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RESOURCE ALLOCATION AS AN EDUCATIONAL PROBLEM

]

INTRODUCTION - S

The reaource allocation sector in an edacatioralltrliplnp

system draws the attentlon of an educational technclogist uh

propér allocation of the educational fesoﬁrces on the basis of

some criterion, e.g. cost effectiveness. The resources should rot

A

be mere than required, otherwise they will remain 1dle for @ period

of time. This 1s undesirable since they are‘purchased with tax-

" payers' f(or private) money. Education and training adminjéﬁrators,

are often asked to jUﬁtify the budget allocatron in this s=cuor.

“qually undes;rable 1s the provision of inouff*cient resources .

because students (and others) may waste time This is a potentlal o0

educational issue in that the studentv' individ@al,learning

differences and their mental set are-to be ‘recognized by all wing
- ' v * . . -
them %o have access to learning resourcgs/ﬁgflong as they ne-d.

-

There should be a sufflcient pumber of resources sb that o s

learner may have a4 resource on demand, without walting for
[ =

" another.to leave and a student nof menta]l' got to learn con

come back and use a resourge’ at any time he wants.

<t
=
~

This thesls shows that the problem of FC)OHPCP a{Juo?

/

can be. ffectﬁvelj analysed wlth the syvstems appnoth' it

methods and techniques are outlined in Ackoff and %aaiﬂni(IQOB) e

[

simpli{y and reduce the volume of work usually necessary to anaLyse
1

a system problem 1ike‘a resource allocation problem, sgieﬁtists
have developed a number of models whlch are known J"'operau.on !
research models. These models have been rﬂsted and successiely
used over a wide variety of/problems in various organizatlons such

as the Milltary, the Governmént and the public_sectors. .The major
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Fifstly; to obtain more effective and efficlent control of the
operating Systems, and secondlyhto,design new systems to obtaln
.desired -goals with less ‘expenditure éf human and financiél
lresources (Amméntorp, }969, p.l). ‘
| These major objectives_of syétems anélysis
suggest that we should attehpt to uge-opefations research
models to attaln these oﬂjeqtiveé,Ain resource éllocation
for an educationél/training system (cf Mitchell, 1975).
Unfoftunékely educational administrators do not find
any simpler approach to deal with oﬁenation research. models
which often seem to them fairly difficult As\a result,
'tney hardly use these models in thelir decision makling.
Cre area that might benefit 1s the p?bvision of capital
intensive self—instrucfignal facilitles. Planning
such facllitles is a commoh task of the éducational technnlorlst.
It is, therefore, one of the responsibilities
of an educatlonal technologist to assist the administrators
in choosing the best model to a given prbblem'and
manipulating the model so as to derive alte;nativé
‘ways of achieving the o‘b,j_e.cti\.re of the problem.
' An educational technologist can assist an
educational admlnistrator in this sector of reéource

allocation. in two ways: one way 1s to.dq all the work

.

objectives, bf such analysis using a systems approach are two fold,

——
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of analysing hirself the other way is to develop -
handy tables, forms and simple procedures,‘so that an
educational administrator can easily” analyse such a
problem without any formal training for this purpose.
This second way is adopted in various industries and
organizations where scientiQts and engineers have
developed tables and forms ‘which are used. to‘;olve
specific problems by the practising engineers and
technologists In either case, a simple procedure
must be developed.

Before such a method could ‘be developed
we must remember that effective analysis of any “system
problem requires the use of an appropriate tool/model
to the specific prcblem concerned (Ammentorp, 1969,

. l) With this point in mind, operations research

"pecialists have classifiied all the system prcblems

Jinto apprdximately eight groups (Gillett,l976).And to

deal with each cTass of problems, they have to develop

‘specific models.
In. order to decide which of the operaticns

research models suits best to resource allocation )

problems in an educational/training.system,_we'

must knowlwhat a resource allocation prcblen is all

about. |

Queueing Theory ‘
A resource allocation problem arises when an

educational administrator wants to know how many

resources (human or non- human) are necnssary to perwit

a glven set_of students/tralnees to successfully



-ccmplete a currilculum/‘tr'?fining prcgram, yet keeplng
: o .
the total cost involved to a minimum. The.resources

. L) - . -
in tﬁ}s case may bé audlovisual eguipment, laboratory

equipment, helring staff, etc.

) . Mary éf these 1tems are very cosﬁly; naturally
?hey are found limited in number in an egucationalf
fraining institution. For this reasorn, 1t is'bbsérved'
f%at pupils,havérgdwwait often 1n a queue forzé long'f
time in order to ué§ them. A long queue 1s usually
uﬁdesiraﬁle.because firstiy, loég'queueq cost money due
te less of ;ime, especially waiéing in a queué:on the
part of the pupils-who are paild or whcée earqiﬁg
capécity‘is lost (Hubbard, 1972); seccndl%,‘a loﬁg
queue 1s psychologically unfavodragle'becaUSe it de-

motivates puplls to learn (Redfearn, 1G73). On.the

other hand, costly. items usually should not remain

1dle; if they do soy then their idle perilod 1s. consldered

to be a loss of their capacity to serve, Ideally,

we might want studegts to spend 11ttie or no time

-

walting for acceés to educaticnal resources. In
practice mdney for.suéh>resources is ‘scarce aﬁd
resoufc;s féstrictions proddge delays.

. Generally speaking, gueueing p}obiems have twge
1dedti§iab1e as well as 1mportan£ key concep?s: walters

and serwvers.Whenevér man' or material waits 1in a queue

. \

.

Bt

v
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whoever arrives first 1s served first.

reésource (e.g. video tape player) and the SRR
output is the ﬁhpils departing from the resource
center after HE1ng served (or in other words, a pupil
degarts after: he has used a resource).

' In'gaiS'case‘of self—instructional modules,
]random arrival of pupils to use a module is .
expected (Mitchell 1976b) We can assume that arrival.
pattern of the pupils is completely random (though 1n

practice this may not be so). We also can assume that ;

Arrival Pattern ' B ‘ e

< We haee already identified two key pbneepts in

a gueueing system: waliters and servers. Wéiters

are tgose (human prfnenlhuman) who arrive aﬁ a center of
servers (e.g;learning'resourcee) and then walt in;a' |
queue in order to use one of the *servers. Though”f%e
users (waiters) arrive aL a resources center at random,

yet thelr arrival pattern as a function of time can be

. described with a statistical distribution as'

b et
’ . f(t): ne t)o ( & Gue & Thomas, 1968;
' ‘ : 7 Taha, 1971 & Wagner, 1970)

;hieh etétee'tQat the_arrival pattern follows a negatlve
expOAEntial dispributioﬁ. The pfbeebility'(P) of the

ﬁumber of pupils (n) arriving in an interval of time (t)

can be determined hieh a formula of statistical distributlon

which 1s known as Polssons Law which 1s stated as:

r
S

-

a






- - -8-

This model 1s representative of resource
allocation problems in-any self-instructional system
whether the arrival pattern is comnletely random, - and»—.,.
more than one, identical servers (resources) exist. . It
is likely to be applicable EVen when assumption of

randomness 1s violated =’

. &

By manipulabing this model we can calculate:
" a) Loss of time on the part of a user while
waiting in a queue.

b) ‘T.oss of time on the b .a resource

being idle.
.

il The cbjective function of a rescurce allocation

-~

problem in a self-instructicnal system 1s to f}nd the{

‘

optimum number of resources for which the-total cest of

1 )

walting and idle time is minimum.
But the mathematical formulas glven in the mode 1.

M/M/S:FIFO to calculate walting time and idle time, are

very complex and difficult {Appendix B). ‘ ‘ Higf\\“

L4

-

At this stage one might advocatethe use
of a simulation model. A simulation model 1is also
difficult in the sense that It consume s considerable
amounts of time on the part of the analyst.as well as
computer time. In both the cases, e.g. to.use a
mathrematical model or‘é simulation mcdel, one has to have
proper trazining and'enoﬁgh spare timne to'deéi yith‘these modeis

- ' -

»

which



often*require the use of -computers. Again éo_use a
compﬂter,.one has to have proper training. Thus

Wilson (1977) is”dﬁe of a small ﬁumbér qf:educational-
technologists possessing. the nécéssary skill, Shp.ngs

’

analysed® a Bell Cahada training system, in’Montreal,

. for optimﬁm redquirements of 1ts resources. In her

R,

study, she has used two methods, analytic and computer

simulation. These approaches are time consuming.

Horeover, they feQuire the users to possess formal

training., But educational administrators are rarely .

found to-possess prerequisites, whereas they badly

need quantitative data to make decisions

»

,pﬁ cost -effective allocation of eddcationél/_

. tralning resources. v

A

The Problem

Can we develop an alternative way of sof;1ng

, resource allocation’'problems (eg. queueling problems)

with respect to optimization of the COft of lost time
due.to a pupil walting in a gueue to use a resource,

znd the resource being idle fbr a period of time,

without the’user's golng through all the difficult

Jobs of manipulating a mathematical queueing model

or spending-much time in running a queué simuylatlion

model in a computer? The élternative way to be
developed should be rellable enough to justlify the

rejection of a mathematical or simulation model.

-



. : S -11-

L) ‘Total number of the pupils in the
szstem which includes both the “pupils ;.
.in the queue and the pupils in service
. : e, g the pupils engaged in using the
availéble resources (total time a pupil
spends in the System is determinedlga
dividing the totaL pupils in the system
with the arrival rate of the pupils)

II) - The validity of the computer program to be
tdeveloped willl be obtained by comparing its output data
uith that of Wagner who has calculated probabllity of a ~
service statlon being busy'ﬁhen a station 1s comprised or '

multiple servers in parallel. He has calculated-these

probabilitieé\corresponding to traffic intensities ranging

. from .5 to 10. The computer program is intended to

produce queueing data for traffic intensities ranging from
.5 to 50. Therefore, to accept the program as valid as well
as 1ibs extended data, its data for the range of trafflc

intensities frcm .5 to 10 must be exactly same (at least

‘to the third decimal) to those oroduced by Wagner for”

the same range of trafflc 1ntensities.

¥ ¢ . :
III) - Two procedural forms may. be developed .one
for the calculation of traffic intensity of a specific

resource allocation problem existing in a self- instructional

system, and the other will use the data from the table

»

e b e B %
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T corfgspcmdj,ng, to the c_alculatedtraffic intensity so .
. ' o - . ‘ N . ‘ E
‘P as to determineé*which of the feastble number of
R : > YU ’ . "
servers (resources) will lead to minimum total
& ' cost of waiting time and idle time. E )
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- APPLICATIONS OF QUEUEING THEORY TO RESOURCES ALLOCATION;
- -

A Relevant literature‘pertaining to the deveﬁop—
ment qf a Simplified Approach tg'ﬁueueing preblems,-whicb
is the subject of this thesis is;scarcerand-selgom-
adeqaate to bulld a strong foundation for the propoged
approach. Yet a few studles are aveilable which.are |
to be developed.. '

Edie (1954) has given a detail treatment of
'waiting problems arising in various man made systems
’ ie: telephone, business, transportation, etec. Referring
to a telephone.system, he triles to give a simple
'description of a waiting problem e. g if there.1s one
telephone trunk and if there-are a number cf calls at
a particular time ‘then one call will occupy theltrunks‘
and the other calls will walt as long as the trunk is
‘busy . If the number of trunke 1s increased the
.possibility of the capacity of trunks beinp, ldle for a
perlod of time increases, whlch is undesirable to tﬂe
telephone ?omoany because providing_extra capaclty’
,is sometimes very costly 7 .
Waiting problemsttherefore,,require the ‘

balancing between waiting time and excess system .

:capacity. ; -

relevant at least at the beginning stage of the'approacb'

£
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Edie's suggeﬁtion for consideration of the
frequency of breakdown-of a server 1n ca¥e of balanéing
a walting problem 1s 1mportaﬁt in order to maintaln &
good service. ‘

B .Tﬁe 1mportént aspectsrof this paper are f1f§t1§
that 1t has establishédﬁﬁhe implicqtions as well as the
significancé of opé}afions rgsearch aQProach te walting
praoblems oméw other approaches (e.g.ﬁhe hetﬁod of averagés)
where the element of variation wasralways n%glécted.
Operation§ res:;}cﬁrgives this element due;importanée

and 1s more much reliable thén'those adopted formerly.
Secondly, the operation resegréh approach reveals a
significant aspect of walting problems, namely that

the efficlency of co-operating chaﬁqels is greater when

the number of. channels is,increased“ Here by co=

oﬁerating chénnels is Aéant‘a group of chénnels in

parallel se#ving‘a common stream 6? traffic. Referring

to the telephone field, he wants to clarify thls as when

a long distance call 1s gut through within an -average

delay .of fifteen secondg, a cir?uit can be utilized

only 15% of the time/available in the busy hour, being
buseful only nine minutes out of sixty minutes, where as

two circults in multiplé providing_the same average

deléy of fifteen seconds, can be utilized 35% jof the

pbusy pour, being usefhl fortytwo minutes out of one

'

hwundrefl and twenty minutes. From this case of doubling °

S
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the number of circults, we can see that the traffic
carrying capacity has been 1increased over four times.

Edie (1954), Wagner (1970) and other show |
'that.a bery useful tecol in deéling with arrivai variat;bn
is the Poiésons distriﬁution which states the random
g patte;n of arrival distribution.Whether or not an
.
actual arriving pattern of a given waiting problem fits
this theoretical random distribution can be tésted,bx
two ways: a) by plpttiqg'frequency distribution of |
actual observations of arrivals duriﬁg each interval of
timé and plotting on the same paper the theoretical §
frequencies taken from a table of Poisson distribﬁtion,
b), by a more exact methéd'of comparison’than‘the graphical

one, namely the chi-square test. Using chi-square for

the’ number of.arrivals of each interval, the observed .

LA

~(actual) frequency and the theoretical frequency (from

-

a table of Polsson distribufion)-are determined and

a comparison is made betweén the tvo Qistriéutions as
to how well tﬁey fit together, in other words as to how
well the apthal frequency distribution fits with thé
theoretical random diStrithipn curve (Poissoﬁ distribution).
Thé more the two distributions are close together, the
‘more the actual distribution tends to réndom'pattefn
of arrivals. This i% 1hportant because most of the

walting problems are -assumed t¢ be-a perfect random

~ L4
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T ] arrival'pattern of distribution’ With a greater number . -
S o

of observations of arrivals. .' . - . e

Edle's paper 1is 1mportant in my research
" study in the following ways 1) It shows the | . ) § )

importance of OR in analyging-a system broblém'such as

R -+ a walting problem; 2) 1t stresses the importance of '

: \
balancing begyeen waiting time and idle time of a -
server; 3). it-suggésts that we consider the fbequency

of ‘'breakdown of a server to maintain a good service . '(
while bale\bing a waiting proble/j,ﬂ)fdt shows : ‘ . ,/;;;/;fffx
. T X ) .

. P .
that when the number - oﬁfseige;;ﬂis Increased formin ,//’///f~ T

a group to- rve'a'common éfream of trafficin co- ° ,

channels increases, anrd 5) it suggestsﬁthat walting .

-

| problems‘in eheral ﬂollow a theoretical random ' .
ution known as Polsson distribution . s '
Kaufmqnn (1968) say \quite correctly that T e

\ ;
the mathematical formula to cainqlate queueing~dapaA ’,~///f/ -

“for a multi-channel queuelng.model 1s very complicated,. . -

- . so he has shown the use of a grapﬁicallcnart, from » o '( .

where one- can calculate the va%ues f0544{{ (rate of . .
. o .y service (#) multiplied .by weiting time (te)) | - .-
following ﬁhe erossing points of "the number‘of |
servers and the tfaffic intensity"7)44L5)Y . ‘Here N _ o
15 the rate of arrivals dl is the réte of service,.and\& -

is the number of servers.

He has.shown,yith example

Lol )



/ the, system ié'tﬂiCE‘aS much as one expends 1f the

N

P The main drawback

“-seTvers were'operatinf in a sifigle station.serving a

-17- ' T

how to solve a»waftiﬁgﬂproblem with this chart so as

to determine the optiQOAnumbef‘df servers, for wh%ii/;//{;// K
the totgl cost of walting time and ‘1dle time Of the _ -

- . »

serveré will be minimum. ) B ;:
/ﬁig/;pproach are: ’ - .

e!method of average in determining

1)

he~ 1dle time of the aervers, thus he has neglected the

important element. of a waiting problem, which 1s the
var%ability (Edie, 1954, p. 6); 2) There 13 B
ev?r; possibllity thaf;ifféfgging’ﬁédf maEheﬁatical . ' :
aptltude will read -inmacgurate daéa from ﬁhg graph, . ‘ }
'wheré ;n;mapy cases he needs éq interﬁplate 50 as to
have:a.reaﬁiné of ‘the data hg‘wanﬁSi (sinéé the ;pan
between the @Qo éurves of traf}ic iqtensiéies are

not the saﬁe'the method of 1ntefpolaﬁion does not yield

" reliable data), 3) The factor hﬂys)that e /hassused

for traffic intensities indicates that-the' author has P
assumed’ eacﬁkof the.servers operates independently

of the other, in such case the time one ‘expends in

-+’ commori stream of traffic (Wagner,_l970 p. 479, &

Gillett, 1976. p. 470-U73). Edle ((1954, p. 6)




- says, in this case,  that there is a significant aspect

~aim of Ry study.

'queueing dat'twdch are very essential when,the question

-18-.

of waiting problems, that 1s the Freater efficiency

of co- operating channels as the number of channels 4s

-increased .Edie has shown with examples that by only-

douhling the number of circuits of a telephone oystemb'

-
‘.

-the traffic carrying capacity.has been increeged over

four times. : ',
The above mentioned drawbacks of Kaufmann's
approach have .important implicaticns for the -‘ .

develooment of the simplified approach which is the

[

In an article . Mitchell (1976) has shown the e
calculationg of three representative queueling problems
that are often found 1in learniny resource centens His
objective in\solving these problems is to .show_ that .

analvtical approach- may be easily adopted to calculate

of. allocati an ontimum-number of educational

resourqes anises . Such a.question is vital in planning

‘a learning re§ources center, because thils center usuallﬁ

|
is expected to function amoothlv at minimum cost . In

~some of the calculations Mitchell has used the Table'

; ‘of Po (?lane‘anq_Kochenberger,“1972) which states the
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probability that there 1s no customer in.thé‘system-
during a‘particuiar period of time. By using the
values of. Po in the available analytlcal formulas,
(Taha, 1971; Wagner, 1972) Mitchell has calculated
queueing data for those problems.

| In addition, Mitchell has shown a short cut
approach for rapid calculations of queueing data
without using any table.  But he found that there 1s
a difference betwgen his shortcut approach and other

approaches usinpg either Po table or Redfearn's Graph

!

‘6f Estimation of Walting Time. -Hg suggests that 1f the

cost factor is not impnrtant, hi% shortcut approach 1s
advantageous over other anproaches where much time is
involved in the process of calculation for‘queueing
data. Moreover, he admits that accurate ;alculation
of gueueing data needs messy calculations which often
need computers. The intent of this thesls is to
demonst}ate that a simplé procggnre'éan be developed.
. In regard to determination of an optimum

number’ of sefvers, he éays this 1s the number of .

servers which will produce minimum total cost per

'minute of service and per minute of waiting This 1is

i
a common though net necessarily universal judgement.

(n g. in time of waﬂ\military training may ignore

cost and minimize time of ;rainees).
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1nstruct10n; In his opinion, 1ndividdelized syspemsi
of instruction have become very popular. But this Has .
" created a problem for educdatlional managers in respect
of proper management of learning nesources} This is
pecause in an individuallzed sys%emlof 1nstruction,
students are supposed te have fnee'aecess'to learning
resources without undue delay. The system of learnlng
resources should be so designed and managed that 1t
responds to the factors: a) averapge time interval
between successive students beginninp a module; b)
average time spent on a module, ¢) probabllity .
distributions assoclated with arrivals and departures;
a) seduencing of modules: '
Misallocation of educational resources in lan

ndividualized system of instruction creates the
- following pnoblems:

a) ’Idle and costly facllitiles.
b) Queues to gein access Lo resources.

c) Inabllity of instructionellmaterial productlon

units to cope with demands .- -

Tf systems analysis approach including operations]

research. models, are not used, then there 1ls every
possibllity that planners of these feSOurces may brovide

. ]
too many instructional units which -are usually very
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in queue, usually in the order of whoeverp Comes first
is ahead or the queue 1ine. The obposite‘situation
might arise when the number of pupils arriving in

a2 particular time interval “1s less_thandphe number of
Speclfic modules available. 1In this case some of

the modules will remain idle. It was saig earliep

-that these modules might be very costly. Mitchell,

in this reépect, asks a question "How can we determine
the size or instruction system needeg to keep both
capltal cost ang walting time of students witﬁin |
aéceptable limitseon,

With a linear graph he has shown the flow of
students through the modules of a self—instructional
system. 'He's;ys that for each module . we need tp'
know: .g) number of.identical modules necessary;

bj time allocatéd or estimafed for each module;

¢) capacitx of the facility i1.e, how many’students

can be accommodated simultaneously.

obtained by_considering each module as gz Sub-system
and this Sub-system ¢an be analysed by a queueling

L | ' .
model in order to obtain the above data, Moreoyer,

his method 15 sti111 not simplified enough for
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educétional administrators to use easily.

The main polints we obtaln from'the foregoing
analysis now can be summarised. A self-instructional
system is composed of a number of modules. These

modules are so designed that stude

ntS'canugtudy them all
by .themselves, and whenever they wish thei can study

the modules, which states that “the arrival pattern of
the students for any module 1s random. S;née self

instructional systems aim at pravliding the students

with a module on demand without undue delay, it 1s

. often required that there should- be more than one

identinal module avallable at a particular time.
The analyéis further reveals that a multl-channel

queueing model with random arrival prbcess and a

queueing discipline of "first come, first served”

will be most suitable in analysing a self-instructional
system.
| “There is no doubt that Mitchell's'work’has .
establlished tHe importance oq systems anélysis”in.‘
making decisions in case of proper allocation of
learning rescurces in a selfzinstruétional'system.
Wilson (1977) has extended this work. ,
.Wilson has used two methods, énaljtic and
computer simulation, to analyse a learning resources

center ( Bell Canada Training System in Montreal)



A

-26-.

facilit;eS’ape work}ﬁg 1ndependen£ly of each o#hér.
Where as in practicebthe service facilities work in
co-operation’ resulting 1n greater éfficiency of the
system-as a whole. .

_ . One especlally importént paper is that of
Redfearn (1973). He tried to develop a short
cut method bf solving queuelng problems which arlse
"during pFe désign and managemené of programmed
learning. He étressed the importance;df
Queuging data at the desisn stages.of.self- T
Instructional packages so that’ the packages will be
utiliéed maximally subject to the queue length. '
of the pup%ls walting to use these.packages beiné
minimﬁm. Argulng in favour of maximum utilizatlon
of-léarning packages and minimum gqueue lengtﬁ, ﬁedf;arn
says that thesevtyo conditions are'important becausé'
irf éhe'students are to stay in a queue fop a

considerably long time to use these materials then

i}

they would be demotivated to-learn. On théfother'hand;

~the cost of. §elf—instructional materials may be high.
For this réason, administrators want materials to be
utilized to a méximum, so that idle period for these

materials ‘will be minimum. But here is the dilemma,

high utilization of these materlals cauges considerably

—————
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iong queue, uhich is not desirable froem the psychoiogical
aspect of 1earning In this case, the educational
technologist wants to balance these two factors of high

. utilization 'and  low queue length " Redfearn says this
can be don by developing a simplified approach thus

- avolding the‘diffiCUlt Jobs of using a pure mathematical
or a simgulatlon model. |

)-He has,'thereﬂore, deueloped a table of formulas
to caiculate the number of" s udents.arriving during
successive weeks of a program to use self-lnstructiondl
packages. For a glven problem, he has shown another
table which may be used to determine the peak -
"arrivals during a period of the school day. With this
information he has calculated the mean arrival rate
during that peridd of the dayL .Then Re has produced,
a table where he has‘compared various_combinations
of utilization factor (traffic intensity) and service
rate in terms of the waiting time that they precduce, \
In the above mentioned table, the effect of
. various combinations of traffic intensity and servite
rate over walting time has been shown, here the number of
servers remain constant " For the same problem.he
has shown in another/table the effect “of various
‘combinations of traffic intensities_and number of.

servers over the uaiting times. = He has also produced

/
a graph to calculate walting time.

~
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- This approach developed by Redfearn.is of codrse
easler than other available approaches to queueiné'
problems. Yet I want to.develop a more simplified
“approach than this, because the person who wants
to use this approach of Redfearn‘needs some sort.of

training. He may be confused as to what number "
,of packages is to be selected because Redfearn has not
‘clearly shown how to balance between the_ two
factors, high utilization of the available instructional
chkages and the low queue length, In mylopinion the
halancing betwWeen these.factors should be made with
irespect to a definite criteriom which 1n thls case
“_should pe assoclated cost of walting time of a pupil/*
”trainee and that of 1d1e time of a serveri(instrdctional'
package).f 1if the pupil 1s not paid, then perhaps his
lost earning capacity should be conslidered, or at'ieast-
his time. | |
.In one table Redfearn has shown the effect of
varlious combinations of traffic intensities and service
rates (corresponding-to the same-number of 'server/-
servers) over the waiting time. In this case; too,
I think balancing should be made wlth respect to the

associated cost of waiting time of a pupil and 1dle

time of a server.
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ts that his approach will not give 2

correct solution but will give an approximate idea of the

behaviour of a gueuel

ng problem at the beginning stage-

T suspect that’ errors would arise if one reads

wrong data from his g
This problem would ar

mathematical aptitude

' polation whilch is-req

" always produce correc
between two Curves of
Because of th
Redfearn's approach,
more simplified appro
administrators who ar
approach though they
data 1in thelr decisio
deyeloped should be a
approach;. But I admi
me ~a sense of signif

thus encouraged me £

raph to determine queue length.
ise if the user has low
H and the method of inter-
uired to read data does not
t data due mainly to unequal span
traffic, intensities. ‘
e above- -mentioned drawbacks‘in
T feel it necessary to- develop a
ach for those éducational
e afraidrof an analytical
.are badly in need of quantitative
n making Yet the.apprbach to be
ceurate enough to reject his .
t that his approach has induced fin
icangce of such an approach and

o seek a more simplified approach
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.a network (Mitchell, 1976, p. 4-5) the number of edch
identical moduleishould be suffieient to meet theidemand‘
of the studéhts without undue delay. But if the students
arefpermitted_to.ar?iue at-random, two things may happen:
a) In some- time interval, the number of students is less
than the ﬁ’bacity of a subsystem of identical modules,
naturally resulting in idling of exeess systemg capacity

which, because not used, is considered to be a_cpst loss.

Such a cost loss is undesirable sindehproviding these modules
. . R ’

. L]

(eg: if each requires .a VTR)"may some time be very

"~ expensive, .

t) In some tinme interval, the numbe} of

students a;xivihé is more;tbﬁn tbe capaclty of a sub-

systém of.identicai modules. Due tb thls somg of the

students will haue to‘wait in a queue. Sdme times such '
waiting tiﬁeFis too'lpng‘andzviolates the definition

of a self-instruetional system. This [s because.firstly a .
long QUeueid\motivates a student to learn (Redfearn, 1973,

p. 1), and secgudly, waiting‘time of a stident 1s considered
to be a eost loss-when'a.student'is paid in an’ industriai/‘

. . -

. business training program; {E a student 1s not‘paid, then ~ .

F;

hls earning capaclty may be ébnsidefed (Bubbard, et al.,
1972, p. 52), or hls oprortunity cost 1.e. the' lost

' . ! . . . .
opportuqity to engage 1in some other activity) may be

. estimated. Thece two problems arising in a’'self-

.

instructiional system are due to the variability in students' |
. 3 .

+
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Now going gack to the element of variability in
the arrival process of a. queueing/waiting problem we must
know what it looks like when the frequercies of
the arrivals during the time intervals of the hours of
the day when a system is in operation are Plotted so that we can
describe an arrival process of a queueing problem. If .
greater number of observations are taken the frequency_
distribution of the actual observations will greatly
follow a theoretical random frequencyﬁdistribution curve
known as poisson distribution JEdie,‘l95ﬂ, p. 1h4-15), ‘
' Whether or not a given arrival process follows
the theoretical random distribution éan be,tested by
plotting two frequency curvesAin the same graph paper-—
"one for the actual frequencies for the arrival during the.
time intervals, and the other for the theoretical frequenciles
(from the table of poisson distributions) for the same
arrivals during the same time intervals. " Thus we can
'visualize how well they fit with éach other In this.case
we will see thet there 1s a- diﬁference between the two
curves at the beginning of the congestion the two frequency
distributions can be tested with .a.more accurate statistical .
test, known as Chi—square test of fitness, Even when the difference-
betueen the two curves 1s fairly large, the Chi-square
.test result will showxwhether (even though we see a

difference between them at the beginning‘dethe congestlon)

the actudl frequeéncy distribution fits well 'wish the poisson
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:ﬁist?ibution of a chance facfoé ?5-05 (Kaufmann, 1668,

p. 56 - 57 & Edile, 1954, p. iS). Therefore, with greater
" number of observatlons of the arrivals of a queueing/.
walting problem, the arrival process 1s expected to follow
‘a theoretical frequency distribption of a perfectly

random arrival process (Edie,-l954,“p. 14 - 18)., .

We can accurately assume (for Qimplifying the
approach that we like to develop) that the arrival process
of any'waiting/p;oblem exlsting in self-instructicnal systens
wiil obef th;.Poisson Qiétfibution-and can be predicted by
thé Polsson Law of distribution (Kaufmann,.l968, p; 56-57):

; t -nt '
o ©

Pn(t) = |

which States the probablility (P) of N number of arrivals
in a time interval .(t) is equal to the right hand factor.
wherenis - the rﬂté of, arrival per ﬁnit_of time and n! is

the factorial of n number of arrivals.

' For generalization; the random arrival pattern
as a function of time can be:described with a statistical

' : ' -nht
distribution as f(t) = ne 8> 0
which states that the random arrival pattern follows a
egafive exponentiai distribution:-
We cannot overlook the variability existing

n the servicing process (1.e. thre 1nstruct10nal communicat-

ions‘in,lor studying of, a module). Because the pattern
o ‘

of departure from a leafning resources center depends

greatly on holding pattern of the servers (learning
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The first M stands for negative exponential
distribution of arrivals; the‘second M sténds for
negative exponential‘aistribution of service time;
S stands for the ngmber of servers beiﬁg'éréater than one;
and FIFO states that there 1s a single line of gqueue and
the arri?als get the access to a subsystem of ldentical
modules 1in the order of their arrival, that is whoever
comes flrst 1S'éntitled‘to have_service.first.

The mathematical formulas to calculate
queueing data are available (AppendixB) With these
formulas, we ﬂave developed a computer program (Appéqdixc )
to produce a table of queuelng data corresponding to a
range of traffic intensitites (™AL from .05 to 50,0
with an increment. of 0.005. To givé the réaders an
leasy understanding about the design strategy of the

computer program, we have produced a flow diagram of it

-

(Appendix C).
In planning and‘managihg instructionai facilities,
these guestions ‘arise as to %ow many sefvers-to select and
- how to select them. ' -- |
Now -as ‘regards hoﬁ one can use the table, we can
simply state this as:

- For any glven queueing/waiting problem, tﬁere 1s an
average ‘rate of arrivals; and there 1s an average rate of
service. . The quotient of the average rate of arrivals (7\)

'By-the average service rate (M) 1s the traffic inpensity.

! ‘ .



©=37-

(RHO) of the problem. Now going to the table, end
corresponding to this RHO you can have the feasible

number of servers (S) and then corrssnonding tc thése

S.you can have the probability of these servers belrig

pusy (BP), the probablility of these ‘servers being idle .

(IP), 1ength of queue (QL), and the total number/é;-arrivals :
in the subsystem (TNSJ. .

The answer to '"how many " is c%éarly defined by the

objective funetion of a resou 1location problem in .

a self-functional system (stated rlier) which states
that the number of servers (S) for which fhe combined cost

P

.of waiting time and 1dling time‘is minimum is to be B o
selected. | I "-._fh

Now the answer to "how to sélect then“ can he
stated.simpiy as: calculate the combinedlcost of waiting
time and idling time corresponding to the feasible .o
number of S8 (which are taken from the ﬁable} correspondinp
to the calculated RHO. Cost of waiting time<sﬂd cost
of idling time can be calculated as followsé ’ |

a) cost of walting time (CwT)"'waiting time (WT) x Cost of |
! ' wages per.

hc. (C.w)-

b) cost of idling time (Cyp )= Probabllity of idle period (IP) x
' ' , Cost of providing service per
hr. (CS )

- IP x Cg

arrival per.. 7,
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At this stage we see that the use of the table of
queueing data is falrly easy. Then considering the persons
to use this table with no or little mathematical background,

we have developed fhe'following forms:

) a) Fénm A ‘for data collection. *
b) - Form B for calculation of traffic intensity.’
> i R
c) -Form C for decision making as regards:

I.  The optimum number of servers/resources to .
select.
IT. The optimum RHO.

a) . An algorithmlec Job ald to gulde the' user,

The provision for determination of optimum RHO in’
- Form C is very important because waiting'timélfor'thé , _
selected S and calculafed RHO may be long enough to
deﬁotivate the students to learn (Redfearn, 1973, p. 1) .
. éince waiting'&ime is proportional to RHo;,we'ﬁay decrease
-lthé value of the calculated RHO, so as to decreasé the.
waiting time, This.pan Ye done as: going to the table of
queueing data again, corresﬁ&nding to. the same'selecéed S
number &f servers (cptimuh'number of . servers), look for
the values of t{affic Intensity (RHO) lower than calculated

RHO, and calculate the combined.cost of waiting time and

1dling time against each lower value of RHO. Now look for
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the value of the new RBO (lower than that calculated) which

yields the 1ower value- of waiting time as desired.

An opposite situation may also arise where queue
length corresponding to the optimal number of servers

(8) seﬁected is too low. We can see from the table that

- queue length is inversely proportional to the probabilify

of idle time (IP) of the servers, and vigs-a-vis. So

when the queue 1ength is too low, the IP 1is considerably .

high. High IP may sometimes-costs much. lnﬁthiégf e

we look for higher values of RHO corresp nding'to the’

same S selected. .wé then select the opfjimal RHO

which leads to the higher waiting time as deslired.

‘FPor implication of the optimhm RHO when 1t 1is

lower than the given calculated one, either the arrival rate

-

(71) is‘decreased or .the service rate (Jﬁ} is increased
proportionally and in the other case when optimum RHO
is higher than the'given/calculated one,

increased or 4( is decreased proport

The design aspects of .the;

i

as: A self instructional syst is comprised of a number of

media (M), through whilch Ahe lessons are to be offered.
Suppose there are m//types of media, where n-1,2,...r

and there are LQK/ groups of lessons, where LG stands

for lesson grog-p, ¥ stands for the number of gro* K=1,2..

ILGK states the number of‘lessons in lesson group number

K, where I= 1,2...1

.

.K
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Cost of service by each type of media/resource

per br. (Cg ) 1is, the summation of the following costs:
. . Y . LS

z

-,

a) Fixed Cost (Cp) per hr.= Hardware Cost/
: ; ' : life in hrs.

a 4+ Software Cost/ ,
. l1ife in hr.
b) 'Operating cost ¢ Coﬁ per hr.— Cost of Electricity/hr
_ 4 Cost of Operator/hr.
e) .Maintenance cost (CM) per hr.— Cost of, spare parts/hr
' 4~Cost of repairman/hr -
. | -- A ‘
The forms are‘self—eiplanatoryz and they havF been.' R
designsd for analyzing an operating (existing) system as
well as a new system which will be either an expansion : . - :
of the existlng one or an 1mproved one based on the analysis !
of £he operating system._ ‘. “ff ,
The development of the approach can be described
in a flow diagram which might be easier to have quick ' .

understanding, of the developmental stages of the approach
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;Mn(n=l)

A PLOW DIAGRAM OF THE DEVELQEMENTAL ST

N,

AY
START

1n(n 1,2,.,k)

Total
populatd

arriving
during
the

S Nnﬁn 1,2,.,1)1

:

‘ . 3 42
AQJES OF THE APPROACH .

In a self-lnstructional system there
are lp number of lessons which are
offered through M, types of media; N
number ‘of students for a program
length L in hrs.

Let there'ﬁe I number of lessons

prografi
length
L for

PT=NxIyg

1r,Mp(n=1) which are offered through Mp(n:1)
medig type. -
—
ILGn(n-l) Let there be I number bﬁ-le550na in
- lesson group number n{n=1) identified
by Mn (n=1). .
Total time taken bySall the
a3 students durlng the program
Tmﬁiz tat length L for leasons offered
et through Mn (n= 1). ’

media
Mhi{n=1}

Fopulate)
ion

P:NXII‘G-:'IIL

M

TA Tnn/PT Average time taken by each

population fnr media Mn (n= 1),

per hr.
for
media

arrivinﬂ

RHO=P/ I
Tam
: Tt

;l.'_

15, IPxCq +
QL nxCy = TC

b

RHO, IPXCS+
RL/™ xCy = TC

]

Mn=Qn=n+i)

S Mn (> g) YE

Traffic intensity for media Mn (n=1)
{Calculated Traffic Intendity) '

From the table of queueing data,
corresponding to the calculated traffic
intensity find out data for feasible -
number of servers (S5).Correspondlng to
these S find cut data for probability
of Idle Period (IP) of Mn(n=: 1)

and length of queue (QL). Select 3
for which the total cost (TC} 418 mini-
. . mum.
Corresponding to this selected S

find out the feasible RHO (from table)
and corresponding to these fHO find
out IP & QL and select RHC which leads
to walting time higher or lower as
desired -

Analyse the next sub-systemimedia).
/\ ,
S{ TOP }'

N .
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USER'S MANUAL
OF
PLANNING FACILITIES USING THE SIMPLIFIED APPROACH
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_ resources. . . * . t

3. Put the tnformation obtained from PORM AA & FORN

[

-

* ' K . ! .

STEPS TO FOLLOW TO DETERMINL COST EFFECTIVE NUMBER OF
LEARNING RESGURCES (MEDIA) AND ITS CORREQPONDING L
OPTINUM THAFFIC INTENSITY ) .,

l. ’ Complete FOEM AA to determire which of the lessons

are being-offered‘by which of the available learning

-
Le -

2. Complete FORN AB to determine average time needed -

”

per student per lesson per media (ie average serving
“time of a respurce). .- -, o . ".u -

o

AB. into FORM A, and Complete FC]RM A. (This will then contain
L

all the data Tor all the available learning redources.)

4, With the- information from FORM A, complete FOPM

B fcr one Gf the available medla, to calculate trafflc

Aintensity (RHO) for this particular medla (learning. resource)

5J' Obtaln queueing data (as required in FORM C) from

“the table correspondirg to the traffic intensity calculated

in 'FORM B. Put these table data into FORM C.

6. Enter data (information) frcm QPM A into FORN C.
o - Y
Determine: a) cost\mf effective number of this Darticular

learnirg resource’ edia necessary).

b) - Opbimum value of traffic intensity corresponding

the cost optimal number of the particular‘learning resourccs'

~
]

selected _ ] | i ‘ - d

7. Repeat steps 4,5 and 6 for each of the available

1earning resources {(media). ‘ o
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"THE APPROACH IN A FLOW CHART

”

[ Complete °

FORM AA

] -

"Complete

FORM AB, ‘
for all the sub-
systems

Complete
FORM A
by putting data

from FORM AA &k AB

= i

2.

Complete'FORM B,
with the: data from
FORM A.

Complete FORM C,by

Analyse the next
subsystem, by -

B and Form C.

obtaining data
from the TABLE
corresponding -the
RHO calculated in
FORM B, and 'data

completing Form|

frqm FORH A.

’

To identify the leasons

of fered by each of the
 avallable sub-systems

(educational media)

To determine average time
of service by each. of the
available sub-systems, per

student per lesson.

FORM A 1s .the DATA FILE
for all of the sub-
systems avallable.

“To calculate traffic

intensity (RHO) for a

subsystem.

" To calgflate optimum
number (S) of a subsystem
and optimum value of RHC

of the subsystem.

*

’

. —
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rare A3
SUR-EYSTEM: OPERATING/NEW/SYSTEN -
: ' Er EACH STUUENT
TIMY TAXEN BY STUDENTS FOR LESSONS FOR ALL THE
B TUDENTSS ) I LESSONS (TA)
) [
[
fotal Time Taken BE ET, - D
by all Students * —
for each lesson -
Ty, ) SELE
Avarage Time Pex v Ty =LT, = .
Student Per Lessor ’ [ —
~ " i ¢ . = (E Ty ke
(TB) = TH"/“ | . THA

N = Numbar of students in tha program
TOTAL TIMY TAKEN BY ALL STUDENTE FOR ALL LESSONS (TH)

AVERAGE TIME OF SERVICE ttq‘) PER STUDENT PER LESSON
PT = ({numbar of students) x (nusbear of lessonm)

aon

'I’H/PT =

. NOTB:- Ty Bay be calculate—d in either way depending on the availability
- ' .
of data.
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(Poor PRiAT )

*

GPERATING SYSTEM

Average time of service for

NEW SYSTEM

Average-time of service for each

each learning resource (Tam), learning resource (TaM), (using
(using Form AB) Ve Form AB)
T T
Types of Types of
learning resources : TaAM learning resources :Tapn

Cu b I OO0 oW
et Nt et " S S et N o

e T D LG TR

Wages ™ (actual or estimated) per
pupil per hr. (Cy) .

Fixed cost of each type of
learning resources:

Cost Fixed

- of - Cost of Cost

Type hardware software per hr.
Life in Life in (CF)
hr. hr. '

a) g + =

b} : +. =

e) + - -

d) + -

e) + -

f) o+ .' =

g) + -

h) + -

1) N _

J) + =

Wages (actual or estimated) per
pupil per,br.'(Cw)

ey

Fixed cost of ‘each type of
léearning resources: ° C

‘Cost Filxed
of GCost of Cost.
Type hardware Software per hr.
. Life in Life in P
hr. hr. ~
a)y - . + =
b) + -
c) + = ‘
dy .+ =
e) + = Z
) ot =
E_‘) + =
h) . + =
1) + = .
3) v = ‘

-

A
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(Poor PRt )

f

TS

Y

OPFRATING SYSTEM

NEW SYSTEM

Operating Cost of each ﬁype of
learning resources .

Operating'éost per
hr. (Cop )

Type

Operating Cost of each type of
learning resources

‘Operating cost per

Type .
: hr. (Cgp )

Cue TR HO OO0 O
N S S NP N N N Nl P

S

Maintenance Cost of each type
of learning rescurces

Type

Maintenance Cost of each type .of
learning resources

Maintenance Cost Type maintenance Cost
per hr. (Cp) ' per hr. (Cy)
a) v :
b)
L) :
' d) :
e)
)
g)
h) L]
1)
3 )

TA IR YD DO oM
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FOR

MB

¥ Pooa PRINT )

o e A 7 i

(CALCULATION OF TRAFFIC INTENSITY (RHO), USING FORM A)

SUBSYSTEM

OPERATING SYSTEM

(IE+NAME OF THE-~LEARNING RESOURCE) :

NEW SYSTEM

. Total population (PT)

Program length in hrs. (L)=
Number of pupils in the
system (N)

Number of lessons
offered 1n the sub-
system (Irg)

N x ILG

-

“Population arriving

- PT/L

per hr.(P)
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704500 g8 ¥ .,789% <09 10.4868 17,1388
: 7.4500 K + 4958 L5042 2.3832 PLE3ID
- T 7.4500 ¢ 107 $ 297 c7007 © .B487 R.IL1A7
N - 7.45%00 11 1637 VR303 AG61 . 7,804,
7.4500 . & 12 0920~ 9080 1506 7.6004 -
74500 13 0473 L9527 L0435 7.5135
T 7.4500 14 L0731 2769 LOR42 T.A76
7.4500 15 L0107 VP93 L0105 Z.9460%5
7. 4500 16 L0047 . 9953 - L0041 24541
. 7. 5000 8. w8073 L1927 12,1080 19,4000
. 7.5000 9 15091, L4909, 2.5457 10,0457
75000 100 0 L, 3046 VAP34 LRI98 T H.4198
. 7.59000 11 . 1758 B4 «3767 78767
) 7.5000 - 12 . (958 L9047 1596 ‘7 6594
o 7.5000 13. L0495« £ edos < 04675 7.567%5
. 7.5000 14 .0743 8757 . 0280 75280
: 7.5000 15 0113 SRR + .0113 75113
745000 16 0050 2 99H0 . 0044 7.5044
o 7.5500 - a 48256 1744 13.8518 21,401
LI o 5 R b == - .
. ) K i ] .
"- rew, .. ‘r -
" " -.l“l r '

=






AT ey

RHN

7.8500
7.8500
785007
7.8500
7.8500
7.8500
7.8%00
7.8%00
7.9000
743000
7.9000
7.9000
7.,92000
7.2000
7.9000
7.9000
7.9000
7.9300

"7.9500 -

79300
74925300
72500
7?2500
70500

79500

7., 90500
8.0000

L BL00007

G3.0000
f1,0000
g.,0000
R, 0000
£,0000
82,0000
1, 0500
H.0500
2.0500
28,0500
8,0500
. 0500
8.0500
8.0500
.1000
8.1000
8.1000
8.1000
8.,1000
8.1000
a.1000

8.1000.

8.1300

'8.1500

8.1500
8,1%00

~75-

MUL TI=-CHANNEL QUFIH TNG TaRLE LATA

S

k4
10
11
12
13
14
15
14
@
9
10
11

12

P

13

14

15

16

8

? -
10
i1,
12

13

14

15
164
9
10
11,
12
13
14

19

té

9
10
11

17

&

13
14
15
16
E4
10
11
12
13
‘14
15
16
9
10
11 '
12

HF

+ 6080
3740
L3222

«1254
0672
L0342
0165
L0074
8598
s HD29
s 3872

00299

+1301
«0700
0358
0174
+ 0081
2798
<6380
. 3981
2374
« 1349
L0730
L0375
L0183

L0085
A3
LA0902
w2450 °

1391
L0740
SRR T
0183
L0090
LAH688
4204
f2B27
1449
+ 0791
+0411
L0203
0095

4319
2606
1501

L0823

+0430
L0213

+0101

.7004 -

+4435
2687

+1554

Earalt il v
Cvaa F-"-l

1F

3920
e H23G

L7774

744
+P328
LPARH
LOR3N
L2904
L0402
L3771
LAH128
L7701
B9
+2300
12642
PRI

T L9919

L0202
e BR20
<AH019
A2

SAASL

{93270
cPH2T
ST
y 91N

L 3A67

L5908
LI5S0
LR600
L9740
., {"‘/‘ (\ ;
LPRO7
OO
LA
+ G" 7‘)(’
, 7473
Lane1,
.9709
L 9509%
L9797
LOWO5
L3155
L5681
.7394
.A499

LR177

LPH70
P787
+9HY9
22994

7313

REE T

.\l.'

N

4.1502
1.3747
5548
2372
1024
0434
L0182

- 0073
75.8269
4.4734
14567
5859
2507

» 1085
+04464
0194

L0079

155.7910
4.8307

1.543¢9

6187

+ 2648
1149
L0493
L0207
L0084
50246
1.6367
JASID
Nerd=¥
V1714
L0524
Woleded
L0090
S5+.H64670
1.73564
J6A94
L2953
.1287
OS54
.0235
L0097
6.14608
1.8411
7779
j3117
41361
L0590

. 00251

+0103
b6.7159
1.9537
74684
3290,

THS

12.006™
Q0047
£.4049
. OR7T
7,962
LR
78607
ZL.RET7]
03,7040
103734
9.3567
8, aa50
f. 1m0
A.008%
7.9444
7.9194
7.907%
163,7410

12,7807
?.4939.
f.5687

0. 2140
8.044%y
T 999
7.9707
795
RLa0A-
DLATRA Y
HaH5357
K.2797
8.1214
ML O34
H.0221
08,0090
13,7175
?.785A
B.7394
8.345"
8.1787
8.1050n
8.0735
78,0597
14.2608
?.941 |
8.8279
B.at17
B.23561
g.1590
/.1251
8.11073
14.8465%

—

10.1037

8.9184
B.479

re el s e .

——




RHM

g, 150

28,1500
8.1500
8.2000
8.2000
2.2000
8. 2000
8, 2000
§.2000
8.2000

- 842500
8.2500

8.2500
2,2500
8,2500
a,2%00
8.:.2500
8.2500
8.3000
]2.3000
88,3000
3000
72,3000
a,73000
H@.3I000
g, 3000
9, 2500
HLIE00
R, TERO0
Q. XTION
£, X500
f,3500
A. 3500

8.3500

R.4000
.4000
A8, 4000
8.4000
],4000
R.,A4000
R, 40010
B, 4000
q,4500
B.A500
#.,4500
7, 4500
8.a500
a,a50n
88,4500
88,4300
8.35000
i, 5000

9.1500
1500

-76-

MU TT-CHANNFL. QUENFTING TARIFE NATA

S

13

14

o
sl

16

10
11

10
13
14
15

14

10
n
12

13
14

15

16

10
11

12
13
14
iRy

14

10
11
17
13
14
1.5
16

10
11

13
14
15
1A

10
11
e
13
14

15

14

10

RF

T 0856

0449
L0724
L0106
L7145
L4553
' 2769
. 14608
. 0890
L0469
JO2ES
LD
« 7378
L4472
/7853
L1664
. 0925
L0490
.0247
L0119
.7493
.4794

IR

L7
LOVA
L0
LORSY
L0105,

‘--V‘?A(\(\

LAV F_
CROOIN
L1779
L O9OR
L0534
L0270
L0130
. 7878
L5043
3114
L1839
1036
L0557
L0285
L0139
L5170
L3204
L1900
L1075
. 0580
L0298
L0144
LB171
LRI9R

TF

2144
A
9774
L9894
835
VAt I
JHRPD
L2110
953
L OT7HG
L ORA8R
ART2
+ 0328
L7147
81334
075
JPH10
L9753
981
LN07
04
. 70AT

A

LP0AY
LPanH
LO7AY
QAT

& . RA0

L0
T NAQ TN
NIk RS

.00

Xy
L9778
CPRAH
L2172
. 4957
¢ BRRA
LR161
VR964

G443
+9715
S9RAT
001
s ART0
TH796
L8100
R925
24720
L R700
P54
L8009
L A701

QL

+» 1439
J0A/RA

L0P67,

L0111
7.+.3444
2.0740
.B110
3471
L1521
L0864
L0284
< L0118
B.0609
2.2027

L8559

3661 .

1607
< 0703
L0302
L0126
fr. 8845
2.3404
R AERS
« 3841
1698
0745
L0135
?.AZY7
2.40885
9033

40760

+ 1793
789
L0301
+0144
10.9597
?.4474
1.0061
/ A9 ]
1893

cOB3S,

L0363
L0153
. PR93
8183
00()18
4522
. 1997
L0864
0385
0144
13,8914
3.0075

=N

NS

n.0930
S IR REFR
‘ Ft"l‘?(‘.,.
fotat
15.54449
10.,7274¢(
G.00L10
B.0471
R.357)
B DAsA
PN
R.2110
164.310%
10.4527

?.1059

B.6141
8.4107
13204
#.080°
R, 04208
17.18a°5
1. A0
G, T .
0o ARA
R, 4469
H.374,
8,332
f.21 73,
181897
10.838%
P.303F
A,7570
fH.5293
A.40R¢
g.3741
B.3444
19,3597
11.0474
?.40641
faR291
B,/58%93%
.43,
A.434%4634
8.4153
20,7393
11.2687%

P.HT1EH

8.9022
8.6497
8.536H4
. 48R%
B.4664

27,3914

11,5025

[ L TR
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MUE 11 - CHANNFIL QUEUEING TARLE DATA
. RHO A 1 AL TNS
fLA%00 | . .9432 . 0568 55.46481 54.4981
R.8500 10 . 4250 . 3748 AAR111T 13.4411
L8500 1" .3985 L4015 1.4403 10,4903
®.8500 17 “PARS + 7544 .ABAL 9.5344
2., 8500 13 . 1475 8575 +3040 9.1540
£8,8500 14 L0797 . 9203 1370 8.9a70
. 8500 15 L0425 L9575 - 0612 - B.9110
R, 8500 14 L0217 . 9783 L0268 8.8748
K, 2000 9 L P41 L0381 85.6127 4.5127
H, 9000 10 LA39S L3405 5.1742 14.0742
7.9000 11 . 4090 5910 1.7333 10,4333
a.e000 12 . 2509 _. 7491 L7205 9.,46205
Q Qnoen 13 .1474 L8524 L3200 9.2200
,9000 14 L0828 172 || -1444 9.0444
A, 2000 1 L0444 9554 L L0847 8.9647
71,9000 14 L0707 9773 L008S 8.9085
L P500 9 , RO L0191 1/5.577%  1RA.S273
$1, 9500 10 L4540 . 3440 S, 5744 14,5248
£.9500 11 - L4194 L5804 1,831 10.78%1
f7,9500 10 . DSR4 L7414 7SR Q.,708%
0.9500 14 L1804 LH474 L3A3EN 9, 2040 .
=LY 14 .oa5e | L91a1 L1503 ?,1073
TRLGN 1+ LAn3 L9537 L G6RS ?.018%
TR 14 L02%R 9740 L0300 8.9807
Doanan - 10 L AGR7 L3313 ALOLAA 15,0184
VOO0 19 S AR0S ST 1.9371 10.9371
L G000 [ LIELD . 7340 . 79H1 G.79R1
GLannn (1 R Y Ve L H40S L3544 @, 3544
LRI 14 LOR9D L9108 1 ADS . 1605
@O0 ’ 1% L0487 .9518 L0704 Q.07
0, annn 14 L0249 .975 L0370 .0350
9.0500 10 .AR3A ‘3164 6£,5173 5,563
OO0 11 L4415 L5585 2.0489 11,0989
0L ON00 12 2738 . 724D JRIFP 9.8899
9LO0%00 13 o LA27 C .8373 L3708 9.47228
2.0500 14 L0925 + 9075 1691 9.72191
VL 0E0a 9% L0503 L9497 L0744 %.1744
9., 0500 14 L0241 L2739 . L0339 ?.6839
@, 1000 10 L4987 L3013 ° 7.0444 1. tha4
wonne T L4506 L5474 201478 11,7678
2. 1000 17 2817 L71H3 . LAR40 9.9840
2.1000 13 L1681 | LR319 T L3921 9.4901
w.Enon 19 .Q95% o .9041 1782 P20
2.1000 1% L0573 i .9477 . +ORO7 9.1807
21000 14 © L0P73 9727 L0360 92,1340
DL1E00 : 10 “7139 | .7R61 7.6851 16.8351
21500 11 L4440 . 5340 2.9947 11.4447
?.1500 1 L7897 .7103 9302 10.6802
L1500 13 L1735 8265 - ,4124 9L.8474
?.,1500 14 L0994 9004 1874 9,.3374
?.1500 15 L0545 . 9455 L0852 . 9,235>
2. 1500 14 .. 0285 L9715 .0381 9.1801
w, 2000 10 L7291 L2707 8.3873 17.5873
?.2000 R 4755 |, 5245 2.4301 11.4301
¢
v e 8 ) I 2 A




FHO

L3200
2000
2000
2000
2000
L2500
L5500
LS00
500
2500
2500
L5000
s 200N
. XOON
O TanG
0. IN00
. 3000
2.L.I000
L3000
9, 3500
Wy AR00
L3500,
0, THO0
2. 1500
2,300
T S 10
AN - TATATR}
2000
w4000
[P YaTaYs)
L AGO).
24000
DL AN00
D LAS0ND
DL ANO0
0, 4500
?.4500
2, 4500
DL AS00
9. 44500
25000
2,.5000
CLUR000
2 5000
©LN000
QL5000
@ . 4000
WV, u'c‘()o
@00
W00
400
9. 5500
7L, 5500
QLSS0

« e -

-

O O QL OG0 00L

PRINT-)

»
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MU T |- v HANNEL QUFUFING TARLE DATA

I

[
13
14
14
10
11
17
173
14
14
1o

1)
13
14
15
164
10
11
17
14
1 4
14
(R4l
i
10
14
12
th
16
10
11
12
13
11

1%

147

10
11
17
1.4
14
1%
14

10
11,

1
13
14
1%
1!\

HF

L, IQR7Q
1791
1031
LOSAT7
LO79R
. 7449
4821
L3043
1848
1067
L0590
JO3D
. 74607
. 498Y
3148
L1906
L 105
L0&13
L3
JI7AT7
L HB109
LR34
194N
.1144
LOAAR
0330
VIV
KR

JARDD

TF

. 7021
8709
8949
9433
P707
<2051
129
fOT37
8152
+8933
L2410
L PARA
22393
SO0
AR5
8094
L8895
.93a7
RYSE
L2033
AP
BT7AE
L B0
oBHﬁh
cPRAD
VRALD

PR At

 tOVA

-118a
ALY
0354
s H091
+ 5354
3411
. 2088

SA2DE

» 0488
L0370
L8236
5479

L La507

LN
L1047
L0714
L0386
L840
K04
 A59N
L2215
L1310
L0747
L0402

LA 749
etH TR
,7974
LBA1S
. 9338
9644
L1909
LA844
.ds89
L7912
8775
29317
.94630
L1744
L4521
LHAVH
L 7A49
9784
L9414
L1578
L4394
L4405
L7785
LAA0
L9248
9598

v

at

L2730
4334
1975
L0899
. 0403
P AR75
2.5747
1.0307
JARER

L0797

0249
L0427
LOL 1084
2,798
1% 0OHAD
47990
2187
L1001

s 052

11,1720

TLRERX
o 1411

JEORA

e 300
L1005
L4/
1. a704
AL 240
1.2010
JHP290
L2420
L1112
L0505
135.9018
3,2444
1.724642
5557
2544
1172
.0533

15.6861

3.4703
1.3308
. 5838
L2474
1234
L0543
17.8743%
3.4902
1.4011
S ot
LOPB10

W 1TYG
L0595

THE

10,1790
9.4336
9.3975
9. 2809
9.,0403
17,4375
11.8247
10.7°802
9,70%58
9. 4579
?.35409
F. 0007
19 aimb

12,0095

10.5842
?.7790
f.o187
v.an0l
P.EAND

QOLEID0

RIS

10,4911
@, hu3Ea
ORI
W, a5
v, 307a

1,704

17,4730

10,4010
P,9290
9,640
9.5117
P.,A4505

P3.3518

12,7144

10,7142

10,6057
?.7044
9.5472
9.%03%3

£5.1RAL

192.9703

10,8308

10.083A
9.7474

2.6234
PS043

27.4243

13,0400

10.9511

10,1432

9.8310
9.46799

?.46095




- '.‘"-;-'r-.—-w-‘-'._‘

RHD~

9.,4000
TBI40007
?,6000
2.4000
92,4000
£.6000
. 6000

?.7000
?.7000
P 7000
?.7000
?2.7000
2.7000
?.7000
P, 7500
2.7500
Q.7500
V99,7500
?.7500
L PL7E00
v, 7800
28000
@, B]NAON
L8000
9,000
P, 84000
?.8000

- ?.8000

¢,8500
9., 8500
2. 8500
P 1500
2.,8500
@, 8500
- 2,8500
?,9000
?.2000
?.9000
9. 2000
?.7000
9.9000
@,2000

?.9500 ,
P, 9500 -

2500
Y. 9500
. 9500

780_

MULTI~CHANNFL QUFIIETNG TARLE DATA

S

10

11

12
13
14
15
14
10
11

12
13
14
15
146
10
11

12

13
14
15
16
10
11
12

13
14
14
16
10

11,

12
13
- 14
15
146
10

i1l
12
13
14
15
16
10
11
12
13
14
15
16
10
11

12

13

14

CRP

8591 .

D734
+ 3488
L2781
L1353
L0769
L0419
L8741
9844
.3784
. 234R
L1398
L0798
0434
+8933
V5994
+ 3881
+ 2416
1444
L0827
2104
HI2Y
3979
L 4R
1491
LORSY
L0477
L0
CADAA
LA079
L5546
L1553y
. 0RAR
L0991
. 9459

L3100
L2828
J1588
0220
L0511

T L9437

4539

AR

2702
11648
L0953
0531
+IRIB
' HA79
. 43R8
e i
« 14687

e HA01 -

-

TF

«140%
4244
AR B
L7719
447
9231
. 9EA1

1239

L4134
P14
STAED
BA0D
R~TeTe%e)
L9564
1067
. 4004
SO
. 7584
L8556
L9173
9544
LOB94
L 3R71
LA0D1
L7515
REOQ
L9143

T

L0714
3736

g
L7844
JAA4
2112

L 9RO

L0541

LS99 T

CEEDO
NV )
R410
P00
.24
CORER
. 34461
2017

CW 7298
LLRATY,
L9047

«P449
L0107
o 33X
LSAT D
e ARG
31

QL

20,6179
3.9321
t.4754

. 6440
£2953
L1348

24,1551
4.1919
1.5538

L h67463
L3102
L1439
0643

28,8825
4.4740
1.63664

<7101
3057
1514
0699

35.5146
4.7809
1.7243

L7454

L3400

L1592
wO723X7
45,4799

1159

1.8170
L7009
L3591
L1474
0777

601117

S.Aa047

1.92152
+A219
37469
+ 1760
L0818

54101

5., 8855

2.019%
8428
A955

"L 18149
ORAD
195.375
H,.3294
21097

4150

TNS

I0.2179
13.5351
11,0759
10.2440
Q. 8953
P, 7346
P.EHIN
33RO
13.841%
11.20348

10.3267%°

9.9400

W79

7164
38,5825
14,1740
11.334664
10,4101
10,0257
?.8514
Q@ . 71“‘?‘)
T1.644
14,530
11L.4744
10,495,
106.09:0
P.909.
EAR S N
S, 2790
14,6715
11.6176
10,583
10,1071
‘?'o PéH7a
P.H77/
71.9617
15.3327

11,7657,

10,6719
10.2249
~10.0240
2.923140
105.3101
15.7855
11.9193%
10,7620
10,2954
10.0849
? LIRAD
205.,.3250
16,2794
i2.0797
10,8558
10.3465%0



Y.
ql
10,
10,
10.
4y,
10,
10,
10
10,
10,
1",
P
A A
14,
10
A
1N,
1.
10
1.
10
10,
1o,
kKA
e,
193
. ' Ty,
14
10,
10,
AEA
10
1A,
14y,
10
1,
10.
10,
0.
10
1
fis
1N,
1o
1y,
10,
10,
11y,
11
ne
10,
L ‘ . T,

1y,

RHO

=00
oTNN
0600
0000
0000
0000
[QJalels]
0000
QHOO
0500
0500
abateln
QL0
0500
3000
1000
1000
1000
103000
1000
i‘,-'\-’l
1500
15007
1400
1500,
\RAIA
NN
2000

LN00

OO0
2000
2000
SSVIALY
2100
200
D400
2000
PEOO

OO0

000

3OO0
TINON
AODG0
ROOTY
1500
3EO0
2500 -
3100
TEO0
TL00
A0ND0
AOHD
A000
ADOHS

s

PRINT -}

a

1%
14
1
17
1°%
14
15
16
11
17
14
14
I
14
11
172
3
11
1%
L BN
11
1
1.4
14
1
1A
T

173
14
15
14
11

1
1'X
14

15

1A,

11
D
13
14
1
(A
11
17
{3
(]
[

14

11

17

b
14

;

3~ ¥
.y AN .

-81- ’
MU T - CHGENFL QUFUEING TARLFE DATA

RF

. 0986
L0552
AR
.44%4
2853
L1741
.1020
L0573
L APES
L4401
Mielicts}
L1798
L1054
. 0598
L7110
VAR
. 3009

L84y

L1090
AT B2

VARV N

L4AR?1 -

. ANH9
C120%
L 112R
RAYY: R
. a05
L4913
L3171
L1946
LI1b6
LOBES
L 7EES
LS047
L AT
L0119
L1205
L Q0/HT0

VP06

AT

T RR3A

v
L1744
L0215
. 7R%9
LR
L1a23
R
L1 0as
L0741
L1014
kLT
L3510
L2200

-t

TF

9014
94848
JO506
7147
8259
8980
PA427
3035
L5369
L7070
L8205
08944
9405
LOR90
LS2R9
LA
LA151
LAROS
LR
L2744

t .817¢

LA

LHOBE

RS2

- A At

LR

JH0R7

. ['!B?‘Q

+B0O3?

.RB34

L9335

L2445

L4953

VAT7AT

. 7981

L8795

22310

2094

L4838

. Y-Y

J7RDD
TRTEE
L2285
L3141
JARTZT
J7RAD
CHTES
L9299
L1984
s AKOT
5490
7800

-

AARE PR V. W

m

1943
L0908
&.8212
A.2469
L2509
24353
. 2041
0954
73477
I A I
.99R7
4544
2143
L1006
7.97R5
2.5040
1.0479

L4789,

L P50
0GR
H.AAIR

D.4451.

1.,4001
ot inded
LORA
1113

0, 4400

0,754
1.1550
cHAT
JA7H
<1170
10,3245
DL95942
1.2127
L5519
2600
L1230

11,3390

i.1278
1.72733
L5706
2727
L1092

12.5146 .

5.X115

1.3370 ¢

L6064
2859
1358

13,8915

32,5084
1.4041
VA3DT

TNG

10.1443
10.0408
16,8912
12,2446
10,9509
10.43538
10,2041
10,0956
17.4177
11.0482
10.500A
10,2443

10,1504

1R.O785
17,6040
11,1479
10.5709
10,3250
10,72008

18,8140

11.250t
10,4502

103861

10,7412
19.4408
12,9954

S 11 ESE0

JO.??ﬂq
10,4477
10.3170
20,5745
13,7042
11,4627
10,8019

L 10.5100

10.3730
21,6390
13,4778
11,5753

S10.878A

10,577
10,4207
23,4646
13.6615
11.46870
10,9564
10,6359
10, 4858

24.2915
1%.9084

11.8041
11,0353

.

ry

[ON o b



RHO .

10,4000
- 10,4000
16.4500
10.4500.
10,4500
10.4500
10,4500
10,4500
10.5000
10,5000
"10,5000
10,5000
10.5000
10,5000
. 10,5500
"10.5500
10,5500
10.3500
10,3500
10.5500
10,6000
'10|é000 o
10,4000
10,4000
10,6000
10.6000
10,6500
10,6500
tOLA500
10,6500
10,6500
10,7000
10,7000
106.7000
10,7000
10,7000
10,7000
10,7500
10.7500
10,7500
10,7500
-/) ' 10,7500
10,. 7500
10,8000

) 10,8000
10,8000

' 10.8000
10,8000
10,8000
10,8500
]018500
10,8500
10,8500

. -

-B82-

MULTI-CHANNEI. QUFUIFTNG TARLE TIATA

S

15

146
i1

12
13
14
15
14
11

12
13
14
15
14

13
.
11
in

13
14

.. A

. Ri

L1324
L0748
171
L5518

w3599

2262
1360
L0795
LR3AVY
+ 639
« 3488
+ 2324
L1412
+OR23
8489
L5762
« 3780
2391
1454
+0B852
«BA50
. 5887
.3872
457
<1501
0882
8813
3966
$ 2874
1547
L0912
L1978
6140
L4042
.93
L1094
L0943
ATy
s 6270
+ 41 5E
+ 2662
+ 1647
0975
98312
«H400
AT
D733
1691
-1007
2482
i
4354
+ 2805

TF

JRA7A
L9230
L1R29
. 4482
L6401
L773R
LBERY
SO0
L1471

SA341
N xe i

2874
LR/5A8

L9177

15101
L4038
AP0
CT7AHOR
(R5a4
.9148
1350
4113
LAH10R
C7RAR
H499
R ERE
»1 187
V3987
LAO34
L7474
LRAER
LRORR
L1000

SABAOQC

RS
e 7407
L8406
L2057
+OR54
3730
JGHa2

U733

+R358

L9005

L0480
L3600
LG43
LIRET
LA3Z09
LRP93
LOS1R
.3467
L5444

L7195

QL.

A998
21424

-15.5247

3.7199
1.4748
AEHS
+3143
1497

17,4910 °

3.9473

1.54%2.

. 6978
L3294

1572

19.9017-

4.1924
1.6276
[ o731
. 3451
1649

L 22,9234

4,4570
1.7102
« 7660
3A1A
+1730
A6. 8179
4.7434
1.7974
024
3787
L1815
32.0219
F.0540
1.8R95
+HA06

- .39(")7
1203
39.320%
3.391¢9

1.9848 -

BEOS
L4154
1994

50,2065

5.7404

22,0896

9274
L4349
L2092

T A8, SA53

‘b 16H35
2.1983
+ 7663

.

TN&

10,6990
10.5424
’ :1:_'0 9747"
14,1499
1 1.924H
Al1.115%
1N.7443%
10,599
27,9910
14,4473

10,048 - °
11978 -

108294

10,6572

. 304517

14.7424
12,1774
11.2811
10,895
10.714%
33,5244
15,0570
12,3100

11T 36460 -

10.94816
10,7730
A7 +467%
15,39%8
12,4474
11,4524
11,0287
10.8315
42,7221
12,5890
1 1 . 54("({;
11,0967
10.8903
50.070%
16,1419
- 4223488
11,4304
1131654
/.1 0 . ‘?49[.
61,0865
16.54604
12,8R964
11.7274
11.2349
11,0097
79,4353,
17.0135
13,0483
11,8163

o



[PooR “PRINT]

“>

RHN

10,8500 -

10,8500
10,8500
10.8500
10.8500
10.8500
10.2000
10,2000

12,9000 °

10,2000

L 10,9000.

10,9000
10,9500
10.9%00
10,9500
10,9500
10.9500
10.9500

11.0000

11.0000
11,0000
11,0000

11,0000

11,0500

11,0%00

11,0500
11,0500
11,0000
11,1000
11,1000
11,1000
111000

11,1000 °

11,7500
11,1500
11,1500

11,1500

11,1500
11.2000
11,2000
11,2000
11,2000
11,2000
11,2500
11.2500
11,2500
11,2500
11.2%00
11,3000
11 W3000
11,3000
11.3000
11.3000°
11.3%500

-83-

/

HUL.TI-CHANNFL QUFUETNG TARLE nATﬁ

S

11

12
13
14
15
16
11

12

13

14,

15
14
11

12

13
14
15
14
12
13
14
14
164
172
13
14
15
ta
1

s

14
15
14
19
13
14
15
16
12
13

.14
15
14
12
1%
14
1%
14
12
13
14

15

14

12

. &

\

RBE

.9482
. 6533
c4356
L2805
(1741
.1%41
L9453
V6667
4457
L2879
1793
L1075
. 9826
. 6802
4560
2953
L1845
1110
L6939 .
L4664
V3029
. 1898

a4

JTO7H
LATAY
L3O%
Lo
1182
L7228
LANTS T
V31AS
L2008
L1219
L 7A59
. 4964
L3044
L0464
L1758
LTEQD
5094
L3345
SHP
L1297
7647
L5205
3478
L2190
.+ 1337
J7793
L5317
L3511

L2089

+1378
7941

TF

L0518

+ 34467
T )
L7195
JRP59
LAPEY
LOTAR-
xRkt
LOEAT
L7
P07
LYY

L L0171

L3198
<5440
7047

LB1Ss

L BP0
VROA T
. f"-l"{ 14
AP

JHLO2
CLEHRNE
Lt

ek d]
L 68194

RO

SRR
LDOIR2
104
CARTS
L7GOR
+R781
. R R
TN oY
VETTEA
LTORA
LH742
-32A98
L4506
ARG
P 7RG
+B203
» Y353
« 4795
LOHNTPD
» 70
BAAT
L2007
s 483

LLA40Y

7761 -
JHADD
f 2059

1
-

AL

48,5853
6414635
2.1983

9663
’41:‘,‘1—,3
2192
ta%.2173
4.6060
2.3135

1.01232-

744
2297
215,1825
7.0934
2.4355
1.04603

+ 4988
2406
746329

C L0450
1.1107
eS21Y

2530

8.2323

2.7004
11636
L5461
(2639
8.9017
2.6484

1.2190

05714
2742

9.4535,

3.0030

1.2771
5977

L2891,

10.5033
3.1493
1.3381

L6252

g .300%
11.4705
3134508
1.40272
£ 6540
“F1b4

12,5805

3.534%
1.44694

+ 6840
+3312
13.8642

~

TNS

79,4357
17,0135
13.0483
s 1L, 81a6%
i1.305%
11.049"
116,137
17.5060
13.213%
IR Rl
bl { 0376&
1, 1297
2061305
18,0436
13,3858
12,0107
11,4488
1 l ) TC"‘O".' *
18, 4329
13,5450
10,1107
11,5026
11,2500
Lo . 287
13,7574
12,00 7354
11,5961
tL.3139
20,0017
15.9484
12,3190
11L.6714
[1.37462
CR0LB03ES
14,1538
12.4271
11.7477
11,4391
21.703%
14,3693
12,5384
11.8252
11,5026
22,7205
14,5958
DL 452D
11.9040
11,5666
23.880%
14,8344
12,7494
S11.9840
11.4312

2H.2160

ARSI

et ittt e oo b bk e



RHD

11,3500
11,3500
113500
1143500
11,4000
11.4000
11.4000
11,4000
11,4000
11,4500
11,4500
11.4500

11,4500
11,4500

11.5000
11.5000
11.5000
11.5000
11,5000
11,5500
11,5500
11,9500
11,5500
11,5500
11,6000
11,6000
11.46000
11,4000
1 1\0 \’)0”0
114500
11,6500
11,4500
11,6500
11,6500

11.7000
11.7000
11,7000
11,7000
11,7500
11,7500
11,7500
117500
11,7500
11,8000
11.8000
11,8000
11 8000
11,8000
11, 8500
11.8500
11,8500
11,8500
11 ,R%00

1117000

ML TTI~CHANNEL.

-8~

TARILLE DATA

TNS

-

“15.085¢

12,8901
12,0653
11.6944
26.7715

15,3518
13,0144 -

11.7423
2R.AOAG
15,6330
13,1420
“ler s 2321
11.8280
30.8048

L 15,9305

13,2744
12,3178
11,8941
33.4879
162507
13,4114
12.4051
119440
Th L ONF74
14,5900
13,5523
12,4940
12,0327

Al 1F90
T 16.9530

13.69834

<12.5847

12,1022

46,8699

17,3400

13.8494

12.6772
1251726
S94.8R59
17.72610
14.006%
12.7717
12.2437
66,2017
18.212¢
14,1494

©12.8682

12,3158

86.9175 ..

18‘7024
1473387
12.9649
12,3888

.

RUFHETNG
. : CE .
5 EP TP ¢1H
13 5431 TA54G 3.7359.
14 3596 CA404 145401~
15 S 2300 L7700 V2153
16 L1419 a5 3444
12 Y BOPO L1910 15.3715
13 L5544 L4454 7.9518
14 .3682 L5318 1.6144
15 L2342 L7438 . 7480
16 L1462 L8538 L3423
12 .8241 LAFES 17,1564
13 L .S5463 L4337 4,1835
14 3749 Ak | 1.,6925
15 0 2495 V7575 L7821
16, T, 1505 F49S . 3788
127 8393, ..1607 19.3048
13 C 5780 L4718 44305
14 , 3858 L4147 1.72746
15 . 2489 7511 ,8178
16 L1550 LBASO s 3961
12 . 8547 . 1453 1.9379 .
13 5901 AR 9 4,7007
14 . 3948 L0852 0 1.8611
15 . 25%4 W44 JAS51
16 0 L1895 CL A0S <4140 ,
AR LR703 L1297 N5, 2376
.13 L0070 V3978 4,9900
14 L4039 L S5941 1.9523
15 L2620 L 73RO L8940
14 L1641 LR35, JAZ27
12 s 8860 L1140 79,4895
13 C L4145 L 3A55 5.3030
14 A R B 4 LERAR 2,DAR3 -
15 L2688 L7217 L9347
14 L1689 LB311 L4502
)'12 9018 DRE2T 35,1499
13 OHRE9 L3731 85,6422
14 ARG 5774 2.1494
15 - et L7044 LPP72
16 L1737 LADAE 4724
12 V9178 L0890 43.1359
13 CH395 VRG0S - 46.0110
14 L4321 .ﬁ&?;) 2,25465
15 V2824 174/ 1.0017
16 L1786 821 4937
12 339 L0b61 55,1017 .
13 520 LAAT7H 4.,4129
14 c4417 5583 2,34694 "
15 VL2897 L7037 1,048
16 L1836 164 L5158
12 £ P502 L0498 75.0675
13 JABAS0 L3350, 46.85P4
1 4% L4515 L5405 0 2,48R07
15 L2949 L7031 11169
16 .1887 LA113 .5388
i :

sSarthon e

C et et h



RHO
11,9000
11.9000
11,9000
11,9000
11.9000

11.¢fb0‘

11.9%00
11, ‘?t‘r()()

11,9500

11.9500
12,0000

12,0000 .

12,0000
12,0000

12,0500

2,0500
12,0500
12,0500
12.1000
12,1000

2,1000

2,1000

"12.1500°

12,1500
12,1500
12,1500

12,7000

14,?ooo‘f

12,2000
12,2000
1 2.2%00
12,2500

T 12,2500

12, ”'*"()(5

12,3500
12,4000
12,4000

12,4000
12,4000
12,4500
12,4500
2.4500

12,5000
.'.‘q ".l

2, 5000

4500
12,5000,

B4 .
. 1090

;40130 f\ﬁ987-

o . v

TARLE DATA

aL. TNY
115.0331 124.9331
7.3M6  19.23%44
TR.6149 . 1405149
1,1677 - 1300477,
V5627 12,4627
234.99086  246.9486
7.8655% 19,8155
P.74B6 14,4904
1.2210 3001710
JS5B77 0 12,5377
8.4527 20,4557 °
2.8907  14,8p07 ‘
11,2768 13,0748
6137 - 12,6137,
92,1048  21.1548 '
3.0405  15.090%
11,3351 -, 13.3851
L6408 12,6908
'9,8328  21.9326° 7
3.2000 . 15,3000 -
1.39463 ° 13,4943
6P 12.3691 &
10,6502 22,8007 .
3.3897 - 15,5197
1,46Q4 . 13.41
TeHPBE™ Sl 8a86 -

L ] . ’ ..
. -85~
MULTT-CHANNEL. QUFDE (NG
s RF. - F
12 9647 JO3Z33
13 L4780 L3220
14 . L4615 L5385
95 ,+ 3042 L A9SR
16 .1939 © L.BOAI1
127 . ,9833 L0147
13 L6911 L 30R9
14 £ 4713 - CLNDBRS
"14 1992 LRODE
13- L2044 A AT
14 4817 SE1E3T
15 3192 L4800
.14 S2046 , 7954
13- 7178 els fedes
14 + 4920 L5080
T 3249 JA731
14 2101 ¢ L7899
L; 7314 L2406
Ta L5025 LARTY
] J 3347 LAHESE
14 2157 L7843
13 7451 D549
14 L5131 L 4RE9
15 L3404 L4574 .
“14 Tl ] V7RG
13 L7589 A
14 ek < LGTED
15 L3506 L4494
14 Redadde W 72R
13 L7729 7
{4 LSX47 LALST
15 CLESR7 . LAAI3 L L 1.5980. 13,8480
16 LPREL L 7449 7413 13,0113
13 ..7971 2129 13.8298 0 26,1294
14 C 5457 f L A543 3.9480 16,2480
15 W 3670 6330 - 1.6719 13,9719
14 el L1 T LFH0Y L J7947 13,0947
13 .8013 L1987 0 15.2255 27:5755
14 55648 L4432 4,1675 16.517% .
15 «3754 Lo ha8 1.7495,° 14.099%
16 24572 L7GAR .aﬂ9q 11 1795 ..
‘13" 09159 L 18“? 16 gdqq ’ . -\ .J?r’ -
14 .5681 L4319 4,4024 14 8O
15 _+3839. Ve161 . 1.83E0  14.2310
<16 L2514 L 7486 WB6S8.° 13,2658
13 8303, 11697 . 1847959 - 31.2459 -‘ﬁ'
.14’ LH7PS L A05  4.,6543 17.1043 .
15 V3925 6075 T 1,9165 ¢ 14,3665
C 14 12577 7403

§7359 .

11,5734
35509
1.5276

L7793

12,6744

"F.7474

\9037 -

P3.7736
IH.7500
13,7374
12,9393
24.8744
15,9926

13,3537
3344263
17 4249
1475045

T 13,4430 C.

R P




i ‘ RHO

T T 12,5500
12,5500
12.5500
12,5500
+13,4000
12,4000

12.4000

e 12,6000
12,4500
12,4500
12,6500
12,6500
12,7000
12,7000

12.7000~—.__

12,7000
2 12,7500
12,7500

12,7500

12,7500

12,8000
12.8000
12,8000
12,8000
12,8500
12,8500
12,8500
12,8500
12,9000

12,9000 .¢

12.9000
12,2000

12,9500

12,9500

) 12,9500
o 12,9500
T~ 13,0000
13.0000

. 13.0000

. 13,0500

: 12.0500
13,0500

13.1000

' . 13.1000 .

.1311000
. 13,1500

¥ 13,1500
13.1500

. 1%.2000°

13.2000
» - 13.2000

- 1312500

B 13.2500
13.2500

S

13
14

13,

16
13
14
15
16
13
14
15
_ 14
13

13
14
15
14
C 13
14
15
16
13
14

-

14~

- 15
i

15

16
13
14
15

-~

RP

+8599
46027
«4102
2706
+8749

+6145

<4192
L2773
.B900
L4264
..4283
. 2840

‘190537

+ 6385
+ 4376

-J2209 -

+ 9208
6507
+ 4449
2978
93463
+ 65630

«4544.
3049

92520

w6735

. 4661
{3121

L .9479

4882
+4758

+ 3193
«9839

+7009

+AB857

L0 3267
7138 -

+4957

+ 3343
+ 7268

.53058

L L3419

« 7400
9141

+ 3496
7533

3264
+ 3575

<+ 7667

+H369
+ 3654
+7803
5474
+ 3735

IP

“«1401

«3973.

. .5898
. 7294
T .1251
.3855

"+ 5808

. 7227
+1100

+ 3736
5717
«7160
+0947

. 3615

+S5424.

+ 7091
+ 0792
+ 3493
«9931
7022
. +0637
+ 3370
+ 5434
« 4951
+ 0480
+ 3245
+ 5339
16879
20321
+3118
T 5242
+ 6807
+01461
+ 2991

5143

+ 6733
2842
+5043
14637
© 42732
+AP42
+ 6581
+ 2600
. +4839
+ 6504
2447
<4734

o 5425 -

+23332
+4631
+6344
+2197
T «4524

» 06265

. 4

N

MULTT-CHANNEL QUEUEING TABLE DATA

aL

23.9818
" 5.2161
2.1011
9845
27.5595
5.5302
2.,2007
1.0275
32.1688
5.8697
2.3056
1.0724

38,3254

6.2375
2.4161

. 1.1194
46.9584
b.46371
2.5326
1.1484
99.9245

* 7.6725
| 2.6554

1.2195

, 81,5571
7.5483
2.7855
1.2730

124.8563
8,0702
2,9228
1.3289

254.8220
8.6445
3.0481
1.3873

?.2794 -

3.2219
1.4484
9?.9843
1.3850
- 1.5124
- 10.7710
3.3581

1.5793
11,4539

3.7420
1.6493

. 12.4310

3.9374
1.7227

.. 13.7832 .

© 4.1459
1.7994

PR ppp—— N
T

"y

"TNS _

© 36.5318

17.76461
14,6511
13.5345

40,1595

18,1302
14.8007
'13.6275
44.8188
18,5197
14.9556 -
13,7224
51.0256
18,9375

15411461

13.8194
59.7084.
19,3871
. 15,2824
13.9184
72,7245
19,8725
15,4554
14.0195
94.407¢
20,3983
15,4355
14,1230
137.7563
20,9702
15,8228
14,2289
267.7720
21,5945
146.0181
14,3373
22,2794
16,2219
14,4464
23,0343
16.4350
14,5624
23.8710
16.4581

14,4793
24,8039

16.8%20
14,7993
25.8510
17.1374
14,9227
27.0352

. 17,3959

15.04%964

oy, ¢

HE - 7 aaras



e - -

RHO

13,3000
13,3000 -
13,3000
13,3500
13,3500
13.3500
13,4000
13,4000

: 13,4000
k ‘ , 13,4500

13,4500

13.4500

13,5000

- . 13,5000
. 13.5000
13,5500

13,5500

© 13,5500
13,4000
13,6000
13,6000
13,6500
13,6500
13,6500
13,7000
13.7000
13,7000
13,7500
13,7500
13.7500
13.8000
13,8000
13,8000
13,8500
13.8500
13,8500
13,9000
13.9000
13.2000
13,9500
13,9500
13,9500
14,0000
14.0000
14,0500
4, 0500
™M, 1000
141000
.. 14,1500

14.2000
14.2000
14.2500

14.72500

14,1500 |

\  =87-- .
ANNEL GUEUEING TABLE DATA

MULTI-CH
] . .
s ' " RP IP
14 . 7940 42060
15 5583 T 4417 -
14 . {§g17 +46183
14 .8078 $1922
15 ‘5692, ° . .4308 -
16 +3900  N.6100
14 8218° 1782
- 15 +5802 +4198
16 +3984 +6016
14 8359 «1641
15 5914 . 4086
16 <4069 .5931
14 8502 .1498
15 v 6024 . 3974
16 ‘4154 . 5844
14 «8646 . .1354
15 <6140 | .3840
16 - .4243 . . S757
14 .8791 + 1209
‘15 6255 .3745
16 +4332 54668
14 8937 <1043
15 L4372 +3628
16 44422 .5578
14 ~ 9085 L 091S
15 ‘. 6490 .3510,
16 V44513 © 15487
14 L9234 .Q764
;15 +4609 .3391
[ o1& «44606 5394
! 14 . 9385 <0615
Fo15 L6729 v3271
16. ° .44699 +5301
14 9536 + 0454
15 + 6851 + 3149
L 1b 14794 +5206
- 14 . 94690 +0310
s 15 169745 - ,30264
d4 + 4890 «5110 ..
14 ., 9844 L0156
15 , 7098 . 2902
16 . 4987 +5013
15 L7223 $2777
16 . 5085 <4915
15 i 7350 « 2680
16 .5184 <4816
15, .7478 e2522
14 . 5285 ' +4715
15 + 7607 . 2393
‘16 » 5387 +4513
15 .\ 7738 + 2262
16 L5490 +4510
.15 . 7870 .2130
14 5594 <4404

L e ares Y. ata

.aL

15,0860
< 4,3481
1.8801
16,5918
4.6054
1.9646
18,3539

4.85%4 -
2.0533.
20,4422

5.1315
2.1444
22,9544
5.4237
2.2441
26.0324
5.7379
L 2.3449
29.8882
6.0767
2.4549
34,8548
&4.4427
2.5686

41 . 4880 .

- 46.8392
50.7877

©7.2696

2.8145
64,7540
7.7384
2.9474
88.0535
8.2506
3.088t
134.4862
8.8121
3.2344
274,651
9.4299
3.3933
10,1125
3.5594
10.8701
3.7353
11,7154
3.9219
12,6637
4.1200
13.7345
' 4,3307
14,9522
4.,5549

TNS

283840
17.6681
15,1801
29.9418
17.9554
15,3146

© 31,7539
18,25%4
15.4533
33,8922
18.5815
15.5944

36,4544
18,9237
15,7441
39.5826
19.2879
15.89649

43,4882
19,8747
16.0549
48.5048
20,0927
©16.2184"
55,1880
20.5392
14,3884
64,5377
21.0194
146.5645
78,5540
21.5384 /
16,7476
101.9035
22,1004
16.9381
148.5842
- 22,7121
17.1344
288.6021
23,3799
17.3433
24.1125
17.5594
v 24.9201
17.7853
25.8154
18,0219
26.8137
18.2700
27.9345
18,5307
29,2022
18.8049

x







. [ e , BRAA
i - . - -89~ : .
e S - < HULTI-CHANNEL QUEUEING TABLE DATA
N ‘ RHO S RP > IP -, QL. TNS
fa T6:0000~ ~ = ~17 79308 0692 14,8922 ° 30,8927
" 16.0500 17 +9347 <0553 15,7919 31,8419
d © . 14.1000. 17 .93864 <0614  16.7910 32,8910
\\S\\\/ : . .16.1500 T 1700 ,9425 . 0575, 17,9070 34.0%70
‘ 16,2000 L1700 .9463 - L0537 19.1419  35.3819
16,2500 17 29500 . L0500 20.5833F 34.8334
16,3000 .17 «9537 +0463 22,2073 38,5073
16,3500 17 ' 9573 - 40427 24,0803  40.4303 .
16,4000 . 17 . ,9609 s0391 26,2645 42,4645
16.4500 17 © +9644 Y +0356 28,8450 45,2950
16.5000 17 «P4679 <0321 ° 31,9407 48,4407 °
g 16,5500 . 17 - .9713 «0287  35.7232 52.2729
= 16.6000 - 172 ,9747 . .0253  40.4501 57.0561
16,6000 © 18 +9729 L0271 11,5356  28.1354
16,6500 © 172 77,9780 10220 © 46,5261 43,1761
16,6500 - .18 +?740 ,0260° 12,0132 28,4430 - Tt
16.7000 . 17 + 9813 20187 54.6260 71,3240 . 1
T 14,7000 . 18 .+ 9752 0248 12,5275 29,2275 :
- T 1677500 . 17— - ,9845 10155 63,9639 ' '82.7139 .
. . . 16.7500 18 »9763, »0237"  13.0827 29,8327
16,8000 - 17,9877 7 L0123 82.9485 99,9485
16.8000 18 + 9774 10226 13,6841 . 30,4841
14,8500 17 +990%9 10091 111.3043 .128.1543 ‘
14.8500 - - 18 «9785 «021S 14,3374  31.1874
. : 16,900b .17 +9939 | L0061 147.9775 184.8775
i S+ 16,9000 18, ,9794 #0204 15,0504 '31,9504
; 16.9500 17 <9970 L0030  337.9820 354.9320 :
16.9500 18 <9807 0193 15.8309 32,7809 .
17.0000 - .18 9817 <0183 16.6894 33,4894 !
: 17.0500 18 . 9828 $0172. 17,6380 34,4880
o 17.1000 18 +9838, <0162 18.6919 35,7919 .
- 17,1500 - 18 .9848 J0152  19.8696 37,0196
.+ 17,2000 18 9858 +0142 21,1943 38,3943
- : 17,2500 18 V9868 . 20132 22,6955, 39,9455
L 17.3000 18 J9877 +0123  24.4110. 41.7110
F 17,3500 18 .9887 »0113 26,3902 43,7407
17.4000 18- -~ ,9894 <0104 28,4990 44,0990 -
17,4500 .18 . ,9905 <0095 - 31.4274 48,8774
17.5000" 18 L2915 L0085 34,7012 52,2017
17,5500 18 + 9924 +0076  3B.7023 54,2523
1746000 18. . 9933 +0067 43,7034  41.3034
L T 17.6500 18 . ,9941 <0059 50,1330  67.7830
P 17.7000 18 - L9950 »0050  S58.7055 74,4055
; ' 17.7500 . 18 « 9959 .op41 70,7065  B8.454%
i 17.8000 18 .9967 +0033  B88.7075 106.507%
L. ‘ 17.8500 18 9976 0024  118.7085 .134,5585
{ : i 17,9000 18 . 9984 S0016 178.7095 294,609
17,9500 18 . 2992 $0008  358.7105 376,660
17,9500 19 -, .9991 L0009 17.0798 35,0298
17.9500 . 20 <9864 C.0134 8.6370  26.5870
18.0000 19 » 9991 0009  17.9845  35,984%
18.0000 %p »9848 10132 8.8809  26.8809
. 18,0500 9 « 9992 +0008 18,9844  37.0346 ;
18.05?9 20 9871 20129 - 9,1373 27,1873
- N i-:'?{'[,",‘i_"“//ﬁf R T ‘







d

© RHO -

. 19.2000
19.2000
1952500

. _ 19.2500 -

S LA _ 19,2500

L ST J.9|3000"'o

N ’ 1903000

19.30060

19,3500

19.3500

19,3500 .

o © 19,4000

N T - 19.4000

. o - 19,4000

, - .-19.4500
“ : TLt 0 +19,4500
' . . ", 19,4500
ST 1975000
v < 12.5000
s 19,5000
e ' 1945500
. 1. 19.5500
- - 19,5500+
o= 19,6000
N 19,6000
' , 19,4000
19,6500
19,6500
. 19,6500
19.7000
19,7000
19.7000
1 19.7500
19,7500
19.7500
19,8060
19.8000
19.8000
19,8500
19.8500
19,8500
N 19.9000
B 19.%000

T 1949000
19,9500
19.9500

©r 19,9500
2070000

. 20,0000

20,0500

2040500

: 20,1000

Y]

R eTEee T

20:31000 ° .
...e-.a-,._._, e Tt

‘.
e e e L.

-

FATWED 5ot

.

-91-‘ P
HULTI-CHANNEL GUELEING TABLE DATA

i .

s BP ’ IP- oL TNS
TTU20TTTTI9950T T T L0050 23,8801 43,0801
21,9940 «0060 10.4022 29.8022
22 « 9891 0109 = 6.7823 25,9823
- 20 ' 9953 0047 ' 25,5467  44.7967:
21 . .9941 40059 10,9355 - 30.1855
22 ' ,9893 .0107 6.9251 ° 24%1751
20 T 99564 +0044 27,4518 44,7515
21 + 9943 +0057 11,2885 . 30.9885
22 <9895 + 0105 7.0733 26,3733
20 | ..9940 “+0040 29,6492 4B.9992
21 0 - 9945 | .0055 11,6628 31,0128
22 . .9897.  .0103 7.2270 . 26.5770
TTIR200TTT V996370 L0037 0 32,2133 . 51,6133
Co2r 9947 0 - TL0053- 12,0406 31.4606
22 + 9900 0100 . 77,3867 - 26.7847
20 . .9966 - T ,0034 35.2436 - 54,6934
21 9949 © ¢ .00S51.- 12.4840 31,9340
22 T .9902 0098 7.5528 27.0024.
CTTR0TTTTUI9969 - +0031° 38,8799 58.3799
W21 + 9950 +0050  12.9356 32,4354
22 © 49904 0096 '7.7251 - 27.2251
20 + 5972 L0028 43,3243 42.8743%
21 9952 S 7.0048 13,4184 32,9484
22 +9906 . 0094 7.9047. - 27,4547
200 7 ,9975 . ,0025 - AB.8798B  4R.479#
21 9954 40046 13,9354 33,5354
22 . 9908 L0092 8.0918 , 27.4%91#
'R0 + 9979 <0021 56,0227  75.4727
21 +9956 20044 14,4912 34,1417
22 9910 0090 | B.2868 27.934R
ab 9982 +0018 45,5444 52444
t m 9958 .0042 15,0895 34,7895
22 9913 » L00R7 8.4903 .28.1903
20 » 9985 L0015 78.8797 98.6297
21 . 9959 0041 15,7356 35,4856
22.- L9 S »0085  8.702%  2B.4529
20 <, 9988 +6012 -~ 98.8797. 11B.679%
21 . 9941 v0039 | 16,4356  36.23%564
a2 9917 . 0083 8.9251 28,7351
20 + 9991 <0009 132.2130 152.04630
2 9963 0037 17,1965  37.044%
22 $9919 ' 0081 9.1577 29,0077
20T 9994 +0006 - 198,8797 218.7797
21 . 9964 0036 18,0265 37,9265
22 9921 w0079 -9,4013 29,3013
20 - . 9997 +0003  398.87946 418.,8294
21 ‘9966 -.0034 18,9354 38,8854
3z 9923 . Q077 ?.46568 29,4068
T2 T 9948 0032 19,9357 39,9357
22 9925 L0075 9,925 29.9251
21 « 9970 S0030 - 21,0409  41.0909
22 . 9927 S0073 10,2071 30.2571 .
21 . 29971 L0029 22,2490 42,3490
22 . 9929 ~ 0071 10.5040  30.4040
0 ] ~ o . . }
1Y)

i




- e —— ey

A T

-

P17

-—— e e

N

U DT MG

B I ., .- MULTI=CHANNEL QUEUEING TABLE DATA
. : L. c. . i . - - ' - " .
& : RHO . s BP IP- oL TNS"
T BOY1S00 T 21 ~9978 TTTUI00R7 T T 23,3416 T®A357916
. 20.1500 - 22° ° .,9931 <0069  10.8170° 30,9670
20,2000 21 « 9975 «0025 = 25.1857 ' 45,3857
' 20,2000 - 22 <9933 0067 11.1473. 31.3473
20,2500 21 L9976 +0024 26,9357 '47.1857
20.2500 22 «9935 +0068 11,4965  31.74645
T 20,3000 ., 2 9978 400227 © 28,9357 - 49,2357
_ - "20,3000 . T2z <9937 +0063 . 11,8663  32.1643
- ; 20,3500 21 . 9979 «0021  31.2434 51.5934 -
_ ! 20,3500 ° 22 .9939 <0061 12,2584 32,4084
. - 20.4000 21 . 9981 +0019 33,9357, 54.3357
- © 20,4000 22 . 9941 <0059 12,6751 33,0751
. 20,4500 21 7983 150017 0 37.1175 57,5675
20,4500 22- /9943 n ,0057°  13.1186 "\ 33.56B6
20,5000 21 +9984 77,0016  ¥0.9357° \&1.4357
. 20,5000 22 . 9945 +0055 . 13,5917 34.0917
3 20.5500 21,9984 «0014 45,6024 66,1524
20,5500 22 9947 . 0053 14.0975 . 34.6475
ST 20,6000 - 21,9988 +0012 ° 51,4357 72,0357
20,6000 22 .9949 10051 14,6394 35,2394,
20,6500 21° +9989 . .0011 ",.58.9357  79.5857
20,4560 22 .9951 10049 . 15,2214  35.8714°
20,7000 21 + 9991 +0009  48.9357 89.5357
20.. 7000 22 -+ 9953 40047  15.8481 - 36.5481
20,7500 21 .9992 140008 . 82.9358 103.6858
20,7500+ 22 o .9955 +0045  16.5251  37.2751
20,8000 - 21 <9994 +0006  103.9358 124.7358
20,8000 az « 9957 «0043 17.2584 '38.0584
20,8500 - 21 . .9995 " ,0005  138.9358 159,7858
, 20,8500 22 - ,995% <0041 18,0555 . 38.9055
- 20,9000 21 © 9997 <0003 208,9358 229.8358
r 20.9000 22, +9961 20039 . 18.9251 39.8251
: 20,9500 21 +9998 «0002 418.9358 -439,8858 '
20.9500 22 19962 - +0038  19.8774  40.B274 /
21,0000 2 1.,0000 0. 0000K6366.0000%6386.,0000
; 21.0000. 22- 7 49964 - L0036 20.9250 41.9250
o 21,0500~ "~ "2z r?9&§‘“""70634"‘22.0929 43,1329
| 21,1000 22 996 40032 . 23,3695 44,4695
;o 21.1500 22/”".9970 +0030 " 24,8074 45,9574
! 21,2000 22 . L9972 10028 24.4250 . 47.4250
; . 21,2500 b2 19974 +0026 | 28,2584 - 49,5084
S, 2143000 22 2975 . L0025 30.3536 51,4536
: ' 21.3500 - 22 19977 0 TU0023 0 32,7712 54,1212
£ : . 21,3500 - - 23 7 .9977 »0023 12,9091 34,2591 -
] 21,3500 24 9711 0089 7.9850 29,3350
B 21,4000 22, 9979 '40021  35.5917 56,9917
i 21.4000. 23 . 9977 +0023 13,3447 | 34,7447
£ 21.4000 24,9913 +0087 8.1591 29,5591
g . 21,4500 22 «9981 77,0019 © 38,9250 40,3750
21,4500 ) ' 23 +9978 «0022  13.8084 35,2584
© 21,4500 - 24 +9915 0085 8.3401. 29.7901
21,5000 22 +9983 +Q017 42,9250  64.4250 ,
21,5000 23 . 9979 «0021+ 14,3031 35.8031
21,5000 24 - 30,0284




’

pr—— ——— . . —— -

. ‘ ' ‘9"-.'-’:: ‘ ‘ .’i '- - » .
MULTI-CHANNEL QUEUEING TABLE DATA

RHO ‘s BP. S IP QL' - - TNS

CTTTRRES00T— T 23 99T 0005 54,6841 8713341
22,6500 . 24 L9957 7 ,0043  146.7060. 39.3550
22,7000 23, 9994 20004 75,4365 98,3345
22,7000 ‘24 . ,9950 . <0041 . 17,3897 40,0897
22,7500 23 . .9997 - .0003 90.9498 113.7198
32,7500 * T 24 + 9961 .0039 .18.1282 = 40.8782
--22,8000 - 23 19997 0003 113719498 - 136.7698
22,8000 N 24 - .9962 - .0038 ' 18.9282  41.7282
22,8500 23 9998 | <0002 152,3031. 175,1531
22,8500 24 .+ 9944 0036 19,7977, 42,6477
22,9008 - 23 - .9999 0001 228.9498 251,8498
22,9000 - 24 _ 29965 - 1,0035 20.7443 43,4443
22,9500 - > 23 . 9999 ~+0001--458,9498 481,9198
22,9500 = - 24 9967 <0033 21,7853 44,7353
23,0000 23 1,0000 0.0000%0782.0000%X0804 , 0000
23,0000 24, 9949 «0031 22,9281 45,9281
23,0500 24 .997 +0030 24,1913 47,2413
23,0500 . 25,9970 - +0030 . 11.7848 - 34,8348
23,0500 26 L9931 L0069 7.7599 . 30.809%
2371000 24 .9972 © L0028 25,5948 7 48,6948
23,1000 25 $9971 L0029 12,1222 39,2222
23,1000 26 . 9933 J0067 . 7.9119.%- 31,0119
23,1500 24 +9974 <0026 27.1634  S50.3134
23.1500 = 25— 9971 . .0029 12,4778 ° 35,6278
23,1500 26 L9934 <0045 8.04692 31.2192
23.2000 24.  +..9975 L0025 28,9281  52.1281
23,2000 25 9972 .0028 12,8532 34,0532
23,2000 26 . 9935 +0065 8.2321 31.432)
23.2500 24 . 9977 .0023 30,9281 54.1781
23,2500 o .9973 «0027  13.2500 34.5000
. 23,2%00 . 26 9937 T,0063 - 8,4009 31,6509
© T 23,3000 .24 . »9978 . .0022 33,2138 56.5138
23,3000 * 25 9974 +0026 13,6702  36.9702
23,3000 26 £9938 - .0062. B.5760 31,8740
23,3500 24 9980 +0020 3%.8512 59,2012
23,3500 25 .9975 +0025 14,1158 37,4458
23,3500 - 26 . L9939 - L0081 - B.7577 32,1077
. 23,4000 | - 24 . 9982 .0018 38,9281 62.3281
23,4000 25 9976 .0024 14,5893 37,9893
, 23.4000 : 26 +9940 0060 . 8.9463  32.3443
73,4500 .24, 9983 «0017 © 42,5644 66,0144
23,4500 - 25 9976 0024 . 15,0933 38,5433
23,4500 26 . 9942 0058 . - 9.1424 32,5924
23,5000 24 +9985 - ,0015  44.9281  70.4281
23,5000 25 L9977 «0023 15,6310 39,1310
*'23,5000 26 9943 10057 - . 9.3463 - 32,8463
23.5500 , 24 9986 .0014 52,2614 ] 75.8114
23,5500 . 25 «9978 . L0022 14,2057 39,7557 "
23.5500. r 24 <5944 . 0054 9.5586 33.1084 -
- 23,6000 24 . .9988 . ,0012 S5B.9281 82,5281
23,6000 " a5 9979 L0021 14,8214 40,4214
23,6000 24 » 9945 «0055 = 9.7797 33,3797
23,6500 24 £9989 L0011  67.4995 . 91.1495

23.6500 <l + 2980 « 0020 17.4828 .

— fm—— e s

SRR S VI LA

41,1328
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e

T U2308500~—— -

. T23.8500-— 7 -

*

-~

RHO

23.7000
23.7000
23.7000
23.7500
23.7500
2357500
- 2328000
23,8000
23.8000
23.8500
23.8500

23.9000

23,9000
23,9000 '

23.9500
23.9500

"23.9500 -

24,0000 .
24,0000

" 24.0000

24,0500
24,0500

‘24,1000

24,1000
24.1500
24,1500
24,2000
24,2000

.24.2500

24,2500

- 24,3000

24,3000
24,3500
24,3500
24,4000
24.4000
24,4500
24,4500

24,5000 .,

24,5000
74,9500
24,5500
24,6000
24,6000
24,6500
24,6500
24.7000
24,7000
24,7500
24,7500
24,8000
24,8000

L TTTTT=95s P B
HULTI ~CHANNEL GUEUEING TABLE DATA ]
"BP - IP o] I TNS,.
-.9947‘“““*70053‘*‘10:0102‘1”33:6602
19991 «0009 78,9280 102.4280
. 9980 +0020 18,1951  41.8951
+ 9948 +0052 "°10.2507 33,9507
+ 9992 +0008° '94.9280 118.4780
« 9981 +0019  18.9643° 42,7143
19949 V0051 10,5019 34,2519
-+ 9994 +0006.7118.9280 142,7280
+ 9982 +0018 19,7974 43,5974
+9950  ° .,0050 10,7445 34.5645
9995 +0005° 158.9280 182,7780 -
.9983" +0017 . 20,7034 44,5534
+9932 - —,0048 -~ -1140393 -~ 34,8893
«9997 +0003  238.9280 . 242.8280
*2784 T L0016 21,4916 45,5914
+?953 | ,0047 11,3273 35.2273
+ 9998 - +0002 478.9280 s502.8780
+9984 +0016 22,7738 44,7238
<9954 «0046°1"11,4292 35,5792
1.0000 0. 0000*2990 0000%3013,0000
. 9985 0015 . 23,9443 47,9443
+9955° %0045 11,9463 35,9443
+ 9986 +0014 . 25,2801 49,3301
. 19954 + 0044 2:27% 34,3294
+9987 +0013 26,7421 50,8401
©.9958, +0042 12,4305 34,7305
- 9987 20013 28137461 52,5241
+9959 0041 13.0004 37.1504
. 9988 «0012 30,2143 54,4143
+ 9960 40040 13.3908 - 37,5908
+9989 +0011 - 32,2977 54.5477
. +9961 »0039 13,8034 38,0534
9990 20010 34,4784 . SB.9784
19962 <0038 14.2404 38,5404
+ 9990 +0010  37.4259 - 41,7759
9964 +0036 14,7039 39,0539
$9991 - - 400097 "40.6310 ——45, 0310 ~ -
+ 9945 +0035 * 15,1963 39,5943
. 9992 - «0008 44,4189 48,8485
<9964 «0034 . 15,7205 40,1705
S 9993 «0007  48.9643 73,4443
. 9947 20033 - 14,2794 _40.7794
49993 10007 -~ 54.5199 79,0499
. 9968 <0032 14,8773 41,4273
' 9994 +0006 61,4643 84,0643
19949 20031 . 17,5177 42,1177
s 9995 «0005  70.3929 . 95,0429
+9971 +0029 18,2055 42,8555
+ 9996 - <0004 " 82,2977 '104.9977
9972 «0028  18.9463 43,4443
+7996 ©,0004 98,9644 123.7144
«9973 +0027 19,7463 44,4943
9997 +0003 .123,9444 148,7444
20, 6129

8y

25
24
24
25

26

24
25
26
24
25
26
24
25

26
24"

25
26
24
25

C 26

as
26
25
26

ne

L

26
25
24
25
26
25
26
25
24
Ls

oy

r34"

25
26
25
26

25

26
25
26

25

. 26

25
26

e

25
26

e
t’-.'

26

24

19974

+ 0024

45, 4129' ,

- ——————

7




’

e e £ —

.

RHO

+24,8500
24,9000
24,9000
24,9500

+ 24,9500

‘25,0000
25,0500
25.1000

25,1500

25.2000
25.2500

T 2573000

25.3500
25.4000
25,4500

25,5000

25,5500

25.46200
25,7000
25%.7500

247850077

T 2506000

- 25,8000 -

25,8500

25.8500
25.8500
25392000
25.9000
25.9000
25.9500
25,9500
25.9500
26.0000

+ 26,0000

26,0500
2464.0500

26,1000 -

26.1000
2641500
[ 25 [ 1 500
26.2000
26,2000
26,2500
24.2500
26,3000

26,3000

24,3500
26,3500

26.4000 -

26,3000
26,4500
26,4500

26,5000 .
26,5000 .

s

T 25

- 246

25
24
25
26
24
.26
24
26

246 -

26
26

26°

26
26
26
26

ne

26
26
26
D
26
27

‘28
26
w7
28

e

27
28
27
28
27
28

27

28
27

28 .

27

’8
27
28
27

. 28

27
, 28
27
-
27
28
27
28

(% IEVL

12903

'
b

LIy Tery ot

-96! . ‘
MULTI-CHANNEL QUEUEING TABLE DATA
BP- . IP - -QL TNS
#9998 TTTITTL 0002 145063107 19074810
«9975 1 0025  21.5550 46,4050
" 9999 «0001 24B.9644 273.8644
9976 0024 22,5826 47,4824
+9999 . ,0001 498.9444 523,9144:
$2977 ° ,0023  23,70B2 48,4582
$9979 1 TI00217] 24,9483 49,9443
+9980 +0020 26,3147 51,3647
.9981 «0019  27.8352 52.9352
. 9982 «0018 29,5345 54,4845
9983 | L0017- . 31,4463  54.44463
. 9984 «00156 33,6129 58.B629%
+9985 - L0015 36,0891 -61.3891
<9986 +0014 38,9463  64.2943
. 9987 0013 ' 42,2796 £7.4796
.9988 +0012 . 46.2190  71.6690
.9989 +0011  50.9443  74.4443
«9991 +0009 | 56.7240 B2.2740
29992 20008 7 43,9442 - 89,5442
9993 0007  73.2320 98,8820
19994 +0006 . 85,6129 111.3129
19995 10005 102,9462 128.46962
9996 +0004 128.9462 , 154,7462
+ 9997 +0003  172.27946 198,1296
<9997 +0003 22,4710 48.3210
- 9857 +0143  11.8518 . 37.7018
,+ 9998 +0002 258.9462 284.,84462
. 9997 »0003 23,5382 ° 49.4382
. 9861 “.0139 12,1618 38,0618
. 9999 +0001 518,9442 S544.8962
+9997 »0003° 24,7071 = 50,6571
» 97864 +0136 12,4870 3B.4370
<9997 +0003 25.9928 51.9928
. 9848 .0132 12,8284 38,8284
~ 9997 «0003  27.4138 53,4438
.9872 «0128 13,1873 39,2373
<9998 7 .0002° 28,9928 -, $5.0928
9875 «0125 . 13,5651 . 39.4651
. 9998 0002 30,7575 54.9075°
.9878 w0122 - 13.9634 40,1134
9998 \+0002  32.7428. 58,9428
.9882 0118 . 14,3837  40.5837
.9998 . +0002 - 34.9928  41.2428
»9885 .0115 © 14,8281: 41.0781
- 9998 +0002  37.5442 43.8642
9889 «0111 - 15.2986 - 41,5984
.9998 0002  40.5312  46.8813
. 9892 «0108 15,7977  42.1477
.9998 w0002 43,9928 - 70,3928
19896 +0104 - 16,3279 42,7279
T .9998 +0002 48,0837 74,5337
9899 «0101 16,8924 43,3424
9999 +0001 52,9928 79,4928
1744945

43.9945 -

.

A

—

LI

wOE
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MULTI-CHANNEL QUEUEING TABLE DATA

v - s
LI o N . . [ }

Ca U e P T A A
S N A SRRt A Lt S N N

~TNS

RHO 'S BP T IP e QL
STTTTT T 2608500 7 ey +929997 L0001 589928 85,5428
‘ . 26,9500 28 +9906  ,0094 18,1381 44,4881
L 26.6000 - 27 0 .9999 L0001 64.4928 43,0928
e 26.6000 28 +9909  ° ,0091 18,8277 45.4277
26,6500 27 <9999 +0001 © 76,1356 102,78564
- - 26,6500 28 ' 9913 +0087  19.5684 44,2184
LT 24,7000 - 27 +P999 20001 '88.9928 - 115.,4928
- 26,7000 28 - ,9916 -0084 . 20,3861 47,0661
26,7500 27 $9999 - ,0001 104.9928 133.7428
26,7500 28 9919 <0081 ° 21,2375 47,9775
26,8000 - 27 . . 9998 '+ +0001 133,9928 140.7928
26,8000 28 .9923°  ,0077 22.1608e 48,9608
, 26.8500 277 1.0000 40000 178:9928 208,5478
) 26,8500 28 £9926 © - ,0074  23.175% 50,0253
24,9000 27 1,0000 - . .,0000 268.9928 295,8928
26,9000 . 28,9929 +0071 24,2819 51,1819
26.9500 27 1.0000 +0000 538,9928 545.9428
© 26,9500 28 + 9933 +0067 25,4940 52,4440
- - 27,0000 .27 71,0000  0;0000%9614.0000%9640. 0000
27,0000 28 19936 «0064 26,8273 53,8273 .
27.0500 28 19939 . L0041  28.3009 55,3509
27.1000 . 2g_ «?943  ° ,0057. 29,9383 57,0383
27.1500 28’ 9946 . +0054 | 31,7683 58,9183
27.2000 28 + 9949 «0051 33,8270  41.0270
27,2500 - 28 . .9952 - ,0048° 36,1403 43,4103 .
27.3000 .28 ., .9956 +0044-  3B.8249 44,1249
27,3500 . 28 9959 +0041" 41,9038  49.2538
27.4000 28 « 9942 +0038 45,4935 72,8935
27..4500 - 28 <9965 -+0035 49,7359 77,1859
27.5000 28 . ,9948 «0032 54,8267 82.3267
27.5500 28 .9972 +0028" 61,0489 - BB.5989
i © 27.6000 - 28 + 9975 +0025  6B.8266 96,4246
: 27.6500 © 28 «9978, +0022 78,8264 106.4766
i . 27.7000 28 ?981 - ,0019 = 92,1598 119,8598
: 27,7500 28 9984 . ,0016 ' 110,8265 138,5745
] : 27.8000 28 « 9988 T #0012 138.8264 156.6264
i T T27.8%500°° - - 28 .9991‘""-”70009*“135599soW'2;3:3430
! ' 27,9000 28 . .9994 «0006 278.8263 304.,7243
: 27,9500 - 28 + 9997 . <0003  558.8263 586.7763
27.9500 29 L9996 ,0004 26.4094 54.5504
27.9500 - 30 .9882 . ..,0118 13,4733 . 41,4233
_ .. 28.0000 28 1.0000 . 0.0000%1822, »0000%1849,0000 .
' ' 28,0000 29 . 9997 20003 ™ 27,9904 ' 5519904
28,0000 30 . 9885 0115 13.8391 41,8391
28,0500 297 7 ,9997 #0003 : 29,5167 ' 57,5667
' . 28,0%00: | 30 T.98688 . | .0112 - 14,2237 42,2737 -
' 28,1000 - 29 19997 o’ga T.31.2126 59,3124
28,1000 - . 30,9891 - ¢ ¢ 14,6285 42,7285
* 28,1500 T29 0 .9997770 70003 33.1080 . 41-2580.
28.1500 .. 30 9894 - ,0106 715.0552 43,2052 -
° 28,2000 ., 29 49997 't L0003 . 35,2404 43,4404
. 2812000 30 49897 . .- L0103 . 15.5056. 4347056
. 28,2500 - 29 ® . 9097 +0003" 37,8570 45,9070
28,2500 B30 ,9900 0100 15, 9818 44,2318
[ o ' ' /.u_ , . o
P . . ;" PO . t“‘ 3 H\T{ i‘U{I:“Ji ';:J .. N L .




Ei.

L S
i . , ‘ : _ i
: MUL TI-CHANNEL uq;us:ns TABLE DATA T -~
RHO © ' s BP. P - AL TNS
;T T 4803000 29 .9999*——"f-v002 ~ 40,4190 “-68:7190
f ’ 283000 - 30 19903 L0097 - 14.4859 44,7859
. - 28,3500 29 L9998° +0002 43,6058 = 71,9558
28,3500 30 9906 _ +0094 17,0206 45,3706
i Y 2B.4000 29 . 9998 «0002 . 47,3237 ~ 75,7237
28.4000 30 + 9909 +0091 17,5888  45,998a
e 28,4500 29 +9998 ~°,0002 © 51,7177 8041677 -
i ' | 28,4500 - - 30 F9912 +0088  18.19386 44.6436
Pl 28.5000 ~ 29 +9998 " ,0002 $5.9904 - 85,4904
28.5000 30 9915 0085  1B.8387 47,3387 -
28:5500° 29 TTTL9998 1 ,0002 63.4348 91,9848
.- 28,5500 . 30 .9918 «0082 . 19,5283  48.0783"
T T 28,6000 - 29 09999 17740001 - 71,4904 - 100,0904
; 28,6000 - 30 9921 10079 2072672  48.8472
28,6500 - 29 . 9999 +0001 81.8475 °110,4%975 '
28,6500 30 $ 9924 +0076 21.0608 49.7108
; 28,7000 29 9999 «0001  95.6571 124,3571
) 28.,7000 30 «?927 . ,0073 21.9154 50,4154
28,7500 o ag - 9999 -70001 114.9904- 143,7404
2817500 q/’, 30 9930 10070 22,8385 51.5885
© 28,8000 2% © L 9999 +0001  143.9904 172.7904
* 28,8000 . 30 <9933 +0067 23,8384 52,4384
r. '28.8%00 .29 1.0000 +0000  192,3237 221.173p
28,8500 30 - ,9934 10064 - 24,9253 | 53.7753
28,9000 - 29 1.0000 +0000 28B.9904 317.8904
28,9000 30 . +9938 +0062,  26.1110 55.0110
’ 28,9500 29 1.0000 +0000 578.9904 407.9404
: 28,9500 .30 LP941 L0059 27,4097 56,3597 .
29.0000 29+ 1,0000 0.+ 0000%4030.0000%4058, 0000 -
29.0000 30 + 9944 "+0056 28,8382 . 57.8382
. 29,0500 - 30 +9947 -0 L0083  30.4171 59,4471
" LTt .29,100Q . 30, +9950 - +.,0050 32,1718 41,2715
: . '29.1500 30 +2993 . L0047 34,1322  £3.2822
; 29,2000 30 « 9956’ +0044 36,3381 - 65.5381 -
L, 29,2500 30 9958 +0042° 38,8380 48,0880
b 29,3000 30 <9961 »0039 . 41.6951 70,9951
FTTT L 29,3500 v 30 9964 T 44,9918 7473418
; 29,4060 - 30 + 9967 #0033 - 48.8379. 78,2379
Pt - ,29.4500 ' 30 7 .9970 ".0030 53,3833 82,8333 -
29.5000 30 $9973 +0027  58.8378 88,3378
29.5500 30 L 9975 . .0025 .745,5044 95,0544
. 29,6000 30 .9978 +0022 73,8377 '103.4377
TR 29,4500 - 30 $ 9981~ -;0019°  B4.5520 : 1142020
, 29,7000 30 - .9984 +0016 98,8374 128.5376 .
! © 29,7500 T307 0 9988 T V00147 118.8376  148,5874
| . 29,8000 T30 .9989° . ,0011 148,8375 178. 16375,
n 29.8000 31 . ,9988 L0012 24,8032 54,4032
: 29.8000 32 ‘9976 +0022  13.5153 - 43,3153 |,
P07 29,8000 - 33 ,9957>~"~""oo43~-vf9;27zs © W930725 -
e A 29.8500 30 +9992 . ,0008 199.8375 228.4875
i* o 29.8%00 31 © 9988 £ 40012 25,9244 55.7764
i - 29,8500 32 L9978 .oo22-. 13.8535 ' 43,7035
; . 29,8500 33 +9958 «0042 ?.4342 39.2862
e 29, 9ooo : 30 9995 . .000S 298.8375 328,7375
i - - ' * - o * ' . ot
S et 8 :af’r--UqM Q;ﬁ







oo y : _ g
- - . TR T O SI00-, T
MULTI-CHANNEL QUEUEING TABLE 0ATA
| . 4+ . RHO | s BP P QL " TNS
' 4 . - ¥ | . : .
T 3097500 40 0 31 9998 T T0002 122, 9499 153377199
. - 30,7500 . 32 +9988 +0012 24,5698 55.3198
D .30 7500 y 33 9971 +0029 .13.6267 44,3767
f _ 20,8000 531 + 9998 +0002 153.9699 184.7699
& o 30,8000+ ! 32 <9988 © +0P12 25,6365 56.4345
o 30,8000 .. ‘ 33 TL9971 0 .0029 13.94600- 44,7600
R 30,8500~ - - 31 9999 - 4 0001-; 205.6346 234.4B866
Lo 30.8500 - 32 9989 “0011 26,7959 57,6459
M . 3048500 - 33 ~+ 9972 .0028 ° 14.3088 45,1588
-4 . 3059000 - 31 - +9999 »0001 : 308.9700 339.8700
- * ¢ '30.9000 32 9989 10011 28.0607 58.9407
: 30,9000 - 33 .7 L9973 - .0027 14,4743 45.5743
Pt o 30.95007 - - 31 (1.0000 .»D000 -618.9700 - £49.9200
: © - 30,9500 . 32 77,9990 .- L0010 29,4460 . 60.3950
Lo 0 T 30,9500 33 - ..9973 0027  15.0S75  446.0075
L L . 31.0000 32 +P990 . L0010 30.9698 61,9498
. | 31,0000 33 ' 9974 0026 15.4600  46.4600
31,0500 L3R 9991 (0009 32,4540 63,7040
» 31,0500 - . 33 - .9975 20025 - 15.8B31 46,933}
= '31.1000 32 .+ 9991 «000% 34,5254  45.6254
R 31,1000 : IX T 49976 0 L0024 16.3284  47.4784
o 31.1500. 32 c.9992 . L0008 36.6169 . 67.74669
31,1500 ~ . 33 T 9978 L0024 " 14.7978.  47.9478.
31,2000 3 9992 1 .0008 38,9498  70.1498 ‘
31,2000 . 33 $9977 L0023 17.2933. 48,4933
“31.2500 7 32 L ,9993 . L0007 41,4345 72,8865
31,2500 - 33 7 .9978 00220 17.8371 49,0671
- 31,3000 .3 49993 . L0007 44,4881 7%.9841%
3 L 31,3000 33 9978 «0022  18.3717  49.4717
: 31,3500 32 + 9994 «0006 48,2006  79.5506
31,3500 - az . .9979 £0021 1B.,9400  S0.3100
31,4000 .32 L9994 . . .00Qé 52,3032 83.7032
- 31,4000 33 .9980. +0020 19,5850 50,9850
* 31.4500 ©. 32 . 9995 +0005 57,1516 B88.6016
31,4500 - 33 + 9980 +0020  20.2503 51.7003
T . 3145000 32 » 9995 +0005 62,9698  94¢4698
R © 31,5000 - 33 C 49981~ 0019 20.9400 - 5254400
Y .. 31.5500 S . 32 « 9996 +0004  70.0B09 101.46309
. 31,5500 33 » 9982 0018  21.7186 53,2484
. 31,6000 , .« - P2 .+ 9994 «0004  78.9498 110,598
‘ 316000 33 vR982 «0018 22,5314  S4.1314%°,
- . C 31,6500 7 32 9997 +0003  90.3984 122.0484
£ 31,6500 - - 33 +9983 - L0017 23,4044  55.0544
k. 31.7000 32 s 9997 «0003 105.46365 137.3365
K ' 31,7000 33 » 9984 “.0016 24.3446  56.0446
~ ! 31.7500 32 19998 »0002 124.94698 158.7198
A : 31.7500 ) 33,9984 0016 . -25.3600 S57.1100
3. 31,8000 32 . 9998 «0002 158.9498 190.7698
. 31.8000 33 9985 ¢ L0015 26,4600 58,2600 ,
: - 31,8500 32 L9999 «0001 212.3032 244.1532
.. . 31.8500 "33 . L9986 0014 27,6554 . 59.5056 -
‘ 31,8500 34 - .9986 0014 14,7925  46.6425 .
31.8500 35 9961 +0039  10.0719 41,9219 .
. 31.9000 32 . 9999 +.0001  318.94698% 350,8498
. " ) ' ‘ \)
T AR Y e







-RHO

"“32;750Q:

32,7500
32,7500
32.8000
32,8000
32,8000

. 32,8500

32,8500
32,8500
32,9000
32,9000
32,9000
32,9500
32,9500
32,9500
33.0000
33,0000
33,0500
33,0500

g%sgooo
371000
33,1500
33,1500
33,2000
33,2000
33,2500
33,2500
33,3000
33,3000
33,3500
33,3500

33,4000 |

33.4000
33,4500
33.4500
33.5000
33,5000
33,5500

33,5500 .

33,4000
33,4000
33,6000
33,6000
33,6500
33,4500

33,4500
33.46500
33.7000
33.7000
33,7000 °
33,7000
33,7500
33,7500
33,7500

=102

MULTI-CHANNEL QUEUEING TABLE PATA

S -

33
34
35
33
34
35
33
34
35

L33

34
35
33
34
35
34
s
34
35
34
s
34
3s
34
35
34
35
34
35
34
35
34
a5
34
ki
34
35
34
35
34
a5
36
37
34

36
37

34_

35
36

37
34

39

36

.

BP’ 1P AL
.9997 T TTTI0003 T 130.9600 -
9992 .+0008 26.1785
9973 Q0277 14,5163
. 9998 - +0002 163.9600
+9992 +0008  27.3119
9974 0026 .14.8698
.9998 - T v0002 - 218.9400
2992 " L0008  28.5438
9974 L0026 - 15.2398
9999 L0001  328.9500
9903 .0007 29.8874
9975 L0025 15.6274
9999 50001 658.9600
. 9993 L0007 31,3595
9974 0024 14.0339
9993 0007  32.9785
99764 L0024 . 16.4608
9994 L0006 34,7680
2977 0023 7 146.9095
L9994 .0006 , 36,7543
19977 0023  17.3818
9994 .0006  38.978S
.9978 0022 17.8797
L9995 <0005  41.4785
.9979 . 0021 18,4052

- L9995 L0005  44.3119
9979 L0021 18,9607
. 9995 L0005  47.5500
. 9980 0020 19.5490
9994 . 0004 51.2842 .
. 9981 0019 20,1729
(9994 L0004 55,6452
L9981 .0019 20,8357
9986 0004 80,7947
9982 ,0018 21,5414
, 9997 L0003 46.9785
.9982 L0018 22,2941
9997 L0003 74.5341

, 9983 .0017 23,0987
L9997 L0003  83.9785
. 9984 L0016 P3,9407
.9984 0016 13.97
+ 99460 0040 ?.,8431°
. 9998 0002 96,1214
9984 0016 24,8867
9984 0016 14,2961
L9961 L0039 10,0055
.9998 L0002 112.3119
9985 (.  ,0015 25.8838
. 994 L0016 14.6291
L9942 L0038 10.1729
. 9998 +0002  134,9785
. 9985 L0015 26,9607
9985 +0015 ° 14.9770

BASTISRUEL S e

-

TNS

"163.7100
58.9285

47,2663
196.7600
60.1119
47,6698

1251.8100

:61.3938
48,0898
361.8400
62,7876
48,5274
691.9100
64,3095,
48.9839
65,9785
49,4408
4£7.8180
49,9595
69.8563
50,4818
72,1285
51,0297
74,6785
51,4052
775615
53,2107
80.8500
52,8490
B4.6362
53.5229
89,0452
54,2357

' 94,2467

54.9914, -

100.4785
55.79241
108.0841
56.6487

117.5785 .

57.5607
47,5770
43,4431
129.7714
58.5347

47,9461 .

43.6555

144.0119
59,5838
48,3291
43:8729

168.7285
607107

48.7270




T i
.

,r--'_- -'-_' )

.
|

e e e e e -

RHO

T 33.7500 0 -

33.8000
33.8000
33.8000
33,8000
33,8500
33,8500
32,8500
33.8500
33.9000
.33.9000
33,9000

33,9000 -

'3309500

33.9500

33.9500.

33.9500
34.0000

34,0000 -

34,0000
34,0500
34,0500
34,0500
34,1000
34,1000
34,1000
34,1500
34,1500
34,1500
34,2000
34,2000
34,2000
34,2500
34,2500
34,2500
34.3000

34,3000 -

¥34.3000
T 34.3500
34,3500
34.3500
34.4000
34,4000
34,4000
24,4500
34,4500

34,4500 °

34.5000
34,5000
34.5000
34,5500
34.5500
34,5500

34,6000

- .--... . ‘_._103’,_

HULTI—CHANNEL_DUEUEINd TABLE DATA

S

37
34

4 35

36

37

34

35

36
- 37

35
34
34
s

36

37
35

36

35
36
37
35
34
37

35

36
37
35

34

37
s
36
27
35
36
37
35

36
37
35
36

- 37
35
346
37
35
36
37

35

36

37

B 1ol

PR

1

1

RP IP QL TNS
$9962°  TTTT0038T10.3454 44, 0954
9999 +0001 168.9785 202.7785
. 9986 +0014 28.1274 41,9274
. +9985 «0015  15.34068 . 49.1404
+ 9943 +0037. 10,5232 44,3232
. 9999 «0001.  225,6452 259,4952
«9987° 30013 29,3955 - 43,2455
. 9985 +0015 15,7212 49,5712
. 9963 +0037 107068  44.5548
+ 9999 +0001 338.9785 72,8785
. 9987 +0013 30.7789- 44,4789
+ 9984 L +0014 16,1198 50.0198
L9964 - —-,0036 - 10,8962 44,7947
+ 0000 0000 478.9785 712.9285
. 9988 10012 37,2941 44,2441
.9986.\ +0014  146.5379  50.4879
L PR65 <0035 11.0919 45,0419
., 9988 <0012 33,9407 47.9407
9984 »0014 16,9770 50.9770
9945 <0035  11.2941 45,2941,
. 9989 +0011 35.8028 69.8578
. 9987 0013 17,4385 51,4885
L L9946 +0034  11.5031  45.5531
. 9990 +0010  37.8496 71.9494
. 9987 0013 - 17,9243 52,0243
© L9947 - +0033 11.7194  45,8194:
. 9990 +0010 40,1372  74.2872
. 9988 +0012 - 18.4344 52,5864
19967 +0033 | 11.9432 46,0932
9991 +0009  42.7107 76,9107
. 9968 0012 18,9770 53,1770
L9948 «0032 12,1750  46.3750
19991 «0009  45.6274 ~79.8774
. 9988 «0012 19.5484 53,7984
9948 +0032 12,4153  46.66453 -
' 9992 +0008 48,9407 83,2407
19989 30011 20,1534 - ‘54,4534
19969 10031 12,6644 46,9644
9993 0007 52,8069 , 87.1569
V9989 (0011 20,7952 55,1450
L9970 , 0030 12,9230 47,2730
. 9993 0007 57,294 91,6941
. 9989 .0011, 21.4770 55.8770
VF970 <0030 13,1915 47,5915
L9994 0006 . 462.5971 97.0471
V2990 <0010 22,2028  56.6528
' 9971 0029 13.4705  47.9205
9994 0004 68.9607 103.4407
L9990 . $0010 - 22,9770 57,4770
L9972 +0028 13,7607 48.2607
9995 0005  76.7385_ 111.2885
' 9990 s0010 23.8046 «58.3544
L9972 0028 14,0628 48.6128
+ 9995

P FLTE ALY -

+ 0005

86.45407

121.0607




e e,

RHO

35,4000 7

35.4000
35 +4500

"35,4500;

35.4500
35,5000
35,5000
35,5000
35+5500
35,5500

35,5500
© 35,5500
© 35,6000

35.4000
35:6000

35,6500
35,6500
35,4500
35,4500
35,7000
35,7000
35,7000
35,7000

« 35.7500

35,7500
35,7500
35,7500
35,8000
35,8000
35.8000
35.8000
3538500
35,8500
35,8500
35,8500
35,9000
35.9000
15.9000
35,9000
35,9500
35,9500
35.9500

" 35,9500

36.b000
26,0000
36,0000
36,0000
34,0500

- 35,4000

36.0%00 .

36.0500
36.1000

36,1000

36.1000

i
A

MULTI-CHANNEL QUEUEING TABLE DATA

S

38
36
3?7

.36
37
39
39
36
37
g
39
36
37
38

.39
36
37
38
39
37
38
39
37
34
39

" ec105--

RP IP Qb
<9982 ¥ T UV00IB "7 22,0857 57,4857
9980 20020 ... 13.5882  48.9887
, 9994 +0004 44,4315 99,8815
9983 +0017 22,8317 58,2817
© 19980 0020 13.8748 ° 49,3248
9997 +0003 + 70.9770 104.4770
<9983 - +0017 23,6278 ,59.1274
9981 «0019° 14,1738 49.6728
. e9997 .7 L0003  78.9770 ~114.5270
+9984 _ +0016 4.4780 : 40.0280
Ta9981 + 0019 14,4830 S50.0330
9981 +0019 10,2850 - 4%5.8350
9997 +0003 -~ 88.9770 - 124.5770
49985 +0015  25.3893 | 40.9893
v 9982 0018 14.8062 'S50.4047
.9982 0018 10,4513 44,0513
. 9998 0002 101.8341  137,4841
. 9985 +001S 24,3481 62.0181
. 9982 0018 15.1431 50.7931.
9982 w0018 10,6225 46.2725
+ 9998 + 0002 118.,9770 154.4770
C L9984 0014 27,4222 .« 43.1222
. 9983 0017 15,4944 51.1944
9982 .0018 10,7589 46,4989
L9998 | L0002 147.9770 178.7270
- L9984 +0014 | 28,5407  44.3107
* . 9983 <0017 15.8617 S1.411%
., 9982 .0018 10.9807 44,7307
9999 +0001  17B.9770 214.7770
. 9987 0013 29,7940 65,5940
19983 0017 16,2454 52.0454
L9983 «0017  11.1482 46,966
9999 -0001  238.9770 274.8270
.9987 0013 ' 31.1344 64,9844
. 9984 0016 16,6473 52.4973%
9983 0017 11.3414 47,2114
+ 7999 " +0001 " 358,9770 294.8770
. 9988 e 0012 32,5971 68.4971
.9984 0016 17,0681 .. 52.9481
+ 9983 0017 11,5613 47 . A613
1.0000 +0000  718.9770 754.9270
. 9989 e 0011 34,1988  70.1488
9985 T L0015 . 17.%094 53,4594
+ 9984 $0016 11,7676 47,7174
1.0000 +0000%92741.,0000%9774.0000
9989 0011 35,9607 71,9407
. 9985 L0015 17.9728 * 53.9728
.9984 0014 11.9807 47,9807
+ 9990 +0010 -37.908B1 73,9581
L. 9985 0015 18,4400 54,5100
. 9984 0014 12,2010 48.2510
9990 +0010 40,0718 76.1718
99864 0014 '18:9728 S55,0729
L L9984 12,4290

.0016

- - e — -

-
Ve

L SRTUYQRE
hd v

L

»

+ TNS

48.5290

A

i T,




B
¢ h .
L -

. = RHO .S
'f—J-——-—¢~-36 Tsoo—————*-~37 .
i : 36,1500, * 38
o ¢ 36.1500 39 -
| & 36,2000 37,
' . 36420Q0 38
.= 3642000, - . 39
P © 36,2500 ' 37
; T . 36,2500 . ¢ 38
™ 36,2500 39,
' 36.3000 37
" 36,3000 38
i : 34,3000 . 39
e e - 3643500 - —-37
T . 3643500 e 38
4 . 34,3500 39
, _ . 36,4000 37
, . 36,4000 38
1 36,4000 . .39
: : - 36,4500 37
C 36,4500 38
. 36, 4500, a 39
e 34.5000 T 37
© 36,5000 38
; 34,5000 39
R 36,5500 37
' 36,5500 38
© 36,5500 39
36,6000 37
3646000 38
34,6000 39
© 36,6500 37
34,6500 38
34, 6500 39
36.7000 37
36,7000 38
' 36.7000, 39
3637500 -——-—- 37
36.7500 38
3647500 39
. 34,8000 37
34,8000 38
346.8000 39
36,8500 37
36,8500 | as
34,8500, - 39
36,9000 37
36,9000 38
3619000 39
36,9500 37
36,9500 . 38
36,9500 39
37.0000 37
37.0000 38
37,0000,

39

\

- 2106

.
lx

U

. r

' " .. " MULTI-CHANNEL QUEUEING TABLE DATA

EP P - aL v 4 INS
9991———--—0009—-*#2~49o1~—79 FEA0L e
9984 »0014 19,5134 S55.46634

9985 0015 ' 12,6649 48,8149

+ 9991 +0009  "45.2107 81.4107

9984 . +0014 = 20,0840 S4.2840
. 9985 L+0015 1249092 49,1092 -~

19992 s —-7, 0008 - 48,2940 - 84,5440 i

' 9987 <0013  .20.6871 56,9371

. 9985 . «0015 + 13,1625 49,4125

»9992 ° ~ .,0008 51.8178 88,1178 .

7987, ' .,0013  21.3258 57,4358 R

9986 +0014  13.4251  49.7251 -

19993 - -~ 0007—-55.8838 -— 92,2338

. 9988 0012 22,0032 S58.3532

9984 +0014 13.4977 50,0472

9994 0006 604274 97,0274
+9988 0012 22,7229 59,1229

9986 0014 13.9807 50.3807

9994 «0006- - 64.2334 102.6834

. 9988 «0012 23,4890 59,9390 .

L9984 0014 14.2748  S50.7248

9995 +0005  72.94607 109.4607

9989 L0011 24,3062 60,8062

9987 L0013 "14.5807 S1.0807

. 9995 L0005 B1.1829 117,787
,‘09989 00011. 250 1797 61-729—

‘9987 10013 14,8990 51,4490

19994 +0004 91,4607 128.0609‘ ¢

. 9990 +0010  26.1157 62,7157 _—* -

9987, ,0013 15.2307 51.8307 :

9994 40004 - 104,46750 - 141.3250

9990 +0010 27,1210 &3.7710

.9988 0012 15.5744. 52,2264

9997 «0003 122,2940 158,9940

9990 +0010, 28,2036 64.9036

.9988 L0012 15,9372 52,6372

9997 ;00031469607 -183.7107 -

L9991 0005 29,3729 46,1229

9988 ~0012 16,3140 S3.0640

. 9958 0002 183.9607 220.74607
s 9991 0009 . 30,4395 57,4395

.9988 0012 16,7080 - 53.5080

. 9998 0002 245,4274 - 282,4774

9992 L0008 32,0143  48.8663

9989 - w0011 17.1202 S3.9702
9999 10001  368.9607 405.84607 .

19992 L0008  33.5183 70,4183

. 9989 L0011 17.5521 54,4521

. 9999 ©.0001  738B.9607. 775.9107

. 9992 ©+0008. 35,1633 72,1133
. 9989 L0011 18.0051 54,9551
L+ 0000 0.0000%0844:0000%0882,0000

19993 © L0007 38,9729 73,9729

9950 10010 18,4807 55,4807

- ‘ -




b
‘
;

[

38,6500

N e ————

= " :““'_1.07_.

HULTI-CHANNEL QUEUEING TABLE DATA

]

RHO .-
*0500"——~-*--39'
37.0500 39
» 371000 3
37,1000 E9
37,1500 38
37.1500 39 -
37,2000 - 3s
37,2000 . 39
37,2500 38
"37.2500 ", 39
37.3000 38
37,3000 39
37.3500 - 38
37.3500 - 39
37.4000 38
37.4000 39
37,4500 38
37,4500 19
37.5000 3R
- 37,5000 39
37,5500 38
37.5500 39
37,6000 o3
37,6000 39
37,6500 38
17,6500 29
37,7000 . 38
37,7000 39
37.7500 38
37,7500 39
37,8000 38
37,8000 39
37,8500 Ia
37,8500 39
. 37,9000 38
" 37,9000 39
37.9500 38
37.9500- 39
38,0000 - 38
38,0000 39
38,0500 39
30,1000 9
L 38.1%00 39
38,2000 39
38,2500 39
38,3000 39
38,3500 39
38,4000 .39
18.4500. 39
38,5000 39
38, 5500 39
38,4000 39
38,6500 39
40

Fure

s

kP

daindnn ol

IP. aL TNS
.9993*—‘"““0007‘"”38‘9729‘“‘76 ;0250
+9990 +0010 18.9807 56,0307
9993 0007 41,1951 78.2951

T L9990 +0010; 19.5070 54.4070
L9994 1 0006 43.4787 B80.8287
9990 +0010 - 20.04618 57,2118 ‘
9994 e0006 - 46,4729 83,4729
. 9991 +0009., 20,4473 57.8473 °
+ 9995 <0005 49,4395  R4.9895

L L9991 » 0009 21.2664 . 58,5144

*.9995 <0005 © 53,2584 ° 90.5584

C L9991 +0009 21,9219 59,2219
+ 9995 +0005 - 57,4344 94.7844
9991 10009 22,6170  59.9470
9994 +0004 42,3042 90,7062
9992 +0008  23.3557  60.7557
9994 «0004 - 48,0438 105.5138
9992 . 0008 24,1420 41.5920
+ 9994 +0004 74,9729 112,4729
19993, 0008 24.9807  62.4807
L9997 . «0003  83.4173 120.9473

C L9993 0007 25.8772. 43,4272
19907 +0003 . 93.9729 131.5709
+ 9993 +0007  26.8378 44,4378
9997 <0003 107.5443 145.1943

;9993 V0007 | 27,8694 65.5194
. 9998 +0002 12%.6395 143.3395
9993 L0007 IB.PBO7 46,6807

9998, «0002 150.9729 188.7279
‘L.9904 +00046 30,1807 47.9307
9999 +0001  188.9729 224.7729
9994 0006  31.4807 49,2807
9999 +0001  252,3062 290,156
9994 +0006 -~ 32,8937 70.7437
9999 <0001 378.9729 "414.8799
9994 + 00064 34.4352 72,3352
0000 20000 758,9729  794.9229
«9995 T L0005 34,1235 74,0735
«0000. 0.0000%1950,0000%1987.0000

- 9995 +000S 37,9807 75,9807
9995 +0005 40,0333  78.083%
9995 0005 42,3140 80.4140
L9994 © 0004 44.84630 83.0130
9994 +0004 47,7307 B85.93207
9994 +0004 50.9807 89,2307
9994 0004 54,4950 92,9950
9997 +0003  58.9807 97,3307
9997 +0003 43,9807 102.3807
P99 20003 69.8898 108.33989
9997 0003  74.9807 115.4807
L9998 +0002  85.6474 124.1974
9998 0002 94,4807 135,0807
,99%8 +0002 110.4093 149,0593

-+ P998 0002 28,4245 67 2745
U ST . -
L ]
AT e

SO .

N preey




T S P ——

i
-
'
K

RHO

-

38,6500

38,6500
38,6500
38.7000
38,7000

38,7000 -
T 38,7500 -

38.7500

38,7500
38,8000

38,8000

38.8000

_38:8500"

38.8500
38.8500

-38.9000
© 38,9000

38,9000

© 38,9500
38,9500

38,9500
39,0000
39,0000
39,0500

- 39,0500

391000
39.1000:
39,1500

39,1500

39.2000

' 39.2000
‘39,2500

39.2500
39,3000
39.3000
39.3500

323500 -

39,4000

-39,4000
. 39,4500

39,4500
32,5000
39.5000

392.3500
32,5500

39.6000 .

392.6000
32,6500

39.46500 -

39.:.7000
39.7000

39.7500 -

32,7500

392.8000 -

._nu_loawg.__zmu e

MULTI-CHANNEL QUEUEING TABLE DATA-

S

39
40
41
39
40
41
39
40
41
39

40"
41

39

20,
a1
39
40
a1
39
40
41
40
41
40
41
40
a1
40
a1

* 40

a1
40
41
40
41
40

- a1
40
41
40
a1
40

- 41
40
a1
40
a1
40
a1
‘40
41
40
41
40

a

1.0000

BP . P - QL TNS

2 49998 "7 UU00027 110, 4093 149, 0593
. 9998 +0002 - 28,4245 47,2745
9902 <0098 16,2857 54,9357
+9999. " . .0001 " 128.9807 ' 167.,4807
+9998 0002 29,7541 68.4541

+ 7904 0098 16,6649 55,3449
«9999° © .0001 "154,9807 193,7307
T 9998 . . 40002 30.9949.. 69,7449
9906 0094 17,0610 55.8110-
. 9999 +0001 193.9807 232.780%
. 9998 +0002  32.3282 71.1282
S .9909 0091 17.4751 +*56,2751
T, 9999 +0001- 258.9807-- 297,8307
. 9998 0002 33,7775 72,6275
LT L9911 0089 17,9085 56,7585
1.0000 0000 388.9807 427.8807

9999 L L0001 35.3585 74.2585
+9913 <0087 18,3425 57.2625
"1.0000 "+ 0000 1778,9807 “817.9307
« 9999 $0001 37,0901  76.0401
L9915 « 0085 18.8384 57.7884
L9999 0001 IB.9949 77,9949
+$917 0083 19.3384 - 58,3384
L9999 0001 41,1002 80,1502
1PP19 L0081 19.8642 - 58,9142
T ., 9999 0001 43,4394 82,5394
© L9922 +0028 ‘20,4175 . 59,5175
17999 +0001 46,0537 BS.2037
9924 +0074 21,0007 . 40.1507
L9999 +0001 48,9949 . 88,1949
9924 +0074. 21,6163 . 50.8163
+ 9999 w0001 | 52.3282 91.5782
+ 2928 0072 22,2670 61:5170
“ 9999 +0001 54.1378 ?5.4378
19930 - L0070 22,9561 _ 62,2561
9999 +0001 40,5334 99.86834
fFPI2 - 0068 23,4869 - £3.0349
9999 0001 45,6614 105.0616
19934 10066  24.4633 - 4£3.8633
2999 +0001 - 71,7222 111.,1722
9934 10064 25,2899 64,7399

. 9990 +0001 78.9949 118.4949
9939 L0061 26,1716 45,6716
9999 +0001 87.8838 127.4338
+ 9941 0059 27,1141 46,6641
9999 s 0001 98,9949 138,5949
S 9P43 0057  2B,1239 47,7239
1.0000 +0000 113.2806 152.9306
9945 ©.+0055 29,2085 48,8585
1.,0000 +0000 132,3282 172.0282
9947 .+0053 30.3746 700744
1.0000 +0000- 158.9949 198,7449
+9949 L0051 31,6381 71,3881
198.9949° 238.,7949

e e——p—— L

\-




<

LR S (- Sy Nk

[ R

~110-

-/ . . ‘ . .-

_ HULTI~CHANNE£“GUEU§1NG TABLE DATA.

‘RHO S . BP P AL ~ TNS
41,3000 42 9997 T TL00037 58,9838 100,2838
41,3000 43 + 9995 +0005 ' 24.2828 45,5828

© 41,3000 44 . 9948 :+0052 15,2166 56.5166
41,3500 42 19997 30003 ° 63,5992 104.9492
41,3500 43 +9995 7 L0005. 25,0492 46,3992
41,3500 C a4 +9949 L 00S 15.5241 . 54.8741

41,4000 . 42 +9998 _TT,0002° C 48.9838° 110.3838
“41,4000 43 199267 L0004 25,8636 67,2634
41,4000 44 9950 +0050° 15,8434 57,2434
41,4500 v 42 7 .9998 » «0002 " 75.3475 116.7975
41,4500 33 19994 10004 24,7306 - 46B.18B0O&
41,4500 44 19951 0049 16,1752  §7.46252
CAPVS000 0 0 cc 4R .9998 0002 " B82.9839 124.483%
41,5000 - 43 . . 9994 +0004- . 27.6553  49.1553
41.5000 T 44 L9952 +0048 16,5203 58,0203
41,5500 42 - + 9998 +0002 92,3172 133,8672
41,5500 43 . 9996 «0004 28,4438  70.1938
41.5500 44 995D +0047 14,8795 . 58.4295
41,6000 42 .9998 “0002 103.9839 145.5839
41,6000 ToAB g 19996 +0004 29,7029  71.3029
41,4000 - 44, 19954 20046 17,2538 58.8536
41,6500 . - 42 +7999. -, .0001 118.9839 160.6339
41,6500 43 9995 +0004  30.8405 72,4905
41,6500 . 449 9955 -0045  17.6437 59,2937
41.7000 Co4n 9999 «0001 138.983% 180.4839
41,7000 .43 L9994 - 0004 32,0456 - 73.7656
41,7000 44 9956 «0044. 18,0%07 59,7507
41,7500 L a2 17999 N7, 40001 144.983% 208.7339

© 4137500 . 43 . 9997 +0003  33.3886 75.1384
41,7500 44 | ,9957 »0043 18,4758  40.2258
41,9000 ° 42, -, 9999, +0001° 208.9839 250,7839
41,8000 : 43 ' 9997 0003 34,8220 76.6220
41,8000, .44 ' 9958 10042 1B.9203 - 40.7203
41,8500 42 +2999 ° . ,0001- 278,9839 320.8339
41,8500 " 43 + 9997 20003 36.3799 78,2299
41,8500 44 «P959 . .0041  19.3854  61.2354
41,9000° ~ 7T 42 1.0000° 7 ~ "T0000 T418.9839 " 4408839
41,9000 ) 43 . 9997 0003 38,0795 79.9795
41,9000 . v 44 + 9960 "20040 - 19.8724 61,7726
41,9500 42, 1.0000 , +0000 B838.9839 8B80.9339
41,9500 43 + 9997 w0003 39.9410  81.8910

. 41,9500 44 V9941 «0039 20,3837 42.3337
42,0000 42 1.0000 " ""070000%63656.0000%6407.0000

© 42,0000, 43. 9997 +0003 . 41.9886 83.9884
42,0000 °° 44 .9942 0038 ¢ 20,9202 42.9202
42,0500 .43 i 9997 +0003 - 44,2518  84.3018
42,0500 44 L9943 40037  21.4843 . §3.5343
42,1000 43 .99bg «0002 46,7664 -0B.8464
42,1000 . 44 +9944 2003477 22,0781 44,1781
42,1500 43 .+ 9998 20002 - 49,5749  91.7259 -
42,1500 - 44 V9965 . +003% - 22,7040 44,8540
42,2000 : 43! ¢9998 «0002 | 52,7384 94,9386
42,2000 . . 44 9944 +0034 23,3647  £5.5647 .

. 42,2500 43 +9998 T.0002 54,3220 8.5720

L . .
o I R TUOYMOD . ;

-




v
e
LI
'

’

'"1~.~500

RHO

2500,
42.3000
42,3000
42,3500
42,3500

42,4000 -

42,4000
42,4500
42,4500
42,5000

< 42,5000

42,5500
42,5500
42,6000

2,6000
42,6500
42,6500
42,7000 -
42,7000

MBL T T-CHANNEL QUEUEING TABLE DATA
o

43

44’

A3 -

‘44
43
" 44
43
44
43
44

43

. 44

'.-.43
N 44

42,7500 .

A2,7500
42,8000
42,8000
42,8%00
42,8500
42,9000
42,9000
42,950b
42,9500
43,0000 .-
43,0500
43.1000
43,1500 -
43,2000
43,2500
43,3000 ¢
43,3500
43,4000,
43,4500
43.5000
43,5500
43,6000

43,6500

43..7000
43,7500
43,8000

© 43,8000

43,8Q00
43,8500
43,8500
43,8500
43,9000
43,9000

-

- ._.'_.'.'_.4'4.

43:
44:

43 -
44,

V43

44
L a3
487 .

43
4%
43
44
43
44
43
.. 4'4

44 -

44

4
44

J4
A4

44

.44
44

, 44
44

44

.44
44 -

44
44

.45

a6
34
45

46
44
45

.9??79

e 51 ;11 i

R s

- — i e imam

.'-"r

,J;,'

a3y 7954 U.-»~“"

-
A
- e

.

L v
PR

. .
i )
.

. oo
‘s‘

JIMOT 'f,-., e

ga . P . aL . TNS
A.9993"""—*"0002*"“sa*zzzo“" 9875720
«9967 7 .,0033 - 24,0631 44.2131 -
+9998. . 1,0002 - 60.4172 102.7172
9968- . 0032 - 24.8026°  67.1024
9998 " +0002 . £5.1425 -107,4925
L+ 9949 20031 25,5849 67,9349, .
+9998° 1, 00027 7014553 - _113 0553
9970+ ..,0030 | 26,4202 ' 48,820
9999 L0001 77.1705 - 119. 6205 - .,
$9971. . - .0029 [ 27,3073 49, $7573 - -
+9999 . .0001. " B4,9886. .127.4884
eP972 . .0028 28,2535 70,7535
L+ 9999 7 --50001% $4.5442 137.0942
99735 10027 29,2650 - 71.81%0 .
2999, 7 .0001.° 106 48R&" . 12920884
$9974 0026 30.3487 .72, 9497
r 9999 +0001 - 121 .8458. 134 «4954d.
7975 40025, 31,5128 S4:4408.
19999 .ooox"qu 3220°. "185;.0220.
P96 L0024 5327643 . VB 4663
. 9999 +0001" '170.988% 213, 7386
T L9977 L0023 34,1201° 76;8701
9999 . +0001 ° 213.9684 - 254 7884 .
+9978 | ,0022 35,5848 79 I8pa "
1.0000 40000’ &235'&553 328, 5053,
. 9979 40021 © 37,1810 8050310
“1.0000 . 20000 428,988 471«888&
L9980, 7 ,0020 ;) ,ZB9201  B1. Booiu,
1.0000 ‘.dooo 858.9886 .901.9384 .
CS9980- 7L 00 40,8249 83,7749
<9981 . L0019 4?snﬂ@1-f»95 2011 .
19982 . :.0018 " 45,2359 ‘882859
9983 .. Vo017 47,8090 ' '90,9090
42984 .+ 0016 50,4848 93,8348
»9985, . 20015, '53,9201 97, V1208
9986 " ,0014, .57.59¢7 ¥100,/8367
+ 9987 “"““0013“* 61377727:110500772. .
9988 L ,00125 66,6134 . 109.,9494"
19989 . POQL1 . 72,9534 145 4534
C HPR90 10010 5 7892031233, 3701
9991 ;,opov «86 9200 ' 130.4200;
9994 % iodos, 9ﬁr6978;,440¢2478 .
L TP T0007 109ﬂ9°oo-m152 5200
9994 10006 | 1246343 148.2843
<9998 L0005 1145, S867  189.284Y7 .
$9995 77,0005, 174.9200ﬁ\v18;¢7oqz-
#7996 . . 0004, 21R/9200" 262,7200
| +9996- 00004 -+ 3654863’ .80, 2R43
{.9984" ' ;.0015 19,8766 5636766 -
Y9997 . 000302922533 334, 1033
49996 .0004“ . 3841168 :7481.,9668
L+ 9984 -g’..ooie 203628 ¢ 64,2128,
19998 -+ 10002 ° 433.9200-‘432 8200
w0003 1 3%, 8954 ...




i ’ ~
f,.._....._ - . - —— —— ,......_._1.12_ - —- -
' - » et e -
o . L HULTI rHANNEu QUEUEING TaaLE DATA .
o - RHO _-s' - BP LI ,;v, ”'GL_ S TNS ;
. * . »
e '”‘43?7000 **"“”'*%4 , “.99934““"—0002“"13379200"432—3200”-ﬁ -
. ; . 43,9000 - ' c a5 ITu9R97 . L0003 . 39.8954 { 83,7954 , - .
L .t 43,2000 46 C.9984 ) ,0016: "20.8722 - 64,2722 . '
P n3.9sqo o 44, 9999 - +0001, - -878,9200 ° 922.8700 ' -
- VL A34950 S 45 . .9997 .0003 41,8435 85,7935 2
ot 43,9 oo LA6 . 9eas | ,0015 21 4065 465.3565 .
B et 28,0000 [ Y A5 '-‘.9997a‘-__.0003 743, P63 " 879843 .
oo T T 44400000 Y46 9985 . TL,0015  21.9675 . 65.9675 -
colree 44,0500 - A5 - L9997 ,0003"™ 4%.3547 90,4047
R 44,0500 . 46 TT9986) )7 100019, 1 22,5572 . 66.6072° 1 . .
. C 44,1000 AT L9997 i 6003 43.9 63“ 19300863 -~ V.
by ' 44,1000 "a46. " l9986 1 0014 2371780 ° 67.2780 ;
e 4441500 w45 - 9997 - -~~‘noooa——«s; 92475 1 94,0775 Ve
pre T ot 44,1500 ;.46,ﬁ¢;;?9936 ,0014 .. 23 q:ssvxﬁ | 67.9823 s
o 4432000 . a5 0 9998 {0002, 85,2363 99,4363 0 .
+2000" S 4é o ,9987 ., .0013 24,5230 " 4B.7230° o
44.2500 45 . 19998 1 L0002 58.9863 103, 2343 T T
. 44,2500 A 49987 1 . L0013 05,2532, 6915032 .
e %7_4n‘3ooo .45 [%9998 70002 ”f63s2720 107 5720 .. '
) "‘44.3000;,;,'f- 465 - 49988 . ' .0012 .24,0243. .70.3263 .- Y
' 43,3500 .1 .+ 45" L9998, | L .0002 | 68,2171 11205671 " Lt
-+ 44,3500 A6 9988 0 ,0012 | 26,8462  71.1962 S
L s . 47,4000 4% 9998 w0002 73,9863 118.3863 ,
SR ¥ 13 4909‘° 6. ,J99aa“— ., 0012 - ?7.7175 729175
20T 44,4500 T2 %45 o L9998, L - ,0002 80,8045 125»25@53*.-, :
44,4500 .46“ <9989 w0011 28406449 73,0949 . ¥
w. ¢ " 44.5000° a5 L999a:" " . ,0002 © 88.9963...133,4863 *
At 44050000 Ul 44 T L8989 T N/0011. 29,6341 | 74,1331
C 44,5500 3 45lwfﬂ.¢9999 .0001° * 98,9863 143, 5363 . '
T - . 44,5500 44 N 9989. ~,.oo11 © 30,6916 | - 75.2416 T
T 44,6000 it 45 L .9999. 7 70001 "111,4863 156.0863° ;- .
SR 43,6000 T +9990° ' " 40010 " 31.68246 78,4244
44,6500 . 450 L9999 +0001 127.5578. 172.2078 \ ' -
8 44,6500 N 46 T 49990°0 0. ..0010  3T.0415: 77,6915 ° n
, 4447000 1 T Y L45. . .9999 w.ooo1 1148,99643 . 193.6863
s 44,7000 (A6 kL .9991 40009 : 34,3521 79,0521 ‘
Tt R4 7500 45 0, 9999 """.0001""1zp;2863'"22317363
T 44,7900 " ,46 L9991 L000% . 35,7675 80,5175 .
v 44,8000 1r-n.wmﬁ 9999 T 0001 . 223.9863  26B.,7883 | DR
oo 44,8000 L AG w991 TT,0009  37.3Q08 82,1008 0 - T - T
Tt a4.8%000 . - 45 t 0000 ° 7.0000 2989843 343.8363 . '
L 44,8500 Ah ] .9992, /0008 38,9675 . B3.8175 ¢ . . |7
E 4469000 - 45 5;1.0000» ,_.oooo- 4489863 493, aeazvk. SRR |
¢ . 44,9000 = “a6 " L9992 - . ,000B 407856 = B5.4B856’ . K
i 44,9500 45 10000 ,.0000. B98.9843 943.9363 . - "
LR 4409500 LAb . T 9992 S40Q0B 42,7770 87,7270 '
NI b 45,0000 - A8 T 999300 1.0007 44.9674':ﬂe9t9674‘
Sy, et 0T 45,0500 %6 95 +0007 " 47,3885 " 92,4385
s AGLT00 ! A6 L 999 ';0006° 50,0786 . 95./1286 ..
LT aS,1500 46 (9994 - w0006 °53,0851., 98,2351 °
. 45,2000 - - 46 - 9994 {40006 - 56,4674 101.65474
e T AS.25000 L0 46 + 9995 40005 " 60,3008  105.5508 _
SLA%m. 3000 L Ab V9995 . L0005 ..64.6817 109.9817 ;
L 45,3500 Abe o 19995 L0005 6947367 115.0867
SRSV ASeUtR G ,...,;.4._,-“mlum_ 08D LA TR
MR : TR AT RATOINUS o
iy i
. T arn I it s TR M ST i |




. . ‘ CLomm— i T w1l —— e e L
R E . . . - . . -" . . o , .
s (_MOLTI-CHANNEL QUEUEING TABLE DATA . . o
R RHD . _/jé/> P s¥?f}P‘r//ﬁ C@L . - TNS :
[ L - : VAV , N . . :
;T Y TasTA000 T RN JPIRE T TTTIRODA T 751043417 T1215 0341 ‘
o 45,4000, 477\ L9996 »0004  2B8.3425 73,7625 )
R * 45,4000 48 * . 9980 10020  17.4267 62,8247 o
-'_i - 45,4500 44 . 9996 0004 82,6038 128.0538
o 45,4500 47 $P996 + L0004. 29.3101  74.7601
L ‘< ~ 45,4500 . ~48  ,9980 . .0020 17.7887 &3.2387
oo - 45,5000 T T ab <9996 ' T L0004 90.9474 134.4674
Do 45,5000 47 . 9994 «0004  30.3208 75,8208 .
. - 45,5000 48 9981 0019 18,1451 ° 43,8451 -
@ i 45,5500 a6 - T 9997 +0003  101.1897  146.7397
T '45./5500 47 c 9996 +0004 31,4013 74,9513 .
. 45,5500 48 ~ ,9981 - .0019 18.05; 64,1070
- 4%, 5000 46 L9997 <0003 113.96%4  159,5674 .
' 45,6000 47 - 9994 .0004 32,5589 - 78:1589
- 456000 - 48 «9982 T L0018 1B.9451  64.5651
45,6500 46 . 9998 +0002  130.3940 176.0460
. . 45,4500 A7 9996 <0004  33.8023 79,4523
‘ 45.6500 a8 8982 18 19.3907 '465.0407
45,7000 . 46 - . L9998 <0002 ° 152,3008 " 198.0008
45:7000 . 47 L9994 «0004  35.1414  ‘£0O.8414
: 45,7000 48 . 9982 «0018  19.8347 - 45,5347
- 45,7500 44 .+ 9998 L0002 1B2.9674 . 228,7174
: 45.72500 a7 9997 +0003  34.5875. 82,3375
" . 45,7500 48 19983 -~ L0017 20.2985 44,0485 .
- 45.8000 46 .. 9999 ~+0001  228.9474 274,7674
45,8000 ;. 47 . .9997 0003 38,1542  83.9540
45:8000 ag . 9983 +0017 . 20,7833 44,5833
145.,8500 44 L9999 »0001  305.6341 351.4841
: - 45,8500 4 9997 10003 39,8571 °85.7071
. 45,8500 AR <9984 - L0016 . 21.2907  67.1407
‘“ N 45,9000 44 19999 .. 0001 45B.9474 so§x§674
' 45,9000 . 47 19997 7. L0003 41.7148 + 87,4148
¢ 45,9000 .. A8 . + 9984 «0016 : 21.8B223  4£7.7223
P 45,9500 46 _1.,0000 0000 918.94674 $464,9173
: , 45,9500 T 47,9997 +0003 43,7494 89,4994
. - 45, 9500° 48 -+ 9984 »0016 ° 22,3798 48.3298
cor 46,0000 47 « 9997 _T0003  AS5.9875 - 91,9875
! . 46,0000 48 . 9985 - +0015 ° 22,9451 \ 68.9651
S 46,0500 47 .9997 +0003 ° 48.4512 ' 94,5112
oo / 46,0500 48 £9985° L0015  23.5805 &9.46305
4 : 44,1000 47 T .9998. './.0002 . S51.2097 ° 97.3097
' § . 44,1000 £48 0 /9988 .0014 . 24.2283 - 70.3283
: © 46,1500 47 1 L 999g L0002 4.28146 100.4314
46,1500 © a8 9986 <0014 24,9111 | 71.0611
44,2000 47 9998 40002 57,7375 103.9375
44,2000 ‘48 .9984 0014 25,6318 71.8318
p ~86.2500 - 47 9998 20002 61,4542  107.,9042
- 44,2500 48. . 9987 $0013 ' 26,3937 72,4437
E 46,3000 47 . ,9998 0002 "46.1304 112,4304
. 4413000 .48 . 9987 0013 27,2004 73,5004
S 46,3500 A7 19998 L0002 71,2952 117.6452
. . 46,3500 .48 «9988 %0012 . 2B.0560 ° 74,4040
44,4000 47 - ,9998 .0002 77,3208 "123.7208
. 4644000 48 <9988 «0012  28B.9651  75.3451
v ! - r. ! \__.r‘r lJ-',_ P




“-1&3uf?ﬁ'ﬁ?'w§i;‘

RHO

85,4500 - -

46,4500
4%.5000
46,3000
46,5000
46,5500

46,5500

46,5500

46,6000
46.6000

46,6000
46,6500

44646500

46,6500
46,7000
46,7000
44.7000
46.7500
46,7500,
46,7500
46,8000
46,8000

- 46,8000

44,8500
46,8500
44,8500
44,9000
46,9000
46,9000
44,9500
46,9500
46,9500
47,0000
47.0000
47,0500
47,0500

© 47,1000
17,1000

47.,1500.
4741500
47 2000,

47,2000
47,2000
‘47,2500
47,2500

47,2500

47.3000
47,3000
47,3000

C 47,3500
47,3500

47,3500
4744000
47 4000

e

EE T

MUL.TI-CHANNEL OUEUEING'%QBLE'DATA

48
49
47
48
L 49
48
249
a8
49
468
49
48
49
48
49
30
48
49
30
48
49
50
48
49

S0 .

48
. 49

RF

. 9999 -

9988
. 9999
L9989
. 9989
L9999
. 9989
.9989

2999

9990
9989
<9999
9990
9989
L9999
« 9990
+ 2990
9999
+ 9991

<9990

.+ 9999
L9991
. 9990

1.0000

+ 99921 -

c + 9990

“1.0000

9992
+ 9991
1.0000
19991
9993
« 9991
“9993
19991
' 9993
9991

9994

+ 2902
9994
+ 9992
<9992
2994
V9992
9292
9995
PPH2

2990

« 7995

9993 .

«P992
+ 2996
' 9993

.

AN SR P

iP oL
0001~ 84,4421
«0012 29,9329
0001 92.9875
0011 30,9451 .
~. L0011 18.5789
*700011‘ -3200686'
0011 18,9789 .
0001 116.4875
+0010 ., 33,2508
0011 (19,3955
+0001 133,273
10010 "3405207'
0011 19.8299
0001  155,4542
+0010 35,8882
00010 '2002832
0001  184.9875
0009 37,3651
0010 20,7547
© w0001 233,9875
T L0009 38,9451
+0010  P1.2516
" L0000 312.3208
0009 40,7042
+0010 21,7494
+0000 448.9875
«0008 42,4015
+0009 25,3190
0000 938.9875
+0008 44,4794
".0009 22,8813
20007 44,9451
0009  23.4789
Nt 0007 49,4914
Q009 24,1071
ijjt:gn07m 52.2984
0009 24,7484
10006 55,4357
<0008 25,4454
L0006 58.9651
0008 24,2011
0008 16,8435
10006 62,9451
0008 24,9789
0008 17.14682
+0005  47.5345
T.0008 27,8024
0008 17.5049 -
0005 72,8113
+0007 28,4759
+0008 17.8543
w0004 78,9451
10007 2%.4039

TNS

130.8921
76.3829
139.4875
77,4651
65,0789
149,9820
78,6184
65.5289
163.0875
79.8508

65.9955"

179,9232
. 81,1707

646.4799
202,3542
82.58872

66.9832

233.7375
84,1151
675067

280.7875

B5.7651
68,0516
359.1708
87.5542
L68.6196
515.8875
89.5015
49,2122
985,9375
91,6794
69.8313
93,9651
70,4789
96.5414
71,1571

99,3984
$71.8684

102,5857
72.6154

. 104.1451
7344011

64.0435 ™

110.2151
- 74,2289
%4,4182
114.8365
75.1024
44,8049
120.1613
746.0259
65.2043
126.36451
770039

e il b v m e ont gy e
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J‘I

? . RHO

48,4500
48,5000
48,5000
" 4B.5500
48,5500
48,6000
48,6000
48,6500
48,6500
48,7000
48,7000
~4B 37500
48,7500
48,8000
48,8000
48,8500
48,8500
- 48,9000
48.9000
48,9500
48,9500
49,0000
49,0500
49,1000
49,1500
2000
49,2500
49,3000

49,3500

S 49,4000
49,5000
49,5500
49,6000
42,6500

49,7500
49,8000
49,8500

© 49,9000

. 49,9500

L ABY4%00 - -

T 49,7000

5

,-__’___429_!

S50
49
S0
49
50
4%
50
49
40
49
S0

LT 49

‘50
49
S50
49
50
a9

50
49
50
50
50
50
50
50
S0
90.
S0
50
30
50
S0
50
S0

- 30

50
S50
© 50
50
50

-

-‘-h-us-—-'&‘t-- s

MULTT-CHANNEL GUEUEING TABLE DATA

EP Ip
L P298 T 0002
9994 +0004
+9998 - ,0002.
L9994 . ,0004 °
. 92998 40002
L9994 ' . 0004
. 9998 0002~
L9994 .0004
9998 . 0002
9994 + 0004
. 9999 "+ 0001
. 9994 0004
c9999--- - 0001
9997 , +0003
9999 . 0001
9997 +0003
9999 . 0001
. 9997 . 0003
1.0000 + 0000
i9997 +0003
1.0000 - « 0000
T .9997 . 0003
. 9997 + 0003
$ 9997 0003
9998 » 0002
. . 9998 + 0002
. 9998 + 0002
+9998 . 0002
9998 0002
.99 +0002
19998 .- L0002 -
9998 0002
$ 9999 « 0001
L9999 + 0001
+ 9999 +0001
9999 L0001
19999 —— 0001~
19999 + 0001
+ 9999 + 0001
1.0000 +0000
1.0000 ; ,0000
+ 0000 -

1.0000

Yoy 1'&1‘}qM‘:!

© AL NS
88.0698'“13£{i198
31,2445 79,4945
96.9789 145,4789
32.3197  80.8197
107.8678+ 156.4178
33,4691 82,0191
121.4789 170.0789
34,7007 8373007
138.978%9 187,4289
36.0234  84.6734
"162.3122 211.,0122
37,4479 ' Bb6.1479
194.9789 ~243,7289
- 3B.9864  87.7364.
243.9789 292,77389
40.6531  89.4531
325.6456° 374.4954
4254646 91,3144
488,9789  537.8789
44.4409 93,3409
?78.9789 1027.9289
46.6054 95,5554
AB.9864 97,9864
51.6180 100.6680
54.5419 103.6419
57.8099 106.9599
61,4864 110.4844
65,8531 114.9031
70,4150 119.7150
75,9095 125,2595
B2.3197 131.7197
89.8955 139.3455
?8.9864 148,48644
110.0975% 159,46475
123.9864 173.5864
141.8435 191,4935
165.6531 215,3531
198.9864 24B.7344
248.9864 .298,7844
332.3197 3I8B2.1697
498.9864 548.8864

?98.92864 1048.9344

[}
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~ COMMENTS';

]

The data of this training center problem igr—f__

taken from Wilson(1972).-This training problem is most

) representative to those involving cost effective
allocation of learning resources 1in any selr-instruct—

iona-1 system. We have assumed‘cost data iW¥the o :

L 1)

Forms which are necessary to show how the simplified -

o o e

] approach developed can‘pe'used. We have omitted .

the data that are not necessar& at this stage.

In Form C for subsystem: Audio, the optimum

number of servers (S) will be 16, for which the
total cost is minimum. The walting time corresp-

ondlng to these servers 1s 0.03 hours-or 180 minutes.If,

as decision makers, we decide thatithe waiting time ..

et

Rt e o' Co

/

should be epproximateiy one minute; we.look’
for the values of RHO (at the table) lower than the . . iﬁ‘

B ) — e ——————
calculated one. We then see that for RHO= 8.9 : : 2 !

the ting time 1s approximately 1 minute. Therefore
: »
ZRHO = 8.9 is optimal. : S

Again_inianother.caee for subsystem:
Audid-visual, the optimum number of servers (S)
will be 4, for which the total cost is minimum.
The waiting time corresponding to these servers
is 0. 02 hrs. - (le: 120 minutes). If #e, as decision

makers, decide that this walting time may be




L]
d

-118-

*

" increased to aﬁproxiﬁately two -(2) minutes so as to
‘increase the percentage utilizatlion of the servers

! ' ' selected,then we look for the values of RHO (at

the table) higher than the calculated ong; We find
that for RHO value = 1.15, the waiting time 1s
approximately 2 minutes as degired; Therefore

RHG= 1.1%5 1is optimal in this case.

e
-

1P
% utilization increase =

A e e

s=4, RHO:=1.0 “IP5.4 RHo=- 1.15
x100

IPs- 4, RHO= 1.0

T .2 0.9796 - 0.967T , 140
“ _ . 0.9%96
= 1.24 : v

.
.

e ey

The effects of RHO for the two situatlons are shown in

graphs.

i S
[PUPE ROV B

. L4
it e I . »
R it DITE 2340V L T e L LT T ST L s T S A Ml A - 1neme o -




=118b-

(1)

1

Ini

i

TLOP oY

3

V2

"

S AVR T GNQeRTANE L K #RTIAD B
ARHLINYDOTINES

oL

ZH

oL

wT

ol




-11'9- oo Iﬂ_

FORM AA: OPERATING/NEW SESTEM -

TYPES OF LEARNING RESOdRCES AVAILABLE s

e e

it e e

-|each type
of learning

Special No.
af lessons
in the
program

pi

_Snudaﬁbm

®

s

o

2] xfx

K w)ar

W) | x

)

Y] = ST TN ] e ] g 1o 0 (01 S R TN TR S

o I kSt

GG b o halnalys
—0\9w~umb\.hu:pt?

32

Total Ho.
of lessons
to be .

offered by

resnurces
(Trg),




TR TV

S R AP

. -120-

mprzmmucmm SYSTErg,

TYPES OF LEARNING RESOURCES AVAILABLE

3pec1al ‘No.

of lessens
An the
program

o

Auvdhy -
Prnt |
Simulatyon

>

*

o

x|x|x

o |

Y

3 £%2 o1 P9 B

49

50 |

I

52

53

+

7

J5

5

52

x| x| ] =

‘5%

59

bo

&l

a-ry

WA (a2 |

2X)

Z;

Total No.
of lessons
to be
offered by
each type
of learning
resources

(Ing)
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'~ _FORM AA: OPERATING/NEW SYSTEM : . \

SR . TYPES OF LEARNING RESOURCES AVAILABLE o \
; ) " ‘ /-—\ . . : - ‘ r " 4
. Special No.  ' B :E T 1 '
. of lessons| |‘3 _ <
in the 2 32 | % 3 -
program °~°* > | -2 x ; :
. _fi .i a.‘ \] . . 1
. E = %
. L g6 1 - X i
T 67 | - X
R L OF " - - X -
1 4 . L D .
- N - Fad
4.
1‘ . - \
~' - 2.
v ¥
E_‘ Total No. | 14 3 45 F
‘ + |of lessons | -
. |to be |
! offered by
. . each type
: -jof learning
Ny ‘Tesources
; (Irg)

v sty w T TR
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LT ol ol | i

N = Mymbar of students in the program

r .
tudent Per Leaso 3%

('r H = 'l""'ﬂ

TOYAL TIME TAXEN BY ALL STUDEWTS FOR ALL L2SsONS (7)) = _!742 hrs.
AVERAGE TIME OF SERVICE (T,.-) nl STUDENT PER LBSIOI < 1.'“/?!‘ 'W364
PT = (nu?ér ?2 ltud-nu:‘“ (m‘-t of lesaons) =4 2R -
| 4 H ﬁﬁ;
* NOTE: 'r“ may be calculated in eithep way depending on tho availabllicy
of dnu.

E . S Y BACH STUDEWT :
.. TINE TAKEW BY 87 TOR_LRSSONS Enmm 1. “

‘frooEwre |y 21314

- AR bS:






._' "‘ .. L . "l‘. - I- _.. B . X . o . _“3 l\ N . ) :
C S FORM T

s T e :

FORM FOR DATA COLLECIION - .

Name of the Institution

”Name of the Institution_

o Ty

B

— ryz m‘nl L) geqkr

OPERATING SYSTEM

NEW SYSTEM S

Pcoéfam'lenéth“iﬁ

Pbogram length 1n

: dayS‘(PL) = 26 days’ (PL} =
. ‘ - : =
) Study hrs. per T Study hrs. per : .-
day’ (SH) . = ¥ day (SH)" = . .
... Program length ~ .. | Program: length )
.* . in hra.(L) : "z PL x SH[|'in hrs. (L) ! z PL x SH.
I = ___Im - . T . “
i -Number of pupils 1in the 26 Number of pupils in the-
program (N) - ——— | program (N) . ¥ Z —
Types of - ,‘Number Types of ' . Number
learning “Avallable| learning ! Avallable
resources, . | resources . L

{subsystems):
to be used

" (subsystems):

to be used

: a} i [a) = :
. b) - Hy g b) .7 , . :
¢). T c) SR
d) : R d)_ e '
e)_+ — e) - ' T
L) ) . £) . :
g) e 1 &) :
. h? : h) : i
= 1) s 1) ! : :
3) : L J) : -

’ v

4

Number of lessons offéred

‘through each learning resocurce

‘Numb&r of lessons &ffe
‘through each <Jearning

red
resource

X per pupil (using Form AA) .. | per pupil (using Form AA) . .
- Tvpes of Number of | Types of , :
learning lessons learning Number of
g * rescurces: C (Tpg) resources: Lessons .(If}g)
Cad_ Auwdio _dd a) :
. b) Audm-\hs_ugr k) b) : N
- 4as ¢) : N
d)___jﬁjnulmhnpx : > d} : :
e) : : e) :
s ) : 1) : N
Z) . : g} :
h) : h) :
1y - : 1) b .
J) : J) H /

o







_Operating Cost of each type of

Rt

NEW SYSTEM

OPER'IT'_ING SYSTEN P

learning resources

Operating Cost of each type of
learning resourc

Type ~ ‘Operating Cost per).Type - . Dperating cost pe
‘ . hr. (Cop): hr. (Cgpp
a) : a) :
b) : a). : s,
c) : ¢) : ’
a) : d) :
e) : e) :
f) : r) :
g) : g) .
h) : h) :
1) . 1) ° :
J) . 1 3 :
. P . '

Maintenance Cost of each type
of learning resources

MaintenancefCost

Maintenance Cost of each type of
learning resources

Type Type .Maintenance Cost
‘ . per hr. (Cp) . - per hr. (Cy)

a) 2 a) :

b) : 2] Ju)y - :

c) : 1e) :

d.) : d) .

E) H " e)f--. - H

£)_ : ~ | ey ol

£) : gy - :

h) : N h) . ki

1) : ' 1) !

J) : 3) : A

L]




OPERATING SYSTEN

. S

Cost ‘of service for each type
of learning resources (Cg)per
hour. (eetuxl/estimated). >

Type :Cp Cop Cy=Cs
a) Awblo T+ %_:E"’o
b)_Auho-Visal : "+ ", T . F100
c) . ST S
d) I+ +_ T ___ ¢
e) LI o
f) . ] e+ o
gg . S+ t =
s U I
1) L +;_:____
J) :__+ 'l’__:,___;_
]

Cost of service for each .type
of learning resources (Cs)per
hour -(actual/estimated).

Type . :CF Cop Cym=Cs
a’) 4+ +_ =
b) v v =
c) 4 v =
. d)______:__+ o=
. e) 4 4=
£) L+ =
E) :__4 + =
h) :__4- L S
1)_________3_'-0- + __=_
b 4 =
"\ [ 4
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. _ .
. FORM B )
(CALCULATION OF TRAFFIC INTENSITY (RHO), USING FORM A)
SUBSYSTEM (IE:NAME OF THE LEARNING RESOURCE): __ aukio -Visuaf

[ . —

OPERATING SYSTEM , NEW SYSTEM

Program length in hrs. (L)= 180 Program length in hrs., (L):=

Py

] Number of pupiis in the - ‘| Number of pupils in the

3 system (N) 2 26 | -system (N) - =
Number of lessons ‘ Number of lessons.
offered in the sub- ‘ offered in the sub-
system (Irg) , . = 3 | system (Irg) ‘ =

{ Total population (PT) N x'ILG Total population (PT) N x Iig

_-_-__ZGX—J__ ) = -

= ?_8 : ' . 3 ) =

¥

Popdlation arriving Populaﬁion arriving

' per hr.(P) “ZPT/E— : per hr. - (P)= PT/L
. - A= ?8(120 ) =7 s ,
=_ 043 | , -z T 1
3 , ‘Average time of ‘ ’ “ | Average time of ‘
.- : szrvice for the sub- service for the sub-
' .system (TAM) in hr. = 2:33 | system (Tay) in hr, =
Fate of service ' ( ~ | Rate of service
(1e: the population L (1e: the population
that can be served by L that can be served by
the subsystem per hr),il= 1/mpy the subsystem per hr),Al= 1/Tpy
o= i/233 | : - =

AT T Y

. /’Trarric 1nten§1ty (RHO) Px1. or,Z}' Tr&ffic intehsity (RHO) pPx1 or
‘ o _ _ TK; ] , ‘ . T

o

T— - _ . = 0:43¢ 23 , | =
" ‘ = o019 _ : _‘ - =

PO T 0 E e e
-

of %
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L EVALUATION- OF THE APPROACH DEVELOFED

I

L)

‘We . think that the evaluation of the approach
de;eloped should be made on the basis of its generating
auestion which asks "Canﬁwe develop an alternative
way of solving resource_allocation problems (e.g.
oueueing'probleme) with'respect.to ontimization of the
cost of lost time due to a pupil walting ﬁn a queue
to use a resource, and the resource being idle for
a period of time, other ‘than golng through all the.
difficult: Jobs or manipulating a mathematical queuelng

.model or spending much time running a queueing simulation
'model in a computer, yet' the alternative to be ) -
developed should be reliable enough to Justify the rejection !
of a mathematical or a simulation model?" . ©
. _ ' ' Now analysing the .problem we find two strategic

- points which frame a.guideline of-the evaluation. TheSe

two pointe can be asked'in a question form: '.'-

~  "a) 1§ the approach simpler than the available
mekhods? '
. .- ,-b) 1Is the approach reliable enough'to_justify;'

the rejection of the availablé methods?’

- To investigate these two questions of evaluation,
we can quickly estabIish the fact that the approach we have

displayedjis at least simpler than the similar approaches
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-developed by the authors like Redtearn (1973), Kaufmann

'(1968) Mitchell (1976) and Wilson (1977). All'of these

authors feel that elther a mathematical or a simulation

queueing odel is fairly difficult specially to

r'educational administrators who are not usually trained

for this. Yat educators are badly in need of quantitative
data in their process of decision making with'respect

to coat effective allocation of learning resources in

' selr-instructional syatems.

. Redfearn (1973) has‘developed a table of

formulas to calculate.the nunber of students arrivihg

_during successive weeks of a program to use self-

'

-2y _
instructional packages., He has then shown as to how to

develop a statistical table to determine the peak arrivals
during a period of a- day.' With this information ‘he has

calculated the mean arrival rate during that period of

the day: He has produceﬁ;& graphical model which gives

~ data like number of servérs. ‘Traffic intensitiee, products'.

of mean queueing time and ‘mean service time. ~ Wilth the .
information of the caleulated arrival rate and a glven
service rate, one can calculate other Qesired ddta from.
the graphieal model.. ' | .
. We find that Redfearn's approach requires the

educational administrators to have some sort of formal

- training in systems apprpach teehniques and methods to

_use 1t. More importantly, his graphical model ylelds

' sufficiently approximate data leading to'greater
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_probability or-errorjin decision making. -
Typlcally one would use ‘the method of interpolation to

s read the required data.‘ Since the method of interpolation
interpolates data linearly, and since the curves ol
traffic ihtensities_arefnot straight_linesgand since’ they
.are not sparallel?to each other, data read_throuéh
interpolation have the greater possibility of being
inaccurate. Inaccurate data are undesirable particularly
in case of cost effective analysis of & system. :
. Kaufmann (1968) has developed a graphical model
* similar to that or Redfearn, but’ a11 the problems stated in
connection with Redfearn's approach exist in XKaufmam's
approach. ‘ o

v Both Kaufmann and Redfearn have calculated traffic
' ,intensities as 7&4“3) Which states that they have assumed
.that each or the servers operates independently of ‘the
.other. That 1s there are.sepag&te queue lines for each
-of.the servers, in such_case the time one expends in |
”the system 1s approximately‘twice as much as one expehds
if the servers were operating in a single station serving
"a common stream of traffic. (Wagner, 1970, p. H79,
Ed. 1e, ‘1954, p. 63 ”Gillett 1976, P. u7o-u73 ).

There is another aspect in Kaufmann s approach,

, Which we think needs improvement 1s that he has used the
method’ of average in determining the idle time -of the

servers, thus he has neglected the' important element of

a waiting problem, which is the variability (Edie, 195# D 6)

-

-
-

S

f

e e P pfet ;;‘, ™
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Mitchell (1976) has shpwn simplified approaches L rf'

in dealing with queuing/waiting problems which are often -

found in 1earning resource centers. In one.of these ‘
approaches he has used the values of Po from the table of .
PG (Plahe and Kochenberger, 1972) in. the available
analytical formulas (Taha, 1971; Wagner, 1972) to

i calculate queueing data necessary‘for decision making

ot o

With respect to determination of optimum number of resources-f

-
o

O required. Even so, one 1is required to deal with expressions such
as power and factorial that' exist in those analytical B

' formulas. Moreover tbePo table is designed assuming = :
. TRt
* .. that there are separate queueing lines in front of each
: ~

. server, in this situation the waiting time 1is greater '

than it would be if the ‘servers would serve a common ‘
f -

stream ‘of traffic in co-operation (Hagner, 1970, p.

‘ uzé Edie, 195h, p. 6; Gillett 1976, p. H7o-u73) L ! B :

In another- approach he has simplified the .' , _‘ o E

_ available analytical formulas. -These simplified _ 'i‘ f:: . -

formulas do not require the use of any -sont of tables or | . ; 15

'graphs. He admits ‘that there 1§bﬁ difference between ‘i}, -
results produced by this approach of simplified formulas.f

_and other approaches using either Po table Or Redfearn'sl ‘

graph pf waiting timet_ He doesinog recommend one to use -

his simplified formulas where theiobjectiveWis;to‘analrse

~d
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- a system for cost effectiveness. . s

k . " ;
"A recent study has been conducted by Hilson

(1977) to. analyse a.learning resources center (Bell S

l' CanaaaWTraining System) 0 plan the media resource . ' . .

requirements ror this center.

-

She ‘has tried two time-consuming methods, analytic

“and computer simu ation. "In my opinion, both the methods

are not likely. ta be performed by ordinary educational ‘

‘planners ‘and administrators. Moreover she has analysed

‘.

the system on the basls of queue'length. I think a system

shouldfbe‘analysed on'the'basis'of.its sssociated costs.
That 1s, in-a Queueing‘systely we need to ‘balance
.'between the cost of walting time and the cost of idle '
R \ KR .

7'Jtime, because one is‘inversely proportional.to the .

other. So the number of servers leading tc minimum

”combined cost of walting: time ‘and idle time should ‘be
accepted as cost .effective and thus optimal. ~
W{?hsve duly recognised these drawbacks in Wilson 8
- study, and have tried to take this planning technique oL
; one Turther steg: le. a set of easily followed proc¢edures
.ueing selréexplanatory ‘forms.and a handy table of

4

queueing data., . ..
Since our hypothesis ‘advocates for a much simpler‘
Jﬂyet fairly accurate approach than those mentioned above,
our approach has’. fulfilled thHe two strategic points ‘

of our.hypothesis in that one 1is' to simply follow .







P

-

-139-

THE APPROACH IN A FLOW CHART

o Te

Complete '~
FORM AA

Complete,'
FORM AB,
for all the sub-

syst ems

Complete
FORM A
by putting data

from FORM AA & AB

v

Complete FORM B,

——————3 With the data from

FORM A.

.

I

Analyse the next
subsystem, b

- completing Form

B and, Form C.

Complete FORM C,by
obtaining data
from the TABLE '
corresponding the
RHC calculated in
FORM B, and data

NO

| from FORM A.

gub-systems

To identify the lessons
offered by each of the

avallable sub-systems

(educational media)

~

' To determine average time

of service by - each of the
avallable -sub-systems, per
~student per lesson.

. PORM-A 1s the DATA FILE
‘for all of the sub-
systems avallable. .

To calculate traffie
intensity (RHO) for a
subsystem.

1

To calculate optimum
number (S) of a subsystem
and optimum value of RHO
of the subsystem.
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the sprvice facilitieé.work'in co-operation resul%ing'

in greaﬁef efficlency orrﬁhe system as. a whole. Edie

(1954, »p. 6); Wagner (1970; p. 479); GilIett f1976,'p. _

470-473) have clearly stated with examples that the time
" one expends in the system_where the servers are assumed

to work‘idhependently 1s more than twice as much time he'
'spends‘in'th systém where the servers work .in co-Operation'

serviﬁg a common stream of traffic. ‘
_ Secondly, Wilson ignored costs aqsociated iith"f~'
- waiting in line and with 1dle facilitieé. Thus she focused

on waiting time alone. Considering realistic situations,

the results of our ‘approach are likely to be more valid
~ because they are cost effectilve too, wheqeas Wilson did not

-

consider cost effectiveness at all.

‘o

KR
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forms and tables to solve the problems which they aré{
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Fromiexperience we.hate found that the educ-
ational administrators are not usually trained fo deal with
such a pro%lem, where as they are ‘badly in need of
quantitative data in order to make decision on this
situation, “Yet they are,responsipie in“one way to
maintain‘effectite learning énvironment'and'in another
way they are accountable to proper budgeting‘because
tne_budget'ismsupported bydtaxpayers' moneyL .

<We have also found from a literature survey that

~ the available approaches are not simple enough so that

educational administrators can'profitably use them. -

We have, therefore,'brnught an idea from industrial

practices where technicians and practising engineers use

~

involved with. - _

" Then we have asked ourselves why not develop
a computer program‘with a niatrieinatical modei of a queueing -
theory and run it for a wide range of traffic intensities,
so that across the traffic intenaity of a glven problem,
one can read all the necessary queueing data from a.
table. . |

So we have developed z.computer program in Fortran

IV using the mathematical formulas of a M/M/S:FIFO

queueing model. We have run the program for traffic

" intensities ranging from .05 to 50.0 with an increment of
.05 and. ror a range of servers/resourcea from 1 to 50,

to produce a table of queueing data for each traffic intensity.

&

e

L S P .- ') =t o
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L et

One might inquire about i the reliability of the

‘table's. data. In this regard we like to mention that

we have used the samé mathematical formulas in our

computer progiam as those used by Wagner {}971) who_ has

'produced a few of queueing data for a short range of"

traffic intensities.’ We 'have found that our computer’
program produces identical data for tﬁat range of.traffic
intensities (Wagner s) accurate ‘to fourth places “of
decimal, S0 there remains no doubt that the extended

data are correct. .

One might again ask why we have used that

particular- mathematical model. The argument to this -

. question can be given on the baeis of the definition”

of a self instructidpal system which demands that:=-
a) Pupills may arrive at a, resource center
at random. We have, therefore, assumed that
- the arrival process follows a negatilve exponential
" aistribution. This statement ie‘represented by
. the first M of the model. ’
b) Pupils are permitted to learn a module
, ' accprdingjto_their individual71earningdeapa01ty
(e, a pubil can'held a learning resource as
long as he needs) ?ut from statisticaI-
‘study it is found that the holding/servicing
time or a resource follows a negative

exponential-distribution which is represented

by the second M in the model. . |
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¢) From practical observation of any- self—

'instructional system we-.find that there is at least

more than one identical learning resource .

available; The S in the model stands for

multiple servers ln parallel. :

d) It is quite logical that there should be :
sone'sort of diecipline as reéards how to serve -

the arrivels, We find that most acceptable one

is te serve the errivels'in-the-order of their

arrival, wnich is PIFO in the model.

.e) Pupils are expected not to wait in a queue

for a long time. We have seen that a single queue"
line for a group of identical resources serving

in co-operation has the advantage of shorter
Iwaiting time per pupil than separate queue;ines
' for each of the available resources cooperate

with each other in serving a eommon _source

" of traffic (Gillett d976) The model M/M/S: FIFO
satisfies this principle.

i . -

Then we felt that as we Intend to develop

an approach ror educational administrators who we suppose

have rioc formal training in such problematic areas, we have.

-~

. 4 1 -
» .
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produced a- number of . self-explanatory forms which are, to

{‘ | be used and followed in sequence, which will lead auto-‘

matically to.the determination of the traffic intensity

of a given problem ';d then to -the determination of the
optimum number of learning reeources to provide,.
Our appr ach 1 eimple as: ehown in the Flow - . | *
" Chart (p;139 which showa that this approach ia an algor-
ithmic one because the operations are broken down to the .
elementary levele of ‘the intended uaers ::'ﬂ:Jfoi- l _ 2

(educational planners and administrators)who are presumed

to have no prior training in this problematic area.

We have adopted the following strategies ”in

designing the above forms. 1 ' - . ’ ' . .?

T 1. " Rate of population available for a particular
' media is equal to -the product of the number of pupils

“in the program times the number of lessons to be offered

'by that media divided by the program lengtn in hours {P=N x ILG /L )

—
2. . Rate of service is equal to the sum. of time taken o ;

by each pupil for each of the lessons offered by a media

divided by the product of the number of- pupile times the .
number of lessons offered by that media ( TAM z: Z:_ngNxILG )
$=4 L1
3. - Traffic fitensity ( RHO)=z P/T, N
S Cost of uaiting time of ah arriral is proportional

- to the waiting time of an arrival (ie- cost of waiting time

LY

of an arrival is equal to the product of His wages per ' S “

T TS T T T T ey g

~ hour timee the time he spends in the queue) ( CWT = Cy x WD © )-

Tt

et o s VOV R e ————

e e en - - + —— - « - o, -
ey ";?5’5.35.*'5" T T RN MU I £ Iy ",6..



_l: Now thenumber dr servers leading to minimum fotal

5. : Cost of idle time is proportional to ,the probability

«af a resource being idle (ie~ cost or 1die’ time of a

,resource is equal to-th product of cost of providing

'service by a resource per hour times its probability

}
of being \dle) (Crp=0Cs x IP ) B

6. ; Total cost of walting time and idle time may be
calculated for various numbers of servers for a given
(calculated) trarfic intensity, 80 as to decide for what T

number or servens/resources the total cost is minimum.-

//
cost of Maiting time and idle tine is, the optimum number
to be selected . , ' o ?:

Ti-o i We have seen that waiting, time is proportional to’

traffic intensity, and as the self-instructional system

~is aimed at motivating pupils to learh, higher waiting

time 1s not acceptable, though such a walting time 1eads

g _to a minimum total cost of. waiting time and idle time, for

a particular number of serVers/resources. In thisanse

‘we can keep the optimum number of serverS'as selected,

and corresponding to this number or servers we can look for
traffic intensitiee lower than the calculated or’ .

given one, ‘then we can calculate again “the tetal cost

. of waiting time and 1dle time ror each of the feasible

lower values of trarfic intensitiee, the optimum value
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of n}ro Wity be thé - one which' will ‘phodite” lowbr waiting

. time as’ degired:- o . .
An opposite situation may also arise where queue

' léngth corresponding to the Optimal nlimber- of servers (8)
(S) selected, is too low. We can see from the table ».
that quene length is inversely proportionai.tq the 7

; probability of idle time‘(fﬁ) of the servers, and vice-versa,

. S 'So when the oueue length 1s too low, the IP 1is

considerably high. In this case’ we look for higher\
values of RHO corresponding to the same S selected

We select the optimal RHO for which.theedesired higher value
-of waitina time ia;obtained.~ A I 1

To implement the optimum traffic intensity
(lower than the given/qalculated one) one can either
increase the rate of seryice by decreasing average time

needed for a module or by decreasing the rate of arrivals.

by ‘admitting lesser‘numberiof'pupile for the program perlod
(fowee™ /44.: P} erher 7\1 or 4,4,1 ). In the second case,
- ‘when the optimum traffic intensity is higher than the given/

oL : .
calculated one, one-is to follow a procedure reverse. to

. N

the precedins one (le. 53' \aper = = P s for o} either hf . or ,wl

. - . ' Considering the possibility of breakage, one might.
decide for the next:higher humber .of servers to the

N ) optimum number seIected, if the cost of‘providing service

. 18 kithin acceptable limits. Such a limit is usually

deci ed by the decision maker.

T e A T e N T T T T T T I T T T ——
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A decision maker should also cdnsider the rollowing
- S
g!actical problems that might arise in‘speciric '
» aituationa, while deciding for optimum number - or

3 .

facilities-‘

. ‘a) Maintenance of racilities. K

" b) h 'School schedule for various activities, which may .

-'ﬁ

notAper@it”random student arrivals which may
- - " 'I-. . l\ ' i t ' i N . T '

. .- indicate an uneven'demand for a bervice racility. o

’ , e) Variation in. service time rrom one person to another K

and with subJect mtter of study.

L)

, With 1d1e time for print materials,cost may be
insignificant. In ‘this ‘case 1t is desired tﬂat the users

* i do not have %o wait for the print materiala, uhich might

result in 1mprovement of total eystem efficiency in terms

" of .flow of pupils thgaugh ‘the entire system. Thisf‘is

' ~certain1y not applicable in the case of’ costly print materials - ‘f

,_‘

In the lihrary such as professional Journalu, encyclopaedia, ) ; - ', é

‘ete,

At this stage one might ask about how to determine = i
the coet of wniting time in a formal educational-oetting
where pupils“are not usually paid. 'In this case, Aspiration

1eve1 model (Appendix A) 1s used where decision maker

sets the upper: limits on the valnes of e;pected waiting
" time of the pupils in the system and‘tne'percentage

of servens ' idle time. Still there is’ another approaohi‘-‘

7 available where cost of waiting tﬂme 1s taken as the
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"being involved in complicated calculations.

%
L

..

Y

' Wilson's approach for the same numbér of facilities, because of
for the JBsame amount of walting, time- thirdly, Wilson ignored an

, waiting in line and with idle factlities. Wilson did

-1“'9- ‘ s
- P > ¢ . 1 .

‘average of loss of earning ;pportunities for various e
income classes of the pupils in the queue (Huhbard, ‘
_etal., w72, B -
. He finally Zlaim that we have at least made -
it easier to the educational administratorslmanager
of learning resources to obtain quantitative data as regards

A [y

the planning and budgeting for iearning resources without

_ By comparing our, approach (multiﬂservers method) with
Hilson?s approach (single queue approximation) ‘we rind that .

our approach 18 better in threedrespects' rirstly, it '
replicates’ rEalistic situations, secondly, the naiting time

in caae of our approach 1B much less tpan that in the case of

this reason our approach.recommends lesser number or facllities

important aspect of systems analysis- the costs associ?ted with- -~ .
~ /

is aimed

consider cost effectiveness at all whereas our approa

-

at cost effectiveness. )
One might use our approach as ueil as the tablﬂ of queueing
data in. designing programmed texts where the learners&may be
assumed as a processing device and the texts are tlie a‘rivals,
in curriculum planning as regards the length, content aid resource
-y

allocation, and the study or flow of ‘trainees or inrormationl

through:varicus phases.or a training system.
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Types of Queueing Sxetems (@illett, 1976):

A11 queueing syatemn can ‘be classified according to the

following characteristics.-

1. * The input or artival process which includes
-the distribution of the.number of arrivals per unit of’
time, the number of Queues that are permitted to form,
the maximum queue 1ength permitted in a steady state

+ . and’the maximum number of cuatomers desiring

service.

oS

2. The service process which includés the

4

distribution of ‘the time to serve a customer, the number of

gervers and the arrangement of servers. (parallel or series,

:;bcr%ﬁ

3. Queue discipline which is the manner, in which

‘

- customers form a queue: First come. first served (FIFO) last

H4

come, first served (LIFO), random-selection, priority

selection, etec. -

‘ . Input e | Output |
. '(CUStomerS)raifé ine ' L (Customers)

: : eue Service facility | =
a) Single queue, singlé-server queue system.

L . This situation arises where there is only one

Server ie' 1r there is only one toll both in a highway







Single queue, multiple servers in geries type of

sftuation'may be found in a job shop wheré a job walts

to.ye operated (served) by a machihe‘No. 1, After éﬁé
job ig'opgrated in machine No. 1, then it}wﬁits again
in queue to be operated in Machine No: 2.- This

process.continues until the Job is operéted 1ﬂ‘all the

machines. Then the job leaves the system.

. X r o i A . ) .
+O— O3+~ =
Input N ) o Output '
(Customers) . _ o (Customers)

Y

| ’ . -

" Queue . ' Service
T facility

L

d) Multiple Queue, Multiple Servers

.~

.

*Multiple queue,-multiﬁle'servers situation may be

'qbserved7ih a big 3uperm§rket, where people (customers) °

make queues in front of each cash counter (service'racility),
LT - ,

Input ) .
cenmtoiO—O—L ] , Output
- tbustomers Queue  “Service Service ‘Service '
, facllity facility facility - _
1. ‘ . ' B Service ['Customer
Input ‘ N g : facility
(Customers ‘ Queue

e) Mixed Multiple Queues, Multiple Servers

7 .







So 1t is not desirable that theée pesourceafshould

remain idle for a long time., In this case Eéﬁ, the
"decision maker sets-a limit to -the m;imum permiltted,
idle time of a reéource.' . R ' -
In this'mbdel, the decision mﬁkér therefofe,

pre-sets the upper lli_mits- on the values of the | '

“ -conflicting measures which are desired to be balanced.

| The cor;flicting measure‘adin the case of a

ﬁulti-channel quéueing'model where it 1s required
td determine the'optimum_value;of the numbef of o ~

éeftggs (8) are:

1) The expected waiting time of an arrival .
in the qyatem,'wf. -

' II)' The percentage of the servers' idle time

¢ IT.
These two measures are conflicting in the sense that 2
one is inversely proportional to the other ie: if one

increases the other decreases. Let the levels of

aspiration (upper,11m1t5) for WT and.IT are £ and g ,

respect ively

\ Aecdptable(ﬂhge' of S (servers)

I .
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" -will be a delay) AR ' -

‘no customer has arrived) in the system at a particular

. time interval. . .
'Po - 1
s-1 3§ -
— __fi. + ff —
ooy Lost (-ms)
Expected number of customers in ser;ice ::fD- o

P(busy period)

P(busy period) ‘means that probability that all the

Q
Servers or channels are busy (the probability that there

Po standa for probability of no arrival (ie. o

Expectediﬁumbe: of customers. in-the system. —*

Expected queue length4 Expected customers in service .
+ i A . . ) ) .

2}
-

Expected waiting.time of an arrival.(se:.a.customer) -

|
|

Expected Queue length

Expected total time that an arrival epends in the system~—

Expected number- of customers in the system.
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B S ase
The formulas shown are 'valid for N <@S:‘( orp'<$ ).. This
".18 because for h<S4 , the mean arrival fate will be
- less than the maximum service rate. Otherwjse (Le. -
s . for ‘h)suf ), thé mean arriyh; rate will b greai:erh
" than the maximum service’ rate In this case t;h_e queue
length will increase and it, cannot be ‘contfolled.
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THE FLOW CHART

THE 'COMPUTER PROGRAM -.

APPENDIX C
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s . AND
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o 00120 PRINT 17

AL

PROGRAH/ QUEUEM . 7 % . e s L

00100 REAL IDLEPvNCUSSUyNCUSSY .
00110 1 FORHAT(l?Xr*HULII —CHANNEL QHEUEING TABLE DﬁTA*,/)

00130 2 FDRHQT(?Xr*RHD*r10Xv*StréXr*BP* BXv*IP*;BXr*QL*vHXJ*TNS*,/)

00140 FRINT 2 ] o
00150 LINE=0 L o

. 00160 START=48.45

L4

— s

. 00170 PLUS=.05 ' . . .
(001807D0 S T=1y 50 L e T
T 00190 XEP=1.0 . | . -

00200 XI=FLOAT(T)

.00210 RHD=SPARTH(XI~1, o>thus o T - .

00220 N0 & IS=1»50 '

00”30 S=FLOAT(IB) : : ,
F00240 " IF- (RHD . GE , §) GO“TD“é"“““" ‘ ~ - T

© 00256-KBUMG=1 T N B =

00260 N0 20 K= 1.15, ,-w‘vf- : S -
T00270° KSUMS=KSUMSXK . SRR o
0028020  XK5= FLUAT(hSUMS)‘“r*"f A \
00290 RS=RHO/S : v T : _
00300“PB=(RHO**3)f(XKS*TT“O*RS)T" : T e

© 00310 SUMPA=1.0" . :

(00320 M=I18-1 . : , i

00330 IF (M.LY.1) Gn TO 25 ° . , .

-00340 DO 3D J=1,M - , o

00350 KSUM.j=1 e -

GORE0 DO-40 K= - omemoem oo

~
4]

" 00370 KSUMJ<KSUMJKK, S,

00380 -40 XKJ=FLOAT(KSUM.J)) -
00390 FA=(RHOXXJ)7XK.J \ - Lo
00400, SUMPA=SUMFA+PA :'; : o : Lo e
00434 30 CONTINUE - ' C e :
00420 25 PO=1,0/(SUMPA+PR). | - St~
00430 TF (FOLBT.1.0) 6O To 6 _ St

, 00440 BUSYP=POXFR: . 3

100450 IF (RUSYP¥GT.1.0%.60 To 5 . v

00460 .IF (BUSYF.LT.0,001) GO TO & )
00473 IF (BUSYP,GT, XBP) B0 TO 5 R

© 00480 XBP=RUSYP

READY,

00490 IDLEF=1.,0- Ruqvp o

00500 QL INE= BUqYP*RHn/(S -RHD) "

00510 IF (OLINEWLT.0.001) GD TO 5

00520 NCUSSU=RHD - . . _

00530 NCUSSY=QLINE+NOUSSY o o _

ooano PRINT ﬁOrRHD,IQvBUSYPTIDLEPrGLINE;NCUSSY'" ot :
0550. 50 -FORMAT(3XyF10. 4y 110.4F10 4y ’ . ‘

oodao LINE=LINE+Y v, A

00370 IF (LINF~54) 6,7,7 } o o C _

00580 7. LINE=0 : = B el

L3 : .

U0520 PRINT 131 ) 'T. '

00400711 FURHAT(//////?)““" ot ‘ : . ..

00610 8 FORHAT(I?X:*MULTI—CHANNEL GUEUFING TABLE DATA*v/J
00620 PRINT 8-

..g:*,. b S -158- - o . o -

0030 9 FORMAT(?X:*RHD*;10Xr15336x;*BF*vRXr*IE*ySXv*GL#vBXv*TNS*r(i |

00640 PRINT 9
00650 6 CONTINUE™ : ... .. R, )
006805 CONT INYE-—~~- - =t i e L

00670 ENK *  © .
.  H3THHOJﬂWfUHmOU

emeba G
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' - FLOW CHART OF THE COHPUTER PROGRAH DESIGNED
- _-FOR THE}?RODUQTION*QF_?HE TABLE_QF‘QUEDEING DATA .

' Initial .

'_Increase .

traffic intens-

“ity by=0.05

Traffid
1ntensitx>
. 50,00 ;

 —i{ij§;ﬁPo

1: = 50

-
Initial
traltfic

v

servers taken

. Calculate -
”P(Busy)

/intensity=500f.

hStgrting uith
.{trarfic inten-
-~ ‘sity= 0. ‘05

: Startihg with

number of
erverq;-i

. _?,u“ L . YES,
e A

Calculahe P
k Idle)
P(busy)

~

)

e Calcu;ate

an T
. . B
.
.

~Calcﬁ1ate .

expaeted walt-

ing ‘time . of an.‘-
S a;rival ek

T

“Iauigber’ of exp-|’
jectedrcustomers.
‘in*tpe:ayatem

Printf‘TrartIc

intensity; num.
of. sarvers; P

"|(Busy); P(Idle}!

Queue length;

:,  Total customerd |.
. '|in the system [

Calcuiate\total
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JTer¥ellen
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o ple 7]l sl wlnle]a|a]s
50].5875].3241|.1672| 0805].03} | .0I50
32| 6616 |.3740| 1982 | 0983 { 0ass | 0196
’ S.41.7401 | 279! 2827 |.1186 | 0568 | .0282 |.0105 .
568227 4839 .2706| 1415 |(0694[ 0319 [ 0137 : .
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