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RBSTRACT ¢+
L?f utam;;?-“ A general dlscus51on of the prlnclples of 51mulat10n

is glven, w@th emphag;s toward an 1nF0rmat10n retrieval sys-
- -tem, Thg design of FUSSAL the 31mulatien model 1s studied,
with papt{;ular atten ion paid to the concept"o? programmable

variables, An explé ation is given,for the use of each sam-

LMy distribution and all related data. The simulator is
tested by using'yariables mostly from the Lehigh C;I.S: sys;

~tem.; It'is determined that 20 to BD'daysvofwsimulated time

,is necessary te“obtain reliabie'results. with tme parameters

-0f the G. E 225 Computer and the Lehigh C.I. S System as in-

put varlables, an arrlval rate of 0.25 gueries per mlnute is ﬁa .
themmax1mum that the system can ‘handle if the tape subsystem |

* is used,'ahdua back-log of 30 minutes or less is desired at

T .the end oFVa'day.’ It is concluded that FOSSAL is extremeiy

useful in helplng a deslgner to evaluate an’ on=-line real-

¥ §

tlme information retrieval system uhlch has its 1nF0rmatiun

stored on a tape or disk subsystem,

! e




1nformat10n system are those of, (A) the type and quantlty of

ot

|

I - Introduction

Two polnts DF exireme 1nterest in the constructlen of any

USers; and (B) the potentlal (or lack of potentlal) of the com=-

ponents of the.system. Certainly,'ho individual would-be willing
. . " ° . ' .
to make a decision to build or procure a system without having

some indication of the above two factors. However, it is extreme-

e

ly difficult to predict the interrelationships between the users

and the system without either observing a system already in use

'50?_by performing extensive tests on a prototype system, It is in

-performing tests ohfs prototype that simulation can be an inval-

uable tool. 'That is, 3 good. simulation model can replace months
of tests, as well as months of worry and Flnan01al drain.

Since the'use-nf digital computers in the field of information

retrieval has been mainly for experimental s}ﬂdies,:it is diffi=-

cult to'obtain facts for‘management decisiUns by observingediff-

t h'
L%

erent retrieval systems in continuous operatian. For this reason

this\fesearch has'undertaken the task of developing a model which @ _
A

.\\‘

can be used' 0 evaluate an on-=line real- tlme 1nformat10n retrieval

_system before the\system is Fully opepatlonal

\

The.most?51gnlficent factor in a successful simulation is the

"
. -

gesigﬁ of a realistic endkaorkable‘model. ‘The prqposed.msdel.is

designed to operate in an on-line real-time (OLRT) enVironmeﬁtf

but no use is made of time-sﬁaring_teehniQUes.‘:The simulator does

not make use of a conversational mode (inter-action between user

o

- terminal and computeriduring\precessing), In order that the sim;

“ulatepween-beﬁef-use for more than;ene'individUsl,sitUstiohs the *

/ . ‘ .




1mbdel’has%many'interchangeable VariabIBS.'Thevariables.aré

parameters so that the systém need not be re-programmed as'eaéh

new situation arises. Thus, it is the aim of this research to

design*a‘simulation~model that can;bé,used by-managementjto.evale

uate an on-line real-time document retrieval system in which the

files are sjored‘dh"aither_a disk or tape subsystem. Specifically,

W%

the document retrieval system must be one wi

th coordinate indexed

references to documents. In this research the evaluation deals

S c . * i k ' oo
mainly with gueue length, response time, and system idle time,
’ . L - - . / . :
R p ¢
s
W 4
1 -
- ¥ -
o ! :\;‘:(‘;
-
.X-A:'

. - 1




- fcrmation can be transfered out of the system whlle the central

ﬁevery user an equa&-pricrlty of enterlng the system, and dnly o | ﬂ - F

penallze the lcnger requests when the prcce551ng time cf the items

C,;__emphasis is nlaced on the number of users entering the system

'since the prlme concern bF the simulator is the rate of arrlval of

4prccesscr 1s known.

Ethe central prdcesscr 1s 1dle if. there are querles td be processed

‘Tc avcld such delays, a transfer control un1t has been added. 7heb

N . . )
s ' N L ———

II. QfDesiqn'bF Simulatisn Mcdel .

. I . . W
A , : . . : .

< . :
A, - General Cbnfrguratlbn and Env1rbnment . . o | | - -L

The phllbscphy used in the deszgn cf the mcdel is to glve . ]

s

in the ready queue has exceeded the threshdld cF the system._ No

the requests and not the- partlcular termlnal fraom whlch the query

crlqlnated The system (Flgure l) is de81gned td bperate wlth

v

-

three queueS{ a ready queue a back-up queue, and an dutput queue,
Slnce no use 1s made of multl-prqgrammlng, the central pro-
cessor operates ulth bnly one search request at a tlme, and the
1nputs to the central prbce381ng unit (CPU) are recelved in a serlal
manner from the ready queue.‘ The tlme needed to process any query
is dbtalned fram g sampllng.dlstrlbutlcn uhlle_the speed_df the
prdcessqr is read from a parameter card Thus, 1t is immaterial
what brand of processor is used as ldng as the cycLe time of the

.

It 1s dF utmost 1mpdrtance that nd perlcds of - time ex1st when

transfer ccntrcl un1t is a sqftuare rcutlne uhereby a new query

caﬁ be'stbred in the\ready queue, or some retrleved dccument in- |

prccesscr is dperatlng on a query.

Durlng a 51mulatldn run the ddcument 1nfdrmat10n FLles are

e | .

S
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- first-in-first-out (FIFD) queue which holds as many 1tems as the i

o

- could be estimated by the number of terms in the search). Had the

‘knowing the results for bdth dlsk and tape storage, then the 51m- |

Be - Queueing Mechanisms o - . e |

-(Flgure 2) For example, if the threshdld of the system is set

new queryr* (the:~During actual operations the total prdcessitime

evaluated fdr only one type af stdrage.; If one is interested in' : '.ff” s

i - &

‘ulation uduld have to be run twice, -

% . :
The output queue stdres all the retrleved 1nf0rmat10n until

it can be transmitted to the user via the input/dutput buffer.'

‘/\M

.-

As the qyer}es arrlve at the system, they are transferred Frdm B

the I/D buffer to either the readV“queue or the ‘back=up queue de-

pending upaon the ex1st1ng threshdld value. The ready Qqueue is a

threshdld permlts, unless there are a hundred 1tems 1n the queue
LY

at 30 minutes and the total tlme to process the items in the.ready
- Lo . | , )
queue 1s 22 minutes, then the next guery to arrive in the buffer

can be placed in the ready queue, no matter-what'the’length of the

N L~ | Al )el3lu]s ?
— _ — _ » _ ™
or _Search‘time/' 3.0 minutes | NYlY]VY]|N ‘N
IF *<,Pr0cess time of ready gueus threshgldff N[ Y]y Ny
X e | 4 oo B R o
L Items intready queue - 100 S YIVIN|Y = ~
o | Place new -arrival in'ready gueue X | X X
THEN - W — ‘ ‘ _
| \ Place new arrival in back=-up queue "N | 1 X X-

. - " ' 3 ° . ’ . o O\, ’ .
©.* . Figure 2, Decision Table far New Arrival .
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-

A
total prcce551ng tlme af the 1tems in the*ready queue exceeded the
30 mlnutes, the query wculd have been placed 1n&the back-up ‘queue

prcv1ded nq prlqu V ex1sted A prlcrlty 1s given to thcse search

‘fp,,-requests that‘take less than three minutes of CPU"time. Thus, even

3 « T e s T

though the ready gqueus may have surpassed the threshcld value, a
query that takes dnly one minute to prg:ess ulll still be placed at
the end of the FIFD ready queue. Hdwever, there is a limit of one

hundred queries in the ready queue, Dnce the lDD 11m1t has been
|}

;*exceeded, all queries are placed in the back-up queue.

C. - Disk Stcrage o o e I -

hcutput tq back up, thus nece581tating_the use of the output queue.

ot

R

The ready queue 1is deslgned as core stcrage, uhlle the back-up
queue is a-tape un1t Items that are placed 1n the back-up queue
are removed uhenever the tctal prccessing time of the 1tem@ in the_
ready queue drops belouw the threshold value of the system. The
back-up queue alsq cperates as a FIFD quaue,

The cutput queue 1s\used tc stcre the retrleved 1anrmatlcn

if the 1nFcrmatldn is arr1v1ng from the CPU faster than the 1I/0 o

buffer can' transmit it at llne speed to the user.t Under normal

conditions a query wculd retrieve encugh dccuments to Cause the

\34—

R

4

pu

For the eFflclent and economic cperatldn cf a flle in an DLRT

envircnment the use of addressable bulk stdrage 1s almcst .a ne-

Sary to pechrm a Boolean search. The 1nverted flle ccntalns all

‘the index terms in® the system with the dccuments characterlzed by

each term"being listed updér”the‘term. The serial Flle ccntalns

. 3 . . ) . .
o . A N N . P
, . ] . B} . . . . W !
. - i . : ‘ /‘é
“ b \ . . . !
. : . N
. : . - ? - L C. . '
) - ) . " X . . . . . . .
4 ) ’ . . . 7 - .
' .
. ! . . S
. . 3 . . *
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)

" the bibliographiczinformation for each document, IF a two- term

search- is being evaluated the two terms are located in the in-

/

verted flle, the documents 1ndexed by these two terms are read from:

the inverted Flle, and 3 check is made in the processor to see lf-nw

JE

there are. any documents that satlsfy the query Iﬁ-a particular
document is Judged relevant to the query, the document is then lo-
cated on the serlal File (also on, the disk), ~and transmltted to the
user. As prev1ou°ly mentioned, the simulator is not de51gned to
evaluate only a spec1f1c piece of equ1pment rather - there are many
varlable parameters read into the system dependlng upon the user's

spec1f1catlons.

For each record that 1s accessed on the dlsk the following

- . . . L)

times are encountered
a. total accessxtlme (thls includes the time to seek and

position the arm, as well as the rotation of the.
dlsk)

b. latency or delay time. A . .

C. read or write time,
. ‘\ , .
,Mhen the 81mulator encounters a query that is Tequesting some

-y

type oF 1nformat1on from the disk, the first calculatlons that are
| o “

performed are those oF flttlng the users records ta the phy81cal

records oF the d1sk For example, 1ﬁ»the average,numoer of docu-_ .

ments llsted under each term in ‘an 1nverted Flle 1s 100, and each

dlSk record can only handle 90 documents, then the,simulator must .

o

terlstlcs of the dlsk (i, e.-average access t1me, read/wrlte, etc. ),

the proper processing -can be performed on the search., A complete |

‘3

yA

b : o : ‘ *




o

-

- it is p0551ble that a tape syetem has its place in a small OLRT-
L

ldeecrlptlen ef the equaﬁlons used te calculate the retrleval time

from a disk ie glven in Appendlx l.

D." = Tape Storage | L AT | “ﬁml;aw

L

Although a large ULRT’syetem wlth many users ueuld prebably

. ; ' n't/;,l {

netybe dependent on- a tape syetem as its only mass storage dev1ce,
system uhlch does not demand sub-mlnute retrieval,ﬁimes.

file enlxﬁ* This file is organized by increasing document number,

ot

-and centalns the blbllographlc information plus the terms that
_ o~ . b N
~characterize the'decument. Mhen perfermlng a search on thlSiy

'-QErial file, the entire: Flle must be read to lecate the relevant
- :
decuments for any type ef search, A complete descrlptlon of the

retrleval equatlens for the tape system is glven in Appendlx 2

N . . R

. ) <
E., - Uariable ParametereAef the Model’

Even though the information retrieval madel iswdesiﬁned'”ithf

. eertain types,of queueexand.etofage meqia, there are enough var-

1ablee which a user ean assign te permit the model to be a vé%y

» 'A

Flexlble and useful tool, The variable‘parameters fall inte the

following categories: =
1. svstem*Chéractériétics
\\? Sampllng Dlstrlbutlene

8

3.~Decument Cellectlen p
4, Central Precessor-Characterietiee. P N i' .
5 DlSk Characterlstlcs

6. Tape Characterletlcs‘ B '{“Afe

e e AR Y AT AL ST A

-9




an wy . s L E .
8 K K . - ~ . . (R
. . - . .t ' P
o~ v * . o AN ' . ' B " . Ny
. ‘ LR L

B T | | - v S t
j 7. Characteristics of the Termipal Equipment | |
L [,‘ 8. Programming bharaeteristice '»' S
) V o e
~ Thess categorles are enumerated ehowlng the\symbnl that the user
must recognlze to enter the 51mulation model o \
A ‘I ’ t\ | : | A ' .
- ﬂl.'System Characteristiea: | . A z
s | ‘ . . .y
| ISTART - the startlng p01n¢ For the random number
y | .- generater.
§;¢ ©+ be AMIN ,-'the nug?ervof minutes in each~simUIated'day.
;,p ‘C. KDAYS = the number of days For whlch the 81mulat10n
18’ Tune, |
f*/=f  ;;' - 7 d. MSM -/the"sterage media'dESired - ‘
. o . Bea IH - thresheld value de51red on the ready‘queue\ @
» - \w | ' (K | ln mantBS. : i ' |
2. Sampling'Distributiens: o | | T
§ o . ";as EXM - mean of the exponentlal dletrlbutlnn fer |
o | -~ 1nterarr1val tlme 1n m1nutea. ”
- -~ be S1IM = - mean of the Pelssnn dlatrlbutlon for a
. one-term Beelean searen in documents., " .
c. 52M = mean of the Ppisson dlStFlbUtan for a .
. o twn-term Boeleagfeearch in documents.
o d. 83M \'qwmean of the Ppisson distributioh for a “ “gl
‘ three-term ‘Boolean seareh in documents., Y
,_p; e?FS&M - mean oF the Poleson distribution Fnr a
¢ S/ Ce .
. | o Four-term Boolean ‘search 1n decuments.
| e . f.85M * = ‘éﬁn of the‘Polsson dlstrlbutlan for a
4¢/;@ . - Flve-term Boolean search in dncuments. &
. | 2”- ~ g. HDM - mean of the exponentlal dlstrlbutlnn for “
LT o I ‘the holdlng tlme in the Uutput queue. . kd
3. Document Collections . -
v, T a. BCPD - number of blbllegraphlc charaéters per T
‘ S | document. .. ,
- \ﬁ’ Central Processqr Characxerlst108°,’*h_ ; |  ‘;"




. aq.

CTT '--tlme to perform a computer machine 1nstruc- R |

.4

S Dis(%Characterlstlcs- o ‘f' L . - %. | 5

]

~tion (cycle time) in microseconds.

C ‘ 7.DAT~ - disk access time in mllllseconds (1ncludes

b

C.

'g.

7._Characteristice'd%”Terminel Equipment:

a. TR ' = transm1581on Tate of user's equ1pment in

% b.BPC. - number df bits “per cheracter usedfby ter- “

\ o

8. Programming Qharacteristics:

doe

{ seek and p031t10n1ng time).

- A |
ODT - disk delay time after p051t10n1ng 1n mllll—
( seconds. Y ,
DRW - dlsk read/wrlte speed in mlcroseCDnds per
word. | d | o
/ N T
. | - ‘7 . ' )
WPR - udrds\per'disk record,.. ‘
DOR - number of documents held by one record on
/ the disk.
DAD - average number of ddcuments for each term
- of the inverted file on the disk.
. %, .
Chefecteristics:A - f
THS - tape transfer-rate in kilocycles.
TCM -~ = character mode of tape.
TREC = number of records stored’ an tape.

MPRT - number df’ddrds per reeordl

TSST - tape handler stert-stdp'time in seconds::"

ATTR =~ = dne-half the average number gf terms in a'-‘~
| tape record of the serial Flle.

BF - the tape blocking factor.

~

L4

bltS per second

mlnal equipment,

o ' . / . o

‘ s _ “ /
:

TNI1 - the/ number of machine 1nstructidns necesSery

T to complete a onk-term Bbolean ‘search after |

. the term is retrieved from the serial file .-
on the _tape eystem.u%
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hI - DlSCUSSiln of Samgling Dlstrlbutlons

'A Interarrlval T1me

> .

The 51mulator starts and contlnues wlth the arrlval of requests

Afrom the users at remots terminals. Even though it is p0581ble for

T

two requests to arrive at the system at the same 1nstant only one

1nput line 1s scanned at any given moment so the net effect is

that only ane. request arrives at a t1me.5 This 51mulatlon is un-

5 S clocked or event orlented To determlne the tlme between twao - -

\& ‘ ES

, . arrivals, the 1nterarr1val time,is sampled From an exponentlal |

dlstrlbutlon (l). Since the random number generator produces num-

{ ,
° 'bers ‘with a unlform distribution, it is necessary toatransformv
the numbers. An exponentlally dlstrlbuted random number, u, 1s )
obtalned From a unlformly dlstrlbuted random number Vs bv the
Ty ~Fo}low1ng transformgtlon: o hs”’f' | - | i\ -
| t - @ u = -'(1/})17n,v | | L
o \uhere 3\=mean arr;val rate (arrivals.perunit‘time} ¢
U51ng a mixed multlplicatlvewcongruentlal random number generator
ulth 0. UDDlsys(} 9999, the 1nterarr1val tlme lles between (D<u
<9, 2106)YA . 5 - 4
 B. Tjge of’ Booiean Search » . i v ?  - 'm‘_ B }
E f.v ‘~.' In tests performed by Herner f2) on.the types of searches re-b’
- | 'quested From people\ln a sc1ent1f1c env1ronmentm 1t ‘was Found that |
" the number oF concepts inwtheqdestlons ver(ed From one to five
Aéu ;with the follouﬁng pércentages for each type° B |
! “

~ | Number oF Concepts - l, | 2§k% | 3 44 s 5 ~6i

% Percent of Questions | 12,1 47,2 | 3003 | 8.5 | 1.9 o
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Hduever, when one is cpncerned ulth a multiple term search he is

-

interested 1n knbulng how the search is constructed that is, what

"

7

type of Bdclean cpnstructidn is used In the same study, Herner (3)

/ :
Fcund that the manrity of the requests appeared as "AND" state-

L

’ments. Thus, 1n this 51mulatibn all searches are "AND" searches.

Occasipnally, a user may uish to search pn an authdr's name rather-

than on a specific 1ndex term. Such a search iIs treated as a one-

~

-term search in this simulation. To Find the type of request for

tha mcdel during a 51mulat10n cycle, a, sample Frpm the random

"‘ﬁmmw\>
number generatpr (unifdrmly distrlbuted) yields a particular re-

-t

quest with the abbve percentages (see Appendix 3) S ot
ST

%

C. Number.bf,Recalled_Dbcuments

et !

A primary concern in calculating the retrieval time of a're-

N 7

quest is the number of documents that satisfy the query. ~The tbtal

N

?\

number of recalled dbcuments varies for-each one term search just .

as much as the number varies between a dne-term and a five-term

'search The number of recalled dpcuments is assumed tb have a

. '\

Poisson distributipn na matter th many terms are in the query.
.

A different mean is used Fdr each one of" the five Bbdlean search

'%distributibns. Howewer, ‘the mean of each of these Pbisscn dis-'f

A L

-tributldns varies Frbm one decument ccllectibn tb anpther and 1s

..left as @ variable Fbr the user to 1nsert 1n the simulatbr (see

Y,
RN

D Qutgut g;!ueueI leding Time and Resppnse Time |

A cbmputer system operates at a greater speed than the trans-
\ ~ | ,

m19810n lines that carry the data to and Frcm the ccmputer, s0 1n

’ S

‘o ) " .y‘/ \

&
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.. many cases a oackQIOQAOF output data*exists.'iIn order~tovprevent
| the central processor from belng held back the system model is i\\\,

designed wlth an output queue and buffer. The buffer ig a dev1ce

Z

5  used togggange_the speed of the data tag transmissionvline speed,
| and the dutput queue;is used to hold thosendocﬁaents‘that have been

retrieved for the specific queries in'the central processor.~ o

|

. The time that any processed query (the sum of the retrleved
”}”lﬁdocuments) spends 1n “the output queue 1s obtained by sampling from

an exponentlal distributlon. Burke (4) has found that the output
. \\ T
of a queueing system wlth Poisson’ 1nput and exoonentlal holdlng

tlmes is agaln Poissaon. SlnCB the model is concerned with ‘the time

\~>
/

between departures from the system, 1nterdeparturewt1me; use is
made of the exponential distribution. - The holding time Ln tne
output queue, ;ﬁﬁm betueenwdepartures, is considered t6 be the time
that the retrieved'documents uait in the queUe,and_the'timé~to‘
transfer all the documents ;na,serial.manner;to the bufﬁer;"‘An
explang%aon of the equatlons used 1n the output queue is glven in

¢

’Appendlx 4,

e e ————— -
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oomputervtime is necessaty for each .simulated day, depending upon

| represents the arrival oF a query at the 1nput buffer (Figure h)

is, Y FLAT(ISTART). The ISTART looation holds the ootal egu1v-
: aalent of the Im number generated uhloh 1s used to generate the

T+ 1 number. The generation of the random numbgrs is by a mixed

4 P . S 3 e
IV, - Explanation af Simu1ation'Program _"i‘ o o
The main programtand all subroutinesithat'are-used in this
/) .
simulation are writtenlin Fortran II and were executed on the G E.

A

_./'

225 Ebmputer in the Lehigh Univer51ty Computer Laboratory. However = *?
oy » ’ .

the programs oad‘be loaded and Tun on any oomputer that ‘has For-

~tran II oapability and a core storage oF LK -words. The sfmulated

run time can be varied oon31derab1y by the person doing the eval-,

_uation. The simulated run time is one working day, but the number

’?f : . -
of minutes in this working day 1s an 1nput parameter. Also,ethe,

g,

‘number of days that the simulation can be re-oycled 1s a‘parameter.

To.exeoute a:simulatiEnJon the G.E. 225} 0.5 tpél.D minutes of
” | - )

4

w2z

the arrival rate under investigation.

A oompleteflisting'of the oomputer program used dflthe sim- o

ulation is preSented in Appendix 5. The 1nrwial steps in the pro-

gram are devoted to 1nit1alization of the parameters and to reading

\_,.,

all the variables that a user is evaluating in -the simulation.

The'Formatwtor the input variables is depioted in Figure 3 (Section

II-E gives an explanation of the upits of all the input variables).

The 51mulation is started by reading arandbm variable which

o

;- 4

*The random number generator used in these tests uas written to be

used with Fortran II (Lehigh Computer Laboratory, #DZ 513) and & \\\-
generates random numbers between O and .9999," The calllng Sequence

P
L el
e ' &

e




" Fortran

Input

.

Card Variabié Computer Columns
- No. - Name Format |
1000 ISTART XXXX 1l to 5°
1000 "AMIN XXXX o X 11 to .16
1000  KDAYS XX 21 to 22
1001 - EXM X XXXX 1l to 6
1002 HDM X o XXXX 'l to 6
1002 - CTT XXX XX 11 to 16
- -1002 TR XXXX. 21 to 25
1002 ‘BPC - XXXX. 31 to 35
1003 MSM X | 1
1003 TH XXX X 11 to 15
g3, ‘BCPD XXX X s 21 to 25
1004, -~ S1M XX o XXX 1 to 6
1004 S2M XX o XXX 11 to 16
1004 §3M XX XXX 21 to 26
1004 - GLM XX o XXX 31 to 36
1004 S5M XX o XXX L]l to L6
1005 “DRW XXXX o X 1 to 6
1005 - _DAT XXXX . X 11 to' 16
1005 DT XXXX X 21 to 26
1005 DBR XXXX o X 31 to 36
1005 DAD XXXX 4 X L] to 4B
1005 WPR XXXX X 51 to 56
- 1006 THS XXXX 4 X " 1lto6
- 1006 TCM XXXX.X 11 to 16
1006 - TREC XXXX X 21 to 26
1006 WPRT XXXX o X 31 to 36 ,
1006 - » TSST XX . XXX Ll to 46°
1006 ATTR XXXX o X 51 to 56
1006 . BF XXXX o X 61 to 66
1007 - CTNIL XXXXoX 1 to 6
1007 TNIZ XXXX o X »~11-to 16
1007 TNI3 XXXX o X 21 ta 26
1007 TNIG XXXX . X - 31 to 36
1007 TNIS.. - XXXX . X L1 tao 46
1008 DNI1 - XXXX X ltob
- 1008 DNIZ2 XXXX. X~ 11 to 16
1008 ‘DNI3 XXXX o X 21 to 26
1008 DNI4 XXXX X 31 to 36
1008 DNIS XXXX X . bl to 46
- Figure 3., Format for Input Variables
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'multiplicative.congruential"generatorof.thevform:
Xipy = X5 (@) +c | (mod m)
In thls 51mulation Xi was plcked as 35791 to start the ‘generator,

a = | 28+l, and C = 223 The random number, Y; 1s sampled from a

n’ Flat (Unlfﬂrm) dlstrlbdtlon, and is transformed ‘to a random var-

iable from an exponential dlstributlon, U.' At the time of arrlval

of any neuw query, the 1nfornatlon system is updated oefore any new-

v \ \
requests are processed o - T S - g
SN %'Jm?ﬂ The total idle time of the cgntral processpr is checked upon

7 n the arrlval of each new query. IF the\arrlval time of the new

Y WIS M U NI SUNILT O Y A
AT M L LED ST F SRR RGN S SRR SRR S SR A L harig o

‘guery, ART fls greater than ‘the total search-process time of all ,\ -

‘the items 1n the system, SwT the idle time counter, TIT, is in-

.; creased by the dlfference betmeen the arrlval time and the total

search-process tlme‘of the ready queue and central processor.

Next the arrlval time  is ‘checked against the time of the query

that is in the central processor.” If the arrlval time is greater

/

than the total proce351ng t1me of the central processor (Flgure 5),
the central processor %s updated, and the arrlval time is read-
Justed to account for the removal of the search time from the
central processor.\‘If the arrival time 1s less than that of the

item in the central processor, the arrlval tlme is subtracted from
. ¥

.the process t1me arid the update sequence is complete (Figure 5).

The update sequence of the 51mulatlon is a Feature which brlngs

the system up to the latest point in tlme. Thfs accounts for the

/
&

processing in the system betueen arrlvals.

Iﬁ the value of ART is greater than zero after updating the

‘central processor, the ready queue 1s updated, otherwlse, the pro-
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RT=RT=RQ(K)
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. RQ(K)=RQ(K)-ART

RT=RT-ART .

ART=0,0
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Calcuiate:
QUT
TPEP

l

RQ(L)=PQ(1)
CQET(L)=TET(1)
TPE(L)=TPET(1)

.L

~ RT=RT+RQ(L)
PT=PT=-PQ(1)

Push’ Up
- Back-=Up
~ Tape
. Queue

N
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;Call
NémARR

/"'\r

’-'—¥

Call

TAPEST

Call
DISKST

Y

RQ(L)=PRT

QET(L)=ATT |

TPE(L)=QA
RT=RT+PRT

?

Y

- PT=PT+PRT

*e ¢ o
PQ(M)=PRT
TET(M)=ATT|

TPET(M)=QA

&
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ST=RQ(K)
QWT=ATT~-
QET(K)+ST
TPEP=TPE (K)
: o« L L RT=RT-ROCKIL
) . Calculate | | , o
| [ and Print: l ST
T e B Push Up |
v | — Ready
. Queue T
Retotal -
~ Statistical
__ | | : [ Equations
H | Calculate
and Print:
MEAN, &~
N\ - | INPUT:0
| . |
Call ] “ )
EXIT o | ,
?igure 8. Flow}Chart E - Placement of Query in CPU,
: : | and Print Routines
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. Figure 8, _
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'cessing dethe new guery is initiated. The ready queue is updated

by remcv1ng the top (Flrst) 1tem frcm the queue end cqmparlng 1t

’ulth the remalnlng arrlval time (Flgure 6) If the item removed - )

¢

;1s greater than the remalnlng arrlval tlme, the arrlval time is, -

subtracted Frqm the item, R(H) and R(H).ls placed back in the top

p081ticn~cf the ready queue. The prcce551ng tlme of the ready

—

‘queue is retctaled, and the simulation continues by suttchlng to

the back-up‘tape queue'update procedure.

If the prccess time of the tcp item that is removed from the
N
FIFD ready queue is less than the remalnlng arrlval time, the item

3

is remqved from the ready queue, prccessed, and the retrieved doc-

ument information returned to the user via the cutput gueue and

buffer (Figure 6). oy

Any time a query is processed, the retrieved infarmation is

'returned to the user via the output queue and buffer/ This sequence

and all related calculations are explained in Appendix 3;-mhich is

qa subroutine, DUTBUR,‘called by the main;ppcgfém, ThBQvalue of the
response time, QRT, that is returned from this_qutputysubrqutinéf

| “includes the %ime that has elapsed detueen'whenfthefuser's query

entered the system and the last piece of document infqrmatien is

-

.@

returned. . This value is used later in the prcgram tc calculate -

. the waltlng times for the different types cf searches. - The re-

A

~sponse time of the Flve types of searches 1s stcred 1n the ccunt-_‘

ers T(l,..,S)RT -

| The back-up tape queue prccedure 1s the cnly remalnlnq se-
N A \\J ' -

‘quence for the 51mulatcr to cperate on befare prcceedlng tc the

Vel

processing of the new arrival. “rhe baCk-up qUeug‘is.used.when the_

. ST e pe e St s e pynia,




ready queue has a. tqtal tlme, RT df the 1tems in it cf at leastk

TH prcce851ng mlnute8°'1 e., the i'tem 1ntended fqr the ready queue - jwf
--_equals or exceeds 3.0 m1nutes, or there are already 100- items in ) .
:fthe ready queue.' The ready queue: 1s‘ccre stqrageqand 1s de51qned'

tc hcld lDD 1tems. The value cf the threshcld TH, is a varlable

| /
‘ whlch is a551gned at the beglnnlng of the evaluatidn. Thus, the

5

-back-up‘queue is pnly used as an pverflcw queue Fcr large searches-.
durlng peak perlpds for the central processor. If there are spme

- Queries on the tape unit queus, and the ready queue is updated to
the point that the tptal time, RT of the 1tems is less than TH

4
minutes, then an item Can be removed from the back-up storage un1t

¥

provided the 100 positions in the ccre storage ready queue are ndt

cccupled. Slnce the ‘back=-up stcrage queue 1s d881gned as a FIFO

queue, the tap 1tem in the back=-up queue is remoaved and placed
at the end of the ready queue which is alsq a FIFO queue (Figure 6).
when the updatlng af the system 1s ccmpleted the simulation:
4ccnt1nues by prdce551ng the latest arrival A special subroutine,
'.NEwARR is ‘called ta calculate the type of search, TDS, and thef»
number of retrleved dpcuments, W. The values of TOS and W are
combined to form a cpmpps1te value, QA (see Appendlx 4) Once the
values of m and TOS are kncun “the time to retrleve the 1nfprmatipn
can be calculated. The main program calls elther the tape dr the
disk subrcutlne dependlng upcn uhlch 1s selected 1n!the input pa;“

‘rameter cards._ Appendlx 1 gives the calculatlpns necessary ta find

the time to retrleve a spec1f1c query frpm a disk system. Slmll--

arly, Appendix 2 prcduces such calculatlpns Fpr the tape subrputlne.
- No matter which suprdutlne is called, the/varlaclewPRT, the prp;J'

A

|




A | o
"qd_lcesa-retrleval time, is returned to the main‘prUQram.
"l . ‘befcre’fhe new query is placed in the FIFD ready queue, the
P xtctal time, RT, of the aearchea in the ready queue is checked to
cbaerve if the threahcld .TH, haa been exceeded during the previcua - \ﬁ

cycle (Figure 7), br whether the ready queue ccntalna 100 itema.

If the threahcld has been exceeded the neuw item is cnly placed

in tha ready queue if it is a search cf short duration (less than
3.0 minutes), prcv1ded the ready gqueue does nct already contain lDD
items., . A eearch of 3 0 minutes or greater, with RT exceeding TH
mlnute:, is placed in the tape storage back-up gqueue until auch af“
time is reached that the ready queue total, RT, drops below TH
minutea. | | | |
wlth the ready queue of a FIFD type, a guery that ente;; the
‘Teady queue 1is allccated a spot at the end of _the gqueue, RQ(L). -
As soon as a new item is placed in the ready queue, a new total
is calculated\fcr RT. Besides stcring the prcceaa-retrieval time,
PRT, in the ready queue, the time that the query arrived in the |
: o syatem ATT and the value cF QA are alac retained (Figure 7).
'  . This 1nFcrmaticn is retained fcr.calculaticna further in-the‘aim-
ulation sequence. ‘ ‘
| Thereiexiats a. good pcesibility at-this paint -in the ainUIa- |

(Y8

~ tion that the central processor is vacant due tc the 1n1t1al update

- B

o’ procedure. Under suech a ccnditicn, the system prcgram is dealgned

to remove the tcp 1tem from the ready queue and move it to the cen-_ 2

. e

tral processor (Flgure 8). The weiting thBf/th“ the search-prc-“

cess time, ST; and the type cf search, TPEP, are all t&ansfered

-

frcm the ready queue to the central prccesacr for Further calcu-'




»m

“nlations. The items in the ready gueue are pushed up and the queue L

) y

is retotaled beFore the slmulatidn continues.

The simulatidn is now at a point uhekggall the updatlng and

f prdcessing is completed, and all that remains are the calculations |
TN —
I -~ on the stdrsd data, The simulatdr has tmo %Etions Fdr printing

out the calculated values: (1) data made avallable at the end of
N

,‘“d,hdur and day; and (2) data made available at the

each si@%”
,cenclusidn of the entire 51mulatidn. The First type of print-out

is useful when the simulation is rurr only for a few simulated days, .

J

and as much infdrmatidn as possible is desired, Dnanyhdurly

-basis, the average ready queue length AQL, and the ayerage re-
. R | ;, |
| & _

| seanse time of each type of search, h(l,..,S)R/, are made avail- \

™

able. At the conclusidn of each simulated day the/?pllduing pa-

| ~rameters are printed:
f , . : \

IPC = the cycle number of the simulation, \

RT = the total time needed to nrocess all the@queries in
‘the ready. queue. | ‘ |

PT = the tdtal,time needed to process all the queries in
‘the backj/p'queue. | - | “ -

TIT - the total idle tlme that has accumulatedvin-the system
f, ‘as of that moment,

the time needed td process the query in the central
processor,

M OST -

CL - the Rumber of gueries in the ready queue,

CM - ‘number df'dUeries in the=back-up queue.

¥ N E The, seCDnd type dF print-out DCuUPS 5t the end of each sim-
ulatidn, and is in the form of statistical calculatidns.' The ’
final lengths of the geady queue and the back-up quete are exf

.
- pressed as a mean valus uith a standard dev1at1dh Fdr as many




daye as the simulatidn is run,

Similar values are given for the

total idle time and the average ready queue length A difference

exista between the final length of the ready queue and the average“

'ready queue length in that the average ready queuse length is the

| - mean value on an hdurly baeia,'while the final ready queue length
- ; :
« . is the mean on a daily basie.
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”f’y_v.‘-‘An“EXam'le An Ianrmatidn Retrieval System Evaluatldni

gy Slmulatidn

about the characterlstics or parameters of alspe01fic 1nf0rmatidn |
~retrleval system with which any reader of this paper mayfbe Famil-
iar. All the discussion has focused on the deslgn of the simulatdr
mbdel (FDSSAL) To prove the vallddty and useFulness of FDSSAL

| certan parameters have been pleBd and submitted to FOSSAL Fdr
evaluation. The majority of the parameters that are used are

%
“taken Frdm the Center for the Infdrmatldn Sciepces Experlmental

gucument (5) Retrieval System at Lehigh University, and any dev-
tatidnsﬂfrdm this system are noted.

It is the purpose of this example to find the maxXtmum cdn-
kdltldns under which the system can dperate wlth a given set of
parameters. Uf,course, with the output information that is re-

fﬂ./—

ceived from FOSSAL, other comments and observations can be made.
A max1mum condltldn of a system’gan be dbtalned by varylng the
condition that is under test and holding all the other condltidns
constaﬁt, Slnce thls 91mulatdr has eight categdrles of varlables,
there arewat least eight_areas‘that‘can be gbserved,mstudied,-and
. maximized."Thelvariablesand the values of them that are used in
“this evaluation example are'listed.in Figure 9,

The simulator is run to check tudrlmpdrtant points;. (l) to

prdve that the slmulatdr gives results comparable to those of an

“actual system, and (2) td see how many runs must be made td reach

a stable or steady state condition. Since the simulation is urit-{‘

| | _ : | . o
Until now, in this paper, little if any mention has been made

29"

- ten fdr one day periods, & stable condition of* the simulator is - .

/ , . . .
' ¥




&

Actual o | - u oy

Variable . |
Name value - = | Comments . B ,¢
ISTART | 35791 _See Section Iv. .
| ‘AMIN‘“ 480 min, |  The svaluation is run for a péridd |
| - * | - of one working day, so 480 minutes
| is used. h -
- KDAYS | 30 days - The equivalent of 30 working days.,
MSM ‘lor 2 . f, When an evaluation of a tape SyS=
. tem is in progress, a 1 must be
- used; 2 for a disk systep.
‘HTH'A 30 min, ‘| This value for the threshoid was
| &\v// “ picked for purposes of evaluation,
EXM 0.2 queries This is equivélent'to dhe arrival
per min, every five minutes. It is only
one of the values used in the-
evaluation,
S1M 5.0 doc. per See Appendix 6,
~ 88arch -
52M 3.0 doc. per See Appendix 6.
y search |
S3M 1,0 doc. per See'Appendix 6,
search -~ | -
S4M 1.0 doc. per See Ap&endix 6, - é
. search - -
S5M 1.0 doc. per | See Appendix 6.
search | ’
HDM 2.0 min, per \ This value is assumed for pur-
| document poses of evaluation,
BCPD 144 char. per «\\This 1s an average value taken
document from the Lehigh C.I.S. System.
CTT 18 microsec, - Taken from G.E. 225 Computer.;\
DAT ~"225 millisec. ? '.Taken from G.E. disk subsystem, ;
DOT 5 millisec. f .Tékén from G.E. disk subsystem,
g Figure 9. R;Sf.af Input Variables - | . . f‘“" e




Vér;able ~'¥ .Actual | |
Name | - Value o Comments D
;,DRw | 8.4 miqrosecj_- Taken frdm'G.E. disk subSystem. -
"'wPR 64 wordéw f | faken Frbm‘G.E. disk subsystem,
.DDR.‘ SD‘documenta Taken from Léhigh_Cwl.S. Systém.
| DAD 25 documents | Taken from Lehigh C.I.S. System.
fHS 15 kilocycles Téggh‘From G.E. tape subsystem.‘
;TCM 4.0 | Taken-Froh G.E. tape subsystem.
TREt 2200 records ‘Taken"Frﬁm_LéhiQh C.I.S.'System;
WPRT 256 words Taken from LehighiC.i}é. System,
TSST" 0.012 sec., Taken From,G.E. tape subsystenm, »
ATTR 3 terms Taken from LeﬁighC,I.S. aystem,
BF 4 | Taken from Lehigh C.I.S. System,
TR 150 bits/sec. A common teletype speed,
BPC 8 bits per - This value.ié assumed since
* character ASCII Code uses an 8-bit code,
TNI1 .'QUD instruc, Assumed value for evaluation.
TNI2 | 450 imstrue. | 0o
TNI3 500 instruc. B o
TNIG 550 instruc. o "
TNIS 600 instruc. | e "
:DNIl 400 instruc, | | " | ¢ J;m
DNI2 450 ihstruc, o LI ..~‘“v“ ”
DNI3 | 500 instruc. e ' L
 ONI4 | 550 imstruc. | = m " |
~ DNI5 600 instruc. N T "

Figure 9 (continued). List of Input Variah193~
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condition,

)

\

“one in which the simulator can glve a good representatlcn of a day

uith no dev1aticns occurring from that value. Thus,_the simulator -

1s.run up to 30 days in an attempt to lucate_a maximum and a stablel

/

Once it is determined what the number of cycles necessary to
obtain 51gnificant results is, the 51mulatcr is run with differernt
arrival rates to check the effect cf a varying A on the system,

All tests are perfcrmed using the tape subsystem. o

) &

For purposes of validating the 51mulatcr, and shcuing the
pcwer of its eValuatlcn technlque, it is felt that the abcve tests
briefly descrlbed are sufficient, chever, there is no limitation

to the thoroughness that can be obtained in an eValuaticn by vary-

ing all the parameters used in FOSSAL.

\
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-VI.\- Disoussion oF'Rssulfs

. As has been mentioned prsvioosly,the purposs of this fsssarch
is to dsvelop a 31mulatlon model that can be - used to evaluate any
on-lins information rstrlsvsl systsm, rather thsn Just generafe
facts about a speolfio system. However, one of the ways that a
simulstlon program can bs ohsoksd,gis“to_compare the rssults of '
‘ths:program with known valoss. hwhere possible, this discussion
‘will make oomosrisons‘bstwssn the simulated output and aotual valuss.

Figure 10 shows the output of FDSSAL as it appears on an

hourly basis. As previously me"tiqnedz”th%§;993392o35W99ti0"81'-
and would probablyonlyfoe used when the simulation:is run for a
short period of time.. These partioular vslues are taken from what
'provsd to be an acceptable arrival rate with respect to the system N
parameters‘of the simulator. It should be kspt'in“mind toat 511_
the rssultsadisousssd in this section are fof the taos subsystem,
The flrst two cdlumns in Fig%?s 10 show the sp801flc tlms cycle
For which the results apply.* The nsxt five columns give the av-
erage response time that each type]ot;ssaroh would enoountef doring
the designated time cyols. Thisaversge'résponse time includes
the time a query,waits in the queus,‘ths process time, the time
the retrieved document information waits' in ths output queus, and
the time to transmlt the 1nFormation to £Be user. For example,
'_con81der ths average rssoonss time of a one-tsrm ssaroh during
;;the First day, first hour. The slmulstor produces a valus of

h.965; When us1ng the Lshlgh C I Se retrleval systsm, 3 D mlnutes‘

, is needed to search and proosss the ‘serial file on tape, and ad-

%ditionsl time is needed to transmit uhatsVer retrieved information
| . ' | ‘ M% | | - . :

e
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Figure 10,

' FOSSAL Dutput - Daily Statistics (A=

° 2 5)

% ) & o
FOSSAL OuTPUT ; B |
L . [LFORMATION RFTRIEVAL SYSTEM EVALUATION o B
et e L DAILY STATISTICS ) e
o AVERAGE RETRIEVAL TIME _ CAVERAGE
T ‘ ~ oF | . REALY . “-\
o ©_ 1-TERM = 2-TERM 3-TERM 4-TEFM 5=TERM _WUEUE N
HGUR SEARCH SEARCH SEARCH " SEARCH SEARCH LENGTH |
1 4,955 5,056 6.263 0. 0. 0,429 R *
z 4,738 7.054 _ 8.247 15.345 0., 1.143 -
6 b 155 99497 80663 00 07. ' \1!571 .
L4 b . B,044 10.450 14,606 Qe 2,000
5 7.701 11,660 14.374 16.671 7.593 2¢143
6 4,605 65,674 10.211 0. 0, 2:583 _
7/ Co 27.589 18.174 31.135 0. 7,300
8. 25,603 25,726 27 .156 27 . 383 0. 4.579
.‘, '_ _ o | ) . — e —_ _____1__.-______ e e S i_ e e e e e -
S TCTAL PRUCESSwTIME oF ITEMS o ITE¥S 1TE4S
N | IN T IN TOTAL e - IN
pAcx -UF. QU+ UE hLAUY QUFLUE CPU IDLb TIVE READY QUFUE QACK-UP ﬁUEuE
0. 7,0081 2.1249 88,3921 2,00 0. ,
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is chtainsd; Thus the difference between the b ,965 minutes, ave
erage respdnse time, and the 3.0 m1nutes Fdr search-prdcess t1me,
is the time that the query waits 1n the ready queus plus the time
t,tc transmit the retrieved dccuments to the user via the teletype
unit By cbserving the average respcnse time for the other time
cycles UF the Flrst day, it is apparent that the respcnse time“"k
increases prcpcrtlcnally with the average.queue length. 1In all
cases during the first day, the average respaonse time of a tup-weﬂww~
term search is greater than that of a one-term search ‘This is
due td the fact that it takes lcnger to pechrm a twc-term search,
and ddes not, represent the fact that a priority is given tc a onee-
term search The values for the average ‘respanse times and the
,average ready queue lengths are reset at the beginning cf each
hour, so the values depicted'in Figure 10 are not biased by any
previous values, Such a precauticn is necessary, because-if‘therey
is no gueue at the beginning pf'the day, and a large one at the
end of the day, the average for that day would not indicate the
extremes for such a large time period. To cffset this'prdblem,
the average values were . taken on an hcurly basis.'r

At the bdttcm of Figure 10 seven variables are pr1nted which
depict the condition of the simulator at the end of the day. The‘
first variable, cycle, gives the number of querles that arrived |
-during the day. Thus, at the end of the Flrst day, 123 querlesi'
have arr1ved two items are in the ready queue, and na 1tems are /.
in the back=-up tape queus, The tctal t1me needed to prccess thcse.l

| twd queries in the ready queue is l1sted as the third variable at

the bcttcm of Figure 10. The Fourth variahle indicatea thegemcunt"

@
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~of time needed to process the query that is in thénCPU; Houever,

one must remember that the time listed under "Total PrdceSa-Time

of Itema in CPU"h(2.1249)'ia.the qine/neededrtdcemplete theprd- j;}'
cessing of a particular item,and,gf not the time that is needed

from start to finish, since part of the .query may have been proces=

sed during the previous cycle. The total idle time listed in Figure-

10 is the cumulative time since the beginning of the day that the

CPU is idla.

The second typeldF output is shown in Figure 11, and is always %,
obtained at the end of a simulation run. It is designed as s sumsiif
mary statement tdgiveta minimum of information so that print-out
time can be keptVery low on long simulation runa. A_aimUIatidn
that is run for 30daya takes approximately 15 minutes of computer
time on the G.E. 225. The second line of Figure 11 explains that“
the arrival rate,'xq is equal to 0,25 queries per minute, and that
~the simulation statistics are compiled for a peridd of 2 days.

For the two day peridd‘ the final number of items in the ready queue
has a mean of 2.0 and standard deviation of.0,0. The average ready
queue length has a mean of 2,9 with o= 1,67, This value is the
number aof querlee that could bé expected in the queue dLrlng any
hdur df the day. Slnce the final length dF the queue 1s less than

| the average queue length, it is qbv1dua that the maximum queue ap-
peara at some time dther than at the end dF the day. When referéw
ence is made to Figure 10, one notices apprdximately when the ready
queue reaches 1ts maximum by readlng the average ready queue length
| fdr each hour of the day that the a;mulatidn is run.

It has been mentioned that one of the aims of this research

{




1 = 0,20 X = D°25. :
o - - + : - ‘ B
Final Ready Queue Average 'Ready Queue Final Ready Queue Average Ready Queue.
| Length, RQ Length, AQL Length, RQ Length, AQL
| Standard | standard Standard | , Standard ||
MEAN Dev. MEAN Dev. MEAN " bev. MEAN ~ Dev. || @ Days
- . | |
-‘:&.“ ' — : _
1.4 1.7 1.9 1.23 3.4 3,07 3.3 1.95 5
0.9 1,62 1.5 1.6 2.9 3,02 3.3 2.4 20
0.8 1,34 1.4 1.35 3.6 3,42 3.9 2,94 30
. ) Figure 12, Effect ongime on (Queue Length
i ;
F - W
- ®
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was to Findvoutlhew.many”cyclee pF_the eimulation must be rpnto’

~get a true picture. The results ef thie experlment are ehnwn in

Figure 12, The two arrival rates used A= 0, 20 and ;\- 0. 25

eeemed to be qu1te adaptable to the parameters of the system. die-
cussed earller. When J\:D 20, the queue length decreases as the

eimulatleh is run for a greater number of days, 80 in this case,

~the average queue length and the Flnal queue length appear to be

at a maximum when the simulation is Tun only fer tuwo daye, however,

when A= O, 25,xthe\queue length increases as the simulation time

\ kS
increases. Thus, for the system parameters used, an arrivalgrate

~ 0f 0.25 queries per minute seems to put too mueh of a load on the

system if a zerd gGeue is desired at the end of the day.,
In Figure 13 the effeet of the arrival rate, A, on the gqueues

is seen. It is quite obvious that as the arrival rate increases

| the system has a harder time of handllng the gueries, so the queue.

s —

‘lengths increase., From such a curve & designer can tell management

what the expected queue is at the end of the day, and manage%ent

can then decide uhether overtime is necessary to wnrk'eff the back-

log, er'whether it is more desirable to restrict the rate of arriv- -
» c

als to the systenm,

- Figure 14 shows the idle tlme on a daily baele For the same

arrlval rates shown in Figure 13, Thus, a deelgner may want to®

make a trade-off betueen idle time and flnal queue length in an

attempt to obtain the best possible system. All the data'used in

' Flgures 13 and 14 was obtained from 30 dally cycles of the sim= - =

- ulator, Although the idle time valuee 1n Flgure 14 appear to be‘ o

yquite large, one must remember that in many ihstaneee the 1d1e
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Figure 13, Effectvof.Arrival Rate on Queue Length

e

175  ,200

225

'X, Queries Per Minute

A Total Idle Time

(Queries

Per Min.) Standard

MEAN Deviation

0.175 || 208,5 min,/day 39.26 min./day
0.200 162,0 ‘min,/day '36.57 min,/day
0.250 7345 min./day 35,19 min./day

04275 45,8 min./day

31,12 min./day

'Figure 14, Effect of Arrival Rate on Total‘Idle Time
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“useful in evaluating certain parameters of an cn-llne real-time o | |

"ciflcally, in thls research the effect that the parameters of a

~there are many more combinations of variables that can be studied

with FOSSAL, Since there are over 30 variable input parameters,

‘retr1eved dccuments are the same as those in the 31mulatlcn model

iable input parameters, If the user of FDSSAL dces not feel that

.phistlcated systems.'

VlI; - Ccnclusicns

‘The use of the simulation mcdel FUSSAL has proven to be

inFcrmaticn retrleval system whlch uses a cccrdinate lndex. Spe- .,

system had on the final and average ready queue length was studled.

Although cnly the arrlval rate and number aof days were varied, =

can be evaluated, |
__Wwith regard to the model itself, the point must be made that

any one who uses FOSSAL must be sure that the distributions of the

In Appendlx 6 it is stated that the dlstrlbutlcns were all Polssaon

distributidns, and that the means cF their distributicns are var-

the dlstrlbutlcns match the cnes cf the system belng evaluated
then slight changes would have to be made 1n the prcgram.,
Even though this 81mulaticn model did not make use cf time-

sharing techniques, the model can lend ald in evaluating less SO=-




Aggendix‘l Q'Derivaticd of Disk Retrieval Eguaticn :

The disk access time Hae been stated by Scheert(s) to be the
sum of the arm positioning time and rotational delay time, Alac,/
G.E. (7) lists the disk’ retrleval time to be that of the sum of
total access time, latency time, and read/write time. It appears
that a close relaticnshlp'exlsta between the different diek syatems,‘

and that a generalized equation can be derived to calculate the

retrieval time for records from a serial and inverted file.

Let: DAT = disk access time in mllllseccnds, ~
DDT = disk delay time after pceltionlng in millisec.,
o DRW = disk read/urite speed in microseconds per word,
. - WPR = words per disk record.

&

The read/write time per record is:

TRWR = (DRW) (WPR) microseconds/record Eg.Al.l

- The time needed for disk command available is:

- DCA = (DAT + PDT)10° microseconds - Eg.Al.2

The average number cf records that each user has for a character-

1stic on the inverted file is:

DAD

UR = DR records ‘ - Eq.Al.3

where DDR is the number of dccdmehts held by one record on thé

disk, and DAD is the average number df‘dccuments for each term@cf
the 1nverted File on the disk, This equation includes the use of
chaining cof records on the inverted flle, since if DAD is large |

compared with the phy91cal reccrd cF the disk, the value of UR

will be larger than 1, indicating that more than one seek is ne=-.
cessary to retrieve all the documents indexed under that charac-
teristic. However, UR can never be smaller than one; so if

DAD DOR, a value cF'one‘is:assigned to UR,

P
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~ Combining equations Al.l and Al,2, the total time to retrieve

the characteristics and their related items'ﬁrdmthe'inVerted file

’
¢

 is obtained:
Dl = (PR) (TOS) (TRWR + DCA) microseconds: = o Eq.Al.Q“

where the physical record, PR = [ 1 if UR<1
| . : . UR if UR=1

and TOS is the number of terms in thg Bdoleag "AND" requést.

Uncé an index term and it's document numberé are retrieved
from the inverted'file, a domparison ié¥made to locate all'relevant
documents,  The computer@time required to perform the needédcam- n
'périsoné on each record retriBVEd from the inverted file varies
for each situation, thus.the following parameters are introduced:

DNIl = the number of machine instructions necessary to com-
- plete a one-term Boolean search after the term is

retrieved from the inverted file on the disk., . _
DNI2 = instructions for a two-term Boolean'"AND"‘search,uetc.‘
4DN13 = iﬁsfructions for a three-term Booleaﬁ\"AND" éearch, etc.
S | ;’ ‘a DNI4 = instructions for a Four-term Boolean "AND" search,-eth
‘/ o - DNI5 = instructions for a five=-term Boolean "AND"" search, etc,

- | - CMIT = cbmputer time needed to perfdrm 1 machine instfuction.
The total t;:e needed to perform the comparisons and the related
prdgrammihg stéps is: ' .

D2 = (CMITD(DNI(l,..;Sz)(DAD)(TUS) microseconds Ed.Al.S
L "Dnce the relevaﬁtﬁdoCumeht numbers are producdﬁ, thé biblio-
lgraphic docameht infqrmation must be retrieved from the seriai
fiie,q%lso stored on tﬁe disk, Let U equal‘thé‘numbér.of relevanil

documents; then the time to search and retriéve the information is

- obtained by combining Eqs.,Al.l‘and Al.2 ‘and multiplying by u,

o
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‘Thus, . - -
| Eq Al, 6
The total time needed Fdr the retrleval of all the relevant doc-

D3 = (W) (TRWR + DCA) miCroeeconds

ument infnrmatidn is glven by - | ,' ~

—

PRT = (D1 + D2 + D3)(10™ /60) minutes
The value of PRT includes all the t1me needed to retrieve the doc-

ument information up to the point that the infdrmatidn is to be .

transferred to the dutput gueue, Any Further time needed fdr man-

ipulation or code conversion is handled in the eutput queue,

4

Eq Al.7




The matching is executed_in‘the central processing unit,
When a match is feund the pertinent bibliographic datg is trans-
Ferred From the central processing unit to the eutput queue and on

o]

to the user,

Let: TCM = character mode of tape (i.e., 3 = binary coded
decimal; 4 = binary), ”

TREC = number of records on tape,
WPRT = words Per record,

THS = tape transfer rate in kilocycles,
TSST =

tape start-eqep time in seconds,
These terms can be comblned to obtain the time needed to read

a record (8):

(TCM)(TREC)(UPRT)
———— PR

RT = THS

+ (TREC = 1) (TSST) sec, £q.A2,1

However, equation A2.1 does not take'into consideration theﬂuse'ef
a blocking Faetor. To apply the equation tao g system with bloeked
records, the start-stop tlme (TSST) is the only part of the equation
that is affected - Thus the time to read the entire serial file -

stored on tape is:

-(TCM)(TREb)<MPRT)" (TREC - 1)(TSST)
ottt e, Eguaz.

N

RSFT =

When applylng thig equatlon to agapecific problem, one must
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If dduble words are used then the value of wPRT is tulce as large
as a elngle word,

Dnce the record is placed in the processor, the search program

is ready tc check Fdr a match wlthﬁthe-request The tlme to per-
form the checks and comparisons on each record retrleved Frcm the»

serlal file varies for dlfferent delean searches and alsc var1es

ﬂ‘due td the fact that no two programmers think alike when writing the .
coding for e program, To permit the simulation to have universal
usage, the time to perform these cdmpariscns‘are-brdken down into
the sum of the machine instructions of the individual‘prdgram. When

- each document is read from the eerlal Flle, there are a certain
number of terms characterlzlng the dccument whlch are contained in

this same record. The number of terma per dccument is ndt a var-

iable in this simuL@ticn, but is an{average value, The number df

terma per document is heeded so that the prccese time in the CPU

can be ca l culsa t e d ‘ | L

the number of machine 1nstructldns neceesary to

?u Let: TNI1 =

| : : cdmplete a8 one-term Boolean search after the term

| A o is retrieved from the serial File on the tape.

j TNI2 = instructions for a twc-term Boolean "AND" search,

'? h, |

i | TNI3 = instructions for a three-term Boolean "AND" search.

; " TNI4 = instructions for a four-term delean'"ANDﬁ search,
.TNI5 = instructions for a five-term deleanz"AND" search,

~  UMIT = computer time needed to perform one machine in-
struction, ’
““”f%w&/f; :JW:. - ATTR %,average number of terms in a tape reccrd of the

serial file divided by 2,

- The tdtel time needed to perfdrm'the Comparisons and the related

— /i

programming steps is: s | ; | | | s df:




A

CT = (CMIT TNI(l,..,S))(ATTR)(TREC) 1076 sec. Eq AZ,3

Since the blbllographlc 1nFormatlon for each document is read from
"the tape - in the same record as the document characterlstlcs, no
,edditional read t1me is needed when a document is found that is rel-
evan; to the seerch request., ' -

The totalAtime needed to retrieve ‘and process the documents
| from a serial file on tape is obtained by combining equatl<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>