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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
prograi'med in FORTRAN II for the IBM 1620. Two model variations, input
4nd output examples, and some possibilities for improvement and develop-

ment are given, Data reduction and analysis programs, operating upon the1 output of the simulation model, are explained and a set of sample outputs
for these programs are given. Also included are listings of the latest pro-

grams developed,
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LuR10
I. INTRODUCTION

I One object of Contract Nonr 3818 (00) is the evaluation of information

retrieval systems. To facilitate such evaluation, efforts are being made to

I develop an ideal model of these systems. The ideal model will be a simulation

that will yield quantitative measurements of system performance. It will be

fadaptable 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 ans'v..t or indicntiun that

* no answer is available. In addition to evaluating'existinlg systems, the model

should be Luseful in determining specific requirements for new information

retrieval systems concepts,

The model utilization process 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 III). 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 [r. The Analysis Program,using simulation data cards and system

acceptance criteria as inputs (Chapter IIn, Section 3), produces a response time

estimate, a confidence level, and a system acceptability decision.

At pre2.., Ah-
2

Li,•o- model represents a ruisearch tool. W- •.

pleted it will be useful in studying the respunse time aspects of computer-based

i 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 forrA a

I 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 greatest 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

I
.1]-
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configuration does not satisfy the predetermined set of boundary conditions, he
could modify the system by changing characteristics such as 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 in, an

equipment requirement has been established) or a time-equivalent improvement

must be found, again by usi: the simulation. Once the input data for the simula-

tion has been prepared, the ihanging 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 system data; namely, event-time

data and selection data. In an existing system this data can be readily obtained by

observation. Selection probabilities can be estimated by considering the relative

frequency of use.
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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 systems

which axu on]y ppcr" ,ysteiny. For example, a requireUent riaht exist

I such that the response time in an acceptable system must beless than T seconds

P percei.t of the time. To see whether any of a given set of systems satisfy

this requi-ement, the user would simulate each (and if all were concepts he

would have to estimate their corresponding parameters) and run the resultsI either through the data reduction program (and determine the acceptance
"1manually") or through the analysis program. This procedure would give him

4 a set of svstemswith acceptable response times. If 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 system.

* 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),

o-r of ,eal time retrIeval syserems where quieries are queued based on a time to

process (or some other) priority. The model can also be extended to include

conqideration of various record structures in different storage media. The

n'otivatior for wtudies of this sort stems from the fact that much work has

been done it the .ren of, say, reconnaissance systems, or the obtaining of

inlrn.tior_, but ,--,P ate ;-or beginning to emarnine the how'm and why'. and

,where's it irformatior retyieval systems. Many studies such as this are

nrcoded befo.re we can be as confident in our undeTstanding of information

ietileval systems as we are of reconnaissance systems.

I

I
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I II. SIMULATION MODEL

I One way of simulating an information retrieval system is to consider those

operations which must be performed by the parts of the system. In a library,

I for example, rnrtain steps 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 in writing. 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

j deciding where to look and what to look for).

( This event sequence would continue until the analyst (or book requester)

.. Vceive ani answer which might be either the requeated book, a different book

(a mistake), or a statement that the book is not currently available. Both the
* .first -and thlird -an awers .wouddke acceptable. The .end,•ssw.r w..ld.no be

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

Uk-dinarily bw Nupp~iantud WY- ut Infaornmatiaonb retrieval system.

I 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 is to

I 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 question and a query. A question

is a request from the analyst while a query is a request by the operator. The

operator may need to use various types of queries at various times, such as

-5-
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comparison, summaries and extremurn. 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:

1. Person's name field
"2. Service number ,R-Ad 2
3. Rank "( (field 3)
4. Station (field 4

An analyst might want to know, for example, to what ship an individual named

CONGER is assigned. Following the procedure stggented 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, RMZ
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 names uf all the per-

sonnel aboard the USS ANTIETAM, CVS-36. In this case the query form might

look like

1. X
2•-
3.
4. USS ANTIETAM
5. 2 (query type: summary)

"-8-



mall
More than one query can be generated by a question since it is possible

tL consider the analyst asking, for example, whether CONGER's serial number

is 750074Z. In this case the operat,." may form two queries, the first being

1. CONGER
2. X

4.
5, 1

and the second

1. X
2. 7500742
3.
4. -

5. 1

Questions such as "What ship has the most personnel aboard?" would cause
an extremum query type to be gencrated. With such a query, all nhips would be

examined, the number of personnel aboard each ship deterrnied, and the ship

with the largest number printed out as the answer.

The examples used are given purely for illustration of query types. The
model will provide for use of tip to 10 query types by the siast,-r being simulated.

It is also assumed that each question asked by the analyst can be handled differ-

ently hy the system; that in, that it would be possible to establish "question

g categories" and within each find that the system responds in eesentially the

same way.

SThe basic model logic is centered on the response time measure. 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

-9-
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DETERMINE NUMBER OF Determining how many queries will
QUERIES be necessary to answer this question

FORM QUERY Determining what the query must say

PRTI9ARE QUERY The process of preparing the query

ENTER QUERY The prnr- .a a ,.t # .v..

SEARCH FILE Examining the data base

TRANSFER RECORD Shifting data prior 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 perform the particular event will contribute to the

overall time it takes to respond to the given request (response time).

Some of the contingency cases have been included in Figure 4. The first

contingency occurs when the request (question) posed by the analyst in nut
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 on the

requested subject).

-10-
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The third contingency occurs when the answer is rejected by the analyst.

Evun Lhiuugh 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 is riacheod.

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 flrst

model (Mod I) a random number of queries of each type aro selected; in the

second model (Mod I1) the number of queries to be considered is selected first,

and then for each query a query type is selected (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 T to some time T.;

that is, it will take no less than Ti and no more than TV. Each 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 be

represented by a uniform distribution, which is analogous (in the discrete ca:e)

to saying that if ati.-it rolled and a 1 comes up, the event took a minimum

time, o.r..if-Irl comes up, the event took T seconds longer, or, finally, if a

G c0nnees up, the event took a maximum time (also assuming an unloaded die).

If a uniform time distribution is used and if T, represents the minimum time and

Ta 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 2  TI) & R. (1)

Figure 6 shows the Mod II flow chart. Whenever "SELECT Ti" is required,

equation I 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(l.)

T'hic -.. c,,.cn. .11. fo, ;a -,1,,,,tin, whxch will generate a uniformly distri-

buted random number and then set the value of R equal to this number. A

different random number will be generated every time this subroutine is

used.

Table 1 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 simrilation allows for this preference as shown in

Table 2.

TABLE I . EVENT 8E4UENOE VERSUS INPUT DEVICE

DIRECT ENTRY INDIRECT ENTRY

KEYBOARD CARD CPE CARD AND TAPE SPECIAL DEVIDE

PREPARE QUERY FORM x X X X

PREPARE QUERY CARDS X x

CHECK QUERY CARDS x x

ENTER QUERY i X x

ENTER DATA X

ENTER QUERY CARDS K x

TRANSFER QUERY TAPE X _

NOTE: AN X INDICATES THAT THE PARTICULAR EVENT WOULD OCCUR IF THAT INPUT DEVICE WiERE USED.

-2_--
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i9

TABLE Z. INPUT DEVICE SELECTION PROBABILITY MATRIX

Input Device Number

Query Type N

P1 . P ... PN

QP21  P 2  . . . PaN

QMa P PMN

NOTE: (1) Pij is the conditional probability of selecting input device J, givan

that query type i has been selected;

(2) N ia the number of input devices in the system;

(3) M is the number of query categories (types).

It was mentioned earlier that Mod It 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 a. specified melecrlion pjroctdukr and thia queary is "rur-. " If th'Are are more

queries to be generated, then for the second query a query tpe 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

I Mod I. Mod II will now act as a prototype for a subsequent model. It is for this

reason 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 theI
-2-1-
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observed usage of the various query types and I/O devices. For example, it

might have been observed that 6076 of the tirro an on-line printer was used for

output of data, 20%0 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

A Probability of rejecting a question

B Probability of rejecting a query

C Probability of rejocting an answer

D Dummy variable

I Dummy variable

IJ Dummy variable

J Dummy variable

Dummy variable

L Dummy variable

M 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(I.) Uniform random number generator call
expression

S Dummy variable

TT Total time

-22-
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TABLE 3. MOD II SYMBOL TABLE (Cont'd)

Symbol Meaning

CoC (L, 1) Minimum time to check Ith query cards (COC)
j forKýn device, where L = I + (K-I)M

CQC (L, 2). Maximum time to check Ith query cards for Kth

"device

DE (I) Probability of selecting Ith output device

ED (L, 1) Minimum time to enter Ith query data (ED) for
Krhdevice

ED (L, 2) Mitximum time to enter Ith query (EQ ) for
Kthdevice

EQ (L, 1) Minimum time to enter Ith query (EQ) forkth

device

EQ (L. 2) Maximum time to enter Ith query (EQ) for K th
I device

EQC (L, 1) Minimum time to enter Ith query cards (EQOC)
for Kth device

EQC (L, 2) Maximum time to enter Ith query cards (EQC)
forKth device

FQ (L, 1) Minimum time to form Ith query (FQ) for Kth

device

Maximum time to form Ith query (FOa iorKth
device

I N (1) Number of queries of Ith type
NE (I, J) Probability of selecting jth input device for Ith

query type

nN (I) ]Probability of I queries being selected, where
I = 1, 2 ... , NQ

POC (L, 1) Minimum time to prepare Ith query cards (PQC)
for Kth device

POC (L, 2) Maximum time to prepare Ith query cards (PQC)
for Kth device

PQF (L, 1) Minimum time to prepare Ith query form (PQF)
Kth device

-23-



TABLE 3. MOD II SYMBOL TABLE (Cont'l)

Symbol Meaning

POF (1,. 2) Maxi*urn time to prepare Ith query form (PQF)
for K device

PT (I) Probability of selecting query type I

T (I, 1) Minimum time for Ith event

T (I, 2) Maximum time for Ith event

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

TO (1, 2) M,,xlmum output time on Ith device

TQT (L, 1) Mininmum time to transfer Ith query tape (TQT)

for le device

TQT (L, 2) Maximum time to transfer ILh query tape (TQT)
for Kth device

Z. EXAMPLE

To show how the simulation model works, assume, for example, a system

which has the following characteristics:

a. fixed user group,
b. fixed data type (one kind of data in a record);
c. five query catagories;
d. magnetic ,ap" data 6 ,.o.age;
e. fixed record structure;
f. input devices: card to core and keyboard to core,
g. output devices: on-line printer, off-line printer, and console

typewriter.

Assume also that the method of operation is essentially as illustrated 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.

-4-



C INFORMATION RETRIEVAL SYSTEM SIMULATION

C PROGRAM LIMITS-10 QUERY TYPESP 5 INPUT DEVICES, 5 OUTPUT DEVICES

C 10 QUERIES PER QUE ST ION RA ITC MAxImMU

DIMENSION T(10t2)t PN(1O); PT(10)t PE(j.),5)9 FQ(50#2)9
IPQFC50,2),PQC(50,2),CQCC5O,2),EQ(5092),ED(50,2),EQC(50,2),
tfQT(50,Z2),DEIS),I'TT(10),TO(592),ND(1C])

100 FORMAT(15)
101 FORMAT(413)
102 FORMAT(2F10*4)
103 FORMAT(10F6.3)
104 FORMAT(10F6.3)
105 FORMAT(5F6,3)
106 FORMAT(2F10*4)
107 FORMAT(2F10m4)
108 FORMAT(2F10*4)
109 FORMAT(2F10.4)
110 FORMAT(2Fl0.4)
111 FORMAT(2F10s4)
112 FORMAT(2F1094)
113 FORMAT(2F10*4)
114 FORMATCF6*392F10.4)
115 FORMAT(3F6*3)
200 FORMAT( 14#FlO*2 ,14#1011,1013)
100 FORMAT(1OHDATA ERROR)
301 FORMATC42HCORRECT AND RE-ENTER ALL DATA -PUSH START)

1 READ 100#NR
READ 101, M, NI9 NO, NO
D0 2 1.1,10
READ 102, T(191)# T(Io2)
IFCT(IU)-T(192))292990O

2 CONTINE

READ 103, (PN(1l,1=1,NQ)I DnO 3 1=i,00

TF(S-1 ) 900,4,900

READ 104,(PT(I),I=.19M)
DO 5 1=10M

5 S=S+PT(fl
I F S-i.) 900,69900

6 DO 8 Im1,M
READ 105,(PE( ItJl)J=1,NI)

DO 7 J=1*Nl
7 Sms+PE(IJ)

I F S-i * 900,8,900
8 CONTINUE



[-=M*NI
DO 9 1~lL

IF(FQ(191)-FQ(I92H)9t99900
9 CONTINUE

DO 10 1=1#L
READ 107 ,POF (191) PPOF(1.2)
IFIPOF) I .)-P0F( 1.2)) 10,10,900

10 CONTINUE
no 11 i = 1 t
READ 108,PQC( 1,1) ,PQC( 1,2)
1F(POC( 1,1)-POC( 1.2)) 11,11,900

11 CONTINUE
DO 12 1=1 tL
READ 109 ,CQC (1,1) CQC (1,2)
IF!COC( I 1)-CQC( 1.2)) 12,12,900

12 CONTINUE:
DO 13 I=1,L
RFAr) 110,EQ( I.1)9EO(T92)
IF(EO( I,1)-EO( 12) )13$13,900

11 c.ONTINUF
DO 14 I=1,L
RFrD" 111.tFl)( 1,1) Er)(12)
iF %E'D(I1,1)-ED( 1,2) )14914,900

14 CONTINUE
DO 15 1=19L
READ 112 ,EQC (1.1) ,EOC (12)
IF(EOC( I ,)-EQiC( 1.2)) 15,15,900

15 CONTINUE
DO 16 1=19L
READ 113 ,T0T (I1) ,TOi 1.2)
IF) rorcI .1)-TOT) 1.2)) 16,16,900

lfA CONTINUE

READ l14sDE( I) ,TO( 1,1) TO( I 2)
lF) TO) I,1)-TOC 1,2) )17.17,900

I F(S-I .)900. 18,900
I Q RFAD '115 9A #R C

IF(A-l ) 19,900,900
19 IFRB-1.)2099009900

71 NC=O
K K =N I +NO

N C NC+ +1
PO 23 I~loKK

?I Nn I) =0
NOTe 0
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DO 24 1=19H
24 NTT(I)=O
2'5 TT=TT+T( 1,1)+(T(1,2)-T( 191) )*RAN( 1.)I 26 TT=TT+T(2,1)+(T(292)-T(2,1) )*RAN(l.)

TT=TT+T (391) +(T (3t,2),-T(391)) *RAN (1 *)
RwRAN( 1.)I IFR-A )279,28*28

TTaTT+T( 591 )+(T( 592)-T( 591 )*RAN( le
28O3 TO 26

RwRANC 16.)I29 1=1+1
SuS+PN ( T)
1I'(R-S)30929929

V)~ Nul
NOTUNQT+N
Jwo

31 JUJ+1
IF (J-N-1 ) 49329000

32 TTuTT+T(691)+(TC6,2)-T(6,1) )*RAN(1.)
TTaTT+T( 7 91 )+(T ( 7#2)-T C7 91 ))*RAN ( le)
?TuTT+TC 891)+(T( 8,2 T8,1) )*RAN(l1.
PUNCH 200oNCoTToNQT,(NTT(l).o~lulM)9(ND( IiglnlKK)(

RuRAN(le)
IFCR-C)2593195S

Iq rF(NC-NR)?22,01#901
'34 Two

RuImRIAN( 1.)

SaS+P (1 TK

16 NT(K)=NDT(K)+l

TRaTT+F(l,1).HQL2-QL1)RN

TTmTT+FQC(Lo1)+(CC(L,2)-CQC(Lt))*RAN(l.)

TT=TT'4-QC(L,1)+(COC(L,2)-EOC(L,))*RAN(l.)
TT=TT+EQ(L,1 )+CED(L,2 )-EO(L,1) )*RAN( 1.)

TTuTT+EQC(L,1)+(EQC(L,2)-EQCCL,1) )*RAN(1.)
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TT=TT+TQT(L,1)+(TQT(L,2)-TQTCL,1))*RAN(l.)
R=RAN( 1.)
IF(R-B)39o40,4O

40 TT=..T+I+T9,1)+(T(9,2)-T.9,1) )*RAN(l,)
TT=TT+T( 10,1)+('T(10,2 )-T( 10,1) )*RAN(l1.)
RmRAN ( 1.)

I =0

SS=+I)F ( I

42 TT-TT+TO(I,1)+(TO(I,2)-T0(I1) )*RAN(1.)

ND( I )ND I )-t.
GO TO 31

900' TYPE SOO
TYPE 301

901 PAUSF
GO TO 1

/~r
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For this example, the I/O devices are labeled as follows.

input Device Output Device

1 - card 1 - on-line printer

Z - keyboard" 2- off-line printer

3 - console typewriter

Since both input devices are of the direct entry type, the ENTER DATA

(ED) and the TRANSFER QUERY 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

j equipment characteristics, and the second is a requirement for more freedom in

specifying time data,

Equipment Characteristics

At present Mod II does no more than approximate the actual operation of the

equipment in a system. For example, in entering a query, only the time range

is specified. For the model to be an effective evaluation tool, it should possess

a- capability for assessing variations in equipment, say, in the read rate of a

card reade r so that the sensitivity of the response time could be studied in light

of this 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

byat 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

-29-



data form factor will relate to the rnmnlexitv 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 Re 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) F(Q) V(Q)
RC

We can represent an adjusted in,~ut rate by Re(Q) Re/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 case, Re Re, occurs

when the degree of complexity is minimum. The maximum of l:(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 tLecdcd: entry rate and data volume. The entry rate

would be the maximuz r number of cards which can be entered per second, and

hence meanured in cards per second. The data volume facto.r would be a func-

tion of the, ql,'ry type, and would be measured in cards. It can be assumed that

Seach query .ypc.. will have associated with it a discrete distribution for the number

of card. .ncca.-Sary. If again Re 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(e) V(Q)/Re,

It can be seen that by including equipment characteristics, more significant

details 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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wtould really bea poor choice 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

S accuracy desired. Confidence in the final results can at least be improved by

using a line segment approximation to the parts of the histogram (see Figure 7,

overlay). Approximation of the time distributions of the various events by sets

of line segment shows that the current nodel (with its uniformly distributed ran-

dorm 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 a 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 following procedure can be adopted to prepare event time input data for

the subsequent simulation model:

I Samplo the evdnt that is, time the event from the start to its finish

and record; repeat n - 1 times for 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
71ds)

0-7 0
7--8 5
8-9 15

-31-
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SAMPLE SIZE: 480

70-

I0O
M 50

40

30

20-

TIME BETWEEN 10 AND 11 SECONDS TO COMPLET!,

FIG. 7 - APPROXIMATING POF
*1 FIG. 8 - EVENT TIME HISTOGRAM EXAMPLE
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_ _...R r
SAMPLE SIZE: 480

100-I
901

80-

70-

80

ld 50

1 40-
I

30-

20

ID

0-

0t 16 20
TIME (SECOND&)

THE ABOVEHISTOGRAM IS AN EXAMPLE MEANT TO DISPLAY THE DATA HYPOTHETICALLY OBiAINED BY
OBSERVING A PARTICULAR EVENT 480 TIMES. THE HISTOGIAM DEPICTS THE NUMBER OF TIMES THE
EVENT OCCURRED WITHIN A OERTAIN TIME RANGE. FOR EXAMPLE, 35 TIMES THE EVENT TOOK A
TIME BETWEEN 10 ANC I1 SECONDS TO COMPLETE,

_ - ~ ~-.--I - -- - - _ -__

FIG. 8 - EVENT TIME HISTOGRAM EXAMPLE
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Time Interval Number of occur-ences
(seconds)

9-10 25
10.11 35
1112 45
12413 55
13-14 6514--15 75
15- 16 70
16-17 50
17-18 30
18.19 10

19 and uip 0

From this data a histogram like the one shown in Figure 8 c*,a 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 be 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 line segments can be seen in the following material.

F'or Fimplicity first consider a distribution approximated by a single line seg-

ment (the extension to N line segments in straight forward and is indicated in

the check program shown at the end of this chapter).

The equation fo ann arbitrary line segment is given by

f(x) = A x + B, xf [x 0 , x1 ]

wher e

A f(x) -f(x ), B x , i(x6 ) - xf(x 1 )

.X" . -0 XI X0

;nd xo(xl (otly real.-vat'uied. ingle.-valued functions of a real variable are

ilo dere4.f thi sunrcion is _to-he-a-pr-obabilitLdensit•L function.(pdf), then

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) x + B (1)

The cumulative distribution function (cdf) for-this function is

G(x) f' g(t) dt f (At + 4) dt.
..- x0  C C

Hence, U (x) [A W(x2 
*- x•) + B(x- x)1, C [xo, x11 (2)

+ oD
where C f W(x) dx

S7 (Ax + B)dn
x

0

- .A (x' . c ,) + B(xj . o).2

A well-known theorem* states that if X 2s 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 distrlbution with pdf

h(r) 1 for o<r<.1

0 elsewhere,

Hence, it is posaible 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 B "Az ( + _xj

R (x? x2 ) + -(x - xo) - x +-
R 0CC 2C C k 0 C

See, for example, HDgg and Craig, lntrcoduction to Mathematical Statistics,
Macmillan, 1959, p. 157.

-37-

I



Hence, x T) (Ax ~ + + R) o.

Solving for x yields

x -B/C t ~BZ/CZ ZA/c A X +~x A x )

A/C

..B t \BI A? A 2 + .'IABx + ZACR (3)
0 - - -

A

Now l-et yo f(x ) and yj I'(xj). Then

A ý yx 0 3 Xy x x 0

CX' Bxl. xO
0 0

I (VI Vn~ (X2 *x2) + (xi VC KY, x

( xpy1 - 2 + 4y2

1 0x Y- Xx1y1 + y1

xl I x 0

x xy*- xy -

Z(x1  (x~ 0) X, yo 0 0
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Hence, C (xi xQ) (y+ + yI)

2
Bz = -4 Xo0 - Zxx 2x

0l 1o I~~yYOY

(X. - x.)z

A~xZ z 2 + x2yz -XoYoY 1
0 0o- = O O0

(XI . x 0)z

2ABx 0  Zxox Yoy1  -o2 Y - z+ 2XIy

(xI - xo)2

2A CR (y' ý yR.

Substituting in equation 3 yields after simplifying

B'+Ax + ZABx + 2ACR =y (y o-y)R
0 0 0

Iand hence

-(~ 0  ~y)t(x x)yo(' . V

1 21  /A
i Y- "r ko y- 4 A

g To determine which sign to choose, let y= yo + a and consider the case where

ado. Equation (4) now becomes

g
x= x (y0 + a)-x~y + K(x x ) y+ (y2 + 2ay 0 + a2 - y2

(yo + a - y)

!0
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= oo+ x-a - x 1y +K(x - xo) yz + (Zayo + a 2) R

a (x ")y + K (x x z + a(2y0 + a)R + x

.x~ x 0 + O [K Y2~ + a(2y0 +I a)R -YO]

0 a 0

When R 0, x must equal x0 , Hence let R = 0 in equation 5.

x x0+ 1Lý0 ( 0 Y

Sxo + ye(x1  - xo) (K - 1)
a

Hence K must be plus one.

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

F.... .. FK . .a ±... 2

+ 2i. t2 FK ( 0  -j
x x + x K; 1) y + Ka ]

Hence K = +I 1 or any a/o.

The caee where yo =-y, that is, a = o, is treated differently. In this case

A - 0  0

=- _- + , x0 -YO( - - + Ka
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B = - x + Y Yo

A
C T~(x 0 1~+~ - ) 0( 1 - 0 )

Hence B
G() 0 -(x - xo)

y . (x 7x)

0 x

•"X X

Q~x) 0

1 
0

as was expected. Now letting R = G(x) and solving for x it is seen that

x = x 0 + (xi - x0 ) R. (6)

. . In the subroutine that followe, equation 6 is statcment 3, while equation 4 is

represented.by the statements headed by etattment--4.,

!

I

I
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SUBROUTINE RNDNR CN9XsYCT)
DIMENSION XC10)9Y(1lq)sC(l0)
R=RAN( 14 )/10.
DO 1 I=19N
IF(R-C(.) ) 29191

"ICOIN TINUE
2 W(R-C(I-1))/(C(I) -C(7-1))

IF(Y( I)-Y( I-1)) 4t394
3 T=XCI-1) + (X(I)-XCI-1))*W
RETURN

4 T=X(I-I)*Y(I )-X(I)*Y( I-1)
T=T + (X(I,-.X(I-1))*SQRTF(Y(1-1)**2 (Y(1)**2 -Y(I-1)**2)*W)

T=Tr/(Y( i)-Y( T-i)
RETURN
END



WRO1
c RANDOM NUMBER GENERATOR CHECK

* PnIMFNSI(ON X(1C0)sY(I()%ACj0)qC(1CflNNC1nl1)
l10n FOPMATCT2TI~)
1V'1 r0PmAT(?0F4.O)
200l FORMAT(1H t1292XI4)

* ?0~1 FORMAT(14)
I RýAD) 10.0, NK

* READ 1,01, (XCH.9Y(I)9 I=1,N)
AC1)=C)
AT=C
DO 2 1 =2 oNI ~AC! )=(X I )-XCI-1) )*CY( I) + Y(1-.) )/2*

2 AT=AT + A(T)

DO 3 1=29N

I C(I)mC(T-1) + A(I/AT

I -. )' XCI) )/7

DO 4 !1=1L
4 NN(I)mO

DO 6 1.1,1I000
IF'CSENSF SWITCH 1)8t9

A TYPE 20191
9 CALL RNDNR (NXYCT)

r)'. 5 J=1 *L

IFCT-(XC1) + Z*P)) 6t5o5
% ( ON TI NUE
A.NNCJ)=NNCJ) + 1

DO 7 Im1,LI ~ ~7 PRI~IN T 200ol1 NiNNCI**~~Y~l)I~:ji~
PAUSE
GO TO I'1 END

-4-3-
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III. DATA ANALYSIS

The measure to be used for evaluating information retrieval systems at

piesent is rcsponse time, which has been defined aR the time it takes for the4 sy' tern to respond to a given request. The purpose of the simulation model is

to provide ?ep,.esentative system response time data. Based on this data an

evaluator would want to know at least two things aboui the system-

I ,i'he.het or not the system is acceptable according to a given time

constraint.

I .. whether or- not,!the system can be improved to make it acceptable,

or bette.

'I o date the effor'ts of this task have been restricted to the first quesition.

There aie two problems associated with question one: (1) It might be delsirable

to knov in whaht response time T an evaluator can have a P percent confidence

for the g•"en system and (Z) the evaluator would want to know whether he should

-9ccept o* ,eject the system if he must be P percent confident that the response

time I '• less thin some required time T*. These two problems can be

I nr'veted hy mea ns of the two programs which follow

. , I .! D AT1A D ' I.E 1 ,O RN O ( A RM :!•,.ittý(tittft:!.a, .it , , ! - ,Lt.(,-IL... .... ..,( 't.-• I,. ,,, i-.

J n~t-'-,,,A ~~At~rlito isihdiiriFi6- lgnFfure 1], The,. ..... ...............................

purpose ef the data reduction piog!,am is to develop a histogram (response time

v,. 1, equencv of occurrence) and pertinent slatistics by examining the simulation

9 output carde. Thie output can be examined in several ways, some of which are

as fol'o'XIS.

I a. Obt.tin a complete summary analysis of the simulation output. In this

case all output cards are examined and they produce one summary

I listing.

b. Obtain partial summariesr that is, the data reduction program would

examine for example, the 1!rst iOu iterations and pr1,due -a-sUTn-rnity

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

entire ZOO iterations, and so on

-45-.



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

time interval subdivisions.

-.- 0

COM, UTA, FTMA SIMTTONP

FIG. 0 - DATA REDUCTION PROCESS

Figure 10 is the data reduction plograr flow chart. Au will be seen in the

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

output cards,' ,,a . , !. .. 1' , , '''" ' " -- § : ""

The program requtr-s.-emeprelIr',inarydat•-prior to accepting the sirnula-

tion output data. This preliminary data (data format requirements) are on three

cards, The first 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: number of time intervals 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 output 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).

Th•-z--pti---9 the data reduction programn con .ilto 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:
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1. The number of iterations crinsidered;

2. The average time per iteration;

3. The time variance;

4. ,The time standard deviation;

5. Time histogram data (response time vs. number of occurrencc.);

6. Time histogram data (response time vs. frequency of occurrence);

7. Time hiswgrArm daA tresponse time vs. cumulative frequency of

occurrenue). '

The sef.ond page (labeled page Z., which Is 'c6ncerneO with query data, contains

the follo•wng daLa: -

1, Number of queries M1enetaied in .he previously specified number of

iterations;

2. Average' number of q..eries per i!.era.tlon;

3. Querý occurrence per iteration data;

4. Query type oc'urren,:,e dala.

The last page (labeled page 3't consists of information about the utilization of the

J/O devices.

-48-
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C DATA REDUCTION PROG~RAM FOR MOD 2
DIMENSION NQS(l1) ,NT(25) .F(25) ,NTY(].0),NTD(1O),
1NTTI1O),NTT2I1.0,NDI10CflND2d10)

l0" FORMAT(2T5)
101 FOPMAT(315)
102 FORMAT(413)
103 FORMAT(I 4#Fl0,2, 14,1.0I3s103)
200 FORMAT(1H1,39HINFORMATION RETRIEVAL SYSTEM SIMULATION913X,8H(PAGE

201 FORMATI1HO,23HNUMBER OF ITERATIoNSI 202 FORMAT(I.H0,9HTIMF DATA)
203 FORMAT(1H o5X,29HAVERAGE TIME PER ITERATION = ,FlO.2plXs7HSECOND5)
204 FORMAT(lH *5Xp11HVARIANCE = ,18XF10*3)
2C5 FORMAT(1HO,18HTIME INTERVAL DATA)
206 rORMAT(1H0,5X,8HINTERVAL,5X,21HNLJMaER OF OCCURRENCES95Xo

19HFRE0UENCYq4Xsl5HCLJMULATIVE PROP)
207 POPMAT(1.H *5XI4,1H-, T4.,1')YT ,916XF6.3,1OXF6*.3)
20R FORMAT(IH ,5X%14o12H AND GRFATERq3Xo15*l6XvF6s3)
209 FORMAT(1H1,39HINF0RMATION RETRIEVAL SYSTEM SIMULATIONs13X,8H(PAGE

12))
210 ýQRMAT(1H0,10HQUFRY DATA)
711 :iORMATC1H ,5X919HNUMBER OF QUERIES =915)
212 FORMAT(1H ,5Xo4lHAVFRAGF NUMRER OF QUER~IES PER ITERATION =tF6#2)
213 FORMAT( 1HO,17HQUERIES/ITERATION,3X,21HNUMBER OF OCCURRENCFSs3Xfl7H

1AVFRAGE/ ITERAT4.-O-N
?14 PORMAT(1H q8Xq12sj17X#I5ol6XF6&2)
21ý F0RMAT(1H~,0X99HM0RF THAN,13%12X,15,16X#F6*2)
216 ý)ORMAT(1H,0910HOUFRY TYPEsl0Xo21HNt.jMBER OF OCCIJRRENCr593X,13HAVERAG

1 F/MX4 )bUi~

218 FORMAT C H1939HINFORMATION RETRIEVAL SYSTEM SIMULATIONI13X,8H(PAGE
13))

219 FORMAT(1HO,24H"INPUTOUTPIJT DEVICE DATA)
.i" I "OR'M A 1 ( 1 H U 9 14HUT r I,;L-'4EI 0 .[,-:-R, 3 3X 2 1HA V ERA G

1E USE/ITERATITON)
-;....221- r.ORMA "r(1H v1'H I N PT f)FV I T3,ut-IH14 -19 X tF 6 92 917 X tF 6. ..*1222 FORMAT(1H 9 '13HOUTPUT DEVICE,12.1H=.14,9XFb.2,17XF6.2)

223 FORMATC1H )'5X,2OHSTANDARD DEVIATION =%9XoF1O.3)
1 PrAD 100,NRsNN

READ1O19NTI ,LI ,IS
READ 102,MoNI0,NO.N
Nm2*NO41
K=N I+NO

NTQ=O
DO 2 I11,N

2 NO,'CI)=0

_________ lu O 3 I=1,NTI
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NT (I) =0
3 F(I)=IS+L'I*1

DO A I=lM
4 NTY(I)0O

DO 5 T=1 gk'
5 NTD(I)=O
READ 103,N],XNQ1,(NTTI(I),I=,1,M),(ND1(il),Im1,K)
Juj

6 READ l03,N2,YNQ2,9(NTT2I T),J1,lM) ,CND2( I),I=1,K)
IF(N2)7.11 .7
T F (Ni-N>) 1 9 ,17

'~Nl=N2

xMY
DO 9 1IlM

9 NTT1(I)rnNTT2CI)
DO 10 1=19K

NO1 =N02
GO TO 6

11 J= I

W~O 1 9 I1N

13 CONTINUE
14 N0SiI)=N0OS4T)+1

NTQ=NTQ4-NO1
DO 15 I=1,NTI
IF(X-F(1)) 16,15,15

1h CONTINUE
36 NT(I).NT(I)+1

DO 17 Im1,M
17 N7YC I )mNTY( I )NTT1 (I)

DO 1R P =19K -

1 r 11I ~N'Trs ( jl.-4,~f)I fT 1
DO- 19 I=lvNN
IFcNI-I*L. F920,19

19 CONTINUE
20 WwNl

X P=SS/W
*XV=550/W-XB**2
XS=SQRTF (XV)
PRINT 200
PRINT 20 1 1N 1
PP~TNT 202
DP~TNT 201,XR
PRINT 204sXV
PPTNT P22'XS
DPINT 209

____ ~OIINT 206____
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MDRO
FK=NT (1)

c-P=FK

T I =NTI-I

MMM I-1
FInýIT iI

CP=C:P + FK
21 PRINT 207,F(MM),F(I),NT(I),FK9CP

FK=NT(NTI)-
FK4FK/W
PRINT 2089F( II) .NT(NTI ) FK
DO INIT VO9
DOINIT 210

P PINIT 712,1 9N

PPINT 2120

I I mN-1
DO 22 =1 oI I

Hý &H / W
22 PRINT 214,TNQ5(I)#H

H=NOS (N)
H=H/W
PPINT ?159I?,N0SiNh9H

DO VA 1=IM
HaNTY( I)

f? I "T21 ,INTY( I 9H

P P INT21

PP I NT 220
DO 24I1=101

24 PPINr 22191 9N ID(I1,962 9G1
DO 25 I=1,NO
KI rnNT+I

G3=G1 /W
2ý PRINT 222,INTD(K1),62,63

G0 TO (8,26)oJ
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WMRO
2. EXAMPLE - DATA REDUCTION PROGRAM OUTPUT

The form of the data reduction program output can be Illustrated by cori-

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 1 150

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 prepared (Figures 11 -. 15) and follow the output example. It should

be mentioned again that this is'a numerical example used to show the form &%i.

substaince of the program output and meant to illustrate the capabilities of the

program.

Using the example cited above, assume that someone wants to know in

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

-... . _ _ -et :nds about_90% of the time, Hence, based-on this data he can expect that

90% of the time he will get a response to a request from this system in something

less than seven and a half minutes.

As can be seen in the program listing, there is some deglree of freedom

allowed in the output format. For example, there can be up to 25 time sub-

divisions if desired, The output, in its present f9.rp,_.pq.rrnite "an examination

of pag, I for time data, page 2 for query data, and page 3 for I/O device data..
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IrUf.IIAT IC .t E RL, TI.: I EVAL sysfh.. SIULATifli. (pApF 1

".U BLREk u F I TERAT I ,'." -I Dill 5 .0.

-- I bFOM A .. .... ................. ___

AVERAGE TII.ME PER ITt:RATI[hI = 327.R3 SECOINrS
VARIANCE = 7300.O10
STANDARD DEVIATION _- 85.440

TIME INTERVAL DATA

INTERVAL NUMBER OF nCCURRHNCES -. FREOUENCY CUMULATIVE PROB
0- 150 0 00000 0.000

150- 200 6 .060 .060
2--25-0 1o .. . . 180
250- 300 23 .230 A.410
300- 350 21 .210 .620'
350- 400 19 . 190 .810
400- 4'5 8 .10O .810

450- 500 8 .080 .970
500 -5-5-0- -------- -.. 3 3.. 0 1.000

.. 550 AND GREATER 0 0.000
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I.,! Ft0 1 AT 'Ix ~i3'tTP Ti-V AI -SYS'Ti A Sl MU I All TW (PAGE,- 2)

AV1:R A( L- HILJ N, 13 lE PI-I IJRI- EST P F.-5 P TRAT Ifln' = 1.63

(idJ I ES/I T I-RAT I tN NWIJMP1R OIF O)CCURRENCES AVERAGE/ ITERAT TON
1 52 .52
2 33 ..,3 3

4 ()0.00
5 0 0.100
6 n 0.00

~1l~THAN A000

O~JERY TYr'i NUMBER nF OCCURRENCES AVFRAtRF/0UFRY
171 .43

32 50 .30
3 24 .-14
4 11 06
5

I 1 554



INFORMATION RETRI-EVAL SYSTEM SIMULATION (PAG;E 3)

" PUT--O T PU1-.

UJTILIZATION-OF - AVERAGE USE/nUERY AVERAGE 11SE/ITERATTflN
INPUT DEVICE 1= 124 .76 1.24
INPUTf DEýVICý '2= 3 9 .23 .39
OUTPUT DEVICE 1= 100 .61 1.00GO Yf-U-T" "D'E v Tc¢ i :,- 2 ý -- - - - - - -- -- -- ... -- -.. . . . . . -- . . . . ... . ... . . ..2
UUTPUT DEVICE 3= 3285 2 .28
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SR
I,•FORitATIUON RETRIEVALSYSTEM SIMULATION (PAGE 1).

ii- -.-E k F -I TE-A- S- ---------------------------- - - ------

7T 7VIE D-AT-A
AVERAGE TIME PER ITERATION * 325.89 SECONDS

STANDARD DEVIATIUN --... 13

TIME INTERVAL DATA

- INl RV.AL NUMBER OF OCCURRENCES FREOUR•NCY CUMULATIVE PROB0o-- 15o0 ---- ...... - --
150- 200 11 .055 .055
200-" 2 00 29 , 145 s200
"250- 0•) 48 .240 .440.
300-35 - 40 .200o .640
350- 400 31 .155 .795

\T•0O- 450 18 .090 .885
450- 500 16 .., ,965
500 -• --------------- ----7 .. . o -- -
550 AND GREATER 0 0.000

4 -57
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-~ ~ ~ ~~~C T, tjA!i IT MI AT ~iIWI

(,U E RY 1) AT A
N.IJiI'1:)N. (IF I'UEN I ýES 333
AVERAW: i\UI/.BER LIF OUER IFS PER I TFRAT inl'\= 1.*66

CWhERI ES/ ITERAT JuN NmBERil lIF foclCCkFM AVF ROGP/ IT FRAT Ifi'!
1 1D 1_

22 (5 .32

o n)

6 0 0.00
1 (I0RI: THA,.u 6 .0 o.0o

iiJ1ýRY TYP;- UMMUER OF OCCIJRR'C.ES- AVIzRAGF;/O)IjRY

99 s29
3 5 56 .1.6
4 35 1.1n



It-I f~JF(K'mAIji 0 N i-- VtkiA L -1 1 -1hJRI i

IN PUTr/(UUT PLT E~V I C F 1_A TA

TI NPHT 1) FV TCF 1= 2 3 .71 1.19
INh'PUT )EVICE 2=9 .28 *47
ULJTPUT UEV ICIE 1= 201 . (g).0
WjtTPUJT DEVIC'F 2= '.;.9 01.9
L LITiPtJT DEVICE 3= 93 .27 4.___ (.1



-AL SYSTE;*! S•I-IL ATI-m "PACE-)

i.UJ, DER OF I TEkATI UNS 30. )

TI•4E DATA_ _ __ _ _ _ _ __ _ _ _ _ __ _ _ _ _ _

AVERAGE TIEiE PER ITERATION__ 327.86 SECONDS
VARIANCE 77f68.240
STAiWUARIJ DEVIATIUN _88 137

TIME INTERVAL DATA

INTERVAL NUMBER OF OCCURRENCES FRE(QUENCY CUMULATIVE PROB
0- 15U O 0.000 0.000

150- 200 19 -. 063 *063
200- 2ý50 -- - 42 ---- .": 4 0 1.-5-----------T203
250- 300 68 .429
3)0- 3o 60 .20.. e629
350- 400 47 .156 .786
400- 450 ......... --10 ..86
450- 500 23 m076 :963

-------------- ---------------------- ------- -- -- -- -- - ---
550 AND GREATER 1 .003
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OJERY- DATA
N-JMBEE OF UMJLRI t.-. S = )

AVERAGLNU~lb (IRF 'IJERI FS PER I TT-iUAT lrHIN=1

00 IE R I ES/I TRAT ItJ (IN 'Iur1,-ER (IF I1l-CLURPFMCFS ,\VERACAF/ ITERATION
1.53 .. 51i

%in .29-
______ 3 59____ .19

- 4 U . CIO
5 0 0.00

MURE 'r FHAilJ -. -.0 4-00

(,)jE R Y * Y PE '(UMBER QFl O-CCIRRFNC E,'S AVE RA(QE/OiJERY11 197 .3p
2 164 .32
3 174

4 4'5 408
5 P26



LW ~~ix,, ± R. F A'V L SYSTEMA SIM-UAT-IfN(cE

IiNPUT/juUTPU'T ThIVICPE AT-

-Ur1L-rr-A7TTVFrn ''-' AVRF1AGE USF/R.thERY AVERAGE USE/ITERATIT~
INPUT DEVICE~ 1= 365 o72 1.21
INPUT DEVICE 2* 141 -P *4-7
OUTPUT DEVICE I= 309 961 .1.03-

OUTPUJT DEVIC'E 2=5' .1 58
OUTPUT DEVICE 3= 139k o27 4

I.- -62-



I rPFikKIAT IUL' iTR IEV ALI SYSTFil ST ILJLAT1 V: (PA(;E 1)

WwULbER UF ITER/\TI u"'S= 400

TI'if tV 1--I_ __ __

AVE~RAGE~ TIM1E PER ITERATIONl 329.05 SECONDSIVARIAN~CE = 7357 4300
STANDARD DEVIATIIOh 8 o5 774

I~~ TIhEITRA DATA ______________

INTERVAL NUMBER U1: LCCURRENCES FREQUENCY CUMULATIVE PROB

.150- 200 22 :-5o5
200- 250a 52 *.S0 187
250- 300 91 .227 .415

3UU33o83 .2U7 .2

350- 400 68 !.17 0 .792
40-450 411 9102 .895

4450- 500 28 .070 -- - 965i500- 550 13 '-003 2 e097
550 ANU GREATER 1 .002

-- 63



INFORMATI.ON RETRIEVAL SYSTEM SIMULATION (PAGE 2)

! tUERY UDTA
NJMBER UF QUýERIES 676
AVERAGENUMBER OF OUERIES PER ITERATION = 1,69

WUERIES/ITERATION N OCCURRENCES AVERAGE/ITERATION
-.. .. 1 201 5

3 77 61-

4 0 0.00
5 . "- 0 0.,005 0 0.00

MiU RE THAN 6 0 0.00

WJERY TYPE NUMBER OF OCCURRENCES AVERAGE/IUERY
1 259 -38
2 217 ,32:•- -.. . . . - -- - -. . . . . . . . --• . . . . .
3 99 .14
4 67 .09S.. . . . . , .. . . ... . .34.. . . . . ,', 5 . .. -"

I,• . j•" I, •

......... . ........................... ... .........
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WJU- Liz
INF0RKiMAT ibN RETRIEVAL SY-STEM SIMULATION ("P'A GE 3)

Tf4P1J170U'rPUT 'DEVICE DATA

UTI~iZ-ATTMA--U USE/DUE.JRY AVERAGE US E / I TTCTWN
IN~PUT DEVICE 1= 482 .71 1920.1INPUT DEVICE~ 2= 194 .24 L4
OUTPUT DEVICE 1= 401 s59 1.00

OUTPUT DEIVICE 3= 190 .28 .47

H Ijf;j' jj:;.t q.R ,11,4ýe j- l: t



IN,FOR--ATION RETRIEVAL SYSTEM SIMULATION (PAGE 1)

NUtyýI3bkERU- OF iT'E"RATIOuNS5 500

TIME DATA
AVERAGE TIME PER ITERATION = 330o5o SECONDS_
-VARIANCE 7618.840
STANL)ARD DEVIATION = 876285

TIME INTERVAL DATA

INTERVAL NUMBER OF OCCURRENCES FREtIQUENCY CUMULATIVE PROB
0- 150 1 .002 .002

150- 200 26 o052 .054
200;-.. o- 67 s134 . .88

-- -250- 300 1.11 .. ,222 .410
300- 350 101 .202 ,612
350- 400 89 .178 .790

450- 500 333 e .066 ,958
500- 550 18 .036 .994
550 AND GREATER 3 o006

-66-
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'I .

I.

II -- ,.,, T•1 ID Iv|A T ~Id L'1k J= r T~ I=VA | SV.S TLPM SIM ll A T l J -H, -,• __"i" "

NUlVbER OF QUERIES = 844
AVERAGE NUMBER OF QUERIES PER ITERATION 1.68

-•R-TE S -7 T E Ir- - - ------- -- -R-RE - .. 1 A-GE -ITERATION

- - - - -- - - 251 e :50• '•- --s • -. . .. .. . .. . . . . ..- -0- --
3 -. . 95 .19

- 4' ") 0 .00
5 0 0,00-- --- -- 0 -, ------ ...... 0 - . ..

I MORE THAN 6 0 0.00

S QUERY TYPE NUMBER OF OCCURRENCES AVERAGE/OUERY

• 2 •2 72 .__ 3_2 ..: .. .. . . .3.. . . 2 -6 . . .. ... . . . . . . .38

. .121
4j 81 0

4 •

I

I ,



" 7,,1•.:L •,,ATI.i'J" RET . I - SYSTEM .S.IULATION (PAGE 3) FE

-I I UT-/O.U T P O I EV-rCE -DA•T-A- .. . ... . . . . . . . ... . . . . " . .....

-UTILIZATI-iTUF AVERAGE USE/QUERY AVERAGE USE/ITERATIflN

IN\PUT I.E.VICF_ 1= 605 .71 1.21

NI-PUT DEVICE. 2 2.39 .28 -47

OUTPUT UEVICE 1= 500 e59 1.00
- '¢ { " '•V IC- = 1"-- i0 5 .. .. ... .. . 12g . . ". .. . . . .2 ...

OUTPUT DEVICE 3" 239 62H . ,47

J%

-IF--

' ......- . .. . . . .

.1 -68-



I. i
*~ RVI i

.5

100 200 300 400 Bo00600 100 200 300 .400 60 00

IF 10 1 T ME H S O RA S - 1 0 SAMPLES _ __

.7- 7

4.8 .4-

f .3.3

.2 .2

*100 200 300 400 500 800 100 200 300 400 500 500

TIE (sliculos) . lim' (SllcllnuS)

(A) (A)

gFIG. 12 TIME HISTOGRAMS -200 SAMPLES
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Fig t3 -. IEHSORMS5 0 APE

.3 .3

100 200 300. 400 500 B00 100 200 300 400 500 6000
- - TIME. (SECONDS) TINE (SECONDS)

(A))
-. (Y FIG. 14 ~TIME HISTOGRAMS 400 SAMPLES

1,00



1 .0 ' .0j.

U .8

4 .8

.3 -. f-I .3 .
.2 .2

10 200 300 400 5 0 000 100 200 300 400 500 8000I 100 TIME (SECONDS) -TIME (SECONDS)
(A)()

IFIG. 15 T T[M HISTOGRAMS -500 SAMPLES

I3.' 'ANýALYSIS PROGRAM

T--- h.. r,,"u r,4%.hner' .1.'j. th.ere .n-re __

Ionly two questions the system evaluator would want to have answered:

I . Given aresponse time T, he would want to Lknow -the probability that
the sy f1team could respond in this time.

2. Given a~system acceptance criterion, he would want to know with P

per.cent~l confidence that the response time of the system was less than

Psome specif Iied time T.
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The analysis program, just as the data reduction program, examines the

simulation output cards (see Figure 16). To do this, two header ca\rds are

necessary. The first'header card has data about T and P (as defined above).

DATA CARDS . ACCE

CONFIDENCE LEVEL DECISION

Fig. 18 ANALYSIS PROCES.S

f P is equal to zero, the program interprets this as meaning question one

(above) is -to be answered; otherwise (i. e. , P ý 6) question two. The asecond

header card has on it the number of Iterations, -N, to be examined, The header

cazids 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 output for question one (given T, find P) is simply the printed statemnent

PROBABILITY TIME LESS TIAN (T) SEC. is (P),

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

-- oi--otput data ofAppendix-B,.&pp~oiA h-e evaluator wants to know the confidence
level P for a response time of 500 seconds. Since this is question one, the first

A-OT-
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header card would have T = 500 and P 0. The second 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 computer, 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 question two consists of two statements

(x) SYSTEM SINCE

"-PROBABILITY TIME LESS THAN (T) SEC. IS (P),

where-X) will beifther ACCEPT or REJECT, and there will be numerical
values, as with question one, for T aAd P. Suppose it is required that for an

acceptable system the response time rhust be less than 500 seconds with a

confidence level of 90%o. The printed 0utput answer would be

... ACCEPT SYSTEM SINCE

'PROBAB TIKTy 'IML LL.S& THAN S00. S _ ,E..- 1S91 ----

As a second example, suppdae it. in 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

slightly less than the required ,confidence level, should be interpreted by the

user to determine the system's acceptance or rejection.

-74-
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C ANALYSTS PROGRAM
100 FORMAT(F8&2*2XF6*3)

*101 FRA(5
*102 FORMATCI4,F1O.2)

200. FORMAT(36HENTER SIMULATION CARDS -PRESS START)
a 201 FORMAT(1H0,26HPROBABILITY TIME LESS THAN9F8s292X#4HSECe,3H ISP

202 FORMAT(1H0,19HACCEPT SYSTEM SINCE)
203 FORMAT(lHO919HREJE'CT SYSTEM SINCE)

1000 READ 100,TP

1 FL 91
-6O TO 3

2 L=2
3 TYPE 200
PAUSE
RE-AD 10loN
PRw0
READ 102 N1 tT2

4 READ. 102,N2,T2
IF(N2)5s7o5

5 IF(Nl-N2)79697
6 N1.N2
T 1 T.2
GO TO 4

7 IF(T-Tl)99S8s

9 IF(Nl-N)6,10,10
10 WoNmPRRPR/W

IF(L-1)12011.12
11PRINT 201 .1%PR

I - PAUSE

I -13 PRINT' 202
GO TO 11

1-4 PRINT -203-
0O TOl11I END

.9 Reverse (Page 76) Blank
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IV. 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 discussions of the model sub-
stantiate the choice and use of response time as a primary measure for simula:-

ing and evaluating retrieval systems. The model is still in the early stages of I

development. Its logic has bAo.developed along-with.tpovariationa in th .mqdel-

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

evaluation aspect of the proble-m 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 system, 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 existing models will be refined and extended by

including more equipment characteristics (that is, by introducing var`ýous

equipment parameters such as card read rate, tape density, word size, etc0, to

be used in the simulation) as well as including query, record and output char-

acteristics, This work should 6omplete the simulation model of the computer-

-based information retrieval system,

After the model has been completed, a model of a-manual information

re'trieval system will be developed, in which the data may be stored as hard

copy and retrieved entirely by'human operation. Equipment characteristics to

be -included in this case are such factors as storage capacity and access time.

Other factors which might be included are cataloguing procedures (what goes

where), query variations (ways of asking for the same thirg), and so on. When

d -:eloped, the model will be programmed and run on HRB-Singer's IBM 1620

computer. Modifications to the data reduction and analysis programs will be

made where necessary.

Once the manual system model- has been developed, it will be integrated

"wth the computer-based retrieval model into what couldridbhcalled a GeneraL_....

Information Retrieval System Simulation (GIRSS) model, or G model. It would

be this inodel which would find the greatest application since most information
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retrieval systems are a compoosite of what has been called manual and computer

systems. The G model could be extended to the more general data processing

systems or it could be tailored to a specific system, as shown in Figure 18. This

would ,nmplete the major work on information retrieval system evaluation using

the response time measure.

OMPUTE6 RETR IEVi L MANUAL RETRIEVALS IMULAT ION J• SMLTO ..

F GENERAL IN•FO'RMATION RERIEVA
• :.. ... , • _ SYSTEM SIMULATION

FIG 18 - MODEL DEVELOPMENT AND APPLICATION

It isa rare systen today that can be Judged solely on a single criterion. If

there were only one system which could do the retrieval job in the requi'eJ

time, *then a user would have little choice in deciding which system he ihould

purchase. However, present-day technology allows the user to choose and i . -

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 manager can use

the 0 model, for example, to determine whether or not the system he has

selected will satisfy his time requirement- but this is noth-e.only requirement
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he has. Models of the system using other evaluation (odecsion) measures will

c~~sdqabq~vae tq him. t is'~au ode1DV tht

thi ~t~ a wlt'~'oii *4 * ~u¶aA~naI ~o~.Ii' i diag amed ill

Figure 19.

A future goal of this task could be the 4eveiopment of. an infq~rnation
- ±atfi val cyist-emifmod-e1 which would-be based oni thorse measures the user must

consider. The user would specify, for example, his cost const raints, response

DEVELOP SYSTENMOE

UIELI 07 MASUKE

I - _ EVALUJATLE MODE

111L -_

10AI
Y1

AN'*I UTI

FIG. 19 -ITERATIVE PROCEDURE FOR THE SIMULATION AND EVALUATION
OF INFORMATION RETRIEVAL SYSTEMS
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time constraints, Fspace, restri~ctions, data vrolume consideration! an,#:7enter thenAe

data into the model. Also available for entry would be state -of-the- art equip-

.-men characteristics and normal event sequences for retrieval systems, along

with'their corresponding time distributions, cost/operation, and other data.

The model could then select and recommend the beat (i. e., optimum in some

sense) f#t under the given -con -jtraints. Whether or not,,thlj's goal is attainable at

present, it does provide -both motivation and direction for the work to be per-

formed by this task in the future.

so--



II RO
INPUT EXAMPLE

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

Mod II based on. the example described in section 2, Chapter II. Thii input is

""i n•m sed o ..ul.at.ona

simply the nunmbet of iterations to be considered. The system data is a numer-

ical description of the system being simulated.

I

I
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TABLE 4. INFORMATION RETRIEVAL SYSTEM SIMULATION 7 -

EXAMPLE - INPUT DATA FOR MOD II

Variable Value Card Card Variable Value Card C4rd •
Column -- Number _.V Column Nurmber

NR 500 3-5 1 PT (A) .1 19, 20- -14
I'~~ rT1ý

- - - -5 -2

"NI 2 6 2 PE (1, 1) .9 1,2 15

NO. 3 9 2 PE(l,2) .1 7,8 15

NQ 3 12 z PE (2, 1', .8 1,2 16
T(1,i) 776 1'" 3 P$E (2,2) 1. 7,8 16 -_

T(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)1 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 19

-T(4, 2) --31.'- 11-1-- 6 FQ (1,1) 3. 1,2 zo2

T(1,1) 14, 1-3 7 FQ(1, 2) 9. 11,12 4,

T(SZ) 41. 11-13 7 FQ(2, 1)) 4. 1,2 21

T(6,1) 10. 1-3 8 rQ(Z\, 0o. 11-13 21

T(6, 2) 30. 1-1-13 8 FQ (3, 1) -5. 1,2 '22

T(7, 1) -42. 1-3 9 FQ' (3, 2) 11. 11-13 22

T(7,7- ) 1-85. - -11-13 9 FQ (4, 1) 4. 1, 23 ... .. z 2

-T(8Aj) 15. 1-3 10 FQ (4. 2) 12, 11-13 23___

T(8, 2) 25. 11-13 10 FQ (5, 1) 3. 1,2 24

T(9,1) .0001 1-5 11 TQ(5, 2). 1-3. 11-13 24

T(9, 2) 76.8 11-14 11 FQ (6, 1) 1. I,Z 25
T(10, 1) .0001 1-5 12 FQ (6, 2) 2. 11,12 25

T(10, 2) 1. 11,12 12 ,PQ(7, 1) 4. 1,z 26

PN(1) .5 1,2 13 FQ (7, 2) 6. 11,12 Z676

PN (2) .3 7,8 13. FQ(8,1) 5. 1,2 27

PN (3) .2 13,14 13 FQ (8, Z) 8. 11, 12 27

PT (1) .4 1,2 14 FQ(9,1) 7. 1,2 28

1- (2) . 3 7,8 --1* - .(,-; P)H. -1--3------" --

PT (3) .15 13-15 14 FQ (10, 1) 9. 1,2 29
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TABLE 4. INFORMATION RETRIEVAL SYSTEM-SIUL-ATION

EXAMPLE - NPUT DATA FOR MOD II (Cont'd)

Value Card Card Variable Value Card Card

Variable Column Number Column Number

FQ(10,2) 14, 11-13 29 PQC(6, 1) 0 45

PQFk, 1) 5, 1,2 30 PQC(6,Z) 0 45

PQF(1,2) ]5. 11-13 30 PQC(7,1)/ 0 .. 46

PaF(Z,1) 5, 1,2 31 PQC(7, Z)" 0 46

S PQ F(Z,z) 1s. 11-13 31 PQC(8, 1) 0 47

PQF(3,1) 5. 1,2 32 PQC(8, Z). 0. 47

1 PQF(3, 2) 15. 11-13 32 PQC (9 ) 0 48

PQF(4, l) 5. 1,2 33 P1aC(9, Z) 0 48

* PQF(4,Z) 1.5. 11-13 33 POC(10, 1) 0 49

PPQF(5,1) 5. 1,2 34 PQC(10,2) 0 49

"P" F(5, 2) 15. 11-13 34 CQC (1, 1) 5. 1,2 50

PQF(6,l) 5. 1,2 35 CQC(1,Z) 10. 11-13 50

I PQF(6, Z) 15. i1-13 35 CQC(2-1) 5. 1,2 51 _

PQF(7,1) 5. 1,2 36 CQC(2,2) 10. 11-13 51

- PQF (7,2) 15. - 11-13 36 CQC3, i) 5. 1,2 - 52 - -

.PQF(8, ) S. 1,2 37 CQC(3, 2) 10. 11-13 52

PaPQ(8, 2) 15, 11-13 37 CQC (4, 1) 5. 1,2 53

38 CQC (4, 2) 10..", - 3., -13 53

-Qr (9,-) is. ii..i3 3-8 CQC (5, 1) ...... LI............. .4

S(PQ r 10, 1)- -- 1, - 9 . . CQC-(,-J--a_ . . 11-13 ....... -- I Z

PQF(10, 2) 15. 11.1'3 39 CQC(6, 1) 0 55

PQC(i,I) 5, 1,2 40 cQc(6,2) 0 55

* PQC(1,Z) 20. 11-13. 40 cOC(7,1) 0 56

PQC (Z, 1) 5. 1,2 41 CQC (7, 2) 0 56

S, PQc(2,Z) Zo. 11-13 41 CQC(8,1) 0 57

PQC (a, 1) 5. 1,2 .42 CQC (8,2) 0 57

PQC(3, 2) ZO. 1.1-13 42 CQC(9,1) 0 58

PQC(4, 1) 5. 182 43 CQC(9,Z) 0 58

PQC(4.2) 20, 11-13 43 CQC(10,1) 0 59

PQC(5, 1) 5. 1,2 44 CQC(10,2) 0 59

I PQC(5, 2) z0. 11-13 44 EQ(1,1) 0 60
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--..... 4-A • 4--oNFORATiON RETRIEVAL SYSTEM SIMULATION

EX.AJPLE - INPUT DATA FOR MOD II (Cont'd)

Variable Value Card Card Variable Value Card Card
Column Number Column Number

EQ r,2}- 0 60 1 ha.., N'7 L

EQ.(2I 1) 0 61 ED (7,2) 0 76

EQ , 2) 0 61 ED(8,l) 0 77

EQ (3, 1) 0 6Z ED (8, 2) -0- '77 -

EQ (3,2) 0 62 ED (9, 1) 0 78
EQ (4, 1) 0 63 ED (9, 2) 0 78.

EQ (4.,2) 0 63 ED (10,1) 0 79
0- 64 ED (10, 2), 0 79-

EQ (5, 2) 64 EQc (1, 1) 3. 0,2
EQ (6, 1) S. 1,2 65,, 'EQC (1, 2) 10. 11-13 so
EQ (6, 2) 15. 11-13 65 ZQC (2, 1) 4. 1,2 81
EQ (7, 1) 5. 1,2 ,66 EOC(, 2) -. 10, 11-13 81
EQ (7,2) -- 15, 11-13 66 EQc(3,1) -5. 1,2 - 82

EQ (a,i 5, 1,2 67 EOC (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,Z 68 EOC (4,Z) 10, 11-1.3 83.
EQ (9, 2) is, 11-13 68 EOC (5, 1) 7. 1,2 84

EQ (10, 1) S, 1-,2 69- EOC (5,12) 10. 11-13 84-
S. ....... EQ (10,2)- 1-5.-- 11-13 -- 69 - EQC (6r1) -0- 8s

ED (1, 1) 0 70 EQC (6,2) 0 8s
ED 1,2) 0 70 EOQC(7, 1) 0 86
ED (2, 1) 0 71 EOC (-7, Z) 0 86

ED (2, 2) 0 71 EQc (8, 1) 0 -87

ED (3, 1) 0 72 EQC (8, 2) 0 87

ED (3, 2) 0 72 EOC (9,1 ) 0 88

ED (4, 1) 0 73 EQC (9, 2) 0 88
ED (4,2) 0 73 EQC (10, 1) 0 89

ED (5, 1) 0 74 EQC (10, 2) 0 89
ED (5, 2) 0 74 TOT (1, 1) 0 90

S-(6, 2(,6) o

ED (6, 2) 0 75 TOT (2, 1) 0 91
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TABLE 4. INFORMATION RETRIEVAL SYSTEM SIMULATION

I EXAMPLE - INPUT DATA FOR MOD II (Cont'd)

Variable Value Card Card
I'colump Nurrib!er

TQT .. ' A . .... 91
I TOT (3, 1) -0-- 92

TOT (3, 2) 0 92

I _ TOT (4, 1) 0 93

'rOT (4,!)----0-•- _- -93 ----9-3-
TOT (5, 1) 0 94

STOT (5, 2) 0 94

_......TOT (6, 1) 0 95 •

TOT (6,2) 0 95

TQT (7,1) 0 96

TOT (7, A) -. 0 96

TOT (8, 1) '0 97- ..

TOT (8.,2 0 97

TQT (9.,1), 0 981 QT (9, 2) 0 98

,' TOT (10, 1) 0 .99

TOT (1e0, ) 0 95

DE 0) .6 1, _ 100

TO O .1) 2. 7,8 100

TO(io2) 12. 17-1• 0 4 -0-

DE (2) .1 , z 101

1 . TO (Z, 1) 10. 7-9 101

TO (2, 2) 35. 17-19 101

DE (3) .3 1,2 102

I TO (3, 1) 5. 7,8 102
TO (3, 2) 20. 17-19 1OZ

A .01 1-3 103

B .008 7-10 103

-85-.
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MAD
APPENDIX B

SIMULATION OUTPUT EXAMPLE

The following nine pages are a copy of the computer--dutput from the Mod 1I

simulation, using the input data givatl in a Sppe idi -A*.% A~~ 4. Thaea for

each data column are as follows:

A -Iteration number

fB'. Response time

C Number of queA"e in the iteration

ID Query data

U - Dl'Number of times query type I was used in the iteration

DZ Number of times query typo 2 was-used-in .. he-ite ration -

ID3 Number of times query type .3 was used in the iteration

__D4 Number of ti-mwU query type 4 asusedl in the iter'ation

DS Number of times query type 5 was used in the iteration

E In~put device data

ElI Numbex of times input device 1 .wPA urned in the iteration

IEZ Number of times input device 2-was- used-in-the iteration

F.. Output device data

F Il Number of-times out-pt device~ -1-was used-in-the-itarati~n-

F2 Number of times output device 2 was used in the iteration

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

'rhis output example w ill be" dis cuessed further in Chapte r 3.
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'bi 02 03 04 05-'1 El 2''F F2 3'1
1 467.56 2 2 0 0 0 U 2 0 1 1 0
2 3 25.2 2' 1 1 0- 0-0 0l1 0 0 1 0
3 2 3 0.4-? 1 1 .0 0- 0 .0 1 '0 0 0 1
4 302.88. 1 0 1 0 0 0 1 0 0 0 1
5- 374.95 2 0 0 1 0 1 1-1 __ 1 .1 0
6 290.75 1 1 0 0 0 0 1 0 0 0 1
7 20ý' 14 3 11 0 0 0 3 2 0 1

2~~ ~ 0

11 3457 2 0 0 1 1 0 0
939521 20 1 1 0 0 1 1 1 0 1

~~~~~~~- - - --- * -. - - -' - -........

is 3181057 2- 1-~ -0_ 0 0 0 1 1 2 1 0 -0

12 250.1 77 2 02 0 0 0 1, 0 1 0 0

.14 361.962 3 1 1 1 1 11 202
15 .3108.77 10 0 0 1 0 0 10 1 -0_ 0
21 48,93.38 1 0 1000 1 02 1 0
ip 0§m9 1 __

23 -300.195 2 -0 0 1 0 0 1 0 A 0 0
20 2466032 1 L2 0 0 0 1 0 21 0.
25 2 460.927 3 1 0 1_p-. 1 02 1 12 0 0

26 378.71 1 0 1 0 0 0 1 00 O
27 _352a83 2 1 0 1 .0 0 2-0- 1 0- 1

* 28 268.01 1 07 0- 0d -O1 -6 T CF--
29 -287.o0 1 22 0 00020-20-2- 0- 0_
"30 348905 2 1 0 1 0 o 1 1 1 o -

31 423.89 2 0 2 0 0 0 2 0 0 1 1
32 41532 3 2 1 0 0 0 2 1 30 0

I.33 _ 260e,48 1 00 10 0 10 1 00

35 468.59 3 2 0 1 '0 0 3 0 1 0 2
36- 355.99 2.-2--0 0 0 0 2 0 1 1
37 390.63 2 1 0 1 0 0 2 0 2 0 0

_ ___-38 23424 1 0 1' 1 0 1 0,
39 433600--- 2 1 1 0 0---0 2 0 W'

16 -_ _ -- ...- - I 1 lf.O 1 0 .0 0 1 0 1 0 0
44 - 0 1 0 0

43 395.58 2 2 00 001 1 20 0
44 234.-82 1"- 0 0 1" 0T -C1 00d 6
Ais 508.64 3 0 2 0 0 1 2 1 2 0 1
46-- 363.*59-' 0-------- 00 0ý 1
47 241.89 1 0 .1 0. 0 0 1 0 1 0 0
48 244917 1-0g 1 0 01'0 00=
49 312.46 2 1 0 0 0 1 1 1 2 0 0

51 325o85 3 30 00 0 21 2-0 1

53 259.55 11 00 0 00 1 10 0.
.5-4 274.50 2 11000 6U2 0 10
.55 374.-10 2 1 0 1 0 0 2- 0 0 11

57 293*14 1 01 0 0-- 1 0 0
58 21.90 01000 00 o



-A.. t Bc

- - 01 2 53 04 0551E1 121~P r, 1 S
59 303.11 1 1 .0 0 0 0 1 0 0 0 1

6o~72(2Y 0U -2
61 -264.35 1 0 1 0 0 0 0 1 1 0 0

62-Z -I;l D- 2 0 0
63 193.75 1 1 0 0 0 0 1 0 1 0 0

65 3-2 .1 6- 1 0 i ( 0 0 TiZO i0 -
* .',.'-!::&6M i- '0' -3- 0 .3 0 0

69 217.76 1 1 0 0 0 0 1 0 0 0 1-
70 288.73 1 0 1 0 001 r-I71 273.07 1 0 0 0 1 0 0 1 1 0 0

6 7ýý - - 0 0 -a r -0
73 487.84 3 0 0 1 2 0 2 1 0 1 2

J75 325.3l 16 1 0 00 )1 0 10 0
76 327* I 2 1 0 1 o -0 0.. 1-- -1
77 235.33 10000 1 0.11 10 0

79 211.*94 1 1 0I 0__ _ 0 1 jý 0 0 0 1
0r 0TI'G

al 312e24 3 2 0 01 0- 0-2 1 2 :6

'83 377.064i 2 1 1 0 0 -0-2 0 -2 0 0

as 260 a 1 1--- 0 0 0 1 0 1 1 0 0

i~J- --- -- Y--c-----v -r ri--oo"--

94 234185 1 01. 0 0 0 1 0 00 1--
SO 190641 1 1 0 0 1 0 u0 10 0 1

99 3708572 3 1 0 01 0 2 0 2 1 0

101 316.96 2Z 0 2 0 0 0 2 0 2 00-1

9 54*86 --- ----1-l----- 2--1--2--F0
95128.g 103277_O5011:: 00 10 0 0 1

1910 488893 3101 0102101 020
107 501.84 2 1 0 0. 0 02 1.0 1 102
100 388e78 2 1 1 0 0 0 2 0 2 0 0

111 277u50 1 0 0 1 0 0 1 0 0 0 0

T011 0-- 2---- -0" 0
115 1094.23 1 0 0 0 1 0 20 1, 0 01

III1 255.u53 1 1 0 0 0 0 1 0~ 1 0 1

'11 48*0 3 3 0 O- 0 -0 19-

1
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117 33 5.3ý3 -2 -2 -0 0 0 0~ 0 1
118 369.86 1 1 0 0 0 0 1 '0 1 0 0
119 470.*177 2 0 0 1 1 0 1 1 1 0 1
120 384. wI� ...... -I --b -- F -6 2 -1- 2- 1 -I-
121 363,47 2 0 1 1 0 0 2 0 2 0 0
1 22 17I4 1 o 0 0 Vb0 T
,123 226.31 2 0 1 0 1 0 0 2 -1 0 "
124: 34.7 4 1 -6-Y I O .- -i* 3b I*

1 'O 1 2 11 A I 1 0 1 1 2 0 0 -

126 169.99' 1 L -U. -U u- u0 ;1 u- U
127 369o26 .2 L1 01 0.0 20 01 1

- 129 229.70 1 0 0 0 1 0 0 1 0 0 2.
110 4310S' 3 2'-6T-T1"a0Y - 'T 0
131 310.95 1000 01.- O- -0-0 0--1
132 3 t1?'02. YO-6 b' '
133 242m63 1D 0 0 1 00 1 00 1
134 298.77 z I 01 0-7 --d 1 Y W-

15 169.93 11 0000 00 00o
136 212. 10b . VA-6 -1~O '6 "6
17 266-w-.2,9 10: 1 00 01 0 0.01-

1.39 390.16- 3 0 0 30ý- 0 2 1 ~2 1 0
Y~ 2-6.69 2 10 1001 5 01

141 232.14 -1- 1- -0 0 0 -1. 0- 0- 0- -1

* 143 371.06 21 1 000 20 2 00
143 5'24*1...........1 0 0' 3.O3 "0 0
144 352o666-110 00-01 0 100 GI
f435-'a2S.4 1 6001 001001 0
146 306.54 1 0 1 0 0 0 1 0 1 0 0

148 208.51 1 1 0 0 0 0 1 0--0 0- 1 -

150 226939 1 100 0 010 10 0
~ U'.U ~~ 0 u U 11d

k52. 329-15 2 0.0 1 1 0,_ 1 1 2 0 0 -

153 OI.'1ý .. ...... :'j~'. K" '' "w
154 ?99.16 1 0 0 1 0 0 1 0 0 0 1

156- 245.28 1 -0 0 0-- 0 1 0 1 1 -0 a
157f 297.62 1 0 10 001) 0100U
158 323.28 2 00 2 0 011 20 0
159 .,5,1-5.1^ T Vif~
160 249.47 2 0 1 1 0 0 1 1 2 0 0
161.2b7 1010o foi
162 417.30 2 1 1 0 0 0 2 0 1 0 1

'13 452.27 3 2 1 0 0 0 2 1 0 0 3'
.164 414*8', 3 1 0 1 0 1 2 1 3 0 0
165 -2-.9 ~Y 1-------7~ V
166 4-0-O 2 0..0:.......,, 011

168 310.81 10 01 00 01 00 1
2~ 83.24 1 1 0 000 10 0

___170 413.69 22'0 00.0 20 11 0
171 2 65.417 1 -1-6--6o 1 00 10
172 294.19 2 1 1 0 0 0 2 0 1 1 0
173 5126 3 0 1 1 1 0 2 1 3 "
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h174 324..34 1 0 0 0 0 1 0 1 0 0 1
*1175 307.73 -2'-'- - Y'0 - 0 2 1 0 1

176 279.06 1 0 0 0 1 0 0 1 1 0 0
177 74.903 -'-S- f T d -7 2 1. 3 0 0
178 390.13 2 1. 1 0 0 0 2 0 1 0 1

179 2313 110 0D 0 -1*o01 00''
-. 180 258.30 1 01 00 0.10 00 1

161- 233.fy "'6T"d -b - 0 1 0 .o
82 304:84 -1 1 0,. 0 0 0 0 1 1 0 0

1~~ ~2.~0~ ~~1l1 0 1 0
184 285.91, 1 0 1 0 0 0 3. 0 0.0 1
185 31.5 2 . 1. o 0 a -'1 ' V 0, 1-

M. 2S9.64 1 0 1 0 0 1 0 1 0 0.116 ~34W ~-~0- 2 1. 01
188$- 347.-6-3- 2-0-0- 1 1 00 2-1 0-1 -

tr96.9~r-----T~~-1 0 "1 0 0
190 451.76 3 0 1 1 1 0 1 2 2 6 1

-M id 10. r0 a-' 0

19- 24rv 16 07 1 0 0 1 0 0 1
194 258.11 2 0 2 0 0 0 2. 0 0 0 2

196 282.55 1 0 1 0 0 0 0 1 1 0 0

200 190.09 11 0 000 1 00 03.

202 377.94 3 1 1 .0 0 1 2 1 2 0 1--
03 284.18 1 0 I 0 0 o 1 o a o -T*

204 341.28 3- 0 2 1 0 0 2 1 2 0 1
-*2:w~----*wg;* -- T~~--6,y- S-r-w-0 8-- 00"
206 1$8080 1 1 0 ý0, 0 0 0 1 0 0 1
iy mss - -v -T--r -V- - 0-0. o-rT- 1 o -U
208 345.05 1 10001-lO100 0

..... 21 220.80 1 0 10 0.0 10010
~o 1 0 0

2.12 I175@60 1 0 10 0003. 'b 0

2 ~t- , 249vO-S -- O --1----0-- 0- 0-1-- 0 n I
itT 0-~59L z r- a u- u - . r-

216 465.15 22 00 0 02 0 11 0

218 269.59 1 0 0 1 o 0 1 0. 0o 1 0
713X.~i~012 -1 G- 2

220 428.29 3 2 10 00 21 3 0'0
221 229.16 1 0 0 1 0. 0 1 o 0 -7-6
222. 327.82 _1 _0 1 0 0. 0 1 0 0 0 1

-~-ff~0 1" 0'010 1 0
224 189.24 1 0O0O0Q 1 0 11 00

226 -453.67 3 20 01. 0 303 0 0
227 220.69 1 0 3. 0 0. 0 0 1I o T

________228 263.51 1 10 00 01 0 00 1~

230 442.05 2 2 0 0 0 0 2 0 0 1 1
- 2 0( " 0*- 0" 0 '2



ý-F Vs G -04jj-h17i4lý-f-FI I K"~-'r
232 396*7Z 2 2 0 0 0 n 2 0 1 0 1
2 33- 29 5.*43 -Y1 10~
234 171.14 1 0 1 0 0 0 1 0 1 0 0

236 413.49 3 2 1 0 0 0 2 1 2 0 k*
237 396.51 2?-0-1-10 a1 -1-2 0-0
238 429.52 2 1 1- 0- 0 0 1 1 1 0 1

.240 322.06 2 1 1 0 0 0 2Z 0 1

242- -. 298A0I 1 0 1 0 0 0 1 0 0 0 1
23 170491 1 o 0 a I o o I I

244-310.53-1-0-1-0-0-00-1 0 0

246 250079 1 b 1 0ý 0 0 1 0 0 0 1

--1- 0 -0--0- -0-- -olA

___- _ -2-8. 01.0-u-i 1- -1 0 -0 0. L0 1 .30 0

252 364320 1 1 0 0 0 0 1 0 1 0 0

2506 3A-1s77 3 1' 1 0 01, 2 .1 13 0 2

261 2652 3327 11010 0010 1001
262~ 3T1---------------------------
264 541.78 33000021111

266 4Y'1.Yl 3 1 0 0 0 3 0 - 1 1-

ANN..260 27764 24 1 10 0 0 2 0 01 0 2
261 449:32 2 2 0 0 0 0 1 21 1 10

262 314.11.- 2 0 2 0 0 0 2 0 2 0 0

264 .301411 1 0 1 0' 0 0 20 2. 0 1
------------

266 429.01 3 121 0. 0 0 3 -0 1 1- 0

.2678 381601 31 0 0 1 0.1 0 0~*
-7 2 4368 41.3 20.0 0 013 11110A -

280 35s164 3 0 1-2 0 0 12 3 0 1 0.C-------

273 350.6299 1 0 1 1 1 2 0 0 1.

274 .303.09 2 0 2 0 0 2 0 20 0

-----------------------------i*F------f-------l----6-------------
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- /

I I,

. 'Of 02 03 '04 D5ISi IF F2 F3

a-O ', -, n0 0 3 0 1- _D 2S . ... . 29 1 - -2 8 -1-•. ... . - _-7-- -- 0 -0 .... - 0 - 0 0. .. . .. -
291 298.A5 101 0 0 0 0 O 1 0 0

z 297.6i n ~~'f2Q91 385.03. 2 -0 •T 0 " 0 1 1 1 0

294 213.4"4 1 0 0 1 0 0 0 1 0 0 1
7 295 44 2 o 1 1 o u 2- -0- 0
296 441.85 3 0 1 0 1 1 1 2 1 1 1

,297 312.456- 0" o-0 1 0 1 0 1 0o
298 564.32 .. 1 1 0 0 2 1 -1 1 0

9 I0 0- 0 0--
m300 199.04 1 0 0 1 0 1 0 1 0 0•01-- 20330 1 -- U-u-U{--j- -- u ' 1--'O- -O

-301 idQ3.3~0 I- u vr~ v A

302 460.07 2 1 1 0 0 0 1 1 -1 0-I o
I304. 441.60 3 1T1 _0.0- 2 -1 -3 -0- 0

3C 419 416" "(Y T 2. 0 0
306 349.39 1 10 00 o 01 o 0o0

308 148.76 1 -0 0 0 0. T V ~
3.09 . 225.29 1' 0 1 0 0:
3112 0 0 0 2- 0 ..0 2 1 1 0..~ 3 1.... 52,"•- 2 ... l'_ - '0--I .-. 0-Y--U-: ""2 ...0 1 -"I 0 .

- 312 344:83 3 2 0 '1 0 0 2 1 3 0 0IL 3046 ,+.3, z 4 u '0 u" u-• "•" I... -' • - -
314 ( 298-w47- -I-00 -0 -0 0 101_ 0 0
"31 r. -0-,•I" - - 2 - --- -"0 .. 1- 2 0
3-16 442s44. 3 1 0 1 1 0 0 3 1 0 2
3•.7 -- ,3 -r' -I- --10----0- -oV-o--r - -- 1-- 0 , 0 .
318 424.58 3 1 1 1 0 0 2 1 2 1 0

320 350.93 1 0 1 0 0 0 1 0 1 0 0
... r4-T4.- --- "- I--0 -0 j 0

3 2 2  391.49 2 2 0 0 2 0 1 0 1S" 6- 7- - 2 --- 7"Cf 0- 1 . 2 ' 0 1
-324- 431 .39- - 1 1 0 1 0 3 0 1 0 2

Ua. 326 261.67 10 o' o- 7.,o o I0'-I0
S326 337.09 2 1 1 0 0"ý0 2 0 2 0 0r 3-T- -- ?'$,- 4- s-- 4- -v - 5-" .... ýO' 3 b0 2 0O 1 '

328 322.50 2 1 1 0 0 0 2 0 1 1 0-d3--' -I:. ni-.- •-"~O"~ "' O- " "0" '0"•" "1 '; "-

330 270.63 21001011101"331 296.71 - - o - o 6i_ 0 -0-- -0 1_ ... 0
332 288,15 1 01 0 1 0 1 0 1 0 0

3'33 V 4.. 5 W-..--.-'- I- - -2 .0 1
334 341.53 2 1 0 0 1 0 1 1 2' 0 0

'I 33.330."66 ..... 0 0---001•-D " I 0 1 0
336 358.22 2 1 1 0 0 0 2 0 1 0 1
337 288.53 1 1 0 0 0 o 0 1 1 o0
338 454.00 3 1 2 0 0 0 2 1 2 1 0"3•-9 503.46 3 0 3 0 0 0230 21 0

340 390072 1 0 1 0 0 0 0 1 0 0 1
341 ---- "r."I --- r- - -- -- -0 " 6- 0 1 - 76- -"- .0 0
"342 349.61 2 0 2 0 0 0 2 0 2. 0 0
343 299.69 2 1 0 0 0 1 0 2 1 0 1
344 200.87 1 1 0 0 0 0 1 0 1 0 0

----------- 5-45- ..... . - -1 - 0--O0 0 0 1 o "1 0 '0
346 381.41 2 2 0 0 Ou -- 0O-•
3- 4... - - 1...- - "- .2 1 2 -- 3
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346 - - - 377e63 2---- 2-0 - - 2--O 1 0

34 35eU 0 ft 1 1

377.63o3 1 001 2 0 0 1 0 3. 0 0

352 379.60 1 o 0 1 0 0 1 0 a 0 1
353. 290.357 1 01 1 0ý 0 0 1 0I 0

-~354 3634.96 2 fl 0 0 0 0 1 1 2 0

-- 356 477.05 3 0 11 10 2111 .. I
____- -_ .2 isr;sf6--- - i- - r- w- 6--a-- o w -).

35 ~ 1 -.1~ -0 - 0C 1' -Q0 7:k 0-
3D9 icYs.(1 1 L0 U U TC u I OU1
360 3584 1 0 1 0 0 0 1 0 o 0o

lib2 9226.93 * 1 0.100010100 a

1 0 0 0 2 0 1 '0
385 399.86 2 1 -0 T 0 0- o 779 1 1
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