool for desizn arnd pre-implementation testing
of large scale softwvare 5y"Leﬂ¢, Proceedings of the ¥971
Winter Simulation Con Ference, 2€1-257
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In this paper the implementation features of a systemn

This methodclogy proposed the utilization of surrogate
software systems to simulste the main features of a large
scale software system.. This simulation would allow improved

scheduling, cost estimates and would zive an early warning of
possible developmental problems. Also the utilization of
surrogate softvare systems would allow users to more fully
participate in the software development process. igure 1
describas a proposed organization-wide interactive planning
system of which the surrogate simulator is the central

topic of this paper. In this section thzs main features of
the paper are introduced and related to earlier work.

In Becticon II the mzin features ufl the Pinteraetive

planning simulator® (IPS) represented in Figure 11 are presented.

Also in Section 11 is a description of the Yonline planning
experiments which utilize the IPS for examining behavioral
factors around man-machine interaction. These experimentsr
served also to partially test the IPS and to provide quite

extensive insights into the utilization of APL as a simulation

he concentration in Section III is on the methodological

issues au?Louna¢p& the utilization cf APL within the context

-
'

of a simulation language This is done by extending the

—

design experience acquired with the IPS by relating specia

issues to the urilization of AFPL for simulation. .

Considarations related to strensths and weaknesses of APL,
online versus batch tr

adeoffs and the APL features espec-
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ially suitablis to simulation studies are considered,
In the last section, -the summary ties the IPS to those
considerations presented in section I1I11.

I1««=Simulatine large~scale software svstems

Planning is an especially appropriate area of appiication

for online computing technology. Sackman (7) states the

The fundamental justification for going to online
planning, as far as the available experimental lit-
erature is concerned, lies in the guality of the
problem=soliving ex pe,lonce and the excellence of
the solution.
Also, Renton {2) testifies on the trend Lowards the utiliza-
tion of online systems:
With the installation of on~line real-time systems

designed to handle more and more-of the every day
aspects of business, the future looks much more ex-

- - + 1 - e - - —_m Y2 e - YT T y . e LE}
R A 5l MBI oA R i * - — -
_!"11 1”3 *. f'. e :'\_.a""'- e e e e e s a R e Y ] YILACE L. .I.. * e L

These "What if?" questions will be responded to by a careful
planning process utilizing the online real=time systems.

In online planning, the planner can spend some of his
time exploring possible courses of action by utilizing
simulation which will facilitate his decisions about the future.
The interactive planning system simulator was designed
with these three basic objectives:

(1) to demonstrate that online planning was not only
feasible but also desirable.

{2) to test and explore man-machine behavior with special
strese on human behavioral factors.

(3} to simulate a proposed larze scale-software system
that would in a real situation perform organization wide

planning function.



The expafim¢nta desizh allowed extensive analysis and
hypothesis testing on the first two areas described. The
chird area, validation, requires that it be compared with a
raeal-~life equivaleﬁt and examination of the predictive ability
ogate sytem. Up to the present anly generali-
zations and thecoretical inferences can be made on this matter

This section is addressed to the questions of the first
two areas described above. This is done by a description of
the main features” of the IPS, by a description of some
technical features of the simulation performed (cost, design
and testing) and finally & discussion of the experimental
iesign that addresses these questions,

I11.A System éescription

m - e 2 s -
The interactive plaonniss simul

ol wad Li-‘o.Lg"leG wn:n
three main parts. These parts were complementary and an
effort was made to give real symbiotic Ch:fa:thlSthS to
the man-machine system. Emery (2) calls for exa etly such
characteristics, "In order to make a major improvement in
the planning process, we will have to draw upon the best
features of both man and machine."

The two first parts draw mainly on.an individual's
ability te create unprogrammed settings and alternastives
as well as to attribute numbers to ;onceptual {frameworks.
In part three, the full computational pOWer of the machine
is used and upon fhe individual's prompting performs a
simalation of the-firm's financial policias and financial

reporting. Figure II sumarizes the main features of the
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the user masters some of
the user is presented with instructions as to the essentials
of man-machine interaction. These essentials arerbasicaliy
how fo respond to a gquestion {(by answering YES or NO or

the machine-indicated answvers) and how

to make the system more flaxible. After this is completed

the system inqzire& cf the user whether or not he wants a

summary of the features of the system available during the

m
e
[a X

utilization. From this point on, Part I zcts as a thinking
to the planner. It directs him through the processes of

objective settin blem formulation and alternative

fT.’
LF
m

generation. The final step in this process is the data displa
o .

module where the user can request to sec the de ta contalnec
in the database of the firm and obtain indepencent or aggregate

-5

" plots of the data

»

in Part 11 the user learns of those features intended
to help him in making his final alternative choice. Ee

s directed to Part I1I when he is asked if he would like o

'_.h

numerically evaluate some of his alternatives. In that case
he can ept to receive cesc iptions of any of the features

then is given instructions on how

v
(a5

available in Part 11T
to transfer to that section. Oq the:othar hand, if the userxr
does not choose to go to Part I1I he ig asked to aqs1zn

valees to his original alternatives and weight the desirability

hese values are presented in a matrix

i~

of the objective

0
0

format to the user who can re-enter different values untii



he is satisiied with the results. HMost users énly reach this
the rumb_;cal analysis in Part 111

and after gaining a deeper knowledge of the problem than they
i initially '-at several points of Part 11 the user is asked

if he wants to change either his unstructured

E‘l.

r

ecisio
(objectives, alternatives etec.) or his analysis. If he does
so he is‘sent to Part 111. Part I1l is the numerical evaluation
of alternatives. It has three baéic modes ;

(1) Iisforical an a}yslan—hlstorlral da*n trend analysis,
linear fits and a fipancial ratio analysis module.

(2) Global -projections~<the user is given N years of
projections baéed on historical performance (a linear fit

ound feor historical performance and Projections are

=1y

is
macde accordingly) and is allowed to change the equatién and
basic variables of his projections. |
(3) "hat if”‘mode—wthe user can test different

possible accounting actions or policies by the utilization of
a financial behavior simulator. This could be dpscrlbed as a
simulator within the interactive Planning 51mulato" as it

erves as a simulation model for strategy testing. Reports
are supplied in the form of financizl statements such as
balsnce sheets, income statements and fund- -flows. If the
usar énters no Strategy change or accounting &ctions‘t.e
simulator wovld give the projections that mode 11 of tﬁis section
would supply.

‘Once the capabilities of the system are understood the

il

attention of this paper should. be directed to some of the

simulation implementation features such as costs, language

=

‘



selection, computer support, experimentz: design, a summary

of wresults and zcome additional features of interest to the

The develc;m&ﬁt of the 1PS software took a?proximately
one year of one manis effort as his Doctoral dissertation (10}.
In terﬁf of'ccmputer costs the totai.effort came to approx-
imately $3,500.00 of which $2,900.00 were spent on AFL.
The remainder was spent on batch runs of utility packages and
stancdard statistiéal packages on the 5ata such as SPSS. Some
of these costs were incurred by obtalnlng a backup for the APL
system in the case of total compufer-~¢atastfopheu G- the AFPL
costs approximately 607% were spent difectly on ccnnect time
(400 hours), 35% on cpu timé and 5% on disk,stofage costs.

0 the conncct time apprualnmiely 200 hours were spent
on straight software deqelopmént{ About 150 APL programs.
were created of which only 100 were utilized in the final
version of the IPS. Anothef 40 hours were spent in performing
the experiment {(mean of 3.5 hours connect time per subject)
and 20 in data analysis.

11.C Interactive design of interactive systems.

The first four subjects that particimated in the "online~
Planning experiment" were part of a pilot run thc objectlve
bf which was to clear the SYutEﬂ of final "bugs". What
actually happened was that few program buos were incountered
but a sizeable seriss of utilizational problems were present.
From the feadback sheets of one pilot run the ' esigner would

the

restructure the problein areas overnight and have the next



pilot run the evoeriment with the new features. These
changes, initially large, -became quite negligible after the

last pilot run. However, the efficacy of having this

"interactive problem clearance!" whsre the interaction is

-

between the system designer, the pilot subject and again the
designer seamed to show guite an interxesting potential for
future system design.

I11.D Technical Features

led djiscussion of APL as'a simulation language is

D

i-l!

A deta
presented in Section II1I. The main reason-for the selection
cf APL was its availability at UCLA and the prerequisite that
the lanﬁuage to be used be interactive in ngturé with strong
facilities for designing conversational programs .

UCLA's computer system is an IBM 360/91 which normally
has excellent raspense.tiﬂe and availab%lity; One cf the
major problems in the experimental part of this project
Was system unstability. It is difficult to convince a
subject that he should Waitrperiods of 10 to 50 minutes
under the tenuous prcmise’that the syétem will come up again.
UCLA's APL is enriched by the APL Plus-file system* which
pProvides excellent file-retrieval capabilities decreasing
Tthe very serious restriction of workspace size limitations.
However at.this stage plus-file is still not able tﬁ handle the
storage of procvams and therefore quite cumberscme WOrkspaée
transfers were required from the vser for passing frém one
part of the system to the other pafts or vice-versa.

The version of the Plus~file system used was quite

n enlargement of APL giving it
ed by Scientific Time Sharing Corp.

2
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expensive in terma_of ¢pu time and scomevhet slow in retrieval
time. This caused cFﬁ costs to go from 10% of
estimated to approximately 35%. On the other hand the cost

of APL linkup per hour decreased by 50% which allowed practically

L PP IR - y . P 2 d )
twice as many subjects t¢ be run than had been initially

The interactive planner traced and

[0}
W
th
:
t
@
ja N
+
C\
5 i
0]
e
C
]
i l)
(n.
6]

timed all subject actions for research purposes which zomewhat
8lowed down the system.. Also, as AZL has St}cng Space
restrictions in any workspace all tewis and data were stored
in independent files and héd to be moved in and out for mest
user intersactions.

Further details wbuld be out of the context of this paper,
howeﬁer some of the features of the'experimental-teéting of the
IPS should be discussed.

i.E PFxperimental design

The experimental design for the examination of behavioral
&n

=

factors arcund man-machine interaction was done in 9 steps
as shown in Figure 1I1I. This design not only explored
decision styles of individuals but also man-machine performance

and human emotional factors® in man-machine 1ntexact10n

Subject screening involved obtaininz a representative
sample of the general population of man-machine planning
systems users. This population was somevwhat familiar with
business terminology with a wide range of possible backgrounds.
The actual subject population was quite heterogenecus in

nature; among them businessmen with many years of working

experience, MBA students of planning end conirol, PH.D.
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Deseription rlanation
X Subject Stubject Scieening and Selection-:
Screening
2 Instructions - Instructions on System Utiliz.
and features available
3 Cognitive Test to determine decision
Style test approach uf the subject
4 Czse Reading the case
S Pre-Question~ .. Examination of lattitudes and
naire expectations before the
utilization of |[the IPS
6 Xperiment Subject utilizes the IFS to
Jsing the IFS plan for its firm
¥ Memorandum Subject fills out a memo des=~
cribing his planning recommen-
dations to top management
8 Post and Oprn~ Examination of attitudes, feslings
~ended Quests. and perceptions about the experi-
ment and about the IPS
9 Debriezing Subject is debriefed by having the
objectlvea and the main features
of the research explained to him.
His feelings about the research

are discussed.



situdents 3in soveral fields and underzraduate students in

he computer backsrounds of the subjects differed con=-

siderably. There were veteran system analysts and managers
that have never seen or interacted with computers. There

were students who had, had one computer clags-only; students
with no computer experiénce ét all and very sophisticated
students with extensive ﬁ“ppwwcnre in APL software design.

Subjects received a business planningﬁcase and Were
asked to wutilize the IPS to solve it. Before and after the
exp311Wﬁnt questionnaires were adminiétered and attitudes
measured. The case contained both qualitative (pelscnalltwes
opinions, and anecdotes) and quantitative data. Financial
statements and other indices were also availabie throueh
the 1ES.

Very early in thez experimental stage, it becéme evident
that the IPS was a very powerful educational‘device. The
subjects finished the experiment exhausted but gfa ified.
Host felt that they had learned a great deal and had

enjoyed the experience.

hree

W
s
rt

The finzl znalysis of the experiment involv
main areas of inquiry:

(1} questions related to the decision-étyles of the
subjects.

(2) questions related to man-machine performance.

(3) questions related to "human-emotional problems"

in the use of computers.
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Judges evaluated the quality éf conputer planning,
while the IPS vrovided a series of traces and fime-measurements
for subject evaluation. |

The next section discusszes the main methodological
issues related to the utilization of APL as the simulation
language¢'

111 APL as a2 simulation Janguare

The IPS is a determinigtic non-time sequential and
basically interactive system. Discussiocns limited in scope
to 1IPS would not enable general conclusioné on APL as a
simulation language to be drawn. Therefore in this section
a few examples of the utilization of APL for basic simulatiocn
functicns are presaented. Discussion of these, adéed to the
IPS experience will then allow more general concltsions to
be drawn.

First of éll, APL is an interactive conve£Sational
'programming languvage for use in the time-sharing mode.

T11.A The tradeoffs between batch and time~sharing

The advantages and disadvantages of Programming in
the time-sharing mode have been extensively discussed in the
literature and are briefly summarized here. They basically
reduce to a trade-off between efficient use of Programmer time
v.s8. efficient use of machine time. The online mode is
significantly faster in terms of time spent: pfogramming
(see (5),(6),(7) and (9)). This appears to be due Primarily
to more efficient debugging in the on-line mode, In projects

where debugging occupies a significant portion of the
ol = d - [&)



sof tware development process, time-sharing mode. ap;ea

attractive. Hovever, there is a tendency to be nere

axtravags ﬂnL With machine Cime. !

In the specific casz of simulation, the time-shar

has the advantzre of monitoring and interacting. | The
|
|

15

more

ing

moae

simulator can examine intermediate output, and cjn terminate

or nodify the- run based on this information.®* This ¢
|

aa . > 4 i LEid |
bilityliis not available with batch processing unless
; |

apa=

specific controls are built into the simulation Program.
e

IFY .8 Featuwres of APL

Specialized 51nulatlon languages, in general, vers
o < 5 L 3

-

formulated to deal with a specific type of problem, e

the flow of items through processing stations.  APL has the

flexibility to handle more general types of problems.

ag-

since

its subroutines are simple and efficiemt. An APL subroutim&

does not require the link-editing as do other general langt

An APL | subroutine acts as a newly defined operator.
example, a program to calculate the mean of a stying
numbers locks like this.

Vi<« MEAN X

[i] M<+/XspX

For

of

uzges.

How the statement MEAN ¥ can be used in anoﬁher program

to yield the mean value of a vector X, - ;

Emshoff and Sisson(4) have identitied severil features
! |

i |
that ate necessary for any simulation language.
*This would @nable simulation appli
Gob=shop SAhodUIing. there the us

vorkloads in his shop and decide on changes on strategies

throughtut the simulation. |
|

|
ications such %s interactive
er would monitor expected



basis for generating random numbers. .
picks a number from 1-9. The statement V<7V p 8 generates
a vector of lencth N composed of numbers dravn af random from

1"'9 W:'Lth "'BD acenmen _

(2) Create wvandom variables. The examples given can
- - » m 4 i-t
serve as the basis for lawdun variates. The folldwing prograin
|
senerates random variates from the exponcntial probability
|

distribution functions using the metheod of inverse

transformation. ‘ ' I

VI« EXRARDOM N
(1] T« -e1-((?Np10001)-1)31G000 ?

It should be noted that this function can be used as
a defined operator within a larger APL simulatio% program

just as the MEAN X ewample. MEAN EXRANDOM X wWould give
the mean of N random numbers drawn from‘an‘exponéntial

function.
(3) Advance time. -APL has very strong véct|r and

rray processing capabilities. Time can bé specified by

position in an array. A unit time advance would;correspond

‘ |

to a unit incresse in the index. Compression and expansion

features allovw the deletion or expansion of arrafs.
(&) Record data for output. Data ouput on the "2741%
it |

terminal is slow relative to a line printer, 8o éxtEnsive

output would be cumbersome. Often an entire set. of figures

is not needed; the mean response and the standard deviation may

be adequate for the preblem under consideration. | Built-in
|

statistical routines in AFPL can provide thesea|l and other summary



lt
~J

|

|

fisurag. The APL plus-file system can store Sig ﬂifi rant
amounts of data Tor selected analysis or 1e3al of the
entirelifile.| Some extensiord of APL allow |ounl ué to be printved

on an foline printer.

(5} Perform statistizal snalysis| on ra:orﬁe@ data.
Statisfiical packages, such as STATPAK 2, are_aisg available in
AFPL, puhlic libraries. This makes statistical anélysis a

w1 ask. i
' |

r
ta
5
6]
ot

(@) Arrange oviputs in specified formats.® |[Due to

the eaSe with which operators can be defined by ?riting

- programs to perform the desired functions, thele exists
: l

- }

-

0

extensive public librarie

of commonly used procedures.

Farnatt_ﬁy routines are genevally available which will output

1 - s | (0 AP =5 P | i R
s N R e I.-_}' Rlivt \.'-l.r,"._'...i-\-_}’ £
‘ |

(?} Detéct and report logical inconsistenéiis and other
errorss Vasarhelyi and Mock (9) point out the%p Jer of
APL fox debugging. Besides the original APL érr'r-hessages
which are generally maaningful, the programmef hﬁs-&vailablg
' |

the TRACE and SUSPEND functions.

|
JLin ]
At this peint, an example of a simple sxmulﬁtlon written
|
i

in AFLjmay be instiructive.

|
IIJ-.'C An exal 'ple !

[ il

per loaf for each loaf sold on the day it is baked. Excess

L]
production is disposed of at 8 .05 per loaf loss The demand

Problem: A bread menufacturer makes a profit of $

*unfortunately the basic Features of the APL 1angLagn make
:or&attwnc cumbersone at times. .

i

|
1

!
|
|
|
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co

e simiilation program is merely twe lines pf code:

| V PROFIT+ D BREAD P
} 41 =OPIT+((PLD,~O.2)~\(PwD)xO.05)X?>D

Por the sake of

\ | |
rhis simulation in FORTRAN and PL/C. The Fortran program
' |

f comparison we gsked colleaguies to write
. . ot

was Gﬁ statements alone, the PL/C 25 statements. The costs

in tarms of mzchine seconds was cheaper in ABL aé it took

only 2k60 of one second of cpu time to pﬂQCGS?‘#OO observations.
On théiother hand 4t took approximately 1/4 of & second in
PL/C aﬁd nearly 1/2 of a second in FortraHMﬂa}l.done'on

UCLA%s| IBM 360/91 system, !

=t —H |

f

|
There are some other factors vhich shculﬁ bf noted
| - I |

about Fhis program. The variable D is a vectorJrepresenting

i ; . . il |
the distribution of demand for fresh bread. A ector of

Ll

.

nornallv dist ted random variates with a certain mean and

= _m_____

Standa£d deviation can be generated using a routine in the
* i

publiecl library. Generating 100 variates w~t§13}rameters
| (RN | T

1500 a#d 206 roguired 2/60 of a second cpu time. BSaving

this vpctcr for use in severzl different runs is
\ R B
and inexpensive way to achieve correlated sampling

purpose of variecnce reduction. In this way the machine

. i |
does not have Te regensrate the same string of #andom
il

var 1ateq for separate runs.

Ll
Another aspect of this example that shouldiibe noted is

| - | | i

that the observations are independent. This tybe of

=y

l_ls
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specificaticns make this a feasible alter:

preblem lends itself very nicelv to vector process~1~

3
which is to be preferred to erative sta£ ments .
i !
T o : . 4l
I11.D Further considerations | L
.I 1 |
| |
. S N o & . s - . AP L i
APL is interpretive; that is, each statement, or line
| i
|

of |code is compiled and executed separate

entails high compile and execution costs for
and also programs which have extensive loops
. The chief disadvantage of APL as a simul

the large interpreting costs. Often simul

long with significant amounts of looping

simulated in different time periods and diffie

with updated informaticn. Such a program
)

perhaps prohibitively so, to compile and

7l There are two basic wavs whevehv thaf
simulation can be reduced to a reasonablel
‘(1) Reduce the number of statements £

The powerful operators, alone with the caf
2 &

(2) Vector and array processing., If
the;expression V+3 will ddd 3 to every elé
Anofher examhie, which shows the power |of
Whén obaervatlons are not independent is 2
Suppese wWe vwant td compare (subtfact)_eack

from every other element. The statement

will result in a matrix 1 where M[I;JI1=V[]

aener al M<Ae.Bp results'in‘MiI;JJ=AE

g 138 a standard scalar function--such as?

gl This

be interpret

¥

exegute in APL,
I

leade &f thc

long programs

ed .

1at' ‘

‘V: s a vector,
a%e" of V.

Qe: or processingz
e E llows:
!?éx.ment cf a
iJ«-E"L.-V

.=1i&y for multiple



i
}%triaes ard hizher order arrays ican he |8 %-ated upon
in thi§ marner. For example, if M and I are &mﬁ?i#es of
Rl
aPPr o =13tc dimensions M+ . xN results in thafoﬁ ipary
matrihd Orodiict . j
&iProgygmmur using APL who thinks in ter@sh f!typical
Fortrg# lik; loops will encounter high Jnterp%eg Ve cqsts.
Howeveﬁ befors AFL is abandoned for this re%é ﬂ- the
poss bility of vector procescsing should be eﬁpl -eé; APL
offers;severak avenues for imaginative pxogramm@lg in
this fégard. i
r.ia above conciderations involved a series of typical
H il |
simula!ion applications not explored in the IPS The
concluéions of this paper will try to integre%e'lhe

] I ) ] 1 -1 =
1earniﬁgs provided by the IPS with the above

I¥. Conciuvsions

The AFL language, with file-extension ¢ap
il

proved}itself to be not only

pr iate|f01 the simulation of large scale softwa
Find inglgs in the utilization of the IFS not only

to the;bc tter unde

S " o . .
machine interaction but indicated the adequaeﬁ_

iarge scale software systems.
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- | e ] ]
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ing capabilities|required

(2} Large development costs compared with Putilization"

which APL

tion required
would not be an

follows:

development costs relative to "utile

(1} 1nt¢;ﬂ_-J«J or monit
ad
costs
(3)| Dynamic modular structures
(4)| Fine tuning required
(5) Antense matrix manipula
Those characteristics for
adequate lan,u ge are listed as
{1) Many unavoidable loops
{2) Small software
izationftrcosts

Large scale problems

needing large

L

IO N £
! L
e S

Problems
Appilicaitions Loy wilch
simulation language

Concluding, in view of the
should be taken seriously as an

language.

e

L

amounts of input or putput .=
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