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ABSTRACT

The assumptions, logic, and operations of an Information Retrieval
System Simulation Model are described in this report. The model has been
prograr-med in FORTRAN II for the IBM 1620. Two model variations, input
and output examples, and sorne possibilities for improvement and develop-
ment are given. Data reductlon and analysis programs, operating upon the
output of the simulation model, are explained and a set of sample outputs

for these progfama are given. Also included are listings of the latest pro-
grams developed.
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I. INTRODUCTION

One object of Contract Nonr 3818 (00) is the evaluation of information
retrieval systems. To facilitate such evaluation, efforts are being made to
develop an ideal model of these svstems. The ideal model will be a simulation
that will yield quantitative measurements of system performance. l it will be
adaptable to any specific system  For the present, the primary measurement
has been the time the system requires to respond to a given request for infor-
mation. Response will be either a whole or partial answer or indicatiun that
no answer is available. In addition to evaluating existing systems, the model
should be useful .n determining specific requirements for new information

retrieval syatems concepts.

The model utilization procesa is shown in Figure 1, Data or specifications
from the system being simulated are required as inputs to the computer, as
shown by example in Appendix A. The model simulation program utilizes the
system input data to produce the data simulation cards, from which the simula-
tion output is printed (Appendix B), and these cards are used as input to the
Data Reduction Program and the Analysis Program (Chapter IIIj. The output
of the Data Reduction Program consists of three pages of summary statistics
printed subject to several data format requirements, is illustrated in section 2,
Chapter [:[. The Analysis Program,using simulation data cards and system
acceptance criteria as inputs (Chapter IIT, Section 3), produces a response time

eatimate, a confidence level and a system acceptability decision.

1 UL ce mmaan

At prescul the saunuldtion model represents a research tool. When zom
pleted 1t wali be useful in studying the respunse time aspects of computer-based
information retrieval systems. Hence,in its current form its applicability to
practical problems is limited. The model logic, however, can be used either
to develop a simulation for a specific system or it can be extended to fori. a

general information retrieval system simulation.

Future applications of the final simulation model should be considered now
so that the subsequent model development work can be evaluated in the proper
light. The model will be of greateat practical value when used as a system
evaluation tool. As such, a systems engineer (user) would use it to estimate

the response time of a given system. Once the user finds that the system
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FIR. 1 - MODEL UTILIZATION PROCESS

configuration does not satisfy the predetermined set of boundary conditions, he
could modify the system by changing characteristics such aa the card read rate,
If the system is judged acceptable after this modification, then either a new piece
of equipment (e, g., with the new card read rate) must be obtained (that is, an
equiprment requirement has been established) or a time-équivalent improvement
must be found, again by usii the simulation., Once the input data for the simula-
tion has been prepared, the changing of any particular equipment characteristics

can be accomplished by simply changing the input data associated with that factor,

The simulation model requires two types of systermn data; namely, event-time
data and selection data, In an existing system this data can be readily obtained by
observation. Selection probabilities canbe estimated by consideringthe relative

frequency of use, -2-
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On the other hand, if the system to be simulated is in the concept stage of
development, then it will be necessary to estimate nearly all of the input data.
The system evaluator could use the model to compare two or more sysiems
which are unly "paper" systems. For example, a requirement might exigt
such that the response time in an acceptable system must be less than T seconds
P perceirt of the time. To see whether any of a given set of systems satisfy
this requirement, the uger would simulate each (and if all were concepts he
would have to estimate their corresponding parameters) and run the results
either through the data reduction program (and determine the acceptance
""manually'’) or through the analysis program. Thie procedure would give him
a set of ayatems with acceptable response times. [f there were a cost constraint
or a space constraint (or some other limiting factor) then another selection

procedure, based on these constraints, would be required.

As a research tool, the simulation model logic provides a basis for the
study of operations and equipment forming an information retrieval syatem.
The model can be extended to include a study of queueing of questions at the
operator's station {and consider single channel and multiple channel service),
or of real time retrieval systemas where queries are queued baged on 2 time to
process (or some other) priority. 7The model can also be extended to include
corsideration of varions record structures in different storage media. The
miotivatior for studies of this sort stems from the fact that much work has
been done 1r the Aarea of, eay, recornaissance systems, or the obtaining of
irlormatior, but we are jusr heginning to examine the how's and why's and
where's i1 irformation retrieval systems. Many studies such as this are

rccded before we can be as confident in our understanding of information

retrieval rysteme as we are of reconnaissance systems.

3.
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II. SIMULATION MODEL

One way of sirnulating an information retrieval system is to consider those
operations which must be performed by the parts of the system. In a library,
for example, r~rtain ateps are invariably followed in finding information.

These steps can be called "events. " Figure 2 shows the primary event sequence
in a library or any other manual retrieval system. In this sequence the analyst
might be a person requesting a book from a library. He would first decide how
he is going to ask for which book. He would then make his request, either
orally or inwriting. The operator, who might be the librarian, would then inter-
pret the question or request. The librarian might know that either the requested
book was out on loan or that the library never had the book. If the operator is
not sure (as happens in most cases), he would look for a loan record (after
deciding “{here to look and what to look for).

This event sequence would continue until the analyst (or book requester)
receives an answer which might be sither the requested book, . a diffsrent book .~ -
(a mistake), or a statement that the book is not currently available. Both the

first and third anawars would be acceptable. . The secend apswer would netbe .

acceptable, and the process might be repeated again and again until an acceptable
answer is received, '

When the number of requests entered into the system becomes large or the
files to be searched become unmanageable, the manual retrieval system would
ordinarily be supplanted by a computer-based informaticn rotrieval system,
Several new events would now appear in the primary event sequence, as seen in
Figure 3, The operator in Figure 3 is acting as an interpreter (between analyst -
and computer), No longer can he be simply the traditional librarian. Now he
must consider how he is to ask the computer to do his searching, how he is to
tell the computer of his request, how he wants his answer, and how he i8 to

receive the answer,

The operator may also have a choice to make in asking for information,
In this report a distinction is made between a'questior_t and a query. A question
is a request from the analyst while a query is a request by the eperator. The
operator may need to use various types of queries at various times, such as

-
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comparison, summaries and extremum. For a given question, he may require
several queries of each type in order to satisfy the request. Suppose, for

example, that the information in a record has been stored in four groups:
f

1. Person's name field 12
2, Scrvice number (filld 2}
3. Rank . (field 3;
4, Station : (field 4

An apalyst might want to know, for example, to what ship an individual named
CONGER is assigned. Following the procedure siggested in Figure 3, the
analyst would ask the operator to obtain the desired information from the
system. The operator in turn might fill out a number of query forms to

elicit the following information:

1. CONGER
2. 7500743
= 3, RM2
4, USS ANTIETAM

In a query, similar to the one below, an X indicates the information desired
and a blank means the information is not wanted,

1. CONGER

2, -

3, -

4. X

5. 1 (query type: comparison)

On the other hand the analyst may want to know the namea of all the per-
sonnel aboard the USS ANTIETAM, CV8-36. In this case the query form might
ook like

S ———— .

SS ANTIETAM

U W N —
Y-RI

(query type: summary)
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More than one query can be generated by a question since it is possible
tc consider the analyst asking, for example, whether CONGER's serial number

is 7500742. In this case the operatnr may form two queries, the first being
CONGER
X

1

G1ob L I -

and the second

X
7500742

1

Ul W N~

Questions such as "What ship has the most personnel aboard?" would cause
an extremum query type to be gencrated, With such a query, all ships would be
examined, the number of peraonnel aboard each ship determined, and the aﬁip
with the largest number printed out as the answer.

The examples used are given purely for illustration of query typea, The
model will provide for use of Up to 10 query types by the s, stom being simulated,
It is alaoc assumed that each question asked by the analyst can be handled diffar-
ently by the ayatem; that is, that it would be possible to establish ''question
categories'’ and within each find that the system responds in éeuentially the
same way, | '

The basic model logic is centered on the response time rmeasure. In
essence, the response time is equal to the sum of all of the event times and
associated delays, The events in Figure 4 can be defined as follows:

FORM QUESTION Determining what must be asked and

how it is to be asked
ASK QUESTION The process of asking the question
INTERPRET QUESTION Determining whether this question

can be answered at this time



DETERMINE NUMBER OF Determining how many queries will
QUERIES be necessary to anawer this question

FORM QUERY Determining what the query rmust say

PREFARE QUERY The process of preparing the query

ENTER QUERY The prorass at st the oo- -

SEARCH FILE Examining the data base

TRANSFER RECORD Shifting data pricr to output

OUTPUT DATA Outputting selected data

PREPARE ANSWER Collecting output data relevant to

| the given question

DELIVER ANSWER The process of delivery of the answer

INTERCEPT ANSWER Comparing the given answer with the
expected answer

INFORM ANALYST Refusing a question

REPHRASE QUESTION Determining how to ask what must be
asked

With the exception of the fourth event, all of these are basic time events;
that is, the time it takes to perforrn the particular event will contribute to the
overall time it takes to respond to the given request (response time).

Some of the cOﬁtingency cases have been included in Figure 4, The first
contingency occurs when the requeat (question) posed by the analyst is not
acceptable, [In this case the operator so informs the analyst, who then reforms
his question and again makes a request for information.

The second contingency occurs when the query is rejected by the system
logic; for example, when a simple coding error has been detected. This part
of the basic model logic can be expanded to include both query checking and
information checking (determining whether the system has any data-o-r:the

requested subject).

~-10-
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The third contingency occurs when the answer is rejected by the analyst,
Even ithough an answer has been received, as shown in Figure 4, the simulation
does not stop until the answer is acceptable, which means that the time addition

continues until END ia reached,

1 L Za LI N
- AVA ' a4

Based on the logic shown in Figure 4, two models have been developed,
programmed, andrun. These models differ in the way the number of queries
is selected as well as in the way the query types are selected, In the first
model (Mod I) a random number of queries of each type aro selected; in the
second model (Mod II) the number of queries to be considered is selected first,
and then for each query a query type is gelected (again at random according to

some selection rule).

Figure 5 shows the logic followed in Mod II. It has been assumed that a
particular time event will take anywhere from some time Tll to some time T,;
that is, it will take no less than T, and no more than T,» Eeach event can have
its own time range. In the simulation all times are measured in seconds,
Rather than bogging down in a detailed problem in the early stage of model
development, we have assumed that the probability of each time event can he
represented by a uniform distribution, which is analogous (in the discrete cae)
to saying that if a_jisﬁ'“'i:olled and a 1 comes up, the event took a minimum
time,dgx‘..tf“a”zjgt;mes up, the event took T seconds longer, or, finally, if a
6 comes up, the event took & méximum time (also assurmning an unloaded die).

If a uniform time distribution is used and if T, represents the minimum time and
T, represents the maximum time, then the procedure for selection of a random
event time within this interval is to pick a random number R in the interval
from 0 to 1 and then substitute it in the following equation, where T represents

the selected event time:

T =T, + (T, - T,) * R, (1)

Figure 6 shows the Mod II flow chart. Whenever "SELECT Ti" is required,
equation 1 i applied by picking R at random and then substituting corresponding
min and max event times in the equation. In this flow chart will also been seen

a statement
-12-
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R = RAN (1.)

:is otatamannt calle for a anthrantine which will genevate a Lmiformly distri-
buted random number and then set the value of R equal to this number. A
different randorn number will be generated every time this subroutine is

‘used,

Table | shows that the event sequence in the model differs according to
the type of entry device selected. For example, the system being simulated
may have a special query entry device that enables the operator to enter a
query simply by pushing a button on a console (this would indicate to the com-
puter that a certain query type is desired) and then entering the specific data,
In this case the operator first forms his query (FORM QUERY), then pushes
a button (ENTER QUERY), and then enters his data (ENTER DATA), Specific
query types may be entered by certain entry devices more often than by others
(assuming a choice). The simulation allows for this preference as shown in
Table 2,

TABLE | - EVENT SEQUENOE VERSUS INPUT DEVICE
DIRECT ENTRY INDIRECT ENTRY
KEYEOARD cano | SEECIAL 1 camo ano raee SPECIAL DEVIOE

7 7 , ARD A _SPRCIAL _
FinW queRy : X ’ X x
PREPARE QUERY FORN X X X X
PREPARE QUERY CARDS X X
CHECK QUERY CARDS X X
ENTER QUERY X X X
ENTER DATA X
ENTER QUERY CARDS X X
TRANSFER QUERY TAPE X X
NOTE: AN X INDICATES THAT THE PARTICULAR EVENT WOULD OCCUR IF THAT INPUT DEVICE WERE USED.
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TABLE 2. INPUT DEVICE SELECTION PROBABILITY MATRIX
Input Device Number
Query Type o 2 N
Q Pa Prz R PiN
QM PM‘ Pm “ e PMN

NOTE: (1) Pij is the conditional probability of selecting input device j, givan
that query type i has been selected;

i
]

(2) Nis the number of input devices in the syatem;

(3) M ie the number of query categories (types),

It was mentioned earlier that Mod II differs just slightly from Mod I. The
major difference is in the selection of the number of queries and the selection
of query types. In Mod II, the number of queries to be considered in a particular
run is selected first, Then for the first query, a query type is picked according
to & specified selection procedurse, and this query I& "run," If theve are inorTs
queries to be generated, then for the second query a query type is picked, In
this "picking' sampling with replacement is performed, thereby giving a constant
selection probability for each query type,

There is a slight difference in the Mod II output, Since Mod I was primarily
a prototype, the program for Mod II includes several refinements not found in
Mod I. Mod II will now act as a prototype for a subsequent model, It is for this
reagon that only Mod II is described in detail in this report.

The simulation requires two types of inputs: event times and selection
probabilities, Event time data describes the time range for a given event., For
example, it might take the operator anywhere from 5 to 15 seconds to interpret

a question given to him by an analyst. Selection probability data refers to the

-21-



observed usage of the various query types and I/ devices. For example, it
might have been observed that 60% of the tir-o an on-line printer was used for
output of data, 20% of the time a console typewriter was used, and 20% of the

time an off-line printer was used. . -

Specific input requirements can be seen in the program listing while a

numerical input example is given in Appendix A.

TABLE 3. MOD II SYMBOL TABLE
Symbol Meaning
Probability of rejecting a question
) Probability of rejecting a query
C Pfobability of rajecting an answer
D Dummy variable
I Dummy variable
17 Dummy variable
Dummy variable
Dummy variable
Dummy variable
Number of query types
NC Iteration number
NI Number of input devices
NO Number of output devices
NQ Number of queries (maximum) -
NR Number of iterations for the run
R . Random number dummy variable
RAN(1.) Uniform random number generator call
expression
5 Dummy variable
TT Total time

-22-
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PQF (L, 1)

TABLE 3. MOD II SYMBOL TABLE (Cont'd)
Symbol Meaning
cac (L, 1) Minimum time to check ith quexry cards (CQC)
for Kth device, where L = I + (K-1)M
CQG (L, 2) Maximum time to check Ith query cards for Kth
U , device
DE (I) ~ Probability of selecting rth output device
ED (L, 1) Minimum time to enter 1P query data (ED) for
Kthgevice
ED (L, 2) Mta.ximum time to enter I*N query data (ED) for
hdevice
Q(L,1) Minimum time to enter Ith query (EQ) for Kth
device
EQ (L, 2) Maximum time to enter I'D query (EQ) for Kth
device
EQC (L, 1) Minimum time to enter Ith query cards (EQC)
for Kth device
EQC (L, 2) Maxirgum time to enter I'h query cards (EQC)
forK'R device
FQ (L, 1) Minimum time to form Ith query (FQ) for Kth
) device
FO (1., 2) Maximum time to form Ith query (FQ) jorKth
device
N (1) Number of queries of Iﬂ,l type
PE (1,7) Probability of selecting J! input device for ItP
query type
PN (I) Probability of 1 queries being selected, where
I = 1,2,, .., NQ
PQC (L, 1) Mimmum time to prepare Ith query cards (PQC)
for Kth device
PQC (L, 2) Max1mum time to prepare 1th query cards (PQC)
for Kth device
Minimum time to prepare 1th query form (PQF)

Kthdevice

-23-
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TABLE 3. MOD Il SYMBOL TABLE (Cont'd)

Symbol Meaning

PQF (1., 2) Maxi{num time to prepare Ith query form (PQF)
for K B device :

PT (I) Probability of selecting query type I

T (1,1) Minimum time for Ith event

T (I, 2) Maximum time for Ith event

TO(I,1) Minimum output time on Ith device

TO (1,2) "~ Muximum output time on Ith device i

TQT (L. 1) Minin'kum time to transfer Ith query tape (TQT)
for K'P device

TQT (L, 2) Maximum time to transfer I'h query tape (TQT)
forKth device

2, EXAMPLE

To show how the simulation model works, assume, for example, a system
which has the following characteristics:

fixed user group;
fixed data type Fone kind of data in a record);

five query catagories;

magnetic tape dats storage;

. fixed record structure, :

input devices: card to core and keyboard to core;

. output devices: on-line printer, off-line printer, and console
typewriter.

®RhODOOTE

Assume also that the method of operation is essentially as illuatrated in Figure 4,
that is, a question form is prepared by the user and given to the operator. The
operator then interprets the question, and if the question is acceptable he pre-
pares a query form. The query is then entered into the system. The output of
the run is given to the user. The contingency cases shown in Figure 4 are also

assumed to hold.

Table 4 (Appendix A) shows the input data, which is just a numerical
sample -- not actual system data, necessary for Mod II.
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100
101
102
103
104
105
106
107
108
109
110
111
112
113
11%
118
200
300
301

LAV

EIRE

INFORMATION RETRIEVAL SYSTEM SIMULATION
MOD 2

PROGRAM LIMITS~10 QUERY TYPESs 5 INPUT DEVICESs 5 OUTPUT DEVICES
10 QUERIES PER QUESTION RASIC MAXIMUM

DIMENSTON T{(104s2)y PN(10)s PT(10)y PE{(L . 95)s FQ(5042)

1PQF (50421 sPQC(50+2)4+CQC(5092)9EQ(5092)9ED(5092)9EQC(5092)
2TQT(50+Z)9DE(S5)sNTT(101»TO(5+2)sND(10}

FORMAT(IE)

FORMAT(413)

FORMAT{2F1044)

FORMAT(10F643)

FORMAT(10F6.3)

FORMAT(BF643)

FORMAT(2F1044)

FORMAT(2F1044)

FORMAT(2F1044)

FORMAT(2F1044)

FORMAT(2F10,44)

FORMAT(2F1044)

FORMAT(2F10+4)

FORMAT(2F1044)

FORMAT (F6e392F1044)

FORMAT (3F&43)

FORMAT(149F10429144101%,1013)

FORMAT(10HDATA ERROR)

FORMAT (42HCORRECT AND RE=ENTER ALL DATA =~ PUSH START)
READ 1004NR

READ 101y My, NI» NO, NQ

DO 2 I=1,10
READ 102y T{(1!
IF{T(Tel)=T(]
COMTINUE

S0

READ 103, (PN(I)sI=21sNQ)
PO 3 I=1sNQ .
S=84PNI{1)
IF(S=14)900449900

S=0

READ 104, (PT(I)sl=1,M)

DO 5 I=1M

§5=84PT(1)
IF(S=14)900+69900

DO 8 1=1yM

READ 1054 (PE(IsJ)eJ=1sNI1)
S=0 '

DO 7 J=1sN}

SeS+PE(1+J)
IF({5-1419004+8,4500
CONTINUE

1) T(I92)
2112929900

> .
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0

10

11

12

l.=M%N]

DO 9 =14l

READ 1064FQ{Is1)sFQ(T2)
IF(FQ(I91)=FQ{1+2))9+99500
CONTINUE

DO 10 I=1sL

READ 1074PQF(1+1)sPAS(142)

IF(PQF(I42)-PAF(1+2))105y104+900

CONTINUE

NO 11 1=1sl

READ 108,PQC(I+1)sPQC(Iy2)
IF(PQCIT41)=PQC(1+2)})11+11,900
CONT INUE

DO 12 I=1sL

READ 1094CQC(T191)9CQAC(142)
IF'COC(T,1)-CQC(192))129129900
CONTINUE:

- DO 13 I=1yL

13

la

1%

16

17
1R
19
20N
21

2?2

23

READ 1104,EQ(T91)9EQ(T92)
IF(EQIT+1)=FQ(1+2)Y)13+1%3,900
C.ONTINUE

DO 14 I=1,L

REIN 1113EN(Ta1)9ED(T92)
[FAERITIs1)=ED({T92))149144900
CONT INUE

NO 1% I=1sL

READ 1129EQCITs1)9EQC(142)
[F(EQCIT, 1)=EGC(14+2))15»154900
CONT INUE

PO 16 I=1sL .
READ 113,TQATI I 1)y TOT(142)
IF{TAT (11 )1=TQT(1s2))1616,900
CONT INUE

Gah

DO 17 1=21yND

READ 1143DE(T)sTO(Ts1)9TOT92)

JF(TO(Is2)=TO(1+2)117917,900
$28+NF (1)
IF(S~1)600+184500
READ "1154,A4RyC -
IF{A-1e)19,900,900
[F{R=14120+9004900
TFiC=1s)214900,900
NC=0

K¥=NT+NO

1720

NC=NC+1

NO 23 I=19KK
ND(1)=0

NQT=0
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24
25
26

27
28
29
30

21
32

aq
34

3%

36

27

38

39

DO 24 1=1M

NTT(I)=0
TT=aTT+T(1e2)+(T(192)=T(1,1))%RAN(1,)
TT=TT+T(291)4+(T(252)=T(2+1))%RAN(1,4)
TT=TT+T(3s1)+(T{3,23~T{32,1))1%RAN{1.)
R=RAN(14)

IF(R=A)27128428

TT=TT+T(4el)+(T(4+2)=Ti4yl) I *RANI1,)
TTaTT+T(S5s1)+(T(542)~T(541))#RAN(Ls)
GO TO 26

I=0

Sa0

ReRAN(1,)

I=l+1

S=S4+PN(T)

IF({R~S130129429

N=1

NQT=NQT+N

J=Q

JuJ+l

TF(J=N=1)34,32,900
TTaTT+T(691)+{T(642)=TH

631 )Y)IHRAN( 1)
TTeTTHT(Ts1)(T(T742)=T( Tyl

8y1

T(!

)

)I)#RAN(1l4)

})#RAN(14)
YaleloM) s (ND(I)o]nmlyKK)

TTaTTHT(891)+(T(892)=T(
PUNCH 200sNCsTToNQT» (NT
R=RAN(1s)
IFIR=C12%933,33

IF{NC=NR) 224901901
1=0

§=0

RaRAN(1,)

I=1+1

Su8+PT(1)

TF(R=5)36135,25
NTT(I)I=NTT{l)+]
KaD

S=0

R=RAN(14)

Kuit+1
Sn8+PE(14K)
1IF(R=5)38137,37
ND(K)=ND(K)+1
Lel+(K=1)%M
TTeTT+FQ(L L) +{FQ(Ls2)=FQ(Ls1) I*RANIL4)
TT=TT+PQF (Ly 1)+ (PQF (L»2)=PQF (L s1) )*RAN( 1)
TT=TT+PQRCILs1)+(PQC(Ls2)=PRCIL 1) ) *¥RAN(1ls)
TTaTT+CQCI{Ls1)+{CQC(L1»2)~CQC(Ls1))*RAN{ 1)
TT=TTHEQ(LsL)+(EQILs2)=EQ(Ly1) I*RAN(1,4)
TT=TT+ED(Ls1)+(ED(Ls2)-ED(L»1) I*RAN(L14)
TTeTT+EQC{Ly1)+(EQC(Ls2)=EQC(L s1))*RAN( 14}
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40

p o]
fa)

900

901

TT=TTHTRTILs1)+(TQT(L»2)=TQT(L»1) ) #RAN(1e)
R=RAN{1,)

IF(R-B)39+40,40
TTaTT+T.9» ) +{TiF921-T Fs1) 1 #RAN(1.)
TT=TT+T(10s1)+(T(1042)~-T{10s1))*RAN(1.4)
R=RAN({ 1)

S=Q

1=0

I=1+1

SeS+DF{T)
1F(R=8)142s41 41
TT=TTHTO(TI s 1) +(TO(1,2)=TO{Ts1))*RAN{Le])
T=1+NI
ND{I1=ND(1)+1
GO TO 31

TYPE 300

TYPE 301

PAUSF

GO TO 1

FND
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For this example, the I/O devices are labeled as follows:

Ilnput Device Output Device
l - card 1 - on-line printer
2 - keyboard " 2 - off-line printer

3 - console typewriter

Since both input devicea are of the direct entry type, the ENTER DATA
(ED) and the TRANSFER QQUERY TAPE (TQT) events do not apply, and it will
be necessary to insert 20 blank cards for the ED matrix and 20 blank cards for
the TQT matrix,

3., MODEL DEVELOPMENT

Two factors will be incorporated as the model develops. The first is
equipment characteristics, and the second is a requirement for more freedom in
specifying time data,

Equipment Characteriatics

At present Mod Il does noc more than approximate the actual operation of the
equipment in a system. For example, in enteringa guery, only the time range
is specified., For the model to be an effective evaluation tool, it should possess
& capability for assessing variations in equipment, say, in the read rate of a
card réader so that the sensitivity of the response time could be studied in light
of thia variation. If all other factors were fixed, then a threshold could be
determined for this variable (read rate),

The incorporation of equipment characteristics in the model does present
several problems. For example, consider the factors involved with the entry
of data (a query) by way of a direct entry keyboard. This event can be described
by at least three parameters: entry rate, data volume, and data form factor.
The entry rate will be an equipment characteristic which will be the maximum
number of characters that can be entered per second, and hence will be measured
in characters per second. Data volume will be a function of the type of query,
and it seems reasonable to assume that there will be a distribution of characters

for each type of query. Data volume, then, will be measured in characters. The
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data form factor will relate to the complexity of the data, and it could be
assumed that this factor will remain constant for each type of query. The data
form factor will be a dimensionless quantity, If Ry represents the entry rate,
V(Q) the data volume of query Q, and F(Q) the data form factor for query Q,

then the entry time, expressed in seconds, is given by

T (q) = FRV(Q
e

Re

We can represent an adjusted in.ut rate by Ry(Q) = Rg/F(Q), which shows
the dependence of the input rate on the ability of an operator to enter data
variations resulting from query complexity. The best caae, R‘e = Rg, occurs
when the degree of complexity is minimum. The maximum of F(Q) could be
such that R, (Q) equals the '"hunt and peck' rate. An additional assumption can
be made about F(Q): that there is sufficient volume of data in each query type
to make the factor meaningful,

The "enter query cards'’ event can be handled in a similar way. In this
case only two factors are necded: entry rate and data volume. The entry rate
would be the maxim\u\p number of cards which can be entered per second, and
hence measured in cards per second. The data volume factor would be & func-
tion of the quivy type, and would be measured in cards. It can be assumed that
cach quary typ. will have associated with it a discrete distribution for the number
of cards necessary., If agawn R, represents the entry rate and V(Q) the data

volume of query type Q, then the entry time, expressed in seconds, is given by

T,(Q) = V(Q)/R,.

It can be seen that by including e‘quipment characteristics, more significant
detaiis of the system are included automatically, thereby making the model
potentially more effective and the results more reliable.

Specifying Time Data

In the present simulation model all time factors are uniformly distributed
random variables -- the only allowance being that the domain can be an arbitrary

interval of time. For the actual time events, however, a uniform distribution
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would really be 2 poor cheice for an approximating probability density function
(pdf). Since the time data used in the simulation will represent observations of
the actual events (in most cases) and these data will be used to develop a histo-
gram (time vs. number of occurrences -- see Figure 8) of the event, then it
would seem natural to approximate this histogram to represent the event pdf.
The choice of the type of approximating curve is dependent on the degree of
accuracy desired. Confidence in the final results can at least be improved by
using a line segment appfoximation to the parts of the histogram (see Figure 7,
gverlay). Approximation of the time distributions of the various events by sets
of line segment showa that the current nodel (with its uniformly distributed ran-

dom variables) is a special case,

The following pages discuss the derivation of an equation which will provide
a one-to-one transformation from a uniformly distributed random variable to a
variable ..aving a pdf approximated by & given set of line segments. (Most
computer installations, including the IBM 1620 at HRB-Singer, have only this
subroutine for the generation of random numbers.) Also included is a listing
of the random number generator subroutine (which will be used in a subsequent
simulation model) along with a listing of a check program for this subroutine.

The {ollowing procedure can be adopted to prepare evex;t time input data for

the subsequent simulation model:

1. Sample the evént «- that is, time the event from the start to its finish
and record; repeat n - | times forf a sample of size n; '

2., Construct a histogram of the number of occurrences vs. time;
3, Draw an approximating curve (composed of line segments);

4, List end points of each line segment (ordered by increasing values of

of the time coordinate).

For example, suppose that a particular event is observed 480 times and it

is found that the following is true:

Time Interval Number of occurrences
(seconds)’
0-7 0
7-8 5
8-9 15
-31-
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SAMPLE SIZE: 480

100

50—~

80—

70==

80—

80 =

40 =

30"

0 5 10 18

TINE (BROCNDS)
THE ABOVE HISTORRAM [§ AN EXAMPLE MEANT TO 018PLAY THE DATA HYPOTHETIGALLY OBTAINED BY
OPBERVING A PARTICULAR EVENT 480 TIMES. THE HISTOGRAM DEPICTS THE NUMBER OF TIMES THE

EVENT OCCURRED WITHIN A OERTAIN TIME RANGE. FOR EXAMPLE, 33 TIMES THE EVENT TDOK A
TIME BETWEEN 10 AND 11 SECONDS TO COMPLETE,

FIG. 7 - APPROXIMATING POF
FIG. 8 - EVENT TIME HISTOGRAM EXAMPLE
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100

80—

10=

60—

50 =

40—

NUKBER OF OCCURRENCES

20 =

10—
T T T L T ]

THE ABOVE HISTOGRAM

0BSERVING A PARTICULAR EVENT 480 TIMES,
EVENT QCCURRED WITHIN A CERTAIN TIME RANQE.
TIME BETWEEN 10 ANL 11 SECONDS TO COMPLETE

3 ' 10
TINE (SECONDS)

SAMPLE SIZE: 480

I§ AN EXAMPLE MEANT TO DISPLAY THE DATA HYPOTHETICALLY OB,AINED BY

THE HISTOQRAM DEPICTS THE NUMBER OF TIMES THE
FOR EXAMPLE, 35 TIMES THE EVENT TDOK A

FIG. 8 - EVENT TIME HISTOGRAM EXAMPLE
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Time Interval

Number of occur~ences

— (seconds)

9-10 25
10-11 35
11-12 45
12-13 55
13-14 65
14-15 75
15-16 70
16-17 50
17-18 30
18-19 10

19 and up 0

=

From this data a histogram like the one shown in Figure 8 céa be con-
structed. Next an approximating curve composed of line segments is drawn
as shown in the overiay for Figure 7. Finally, the end points, which in this
case are (7,0), (15,80), and (19, 0), are listed, These line segment end points
will then be entered into the computer in an appropriate way and will bé used
to generate random time values obeying this approximating pdf.

The method followed in generating random numbers obeying a distribution
characterized by a set of 'ine segments can be seen in the following material.
For simplicity first.consider a distribution approximated by a single line seg-
ment (the extension to N line segments 1n straight forward and is indicated in
the check program shown at the end of this chapter) '

“the equatwn for an arbnrary line segment is given by

flx) = Ax + B, x¢t [xo, %)

where

X - X X, - X
o

and X 4<% (orly real.varued single-valued functions of a real variable are
e . _roosmdered). 1If this funclion 1s to be a_probability denaity function.(pdf), then

jéo)
for f f(x)dx = C C shouid equal 1., The function f can be normalized by
-00
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dividing by C. The resulting function, g, is given by g(x) = .é
C

The cumulative distribution function (cdf) for-this function 1s

1 » i Y - « Q0 X C
v o

G(Qc) = /x g(t)dt = jx (At + %)dt.

Hence, G(x) = [% (%2 - x'f)) + B(x - xo)]. xE[xo, x] (2)

. Ol‘-—-

+ o

f f(x) dx
e

where C

= __(x; - xzo) + B(xg - ’.‘o)'

A well--known theorem* states that if X 18 a random variable of the continuous

type having pdf g(x) and cdf G(X), then the random variable R = G(X) has a
uniform diastribution with pdf '

i Sacs e T T ' h(r) = 1l foro<rel LT ey

0 elsewhere.

Hence, it is possible to take a uniformly distributed random variable R and with
it arrive at a random variable X having a pdf which is a line segment, This can
be done by letting R = .G(x) in equation 2 and solving for x.

A _
i S B, . - A B A B
R c (% x2) + C(x xo) =30 x ‘+ c * (2Cx0 + < %o

*See, for example, Hpgg and Craig, Intrgduction to Mathematical Statistics,
| Macmillan, 1959, p. 157.
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Hence, (A,xz + (-Bé—)x _(A_xg n

2C 2C

Solving for x yields

%
"

| -B/C 1 \('133/c:z + 2A/C

(—xg +—lé—x° + R)

2C
A/C
= .B t \jB2 + A’x? + 2ABx  + ZACR . (3)
A

Now lety == f(xn) and yy = {(x,), Then

: 2 «2 - -
L v e val (kb ) 4 Txive o gy \ (%, - xn)
I X1 X0 : xl - no /
? ; 2
| X x%) Yy - x?Yo + X3Yo
=T X - X ¥
= 1 o
2 - 2
xlyq xo Vo xc’xly1 + xﬁyl -
X - Xg
Y [ N ==t b F 2 . . -
= L (xlv; +_x’(m X Yo * * Yo Zxoxlyo Zxolel).

2(x, - o)

-38-



A e

-

L
i 1
t
Hence, C = (x.l - xo) (Yn +y,)
2
g B? = x":yi> - xtyd - 2x XY Yy
(x, - x.)?

= (w2 - 2
2ACR = (yl yc) R.

Substituting in equation 3 yields after sim'plifying

B! + Alx + 2ABx, + 2ACR = y2 + (v} - yI)R

EIRE

and hence
L AN | , 3 "y
x = -{xy, - %y + (x, = xJ vl + & - ¥IR {4)
Yl - yo
To determine which sign to choose, let Yi = Y, + a and consider the case where

. afo. Equation (4) now becomes

x = x (y, + 3)-xy  +Kx - x) y2+l(yz°+ 22y + a? - yg)R

[+)

(y, + 2 - y,)
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- - 2 2
+ x,2 Xy, *t K(x1 xo) \/yo + (Zayo + af) R

. ,
= = (xo - x,) Y, * K (%, - xo) \/yz + a(Zyo + a)R +x

R
i

X, * ﬁ__;_xﬂ K\/yf} + a,(Zyo + a)R - Yo |- (L

When R = O, x must equal x . Hence let R = O in equation 5.

»
1
»
+
>
[}
»
——
(o]
)
<
o
——e

"
x
+
-«
P
o\-’
~
|
—

Hence K must be plus one.

When R = 1, x must equal x,. Hence let R = 1 in equation 5.

= r 2 .
x-x°+_a__[\/y +2ay + a Yo
= %y * —J—T— {K a) - v,
L J
= x_+ X5 [ - + Ka
o a
Hence K = +1 for any afo,
The case where Yo *-¥p that is, a = o, is treated differently. In this case
A =y - Yo ° o
e — —ﬁm---—»———x-i—-_x—a— _
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ponars:

Hence B
G(x) = -E(x - x)
Vo (% = %)
- Yo (¥ - xoi
X - X
“LGx) =
1T %o
es was expected. Now letting R = G (x) and solving for x it is seen that
x = x + (%, - xo)R. (6) "

In the subroutine thrafvfollowa, equation 6 is statement 3, while equation 4 is

represanted by the statements headed by statement+. — -
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SUBROUTINE RNDNR (NsXsYsCsT)
DIMENSION XU10)sY(10)sCO1O)
R=RAN(1||)/1O¢
DO 1 1=1yN
IF(R=C(I)) 24191

“1'"CONTINUE v o

2 W={R-CI(I=1))/({C(]) = C(I=1))
IF(Y(I)=Y(I=1)) 443,4

3 T=X(I-1) + (X{I)=X{I=1))%W

- RETURN

4& T=X(I=-1)%Y(I)=X(])%Yy(]I~1)
T=T + (X{T)=X(I1=)1)) #SQRTF(Y(I—-1)%¥%2 +
T=T/(Y{1)=Y(1=1))
RETURN
END

i i U o N S N O T I IR R0 Mo o 2111 0 Y O R A R

(Y(T)#%2 = ¥ (]=1)%#2)%Y)
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100
101
200
201

H[{B

RANDOM NUMBER GENERATOR CHECK
DIMENSTION X(10)eY (1M »A(IN)LCLT0)sNN{101)
FORMAT ([ 2413)

FORMAT (20F A4 ,0)

FORMAT(1H +1242X14)
FORMAT ([ 4)

READ 100s Nsxk -

READ 101s (X(IVsY(I)s I=1sN)
A(1)=0

AT=0

DO 2 1=224N
A(I)I=(X{T)=X(T=1))%(Y(I) + Y(I=1))/2,.
ATaAT + A(l) :
c(l)y=0

DO 3 I=24N

C(I)=C{I=1) 4+ A(I)/AT

Z=¥ .

Zeo{X{N) = X(1))/7

L=K + 1

DO &4 I=1,sL

NN(1)=0

DN 6 1=141000

IF{SENSE SWITCH 1)8,9

TYPE 201,41

CALL RNDNR (NyXsYsCHyT)

PN & J=1sl N

R J=1 .

IF(T=(X(1) + Z#R)) B1515
CONTINUE '

NNCJY=NNG) + 1

DO 7 I=1yL

gibg; 2004 15NNCT) R R S ST
GO TO 1 ' ! o T T i -
END :

. «_ A _e — — [R—— ———
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III. DATA ANALYSIS

The measure to be used for evaluating information retrieval systems at
present is rceponse time, which has been defined as the time it takes for the
system to respond to a given request. The purpose of the simulation model is
to provide ! epresentative system response time data. Basec'l.m; this.data. an

evaiuator would want to know at least two things about the system:

1 whaher or not the systém is acceptable according to a given time

congtraint. )

4. whetner or notithe system can be improved to make it acceptable,
ot better. (
To data the efforts of this task have been restricted to the first quesdtion.
There ate two problems associated with question one: (1) It might be de"si_ra}\:le
to kncv 1n what reeponse time T an evaluator can have a P percent confidence

for the g:ven system and (2) the evaluator would want to know whether he should

“accept ov reject the ayetem if he must be P percent confident that the response

time 1 "+ less than some required time T*. These two problems can be

‘answeted hy means of the two programs which follow

12 DATA REDUCTION FPROGRA Mo a4 160 0 ih bt b 1 b i

B —- —
L

iwe gountniopvaccer fnttawed 0% data reducfion 18 shown in Figure 9. The

I

'

purpose of the data reduction program is to develop a histogram (resypé'hs'é' time
ve. [:eguency of occurrence) and pertinent statistics by examining the simulation

output cards. This output can be examined in several ways, some of which are

as followsn.

a. Obtiin A complete summary analysis of the simulation output. In this
case all output carde are examined and they produce one summary
histing,

b Obtain partial summaries; that is, the data reduction program would

-

examine. Jor example, the f:rst 00 iterationsamt produce asummrtiy

and then examine the next 100 and produce a composite summary of the

entire 200 iterations, and so on

<45



c. The time histogram developed can be varied by considering different

time interval subdivisions.

BATA FORMAT N . SIMULATION
REQUIREMENTS =’ DATA CARDS

COMRUTER (::)‘1::) DATA RECUCT{ON PROGRAM

-
SUMNARY
STATISTICS

. Flo. 8 - DATA REDUCTION RROCESS

. ; \\:\ R - 9
‘Figure 10 is the data reduction program flow chart, As will be seen in the

program listing which follows, Dl and D2 represent all of the data on two separate

output cards vl R A e e e el L e R PN e ptn e e - W

The program requires\sokﬁe -preliminary-data prior to agcepting the simuls -
tion output data, This preliminary data (data format requirements) are on three
cards, The {irst card has the number of iterations (simulation output cards) to be
examined and the desired number of summaries (b, above), The second card
contains basic data for the histogram: numbex of time intervala desired, the
length of each interval (which is the same for all intervals), and the initial time,
The third card has data about the number of query types, the maximum number of
queries,~and the number of input and ocutput devices involved in the simulation,
The simulation output cards follow these three cards, and a blank card follows

the output cards (another program requirement at present),

The-output-of-the-datareductionprogram-consists of three pages of data

(illustrated in section 2). On the first page (labeled page 1), which is predomi-
nantly time data, will be found the following information:
' -46-
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The number of iterations cnnsgidered;

The average time per iteration;

The time variance;

The time standard deviation;

Time histogram data (reaponae time vs. number of occurrence:);
Time histogram data (response time vs. frequency of occurrence);

Time histogram dafp (response time vs. cumulative frequency of

occurrence). !

The serond page {laheled pdlge 2,. which is concernec‘ W1th query data, contams

the following dala: -

ll

4!

. Query type occurrence data,

Number of queries generated in lhe previously specified number of
iterations;

Average numbler of queries per jteration; ] '
g q P

Query occurrence per iteration data; ‘ -

The last page (labeled page 3} consists of information about the utilization of the

I/O devices,

Y-



ot

L

- " A—

- — —

—— ‘ HLIB

DATA REDUCTION PROGRAM FQR MQOD 2
DIMENSION NQS(ll)sNT(25)sF(75);NTY(lO);NTD(lO)’
INTT1I(10)4NTT2(10)ND1(10)«ND2(10)

107 FORMATI(215)

101 FORMAT(216)

102 FORMAT(413)

103 FORMAT(14sF106429149101351013)

200 FORMAT(1H1+39HINFORMATION RETRIEVAL SYSTEM STMULATION) 13K|8H(PAGE
11y

201 FORMAT{1HO,23HNUMBER OF ITERATIONS =.415)

202 FORMAT(1HOsSHTIMF DATA) ‘

203 FORMATI{1H s5Xy29HAVERAGE TIME PER ITERATION = sFl0e23s1XsTHSECONDS)

204 FORMAT(1H +5X311HVARIANCE = 418XsF1043)

2085 FORMAT(1HO+18HTIME INTERVAL DATA)

206 FORMAT(1HO +SX»BHINTERVAL 15X s 21 HNUMBER OF OCCURRFNCE%.5X.
19HFREQUENCY 94X+ 183HCUMULATIVE PROR)

207 FORMAT(IH o5XsThslH=s1b s 1NY 4158 016XsF6e3910XyFhe3)

208 FORMAT(1H +5Xs144+12H AND GRFATERI3X915916X9sF64e3)

209 FORMAT(1H1;39HINFOPMATION RETRIEVAL SYSTEM SIMULATIONS13X 98H(PAGE
121)

210 FQRMAT(IHO 10HQUFRY DATA)

211 FORMAT(1IH +5Xs19HNUMBER OF QUERIES =415)

212 FORMAT (1M +5Xs41HAVFRAGE NUMRER OF QUERIES PER ITERATION -’F6c2)

213 FORMAT(1HO+17THQUERIES/ITERATION 23X »21HNUMBER OF OCCURRENCFS»3Xs17H
1AVFRAGE/ITERAT.ION) o

214 FORMAT (1M o8X9I2917X915916XsF6e2)

215 FORMAT(1H »3XsFHMORE THANI3412X915916X4F6e2)

216 WORMAT(lH@leHQUFRY TYPE,y10Xs2 IHNUMBER OF QCCURRENCES3Xs13HAVERAG
1E/RUERY)

217 FORMAT(IH sABXs12)»17X 9154 1R5XsFba2)

218 FORMAT(1H1¢39HINFORMATION RFTRIEVAL SYSTEM SIMULATIONys13Xy8H(PAGE.
13))

219 FORMAT(L1HO s 24HINPUT/OUTPUT DEVICE DATA)

CAREERYTR I N HOPMA1(1HUo14HUTnM%W#W&@MW@FW@@N%WWMAM&Rmﬁﬁwua,mbuﬂﬁx|3X021HAVERAG

1E USE/ITERATION)

L 221 FORMAT(IM 412 HINpuvlhcurrﬂjrﬂ IHm s 14X sFRe2s 17X sFBa2)

222 FORMAT(1H »13HOUTPUT DEVICEs12s1H= .I4g9x FEa291TXsF6e2)
223 FORMATI(1H /SXoZOH%TANDARD DEVIATION =49XsF1l043)
1 READ 1004NR NN
LN/ Ny S
READIOLsNTIoLISIS
READ 102 4MaNI 9sNOSNA
N=2%®NQ+1
K=NT+NO
§8=0
55Q=0
NTQ=0
DO :2 I=1,N
2 NQ&(1)=0
DO 3 I=1,4NTI

i
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READ 103.N]oX;NQ1»(NTT1(I);I laM)o(NDl(I)QI- ’K)
Jel
READ 103 4N2sYsNQ2s (NTT2(T)sl= l’M)’(ND2(I)oI 1,K)-
IF(N2)T741147
IF{N1=N2)124R,12 -
N1=N2 ’
X=Y
PO 9 I=1¢M
NTTLI(T)=NTT2(1)
DO 10 I=14K
ND1(I)=ND2(1)
MQ1=NQ2 )
GO TO &
J=2
SC=288+X
SEN=SSQ+X#%2
BC 13 I=14N
TFINQI~T11%914413
CONTINUE
NRE(T)=NQS(TY+]
NTQ=NTQ+NQ1
DO 15 I=1yNTI
IFIX=F{I))16, 15015
CONTINUE
NT{I)I=NT(T)+1
DO 17 I=14M s
NTY (T .NTY (T)+NTTL(T) o el
DO 18 [=19K g

y MTRETIENTA LY NN LT

DO- 19 I=1,NN
IF(N1-T#L)By20,19
CONTINUE

WaN1

XR=55/W
XV2S550/W=XB¥#2
XS=SQRTF {XV)
PRINT 200
PRINT 201Nl
PRINT 202
PRINT 203,XR
PRINT 204yXV
PRINT 223»XS
PRINT 205
BRINT 206

~50~
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21

22

g
' a:

24

25

11=0

FrR=NT(1)

F¥=FK/W

CP=FK

PRINT 207 1T .F{11sNT(1)aFK,sCP
TI=NTI-1

NO 21 I=211

MMz ] =]

F=MTI(I)

FR=FK/W

CP=CP + FK

PRINT 207sF(MM)sF(T)aNT(])sFKsCP
FK=NTI(NTI) -

FKaFK/W

PRINT 208sF(11)eNT(NTI)sFK
PRINT 200

PRINT 210

PRINT 211,MTA

GENTQ

Gi=G/Y

PRINT 212461

PRINT 2113

IT=N-1

PO 22 I=lyll

H=NQSI(T)

HeH/W

PRINT 21491 9NQS(I) oH
H=NQS(N)

HzH /W

PRINT 218911 NOS(N)4H
PRINT 2164

NO 27 T=1.M

H=NTY (1)

Hl ':'.'.-kﬂiv II(\C"}W -

3 PRINT 2179 IaNTY(T)oH

PRINT 21A

PRINT 210

PRINT 220

DO 241=1,4NI A
G1=NTN{T)

nP=01/6

(R=G /W

PRINT 22191 oNTDIT) 4G2+G3
DO 295 I=14NO

K1=NT+I

Gl=NTDH{K])

G2=261/G

G3=01/W

PRINT 2225 sNTDIK1)»G2+G3
GO TO (8426)sJ

.- 5 et st
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The form of the data reduction program output can be 1llustrated by con-

2. EXAMPLE - DATA REDUCTION PROGRAM OUTPUT

sidering the numerical output data given in Appendix B. There were 500 samples
generated in this particular run. The three required header cards for the data

reduction program are

CARD VALUES
1 NR = 500, NN = 5
2 NTI = 10, LI = 50, IS =150
3 M = 5 NI = 2, NO =3, NQ =3

As previously mentioned, the header cards are followed by the iteration cards,
the last of which is followed by a blank card. The.following pages indicate the
output produced by the data reduction program. " For convenience, histograms
have been prépared (Figures 11 - 15) and follow the output example. It should
be menfioned again that this is-a numerical example used to show the form i
substance of the program output and meant to illustrate the capabilities of the

program.

Using thé example cited above, assume that someone wants to know in ks
what response time of the system he can be, say, 90% confident. An examination

-~ —of Figure 15 (b) shows that the system response time will be less than 450

aeconds ahout 90% of the time. Hence, based on this data he can expect that
90% of the time he will get a response to a3 request from this system in somel.hing

i

less than seven and a half minutes,

As can be seen in_the program listing, there is some degt\,ee"-?f freedom
allowed in the output format. For example, there can bie up to 25 time sub-
divisions if desired. The output, in its present form, permits ‘an examination
of pag: 1 for time data, page 2 for query data, and page 3 for I1/O device data.

-53-



INFURMATION HETHIEVAL SYSTEM SIauLaTioir  — 0 - (PAGRE 1)

CeURBER UF ITERATIONS = 77 1007

TFIMETBATA T T T T
AVERAGE TIME PER ITERATI(ON =  327,R3 SECONDS

VARIANCE = _ T77300.010
__ STANDARD DEVIATION = = 85,440

TIME INTERVAL DATA

RVAL S - FREQUENCY CUMULATIVE
0- 150 0 0,000 0.000
__150= 200 6 _ 4060 _ <060

2060="250 77771 Jdz20 0 180

_._INTERVAL ~  NUMBER OF NCCURRENCES -

PROB

250- 300 23 2230 0810

300~ 350 21 - 210 T.820
350~ 400 A 19 W90 © . .810

400- 450 I 080 890
450- 500 B . ,080 . .970

C500- 850 T T o3 T 030 ' 1.000
- 550 AND GREATER 0 0000




- [

]
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— RRE
TOFORMAT LI RETRTEVAL SYSTFW STMUI ATTOM (PAGE 2)
OUERY DATA B
NIMABRER (IF 0UFR =S = 1673 )
AVERAGE MUMBER OF OUERTES PER [TERATINM = 1.63
CGUSRIES/ITERATIUN NUMRER OF NCCURRENCES AVERAGF/ ITERATIUN
1 52 . eB2
‘ 2 33 .33
H 3 15 .15
- 4 - 0 0.00
5 0 0400
6 n - J Y ¢ Y o o
§ MORE THAN 0 040
(MERY TYPE NMUMBER NF OCCURRENCES AVERAGE / OUERY
kR X o = ~
2 50 «30
3 24 T o 14
B 4 ]L]'.___ e ______0_0___6_
i 5 | 7 0%
i



INFORMATION RETREEVAL SYSTEM STMULATION 77 (PAGE 3)
TRAUT/UUTPUT UEVICE OATA ~~ 777 7 77 -"77mTToTmemo e
UTTCIZATION OF ~AVERAGE USE/OUERY  AVERAGE USEZITERATTON
INPUT DEVICE 1= 124 UL X (- SR Le24
TNPUT DEVICE 2= 39 E .39
QUTPUT DEVICE 1= 100 . ________ 6l o] 1.00
OUTPUT DEVICE 2= ~ 25 .15 .25

""""" 3= 38 .23 .38

“Bb-
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INFORMATTUN RETRIEVAL SYSTEWM STMULATION {PAGE 1).

NUIMBER DF TITERATIONS ™=~ 200

TTE DATA
AVERAGE TIME PER ITERATION = - 325,89 SECONDS
VARIANCE =" """~ 7777777 416,110 T TTTToTTTTTTT
STANDARD DEVIATIUN = = 8&.13%4

_TIHE_INTERVAL DATA

INT RVAL NUMBER OF OCCURRENCES  FREQUENCY CUMULATIVE PROB
0= I8¢ T T TTTTTTT [0 0,000 T TTTTT 0.000
150~ 200 1y ._s055 ____055_ ____

200~ 250 T T LT 7729 0200

250=~ 300 440
300-"250 o640
350= 400 ____e195
W%00= 450 . 885

450~ 500 2965

500~ 580 "~ : TTTTTTTTTTALa00 T T
550 AND GREATER 0 0,000




—-j
TINFORMATIUS RETRIEVAL SYSTEN SIHULATION S 0 7 (paGRE 2)
WUERY DATA CoTT T
NJHMBER OF OUERIES = 333 ' _
AVERAGE NUMBER DF OUERIES PER TTERATION = 1,66
GJERTES/ITERATINN  NUMBER OF OCCURKFMCES  AVERAGE/ ITERATIONM
1 ol _ . «K0
2 ('!5 .32 )
_3 i 3¢ ol? —
4 0 ] 0400
5 N O ¢ PR 410
b ' 0 0400
MORE THAN 6 N 000

NYERY TYPE NUMBER OF OCCURRENCES “~ AVERAGE/QUERY.
' o 128 ) Y '

99 ° - 29

5(3 a ' .]6

- a0

15 .()l"

|
I
\

~58-
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) INFURMATIUN KETRIEVAL 3YSTHH SIDGLATIG {RAGE 3)
g INPUT/OUTPUT UEVICE DATA

UTILTZATION UF TTAVERAGE USF/70OUERY  TAVERAGF TURE/ZITERATIAON
. THPUT DEVICE 1= 23R8 .71 : 21109
3 INPUT DEVICE 2= Y5 .28 4T

UUTPUT DEVICE 1= 20l 60 1.00
~ QJTPUT DEVICE 2= 39 o1l ) ) 19
i MUTPUT DEVICE 3= 93 «27 46"

el ——

LA A

it

-59.



fTLnAATTIO BITRIEVAL SYSTEM STFULATIAN 77777777 (PAGE 1)
UGBER UF TTERATIGRS =7 730n 7 77T 7T oo T s o s e
TTTAE DATA T
AVERAGE TImME PhR ITERATION = 327_ﬁ§_§§CUNDS L
VARIANCE = T168,240
_ STANDARD DEVIATIUM = 886137 e
TIME INTERVAL DATA ,
INTERVAL NUMBER OF OCCURRENCES ~— FREQUENCY _ CUMULATIVE PROB '
0= 150 0 0,000 0,000 T
~150- 200 X w083 063
200= 250 42 LT G140 v203
__250= 300 68 226 o429
300- 350 60 w200 629
350= 400 4T L _sl36 . _e786
400= 450 30 .100 ‘ L8867 T
4%0- 500 23 076 963
500< 550 10 o <033 586
550 AND (7RE,L\T1-R 1 «003 i
v Y el gy
A
X
-60- ]



.

,
. I
] E - R ————

= Yoy

Er[

TreFernslaT o T ToTotal SVCTUR TR ATTRR frann o
“DUERY DATA ’ ) N T T TTm e
NJRMBER UF OUERIES = 506
AVERAGE NUIBER UF OUERIFS PER TTERATINN = 1e68

WERIES/ITERATION MUMBER OF NCCURRENEES AVERAGE/ ITERATION
-2

3 59. »19
g 0 : 0. 00

5 0 0.00

6 o 2 P T I
_ MURE THAN - 6 0 - e _0e00

cen ; ey, el o 163 o B1

WERY TYPE WUMBER 0OF (CCURRENCES AVERAGE/QOUERY
197 . 3R T
164 032

7 4‘ r ". 1 Zl'

45 - «08
R et LI

) .
[0 QL TURN N S

T - - —_— e = B . . o 7; . LrTAERTRY R —

-6l-
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INTOREATION RETRIFVAL SYSTEM STMULATION

UTICIZATTION OF
INPUT DEVICE 1= 365

INPUT DEVICE ~ 2= 14)

OUTPUT DEVICE 1= 309
OJTPUT DEVICE 2= " 58
- DUTPUT DEVICE 3= 139

AVERAGE USE/GUERY  AVERAGE USE/ITERATION
72 1.21

e & At Y -

61 _ 1,03

.ff“"_ﬂ_u__.jr_____m”_ﬁ______m_iig"w_Nm_

27 o46

-62- ’ ]
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l TaFURAATIUS RETRIEVAL SYSTEX STHULATICY 777 (PAGE 1)
i URBER UF ITERATIOMS = NIV ot Tm o rr T
TIMEOATA™ —— T
AVERAGE TIME PER ITERATION = 329.05 SECONDS
i VARIANCE = 7357.300
STANDARD DEVIATION = _OB5.774 ]
' TI1iE INTERVAL DATA ' —
INTERVAL NUMBER UF UCCURRENCES  FREQUENCY CUMULATIVE PROB
. TUo="1850 7 ) 1 [N + T¢ - R 002
' 150- 200 22,085 4057
i 200=- 250 52 : 130 . «187
’ 250~ 300 . 91 ] «227 . e4%l5
| 300= 550 : §3 207 522
350= 400 68 . _el70 o792
;. " 4‘00"‘ 450 4], " 0102 . . 0895
oL 450= 500 B 28,070,965
e 500~ 550 ’ 13 +032 « 997
550 AND CGREATER 1 « 002
y
W - -

j W— R - .




ilﬁwﬁ.‘. l._.n. :-n.JnJ'J.)W g . TJ{{M' (uudiaca Lo L L e
! INFURMATIUN RETRIEVAL svsﬁ?ﬂ“§fﬁﬂtﬁ?ﬁbﬂ """""""""""" (PAGE 2)
WUERY DAT A """"""""""""""""""""""""""" ST
_ NJMBER UF QUERIES = 676
""AVERAGE NUMWER OF QUERIES PER ITERATION = 1469
WJERIES/ITERATIUN NUMBER OF OCCURRENCES ~ AVERAGE/ITERATIGN
B o 1 e 20 -1
s - . Ly ar? .38 ‘
. 3 o 77 19
B 0 0,00 _____
6 0 0,00
CMURE THAN & 0 0,00
WJERY TYPE NUHBER OF OCCURRENGES  AVERAGE/QUERY
1 259 +38
2 A 32 ____.__
3 99 o1
o e I P 09 _____
5 34 .05
_ \ L
I3 7N 7
7 NV
( -
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INFORMATION RETRIEVAL SYSTEM SIMULATION T T T T(PAGE 3)

[, u

"INPUT/OUTPUT DEVICE DATA

UTICIZATION OF AVERAGE USE/QUERY AVERAGE USE/ITERATTION
INPUT DEVICE 1= 482 71 1,20
INPUT DEVICE ~ 2= 194 .28 T .48
OUTPUT DEVICE 1= 401 . 59 - 1.00
UuTrUI LEVICE &% "85 7777 o172 ' N |
QUTPUT DEVICE 3= 190 _ 28 : a7

b . 1
T o "! b i 5200 S o o e a0 o M G o e ™ 50T ey e e e

|

|
.

rd

|
s
wamn— "

s

’ . -65-



TTTINFORMATION RETRIEVAL SYSTEM SIMULATION — ~~ ~ {PAGE 1)
TTUNOWMBEK UFITERATIONS =~ 500  ° T T ToTToorTTmorTmmTo
TIME DATA
AVERAGE TIME PER ITERATION = 330450 SECONDS o
T VARIANCE = 76184840
__STANDARD DEVIATION = 874285

TIME INTERVAL DATA

INTERVAL NUMBER OF OCCURRENCES _ FREQUENCY  CUMULATIVE PROB
“"‘"“"’“""‘6:“']‘_‘5"0""""‘—""""""T—' T '7602 - “"“""‘“.'662‘ """"
150=- 200 - 26 ___________sQ52 _ ___ ____ 054 __ _
T T 00~ 250 67 134 . 188 o
250= 300 111 0222 0410
300~ 350 101 w202 2612
} 350= 400 89 im0 \78 . _e790
400= 450 51 o102 «892
............ 450= 500 _  __ ____33. o ____e066 __________.958__ __
5§00~ 550 18 036 «994
550 AND GREATER 3 + 006
! - — S
. A_‘
A
-66‘-- ‘
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, ! v e - INFOBMATION LETRIEVAL SVSTEmM ctmuArion Trpanr_ oy
l TQUERY DATATT T T om oo m s e
_ NUMBER OF QUERIES = 844 ,
AVERAGE NUMBER U, QUERTES PER IT TION = 1.68
] ——id -

ittt .

[

e & sy

TQUERTES/ITERATION -

“OCCURRENCES™ AV
51

ERAGE/ITERATION

1 & «50
TmmTmmTT T 2Tt I6¢ "~ 30
3 95 «19
4 - ] 0 000
5 W i 0 000
e Fmb e mm i g =TT P To
e MORE THAN 6 O 0000
QUERY TYPE _ NUMBER OF QOCCURRENCES AVERAGE/QUERY
1 326 «38
e L 8T2 L ..e32
3 ,' . 121 o 14
. 4‘,!’] ________81_ ________________ EN .
R y LR

Y 1

p— P AN $z WS e |
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“IRNPUT/OUTPUT DEVICE DATA ~ 7~
UTTLTZATION OF TVERAGE USE/QUERY  AVERAGE USE/ITERATION
_ImeuT DEVICE 1= 605 _ 1) . le21
INPUT DEVICE. 2= 239 .28 A
QUTPUT DEVICE 1= 500 89 _____ _______...1.00 .
“AOTRUY DEVICE 2= 10877 W12 ™ W21
Y. & S

o OUTPUT DEVICE 3= 239 W28

J— \\ )
o . B
L
[
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- g 4
o
|
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 FREQUENEY

[ 1 X E (K [

CUNGLATIYE PROBABILITY

200 300 400 600
- TIME -(SECONDS)-

400 600 600 100

200 300
TIME (SECONDS) -

N C P , (8
Fia, 11 - TIME HISTOGRAMS - 100 SAMPLES™

100

-

800

|}

L f_"!‘(f[.‘_"!'[".‘l!‘if(iﬁxailﬂﬂi'!!"f,‘!!n!‘%!i!

' .
—— —— N

FREMIENCY

vt

s34 P Al g e R oo g bt B

N

CUNSLATIVE PEOBABRL!TY

200 300 400 500
TIME_(SECONDS)

100 200 300 400 800

bt | ) e ol s, 1 ¢

L il

—TNE(SECINDS)—

)] )
FIG. 12 - TIME HISTOGRANS - 200 SAMPLES -

.
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FOEQDEREY

100 200 300 400

TIME (SECONDS)

3
ST [ itae g !'!I"qﬁd e

=% pie 13 - "TINE HISTOGRANS - 300 SAMPLES

84

5 9

CUNDEATIYE PROBAD|

|
i
\
\

800 600 ' 100 200 $00- 400
TINE (SECONDS)
(8)

1

Ay
W
\\d/ =
i
I
o«

100 200 300 400 500 600

TINE- (SECONDS)

1.0 T

LITY
=
'

CONILATIVE PROBAD
@

TIME (SECONDS)

100 200 300 400 500

)

. i (8)
FiG. 14 - TIME HISTOGRAMS - 400 SAMPLES
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* FREQUENEY

|
f
)
I
P,
T
COMULAT IVE PROBABILITY

- 100 200 300 400 80¢ 800 © 100 200 300 400 800 600
TINE (SECONDS) o _ ~ TINE (SECONDS)
) 7 (®
FIB. 15 - TIME HISTOGRAMS - 500 SAMPLES

2.

Given qf' response time T, he would want to know the probability that
the sygtem could respond in this time.

Given S}system acceptance criterion, he would want to know with P
;.‘;er_cent'\conﬁdence that the response time of the system was.less than

t

pome s#;ecif"ied time T,

_71;
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The analysis program, just as the data reduction program, examines the
simulation output cards (see Figure _)6). “To do this, two header cagds are
necessary. The first header card has data about T and P (as defined above).

A

J
FHITERIA ;

COMPUTER

ANALYSIS PROGRAN

FiB. 16 - ANALYSIS PROCESS

- - \

i

_1f P is equal to zero, the program interpreta this as mea.nmg queation one
" (above) is to be answered; otherwise (i.e., P ;‘ O) question two. The second

header card has on it the number of iterations, N, to be examined,
cards are followed by N iteration cards, the last of which is followed by a blank

card. The procedure followed by the program is shown in Figure 17. Specific

input formats appear in the program listing.

The header

The output for question one (given T, find P) is simply the printed statement .

PROBABILITY TIME LESS THAN (T) SEC. IS (P), ; _

where numerical values replace T and P. ‘For example, consider the simulation

-72-

- __output data of Appendix B, Suppose the evaluator wants to know the confidence

level P for a response time of 500 seconds. Since this is question one, the first
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1 . by!

header card would have T = 500 and P = O. The sécond header card would have
the number of iterations to be examined, and in this case N = 500. These header
cards are followed by the simulation output cards (again, these are followed by a
blank card). After the cards have been read by the cogﬁputer. an answer would
be printed out which would be
PROBABILITY TIME LESS THAN 500. 00 SEC. IS .958

This answer is interpreted as meaning that 95. 8% of the time this system would
respond to a given request for information in less ‘than 500 seconds.

The output of que’atipn'two consists of two statements
~ (X) SYSTEM SINCE

"PROBABILITY TIME LESS THAN (T) SEC. 18 (P),
~~ where (X) will be either ACCEPT or REJECT, and there will be numerical
" values, a8 with question one, for T a.r',\\d P. Suppose it is required that for an
acceptable aystem the response time f“pust be less than 500 seconds with a
confidence level of 90%. The printed d‘*utp’ut answer would be
ACCEPT SYSTEM SINCE

T~ T~ "PROBABILITY TIME LESS THAN 500,00 5EG. 15,958 - - —

As a second example, suppose it is necessary to be sure that 90% of the time
‘the response time is less than 400 seconds. In this case (for the same data)
the printed output would be

REJECT SYSTEM SINCE -

PROBABILITY TIME LESS THAN 400. 00 SEC. IS . 790.

Marginal rejection cases, such as reject because the calculated P value is just

-

1

W
N

.slightly less than the required cornfidence level, should be interpreted by the

user to determine the systermn's acceptance or rejection.

-74-
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C ANALYSIS PROGRAM
_ 100 FORMAT(FB8s292XsFb4e3)
l 101 FORMATI(IS)
102 FORMAT(149sF10,42)
200. FORMAT(36HENTER SIMULATION CARDS = PRESS START)
i 201 FORMAT(1HO»26HPROBABILITY TIME LESS THANsFBeZ92X»4HSECs »3H 1S,
- ’ 1FAL9) _
. 202 FORMAT (1HO»1SHACCEPT SYSTEM SINCE)"
203 FORMAT (1HOs19HREJECT SYSTEM SINCE)
1000 READ 1003TsP
TF(P1291+2
1.-L=1

5"1 ~ 60 TO 3
.y _ 2 L=2

3 TYPE 200
PAUSE
READ 101N
PReQ
READ 192,N1sT1
4 READ. 1024N2sT2
IFI{N2)547+8 .
B IF(NL1=N2}T7+697
g 6 N1l=N2

. . 7 1F{T=T1)948+8
i . R PRaPR+],
9 IF(N1=N)6410,10
_ 10 WaN
1. - “PRuPR/W .
1 CIF(L=1)12911s12
11 PRINT 201sTsPR
PAUSE - : i
60 TO 1000 —— — T T~ S ;o
W T ym teIpBaBYYAs1214 . S - GRS B
13 PRINT 202
60 TO 11 ) S
" 14 PRINT 20% b : :
- 60 TO 11 , , . A i :
END - i/ . o
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v. SUMMARY AND RECOMMENDATIONS

To date, our primary goal has been the development of a basis for evaluating
information retrieval systems, based on the time it takes for the system to res- .
pond to a given request for information. Recent diacuenone of the model sub-
stantiate the choice and use of reaponse time as a primary measure for simulat-
ing and evaluating retriaval systems, The model is still in the early stages of
development. Its logic has baea developed along with two variations in the model

(each of which has been programmed and run on our IBM 1620 computer), The -

evaluation aspect of the problem has been examined and two programs have been

"developed which use the simulation model's output. The first of these is a data

reduction program which produces a summary of pertinent statistics obtained
from the simulation run. The second is an analysis program which can be con-
sidered a model in'the sense that once the user has decided on the acceptance
level of the systern, the model can examine the simulated data and determine
whether or not the given system is accepted by the speciﬁed standards.

In the coming year the exieting ‘models will be refined and exte pded | by
including more equipment charalcterietics (that is, by introducing various
equipment parameters such as card read rate, tape density, word aize, etc., to
be used in the simulation) as well as including query, record and output ohar-r
acteristics. This work should éomplete the limulation model of the computor-

-_.-based in.formation retrieval system, » .

After the model has been completed. _a model of a. manual information )

.7 :'otrievol system will be developed, in which the data may be stored as hard

- copy and retrieved eﬂtirely by human operation. Equipment characteristics to
" be included in this case are such factors as atorage capacity and access time.

Other factors which might be included are cataloguing procedures (what goes
where), query variations (ways of asking for the same thing), and so on, When
d reloped, the model will be programmed and run on HRB-Singer's IBM 1620
computer. Modifications to the data reduction and analyasis programs will be
made where necessary. ' :

Once the manual systermn model has been developed, it will be integr_ated

_with the computer-based retrieval model into what could be called a General

Informatio_n Retrieval System Simulation (GIRSS) model, or G model. It would
be this inodel which would find the greatest application since most information
-77-
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retrieval systems are a composite of what has been called mvanu'g'fl'a'nd computer
systems. The G model could be extended to the more general data processing 7
systems or it could be tailored to a specific system, as shown in Figure 18, This
would complete the major work on information r-etrieval system evaluation using

the response time measure,

DATA PROGESS ING
SYSTEMS

F10. 18 - NODEL DEVELOPMENT AND APPLICATION

It is a rare systein today that can be judged solely on & single criterion, If
‘there were only one system which could do the retrieval job m"tﬁé'reﬁu(i(i'é%j

time, then a user would have little choice in deciding which aystem he ghould \

purchase, However, present-day technology allows the user to choose and
tailor the procedures and components of his system as he sees fit -- in fact,

the problem now is which procedures and which equipment to choose. In a sense,

the user has an allocation problem; he has a given amount of resources (cash,
time available for a response, space) and he must choose the best possible fit

of equipment and procedures to make up his system, The present and future
work will aid the user (or manager) in these decisions. The fh_anager c;ln use

the G model, for example, to determine whether or not the system he has

IR

I,
oo

selected will satisfy his time requirements] but this 18 nat thé_ only requirement

-78-
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- . he hél. Models of the system using other evaluation (deéiuon) measures will

i "s 148 hae hngiderable

this ‘thuk will'd §

him, g It is; t!wie mealure: g.\g& modelg/ thﬂt
-;-.funﬁhﬂ\ental p&-oc'&'uui‘e is diagrammed in '

obine b, Sl
Figure 19,

A future goal of this task could be the qlevel_dpment of an information
T retFieval system model which would be based on those measures the user must
conaider, The user would specify, for example, his cost copgtfai_nti, responae

|
I
]
l
4
1

- ‘7,,,,,\,,,,, S '. - GIVEN TYS‘ITI3 e 7;;“”\' R AR

T
C {7 uAsuuL) -—

APPLY MODEL

FIG. 18 - ITERATIVE PROCEDURE FOR THE SIMULATION AND EVALUATION
OF INFORMATION RETRIEYAL SYSTEMS
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time consiraints, space restrictions, data volume considerations and enter thegre

data into the model. Also available for entry would be state-of-the-art equip-
;ment characteristics and normal event 'sequences for retrieval systems, along
’ W1th their corresponding time distributions, cost/operatlon, and other data.
The model could then select and recommend the best (i.e., optimurn in some
sense) fif under the given cor\-traints Whether or not, thi,s goal is attainable a.t
present, it doea provide bath motivaticm and direction for the work to be per-
formed by thia task in the future. '

~80-
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APPENDIX A
INPUT EXAMPLE

The data given in this section shows the numerical form of the input for -

Mod II based on the example deacribed in section 2, Chapter II. This input is -

composed of ='.ma‘.atzc.. daia and sysiem daia: &% ProScnv wus SumEiatiou as - - I

simply the nuribet of iterations to be considered. The system,data is a numer- j

i ical description of the syste-m being simulated. ' ' N ’:
__ % -

|

-81-
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EXAMPLE - INPUT DATA FOR MOD II

TABLE 4. INFORMATION RETRIEVAL SYSTEM SIMULATION

————

— e

2
Card -

PT (3)

Variable Value Gcclz:::—i ._Nx(l::lll':\der Variable Value Ccc::il::m Number
NR 500 3-5 1 PT (4) .1 19,20~ 14
FE R 5 3 z ©T 2t 28z i
‘NI 2 6 2 PE (1,1) .9 1,2 15
NO . 3 9 2 PE (1,4) -1 7,8 15
NQ 3 12 2 PE (2,1), .8 1,2 16

(L) 18 T-: 3 BE (2;2) .2 T8 16—
(1, 2) 1,12 11-14 3 PE (3,1) .7 1,2 17
T(Z; 1) 7.46 1-4 4 PE (3,2) .3 7,8 17
T(2, 2) 22.71 11-15 4 PE (4,1) .2 1,2 18
T(3,1) 5. 1,2° -5 PE (4,2) .8 7,8 18
T(3,2) 15, 11-13 5 PE (5,1) .1 1,2 19
T(4,1) 16. 1-3 6 PE (5,2) .9 7,8 i9
T(4,2) 3l ——11-13— 6 -——| FQ(1,1) 3 1,2 .20
T(5,1) =~ 14, 1-3 7 FQ(1,2) 9. 11,12 zé
T(5,2) 41, 11-13 7 FQ(2,1) 4. 1,2 zi,‘\
T(6, 1) 10. 1.3 8 FQ ()2} 10. . 11-13 2
T(6,2) 30. 11-13 8 FQ (3, 1) 5. 1,2 “22
T(7,1) - 42, 1-3 9 FQ(3,2) 11.° 11-13 22
1 T(72) - - 185, - -11-13 9 FQ(4,1) 4. 1,2 23

AT s 1.30 10 0 | FQ(4,2) 12, 11-13 23

T(8, 2) 25. . 11-13 10 ra(5,1) 3. 1,2 24
T(9,1) .0001 1.5 11 FQ(5,2) 13, 11-13 24
T(9, 2) 76.8 11-14 11 FQ(6,1) 1. 1,2 25
T(10, 1) .000L 1-5 12 FQ(6,2) 2, 11,12 25
T(10, 2) 1. 11,12 12 rQ(7,1) 4. 1,2 26
PN (1) .5 1,2 13 FQ(7,2) 6. 11, 12 26
PN (2) .3 7,8 13 . FQ(8,1) 5. 1,2 27
PN (3) .2 13,14 13 FQ (8,2) 8. 11, 12 27
PT (1) .4 1,2 14 FQ(9,1) 7. 1,2 28

PT (3718 ——H—] - ; 13— —28——
.15 13-15 14 FQ (10,1) 9. 1,2 29

-82-
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TABLE 4. INFORMATION RETRIEVAL SYSTEM SIMULATION
EXAMPLE - INPUT DATA FOR MOD II (Cont'd)

S— 7Y

b MLach i —_————nt—
|

. Var jable Value cﬁﬁi-fp noard | variable Value onrd yoard
: FQ (10,2) l4. 11-1% 29 PQC(6,1) 0 45 -
3‘ PQF(1,1) 5. 1,2 30 PAC(6,2) 0 48
‘ PQF(1,2) 15, 11-13 30 PQC(7,1);, © 46
B 1 | PQF(2,1) 5. 1,2 31 PQC(7,2)" " 0 ‘46 3
PQF(2,2) 15  11-13 31 | Pac(s1) 0 47 :
' PQF(3,1) 5. 1,2 32 PQC(8,2) 0. ) 47
PQF(3,2) 185, 11413 32 PQC(9,1) O 48 .
PQF(4,1) 5. 1,2 33 PAC(9,2) O 48
. PQF(4,2) 15, 11-13 33 PQC(10,1) 0 49
PQF(5,1) 5. 1,2 34 PQC(10,2) © 49
PQF(5,2) 15. 11-13 34 cac(i,l) 5. 1,2 50
PQF(6,1) 5. 1,2 35 cac(l,2) 0. 11-13 50
PQF(6,2) LS. 11-13 35 cac(z;1) 8. 1,2 T —
PQF (7,1) 5. 1,2 36 cQc(z,2) 1o, 11-13
. PQF (7,2) 15, 1I-13 36 cQc3, 1) s 1,2 . — -
B | Par(s,1) 5. 1,2 37 | cac(sz2) 10. 11-13
) PQF(8,2) 15 11-13 37 cQc(4,1) 5. 1,2
o % | POF(9.1). 5. .. 1,2 38 | CQC(4,2) 10, ~ ~klwl3- .~ 53
BQF(9,2) 15, 1113 | cac(s 1) .,_v.t!,i({ﬁ;@{"m{lltf,..,,._f._wﬂ.-m!',f; { ',:;gl;’i'ltl'.’l'_i'([l'({iﬂ g -
' 1 PQF{10, 1) 5, 1,2 — —39 | coc(s2)._10. . 11-13 .. .54 . a
PQF (10, 2) 15. 1113 39 cQc(s,1) 0 : 55
_l Pac(l,1) 5. 1,2 40 cac(é,2) o 55
PQC(1,2) 20. 11-13. 40 cac(?,1) o0 56
PQC (2,1) 5. 1,2 41 cac(7,2) © 56
l PQC (2,2) 20. 11-13 41 cac(s,1) o0 - 57
PQC(3,1) 5. 1,2 42 cQc(s,2) © 57
‘ PQC(3,2) 20. 11-13 42 cac(y,1) o 58
. 1pPQci4,1) 5. 1,2 43 cQc(9,2) 0 58
I PQC(4.2) 20, 11-13 43 cQc(10,1) o 59
PQC(5,1) 5. 1,2 44 cQc(1o,2) 0 59
‘ PQC(5,2) 20. 11-13 44 EQ(L, 1) 0 60
~83-



" TABLE 4, INFORMATION RETRIEVAL SYSTEM SIMULATION
. _ EXAMPLE - INPUT DATA FOR MOD II

(Cont'd)

b aaae————————————————————————— |

Variable Value = G0 C*Td variaple  vame S8rd Nl?:m’r
BEQ{1,2) 0. 60 ED (7,1} ¢ 76
EQ (2, 1) 0 61 ED (7, 2) 0 76 7
EQ (2,2) 0 61 ED (8,1) 0 77
EQ (3,1) 0 YA ED (8, 2) ~Q- 77 :
£Q(3,2) 0 62 |ED(9,1) © 78
EQ(4,1) 0 63 ED(9,2) 0 B 7 R
EQ (4, 2) 0 63 ED (10,1) 0 79
EQ-(51) 0 64 ED (10,2). © I
EQ (5, 2) 0 64 EQC (1,1) 3. 1,2 80 -
1 BQ(6 1) 8. 1,2 65, |EQC(1,2) 10, 11-13 80
EQ (6,2) - 13, 1113 65' |EQC(2,1) 4. 1,2 8l |y -
EQ (7,1) 5. 1,2 66 EQC (2,2) - - 10, 1-13 & [ -
EQ(7,2) 15, 1113 66 [EQC(3,1) 5. 1,2 - 8z ||
EQ (8,1).0 5. 1,2 67 EQC (3,2) 10, .. 11-13 82 .
EQ (8, 2) “\_{s 11-13 67 EQC (4,1) 6. 1,2 83
EQ (9, 1) 5, 1,2 68 (EQC(4,2) 10, 11-13 83
"EQ(9,2) 15, 11-13 68 EQC (5,1) 7. 1,2 84
EQ(10,1) 5, 1,2 69 EQC (5,2) 10, 11-13 84- | -
EQ (10,2) 15 11-13 - 69 - |EQC(6,1) —0- 85
ED(1,1) 0 10 |EQC(6,2) O 85 .
ED(1,2) 0 70 |EQC(7,1) 0 86 o
ED(2,1) 0 71 EQC (7,2) © 86
ED (2,2) 0 “.m  |roc(s1) o 87 -
ED (3, 1) 0 72 EQC (8,2) 0 87
ED (3,2) 0 2 |EQC(9,1) 0 88
ED (4,1) o0 3 |BQC(9,2) 0 88 B
ED (4,2) 0 73 EQC (10,1) © 89 '
ED (5, 1) 0 74 EQC (10,2) © 89
ED (5,2) 0 74 TQT (1,1) 0 90 '
ED(G )0 75 TQT {20 L] -
ED (6,2) 0 75 TQT (2,1) 0 91
-84-
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EXAMPLE - INPUT DATA FOR MOD II (Cont'd)

i |
i \ \{ariaf_a_le. _ Yalrue 7 C?:?:rin Nfrzll‘ir
C .( ' TQT (4€ht 0 o b g C e 9L ¥ -
] I TQT(3,1) o0~ ez
TQT (3, 2) 0 92
. I o |TaT(41) o 93
- — & fror (4,2 -0 ——— —— 93
CoiraQr(s,1) o 94 '
. 7J, __|TQT (5,2) 0 94
...... S TQT (6, 1) o 95 B
| TQT (6,2) O 95 ]
o TQT (7,1) 0 96
- j] TQT (7,2) 0 96 .
, - TQT(8,1) 0 ; 97 * o~
1 TQT (8,2) 0 C
' |TQT (9.1). 0 98
I i /? TQT (9, 2) 0 98
"/ |rar (o) o .99 o
\\ ~ |rar o,z o o 99
I I -1 1)) T 100 L
‘ - TO(1.1) 2, 7,8 100
i i |to@,2)y e 17-1§ —rog T T o o
: DE (2) 1 1,2 101
- ' TO (2,1) 10, 7-9 101
: {To (2,2 35, 17-19 101
DE (3) .3 1,2 102
‘ TO (3, 1) 5, 7,8 102
o TO(3,2) 20, 17-19 102
' ! A .01 1-3 103
: 1B . 008 7-10 103
: € 60+ 3316 163
-85.
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TABLE 4. INFORMATION RETRIEVAL SYSTEM SIMULATION
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APPENDIX B
SIMULATION OUTPUT EXAMPLE

The following nine pages are 2 copy of the computer-dutput from the Mod 1I
gimulation, “using the inpui data given in Appeundix A, Table 4. The headinge for

each data column are as follown- X S

B

A Iteration numbex
“B. Response time
-C 77Nﬁr?l;e?:5méﬁe]h{n the iteration

D Que ry data

J— -

- D1°:Number of timea query type l was used in the iteration B

D2 Number of times query type 2 waa—usedfin;thefiteratio,g;_:_',__::,‘J

D3 Number of times query type 3 was used in the iteration

D4 Number of times query type 4 ‘was used in the iteration
D5 Number of times query type 5 was used in the iteration
E ){ Input device data - .
Bl Number of times input device l.was used 1n the iteration
EZ Number of times input device 2-was- used in the iteration -
F. Outputdevice data .7 .
mF__l Number of times Du.tp‘ut’déVi.éei’l'Wi uiéﬁﬁr’rtﬁritaratiaﬁf—, S
'F2 Number of times output device 2 ._was”u.sed in the iteration

F3 Number of times output device 3 was used in the iteration

This output example will be'discussed £uv;;ther in Chapter 3.

- -87-
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