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.PROBLEM STATEMENT

, documem:ed. \

ffacilitieé and, therefore, they must ‘(wait fo gein access . -
‘t0 the instrudtional facility. In either case, the outcome

- is less deszra.ble and more costly (in terms of money or

human incpnvenience ) than an Optmal or near optimal solution.
~80lved by operational rese

PURPOSE OF THE RESEARCH ‘ : -

' pature. The general or theoretical purpose of this study

? 7 ’ s N, -

.. CHAPTER I

INTRODUCTION

«

L4

o ' : ’
AN In recent years, there has been an incseasing tendency

to look at various systems in a systema*_bic and scientific

way. However, the use of Operational research methods in

%

educational and training systems has been limited and rarely

Educational technolcgists have many skilis, but rarelys
it

’can they accurately pla.n pow many units of each media facil

. are needed in a.self-lnstructional systen;.f‘ Normally, in~'

tun.tion and common sense are, used. Often, one of two un~-
&eeirable outcomes occurs, either. 1) Too mu.c? money is
mted buying too many facilities; or.2) Students are un-
'x’hotivated or dissatisfied because there are not enough S . \

‘This thesis argues that this t problem, and others T \
/ "

found in educatio%ining, systems, can be easily . ) :

h techniques. - ' S "?
/ 4 ‘ ‘. - i
|
!

- . . "] » o . ‘2
’ .

PV G

*  This thesis is both theoretical and operational in\

was to show that an Opera.tiona.l reega.rch modeling technique "-’\5 ‘
w o . -

- - . ‘ . : L
! : !

(.

i . Y
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in this case queue;ng theory bould be successfully applied
to problems involving self—lnstructionsl faciliji\es as an
T aid to proble’r:x-solving andwplannlng resource requlrementsc
The " fundamerital ratn.onsle for this asser*t?cm was that systems
a.nalytic problems repeat themselves in diverse .systens ,and
heducatlonal systems presumably are not exceptlons. '
. 4 As in the case .of the training system being. studied,
gna problem that has a.lways existed in educa.t:.onal and’ tralning
systems is the inability to optimally determine how many |
facilities (ve thsy books, playground ‘equipment, or media
. }@ipxdeﬁt) are needed. Consequentl-y, one of‘two outcomes
'ﬁsually curs, eithe;" 1) Too much money is spent $0 pur-
chase teﬁmam' service facil:.ties which will remaln idle
mgst of the time; or 2) Too little money is' spent 50 that
’, students must wait to galin access to tlm gservice facilities.
As'mehtloned,' intuitloﬂ and common ,senss, ~ greatly in-
: fl»uericsd by ox;star'y I"est'ric'tiongn-.have usually been used to
D Jdetérmine how many material are needed. Somehow,’ educational

a institutions have muddled hrpugh, but it is time to cut

f down on hmna.n and f:.na.ncial waste by apply:.ng available and

% : applicable skills -~ suth as operational research - to6 solve

3 ' . a ) oY S

i problems found in educational and training systems. ' - (
. ] .

N ‘ This ina.bility to. optimally determine resource require-
& -

ments became importa.nt with the ;ncreaaing problem of r:i.sing
‘, costs. (Scf’hro and Adams, 19’(6). This inability to plan

[T

"reaource requirements ﬁecame- critical whea "self-pacing" or

‘

"personalized self-instruction" methods were introduced into

-{;ha\,educational 'sysfgin. This teaching method is Iﬁ.aed on the

RSaTERN . N '
,\ﬂ ’ N ' Lo ¢ 1Y
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Z
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theory that ‘students would be motivated to dlearn more effl—' . -

. clently if they could work on their own, us:mg care§ully

.planned learning programs comprised of e.ny .combination of -
»  appropriate media = print, audio, addio-visual, etce This
"]‘.earning method supported the idea that "slow" students . |

wegld not be discouraged and confuféa by trying to keep up o
% with the "faster® student's' sthrthermore, the "fagter" students

would not be held back or become bored by a "slow" pace used

Ato accommodate most students. Thls teaching method also made s
A o the teachers free to motivdte all students and help where and
| when individual problems arose (Keller, 196.&) \

As long as only one type of media was used - for example, |

print - there seemed to be no real problem in determining

3

fa.cility needs: if there were 30 students, then 30 desks

were needed. But when the learm.ng ‘programs beca.me more com-
' plex ;nd used various types of media smulte.neously - such
"as aud.:.o ’ aud:.o—nsual.\ and print - and allowed students to
proc.eed at their own pace, problems developed. Instltutlons
- ‘txf'ied to schedule students, but this only eliminated -the ‘ i
‘ " advantdges of self- and pe‘rseneliz‘ed instruction. |
| ' Therefore, the cruc’i)% problenm to solve was: how many
units of each medium should be made available? Naturally,
the easiest solution would be to .purchase one of ev’erything
'fqr each student: if classes had 30 students, ‘then 30 units
of each ‘media (i.e. 30 multi-media umts) were planned. .

However, it became more and more difficult to e.pply this-

eJ;tremely efficie\nt but expensive_solution to the probiem\

of how many media facilities should be available. because of

©

. .
| .
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rising. costs afnd monet%y restrictlons.
Therefore, the general or th.eoretical purpose of this
study was to show that the model bu:.ld:.ng techniques "of oper-
ational research ‘_—"épeciifically queueing theory - could be
used as an aid to determine Tesource \reqairemem‘:s in such a
”Yiea.rning system., In other words, the'purpose of this thems
.was to show thatsz queueing theory could be used to oont{ol
the size of (or eliminate) educational systems while simul- )\
ta.neously keeping purchasing costs to a minimum.
‘.l‘he sgecific or operational purpose of th:x.s study was
threefold: 1) Analytical and computer simulation models
were to be made of an existing media-based, self—insfructional
system which were ‘t:hen to be tested e.galnst data from exlstlng
' Operat:.ons for validatlon, 2) Analytical and computer simu-
lation models were to be made to represent the séme system
_with a proposed expanelon of enrollment and mod:.fice.t;ons to , 4
the med:.a pattern; and 3) Given the existing and proposed
models, afea\.sd.ble predictions and recommendations were meade -
for the orga.nization of the learnjing resources.
The specific, self-:.nstructional system considerteywas :

g training system at Bell Canada. in Montreal. Their B}zeiness

\\.. " Office gmgra.drwa.e a form of PSI (Personalized System of

0 'Instrhction)‘ whereby students worked individually at their
own pace. The course was comprised of 69-lessons \sing a
simulated” office and three types of self-lnstruct:.onal meda.a'
‘ | .. audio, -audio-v:.eual, and print. There was & definite lesson
| and media. pattern to be followed, but it was still difficult

to exactly ident:.fy resource requlrements beca.use students '

. . . ‘ ,
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paced themselves. Th:.s caused student arrivals to and de—

'partures from the instructional fa.c:LlitJ.es to-be ra.ndbmly

distributed. This meant that it was difficult to predlct

,how,kma.ny students on the average, used each of the three rmedia’

facilities sim,zltaneou;ly. Therefore, it was difficult to’
plen‘ for such a systé?n's media needs. The program trained
about 26 etudents at a time, uslng 14 exist:.ng mu.ltl-med.:.a
carrels and as many desks as: were needed. . :
The manager of the training progrem intended to‘ 1)
Expand student capacity from 26 to 45; and 2) Che.nge one

-

audio lesson‘and five print lessons to audio-visual media.

An important consideration was to determine how many (new)
~units of each: type were needed to service the students in ° .
the expanded system a.nd keep waiting time down to about one

\ . “

minute (or less) per. student for &m{ ledson.

The researcher considered only the three types of media

useﬁ\\{n the~ihstructional program: audio, aqdio‘—visuAl, -and

print (i.e. not the simulated office). The trhining program

used many units of each media type to serve the re.ndom

/ . .
udent arrivals at each type; thus the system had many 3
chammels. Likewise, the system had many phases because it

- had 69 lessons. Therefore, in operational research terminologx,.

this self-:.nstructional system was a multi—phaee, multi-—

\channel queueing system. " ~ ,

The gmblem statement then, was formulated as follows.
"Can the model—building approach of operatiohal research -
queueing theory - be succees‘fully applied in the pla.nning and

‘management of facilities for a Belf—instrudftiopal system?" .

WF
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THE OPERATIONAL RESEARCH APPROACH . o \/J '

'control of the systems with optimum solutions to the problems '

. d:Lct and compare the outcomes of altermative declsn.ons, stra-

'teg:l.es or controls, - The purb‘d‘se ‘is to help management deter—

Because operational reseaxch is new to educational theory:
N !

.and practice, it is impoxtant to define a few terms before \ ;

going any further. ‘Operational research (OR) is "the applica~
tion of scientific methods, technigues, and tools to problems

“involving the operation of systems (huma.ns, tools, materials,

educational 1nstitutlons, etc.) s0 as to provide those 1n

that arise" (Churchman, Ackoff and Arnoff, 1957, p. 18). ~ A '
Furthermore, "OR is not d:.st:.ngm.shed by whot it 1nvestlgates,
but by how it conduc’cs its mvestlgatlons" (Ackoff ardd Rlvett,
1965, p. 61). \
Sta:fford Beer goes furthor by saying that 'bperatiohal *,”m“"

*

resee.rch is the attack of modern science on complex problems )
arising in the direction and ma.nagement 6f large systems of
men, machines, materials and ' money 1n J.ndustry, business,
goverrment, and defense. Its di;kinct:.ve approach is to

develop a scientific model of a/ gystem, mc.oérporat:.ng measure-—

ments of factors such a8 chance and risk, with which to pre—

mna its poln.oy a.nd actlons sc:.entifically" (1966, p. 92).
Problems and solutions are not unu;ue - they of"en |
repeat . themselves - 80 the aame type of sltuations arise in ‘

diverse ways. Consequently, 'ﬁckoff and Sasieni identify A
eight problem-solv:.ng (operatixonal research) types: queuoz.ng,
inventory, allocation, .sequencing, routing, replacement, com~-

peting, .search, and any combination of the above (1968, Pe 13)

-
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Ackoff and Bivett;séy that OR has three essential charac-

terl tics: 1) It is systems _oriented, which means it eipands 3

o?/éﬁcompass the whole problem with all its intéracting ‘
'parts, although it .does not necessarily start with the. system:
as.a‘whole; 2) It is 1nter—d1501pllg§gx because it uses -
mothodo and techniques of Qﬁ and other fields.to look‘at
complex systéms. "When scientists from different disciplines
‘ostudy a syétem,from different angles- ~ particulafly.their’
field of specialization —‘the possible approaches to solving\
the problem grow§ (Churchman, AckOff, ‘ahd Arnoff, 1957,
PPe 8-9), and 3) It uses a sclentific method, or mathematlcal
" equations (models) often used to better understand the rgal
* gystem (1965). ‘
o As stat a/system is a very importaﬁx operatioﬁal re-
search term because a system is taken to be an organiZeé s
groﬁp of components which, when inxeracting upon or witﬁ‘eaeh
other, produces a definable output when given & prescribed
input (Edney, 1972, p. 66). What thls means is that the ‘l | .
systenm is constructed.of different parts (variables) which \ e
are defined as accurately as possibleu In so doing, the
‘system is greatly simplified, is made more manageable, 15’\
"better understood, and-can be eonsidered .as a whole. The
overall result is that the system prodchg a definable output,-:
or solution which might not e otherwise been defined in
the complex "real world" syét m. | o |

" Inree observations should be kept in mind when using
models: 1)'Modéls.caﬁnot replace the "real Qorld“ but, at

. best, reduce'a ooﬁplpx system to manageablegproportions;

P R "V
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2) Models are neither true nor. false,' their va.}‘u\e-‘is their

: contr1butlon to our understandlng the system they represent,.
- and 3) If models are used in parallel with the "real" systems

being studied, this- can stlmulate more 1deas for research
and lead to better results (McMillan and Gonzales, 1965).

e

OPERATIONAL RESEARCH INVESTIGATIONS CONCERNING INSTRUCTIONAL

RESOURCES

Opefational research emérged as a separate field during -

World Wer II for two reasons: 1) Tremendous changes were made

in warfare technology after World War I and the military

 found itself using systems and equipment it knew little

about: and 2) The Forces found that equipment, such as'
radar, often failed or acted unexpectedly 1n.the fleld .

after being tested satlefactorlly 1n laboratories. So an ~ |

‘approach had to be found which would help produce'more

successful warfare equipment (Ackoff’aﬁd Rivett, 1965). . P
In 1940, Blackett fo;med a team of experts, with little
or no militar& lmowledge, tebstudy and’ 'solve certain military
problems, His gfoup was~inxefdisciplinary because: 1)
Sclentietscwere scarce durlng the war; 2) It was bslieved
that theories of other fields of know}edge could help solve
these problems; and 3) Because it was hoped &pat these ‘
scienxists would be more objective than "involved"™ military-

experts. The first experiments with radar worked, 80 other

. teams were set up én the British a.n.d later, the Allied. Armed ‘

Forces with similar successes. Later, Operatxonal reeearch ..

7

exﬁeriments were considered such as: at what depth bombs ‘
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the problems at hand.

tional research techniques. He discussed and solved several -

| should explode to sink\egemy submarines, how guns should
be/ set 'to hit planes, tanks, etc. (Ackoff and Rlvett, 1965)

After the war, operatlona.l research experts m?wed into -
ghe government and industry. However, it was only in the
1950'9 w:Lth the second 1nduetr1al revolution ‘- automation -
that opera.t::.onal research became popular with decision makers“'
(Ackoi’f and Bive't't, 1965). |

In this study,‘the researcher was faced with the problem
that the use of opei'ationaL research methods in *ed_ucati,cn
and tralmng had been limited and rarely documented (as this

1ite‘rature review. will show). Schroeder and Adams (1976)

. said this could be"“the case because educators. 1) Lack an

understandlng of available operational research tech.m.ques,
2) Are ‘unable to assess. derivable benefits; and 3) Are unable

to assess the interaction between the vamous methods and

However, Mitchell (1976a) said that f:.nanc:.al pressures

are making it necessary for educational systems to use Opera—

\

| single and multi-channel queueing problems and asserted thet

educational technologists cannot simply trust - their intuition
and common sense t0o solve instructional’ systems' needs. He
i‘urther\ suggested that a new type of educational expert, an
educatlona,l engineer, is needed to develop instructional

- systems as Well as to apply operational- research techmques.

Beaulieu and Dubois (1974) algo argued that changes
must be made in the educational system. They proposed that

simulation models can assist in: 1) Planning resource re-

I
we ' o : . \
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Zt possible fdr the airline to cut down on expenses yet

. meintain good service.

10

ﬁqpiremenxs (human or non-human); énd 2) Programming Eurriculum

to best fulfill human and community needs. For exemple the
models can determine how manw meterials and how much equip~ ™
ment a learning resource cenxre needs, what professlo 1ls:
(and how many) a communltyﬁneeds, what the courses should
teach, etc.. They detailed the‘systematic approgch to be

. <« .
' taken, considering such things as: student flow through

institutions, community human resource needs, flow of
. v s
community college students to higher institutions, the labor

hiring rate, maJor factors that would vary the level of
\

.Student potentlal, etc. They also suggested that the "real"

systems are usually too complex for 1n$u1t10n, therefore
sxst;;s analytic models$ - such as queueing theory = should
be\used. They unfortunately neglected to skow the simulation
model used. i ' : , -

\ Ackoff and Rivett (1965) described one of the first.
documenxed appllcatlons of Operatlonal reeearch tgeory to
a tra&ning problem. An American airline, wishing to minimjze
operatipnal cosﬁs, asked an 0perational research team to ¢

aetexnd. how many air stewardesses the company should traln,‘

P S N ——

: ehd how often the courses should be run. The team suceeeded

A .
in optimally balancing the supply and demand for stewardesses

to be trained. Then the team cdhsidered, with equal success,

other probleme such as where the personnel should be based,

how many planes were needed and where, etc. The results. made

While Acko\f and Rivett (1965) were concerned with
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regulaiing student arrivals .into the learning system, -

-+

Dwyier (1976) considered a problem similar to the present

study,’ i.e. that the most important problem to solve when'a '

séhopl-plans t0 expand .or modify its media centre is what
media facilitiés afe néqded and‘how man&? Decisions such \as
these must be based on fact and feliable~procedures, so that
the limited aQéilable resources can meetfthe material negds
of.the learners, At ThornWood High School in Illinois,

students' and’ teachers' requests for media were used to help

plan the media centre purchasing, Two thiﬁgs were considereé -

the media and material -utilization and the number of studentg
end teachers who were denied serv;ce. Queueing theory con-
siders these two poinxs, but Dwyler neglects to state what
- computer model he used to help plan his media centre require-
ments, He concludes by saying that his computer model was .
successful and that he was able to recommend what facilities
were néeded end how m 8¢ that neithqr students nor teachers
» were denied use of media| equipment. » |
‘Redfearn (1973), on/the other hand, describes his
problem-solving model in great detall. He stated that a
studen demanding.§elffinstructional,materials regsembles a
customér. Learning is concerned with presenting and rein-
forcing knowledge,. as well as motivating students; waiting
P to be ‘served does not create good-will nor motivate learnizg.
Redfearn affirmed that it is essential‘to consider queueing
theory to optimally balance user and gerver idle time in &

!

learning system. What ° £5.3§31red is to provide enough

y learning facilities so that students do not wait too long,

\~ /\“'.
PO
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.resource centre malnagers often face: whether to expand and

. is very similar to this research: One-User, Media Centre - '

- of 10 mi.mxtes, and 3) A mea.n’ﬂarrival rate of 20 students per ’ ) o
" hour % the PRrsonalized 1nstruct’ione.l syste‘ '.l'he smulation

)

‘12' Y ‘«

)\ B

o

but not too ma.ny fac:t.litlee that wouldv never or rarely be- uéed. L
Redfea.rn presented a simple queueing (ma‘bhemat:\.cal/graph—
J;ca.l) model - used in thls research - and resolved how m&myL ’
serving units are needed for a certain personalized 1nstructlon '
course. He concluded fjmt the model was not perfect, but
useful for.providing approximatlons. Redfearn further suggested .
that deelgx;drs should usually consider buying cheap, simple ;
equipment to provide many service cha.n.nels and low utilizatlon. |
M:Ltchell (1876b) presented some problems that learmng I
de‘centralize & centre, how many audio-visual units should

be provided do serve conference delegates, etc. One example
. AY A ] . R

}

E (OUMC) set up a program for 600 students whereby the 15 h,ours

y
per week of multl-medla self-instruction ha.d been assigned .

as follows —"1) 2 },mu.rs of TV, 2) 8. hours of slide-tape,

3) 4 hours of sudio, and 4) 1 hour of film. Initidlly, 500

multi-media carrels Wwere provided to meet student demand.

1t soon beceme clear that so many expensive units were un-

neceesa.ry and that fewer iunli'te could keep waiting time down

to one minute. Mitchell sqi\}ed*ma)ny su?%problemeby' using

a queueing model and associated shc'l)rtcuts and long i’omulae ‘\, -

Whlch he presented in the article. o ' . - *\ J
Anderson (1973), by using his QUEUEING computer model, \

simule.ted. 1) A 9-hour working day; 2) "A mean semce time

=

o
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started off by examining the effect of 20 facilities and found -

that fewer were needed. By iteratioa, A.ndérson concluded ‘that
four units would satisfy service needs with a high (facility)

utilization, but that five or six umits should be considered

80 that service facilities would be freer and therefore

"students would probably not nave to wait’'so iong to gain

access to them. He believed that his model could: 1) In~

dicate how many faclllties were needed to keep student

weiting time and purchasing costs m.thln accepted limits;

~

and 2) Speclfy how long students would probably have to wait

D
to gain access to a 'learning - systeﬁr with a certain number of
facilities.

L

to minimize library. congest:.on at the card catalogue by

In another area of educatlon, Booksteln (1972) aimed

determlm.ng whether the catalogue system s.hould be arranged

Jln alphabet:.cal order or divided J.nto sub,]dct-author headings.

He developed a queueing model, similar to that used in this
study, to look at three types of congestlon' 1) The proba-
bility of drawer being used; 2) The average time needed td
wait for. drawer use; and 3) The average number of peOplef
attracted to the drawer at ahy time.’ Arrival and service

rates were agsumed to be random and drawers were randomly .

picked., He concluded that thedalphabetic ca.ta.iogue system .-

.seemed to be the better choice. Whilejookstein studied

¢
* the above—mentioned types of congest:.o

considered congestion to three types of med.la ina traimng

gystem. 4 c°

‘ ,' Rouse (1975) gavy othe‘;exﬂunples of where' queueing theory

the resea.rcher o

-
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. could. be successfu.lly employed to solve’ llbrary problems.
Some exaxnples he mentioned dealt with books, reference and
other services, ba.lancing 0ld and new. services, ates _ He
'believed, as does the researcher, in using queueing theory
to determine the‘Optimal "Quahfity" and thereby provide
the best poss:.ble "quall‘cy" of J.J.brary service,
McMa.namon (1973), in another related area, surveyed
the 1nter—connectlon of existing' and future cable TV for
two-way transfer of audib-‘-video ;a.nd digital data'signals;
Because cable TV is' providing more and mo‘re educatipnal pro-
grams, it was desirable to develop an interactive sysfem
whereby the users can communicate requests (using digital
telephones) and }:'1\1'3 cable network will show the desired
prograzﬁ as soon ‘ai} possible, automatically chenging the .
users' sets to the right station. ‘ Queueing theory was used
to detgrmine how many stat:.ons will be needed to serve &
minimum of 30,000 families considering f}rst—come-first-.
_éerved, an incomplete system's design, and the telephone; |
television, cost, technical advancemént, and otheér pI‘OjeCtiOI}‘S; .
‘McMa.r‘m;on said a com’pui':er simulation model 9f mﬁlti‘-channel
queueing theéx-y must be used to solve this problem, because
of the lack of data available and the complexity of the system. /‘ N

All the above—ment:x.oned researchers showed how the opera—
tional research method — queueing theory - could help develop L
and/or improve educational systems ra.nging from "personalized
self—z{nstmctlon" programs to cable television and librariés.
Howeverl only Anderson (1973), Bookstein (1972), Mitchell :

(1976a&b), and Redfearn (1973) provided the " actua.l models

- A L]
¥ ‘@ . . . o




used t0) plan resource - requirements. The researcher used
Mithcell (1976&&b) and Redfearn's (1973) queueing models.
to develop this study's analytical and computer models.

)
rl

'IOBJEGTIVES' ‘ )
This research had the following Naims.
1) To ghow that one of “the important problems an |
educatldmal or tralnlng system tecdhnologist must solve when
" getting up or. expandlng a media centre 1s - what eqnlpment

is needed and how many of each type? H
N

2) T4 show that an operational research modelling
' .method can help -solve such planning problems,

T

3) To use queuelng theory to model and -to solve a-

training centre's faolllty plannlng resource allocatlon

i
S

problem'

. 4) To construct both an.analytical and & computer simu-

(\\ lation model' to represent an ex1st1ng self—instructxonal ‘,'1

system, and“ o @' R ' N h

5) To show how an educatlonal technologlst can engage
in tac111ty planning and resource allocatlon.
Therefore;«tge objectives of this researq? become the
. following: 1) ‘To construct. and test (2) an analytical and
(b)&h computer model of an exlstlng instructional systmn, 7
~ and 2) To conduct.a systems analytic study to prov1de the
‘ design for a proposed new system (which consisted of a modi=

. fication and ‘expansion of the original system).
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CHA.PTER 11
THE srsmm:c APPROACH TO_BUIIDING

- IME MOPEL OF THE QUEUEING .SYSTEN

- ( . .‘_° N =

'.Béfore building the model to be us‘dd in the analjtidal

azxgi computer simulat:. models, the, researcher examined the

" origlnal Business Office tra.ming program of Bell Ca.ndda in
mgre)deta:@l./

ing the 7-hour work:.ng dgy. The j o
gram s made up of 69 sequentlal lessons using a siffulated
_office and three. types of medias audn.o, audio~vighal, and >
print.' The?e was a deflnite lesson a.nd med:La pyan that
- s't;udents had to follow, with each lesson taughft using qnly
! - one. of, the specified hedia. - Student self-pafing makes equﬁ'.p—
w ment needs difficult enoﬁgh to-determine, bt in addition,

’ ea.ch media ;av-system, at this training cejtre, had a different
“iwimber of( lessons a(ad their lengths veried|in duration. ‘

!
<% The pro_gram' was .mad‘e up of about 180 }ours, depending

on the individual studerit's speed. The wonding day was

. 7T hours long, exciuc‘iing lunch and coffee brdaks. By dividing
. the, total service time of 180 hours, derived \from the Bell .

-
a.d
e’

doeumentation, by the T=hour, working day, the Yesearcher
dedvced that the mean course duration was a_.bout R6 .days.
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!I;herefoz;e, considering the arrivel ratg of about one student
per day, it céuld be assumed that ;;h‘ere was student capa.city. |
of about 26 in the existing training program at Bell Ca.né.da. |

The researcher decided to st;.uiv the Business Office
training program by considering each media sub—systein'rather
than the 1essoﬁ sequence. To follow students, through the
69 lessons would only complicate matters unnecessarily.
Considering the training program as fhpee media sub-systems
(each with prescribed lessons, service mechanisms, arrival
patterns, etc.) would provide a reliable estimation of med:ia
needs.

Before contimung, it is éSsential to visualize the

o system by using a diagram. ’Figure 2.;1“\indi\q\é.‘tes the lessons

belonging t® each media and the flow within ‘thé\bragz:\am.

.

Pigure 2.1: The orlg:.nal training system 1nd1ca’cing the
lessons belonging to each medluma.nd the flow
pattern.

N

_ \ AUDIO |
'8 12 13 16 20 29 32 .33 35 36 44 50 64

AUDIO~VISUAL
3 26 40

PRINT

10. 11- 14 15 17 18 19 21
31 34 37 38 39 41 42 43
52 53 54 35 56 5753 &b

~—r

-

SIMULATED OFFICE
25 58 69
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N .
,Cons:i\:ﬂe?ing Figure 2.1, we see t ‘students using a

| media sub-ststem" for any, assigned-lesson wait for service,
i.e. there is no jumping aX of others. This supports
{\the assumption of first-in-first-out (FIFO) qg,eue dlsclpline.
It was hypothesized that the"\!k"t‘raimng progran could
) ‘oe considersc} a qusuieing problem; Students arrived into"
 the trainiﬁg'prograA“and sterted the first lesson, using .
audio. Then the students would leave lesson one and enter
lesson two, and: use prlnt. Throughout the sequence of lessons,‘
the trainee might re—entsr‘the same médi\a sgb;-system or move
to é.no‘tlle:(c. - This process continued until the students finished
the 69 lessons in the training program. | |
Since thJ.s traln.lng program could be considered a

! queueing problem, the reseaé-cher will flrst discuss a few |

- basic quéueing concepts. A R

BASIC QUEUEING CONCEPTS | : Jo

' ‘Qgeue'igg‘ ‘tﬁeog is.'the opeurat'iOnal research .modél that
observes ‘a system-and its qﬁeoes - it oa.n provide general
'J.nformatlon about ' the number of self-instnmtlonal »servicgf
facilities: needed to keep costs, the number of students
"lined up waltlng to use the facilities a.nd the student wa.iting
" time within. accepted limits. ' By knowing how mamr people

are being taught and how long it usually ta.kes students to
1ea.rn, the queue:.ng model can predict how ma.xw lea.rm.ng

facllltles (carrels, books, etc.) are needed. The model

can also predlct how long. students wa.J.t when any’ spec:.fied P

‘ a
' ‘mumber of faciﬂ.lties are available. . This last prediction

- ' <3

"

T Q
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1s extremely useful because ge0131onrmakers can then see 1f

addltlonal facilities and cost will significantly alter
* the amotnt of time students wait. Queueing theory }s appli-
eable to a wide'vefiety of situations where there exiets
- an imperfect matchlng between peOple requlrlng service and
service fa01lltles avallable. .

| Churchman, Ackoff and Arnnff (1957). fanico (1969),
' Plane and Kbchenberger (1972), and many other well—known
=9peratlonal researchers say that queuelng systems h4ve the
following-three parameters. 1) 4n arrival pattern which
is determined by the average rate of student arrlvals to
the learming locag;qn w1th1n a specified time span and the
statistical distribution of their intergrrivals; 2) A

ser#ice mechaﬁism which determines how many student arrivals

can be served simultaneously and how long they take to

completepsel -1nstruct10n, and 3) The gueue d1301p11ne which
is usu@é!r

rst—come-flrst—served in a learning env1ronment.

Iﬂltchell (1976a) describes and illustrates (Figure 2.2) |
kthp four basic queue systems: ‘ ‘ | *
1) The s;;plest form a queue can fake‘is called gingle-—

,‘gggse,'siqgle-chgggel‘guéue. This simple system {s m&de up

] . ( N
- of only one service step (phase) and only one service facility

. . ¥ L .
(channel). This gystem’°is a queue because people arrjiving,

who may be students, must line up to receive atten

Tiere are many types of simple queues-such as this
-an example would be studehﬁs lining up to‘deposit their
tray of dirty dishes on the conveyor, ice. stuQenxe who
. must line up.(dhd wait)‘before tpey get fheir chance to

e P i an 4 e e YO . By
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get rid of thelr trays and depart. The length of the queue
and the amount of time students spend warblng for & chance
at the conveyor depends on how slowly the conveyor moves, -
how fast the conve,;or is clea.réd by kitchen staff, and how
many students want t6 deposit trays. ‘ ‘

2) Another type of’system is galled; ’"‘the si. le—phase,
multi-channel queues This system is compr:.sed of only one

service step Cphase) but has more than one service faclhty
(channel) to attend“ to student needs. An excmple would be

© . & number of librarians (ﬁi':ha.nnels) checking out students®

books (phase). The etudents u.ndergo one step, and the
n.umber of llbra.rla.ns semng speeds up the queue turnover or
student departu.res. .

3) - A slighly more complex system is the multi-; he/ee, A

single—channel Lueué. Thi'; queue system is made up of &

couple of service steps (phases) but only one service fac:.llty
(channel) is available. An example of this would be a
compu‘ter course made up of three lessohs mth only one |
computer terminel available for students to use. A student

could sit down a? complete one or all lessons before vacat:mg

. _the terminal., If a.nother etudent should arrive while the
' -terminal is occupied, then he/she would have to wait until

the termlnal is free before commenclng the course work.

4) The final type of queue 'is called the multi-p e,
multl-channel gueue. This latter system has va.rious stages
(phaaes) and various servlce facihtles (channele) An~:-
example could be a slight varia.tz.on of ‘the previous exam;ple'

a three—-lesson computer course with two terminals for students




to.use. This latter q;u ue system could serve about twice

as many students than the same system with only one terminal.

Clearly, student furnover would be greater and sttidents

would probably hot have to wait in line so long. A
Pigure 2.2 illustrates the four basic queue systems

. (Mitchell, 1976a, pp. 23-26).

Figure 2.2: Illustrations of the four bidic queue systems.,

1) ‘Single-_phase, single channel: '

N phase : ' .
arrivals - channel departures

N ' N
> ’

WW:«‘ ..

2) Siﬁgle-phase, multi-channels

3) Multi-phase, single-channel: : :
, phaée N ~ phase 2. ‘
: arrivals | channel 1 _;{ chamnel 1 [ departures ‘
4) Multi-phase, multi-channel: . - : .
. . . B ‘ : b\
phase 1 phasge” 2 |
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| THEORETICAL DEFINITIONS S

1

»

Seven theoretical definitions should be clarified before

| going any further‘*“" " T

<

N AR = Average mzmber of students who arrive in the pro-

~J

gram every hour for service, e.g, to use audio cassettes

AT = Average time, in hours, Bgtweep student a.xjriva}s

| for sgrvice to the program, e.g. the m.\‘mbéri of
hours between people coming for audio tapes

S5 =2 ber of pa.rallel service units of carrels

| /1able for students who ta.ke the program to use
SR

Average number of students who ca.n “be gerved
(e.g.*.ha;ré access to audio recorders ‘and tapes)
every hour )

ST = Average amount of ‘b:.me, in. hours, that students

| take to be served “ ‘
. U= Utilization fac.tor of the servicg facility which-
méans the percentaée of time the sérvicé fa.éility

is busy

WP = Average time students wait in queue before being served

MODEL OF THE SPECIFIC_QUEUE SYSTH
The training system was further simplified. . For edch -

' medié sub—-system, we estimated: 1) The mean inter—arrival

time ‘(AT) and the mean arrivel rate (AR) which represented
the entire sub-system, not each lesson; 2) The mean of all
service times (ST) and the mean service rate (SR) which also

represented the entire sub-system; and 3) The mmber of -

 lessons (2) usmg each sub-system or medium. Figure 2.3




e

portrays this information for each sub-system. or medium.

Figure 2.3: The simplified, aggregated model of the original queue
. system, indicating for each media sub-system:
B mean service time (ST), mean service rate (SR),
ean inter—arrival time (AT), mean arrival rate.
AR), and the mumber of lessons using each

IS

" ‘ ~ medium (2). \
| START . ’ h AUDIO N
. ST AT
" - . | SR AR o -
Z 4
- | 5|  AUDIO-VISUAL
ST AT : X
\ N
) : SR AR ‘
- ] ~ . t
Y %
PRINT - k
o os? AT, | ’
B * )
. " SR. AR -
- ' Z
° T ]
5| SIMULATED OFFICE
‘ ST * AT
o <{ SR AR ”
. o N 'z STOP
. &

‘ The model of the originai queue sygem was now simplified.

to a thre;4singleéphase, multi-channel

g::eueing model, each o
'~ media sub—{yst'em modelled as a single-phase, single-channel

lf

-
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would be adequate to determ%ne approx1mate solutions. There-
'fore,‘data from this 51mp11f1ej}§ingle phase. multi-channel
queueing model would be used e provide ® rough approkimatioﬁ -
8 first step to:determine resource requirements for the .

_ Business Office training program at Bell Canada. -

. It should be poihted out tha% the numfer“of carrels -
. generated by this 51mp11f1ed queue model will be slightly |
higher than results produced by a multi-phase, mult*-ehannel 4
quaue model Thls simplifled model assumes that students com-
- plete all lessons u51ng one media type before g01ng to the next
media type. Clearly, the probabllitv of gtudents having to
walt to gain access to the multi-phase, multi-channel queue
‘system 1s smaller because of tﬁe greater turn- -over and smaller

amount of tlme needed to complete a lesson and medla type. .

Therefore, a student’ arriving at an occupied medium

would have to wait for -another student to ilnlsh - which _?
could take anywhere up to the full amount of timet allotted to

complete all the lessons uglng that medium. In‘reallty, the

first student in lin wodld~only wait for‘a student to.complete
a leéson. —~. . |

The researcher also 31mp11f1ed the fac1lities -planning’

prohlem by considering only media needs, There also ‘existed -
in the-Bell traihihglprogram.a'simulated office’and‘twe'human‘.fﬁxg\\M
elements - instr@ctofs and GAF (éroupe d'ebornés fictifs). The: .%
instructors could gffecx*the student flow by deleys i setting

~up the audjo-visual material, assisting when needed, and testing

‘the students at the end of the lesson. Similarly, the GAF

could cause student.delays. This gfoup of people assisted
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" signalled &e GAF when they were ready and waiteqv to be

learners by calling up and pretending to be customers. -

Students were not marked on"thesé exercises, they just

' phoned back. These two human elements were kept in mind but

not considered because the main‘objective was to plan media

ff.cilities. Furthermore, it was pointed out by the manager

‘0of the learning resource centre that staffing was not normally

a problem. If mcess?.z-j, at a later date, this op‘erétiona.l

. research study could ble expanded to consider a more coinpleit

qystem. . ' v

-

¥

COMPONENTS OF THE ORIGINAL INSTRUCTIONAL SYSTEM

Research Sample . ) o

‘a selection process which would best represent the existing
0

: o .

As in any analysis of an operational system, the re—
searcher had to observe the various components of an existing .
system and collect the necessary data to build the analytical -

and computer—sifnulation godels. The researcher collected

information on the following: research sample, service
N '
mechanism, arrival pattern, course duration, and student capacity.

~ -
-

Al

The research sample was drawn from the Business Office

tra.im‘.ﬁg program at Bell Canada. It was important t&‘d.levise

iearniﬁg_ .situation. The researcher collected data on all
students who entered the program between June 1 and November 30,
1976, This six month pefiod was selected because it was ’

the 1

ag considered unnecéséary for the researcher to ) ‘ N

ngest and best documented period found in the files. .
=

pezfsonall;y observe a ia.rge sample of students progress through

mx&% ey f,‘;‘.' wd;.\' . 0 . " : o P vy -
I s N R T R Y
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- Mean Serv1ce Times KMean Service Rates

day -
IS - . o

the program, because the researcher had access to0 the avail-
ablg data collection mechanism - the instructors of Bell"
Canada. The 1nstructors norma.lly ass:Lsted students when

necessary, set up audio-visual mater:.als, tested #udents e

" at the end of each lesson, apd recorded the amount 0f time

individual students spent on each lesson.n Thé' latter

provided the main data.source for the investigation.
N L

For the six-month period, a total of 129 students was

documented. From this, a random sample of 70""Eraine‘es wag

‘selected. The research sample was picked by shuffling the

129 studen't documentatlon and ta.klng the flrst 70 sub,]ects.

» '& , ,

The data collected in fhe research sample was sufficient

‘to‘ determine the Service mechanism - mean service times

and mean service rates. It was imperative to: 1) Determine

the average time spent (a) in each less nand (b) using

each medium (mean service times); and 2) Determine how many

~students each media facility actué,lly served per hour (meen

service rates). o .
The researcher created a computer—based data .file £
which contained the time taken to complete each of the 69

lessons, one trainee at a time. The researcher then usged a

- called "condescriptive". - This program provided the following
* information for each of the 69 lessons (vAriables) and three

types of media: me,én, standard deviation, skewness, variance,

minim;m, maximwn, and sum. The first result was the most -

" imi:prta.nt because the means were, the average service times

N - -
C .

T et —te——— R Y RCRIRINY G, Hei . D

' _ Statistical Package for Social Sciences (SPSS) program L
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N, for each lesson and medium. . The other six results were used " . |
o by the researcher to check for mistakes in the computer
I data file. 7 | . ' ,
| Table 2.1 shows the average service time (in hours ) for
' each lesson arra.nged by the pedium used“and total service [

- t:Lme gtudents spent in each medium. This table was prepared '

from results given in the SPSS "condescriptive" progrem.

~

4 Table 2.1: Average service time, in hours, for each lesson,
. arranged by the simulated office media used for
the period June 1-November 30, 1996.- Audio (A),
audio=visual (A-V), print (P), simulated office (SO).

’ No. A AV P 80 No.. A A=V P S0
1 3.75 L (3 7.00
%2 , 3.75 37 1.00
T .75, - 38 g .15 -
o #4 : 2.50 - 39. : 75, )
5 - 3 00 40 5.25 ° \
% 1,50 . 41 — 1.50 .
. 7 . .50 42 . 2.75
: *g 350 43 - ' o 2.25
*9 0 115 44 1.75 .
: & iE
12 &.25 - .41 L3S
13 525 L 48 \ "3.00
- oo | 2;2 gg oo 1.75
’ ¥ 5 . : \
ASE 16 4075 ‘ : . 51 /' ‘ 1.25
L 18 » 1.50 53 3.5 -
P 19 s . .75 %54 s e 1,25
5 - % 1,00 2 2:20
22 - 1.00 51 = - ./ o 3.75"
23 : T 2,00 . 58 . 3. 50
25 - . 4,00 60 - 2,25
" 26 1,00 ¢ .61 . 1,25 .
27 : ' 2,75 62 © .. 1400 Lo
28 1,50 63 - - 2.25 |
'29 16,00 . .64 2,50 . .
- %30 1.50 *~ 65 : 1.00
31 . . 2,50 66 u T 1,50 4
322,75 C 67 ., - 1.75 ﬁ ;
- 33 4,25 : . : 6 L (5

3 : aT5 69 - ' ‘ 9,50

/
g K 35 4.25 ‘ Total 65.25 6.75 91.50 16.75  ~
b \\ #Six media changes from audio & print to audic-visual \
é - - to be conaidered in the expanded system : - 7
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" - almost all ta.bies to follow.‘
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- . l , . ) \ o . W\
Having obtained the mean service time for each lesson
and the total service time For the three media, in addition
to lmowing the number of i;ssons using each media (‘Zn;) where _ »-
m refers to the media typey the resea.rcher determined the.

mean service time (ST) and the métn services rate (SR) for one(

_~1esson 'in each medium. ’I‘Qe following formulae were used:/ | C
. 8T = total service time - SR =_1_ . ‘ V\J
Z, , v ST

Although the instructors rounded student study time to .

" the nearest 15 minutes, the researcher decided not to do

he sameo for the calculations. ’I‘he -researcher wanted the

model's output to limit weiting time to appmxim;.tely 1 R
mimste if possiblel It was lamentable that timings were '
rounded off, but it ysuld not be pract:.ca.l for the instructors
to bﬁe more specific - it would be far too confusing and time-

- consﬁming. o ' : ) ‘ 1

It wae assumed that measurement errors®introduced by’
rounding off were not systematic but 'balanbed, and that
these erpors - introduced into a model that was a.iready a
crude approx,imation‘ - could justifiably be accepted and
that calculations be made using thex‘n. This also applies to -

By referring back to Table 2.f and using the above-

mentioned formulae, the .following mean service times (ST) and -

mean service rates (SR) as shown in Table 2.2, were derived

for the d:ifferen’c media in the original Businéss-Officé

program.

- n
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, of service times. ., By referring back' to -the computer
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Table 2.2: Mean service times (ST) and me;tln service rates -/ o
f (SR) for each medium in the tfaining system. .
N ’\' . } . oo . \ .

¢ ’

ST

, audio-visyal 2.250 444 -

CL ,.'s. audio” .- \4.661 . e215 7 e C
e T print . . 1.867 '

LT .536 ,

e - N I |

v Exponential Distribution. = . P

' - Queueing ‘éh?gry assumes an ,e;épnential‘ distribution .

4

-]
1//
+

data file, the researdher determined the frequenty of the
' gervice t"imings (Q'er hour). Table 2.3 shows the i_‘requencyp
distribution for each medium. g ‘

4 . . ~“ .
{ ©or - . 3

Table 2.3: The frequency distribution for the service ,~ |
/ timings, for each of. the media, in the training s

. B} o1 T
\ aystem. © . . ,: o A

. . v : i i m™
DURATION AUDIO-VISUAL °~ . AUDIO- _ PRIND :
(nours) o : Con
\ ;T e ‘
0 . 93 - 5 856
1 2oy 46 - 1B 1203
2 .5 . 198 713 \
3 s 6 A 196 . 385 -
4 o2 170 1167 -
5 .23 : 92 7 65. ’
6 7. . 67 20 \
1 -3 -38 15~
g .5 2g- 2 -
10 210 .1 .
1 I
12 1 . ,
13 30 S |
14 . N . i \o i
15 .
16 '
17 :
18 ]
.19
.20 .
21
5
4 I
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These frequency d:.stnbutions were -then plotted for each

"
¢

Figure 2.‘4:

180 4
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140 |

723856 78>

Service Frequency

. F:.gure 2.5:

-

Duration.
(hours)

The frequency dis-
tribution of audio service
timings, for the’ OI‘lglnﬂlgoo\
tz‘alm.ng gystem. ’

of the med:.a\ai shown in Figure 2. 4 (audlo-v:l.sual), Figure 2.5
(a.udlo), a.ng\Figure 2.6 (pr:.nt/‘ |

100 4 Service Frequency
| :

_The frequensy dlstrlbutlon ‘
‘of audio-visual service timings,
for the qmglnal.tra.ln;ng system.

-
B .

1300

1800
) " 1100 |
10?0-
909\ ]

&

700 |

A Service Frequency ,l

' Figure 2.6: The

frequency distri-
bution of print
service timings
for the original
training system. . .
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The diagrams show that'thé-service timings were appréxi;

' mately exponentially distributed,. wbph a few bumps here and

there. The graphs also show that there was a higher fre-

quency ‘of short timings than long timings. Panico (1969) (

, states that real world data rarely follows this (exponential)

serVLQe distribution. He also states that the process to
determine the distribution (of plp;;zng‘each timing) is b
laborious and rather useless because the researcher will
undertake the study regardless of the service distribution.
Insofar as the three flgures did approx1mate an ex-.
ponential distribution, it could therefore be assumed “that

queueing theory could be used., ‘ x 0

Mean Inter—arrival Times and Mean Arrival Rates

'The next major component to be considered was the
arrival paffern: mean inter-arrival times and medn arrival
rates. It was necessary to determine when new students
arrivedkésch day -at the training program (mean inter—
arrival times) and estimate how many students arrived
at each media per hour (mean arrival rates).

Tablé 2.4 depicts the student arrivals at the BE1l " - - °
Canada Business Offlce training program during the observed

¥

Y

szx-month perlod. ' I : .o
. ' t ‘ -
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i '(1969) method was used to obtain the daily errival rate.
following his model, the researcher flrst specified the
arrlva.l frequency, as shown in Table 2. 5. The mean arrival rate of
one student per day was then found by dividing 129 by 131,

Table 2.5:

Since a.rr:.va.ls were not consistently one per day, Pam.co 8

v
il

is shown in.Figui'e 2.7 belc;w.

60
50

40
30
o 20

10

..

Tpe arriva)i frequeng:\y‘ dis'yi-ibution- depict'eq_ in Table 2.5

Figure 2.7:

A

Student arrival frequency to the
treining program during the 6-month
period -of June - November, 1976,

Total Number
of Student Arrivals

The arrival frequency to tixe whole
training system as shown in Table 2 5.

Stud.ent - o
" Arrival Frequency




Having ascertained )he student arrivel pa.ttern at
Bellt's tra.lmng program, the researche;' then determined the
mean 1nter—-arrival times (AT) a.nd the mean arrlval rates (AR)
. for each media sub-system,. 2 belng the numbegr of lessons ing
each med.nnn.' The following formulae were used: ' 4

AT = inter-arrival time AR =1
25 . AT

: K;eeping in mind tﬁat, on the ave;'agé, one student
‘arrived daily (i.e‘. every 7‘hours), the reéea.}'cher derived
the following mean inmter—arrivel times (AT) and mean arrival
rates (WAR) as shown infTable 2.6 f:qr‘ each media sﬁb—system

°

in the Business Office training program.V

Table 2.6: The mean 1n1;er—arr1val times (A.T) and ,

the mean arrival rates (AR) for each
jpedia sub—system i the system.

(hours) (hours)

" sudio-visual 2.333 429
eudio = . +500 " 2,000
print ‘ v .143 . . 7.000

-

'tra.ining program were somewhat regulated, i.e. about one

2
student arrived per day. Furthemore, -the system was always
a bit unstea.dy during the sta.rting-up periods (in—

’and after breaks), which was to be expected. ' On the™v

L

however, the" system appeared to be stable with
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dlstrlbuted arrlvals to the different medla su? ystems .

beglnnlng after the flrst lesson.

Poisson Dlstrlbutlon . .

. - )o -
fhile" queweing models assume that the service frequency
e

has an exponential distribution, they also_assumé 8 poisson

distribution for the arrival frequency.- Therefore, the
arrival frequency had to‘}ulfill the following conditions:
1) Arrivals could neve£ ocecur éimultaneousl&,kyhere was. al-
ways some Eggsurabie interval between then; 2) There existed
a ppssibiiit%,of zero arrivéié‘during the time segment; 3)

It was me@ frequenty for more than one‘stgdenf to arrive per

" - day to the entire training program; 4) There was & sgingle

© peak in the arrival dlstrlbutlon, and 5) The arrival distri-

bution could not be symmetrlcal about the mean (Panico, 19690.
To determine the 1nd;v;dual poisson probabilitiesr the
;esearchér referred to Schlaifer's (1959) "Cumulative '
Poisson and‘Gamma Distribution Chart" (p. 7i2), ragroduced
in Figure, 2.8. l
Referring to Schlalfer 8 chart and g}ven that the mean
&filval rate was one per day, the p01sson prcbabllltles :
for the arrival frequency were read from the chart by using
the.relation:‘lP(x) = Px' - Px (thlaifer, 1953, p. 213).
Therefore, the\probabilities of the diffetént arrival fre-

quencies were calculated as:

P(zero) = .9999 - .6360= %3600 \
P(one) = .6300‘ - .2600 = .3700 | _ T
P(two) = 2600 - .0540 = 2060 - . 4
P(three)= 0540 - 0140 = .0400 B
P(four) = - .0030 = .0110

.0140

.o




-Schlaifer's Cumuia‘cive Poisson and

Figure 2.8:
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, |4
Figre 2.9 shows the probebilities of the, different
arrival frequencies, plotted from the previous calculations. -

‘Theré was only ona;peak.ggﬁ all the other conditions fgf a
-poisson distribution were fulfillgd, therefore it was con-

cluded that this arrival frequency had a poisson distribution.
Figure 2.9: The (Poisson) distribution of the arrival?
frequency to the originel training program.
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Queue Discipline ‘
The queue discipline~th§f existed withfn this training

program and therefore, the model, was to deal with stiadents

.# 28 they arrived “to use any one of the media on a first-in-

first-out (FIF0) basi;f- This was the faigest and_simplést

N .
discipline on the whole, because}}t served the first students

A}

- tc arrive and ruled out the confusion that might be. caused
, » .

- \
L

by priorities,

\

v b i .

e
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CHAPTER III
ANALYTICAL SOLUTIONS TO THE MODEL . ’
- OF THE ORIGINAL TRAINING SYSTEM

There are various approaches to solving queueing models.
The two é.pproaches used in this research were analytical and

computer-simulation. Mathematical or analytical approaches

‘are useful for simple systemé or for acQuiring quick esti-

-

" mations. Computer-simulations are useful for more complex

problems or for acquiring more detalled estmatlons (Ters:Lne

- and Altimus, 1974). » ™

Rencye

. ANALYTICA.L MODEL

The a.nalyt:.ca.l model was - borrowed from Redfearn (1973).

The researcher was able to approxlmate the number of service,

faciiities needed in the Business Office program by performing

the following three steps:

1) Determne the percent utihzation (U) of the service

. facilities and the expected student walting time (ST) by

using the following formulae: U = AR/(S x SR) (Mitchell,
1976b, p. 32) and WI = QT x ST (Redfearn, 1973, p.‘228)
Qhere QT .stood for the mean queueing time; |

2) Refer to 'Redfearn's "Mean Queueix_:g Time" ’“g:!:'a.pllx
(Redfearn, 1973, p. 228), reproduced in Figure 3.1
~ 3) Usé the appropriate AT, AR, ST, and SR for each
medium as presented in Table 3.1 (to follow). Since the
answers déri\;eq from the use of .the above formulae were in’

"hours", they ‘were multiplied by 60 to dat‘emina estimated

e © -
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Figure 3.1: Redfearn's Mean Queuelng Time graph.
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/ Mean Queuing Time Tq x x 1n Multiples of Mean Service Tunies . ‘/
- Table 3.1: AT, W’AR,’ ‘ST, and SR for each medium in
= o the traini system, given in hours.
! / . - o k. )
‘ /// AT AR . ST SR %
‘audio-visual ' | 2.333 «429 2.250 ' . <444 » :
B.udio . ' .500 o 2.000 4-661-‘) . 0215
print .143  7.000 1.867 536
For validation, the researcher used Plane and Kochen-
berger"a P, chart (1972, p. 196) reproduced in Table 3.2
and two of Mitchell's fomulae (1976b, pp. 32-33):
S .
L U=4AR/ (SxSR)  wWD= (5 x W . %
P ' : . st (1-U)° x Sx SR
: The ‘follo;wiing f«low. chart, depicted in Figure 3.2, shows'
?»f the steps the researcher took to obtain the analytical so-

'lutions for each medium in the queueing model. This pro-

cedure was repeated three times to consider audio, audio-

. ‘ visual and print media needs.
At e - T L PO e -

LR DRSOV GRROT e T vk o RIS TINCY T ARG Y FYR Y UL TR TN R O



» ~
AN
B c Ny . - 41
Figure 3.2: Flow chart used to analytically
I determine media needs in the -
. ‘ .training system. e,
| . ®
' A ‘ .. find AT, AR, ST, &
) ' K . randomly. pick S & use
‘ . ¥ 1) Redfearn's graph -
oo 2) formulae: - -0
V2 ~ U = AR/(S x SR) — |,
l ~ . ST = QT X ST ad -~
\.5 b '
| add a i
. sefvice no .
facility
a ' yes
; use long formulae -
B G ‘ - for validation: ~ - A ~
- B V = AR/(S X SR) . v
R Cwr = (s xu)S P, e
S! (1—U)2x S x SR . ’
aada | mo . o
service . L .o
facility ~ \ ' ‘ e

yes

compaxre both methods
and conclude

- o - . ( s )




ANATYTICAL CALCULATI\S .-

/Fallomng the- steps J.Ikthe flow chart, Figure 3.2,
the following calculations were made. for the ‘training centre's
media needs. The "#" denotes the accepted number of f\acllitles ‘
(s) to keep wa.lt:.ng t:une down to abogt one minute.

, FORMULAE. U= __AR ; = QT,x ST
> : ' SxSR . .

‘, Audlo-vlsual Sub-sxst em

If S=3and U= .32, then‘W‘.J'.'ar «045
. . x *2.250

o « 10125 hou.rjx 60 = 6 min,
#if S'= 4 and U = .24, then WL = _ .0075 | Co

lJ

\ : ) x 2. 2500
L \ I .016875hour x 60 = 1 min. ,
- © NP S = 5 and‘h = .2, then WP =  .0001
-, X 2.2500
‘ . ~ B -_':bb5§§§hour x 60 = .01 min,
Audio Sub—System ' ‘ N
If S = 16 and U = ,58, then WI.= .0055
~r2 : X 446610 :
' aby R ; \ .0253355hour x 60 =1, 54
. ‘ K s | , ) minutes
{ + 5 ! '
- X *if S = 17 and U = .55, then WP = - .0028
/ v , . i N X 406610
, o ' . _—miihour x 60 = .8
' - minute -
Print Sub-System
o . If S =19 and U = .69, then WP = .015
. . - x 1.867
.05.55 O5hour x 60 =1, 7
’ m::.nutes :
. ‘#if S = 20 and U-= .65, then WD = 0075
P : - x 1.8670 ‘
I . . . Y et —————ite
. . , o 0140025hour x 60 = .8
S ' L ‘ ’ , mimute
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" VALIDATION - COMPARISON OF THE MODELS = - \

To asce?tain whether Redfearn's analytical model‘héﬁ
been satisfactorily applied to the prﬁblem, the researeher
e—computed for audio-visual needs by referrlng to- Plane_
and Kochenberger's probability that no customers are in the -

‘system chart (1972, p. 196) and two of ‘Mitchell's formulae

o '(1§$Eb.'pp- 32-33): \ I (s p UQS -
- K U AR . NWT“ - xPo
. S5 SR ~ * - 8! (1-U)° x S x SR

(It shbuld again be pointed out that results for the
above formnlae were in "hours", 80 the researcher multlplled .1
them by 60 $o determine waltlng time- in "mlnutes".) \
Thergfore{ if S= 4 and U = .29, then auA/grvlsual

L]

alculated as follows:‘

W = x .24)4 x P°“= .
K (1-.24‘2\x\4 X «444 o
. | 849346 .3824\5\.0131923 hour x 60 = 8 minute.'
_‘3%2‘34‘1‘24. 96220 o . ‘
' - S~ - : A
CONCLUSION ' o,

! The calculation above agreed with the previous analytlcal
solution of four carrels belng needed for audio-visual ‘use,
‘with a slight variation in WP which-was to be expected. Sov-
it was assumed that the analytical estlmations to the model .

of the original trainzng system were 'valia (i;e. feasible).
The analytical solutions, briefly(shown in Table 343, esti-
mated the total system s needs to be 41 carrels (S) w1th
‘:u 4 assigned to audlo-v1sual, 17 to audio, and 20 to print.(_..
- < |
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| : Table 3.3: Analytical 'solutions to the . . .
» 3 TR ftraining system's media needs., T ¥

, ; N
audio-visual 4
saudio ‘ 17
- print. 20
o . * g - 0 A
Total 41
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CHAPTER IV .

.(,\ . OMPUTER-SIMULATION SOLUT;ON N o
10 MODEL OF THE OHIGINAL TRAINING, SYSTEM .

£
\ ”
' A
, . . - ’\ 4

| Having completed -the mathematical énalysie'of the origi— A

nel training system, the researcher then proceeded to simuiate
s the same queueing model by using- a-more complex approach -

- & computer—simulation program. The researcher adapted McMillan

and Gonzales' 81ngle-channel queue system simulatlon (1965,
'p. 264). ‘First of all, the program had to be adapted to
Concordla's computer system then modlfled to approx1mate a
- . single-phase, multi-channel system. ’
The researcher decided to determine the queueiné behavior
.~ in the training. system by simulatlng the arrlval/end depart-
ure of 1,000 students. It was felt that oy "observzng" at . 4
least this mamy students use the tralning program, solutlons
| would be reliable. Likewise, the reeearcheripan the program
10 tlmee¥ with a different random number, and averaged the .
results. It was felt this would also contribute to the
reliability of the resules. ‘ p |

i

. OPERATIONAL DEFINITIONS

L L | " Before going any further, the following, abbrevzations
. and terms used in ‘the compuxer-91mulation models should be
defined. Their'values varied within each media sub-systen:
| AHRNQ = Average student—hours spent in queues
Q = Average studenx-minntea spent in queues

AR = Mean arrival rate in an hour time ep ZA \

ad

s B oae .43’1'@ 1’»&;‘,‘\ iy "{:l‘-'ﬁ'r; L
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AT = Mean J.nter—arrival t:une, 1.e. the ‘time between
consecutlve arnvals

AVTIS = Average student-hours spent in the system

CUMQUE = Variable which held the cunulative record of

f hours during which there had been a student -

i queu, ¥ various lengths (0 to 18) ~
JCUMUTL = Cunéat‘_ive utilization, i.e. the topal numbexr
.of hours that the service facility was busy
CURUN = Va.nlable that kept track of whlch media sub-
~ gystem was being considered \
CUSERRI ‘= Cumulatlye number of. customers whé¢had been,
‘\\...h/ - served} by and had departed from the gervice

-

facility

HRSNQ = Total student—hoursa spent waiting in queue to
~ Zuee the service facility
_PCUTIL = Percent utlllzg.tion of the service facll::.ty
a P = Probab‘lhty that no custiomers were in the system
QT = Mea.n student queueing time given in "hours"
QUE = Queue length of student waiting to gse the'medium
| be:mg considered *‘
S = Number of parallel service units or chaxmels
SR = Mean gervice (ra‘ce or the number of students tbat
) are served every hour , ’
ST = Mean service time or how long service took to C

complete, given in hours

(;EAIUS = State of the gervice facil:.ty. when status wasg )

0.0, it was’ empty, and when it was 1.0, the
facili@y was occupied )




TIME = A Sub-program buJ.lt 1nto the .computer system to
generate a random number funct:.on, ca.lled TI'ME
because it uses the computer clock

. TYME = Hour value of the most recent change in the

. state or status of—‘the system |

TNARV = Tifie of }e next arrival
TNDgiqr\Tlme of the next departure

U = Percent util:r.zation of the semce :t’acll:.ty

~ 4

WI = Expected student waiting time in ,queue, g:.#en in minutes

Z = Number of lessons 1? the media sub-system being

s:Lmulat ed

COMPUTER-SIMULATION MODEL

Thelfollowi;;g questions were answered for each media
sub~system during the simulation: 1) How many éeryice
faci“‘l;kties were needed (S); 2) What'w‘as the expected average
student-minutes spent in quetieé (AMIQ); 3) What was the
percent utilization of each service facility (PUPC); 4) What
was the percent utllization of the service facillties (PCUTIL),
5) tht wa.\:-: the average or expected time, given in hours,
in the system per student; and 6) What werg the probabilities
of queues‘\of varying lengths forming before the service
facilities (CUMQUE). In this study, the researcher wes

mostly interested in the’ firat two problema mentioned above.

Figu.re 4.1 is a flow diagram for the Fortran: (FIN)

program used to sTmulate the Bell Canada training system.
Figure 4.2 is a macro flow diagram that sumnarizes Figure( .

4,1 in an 0vex-simplistiq manner..
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Figure 4.%1: Flpw diagram of the computer-simulated
' ' model. B .
S ] o
- - : N .
START
cux u.n.l = | »
{‘ cL_LQ.% + 1 ° ;
initialize |
& define
variables
. \ i .
: P if <« [compare ifa .
call € >{TNARV with T Ncall |
ARRIVE [ L INDPR -DEPART
N/ ' V¥
SUB- . \ SUB- .
ROUTINE ' compare ROUTINE
ARRIVE, CUSERV . DEPART
. ﬂfi \ w/ 1000.0 “_ Y
.upaate ] update '
CUMQUE. : if |z | CUMQUE e
Y ‘ : ¥V
advance “al {discontinueg advance
TIME to T simdation,| ' | TIME to
TNARV I'| | summarize & ‘| TNDPR
| | Socument g
ife1,0 |check] if=0.0 if=0,0 | check !if31/0
‘ ‘ -——Q———JUE W
increase set - — .reduce QUE
QUE vy STATUS' by 1.0 :
- [@et establish |
|TNDPR. next TNDP |
, - 1999999. 9] - — <
B - |, |compare W \
—lcurun increase | update . | -
establish _|with 3 CUSERV CUMUT L
TNDPR .
end SUB-| . . v
update .| ROUTINE
CUMUTL '
—V _
establish |
next . .
TNARV S '
g em?ﬂﬁ-
ROUTINE ~

Ay




Figure 4.2:
~

Macro flow &iagram of the c

simulation model. '

START
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another
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. discontinue run
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During the simulation, studénts could either arrive or
depart. . A gub-rcutine was.designed for both these events,
and will be expla.:.ned before the main program.

}u'rlval Sub-routine -

Keeping in mind that TYME was always the hdur value ‘
of the most f;cent' change in "the. sté.te or status of the " \
system, the first thing the program routine had to"up\date -
were CUMQUE (variable recording the student-hours épent in
queues of. varying lengths of up to 18 students)wand TYME.

The subTroutlne took note of how many stu,dents were already
in the queue a.nd. added the latest a.x'r:.val. Th? program
also determined how long the queue had that particular
length. Now that CUMQUE was updated, ’.i'YME was updat'eci as
well, mth the following Fortran sta.tements. ‘ |

y
\

M= QUE ‘

CUMQUE(M+1) CUMQUE(M+1) + TNARV - TYNE

TYME = TNARV

Next, the program checked the queue length and state

of the service facility. If the QUE was empty (0.0), then
the student could use thé facility and .the facility became

occupied (S‘I‘ATUS 1. O). thers was soreone using the

. fac:l.lity, then the 8
the following
IP (QUE - 1.0)1, 3, 3
1. IF (STATUS - 1.0)2, 3, 3
2, STATUS = 1.0 |
3. QUE = QUE + 1.0 . . , |
* The .third consideration in the arrival routine was

joined the queue, as seen in

o

to establish the time spent in the facility (T) and the -

~ .

P ) N

o

T e

-

-,
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4.3, ran as follows: ‘

\
¢

time of the next departure (THDPR)., 1 was determined b&

‘multip]%j.ng the negative exponential service time (ST)

[3

by the random number generator. TIYMI was still the recent '

te'una‘of the arrival:
T = -ST*ALOG(RANFLX])
TNDPR = TYML + T

Knowing the T increment during which the facility was

/

-

estimated to be occupied, the¥ gram could then update

cumulative utilization (CUMUTL). T was 'multiplied by S

L}

to take into account that S numbef of facilities existed
in the system:

CUMUTL = CULUTL + (T*S) ~

‘ Finally, the program determined the expected time of

the next errival (TNARV) by adding the product of the

po;\.eson a.rrlrval rate a.nd the random number generator to TYNE:
4 TNARV = -1, O/AR * A.LOG(RANF(_XJ) + TYME
‘At this point,t he computer returned to the main

progrem. The whole arrival sub-routine, as seen “ianJ'_.gurey

Figure 4.3: The arrival sub-routine.

G ARRIVE SURKOQUT INE '

b LoBURRQUT LML ARk [\}L.\(!ULy )Ir‘nIU‘erNLlI R LUMUTL vINM\Uy
TG QUE « TYEMIZ -Gy ‘erl) ’

F LD TMONG 70N CUMQUE a0

C

C urD }\}rr_ CUMULAT TVE QUEUT AN KESET, TYME
- QU

| SUNAUEL CNE 1D =CUMQUE CHE LD FTNARY -TYHE

; TYME=THAKY

;

e CHLU\K‘ QUHLLTE ll«_NU‘ill AN STATE UF‘SI,;RVLL:L. Fac ety
. PO 1,001 o33

, L )lf';mlul .01 3y

A W.\IU? 1,0.0° ‘ ‘ ) - : -

o ‘(h ESTHIA 1 )H TYHe kN ‘»F"RK:’[CE FACKLTTY AND TYME OF NEXT LLFARTUREY

STXOLOC CRANF (X))
jiDFl\ TYME 4 f,,. - “ SRR
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v - . 3
C ‘
" C UFLATL CUMUEATTVL UTTLLZATION
| CURLTL -CUBUTL + ( T4S) '
GO TO 4
f ¢ INCREASE QUEUL LENGTH »
: : : 3 QUE=QUE 1,0 , L i
C N . .
C ESTARLIGH TYHE OF MEXT ARRIVAL
4 TNATRY 1. 000%AL Uljkf\(—"l‘“ (X)) fYHE
‘ m,'Tum}"\
” ENIT ]

Departure Sub—routlne

. L Because the status of the system was affected agaln,
CUKQUE angd TYME Rad to be reset, The procedure was' similar

. %o that used in the arrival sub-routine, but now TNDPR (the.

N most recent status-disturbing event) was considered:
\‘&,‘ M = QUE' ,{
Y CUMQUE(b+1) = CUMQUE(M+1) + TNDPR - TYhlk
K . TYLE = TNDPR

Nexf, the sub-routine che.cl'cedx the queue length.

5 To initiate the sim}llation,', TNDPR was set at 9999399.9 so\
‘, tha.t it was impossible for the next disturbance to be a .
_TNDPR. If there was o one in the QUE, STATUS remeined
0.0, but if there were, then the QUE was decreased: ‘

If (QUE - 1.0)1, 2, 2
" STATUS = 0,0 -

_ TNDPR = 999999.9
GO TO 3 '
- QUE = QUE ‘.- 1 - 0 . . ) um

~. : o ~H&wing done thg above, it was neéessary 1l:o determine
" how 16ng the student would be in the facility (s) to theh,

detémipe the TNDPR. This. step was identical to the one
*_ found in the arrival 'sub-routine: |

‘ T = -ST * ALOG(RANF[X])
TNDPR = TYML + |

e




The last step of the routine was to update CUMUTL . -

and~ indicate that another st‘udent had ‘been served; Ohce '
aga:.n, T was multipled by S number of facilities:

CUMUTL = CUMUTL + (T*S), 3 CUSERV = CUSERV + 1.0 .

™ The entire depar‘cure sub—rou‘clne is seen in Flgu.re 4.4, o
which follows. : »
Figure 4.4: The departure sub-routine. . -
c X
C DEFARTURE SURROUT INL ' . . ;
: . ) SHERQUTITHE DOTART CQUE»STATUSy TNUE Iy CUMUT Ly CUMRUE » -
FIYHE » CUSFRV » 5T58)
UIMCNSTON CURILTCA0) ..
C ) .
COUFUATL CUMULATI Uk QULUT AND RESET 1Y -
QUL .
CUMQUE CHFTY sCUMQUE CMELY FTNDIPR- TV : 1
i ©OTYMIE=TNICR Lo I ]
C ) . ' . ‘
C CHECK QUEUE LINGTH ) -
, WCQUIZ a0 a2l k |
CL SIATUS=0.0 - ‘ S
TN =998909 9 . : -t
] GO TO 3 . ’
- C DLCREASE GUL‘UL? LENUGTH
‘ 2 QUE=QUL-1.0
% " g . . ‘ .
‘ C CSTABLISH TYME IN SERVICE FACILITY ANIL TYME OFF NEXT UDEFAKTURE
- ST =S THRALOG CRANF (X)) S . .
A ' , TNLFR-TYHE T i o .
: A c .. _ N ) ' - ’ N .' *
v .U UTDATE CHIULATIVE UTILIZATION AND CUMULATIVE SERVED '
. : TCUMBTL=CUMUTL #(T¥S) ‘ L . &
3 CUGEFRV=CUSERVHL.0 ' L.
N RIFTURN . * ‘ : -
END . . , @ ~.____‘_'_ - ~

Main Program

: Tﬁe main prﬁrqm consisted of: 1) Initializing state-
ments; 2) Defining veriable values; 3}) Summarizing a.nd print-
int out the-desired results; 4)\ Adding another service
facility and beginning again if waiting time .exceeds one
xni.:nu‘ée; and 5) Proceeding to the next run or ending -the-
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7
program rune —
To begin with, the main program, called TIME(x) and o
, ] v .
BANSET(J:); e sub-program‘in Concordia's computer system,
‘were used to determine the random mumber by using the e

‘clock time, , o o r
Next, the pro.gram gave valuss to the variables that
changed with ea,ch sub-routlne, or CURUN: Zm,-S, ST, SH,
AT, and AR, S was imtlaJ.J‘,y set« at the numbefs suggested N
e by the anmalytical model for each me¥ia sub—-system. ST ..
L was éetermlned for each med.la sub-system by dlvidlng the

9
total service time (foun\d. in Table 2.1) vy Z_. SR was

A

 found by dividing 1 by SI. For each media sub-system, AT
wa.s determined by dividing the 1nter—arr1va.1 time to the | ‘
training system (7 hours) by Z + "Pinally, AR was found by | .
' dividing 1 by AT. Therefore, Z., 3, ST, SR, Al‘, and AR ’
%  were the following values for each of the media sub—systems
" (Note: ‘the computer was allowed to calculate them to de—

t

crease the possibility of errors occuring): e,

' "~ Table 4.1:. g S S, SR, AT, and AR as specified in.
tlle 3 sub—-systems of the szmula.tlon model.

. audio-vigual atldio ' print
o oy 14 49 .
S 4 A7 15 a
\ st 6753 66.25/14 - 94.5/49 - o
) SR . h BN V4 ‘ ' 1/5¢ s
v ar . 72 S e T/49
| & m - varo. /s

« . ’ ' f N
M \ ¢ . . R \
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_; .Figure$4.5: The introduction to the bain.prégramt

FROGRAM QUEUECINFUT,OUTFUT) -

DTHENSTON CUMQUE C40) '

REAL AVTISyCUMAQUE CUMUTL «CUSERV «1IRSNQ FL.UTIL

"REAL QUE »STATUS» TYHE, TNARY: INDFR » ARy AT ] : .
REAL SRySTr»S5,ZyAHRNArAMIQ-CURUN ' ; k

P

———

C , .
C INITIALIZE SYSTEM AT TYME ZERU AND DEFINE VARIABLES-
C . , .

. CALL TIME(X)
"CALL RANSET(X)
- “CUKUN=1.0

4"‘ =5

e T Y * * ) N
. : FRINT 1sCURUN ‘ s T g
FORMAT CY¥CURUN =X »,F4, 1,x --AURIO-VISUAL~-=%) - '
. GT=(6.75/3.)/S
3 , GR=1,/8T 7 )
. AT=7./3,
T - o AR=1./AT
. Z=3.0
GO TN 10

-

3 S=18,0 ' " . Co ‘ . S
TFRINT 4 v CURUN . C : ’
4. FORMAT CXCURUN =%sFa, 1rx . ~=AULTO--%)
-~ - ' 5 ST=(46.25/14.)/5 . : ’ . .
' SR=1.,/5T -
- ) AT=7./14.
} o AR al. /AT
Z=14,0 ‘
l GO 10 10 : . - - ' . "

6 5=16,0 e I . @ s
FRINT 7 » CURUN ) C _ ' o !
A - 7 FORMAT CKCURUN =X rF4,1y% ~~FPRINT--X) . : .
L ‘ / 8 51=(94.5/49,)/9 . _ , .
. SBR=1. /8T L . C S o
. - AT=7./749. S C S :
AR L /AT ‘ 3
Z=49:0

'

v o RO S
.

- FRINT ©+5 . T v ; y
9 FORMAT CKNOW USING %rFA.1:% CARRELS. ¥ .
.. . TYME=0.0 : , o .
, B TNIFR=999999.9 -
v : ' STATUS=0.0 .
MAUE=0%0 o
. : CUMUTL=0 .0 . e
e : . CUSERV=0.,0 N :
. S AVTIS=0,0 ) : CTe i -
FCUTIL=0.0 = - T ' ‘ o ‘ —
HRSNQ=0,.0 o ‘ . om. ' 3

AHRNG=0,0 ~ v N . . - L3
AMIN=0.0 : A ,u/;//// o ;
TMARV=0.0 - e ‘ L }
DO 11 M=1s20,1 . R - Ciy

11 CUMQUE (H)=0,0
TNARV=-1, O/AP*%IOG(RANF(X))

X0« . CONTINUE o y - ot

)

o
3 AW ALK ¥ & ries =

> AL




A - +
o " " -
e T

¥
¥
i
A

57

T

After the program was initielized, it was unpera.t:.ve

to consider the calling rout:.ne. The following routine had

to compare INARV and TNDFR and call the appropriate sub-

routine. Furthermore, if 1,000 students had alrsady been,

served, the program then summarized and documented its finding:

o]

C CALL UrFON TYME ROUTINE %
L2 IF CTNARY-=-TNUFPR) L3 v 14,14

L3 Chll  ARRIVE (QULyaTFﬂUSy TNIICRy CUMUTL TNMN;C‘UMGUI—. ’
’ FTYME «ST»Sy AR /

GO TO A2 - ,
14  CALL DEFART CQUE,STATUS, TRIMR CUMUTL s CUMQUE » TYME 5
$CUBERVSST»S)

' ’
.G '

COTLRMINNTE STMULATION 1F 1000 ARRIVALS IMUE REEN SLRVCH .
‘ Ir¢CCUsSLRY - 1000, 0)1.311.J71a i '

Now the program could determine the percent utili-
zation of the service faci:li‘cy (PCUTIL) and then the average
utilization of each facility (PUPC). The PCUTIL was found

. by dividing CUMUTL by TYME and multiplying the result by 100..

PUBC wae found by dividing PCUTIL by the number of service.
facilities being used.

A

o

. € DETERMINE PERGCENT UTTILIZATION OF THI; SERVICE FACILITY

13 . FPCUTIL=CUMUTL/TYMEX1Q00.0

UETERM TNE FERCENT UTILIZATION OF EACH SERVICE FACILITY
FUFC=I"CUTTL/S ey . -

Having determined CUMQUE in the sub-routines, the pro-
gram could.then calculate: total student-hours spent in \
queues (HRSNQQ average student-hours spent in quéuea

(AHRNQ), and f&\qa.lly average student-minutes epent in
quéeues (AMIQ)t '

4




\ﬁ ) ‘ / \ * T ' L Iy “
~C BETERMING %5 TULENT~HOURS SFENT- 1N QUEUE . T
o HRSHE=0.0 . K »{'j . , »
. D0 L6 MELs L9 L. : !
AR | E17 B
16 HRSNQ- HhaNQthCUMHU&(M+L) . .
C v ’
C ALD STUDENT-HRS [N FACILITY AN nerRMINE AVE. TYME IN SYSTEM.
AVTTS= (HRS n+cumu1L>,iooo.o -
C

0 DETCRMINE nNu FRINT AVERAGE WT (1N MIN.)
o AHRNQ=HRGNOQ/ 1000, 0 ‘ ' )
ﬁHIG=(AHRNQ*60.0)/Z S

-

To determine HRSNQ, the researeher had a loop th.ch ;o

multlplled the number of students in each queue (frém O to- . ;

" 18) by the amount of time studep@,spgnt in tk@e/queues.

- The calculations looked somewhat lik

A9

(CUMQUE). These 19 results vs}e&'e-thjyded together.
his: \ o .
1.x hours queue had 1 student

+ 2 X hours queue had 2 students

+18 x hour_sf‘w had 18 students , m
' R :
AVTIS (the average time students spent in th system) ~ ' .

was found by addlng the total ‘l::Lme students spent in the ,
dlfferent queues (HRSNQ) to. the tota.l number of hours the
service facll;_j;a.es were busy (CUMUTL) This result was '
then divided by the number of students that were simulated, ' & -
1.e.-1 000, R

To obtain AHRNQ, HRSNQ was divided by 1 000 because:
the progream simulated 1 000 st\zdents bea.ng served. T‘OJ\

4determine AMIQ, AHRNQ was multiplied by 60 to transform

the average "hours" into average "minutes". The same cal- o

=

culation was then dlnded by ’Z (number of lessons using

N

the media) to estimate.how long students usually weited . ,

o g s = e
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for ser-vice in the fedium, AMIQ represented the average

wa.J,,tlng time, per lesson (in mnutes), not the cumulatvive

.waiting- time per media. ' ST
\ .
The next task was to print out the results of i‘chese !
calculations, using PRINT and FORMAT statements. This was‘
a straifght-forward procedure.
DRI LTenM 0 | ' ‘
17 FORMAT(D(&AUL, MINUTLS IN QULUE =krF10.4)
C

CFRINT PTERCENT UTTLLINT TON PRI ColiRLL
' FNT 18- UEG .
13 FORMATCOAy 2 ERCENT UTILTIAANT LON PRIC TACILITY =X5F10.46)

(: .

G CUNVERT CONTEOT O] (.Jl,ll'i(lUl TO ot TELEY

“ TR I IR I IO A
19 CUNURUE b - CHQueEde ) S 1Y

C , - '
‘l" FFRTNT llf\(!NT UTTILTIATTON m\’Ll .‘lUl NAUE TYME TN SYSTILM

FlOiT 20e0Curtl «ag ity

20 PR T A2y ¥ FLRCLENT UL Fd T.()N I ‘SEH‘)[l‘F; FACTLITILG - s
ud H 1'._’~ Sy e 0X e ¥AND AVERAGL TIML TR SYOLTRE LR (U TOMEIL =ty .
L0 ’

G ¥

CAMKINT FROBATIL TTTES OF QUELES TN WAKY LHG TG TG
DO 2 Bl 17el )
M- ) ' N~
CPRINT 20 Ly CUTRUL () '

21 FORMATOX H"h()Yh’\L([LITY (IF *v[}} OX P ACUSTONERS TN QUEUE =X

FETOQL ) ‘
o0 CONT TN : . . .

4

“hen the program finished documenting the run, the’
program dQmpared AMIQ to one minute. If AHIQ,(-waitiﬁg time)
was more than one minute, the progfam a&degl;z’amthexl gervice
facs,llty (s). a.nd loopgd ‘back to the same CUR or media

sub—system for a re-run. This porti/n of

e program -
is seen in the follong'.ng: , o |
£ ) S

CoaADD ANOTHER FACILTIYY A ANLI LOOF BACKYT O SAHE CUIKUN
¢ ‘S ' A .
Y Troadin LD L.0YG0. Tu 24, _ o
v o541,0 ~: i f
T CURUILFR 120060 1002 -
M CURBNG LR 22,0060 10 % ' ’ ) .
I CCURUNJEQ. 53,0060 TO @ L e RS

;o 'Luurmm

N . A » .
- kY ~ - ot
PSRRI SR v - .

Da s
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Finally, wheri the wa;tiﬁg‘time (AMIQ) was less than or

equal to one minute, the program 4£enjb ceeded to the next

B k\: *\N' , .
" CURUN or ended the program run. Unlikeé the previous loop,
this one had to return to the linme defining the value of S:

C

CHEU -CHEte 0 /" .
IFACURUNGEQ. 2,060 TO A - !

TFCCURLNGERQ, 3.00G0 T0 6

- C F'H{jjl:f 010 THE NLEXT CURUN O LNTE PROGRATT RUN

Jats] CONT INUE
ST0F \ S,
1] ‘ .
/ . -3
‘The totzl program appeared as shown in Figure 4.6:
Figure 4.6:- The whole queue program,
- ) ,
FROGEAY QULUL «THIUT » QUTFUT )
Ny - ULHENG TON CUMQUN (40
REAL AT LI CURQUE » CUMUTE v CUSERVHRSNAFCUT T
: REAL QUE-STATHS s TYHE « THARU A TNDFRy Al e AT
‘ RIZAL. SRy ST Sr s AURNUQ «AM IR - CURUN
. c ' ' : :
¢ COINITIALIZE SYSTEM AT TYME ZERD ARND DT THEE UARIARLES
. ‘ | - = .
N CALL TIME(X)

Pi

CFORMAT (FCUKUN =%yF4,1 vk - -AUDNTO-—%)

CALL RANSET(X)
CCURUN=L .0

S-;’ r‘o ) .
MRINT 1y CURUN '

L ORTATCRCURUN =¥ A1 e X ;;('«lUDIO"UISU{\L—**') ‘
WT=h 75,300 /6 S

G 1781
NT=7¢ 3,
AOR=1,/A1

7:3.0 : ;
GO TO 10 ‘ EL.

o o . -
5-18.,0 ° : ‘ .
FRINT 4« CURUN ‘
B15(6.25/14,)375

GK-1. /6T ‘ .

AT=7./14, coL o o ’
AR=1, /AT

Z-14.0 . ) o ‘
0 10.10. ™ e -
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6 . G=18.0 : . ) T
PRINT 7 CURUN , -

7 FORMAT CKCURUN =K e 4y Lo¥ o~ —RINT= 4)

8 .. ST=(%4,5/49,)/5 . C - [
SR=1./68T ‘ . .
AT=7,/49, . ' . . ~
AR=L1. /AT V y ' .

Z<49.0

1O CONTTHUE
' FRINT 995
X FORMAT CYNOW USING #vF4.1sk (GRRLL
TYHE =0, 0 X . . - j
TNDFR=R999599, d
STATUS=0,0
QUE=0.0
CUMUTL 0.0 o _
CUSHIY 0,0 . o
AR 0.0 ‘
FCUTTL=0.0 . . _
KSR 0,0 , R
CALINA =0, 0

NTR- 9,0 -
INQRU‘O.ﬂ o - . o
/ o tE M-1+2001 ,‘ { .
[ Lunnurfn) 0.0 ) ‘ e
TNARV=~ 1, O/AR»AIUU(RANI(X\)‘
o .
€ OCALL UPON TTME ROUTINE
L2 0 I CTNARYV-THDMO) 13y L3y 19 ' ;
13 ColL ARKIVO{QRUE » STATUSy TNUFRy CUMUTLy TNARY» CUMQUE »:
FIYME»ST»SeARY ’
GO TO 12 e
14 CALL DEFAFT(NUE»STAIUSyTNDFR;FUMUTL;CUMGU[;FYMEr
' +CUSERU;ST;¢) : (
C Y ’ r ! ,
e JEHanﬂrr STHULATION TF 1000 AﬁhIUALs HAVE LECLN SERVED
. L!((USFhU—lOOO 0X129159175 , 2 \ p
C. - ~

C UETFHH[NF F‘Ff\‘(iiNT UTIL[LATION OF THRE SERVICE FACILTITY

15- FLUTTE =CUMUTLZ/TYHMEXLQO. O

C 4 .

C RETERMINE FFRCENT UTILIZATION OF LEACH ;S_if{RUICE“F'QCILITY
FUFC-I'CUTIL.S

- . \

COUETLEMTHE STUBENT-IHOURS SFENT IN OQUEUE T '
HRGNER Q.0 L -
IO 16 H=1s1941 - ’ o .
Hyeett o -

L6 HRSNH: thNHOH*CUMUUE(Mil) : vy
C - . . " -
C DD STUDENT -NKS [ FACILITY AND VETERMINE AVE, TYME IN SYSTEM
. AVTIS= (HRSQHCUNUTL ) /1000.0 L
C . : co
C DETERMINL AND FRINT AVERAGE WT (IN HIN.)

AHKNG - HRSNR/1000, 0 ‘ : b
A Q= GIHRNGX60,0)v/ Z

Bt AL S LS S P - ——
. — et .
- - .
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PRUNL 1@t la o ) )
w17  TURNATIORGEAVT MINUTES, TN QUEUL  $,F LOL4A)
C ‘ - \
. SO BRINT D RCEHT UTILLZATION 'R CARRLL )
. CIEILNT 19eFurt .
18 FORMAT(IXs AFLCRCCNT UTILLEATLION FER FACILITY =kv1710,8)
‘ C. ' o
. C CONVERT CONTFNT 0O CUMQUL 10 D'WORALKIL [11EG
' DO 19 =L y20,1 .
19 CUMQUE (M) =CUNQUL (M) / TYHE )
C
. C PRINT FIZRCLNT UTTEIZATTION AND AVFRAGE JYME 1IN SYSTEM
. PRINT 200CCUTTLeAVTIS
20 FORMAT(2Xy kMERCENT UTILLZNTTON OF $CRVICE (ACTIGITIES =
"o WFI2069 /52Xy KAND AVERAGE TINE IN SYSTEM Fhlc CUSTOMER =K,
e RS ‘ - "
C ' .
g C URINT DROGARIN ITICS OF QUEHES TN VARY THNO LICHGTHS
N0 20 M Lelwel
=it 1 ,
FIRTINT Dlggl o« CUMRUE () . L
21 PORMATX s KPROBABLL LTY 0F &y 120 2% ¥CUSTOMERS [N QULUE =
Grioso - °
22 \CONT TNUP
U | .
CADT WNOTHER FACLLITY AND LOOI RACK 10 SnMl CUKUN
C -
T anMiQell 1060 Ty 24 ,
S-Gt1.0 ) : )
HCCURIN WL 1T00Y6GO 10 2 -
- IMCCHUNLFQ 060 10 57
IF CCURUNGER, X, 006U TU 8 -
24 CONTINULC. ,
C ) ) "
WC FPROCEED T8 THFE NCXT CURUN OR ENDFROGKAM RUN
© CURUI CUKUNET O ) ' s
IFCCHIUN, TR 2. M060 TD 3 .
. T CCURUNVERE. 0060 TO & . - '
25 CONTINUE ' ¥ | .
G100 o
ENL N :
C
7 € ARRIVE SURROUT INT ‘ ) ‘
SUBRNUTINE ARKTIVEC CQUEySTATUS » INUCR s CUMUTL » TNAKU
FCUMQUE » 1YMI « S 1 s Sy A1) X '
DIMENSION CUMQUE(30) '
.o c N -
C UFDATE CUMULATIVE QUEUE AND KESLT TYHE
‘ H=QUE & . ‘
CUMQUF (M 1) =CUMQUE (Mt 1) FTNARV -TY ML . oo v
. TYME = TNARY ) "
. c ; | - , .
C CHECK .QUILUE LIMGTH AND STATE OF SLRVICE FaCLLITY  ° 5
= . M CQUF=1,015 3,3 : ' )
1 IF(STATUS-1,0)2,353 . - ' C;%“
g 2 S8TATUS-1.0 !

\

\ . ! . . 4

Xy

Xy,
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c . . o '

C ESTARLISH TYNE-IN SERVICE FACILITY AND TYME OF NEXT DEPARfURE
- T=-STXALOG(RANF (X))

TNDFR=TYME+T

‘C . ‘rJ./:‘ N
C UFDATE CUMULATIVE UTILIZATIGN
CUMUTL=CUMUTLH+(TXS) 7
GO TO 4 ,
INCREASE QUEUE LENGTH ,
3 QUE=QUE+1.0 S //,J o
. C .
C ESTABLISH TYME OF NEXT ARKIVAL ce T
4 TNARU=-1,0/ARXALOG (RANF (X)) FTYHE
RETURN
END
C‘ * « w

C DEFARTURE SUFROUTINC :{ - - _
SUVROUTINE DEFART (QUESSTATUS » TNIFR » CUMUTL » CUNMGUE »
+TYHEyCUCERU;SIyS)' '

DIHENSIUN CUMQUE (40) o SRR
C
o UFHATE CUMULAT [VE JQUEUE ANI RESET TYME N t
H=QUE o .
CUMQUE (Mi1)= CUMGUE(M+1)+TNDFR TYME
TYME TNDFR - . N
C _

G CHECK QUEUE LENGrH

IF(QUE~-1,0)1+251
1, STATUS:=0,0
TNIFR=9%99999.9

Go 70 3 . .

c . Cr o . ‘ N

C DECREASE QUEUE LENGTH . . e

2 QUE=QUE-1.0

C \

C ESTABLISH TYNF TN SFRVIL& FACILITY ANI TYME OF NEXT DEFARTURE
T=-STHALUGCRANF (X)) ° :
TNDPR=TYME+T , ¥

. ,

C UFDATE CUMULATIVE UTILIZATION AND CUMULATIVE SERUED
CUMUTL=CUMUTL +(T%5)

3  CUSERV=CUSERV+1.0 N
RETURN . - :
END ‘
B ¥ R § ’ - ————
‘. < A" -
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 influence the results:

/éﬁzggt any results under 2.5 minutes and reconsider the
' results. Redfearn (1973) and many other operational research—

'Thig means that ohe must consider recommending fewer media -

usearcher ran the program 10 times. Euch run used a different

\‘54

R

+

Before apalysing the results of the computer model,

FYSEN

the researcher had to keep in mipd>two factors that could

1) The data éollected by Bell Canada instructors
was rounded off to the nearest 15 minutes. Ihprefore; any
résults are gross approximations. Therefore; it Qas decided
‘that domputer print-out resulté‘would bé submitted to %he

researcher! s‘judgement. The researeher then decided to-

ers agree that such a decision is acceptable because models
,8uch as this computer—31mulat10n are not perfect but use~ . =

ful to provide approximatiqps, '

‘.
.

2)  Since the queue model was Over—simp;if;ed to re-
‘present a single-phase, multi-channel queue system, the
required number of servers would be higher théﬁ those which’
a multi-phase, ﬁulti—channel queue model would produce.

service facilities than the computer—%imhlation model suggests.
e |
COMPUTER PRINT-OUT RESULIS

Applying the computer-simulation progrem to the mpdei
of the training system and setting service facilities (S)
to the numbers suggested by the analytlcal study, the re~

random number to generate varying results which were then _ ;f
averaged together for a ‘more reliable solution. Because

a print-out of ten szmulation runs would be too lengthy

<

and confusing, the researcher shows only one program run,
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in Figure 4.7, and later summarizes all results.
Figure 4.7: Computer print-out of figures
T - obtained by running the qusue program.
» ‘ . X ‘ L ‘ .
"CURUN = 1.0 --AUDTIO-VISUAL-- X
NOW USING 5.0. CARRELS. ] .
AVE., MINUTES IN QUEUE = 2.2610 ‘
FERCENT- UTILIZATION PER TACTLITY = 19.,011141 - .
FERCENF UTILIZATION OF SERVICE FACILITIES = . 95.,055707
ANIl AVERAGE TIME 1IN SYGTFM FFR CUSTOMER = 2,30 ~
FROGARILITY OF 0 CUSTOMERS TN QIENE = 7434978
FROBARILITY OF 1 CUSTOMERS TN QUEUE = ,0277314
FROBARILITY OF 2 CUSTOMERS IN QUEUE = ,0049179
FROBARTILITY OF 3 CUSTOMERS IN QUCUE = ,0015203
FRORGRILITY OF 4 CUSTOMERS TN QUEUE = ,0001326 T
FROVBARILITY OF 5 CUSTOMERS IN QUEUE - 0,0000000
YROBADILITY OF 6 CUOSTOHERSG [M QUEUE = 0:0000000
FROGAGTLTTY O TOCUSTOMERS TH QUEUE = 0,0000000
MROBARTILITY OF 8 CUSTOHERS TN QUENF = 0,0000000 .
FROBARILITY OF ¢ CUSTOMERS N QUEUE = 0,0000000 ' v
FROBADTILLITY OF 10 CUSTOMERS IN QUEUE = 0.,0000000 *
FROEARTLITY OF 11 CUSTOMERS TN QUEUE = 0.Q000000 - -
CFROBARILITY OF 12 CUSTONERS IN QUEUE = 0,0000000 . i
FROEABILITY O 13 CUSTOMERS IN QUEUE = 0,0000000 -t :
PROBARTLITY OF © 14 CUSTOMERS [N QUEUE = 0,0000000
FROGABILITY OF 1% CUSTONMLRS TN QUEUE = 0,0000000
FROBAKILITY OF 16 CUSTOMERS 1IN QUEUE = (,0000000 .
FROEARTLITY OF 17 CUSTUMERS IN QUEUC = 0,0000000-
MROVARILITY OF 18 CUSTOMERS IN QUEUE = 0,0000000
NOW USTINU 6.0 CARRILS,
AVE. MINUTES IN QUEUE = 1.3234 \
PERCONT UTILIZATION FER FACILITY = 15.2266%6 )
FERCENT UTILIZATION OF SERVICE FACILITIES =  91.359934
AND AVERNGE 'TIME IN SYSTEM FER CUSTOMER = .2
FROBARILLTY OF 0 CUSTOMERS IN QUEUE = ,9778735 , .
CPRORARTLLTY QOF 1 - CUSTOMERS Tid QUFUE = ,01/78740 e >
FROBARTLITY OF 2 CUSTOMERS IN QUEUE = ,0037194
FRORARILITY UF 3 CUSTOMERS TN QUEUE = ,0004342
FROBARILTTY O A4 CUSTOMCRS IN QUEUE = ,000076%
FROBATILLTY OF 5 CUSTOMERSG TN QUEUE = 0,0000000
« FPRUBARILITY OF &, CUSTOMERS TN QUCUL = 0.,9000000
FROBARILITY OF 7 CUSTOMERS I[N QUEUE = 0,0000000
FROBARILITY OF 8 CUSTOMERS IN QUEUE = 0,0000000
FROBARILITY OF . 9 GEUSTOMERS [N QULUE = 0,0000000
CFROBARBILITY OF 10 CUSTOMERG IN QUEUE = 0.0000000 -
FRODABILITY OF 11 CUSTOMERS IN QUEUE = Q.0000000 -
FRORARILIIY OF 12 CUSTOMERS IN QUEUE = 0,0000000. - I
FRORBARILITY OF 13- CUSTOMERS, IN GUEUE = 0.0000000 o
FROBARILIIY OF 14 . CUSTOMERS IN QUEUE = 0.0000000
FROBARILITY OF 15 (CUSTOMERS IN QUEUE = 0,0000000
FROBARILITY OF 16 CUSTOMERS IN QUEUE = 0,0000000
.PROBABILITY OF 17 CUSTOMERS IN QUEUE = 0.0000000
o ERQB'AEILIT\Q OF 18 CUSTOMERS IN QUEUE = 0,0000000

\ . '
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NOW USINGS 7.0 CARRELS.

AVE. MINUTLS IN QULUE = 11,2035
FERCENT UTILIZATION FER FACILITY = 13.620544 :
FERCENT UTILIZATION OF SERVICE FACTLITIES = 95,371808
AND AVERAGE TIME IN SYSTEM FER CUSTOHER = 2,04 : T :
PRORABILITY OF = O CUSTOMERS TN QUUUL = .9778807 ;
FRORABILITY OF 1 CUSTOMERS TN QUEUE.= 0193300 v
FROEARILITY OF. 2 CUSTOMERS IN QUEUE = .0021026 I
FROBABILITY OF 3 CUSTOMERS IN- QUEUE = .0006152 N
. FROBABILITY OF 4 CUSTOMERS IN QUEUE = ,0000716
FROBAETLITY OF 5 CUSTOMERS TN QUEUE = 0.0000000
FROGAEILITY OF & CUSTOMEKS IN QUEUE = 0,0000000-
FROEARILITY OF 7 CUSTOMERS-IN QUEUL = 0.0000000
FROEARILITY OF 8 CUSTOMERS IN QUEUE = 0.0000000
FROEABILITY OF % CUSTOMERS IN GUCUE = 0.0000000
FROBAEILITY OF 10 CUSTOMERS IM QUEUE = 0.0000000
FROFAKILITY OF 11 CUSTOMERS IN QUEUE = 0.0000000
FROFABILITY OF 12 CUSTOMERS IN QUEUE = 0.0000000
FROBAETLITY OF 13 CUSTOMERS IN QUEHE = 0,0000000
FROBARTI TTY OF 14 CUSTOMERS IN QUCUF = 0.0000000
FROFABILTITY O 5 CUSTONLRS 1N QUEUE = 0.0000000
PROBABTLTITY OF 146  CUSTOMERS IN-QUCUE = 0.0000Q00
FROBABILITY OF_ 17 CUSTOMERS IN QUEUE = 0,0000000
© PROBARILITY @OF 18 CUSTOMERS IN QUEUE = 0,0000000 ,
NOW USING 6,0 CARRELS, ‘ o, ;
AVE . MTNUTES IN QUEUE = -~ LHOR 7 . ' . :
FEKCENT UFILIZATION FER FACILITY = 11,606371 .
FERCENT UWTILIZATION OF SERVICE FACLLITLES < - 92.850946
AND AVERAGE TIME IN SYSTEM FCR CUSTOMEKR = 2.0 \ -
FROBARILITY OF 0 CUSTOMERS IN QUEUE = 9882701 \ Y
FROGAGILITY OF 1 CUSTOMERS [N QUEUE = 0106357 a
PﬁonzgéLITY:or 2 CUSTOMERS IN QUEUE = .0010930
FROBAETILITY OF 3 CUSTOMERS IN QUEUE = ,0000012
FROBARILITY OF 4 CUSTOMERS IN QUEUE = 0.0000000 g
FRORARILITY OF 5 CUSTOMERS IN QUEUE = 0.0000000
FRORARILITY OF ¢ CUSTOMERS IN QUEUE = 0.0000000
FROBABILTTY OF 7 CUSTOMERS IN QUEUE = 0,0000000 . , - $
FRODARILTITY OF 8 CUSTOMERS IN QUEUE = 0.0000000 | j
FROGARILITY OF 9 CUSTOMERS IN° QUEUE = 0.0000000 o :
FROBARLLITY OF ' 10 CUSTOMERS IN QUEUE = 0,0000000 ~ :
FROBABTILITY OF 11 CUSTOMERS IN QUEUE = 0,0000000 . i
FROBABILTTY OF 12 CUSTOMERS IN QUEUE.= 0,0000000 ‘ ;
FROKMARILITY OF 13 CUSTOHERS 1IN QULHE = 0.0000000 g
FROBARILITY OF 14 CUSTOMERS IN QUCUE = 0,0000000 3
FROFARTILITY OF 15 CUSTOMERS IN QUEUE = 0,0000000 3
FROBAEILITY OF 16 CUSTOMERS IN QUEUE = 0,0000000 ‘
FROKABILITY OF 17 'CUSTOMERS IN QUEUE = 0,0000000
FROBABILITY OF 18 CUSTOMERS IN QUEUE = 0.0000000
CURUN = 2,0 —-aUnI0-- ‘ R C
NOW USING 18.0 CARRELS, . ’
AVE., MINUTES IM QUEUE =.  1.1908 : . : .
PERCENT‘UTILllgTIUN FER FACILITY = 52,932005 .
FERCENT UTILIZATION OF SERVICE FACILITIES'=s 952,776087
_AND AVERAGE TIME IN SYSIEM PER CUSTUMER = 4.79 T
-.\ il . . ) . , ‘
. LN L o o &
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- FROEBARILITY OF = O CUSTONERS IN QUEUE = st iedels
: FRORARILITY OF 1 CUSTOHIERS TN QUEUE = ', 1328202
i FROBARTLITY OF 2 CUSTOMERS IN QUEUE = 0693751
i FROBABILITY OF 3 CUSTOMERS TN QUEUE = 0367377

FROBABILITY OF 4 CUSTOMERS IN QUEUE = .,0174354
FRORABRILITY OF % CUSTOMERS IN QUEUC = 0074737
FRORABILITY OP 6 CUSTONERS IN QUEUE = ~,00332058
FROBARILITY OF 7 CUSTOMERS "IN QUEUE = ,00200%91
FROBARILITY OF 8 CUSTOMERS IN QULCUE = 0,0000000
FROBARILITY OF ¢  CUSTOMERS IMFQUEUE = 0.0000000
FROBARILITY OF 10 CUSTOMERS IN QUEUE = 0.0000000

- FROBARILITY OF 11 CUSTOHMERS IN QUEUE = 0.0000000
‘ FRORARILITY OF 12 CUSTOMERS IN QUEUE = 0.0000000
: FRORARILITY OF 13 CUSTOMERS IN QUEUE = 0.0000QOO'
g FROEBARILITY OF 14 CUSTOMERS IN QUEUE = '0.0000000
) “FRODARILITY OF 15 CUSTOMERS IN QUEUE = 0.0000000
; FROEBARILITY- OF 16 CUSTOMERS IN QUEUE = 0.0000000
: _ FRODAERILITY OF 17 CUSTONMERS TN QUEUE = 0.0000000

- ERORAVILITY OF 18 - CUSFOMERS IN QUEUE = 0.0000000
}' ‘ o NOW USTING 17.0 CARRTLJ. . oo .

CAVE. MINUTFS IN QUITUE = B34

FERCENT UTTILTZATION TMER FACTLITY = 47,491114 o
FERCENT UTILIZATION OF, SERVICE FACILLITIES =

L e

P st

cmn

AND AVERAGE TIME IN SYSTEM FFK CUSTOHER = 4,56

FROBABILTTY
FROBARILITY
PRORARILITY
FROBARBILITY
FROBARILITY
FRORARTILITY
FRORARBILITY
FRORARILITY
FROBARILITY
PROBARILITY
FROBARILITY

FRORARILITY

FRORBARILITY
FRORARILITY

FROBARTILITY

FROBARILITY
FROBARILITY
PROBABILITY

FROEABILITY.
FURUN = 3.0
NOW USING 16.0 CARRELS.

AVE. MINUTES IN QUEUE =.
PERCENT UTILIZATION FER FACILITY
FERCENT UTILIZATION OF SERVICE FACILITIES =

AND AVERAGE
FROBABILITY
FRORAERILITY

- FROERARILITY

FROBARILITY

. FRORABILITY
PROBARILITY OF _

k]

QF

oc /Yy L
OF 3
0r 4
OF
OF
COF
or
oF
oF 10
oF 11
oF 12
oF . 13
OF 14
oF 15
OF 16
oF 17
oF 18
wm[KINT—-

CUSTOMERS .IN QUEUE = ./64“9“3
CUSTOMERS IN QUEUE = 1233313
CUSTOMERS IN QUEUE = ' ,Q46796%7
CUSTOMERS IN QUEUFE = 0248064
CUSTOMERS IN QUECUE = . ,01084630
CUSTOMERS IN QUEUE = 0034544
CUSTOMERS IN QUEUE =  ,0009388
CUSTOMERS IN QUEUE = ,0003414
CUSTOMERS IN QUEUE = ,0028%513
CUSTOMERS IN QUEUE = ,0003044
CUSTOMERS IN- QUEUE = 0.0000000"
CUSTOMERS IN QUEUE = 0.0000000
CUSTOMERS, IN QUEUE = 0,0000000
CUSTOMERS IN QUEUE = 0.0000Q000
CUSTOMERS "IN QUEUE = 0,0000000
CUSTOMERS IN QUEUE = 0.0000000
CUSTOMERS IN QUEUE = 0.,0000000
CUSTOMERS IN QUEUE = 0,0000000
CUSTOMERS IN QUEUE = 0,0000000
5236 L
= B4.4B0474

TIME IN SYSTEM FER CUSTOMER

or
OF
OF
OF
oF
OF

S Gt O

CUSTOMERS
CUSTOMERS
CUSTOMERS
CUSTOMERS
CUSTOMERS
CUSTOMERS

IN QUEUE
IN QUEUE
IN QUEUE
IN QUEUE
IN QUEUE

IN. QUEUE @

nowou oo

-

-

1,85

L2B99798 ™.

1282576
1136090
11006152
10741308
10461389

902,331169

1351.687582

o ot L

T

e v e




S WS T e g MM

1 ceven Y,

[ SR

'
o e

S o e

FROGARILITY

FROEARTLITY.

FRORARILITY
FROFARILITY
FRORADTLITY
FROGARILITY
FROBARTL ITY
FRORARILITY
FROBARTLITY
FROBABTLITY
FRORARILITY
FROBARTLITY
FROBARILITY

2.482 CF

or
or
oF
OoF
oF

OF -

0F

OF -

OF
OF
OF
oF
OF

30N O

10
11
42
13

- 14

15
14
17
18

CUSTOIHLRS
CUSTONCRS
CUSTOHERS
CUSTOHERS
CUSTOMERS
CUSTOHERS
CUSTONERS
CUSTOMERS
CUSTOMERS
CUS TOMERS
CUSTOMERS
CUSTOMERS
CUSTOMERS

SECONDS EXECUTION

IN
IN
IN
IN
IN

IN

IN
IN
TN
IN
IN
IN
IN

QUEUE
QUEUE
QUEUE
QUEUE
QUEUE
QUEUE
AUEUE
QUEUE
QUEUE
QUEUE
QUEUE
QUEUE
QUEUE

T IME

£ N N TR LI

{1 B £ S £ A [ I TR |

+04546091
05053590

L 0%10673.

L01R0847
LO184751
L0126166
0077197

L 0074055

10036432
0021208
Q037770
00139469
0034426

ettt = =
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The computer-simulation results derived from thg ten

Table 4.2: Computer—simulation results for audio-

{for vat‘xdio). and Table 4.4 (for print).

visual needs in the training system,

. WT for the 10 Simulation Runs (Minutes)

) - :
program runs for the queueing model of the tPraining system .
are briefly.shown in Table 4.2 (for audio-visual),iwgple 4.3

.78

e 74

. Mean
s 1 2 3 4 5 6 1 9 10 W
4 2.22 2.10 2.75 2.32 2.31 2.44 2.59‘2.20—3.39‘2.00 2.32
5 1.82 1.85 2.64 1.65 2.00 2,08 2.38 2.00 2.22 1.74 2.04
6 1,06 1.07 1.21 1,37 1,47 1.13 1.09 1,37 1.37 1.01 1,22
7 1412 .93 .94 1.25 .93 .99 1.05 1.00 .86 .85 .99.
8 ‘ C - .80 .70 . .76
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Table 4.

3: Computer-simulation results for audio -
needs in the training system.

A\

WI for the 10 Simulation Runs (Minufes)

&9

Mean

-Running the sub-routine ten times produced varying

results for

available.

the different number of service facilities

This, of course, reflected the random number

s 1 2 3 .4 5 6 7 & 9 10, .Wr
17 1.59 2.40 2.10 3.00 1.50 1.90 1.37 2.14 1.73 1.30 1.90
18 1,06 1.69 1,44 2.28 .95 1,31 .81 1.14 1.41 1.06 1.32
19 1,10 .90 .88 1.31 .95 1,09 140 .91 1.70
20 .92 1.20 L .73 .87 <93
21 073 . ': o 073
‘Table 4.4: Computer-smulatlon results for print
needs in the .training system. '
WE for the 10 ‘Simulation Runs (Mimates)
Mean
s 1t 2 3 4 5 6 T 8 9. 10  Wr
.14 , .
15 1.78 1,40 1.37 1.26 1.15 1.33 1.02 1.54 1.28 1.13 1.27
.16 .40 .96 .95 .91 .88 ..92 .73. .99 .89 .84 ' .85
. CONCLUSIONS
Audio~Visual ‘ Ve

function. To keep student waiting down to one mimute, the -

visual carrels were needed.

results (see Table 4.2) would indicate that seven audio-

conservative nature of the model, as _outlined on p. 64,

In fact, fou.r fac:.lities

fewer fa.cil:l.ties should suffice.

_However, Xkeeping in mind the -

-

J
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would kgep student waltlng time for aud10-v1sual facilities
under 2.5 mlnutes as stipulated. Fewer than four facilities

'is well over the accepted maximum waiting time.

The goﬁputer results (see iablq 4.3) 3uggest_¥hat
twenty facilities were needed to keep f iné time within
the accepted limits of one minute. ‘HoweQer consideri:mf
again the 6onservative‘nature of the mod;i, the researcher
found that 17 audio carrels should be more than adequate
to keep WI undér 2.5 mimutes. The researcher tried running

the program with fewer carrels, but then waiting time was

- well over three minutes.

.Prinf

The print results (see Table 4 4) caused some con—
fusion in the researcher's ﬁgnd. The analytlcal model ’l
'suggested that 20 facilities (i.e. desks) were’ needed, but
the computér simulation indicated that only 16 desks were
needed to keep waiting time within the de51red mlnute..

The resulta algso show that 15 carrels would keep the walting
time down to well under 2.5 minutes. When fewer facilities

were used, howgver, the model would not accept them and

" "rambled" into the exchange package. _Therefq?e, ¥5 desks

+

- should be considered to satisfy print needs.

j Taking into account that the model aSsumes an infinite

queue.:fhe researcher would recommend the above number of

. facilities. The more conservative number of desks (generated '

by the analytical model) was suggested ‘because the print sub-

system is a finite queue. The computer solutions are briefly

shown in Table 4,5,
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Table 4.5: .Computer-simulation golutions to

the training system's needs. = -

' o ' W'T
S . (mimtes)
audio~visual 4. ’ 2+32
audio |, A7 . 1.90
print 15 S w2t
™ ' v S
~ \ \
L 3
o 4 N )

° Lo <

* . M N \‘ @ -
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' 10 THE MODIFIED AND EXPANDED TRAINING SYSTEM PROBLEM < o

‘training system., /,/"

'researcher had to make the media-lesson changz: and assume )

P i acia o TR
N

" (2;) per media sub-system in the proposed scheme are

shown in Table 5.1. L -

CHAPTER V
' SYSTEMS DESIGN AND SOLUTIONS - °

T ¥

4
4 -

SYSTEMS DESIGN

In the proposed,néﬁ system, the management intended = - ..
to: 1) Expand capacity ffom 26 to 45 students:‘and ?) () |
Change 6 lessons, 1 audio and 5 print, to audio-visual
media as shown in Table 2. 1. 7Ehe important considératiod:A.
was'to determing how many uniés“qf each media (i.e. audio- i
visual, audio, and print) wpuld be needed to keep waiting
time down to about one minute. This W?S‘t09106mplex a ;

problem to decide without & systematic analysis, therefore

the queueing model Was'modified tq(describe the proposed

. ¢ ~
Service Mechanism ™. -

To be able to detefmina the service méchanism, the

T > .
tgé average service,tigzs for the lessons.rem

ined the 'uﬁ /~T\~\'

same. -The ‘total service time and the number of lessons‘

.Table 5.1: ‘Total service time. and the number of
' N lessons (Z,) for each media sub-system
y “in the proposed system.- . "
A . Total ST
- (hour) C

audio-viswal® 9 - - 20,0




s
W;«,

= . - y .
. m——’—— . ¥ LY
' . ¥ ! [ .

. (applied 1p Chapter II, Pe 28) to‘determfﬁe the service

.results wer'e glven to the third decxmal for oomputatlonal 3 f,

purposes. -

- 1au§iqiyisual 4: /f2.222 . . 450" R
audio J | 4;759 ' R f.210‘ . \
pr:.nt : 1.852 . . X “ 540 . - _
' Arrlval Pattern t:1 e ) r ' '

. e A . .
. 2 . +~ . Total ST

‘ < v s at (~h°llr.) ’ - . f‘ N ‘.
o A . AN YR
audio - ‘ . 13 an " ¥ ‘ . \ 6200 ‘
print . 44 A 81.5 « . °.°
' ' " " \ . " ' "‘ ES “
. ‘ . ‘\ ™ J" . C o | ‘
. \ - . ] . v
R Hav1ng done this, the researcher could hen solve - , o
LN .

P

 for mean service times (ST) and mean serv1c@ rates (SR)

for each medla sub—system. Uslﬁg theasame fonnulae :

¢

mechanism of- the orlglnal ‘training system, the results' - - ,

set down in Table 5.2 were found. As noted before, o
L R

/

. . _ ' N
2 . /‘ 1" ‘ . t l s
Table 5.2: Mea¥k seérvice times (ST) and mean service
o rates (SR) for each media in the hodified
, &nd expanded training system.., .

A

- S . & L
! .. (hour) . (nour) - C

durationoof 26 days, the arrival ratio to the whole hystem e
‘,became 1 73 per day, i.e. a new student arr1v1ng about Lo

' every four (4.05) hours.

Having determined the new service mechanism, the
researcher then had to figure out the new arrival pattern. - _ R

Given the capacity of 45 studerts and the mean training

Foliow1ng the fonmulas (in

X

-

/

SR Ry b ey
YL M AN LS. R



X

)

' Chapter II, p. 34) used in the original training system,

ean 1nter-arr1val times (AT)" and mean arrival rates (AK)

ere found for the three media, as seen in Table 5.3.

Results were again given to the third decimal for com-

putational pui'poses.

AN

. Table 5.3:

-
P

Mean inter—arrival times (AT) and mean
arrival rates\ (AR) for the media in the
modified and expanded training system.

B ANALYTIC’AL SOLUTIONS TO THE QUEUE I{IODEL OF THE E.XPANDLD o

A.ND MODIFIED TRAINING SYS’T‘EMy

Ta.k:.ng a.nto account the new sefv:.ce@echanisms and

arrlval patterns, bu‘t& keeplng the other«s¥stem components

and queue model untouched, the resea,r her was then@ble to.
ana;lytlcally solve the

modlfled model of the tra'n:.ng system.

Auc}lo—v1 sual‘ -

if § =

"

9, U = .55, then WD

- s -

ility need’s for the expanded -and

The_ analytlcal

¥ “.« e

= .019, ; ~ ., -
x 2,222 o

042218 hour x 60y= "

\2.5 minutes

. . vy
/ o (hngu"s) K (hours ) %
' mudio-visual . . .450 2.202 {
audio | e e 34210
\print ' . 092 ‘10.8/6,4'1




r~

LT .
‘ ' - ®ifS=10, U= .49, then WP = .00675
X 2.22200

-0143985 hour x 66‘:
. e ) .9 minute,
{ %“ ' Audioc - i ‘. o ’

; X 4 76900 : ¥

.0178837 hour x 60 =

: “1Wminute
'y \
if/ﬁ 25, U= ,61, then WD = .gg;g 3 l
x 4 . N

' .0081073 hour x 60w

r v e
. o .
-~

«5 minute.

v . - ‘ ' ’ *
| ‘ Print - . . ‘ﬂ~\l

if § = 27, U= .74, then WI = .013 =

x 1. 852
‘“.? N : , .024076 hour x 60 =
' ¢ IR \ o 1.44 minutes ‘ -
. i (.
b , *if § = 28, U = .72, then WI = .009
e e T x 1852~

b ! .
oL .01668 hour x 60 =
;Y . 1 -
minute o

Therefore, the.analytical éstimﬁgions to the expanded ‘-
1 o~ LW s : “ N -
and modified training system's needs are summarized in Table 5.4.

‘ ‘
~

."\‘ , R
’ ) Table 5,47 Analytlcal solutions to the expanded and
' . © . modified s stem.s medid needs. LT 'V
S . l‘(‘ P . N . ' r-‘.’
‘ | . BT . e cowee T
. L - (minutes) 1
» , \ . LN : ' \
s ‘, P - T - ‘ 7 - ‘
S © Audio-visugl 10 Co " .9 B ’
;oS ‘ . - C ooy 1 4
; ‘. Audio .- 25 e 1.0 2’ o
él : ' P . e B ,
Print o 28 - .. 1.0 , ‘ .

b
| O
7
., -
a4l e .
F-"2 B 2R
AR
b
R )
)
Lo
5 Y
=1,
.
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' COMPUTER-SLIULATION, SOLUTIONS TO THE LXPANDLD AND -

MODIFILD TRAINING SYSTEM ™

"

Applying the already documented computer program to
the expanded and modified training system was no real

problem, as only a few things had to be'changed: YT g Sy

m,
AT, AR, ST, and SR. Figure 5.1 shows the modified portion

of the program: -
- . ¢

- | JFigure 5.1: Modified program. ‘i

. e ” -

LN :’ . b
% ' o PROGRAM QUETT CITRPUT s QUTTIT ) ~ . -
\ , BIOE LS TON CUIPII S a0 o s
‘ o REAL YT TSy COe S CURUTT s CUSTISp RGN0 P CUT TL
: PIZAL QUESTATUS TYME » THAC e THUER o dor A L J
. : REAL SRrST+5s 7ol i A LA G UKL T
' ¢ \ . .
Y O INTTIALLZE (SYSTUEM AT TYMD
“ © e ,
. CALL TIME OO AN
: C CALL RANSET(X)
) CURUNF1.0
. G 1O, . o .
PIONT 1y CURUN ‘ ’
FORMAT (ACURUN =X»Fd, Lok —==AULIO=-VISUAL - -%) -
GBI={20./9)/8 , : -
GR+=L . /8T Co '
| o AT=4.05/9,: ‘ ‘ Co
| ’ . AR 1. /NT v . Lt ’ .
: : " ’ R Z*~'~‘? . O ) ’ . ar X .
. : \ GO TO 10 Co.
. C ; :
3 G03,0 ,
: FIVTWT 4 v CURLIN Co ' -
4 TORMAT CRCURUM =8 Fa, Lo ==AULIO-=%) ) !
g ST=082, /13,578
‘ ' SREL. /78T, .o ‘ .
Voo AT=4,05/13, . c :
AR=1./0T . .
Z=13.0 . ) BRI
GO TO 10 S o PR
C , : S oo - e
. S - §=24,0 . " : ) ‘
. ‘ FRTNT 7 «CURUN o .
.. 7 FORMAT CRCORUN =XeFady 1ok = ~FRINT=-%).
8 - ST=(B].5/44.)/6 . ’ . .
COGREL /6T, D
! SAT=4,05/94, R , ’

. A AR=1, /AT - . R .
- Z=44,0 - -

¢

PS e

‘e




;o . 10 CONTINUE. Y G

.. FRINT 9,5 ‘
. 9 FORMAT CANOW USING XrF 4% Lrk CAhRLLZTr
. - , TYHEZ0.0 . ~
- : TNLFR=959999., 9 S L T

: . STATUS=0,0 a ' ‘

} _ QUE=0.0 ‘ ’ ‘ L o &
- : CUMUTL=0.0 S ' -
M o CUSERYV=0,0 i '
. S L AVTIS=D.0 * . , L7
- . FCUTTLX0,0 o .
‘ HRSNA=0,0  ~ .
AHKNQ = 7, 0 : )
, AMIQ=0.0 A, .
’ i N TNARU:=0.0 - - ‘ . N
” ) . e D0 1L M-1+20s1 . ~ o 7
' - 11 CUMAUE (M)=0,0 - o .
: TNARY == 1,0 ’N\‘RnLUIr(F\ANl‘(X)) ST o
R . | ” 7—~§ f.
By ,rumiing the médified version of the, program 10 timeé,
. - ‘the researcher obtained the results shown in Table. 5.5 (for
. R ) augn.o-v1sual), Table 5*6 (for audlo), and Table 5.7 (for prlnt). s
Ay ‘ . Al * . B ‘ B -~ ' . R ) . —-u“
s S . Ta%e 5.5: Computer-simulation results for audie-

visual needs in the expanded and modified
tralmng system. .

~ v ~ 7

. o AR g Mean _
Runs 1 .2 3 4 5 6 7.8 g 10 wr - 2

.._ s
, . \
9 1.75 2.26 2,91 2.33 3.00 2,26 2,75 3.50 2.88 2.21 2.58
10 1,19 1.49 1,49 1.49 1.43 1.60 1.41 1.79 1.27 1.22 1.44
1 1,34 .96 1M1 .93 1,31 1.00 1.41 1.12 1.18 1.23 1.16

-

¥

\/ L. \ 12 .77 ‘ _ .85 . . .90 .88 oaé 080 092 .'85 e
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v

55
A

.56
. [

Table 5.6: Coniputer—s:.mula"bi-on results for a@ :
~ needs in the expanded and modified
¢+ training system. X <
~* ~ ~ "Hean
12 3 4-5 6 7 8,9 10 WT
22 8 L ﬂ
123 3.25 2,80 2.29 2.12 3.00, 2.75 2.90°2.59 2,31 2.26 2,63
24 1.65 1418 1.46 1.13 1.50 1.75 1. 63 115 1031 1,70 1.45
26' 1.60 1.16 1.40 1.25 1.03 1.28 1.02 1412 1209 1,22
. . ) * Q »
27 1.08 091 1108 1’19,1'27 1010A1010 10Q7 080 1007 .
28 .89 .83.1.09 .85 1.17 .89/ 126 ' .87
29 .88 .46 .79 - 279 .73
: b
: .ot .
‘Table 5.7: Comimteﬁsmulatlon results for print :
needs in the expanded and modlfn.ed ‘
‘ tra:hm.ng systen. -
, -7 h Mean
1 : 2 3 4 %5 6 7 8 9 10 WD
20 /
21  ° e - ’
22 N ‘ ‘ -
23 1.20 1;51 87 72 469 . .83 ‘.99 1,01 .92 1.71 1.03 "
24 080.. 094 039 '.50 046 ¢62 076 1050 071 .




. CONCLUSIONS \ .

- Audio-Visual
Joor

[4

The ten program runs (see Table 5.5) show that twelve
facilities wodld keep the student wa.ltlng time under one
minute. However, thls computer—smu.latlonr is conservative
in nature, so ten audio-visual carrels shq;:xld be considered
to keep the waiting time (for thé pcémputer—simula ion model)
down to under 2.5 minutes. Fewer carrels kept students SN

waiting more than this amount.of time.
™ swio o
Mi‘he simu'la:l;ion results (see Ta..bl.e 5.6) su'ggest that 28
facilities were needed to keep student waiting time within
the limit.. Howevér, it would seem thé:t, at most, 24 ca.rreZ_Ls
should be cqﬁsidered to keep waiting time (for the computer—
"simulation’ of the gqueueing model) $o within 2.5 midutes,
“ . | The simulation‘resuits (see Tablé 5.7). suggest ‘t‘hat 24 -
desks would suffice to keep student waiting time within,

tive, the researeher tried fewer oa.rrels, but the model N

wouldn't accept fewer carrels than 23 as it would Just

shou.ld be cons:.dered b&bause the researcher would not-

'}

" The computer ytlons are briefly shown in Table

'+~ 5.8 on page 80, -

. ) - 4

the desired one minute. Knowing that the model waé cohservaq. )

¥ramble" mto the exchange package. Therefore, 23 fa.cll:.t:.ea o

suggest fewer fac:.ln.t:.es wa.thout prlnt-o&tr results for back-up.

X 2

‘.
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. "I‘.‘able 5.8

v

Computbr—simulation solutions
to the expanded and modified

“training sy‘sterq.

o

Al
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(minut es )

Audio_

Print
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Audio-visual .
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CHAPTER VI

DISCUSSION AND CONCLUSIONS OF BOTH

ANALYTICAL AND COMPUTER-SIMULATION MODELS

o

OF THE ORIGINAL AND PROPOSED TRAINING SYSTEMS v
’ s '
N § e
DISCUSSION ‘

' Given the solutions to both the analytical and computer—
simulation models of the original and proposed (ex\panded

and modified) training.tsystems, the researcher then examined
the two sets of results together. | ‘

o A coﬁiparison of the analytical and computer-simulation
results are briefly shown in Table 6.1 (for the original .
training system) and in Table 6.2 (for the expanded and
modified version of the training system). o

134

T%}:;Le 6.1: Analytical and computer-simulation

~.

Analytical

Comput er-simulation

results -for the original training systen.

9

L s wr . S , /
L (minutes) (minutes) .
" Audio-visual ~ 4 1,01~ 4 ©2.32 )
Audio” . 17 . 480 17 1.90
Print 20 «.80 . 15 1.27 -
_ Total 41 36




\ 4

. Table 6.2: Analytical and computer—-simulation results
b , © for the proposed (expanded and mod.lfied)
. . tra:xmng system;

* \

-

. A.rfaly‘tical Computer—simul&tion
“ o 's ©oowp- o S L
| (minutes) (minutes)
\ " - «
‘ Audio-visual 10 .9 10 1.44
Audio - 24. 1.0 24 1.45
 Print . 28 1.0 23 . 1.03
Total 62 ' 57 ' -

B ~—"™~ . When examining the results, .the researcher found three

'S

thlngs of -interest:

1) The analytical and comp\itér;-simulation models
were consistent; g y o
2) The com\uter—smulatloﬁ results tended to recommehd o
a higher. number of service fac:.lltles in the audio
and audiosvisual sub—systems, but the answers became
identical because the researcher those to accept
WD of up to 2.5 minutés‘ in the computer—-simulation model;
R . ~3) In the print s.u‘r)—sy'.sat:em,~ the reverse situation
‘ ‘occured. The computer—éimu;atidn‘suggested that
fewer facilities were negded than the analytical

@ b model. When both mc‘nﬁ%’s of th,e original and ex-—-
# " panded tra:.mng systems were compared, the computer—

s:.mulatlon 1nda.cated that five fevxer carrels were needed.

,;The researcher supports the accuracy’ of the a.naly‘b:.cal

LY

model for two reasoms. First of all, Redfearn (1973 ¢

-

- \built a multi-queveing model.. Secondly, the researcher
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o,
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and print).

’tha.t by accept:\.ng a waiting t:.me of 2.5 minutes in the

83

comp’ared“ the system existing at Bell Canada with the results
for the original treining system model (Table 6.1). The

Business Office program had 14 multi-media carrels and as
”

meny desks as were needed - about 14. The analytical and

computer-gimulation results were close, but they could not

be closer because the models and ehe training system were
designed a bit differently (i.e. the program operated
with two types of service facilities - 'mu;ti—medie and print -

and the models considered three types - audio, audio-visual, -

The researcher also supports the appnoximations of the

single-phhse, multi-channel simulation model. This second

.model over-estimated media needs because of the way the

System was designed, but by knowing this, the researcher
was able to adjust the model slig_htly. As it has already

been mentioned,ﬁ the researcher decided to allow more than

_one minute waiting time in the simulation - deciding that

2.5 minutes would be acceptable. As it turned out, this:

.feadjustment nearly made the regults for both the analytical .

and simuiation models identical.

Vith the read.]ustments, the results for the audio and

audxo—v:.sual sub—systems became identical. It would seem

A

simulation, it could adequately represent a multi-phase, . o 1
multi-channel queuelng system.\' o

L However,. the results for’ the print sub-systems vw;ere a

bit of a shock - at first, in both the onglnal and modlf:.ecl

models of the queue:.ng system, the computer suggested that
- ! C ) - . N
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. five fewer carrels were needed. This could have been brought ‘ \
about by 2 bug in the computer-simulation or by t'he‘ fast
turnover of students arriving gnd leaving pi‘ir\rt - _there, were
ma.r:)y lessons of ‘short durg.tion. The resgarcher noted -howei‘rerr

A Y

that, Bell was working with about 14 desks - one less than

the conservative simulation suiggest,ed for the original
queue system. It would seem therefore, that the computer-
simulation was not far wrong. | |
It is concluded that both models are reliable (i.e.

‘ _hconsisten) but that fhey should be used. under different

_conditions. The é;mlytic_al mod?l.was cl’eax"ly the faster

. model. Fu.rthemor"e, if an gducational tgclinologist was
- working on a" very low budge{', this model would be recommended
because all that would be needed wouf\_.d be the formulae, a .
calculator, Redfearn's graph, and the Schlaifer graph.
On the other hand, should a more elaborate study be made
to determine lﬁedia needs in a learning centre, it would be

, recommended to hse both models or only the computer model, ’

Th:Ls latter model can process more students and under
dlfferlng conditions. This model can also be Trun 8 number
‘of times and an average of several\run.s could be taken to
) \~p;"oduce the ﬁna.l solution. .~ - . . R e

.
s : : .
. . N -

RECOMMZENDATIONS o \ e,

~

- G:Lven the results generated by voth the a.nalytica.l

and computer-simula.tlon models, the researcher would suggest
‘that the manager of the Bus:.ness Office grogram cons1der SN

the. fol_lown;g r.eeemmgndatlon, seen in Table 6.3, for the_ir ,




