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ABSTRACT

The U.B.C. Recordings Collection represents a
service network with different service centers which In-
clude the Informatlon desk, the shelves, and the listening
room; Arrivals tb the system follow a'random traffic
pattern. The units flowlng in the network are defined
as jobs requliring service from the service statlons. The
>9robabllistfc job routings are considered to be a station-

ary finite-state Markov Chain discrete In time,

Fleld work was done during the summer school and
during the regular winter terﬁ. The essential traffic
observations were obtained by questionnaires. A first
analysis of the operating characteristics was made using
a graphical metHod shown in the diagrams 1 and 2; at this,
the recordings collectlion was considered to be a service
facility with a large number of service channels. By this
method, knowledge could bé gained about the number of
arrivals during a day, the number of sfmu]taneous customers
in the system and in the listening room, the time spenf'-
for service, the regularity and changes In arrival and
service statistics, and the regularity of departures. It
became evident that the distribution of the interarrival
times, both., to the recordings co]]ection (shelves and
lnformétion desk) and to the listening room as well, fit

a negative exponential distribution function.
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The distribution of the service times associated with

the recordlings collection could be identified as ex-
ponentially distributed, while the service time distribut-
ion of the listening room fo11ows an emplirical distribut-

ion function (see diagrams 3 to 105.

The basicalfy obgerved statistics were applied in
a simulation. The simulation was performed with the
" "General Purpose Simulation System/360, (GPSS/360)" in
three variations in order to obtain empirical data under
modified arrival rates and one or two desk servers, respect-
Ively, The data of interest was gathered In tables, the
lnfdrmation content of the tables wés plotted in graphs
- (see computer output). Data of significance has been used
for the description of the traffic behavior of each
~single service center and was displayed In the diagrams

11 to 13.

The flow model predicted that congesthion may
appear at the information desk and in the listening room.

The simulation has confirmed this prediction.

Under lasting rush hour conditions, jobs re-
quiring service at the information desk may spend; about 3
to 4 times their actual service time in queue walgyng for
service. This result has been obtained under the general

assumption of a first-in first-service order of a 1 Pk
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arriving desk jobs. However, in practice, the obs;fbed
rush traffic lasts only about two hours between 12:00
and 2:00, Consequently, arriving jobs related to re-
shelving of recordings may be buffered and serviced

at times of lower traffic. Thus, the actual wating

time in queue wi]l'be lower.

In the case of a second server on duty, the
wéiting time in queue drops down significantly, It will

not exceed the service time (see diagram 11).

The service at the shelves storing the record-
ings Is problemless., The maximum number of jobs at the
shelves does not.reach the service capacity. The average

service times are constant under varied conditions.

In deciding what is an adequate number of turn-
tables, thefe is a conflict between high utlilization rate
andvsatlsfied customers.'The confllct situation becomes
evident under extreme traffic conditions, for instance,
when the péak frafflc exceéds fhe provided capacity,
or converseiy, wﬁen the equipment is idle becaqse of low
traffic. A satisfying approach depends upon the range and
wel ght of the'appearing traffic fluctuations. As it is shown,
the intensity of'arrivals varies considerably during the |
Intervél of a day;'However, the range of flucfuating
arrival rates still increases by considering different

days of a week or different seasons, such as the summer -~
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session or the winter term. An acceptable solution

of an adequate number of turntables installed may lead
to a compromise between 'perfect' equipment utilizatlon
and 'completely' satisfied customers. Depending on the

pursued policy, it may favour one or the other interest.
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CHAPTER |
GENERALITIES: THE SYSTEM UNDER STUDY

The recordings collection of the U.B,C. Library
houses more than fifteen thousand recordings of all kinds
which may be played in the Wilson Listening Room with-

out charge or may be borrowed for an annual fee.

The traffic flow study of the recordings collect-

fon inclusive of the listening room includes:

a) the analysis of the service system in its

operating characteristics,
b) the presentation of a traffic flow model,

¢) the simulation of the model under changing

traffic conditions,

d) the application of the essential simulation
extract to provide a measurement and evaluat-
fon method of the achievment of each single

service facility.

The recordings collection, as a service system,
consists of three facillties offering different'custbmer

services:



a) At the #nformation desk, main servlices are to

provide lnformétion concerning the reéordings
collection, including new appllcétlons for

membership and to store all returned records.

b) The record shelves themselves are an informét-

fon source énd supply the recordings either
for taking:home or: .-

¢) for listenling on the turntables installed in

the listening room.

The system{s Input Is a series of arriving jobs
represented by the érr!ving patrons, each requiring a
number of service operations at the service facilitles.
The system{s output s comprised of completed services
orlsétisfied customers, respectively. The flow of jobs

among the service facillities Is illustrated below:



[~ =
SHELVES
INFORMAT | ON LISTENING
DESK ROOM
\H TURNTABLES
#
sysTem| [SYSTEM
ARRIVALl | DEPARTURE
PROCESY | PROCESS

Figure 1: The physical plant of the service facilities
of the recordings collection and the correspond-

ing channels of the job flows



CHAPTER 2

ANALYSIS OF THE OPERATING CHARACTERISTICS

The recordings collection is a service facility

wlith allarge number of service channels. Simultaneously,

a certéin number of jobs may be in the system's service

occupying its service capacities. For instance, the

listening room offers 23 turntables installed, and at

the storing shelves, service is self-operated. The only

single bh@hheﬂ'sefvice stétion-is the information desk.

1.1

;he
the
the

the

the

1. Determlnatlon.of'Slgnfficant Trafffc Characteristics

Description of the technfque employed

The operating Characteristics.such as:
number of arriving customers during é day,
number of simu1tane¢q§ customers,
time spent for service, A
regularity and changes In arrival and servi&e statistics,

regularity of departures

will be evaluated Iin a graphical method., We want to use a

graph to comprehend the traffic data which was obtalined

by the numerous answers 6ﬁ‘the questionnalrs. Furthermore,

it Is our objective to generalize 7. the observed traffic

flow In a form, that we might be able to learn an ex-



pected behavior of the service system under study.

The graph uéed shows on its abscissa the current
hours of the daily publicléccess to the recordings .
collection. The ordinate records the cumulative number
of customers going Into the system and into the listening
room, respectively. The cuﬁu]ative number of customers
may be recorded at any convenient time interval. The
smaller the Interval between the recordings, the more ac-
curate Is the observation that can be made from analysis

of the measurements.

The required information was obtalned using a
questionnaire. This form was presented to each arriving
customer at the entrance with the request to return it
at the exit, During these events, the arrival and de-
parture time could be noted on the form. Also, if the
customer visited the listening room, he filled in the
appropriate arrival and exit time. The other items of
the questionhéire assisted to determine what kind ofv
service faclilities the patrons had used. From the Informat-
jon sheets, all required data could be obtained for

further evé]uatton‘

At certéin times, the cumulative number of
‘customers who entered the recordings collection and the

listening room, respectively, is: represented by the arrival

curves, Similarly, the departure curves show the cumulat-



ive customers that leave after their service completion.
The arrival curve and the departure curve within a co-
ordinate system and the parameters derived from it are

outlined in the schematic graph below:
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Flgure 2: @perating traffic characteristics shown in
a schematic graph

‘The arrival rate is the rate at which customers
appear to demand service. It varies during the successive
times of a day. The arrival rate may be obtained from
the slope of the arrival curve for any time interval under
conslideration. |f a desired time interval is selected, the
slope of the entrance curve between the beginning and the
end of the Interval gives the arrival rate‘during that

interval,

Similarly, the rate of service is the rate with

whlich customers are dlscharged from the service., It also

varies during the dally service period and can be determ-



ined in the same way as the arrival rate,

At a certain time of interest, the simultaneous
number of customers in service follows from the verfical
distance between the arrival and the exit curve. The
arrival curve shows the cumulative number of customers
that have entered. The number of customers that have
1eft is given by the exit curve., Thus, the difference
between the two values must be the number of customers

that remain In service at the moment in questlon.

.An average time spent for service may be obtalned
by the horizontal distance between the entrance and exit
curve; If we keep track graphiéaily of all arrivals
(time/cummulatiQe number of customers) and register the
time spent for service (t ) of each customer (n), then we

o

méy obtaln an average service time associated to those

n customers by

t ke Suhuiiadeble bkl de e _>_ ; tC
c,avg. ‘number of n customers c=1

We Iinterconnect all points of arrivals and obtain the
arrlvai curve; the points of average service times lie
on the exit cufve, such as it Is shown in the sketch

below:



CUHULATVE 4 GF CUSTOMERS

ARRIVAL CURVE
n+s
o8
n+3
n+2 _
AVG, SERVICE TIME
nel OF THE (n+1)-TH TO
THE (N+s)—~TH CusTON,
"
DERPRTURE CURVE
n-1 .
n-2
n-3 AVG, SERVICE TINE
OF THE (N-4)-TH TO
n-4% THE n-TH CUuSTOMERS
CURRENT SERVICE T‘meg.

Figure 3: The determination of the representative
arrival and departure curve

Thus, the smoothed-curves of the arrivals and the exits
represent a generallzed description of the traffic bhe-
havior during the current service time. We compare * .~
those traffic characteristics observed on differnt days

of gweek and realize a strong similarity (ﬁ the customer's
behévior; The comprehended data of a week's observation

Is shown in diégram 1. We assume, thlis generalized graph
represents the traffic flow during the summer term, and

analogous@,the graph shown In diagram 2 may represent

the traffic during the winter term.

In proceeding to determine how much time an
éverége customer will spend for service when he arrives
at the current time te of a day, first we examlne the

érrlvé] curve, We reallize, it will be the n-th customer



on the average. Looking horizontally across to the arrival
curve, it can be noted that the n-th customer will leave

at time t Hence, we can expect that the n-th customer

ctn’

) = t_ mlnutes for service.

will spend a total of (te=tesn n

Genera1ly, the horizontal distance between the arrival
and exit curve Is a graphical representation of how long
customers spend at any single point. The longest and
shortest time spent is represented by the longest and

shortest horizontal lines between the two curves.

The total number of customers, readily obtained
from the curves, Is indicated by the highest points on
both.= the arrival and the exit curves, and may be read
on tHe vertical scale, The_dﬁration of the dally service

period is Indicated on the horizontal scale,

1.2 The #raffic flow during the summer term

Usually, fewer students attend summer school.
But sﬁmmer school students might have more leisure than
students of the regular wlhter term. Sﬁch circumstances
may significantly affect the behavior of visits of the

recordings collection,

Diagram 1 shows the approximate traffic
characteristics during the summer session 1970, The In-

qulry took pléce In the first week of July.
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From the system arrival curve of diagram 1,
we can determine three arrival fates in the time
Friods between 9:00 and 12:00, 12:00 and 2:00, and 2:00
and 5:00. At 9:00, 12:00, 2:00, and 5:00, there were
0, 40, 97, and 145 cumulative counted customers fn the
system, as obtained from examination of the arrival curve.
Thus, 40, 57, and 48 customers had entered the recordings
collection during the corresponding time periods of
180, 120, énd 180 minutes. The slope at any point of the
system's arrival curve is obtained by dividing the number
of custqmers-served by the respective tlme period. Hence,

in the average, there arrived

40 _ customer/4.5 minutes
180

=l . 1 customer/2.1 minutes
120

—%%5 = 1 customer/3.75 minutes

during the periods examined. The length of the interval
- must be short when the slope changes rapidly or there

will be an averaging of different arrival rates,.

The behavior of the exit curve is affected by
perlodlic changes during the morning. The customers are
going to leave the recordings collection between 9:30

and the break at 10:30 with an average departure rate
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of 1 customer/3.3 minutes.

vAfter the 10:30 break, the departure rate slows
down but increases again shortly before the 11:30 break.
Obviously, the students either leave for?f{??c1asses
or for early lunch starting at 11:30. However, the
average depérture rate decreases to 1 customer/8.7 minutes
between 10:30 and 11:30, ThiS“resu]ts in a maximum number
of simultaneous customers (8) in the system at 11:30, as
the éverage arrival rate does not diminish during the

same Interval.

After 11:30, the visltors to thé recordings
collection may leave for lunch. The exit rate increases

to 1 customer/4.1 minutes.

gL From 12:15 tj11 about 2:00, rush hour takes
pléce; the exit rate goes up to 1 customer/2.2 minutes,
which Is ébout equivalent to the arrival rate of 1
customer/2;1 minutes durlng the same interval. Tht#
lndlcétes that there Is a high traffic flow into and

out of the recordings collection. -Under these circum-
sténces, of course, the number of simultaneous customers

and the time spent in the system are about constant.

After this period, the exit rate decreases again

to 1 customer/3.2 minutes. Within the few minutes before
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the 5:00 closing time, the remaining customers leave
and once again create a kind of rush traffic (1 customer

/1.36 minutes).

It can be seen that the maximum number of
simultaneous customers appear at 11:30 (8..customers),
at 1:30 (13 customers), at 3:00(12‘customers), and at

4:15 (13 customers), respectively.

The longest times are spent hetween 10:35 and
11:20 (45 minutes) and 2:45 and 3:30 (45 minutes). On
the average day Inithe 197- summer, 145 customers have

been serviced.

The graph concerning the listening room can be
interpreted In a similar way. It represents the data
which was®. recorded simultaneously under the same

conditlions.

In the summary, the table outlines the maximum
data of the traffic flow into the recordings collection

and adjoining listening room:



14

PARAMETER TIME INTERVAL SYSTEM LISTENING ROOM
1. Arrlval Rate || 12:00-2:00 1 cust./2.1 min
(cust./time) 12:00-4:45 ‘ 1 cust./7.9 min
2; Departure 12:00-2:00 1l cust./2.2 min.
Rate b:45-5:00 | 1 cust./1.4 min.
(cust;/tlme) 12:00~4:30 1l cust./8.7 min
4:30-5:00 1 cust./3 min.
3, Number of 11:30 8 customers
Simulténeous 11:45 6 customers
Customers 1:30 13 customers 7 customers
3:00 12 customers 8 customers
4:15 13 customers 9 customers
L. Time Spent 10:35-11:20 |45 minutes
= Servlice 10:40~-11:50 . 70 minutes
Time 2:45-3:30 45 minutes
3:00-4:30 90 minutes
5; Avg; Totél 145 customers 52 customers
# of Cust.
Serviced/Déy

Table |: Maximum values descrlibing the traffic chéracter-
Istics of the recordings collectlon during the

~summer term 1970
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1.3 Comparison of the traffic flow observed during the

summer session and the winter term

The approximate traffic characteristics are shown
In diagram 2 during the winter term 1970. The data results
from an fnquiry during the last week of September 1970. The

corresponding maximum values are:

PARAMETER TIME INTERVAL | SYSTEM LISTENING ROOM

%, Arrival Raté ~12:00-2:00 {1 cust./1.03 -
(cust,/time) 12:30-1:30 1 cust./1.67 min

10:30-11:45 1l cust./2.27 min
2. Departure 12:15-2:30 1 cust./1lmin
) Rate 11:15-2:30 1 cust,./2.1 min
(cust./time)

3, Number of 11:00 21 customers {20 customers
Simultaneous 11:45 24 customers {21 customers
Customers 1:45 25 customers |22 customers

L, Time Spenf 9:45-10:45 60 minutes
=Service 10:30~-11:15 45 minutes

Time 11:50-12:45 55 minutes
4L:00-5:00 60 minutes
4:50-5:30 L0 minutes

5. Avg., Total 380 customers {182 customers

Number of

Cus tomers
serviced/Day

Table |1: The maximum Values describing the traffic
characteristics of the recordings collection
during the winter term 1970
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A comparison of the summer and winter traffic

flows revealed the following:

1.

The numbers of customers per day demanding
service from the recordings collection

during the winter term Is a multiple of those
in the summer session. Consequently, the

arrlival rate, the departuee rate, and the

number of simultaneous customers are also

mulitiples. Of course, the utilization rate of
the service facllities will be higher during
the regular winter term than in the summer. But
é]so, If there Is any congestlon In the service

system, then It will become obvious in the

"rush hours durling the winter term,

Despite the different traffic volumes of the
summer and winter terms, a fundémental traffic
flow behavior can be generalized for both

seasons.

a) The breaks between the Unlverslity lessons
Influence significantly the behavior of»the
éustdhers érriving‘o} leaving. This can be
generally observed, especially during the
first half of the day. For instance, the

arrival réte decreases shortly before the



b)

c)

d)

18

breaks but increases distinctly during

and shoktly after the breaks. In contrast,
the departure raté increases some minutes
before the break but decreases agaln after
the break. This observation is valid for
the traffic flow of the system and of the
1istening room as well., It indicates that
students use the break betwéen two ]essohs
or a following free hour for a visit to
the recordings collection., They arrive
during and shortly after one break and

leave just before or during the next break,

The time Interval of the maximum traffic
flow, as it Is indicated by the maximum
arrival rate and departure rate, will appear

roughly between 12:00 and 2:00,

The maximum number of simultaneous customers
In the recordings collection can be expected

at 11:00-11:45 and at 1:30-1:45.

On the average, customers that arrive near
10:30 will spend the most time ( 45 minutes)
of any custbmers arriving. Those who enter
the listening room at that time intend to

use the listening whlts provided for

approximately 60 minutes on the average.
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CHAPTER 111
THE TRAFFIC FLOW MODEL

Fundamentally, the servife process of the re-
cordings collection can be formu]atéd as a network of
‘service statfons with a stochastic input of jobs. Each
input Is composed of the job departure process from the
prevlious service stﬁES. In‘determining the traffic be-
havior of the jobs through the network, the customers who
requtr4§ervlcing in the different states follow more
thén one path through the network with a probabtllistic
beHévior; Nevertheless, each arriving job to the system
Is described by a completely ordered job routing, which
specifies the service centers required to completely
process the job and the unique sequence In which théy
must be employed. The job trafflic flow of the network
cén be shown In a cont!ﬁ&ﬁs flow model., The nodes re-
present the different service stations with the following

notétion:

'1';'arrivals to the system
2 Information desk

3 shelves

4 listening room

5 ‘departures
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Figure 4: The contlinuous flow model of the complex
service system with five states, numbered
1 to 5
The links connecting the nodes indlcate the

possible job flows, For instance, some routings through the

flow model may be used In a sequence such as:
a) % 1 -2 -4 -5

b) } : 1 -3-4 -5
4; :

c)

! :
d) %> -1 -3 -2-14 -5

e) cycle 1 - /12 - 4:8 -5

£) cycle |> 1 - /:3 -4:/ -5

) &  cycle 1 -/:2 -3 -2:/-14 -5
i

h) cyclec% 1 = /:3 -2 =3:/ -4 =5

etci
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1. The Statistical Properties of the Continuous Flow

Model

The flow model is used to study.the spread of
arriving jobs to different states of the complex service
system., The continuous job flow goes from state 1 and
ends in state 5. Empirical observations have been made
using a questionnaire. For convenience, the approximate
behavior generally observed is shown by 100 customers
requiring service from the recordings collection in
several states; The parameters of the probabilistic flow

model are:

a) The par tial f1l1lows (F]j's,'number
of jobs/time unit) which give the flows through
the relevant links, for Iinstance, from state (i)

to state (]j),

b) The v ol umes of service demand during a .
conslidered time period (V', number of jobs
serviced during a time interval) originated by

the jobs arrived in each state (1).
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(env I~ronm§ﬁ t=). \‘

-———— max imum flow
Vi = volume of service demand in state (1),
(i=1,2,...5)
F%. = partial flow of jobs from state (1)
J to state (j), (j=2,3,4,5)
* ) The partial flows F L and Fu could
not be observed re]%ab]y wlta the question-

nalre used. For thls purpose, an addition-
al more detailed inquiry would have been
necessary,

Figure 5: The empirically observed flow of jobs re-

‘ presented by 100 customers requiring service
from the system during a time interval of
ca. 100 minutes (system's arrival rate =
=1 customer/minute)
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As the flow model shows, out of 100 patrons
arriving within a certaln time period (state 1), 36 of‘
them will demand service in the first step from the
information desk (state 2), and 64 of those customers
will require service from the shelves (state 3). In a
second step, customers belng serviced either at the
inforhation desk or at the shelves, may migrate to
alternétive écceéifble service cénters If they require
additional é@%@ﬁégfﬁ}om there. A job entering state 5
(departures) means that there is no longer a need for
service from the service system. After the departure
of all 100 customers, the number of jobs serviced in
each staté is stated by the volﬁme of the service
demand V;. This demand glves an indication about the re-
lative frequency of the use of each particular service
facllity, an unbalanced usage of the service units

\wlthin the service complex, or the origin of congestion.

The observed job flows indicate an approximately
balanced service demand for the use of the Information
desk (112 demands) and the shelves (98 demands). The
use of the listening room seems to be relatively light
(52 demands)@ﬁHowever; it must be taken into account
tﬁat the capacity of the listening room is limited by the
23 1istening units installed. This capaclity ltimitation

might be a reason for congestion. For example, 1f 100
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customers will pass through the system for service in

a time period of about 2 hours of the top traffic, a
demand of 52 services will be created for the 1istehing
room. A listening time of ca. 53 minutes on the average
will be évailable for each listening room customer. The
playing of one single side of a LP-record takes about
25 minutes. Thus, the time available for each customer
may be just sufficient for listening to both sides of

one record,

I f ény congestion will appear within the complex
service system, then it will become obvious along the

path of maximum job flow which is routing 1-3-4-2-5,

2, The Job Routing Model as a Finite-State Markov Chalin

We may consider‘the job routing model by studying
an embedded Markov Chain in the study of the complex
service system. The basic concepts of the Markov Chain
are determined by the ”state" of the system and the
"state transition', The state fothé&Sﬁétem is the
pérticulér service facility or the exit and departure
stéte currently occupled by the customer., The system
chénges Its state when the,CUStomer=transfts from one

state to the next specified state. There are f!ye states
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in the system numbered from 1 to 5. The time between
translitions is a random variable determined by the service
time distributions related to each single service center.
Hence, we may consider the system to be a finite-state,
continuous-time process. If the system has an embedded
Markov Chaln, then the probablility of a transition to
state (j) at the next transition, given that the system
now occupies state (), is a function only of (i) and
(j) and is not altered by additional knowledge concerning
its pést behavior. tn other words, we may specify a set
of conditional probabilities pjj that a system which now
occupies state (i) will occupy state (j) after its next

transition,

A corresponding transition dlagram of the system,
showing the states and the transition probabilities in

the graph below, is derived from the original flow model:

Figure 6: The flow model showing the state transition
probabilities '
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The graph, for instance, makes plain that when

a customer is in state (2) there Is a Zh%lchance to go
to state (3) after the service completjon in the present
state, or to migrate to state (4) or to state (5) with
~the probabilities of 3% and 73%, respectively. A compléte
description of the process can be stated by the transition
matrix P and by the initial probability vector (1); the
latter determinates the starting state of the process.
The rows of the matrix sum té 1:

S

S ey =L

j=2
they are composed of the transition probabilities of
a customer in state (i) (row) golng to another state (])
(column). The transition to a following state (j) maQ

happen In n steps (n=1,2,... ). The one-step transition

matrix P of the process Is given by:

state after transition (n+l)
1 j 1 2 3 4 5
~l1 0 .36 64 | 0 | 0
oc| 2 0 0 | .24 | .03 .73
SN e)
ol 3 0 .36 0 .50 .14
[ )]
g g L 0 .79 .13 t] .08
&~ A
wHiog 0 0 0 0 1
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The Initial state probablllity vector (1) is

(1,0,0,0,0).

The transition matrix represents an absorbing
chaln with transient states from 1 to 4 and an absorbing
state denoted by 5, As long as the process Is in the
transient set of states, It will make state transitlions
t111 the absorbing state Is reached. Once entered the
absorbling state, the process will stay there, The
probablility that such a state Is entered tends to 1

with an increasling number of transitlon steps.

The matrix version of an absorbing chaln agsregat-

ing the transient and ergodic set of the states Is

/——&‘"Y—‘&“\
| oo r - s
p - ! .
R 0 s

where the submatrices can be Interpreted such as:

1. Reglion (r-s).(s) = submatrix 0:

The submatrix conslsts entirely of 0's,

2, Reglon (s).(s) = submatrix 0:
The process stays In translent states;
that means, each state can be reached from
each other state,and each state can be

left agaln,
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3. Region (s).(r-s) = submatrix R:
represents the process transitlions

from transient to ergodic states.

L, Region (r-s).(r-s) = submatrix I:
The process has reached the ergodic
set of states and remains there. The
fespectlve submatrix ls represented by
an identity hatrix of the appropriate

dimensions.

us, we can write our transition matrix P in the

new canonical form:

5 1 2 3 I

_ ;
5 1 0 0 0 0
1 0 0 .36 .64 0
2 | .73 0 0 25,03
3| .14 0 .36 0 .50
4 .08 0 .79 .13 0

where the regions 1,0,R, and Q have been marked off.
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Flnally, we will make use of the transition

probabllity matrix for the following questions:

2.1 What is the expected number of visits to
any state (j) before a customer will leave
the service system, given, he Is in a present

state (1) ?

2,2 What is the probability, a customer ever will

visit any state (j) ?

Additionally, we will consider briefly the expected

number of transltions up to time t which is represented

by a

2,3 Markov Renewal Process.

2.1 The expected number of visits to state (j) before a
customer will leave the service system, given, he

is In apresent state (i)

We say, the mean of the total number of times
the process is In a particular transient state (j) is

ny’ given, the process starts In state (1),

Nyy = ETnumber of visits to (j) | start in state (i)]

o2
= i : - ystart in
%go P(inostate (j) on n-th stepliote (i))

= 2
=y o+ @y o+ @@y e
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To compute one element'nij, we may add up the
original positionds contribution, represented by the
I-métrix, plus each of the steps' contribution in
accordance to the transitlon probabilitles of the
Q-matrfx. A new entrance to a regarded transient state
contributes to our mean of frequency of visits. If the

newly occupled state Is absorbing, It contributes nothing,

since the process will never leave agaidn this state.

We determine all possible nij's in the

N-métrix:
N =1 +0q+ 0%

The expression | + Q + Q2‘+ Q3 + ... Is summable to

(I-Q)'l; thus
N=( -t 1)

We apply these results to our example:

1 2 3 4
1 1 . -0.36 -0.64 0
0 1 -0.24 =-0,03
(1-0)= o
0 -0.36 .1 -0.50
4 0 -0.79 -0.13 1

..................

1) John Kemeny and Léurie Snell, Finite Markov Chalns,
Van Nostrand Company,. Inc., Nw, York 1963, pg. 45 ff.
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The Inverse matrix Is:

1 2 3 b
1 1 1.125 0.978 0.523
-1 2 0 1.283 0.335 0.206
N=(1-Q) ~= o
: 3 o - 1.036 1.340 0.701
b 0 . 1.148 0.438 1.253

In a proof, the multiplication of the (1-Q) matrix
with its inverse (N) has to result in the fdentity

matrix I:

_Wé see from the N-matg#ix that, for instance,
if the process starts in state (2), then 1t will be in
the same state (2) an éverage of 1.283 times, but 0.335
times In state (3) and 0.206 time§ in state (4), etc.

Similar examples easily can be chosen from the N-matrix.

2.2 The probébility, a customer ever will visit state (])

We may wfsh to know, fpr example, the probability
that the customer will be in state (2) after n transitions
i1f we know he is In state (2) at the beginnfng of the
n-transition process., For this reason, we define a state

probabllityTTj(n), the probability that the system will
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occupy state (j) after n transitions, or

“process in state
(j) at n-th

’transitlon

Wj(n),(n=1,2,...k) Prob.

Considering all possible realizations of the

process, we may employ a probability tree which states

all possible paths. We obtain the following graphic

representation if we assume the process starts In
state (2) for example:
process in
state (j) after
—— 1, trans.——L-Z. trans, -bf 2 transitions probabil,
2\\\
\ — -~ 7= 0.1101
</,,3 - —- == 0.004
24 >
////21/'”’// B “*’_0.12
2 b = 37 35— — - = 0.766
\ //l
e/
5 s
.73 /
/
5
Figure 7: The probability tree showing the possible

- paths
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To find the probability of a certain outcome in
n steps (n=1,2,...k), we add the weights of all possible
paths leading to this result. The n-th power of the
oﬁe-step transition matrix states the conditional
probabilitlies that, given, the process started in state (1),
(rows of the.matrix), it will after n steps be in state (j),

(columns of the matrix). This follows from

N

2T () =1
t=1

K~

T :(n+l) = 2 W .(n) p,, , n=0,1,2,...
J i-r ! P

|f we deflne a row vector of state probabllities T{(n)

with elements T ,(n), then

il =T (n)pP , n=20,1,2,...

(n+l)
Since by recursion

—

M1y = Wegye

gy = We1yp = T(o)p2

Tezy = Teayp = 1T(g)p3
in general,

" (n)

w(gypn , n=20,1,2,...

Thus, we find the probability that the system occupies
éach of its states after n transitions, @ (n), by

multiplying the Initial state probability vector (1)
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by the n-th power of the transition matrix P,

Let us illustrate these results by applying
them to our example., For instance, If the process starts in
state (1), it will be in state (&) after 2 transitions
with a probability of 0.3308 in accordance to the Pz-métrjx.

The calculatlion is:

pl=
0 .36 .64 .0 .0 |
0 0 .24 .03 .73
0 .36 0 .50 .14
6 .79 .13 0 .08
0 0 0 o 1|
0o .36 .66 o o] o .2304 .089 .3308.3524]
o 0 .24 .03 .73 0  .1101 .004 .12 .766
o .3 0 .50 .iu| lo  .395 .1514 .0108.4428
0o .79 .13 0 .08 0 .0467..19 089 .6749
0 0 0 0 1] jo o 0 0o 1
pl. p?=

Again, the 3-step( or general, the n-step probébilities
can be Interprefed similarliy, With an Increasing number
of transitions, the process tends to be in the final

state (5) wlthout any regard from which original state
the process stérted. This trend can be easily observed

by the PM-matrices such as:
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.2924
.0962
.0630

.1383

0748
.0193
.1040

.0842

0143
0049
.0090

.0077

.0983
.0420
.0962

.0228

.0766
L0238
.0265

L0457

.0065
.0022
.0055
.0039

.0501
.0053
.0875

.0962

.0579
.0239
.0499

.0155

.0065

.0020

L0046

.00u5

L3

.5591
8565
.7532
L7427

.7902-
.9330
.8197
.8546

.9723 |
.9909
.9811
.9839
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We want to‘know ;he'probabllitiesf a customer
ever will visit any considered statel(j) if he starts
from a state (1). fJ;shall be the probabllity that, starting
from state (1), the first return to state (i) occurs at the

n-th transition. We say

ji T Py
£(2) (2) (1)
=p,, ~f,. p,.
Fis [A I N
cn) _ () (D) (n-1) (2) _(n-2) (n-1
= . e - f.. .. - f.. . e = e e f.- .« o
fi Pij ii Pi; ii Pii ik &JJ-
In general
(n) - (k) _C(n=k) (0)
N (n- -
Fij >, Fi37 P35 - Fi37=1
K=0
(n) _ _(n) & (hek) _(n)
n n < n=- n
= - f .. .
fJJ Pjj & i Pl

If the system starts in state (i), and we are interested

In the first passage through state (j), then

, n-1

(n) (M) _ S .(n-k) _(m
£ = i) L ) glr (n 2
o P1j nor BRI & )

Applied to our case, the fg}) - probabilities are

identical to the pijfs. We obtain the ff?) - probabilities

by.

2).w; Fe11er,.lntroduction to Prob. Theory, Wiley & Sons,
T Inc., New York 1957, p. 352 ¥.
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0 .2304. .0890 .3308 3521 |
0 .1101  .0040 .1200 .0360
= 0 .3950  .1514 .0108 .3028
0 .0468  .1896 .0887 .5949

0 o - 0 - 0 0

That means, if the process starts for exampfe in state
(1), the first return in 2 steps to state (1) will never
occur, however, it will go the first time to the states
(2), (3), (4), and (5) with the probabilities of 23%,

9%, 33%, and 35%.

We observe, the process tends to be in theu
final state (5) after n>2 transitions; the probabilities
diminish that the process will be in the states (2),
(3) or (4), as it is shown In the f%?) and fgg) matrices:

£03) = p3) L f (1) p(2) L e(2) p(1)
1] ij ij il i JJ

0 .2528 .0015 .0500 .5591
AN 0 .0962 .0060 .0050 .0905
£03)

M 0 L0234 .0962 L0430 <3104

0 .051kL .0031 .0960 .0678

lo -

0 0 0 0
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(W) (h) (1) (3) _ o(2) (2) _ (3) (1)

B TP TR TRy Py TN Py
(0 .o149  .0015  .0286  .0720]
0 .0072  .0002 - .0105  .0870
f%?) - |0 .0269  .0035  .0010  .1800
” 0 .0051  ,0045  .0070  .1119
0. 0 0 0 0

Finally, the probabilities that a customer
ever will visit a state (j), (=2,3,...5) given, he starts

from any state (i), (i=1,2,...5) Is expresséd by the
<0

sum of fij =':: g?) . From our results, we may obtain

which Is
[0 L8581 7320 409k 9735
0 2135 .2503 .1655 9435

“« |
FooxS el o (8035 L2511 5548 ,9332
IJ n=1 iJ :

0 .8913 3272 .1923 8546
0 0 0 0 1
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Because of the negligible contribution of the
probability that a customer will visit a state the first

t ime after n>b transutlons, we may obtain

= (n) (n)
¢ = f on the basis of f :ET f .
fiJ ééi iy 1j ns1 1]
%i' = = f(n) in an approximation:
J =1
[0 86 .74 41 T
0 W22 .26 L17 - 1
st
f . : ‘_>" f:(n) = 0 .81 .26 .66 1
ij n=1 1] ‘
0 .90 .33 .20 1
0 0 0 0 1]

In our case, every customer will arrive in
state (1) as there Is no alternatlve arrival state in
the system regarded,.Thus, we may conslider just the
.flj , (J =2,3,4,5) from the first row of the matrix
above as here are presented the probabilities of ever

going to any state (j), glven. the customers start

in state (1),
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2.3 Markov Renewal Process

We may be interested in the expected number
of transitlions occurring in each particular state,
and in the system as well, up to time T. Our question
Is described by.a Markov renewal process wHIch
registers the numbersof transitions into each ététe
in acertaln time interval (0,T), when the transition
times of the events are Independently distributed
positive random variables with known probability

pattern. A typical sample function of transitions

into state (i) Is sketched below: /
n'(T)
6
s 4 - — —_—
pf- |
| |
3 f—— - |
|
l
2 +——— | |
- | S |
' I | | |
0 s
T
. t1~—t tz—ﬁ--ﬁ— t3°"<- thv‘-“— t5‘>“
< o+t —
.°t1+t2+t3ﬁ;_____c—
= tyttyttgtty, - =
4—t1+t2+t3+tu+t5 - =

Flgure 8: A sample function of transitlons into state (1)



L
:

L
0

In our case, the times between the successlve
transitions.are random variables denoted by ti’kf, where
the index (1) referres to the regarded service state;
the second index (k) indicates the k-th successive
intertransition time which elapsed between the (kFl)-th

and k=th transition.

If n;(T) represents the number of transitions
into state (i), (i=1,2,...5) during the time interval
0 to T, then {ni(T),Tiogis a general renewal process
(renewals = transitions Into the same state) considering

the particular state (1).

We want to determine the expected number'of
transitions into each state (1) up to time T. Therefore,
we define first the distribution of the amount of time

until the next transition occurs In relation to each

service state.

‘The following sketch siows a state (i) and
two alternative successive states j(1) and j(2), or
in general j(x),(x=1,2). Given,-the process occuples
state (I) at the present time, from there it will
migrate either to state j(1) or to state j(2) with

the probabilities of pij(l) or Pij(Z):
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< after service
completion in
state (1),

!

{ the next transit-
ion will occur in
one of the succes-
sive states j(x¥,
(x=1,2) with a
probability of Dlj(x)'

Figure:9: The transition from state (i) to two alternative
successlve states j(1) and j(2)

We define the following:

A transition --=-=> is the job flow from the presently
occuplied state (1), (1=1,2,...5) to
the successive state (j), (j=2,3,4,5);

the transition occurs Into state (j).

--==> |Is the probability that the next
transition will be into state j(x),
given that the process has just

entered state (i):
pij(x) =;>{i -=> j(x) 1i§

pij(x)(T) . ====> is the probability that after making
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a transition into state (1), the
process next makes a transition

Into state j(x). In an amount of . .

time £ T.
P (T) > 0, i,j(x) = 1,2,...5
ij(x)
T>0

=
Z D (e0) =1
=1 00

i,ilx) =1,2,...5

Fij(x)(T) —---} Is the conditional probability that
the Job will transit within an amount
of time (T), given that the process
has just entered state (1) and will

next enter one of the successive

states j(x).

(T) = p[time< T | i -=> j(x)]

i

Flj(x)(') shows the ‘distribution of the iIntertransition

times (= the amount of elapsed time until the next

transition occurs.in statz2 .j{x), given that the process
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has just entered state (i) )., The intertransition times
related to any state (j5 are determined by the arrival
process and the service process in the previous state (1),
the routing probabillities from state (i) to state (j),

and by;possibly'occurring congestion conditions in

state (j).

In order to determine the density function of
the Intertransition times in any state'(i), we define

HI<;) by :

(T

M

H (1) =§)Flj(x)(” * Priex) P iex)

]
[

i

T

v

0

i any state (1,2,...5)

j{x) = any successlive state
of (1), (j(x)=2,3,4,5,)

1 f we regérd one particu]ér state (i), to each possible‘
time interval (t) which elapses between two arrivals, we
may assoclate the probability density of its occurrence.
We denote the probability by hi(t):

d

h.(t) = H (t) ===~ , for t>0
' ' dt
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We obtain the density functions Hi(t)'s of the inter-
transition times for each service state by simulation
(see computer output). Those simulated results consider
the service conditions of the preceding.states and thus
provide the density function of'the actual inter~
transition times. We assume the simulated density

functions In the following,

If we consider all successive transitions of the
state (1) during the time Interval (0,T) in a chain,
the first transition will have been eccured after
time interval tl(i) will have been passed, the second
tréns!tton after time tl(i) + tz('), and the y-th transit-

g .

lon after timeg_.:tj”),

Let Ni(T)‘be the expected number of renewals
(trénsltfons) Into any particular state (i) up to time T.
If the first transition occurs at time t, then the expected

number of transitions In the remé!ning time up to T is

nI(T-t), and summing over all possible values for t, we

obhtaln ,
T oo
A .
Ni(T) =/ [1 + ni(T - t).!dhi(t) + O[n'(t)
t=0 taTel

The term [1 + N'(T-t)] is the expected number of transit-

ions in the time T if the first transitlon occurs at:fi
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time t (0{t{T), the probability of this event being

dh The second sum is the probability that the

i(t)*
first transition will exceed T time units.

|f we denote the expected number of transltions
in the s.y s t e m by N(T) (= i;' of expected number
of transitions in each state (|) up to time T), we
S
gefine {N(T),T20] =2,
G‘
It may be of interest to know the state of the

process at each time point; this is described by a

semi~Markov process. We say:

S(o) -=-==> is the Initial state of the process.
After the n-th transition, the process
is in the state S(n). The process with the
the transltion states S(n), (n=1,2,.,.5)
Is a Markov Chain with transition

probébl]ities pij'
Z(T) -===> 1Is the state of the process at time T.

If we know the initial state S(o) of the process
and the expected number of visits occurring in each
state (1) up to time T which is described by the Markov
renewal process, then we can also determine the semi-

Markov process {Z(T), T > 0}, or ,

{s(o),N (), N (), ...N (t), tZO}={Z(T),TZO}
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where S(o0) is the initial state, and the Ni(t)'s ,
(i=1,2,...5) indlicate which state (i) is occupied

at the N-th transition.

3. Restrictions of the Markov Assumptlions In the Model

In our egample, each single service center
is Interconnected to a service network., In studying net-
works, the departure processes from thé service centers
play én Important role. In turn, they are components
of arrivé] processes to other service facilities. For
instance, one of the difficulties encountered is statist-
Icél dependence in the departure processes from the
service statlons. A second complication Is the presence
of time dependent queue lengths at the service stations.
The walting times encountered by a job at the different
service stations on its routings are, in géneral, not

independent.

The steady-state departure process from a
poisson-exponentlél service stage has been studied by

Burke;B)

Burke proved that the departure process from
a Poisson-exponential service state Is itself Poisson.
The steady-state mean departure ‘Fate is the same as the

mean arrival rate so that the departure and arrival

3) P.d; Burke, The Qutput of a Queuelng System, Operations
Research,4, 699-704, Dec. 1956
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processes are Iidentlcal. Burke's results apply to
n-channel service states with the queue discipline
arbitrary except that all customers remaln in the

systém until they have been serviced.

From this follows, thé fundamental assumptions
of ordinary queuing theory are violated In queulng
networks, excépt when the network definitely shows
Polsson-exponential properties. Certainly, whether the

_dependence phenomena will have an effect on the system
flow stétistics depends upon the network characteristics
and parameters, Intultively, one would expect that the
f@éﬁi@ﬁ}q;é&qf the network, such as the number of service
stétfons; the‘dégrees of'utl1fzation, as well as the
flow structure may be determinants of Importance for

~ the degree of dependence of the network characteristics.

'¥j”“Fh:pbubtless, our assumptions in respect of the
validity of the_MarkovIan properties In continuous

time for the service network have to be regarded critic-
a]ly; Certéinly, they,afelVIOiated under a pure theoreti;a]

point of view because of at least two reasons:

a) The service time distribution concerning
the listening room does not fit an exponential
function., Rather, it seems that the distribut-

vion of the listening times Is inf]uenced
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essentially by the duration of listening for

one, two, or more sldes of a LP-record.

b) The queue formation which may occur at the
information desk contradicts the assumption

of Independency of the input process,

However, if we are consciousof fhose restrictions
in our Markov assumptions, under approving clircumstances
we méy accept such an approach as a kind of '"practical
solution'". For instance, as it is shown In the results
of the Iater simulation, the distribution of the service
time coﬁs!dering the total service system may still be
accepted as exponentially distributed (table 15, computer
output);'ThIs fact might be considered as a kind of
proof that the Markov propertles are dominant in terms of

the flow characteristics within the service network.
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CHAPTER 1V
SIMULATION OF THE MODEL

The flow model, developed in its baslec properties
by observations, was simulated on a computer in three
variatlons in order to obtain more applicable results
for evaluation. The flow modifications were performed
by the '"General Purpose Simulation System/360, (GPSS/360)",
They comprised modified system's arrival streams and
oné'ér two servers at the Information desk, such as in

particular:

a) an interarrival time of 3 minutes and one
server equivalent to a low/moderate traffic
flow Iin the morning between 8:30 and 10:00
and In the afternoon after 4 o'clock (winter

term),

b) an interarrival time of 2 minutes and 1 server
describing a forced traffic flow approximately
between 10:00 and 12:00 énd 2:00 and 4:00

o'clock, respectively, and

c) an interarrival time of 1 minute and two
servers representing an extreme rush traffic

situation which méy appear. during the noon

hours between 12:00 and 2:00,



59

The arrivals of customers were generated in
state (1) of the flow model. The job routing to the
different service stations were determined in a
probabllistic sequence as it has been shown in the flow
‘model. A flow chart of the simulation model is out-

l1ined on the fo]]owing page.
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Figgre 10: The simulation

model
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The simulated spread of the job flows and the
assocliated data was saved in tables and presented In
a statistical order, The tabulation gathered the number
of occurences in defined frequency classes., Genefa]
statlstics, for instance, the mean, the standard deviation,
the percentage of occurences in each frequency class
have been calculated. The informatign content of those
tables included the frequency distributions of the
interarrivai times, the number of arrivals during an
intervé] of 10 hinutes, the transit times, the number
of jobs walting for service, and the number of jobs
occupylng slmultaneously a éertain facility. Tables
were maintained for each single facility such as the
information desk, the shelves, the listening room, but
also, the 'recordings collection', and the 'system!.
The 'recordlings collection' Is understood as the combin-
atlon of the information desk plus the shelves; the
tsystem' comprised all three facilities. The following
sketch méy disp]éy some interrelatdonships described

above:
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Arrivals
!F;___fﬂ?7;__;__7f7%7“;__;__q*
II Facility /| //Storage S ”RecordingsI
LI " nformation™ |, "Shelves" | Collection" '|
ne Desk!, //J DI -
e e e I e 4 _ 1
I /////

' Storage/c; "Service
.I "LIsten!ng ' System"
" /,RSO,”‘,//,

L. . ; .

Departures [=@—

Simulated Statistics avallable of

SIS
L

each slingle service center
(information desk, shelves, listenlng
room)

the recordings collection
(information desk plus shelves)

the service system
(informatlon desk plus shelves plus
listening room)

In addition, the simulator maintained general

information which pertained to facillities, storages, and

queues,

The Information contents of the tables have been

dlspléyed gréphicélly to achteve a faster and more con-

venient understanding.
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CHAPTER 'V

MEASUREMENT AND EFFECTS OF STATISTICAL PROPERTIES
ON THE SERVICE NETWORK UNDER VARIOUS SIMULATION

CONDITIONS

The objective is to gather the analytic
resuits of the simulation for arguments; they will
be formulated In graphs as an approach of measurement

and evaluation.

1. The Information Desk

dobs‘requlrlng service from the information
desk méy be concerned with all kind of questfons in
respect to the recordings collection or the llistening
room. Thegy include the treatment of new applications,
tHe registrétions of loaned records,; the acceptance
and the reshelving of returned records. All jobs
are handled in a first-in first-service order except
those deé]ing with reshelving that can be saved for
periods of lower employment. However, in the
simulation, %éeneralized first-in first~-service pattern
was assumed wlthout ény exception for all kind of desk
jobs. By this proposition, the simulation could be

simpi[fled; This épproach involved that returned records

were avallable immediately for the new use, but also,
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that the waiting times In queue turn out to be
slightly larger. Consequently, the assumption made

emphas izes congestidn of jobs waiting for desk service.

Ih.@diagram:ll, the average number of job

arrivals per 10 minutes to the information desk and

l1ikewise, the average transit time of the jobs
(walting time in queue plus service time) is shown
in relation to the average number of customers entering

the service system durlng the same interval.

Arrivals to thé Information desk are'origfnatéd
by the éFkiva1srfrom outside and by the internal arrivalé
flowing from the shelves and from the listening rooh
_to the desk. The internal share of the total number of
desk jobs is a multiple of the externaf job contributlion
and causes a non-linear behavior of the desk arrival 7+

function.

o The waitlné timé:increases considerably with a .
higher system's arrival rate, while thé'average desk
service time Is constant. If there is onlyv one server
In action, the waiting time may amount 3-400% of the
actual service time; this Is valid in the case.of the

highest system's arrival rate of 1 arrival/minute.
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Under same conditions, 2 servers on duty would reduce
the waiting time to approximately 100% of the pure
service time. There will be no waiting time ¥n queue
unless the system's arrival rate is larger than 5

arrivals/1l0 minutes.

The extent of desk congestion is represented

by the area of time delay depicted in diagram 11.

2. The Shelves

In the simulation, the shelves have been con-
sidered as a storage with the ability to service allimit-
ed number of job requests simultaneously at each time.
Job requests may be the sefection of recordings for
listening, or general interest of information for the

recordings available.

Even under conditions of rush traffic, there
neither appears congestion in terms of jobs crowding
the shelves, nor can there be observed a service

time delay.
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3. The Listening Room

Jobs arrive to the listening facility with the
intention of listening to recordings previously plcked
up from the shelves. There is a limited number of 23
1istening units available. Customers finding no
Vacéncy, usually leéve the service system, or they
méy spend some more time at the shelves walting for

~ the next vacancy.

The iistening room is to be considgred as a
storage with 1imited capacity. In the simulation,
customers who find no vacancy are described as dissatis-
fled customers; Herver, instead of leaving, they will
enter an imégined reserve listening room equivalent to
the real listening room with the same assumed service
feétures; Thus, under varled system's arrival rates,
the traffic flow to the reserve llistenlng room re-

presents d[sséttsfled customers,

In eSsence, there appears an Interest conflict
between a high u;l]ization of the provided facillities
and the rate of“satlgﬁiédﬁédstomers under changing

traffic densities.

If every customer Interested in listening shall
be able to find a vacancy even during peék traffic

perlods, relétlve]y many listening units will be unused
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during low traffic. Fluctuations of the traffic de-
pend In particular upon the considered time inter-
val of a day, on the specific day of a week, and

on the season, and they are unavoldable. In deciding
what an adequate capaclty of the equipment to be
provided will be, the interrelationship between

the facility's utilization rate and the satisfaction
of the customers has to be considered under varied

traffic ¢lrcumstances,

In dlagram 13, the curve of average utilization
and the probabillity curve that the capacity of 23
listening units will be sufficient for every arriving
customer !s plotted as a fungtion of the average number
of the system's arrlya]s during an interval of 10
minutes. In other words, [f there arrive 5 customers
on the average during an Interval of 10 minutes, the
utilization will be 69%,and the probability to find
a vacancy will be 95.7%. If the counted number of
system's arrivals drops down to 3.3/10 minutes, the
éssociéted utilization and probability rates will be
33,7% ahd 100%, respectively, etc. The utllization
curve and probabillity curve Intersect at 85.5% and

7.8 érrlvé1s/10 mlnutes;
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The utlilization curve and the probabiltlty
curve are derived from values obtained by the simulation.
The utilizatlion curve represents the average number
of occupled listening units at different system's arrival
rates relative to the total number of listening units

avai]éb1e (23 units).

The probability curve of finding a vacancy
is derived from obsérvations related to customers
entering the reserve listening room. |f no customer
will enter the reserve listening room, the provided
capacity of 23 turntables will be sufficlent by
100%; Overflowing customers to the reserve listening
room represent the possibility to find no vacancy
in the 1lstening room. The relative share. of number
of entries Into the reserve']istening room to the
total number of entries that intend to use the listening
fécllity represents a measurement of the probability

not to find a vacancy In the listening room.

The utllization rate curve and the curve of
the'probability of satisfled customers are displaved
in dependency of the system's arrivals cainted per
10 minutes in a range from 0 to 10 arrivals. This
scale represents the actually observed trafflc extent

of the U.B.C, Recordings Collection., MOre detailed
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data Is shown fn the table of daily arrival rates

observed in the winter term:

SYSTEM LI STENING ROOM
PERIOD AVGL ARRIV, PERIOD AVG. ARRIV,
RATES/10 MIN, RATES/10 MIN,
8:30-10:00 ol 8:30-10:30 4.0
10:30-12:00 7.0 10:30-11:45 Lok
12:00- 2:00 9.7 11645-12:30 2.4
2:00- 4:00 5:8 I 12:30- 1:30 6:0
4:00- 5:00 4,7 1:30- 5:00 2.9
5:00=-56:00 1.3 5:00-36: 65 1.1
6:00- 8:00 2.9 6:45- 7:30 1.5
. day 5.5. E day 2.9
Téble it The averége arrival tates of fhe system and

of the listening room on an average day in
the winter term (see also dlagram 2)

The simut&tion related to the listening room has

been'performed under the assumption of a constant number of

23 turntables installed In the listening room. From

those simulation results, we have formulated two arguments:

the probability that the arkiving customer will find a

vécéncy In the listening room versus the utlilization

rate of the equipment provided. Both functions, as des-
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cribed above In more detail, shpw the characteristics such

as:

I
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Figure 12: The average utilization rate vs. the
probability that every customer will find
a vacancy In the listenlng room

However, In our decision what an adequate number

of turntables would be, we may want to obtain more informat-

fon about the relationship "probability versus utilizat-

ton"

under the cdnditlonS'of varied numbers of listening
units installed. This requirement leads to more slimulat-

lon In obtéining of reliable data.

Becéuse, we ére restricted by the scope of our

performed slmulation, we want to outline an extended
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instance,

decision model with anticipated data but on the basis

of our results obtalned so far.

we may

For

anticipate a simulation map which comprises a.number

g from 22 to 27 un
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Flgure 13

In a decision process,

such a model might be

n the following ways:

used

a) The manager wants to have an average utilization

of his equipment of at least 80% on the

He observes a mean stream of 8 custom-

average.

ers per 10 minutes,
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In accordance to the assumed decision model,
there should be installed no more than 24
turntables. Then, an arriving customer would
find a vacancy In the listening room with

a probability of approximately 85%.

b) On the average, there arrive 11 customers during
an Interval of 10 minutes. A satisfaction
of the patrons Is required with a probability

of at least 90%.

The manager should declide for 27 1listening
unlits. However, under this condition, the
average utilization rate will be ca. 54% at

the most.
Sim!léf]y, other arising questions may be answered.

It might be of interest, what combination of
a certain number of turntables available related to a
given trafflc density causes a]waysA?ﬂlutilizatlon
kéte of, for Iinstance, 80%, or also&the same probability
rate of‘80% of finding a vacancy. From the previously
described declsion model, the equal-utilization curves
and the equa]-probabi]ity curves can be derived and dis-
played in a possibly mo;egcohﬁ§n§éﬁ£§ébﬁﬁiégbaﬁfqﬁfasgshown

below:
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In the new map of '

findifference curves', for
Insténce, the 80%=-probability curve and the 80%-utfilizat-
fon curve intersecf at the equilibrium E;, Correspond-
ing, the 70%~-curves intersect_at the equilibrium EZ' etc.
The 1ine connecting all those poinfs of equilibrium give
the fequllibrlum curveﬁ. That means,all combinations
of both variables (mumber of turntables, number of
érrivéls/time Interval) which lie along of this curve
lead to the same percentage level of the equipment

~utilization and the probability of customer satisfaction.

For Instance, awb0% utilizatlion rate corresponds to

a 0.6 probabllity rate.
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We may determine the decision field of our model
by the coordinatés;represented by the range of thev
Humber of turntables installed in the listening room,
and on the other.hand, by the range of the average
number of system arrlivals per 10 minutes. The equilibrium
curve divides this decision ifield in two parts. Decisions
which méy fall in the upper field emphasize the satis-
faction of the customer but lower the utilization of
theiequipment. The lower decision fie]dvfavours the
equipment utilization at the expense of the customer
satisfaction. The equilibrium curve represents the
"weutral declsions“ wlthout any emphasis of one or the
other argument. These relationships are outlined in the

graph below:

FEEE SR L i i Y
s = = 1 : EEAREzREAE
. e T

amas o Bz BESY ]
H ) e A i
T el
1 ] ] t- o)

. r 1

= on = 1
Honrre 3 # E&}"E;

o/ u i 2 ) ua
PR i ) /_/ .
H ga } iy i) ad5sy : b
may AaEaTr o2 3 8527 P
HH H t LA HH
HH T H
t oA H
18 1
z ok
::‘ L

H | i LA £ L bl
I  fora 4 T e
S ool 8 4
i liE DL eI s
e Ha4 % HESR '8
FH Tolar e i& n ¥4 :

H o b N T 3 ¥ 7y I W FH

£ H HE TR BT
mmp a B{JJ" T MW ERED A  ENANN NNANE &)
oS e T : Eae
i ﬁ 1 s %, Y Y s SR § rarars ' 3

1T 4 } ; i%i {é }
A EardRataet: .
i i i
FEAdE i
] o i T

Flgure 15: Declislion field of the medel



BIBLIOGRAPHY



77a
BOOKS::

Adams, Douglas: Nomdgraphy, THeory and Application,Arcon
Books 1964, Hamden, Connecticut.

... Alven, William: Reliability Engineering, ARINC Research
' Corporation, Prentice-Hall, Inc. 1964, Englewood
Cliffs, N. J.

Buffa, Elwood: Readings in Production and Operations
Management, Part 1, John Wiley & Sons, Inc., New York
1966 .

Churchmann, West; Ackoff, Russel; Arnoff, Leonhard:
lntroduction to Operations Research, Part 1, 1!, 111,
Vi, John Wiley + Sons, Inc., New York 1957

Cox, Edwin; Boot, John;_Statistical Analysis for Managerial
Decisions, McGraw-Hi11 Book Company 1970

Cruon,R.: Queuing Theory, Recent Developments and Applications,
Chapman : Hall, Ltd., London 1952

Feller, W.; An Introduction to Probability Theory and lts
Applications, Holden-Day, San Francisco 1970

Mald, A.: Statistlical Theorv with Engineering Applications,
Chapman & Hall, Ltd., London 1952

Hillier, F.; Lieberman: Introduction to Operations Research,
Holden-Day, Inc., San Francisco

Hoelscher, Randolph: Graphic Aids in Engineering Computation,
Balt Publishers, West Lafayette, Indiana '64

karlin, Samuel: A_First Course in_Stochastic Processes,
Academic Press, New York 1068

Kaufmann, Arnold: Methods and Models of Operatlons Research,
prentice~Hall, Inc., Englewood Cliffs, N.J. 1963

Kemeny, John; Snell, Laurie: Finite Markoy Chalns, Van
Nostrand Co., Inc., New York 1963

Mofse, Philip: Queues, Inventories and Maintenance, The
Analysls of Operational Systems with Variable Demand

and Supply, John Wiley & Sons, Inc., New York 1958



77b

BOOKS:

parzen,E.: Stochastic Processes, Holden-Day, San Frénclsco
1962

Rigby, Paul: Models In Business Analysis, Charles E. Merrill
Publishing Company, Columbus, Ohlo, 1969

Roberts, Edward: The Dvnamics of Research and Development,
Harper & Row, Publishers, 1964

di Roccaferrera, Guiseppe: Operations Research Models for
BRusiness and Industry, South-Western Publishing
Company, 1964 .

Ross, Sheldon: Aoﬁlied Probability Models with Optimization
Applications, Holden-Day, San Francisco 1970

Shook, Robert; Highland, Joseph:_Probability Models with
‘ Business Applications, Richard lrwin, Inc.
Homewood, 111inois, 1969

Wagner, Harvey: Principles of Operatlons Research, Prentice-
Hall, Inc., Englewood Cliffs 1969

ARTICLES, MANUALS:

Burke, P. J.: The Qutput of a Queulng Svstem, Operations
Research, 4, 699-704, Dec. 1956

Disney, Ralph: Analvtic Studies of Stochastic Networks
Using Methods of Network Decomposition, The
Journal of Industrial Engineering, Volume XVI!II,
No, 1, 140-145, Jan. 1967

Farley, John; Ring, Winston: A Stochastic Model of Super-
market Trafflic Flow, Operations Research, July
/August 1966, page 555 ff.

Gue, Ronald: Signal Flow Graphs. and Analog Computatlion In



77c

ART I CLES;MANUALS::

the Analysis of Finite~Queues, Operations Research,
page 342 ff,

|BM - Manual GH20-0304-L4, General Purpose Simulation System
/360, Introductory User's Manual

IBM -~ Manual H20-0326, General Purpose Simulation System
/360, User's Manual

Noettle, John: Informatlon Concepts in Network Planning,
The Journal of Industrial Engineering, July '67,
pg. 428 ff.




APPENDIX



Table IV: Cumulative number of customers entering or leaving, respectively,

the s y s tem at certain times during the summer term:

hours
_ 9. 10 11 12, 1 2. 3. k., 5
min,
.00 (enter.) 0 11 27 40 66 97 116 129 145
(leav.) 0 8 20 34 56 8 102 119 145
15 (enter.) 3 18 30 b3 77 100 116 136
(leav.) 0 12 22 36 65 90 106 123
.30 (enter.) 6 22 33 50 83 105 121 140
(leav.) 2 18 25 42 70 96 100 128
45 (enter.) 8 25 36 60 91 106 125 142
 (leav.) & 20 30 49 78 97 114 134

.56 (enter.) ' . 145

8L



Table V:

hours

min.
.00

.15

.30

45

Cumulative number of customers entering or leaving, respectively,

the 1 1 s tening room at certain times (summer term):

(enter.,) o 5 11 16 24 34 42 L7 52

(leav.) 0 1 6 11 18 27 34 39 52
(enter.) 1 6 12 17 26 35 43 50
(leav.) 0 3 6 13 20 30 35 41
(enter.) 2 8 13 19 29 38 44 51
(leav.) 0 5 g 1h 22 31 36 42
(enter.) .3 10 15 22 31 39 45 52
(leav.) 0 5 9 16 25 33 38 47

6L



Table VI:

hours

min.

.00

.15

.30

45

47

the s vy s t e mat certain times (winter term):

(enter.)
(leav.)
(enter.)
(leav.)

(enter;)

(]eév;)

(énter;)
(leév;)

(enter;)

o o

Qo O

o

o

23
34
26

10,

Lo
29
L7
35
69
50
76
57

11,

81
60
87
68
105
83
117
93

12,

124
104
132
113
150
137
166
Tht

177
154
190
166
221
197
232
207

241
220
251
231
263
249
274
257

281
266
283
272
297
287
306
2085

Cumulative number of customers entering or leaving,

311
301
319
307

325

314
333
318

respectively,

339
322
341
327
343
335
346
339

347

343
355
346
357
349
363

354

369
361
371
365
374
369
378
371
380

580

380

08



Table VIl: Cumulative number of customers entering or leaving, respectively,

the 11 stening room at certaln times (winter term):

hours
8. 9 10, 11 12, 1 2 3 L. 5 6 7 8

min.

.00 (enter.) 0 5 17 40 67 92 120 140 153 170 176 187 189
(leav.) 0 0 7 20 L8 72 103 125 143 153 170 177 189

.15 (enter,) O 6 18 43 68 97 123 143 157 173 179 187
(leav.) O 2 9 24 55 79 108 }31 147 158 172 181

.30 (enter.) O 12 36 56 74 116 127 146 161 174 182 189
(leav.) 0 7 15 38 6L 90 117 137 149 iléS 174 182

U5 (enter.) 3 14 37 63 85 116 136 152 167 176 182 189
(leav.) O 7 17 L2 65 9y 121 141 151 169 175 182

18
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Table VIIl: Distribution of elapsed time between arrivals

to the recordings collection (see diagram 3

and 4)

time interval actﬁal frequency theoret. frequency‘
t. €x<t, - prob.(%) cumulat. prob.(%) é&umulat.
1 2 prob.(%) prob.(%)

0 < x <1 35,2 35.2 2.3 4b2.3

1< x <2 28.9 64,1 24 ., 66.7

2 £ x<3 15.3 79.4 14,1 80.8

3 x < b 7.2 86.6 8.1 88.9

by < x <5 5.9 92.5 h,7 93.6

5 < x <6 1.0 93.5 2,7 96,3

6 < x <7 1.3 94.8 1.6 97.9

7 < x<38 1.3 96.1 0.9 98.8

g8 < x <9 0.3 96.4 0.4 99.0

9 < x < 10 0.8 97.2

10< x < 11 0.5 97.7 x < 0.2

11 x < 12 0.5 98.2 .

12 x < 13 0.5 98.7

133 x < 14 0.8 99.5

14¢ x < 15 0.5 100 . 100

avz. = 0,55 cust./min.
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Table IX: Distribution of service time in the recordings

collection (diagram 5 and 6):

time interval actual frequency theoret. frequency
of expon., distr,

t; £ x < t, prob.% cumulat, prob,.(%) cumulat.
prob.(%) prob.(%)
0 < x < 1 18,8  18.8 15.4 15.4
1< x< 2 13,2 32,0 12.7 28.1
2 { x< 3 10.0 42,0 10.9 39.0
3 ¢ x < & 0,8 51,8 9.3 48,3
b < x < 5 8.7 60.5 7.9 56.2
5 < x< 6 6.6 67.1 6.7 62.9
6 < x < 7 6.1 73.2 5.6 68.5
7 ¢ x< 8 3,2 76.4 4,8 73.3
8 < x< 9 3.2 79.6 b1 77.4
g { x < 10 3.2 82.8 3.4 80.8
10 ¢ x < 11 2.9 85,7 2.9 83.7
11 ¢ x < 12 3.2 88.9 2.5 86.2
12 < x < 13 2.4 91,3 2.1 88.3
13 < x < 1b 1.6 92.9 1.7 90.0
14 < x < 15 1.3 94,2 1.6 91.6
15 < x < 16 .8 95,0 1.1 92.7
16 < x < 17 .3 95,3 1.0 93.7
17 < x < 18 .5 95.8 .9 94 .6
18 < x < 19 .5 96,3 .7 95.3
19 < x < 20 .5  96.8 .6 95.9
20 € x < 21 .3 97.1 .5 96.4
21 < x < 22 .3 97.4 . .
22 < x < 23 .3 97.7 | .
23 < x < 24 .3 98,5 .
31 < x < 32 2 100 100

mean = 2279 cust. min./378 cust. = 6.84 min./cust.=.165 c/min.
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Table X: Distribution of elapsed time between arrivals

to the l1istening room (diagram 7 and 8)

time interval actual frequency theor. frequency
of expon. distr,

ty < x £ t2 prob. % cum, prob. (%) cumulat.
prob. (%) . prob. (%)

0 < x <1 26.7 26.7 24,9 24,9
1< x<2 18.7 45,4 18.7 43,6

2 { x <3 18.5 53,9 14.0 57.6
3¢ x < b 10.6 64 .5 10.6 68.2

L < x <5 9.7 74,2 7.9 76.1

5 < x<6 8.5 82.7 5.9 82.0

6 < x < 7 L8 87.5 b.5 86.5

7 < x <8 2.7 90.2 3.3 89.8

g < x <9 1.6 91.8 2.6 924

9 < x < 10 " 1.6 93,4 1.9 94,3
10< x < 11 1.0 T 1.4 95,7
11kx < 12 1.6 96.0 - 1.1 96.8
12< x < 13 .5 96.5 .8 97.6
30¢ x < 31 .5 100 100

A’évg.’ 0.286 cust./min.
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Table Xl: Distribution of servlcé time concerning the

time

10
15
20
25

30

35
40
45
50
55
60
65
70
75
80
85
a0
95
100
105
110
115
120

125
130"

135
1490
145
150
155

160

165
170
175
180
185
190

listening room (dfégram 9 and 10)

interval

X

INIAIAIA IAAIAIA IAIAIA A IAIAIA A IAIA A IAIAIAIAIAIN A IAIA AN IAIAINAINA A A A
. y ot [

<

X X XX XX XX X XX x“xxx><><><‘;x~><><><><><><><><><x><><x><x><xxx x
AAAAAAAA  AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA A

t

2

140
145
150
155
160
165
170
175
180
185
190

195

§
<

I R RN WU AN N DA~ & O E N

actual frequency

prob. (%)

e o o e * e o

e o e * o ¢ e a =

- * e L)

. e e -

cumulative
prbbabllity (%)
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GPSS/360/MTS VERSION {(4/8/713)
BLOCK CARD
NUMBER *L0OC OPERATION A,B,CyD,EF,6 COMMENTS NJUMBER
SIMULATE 1
% SIMULAT[DN‘OF UBRZ RECORDINGS COLLECTION BY JOHANNES KRAMAR 2 <
* ) 3
# FUNCTION DEFINITIONS 4 '
* 5
% SYSTEM ARRIVAL TIME EXPONENTIALLY DISTRIBUTED , _ 6
. ARRIV FUNCTION RN1,Cl6 NZ5. EXP. DISTR.4MEAN=3MIN, T
0e0900,070182921/22B83942677/486925/26329+83/+,73591.17/.81,1.5/,86541.83 8
¢90392.16/.93092¢5/:.9592.84/096493.16/.97593.5/.982,3.84/.3B7,4.15 ' 9
e999 4.5 1D
# 11
. . 1 2
% DESK SERVIC:Z TIME EXPONENTIALLY DISTRIBUTED 13
DESK FUNCT]ION RN1,(24 NZ3» EXP., JISTR. 14
OoD,OoD/,.l9.104‘,021.222/.3’.355/.4’-509/051 0691057¢915/.71102/ 15
eT7521e387e851.6/e8491483/.8892412/0992:3/43292:52/29%492.817.35,52.39 16
—_ 0963322/ 09733e57/638+3.9/:9994.6/4e99545.3/.998956.2/499957.0/.9997,48.0 17
% ) ’ . 18
* SHELF SERVICE TIME EXPONENTIALLY DISTRIBUTED 19
SHELF FUNCTI ON RN1,023 NE5. EXP., DISTR. 20
DeD92e)7 1564 .8407.281,y 42507/ 4390,.420/.483y.580/. 562,.750/.629,.92/ 21
o 058591.08/e73391a257/e7T%91.427.808,1.53/.837,1.75/7.86241. 92 S 22
0 B839.20.08./.0949.2.25/ 23
0315924427 4927 42e58/493792e757e946+2,92/.953,3.08/.959,3.25 2%
T e96493.42/71.045.27 25
* 26
% LISTENING RI0M SERVICZE TIME SENERALLY JISTRIBUTED 27
LIST FUNCTIDN RN1,C25 GZN. DISTRIBUTION 28
0e090e0/e0284e053/0071 941877/ 413192312/ 4205y e437/e2834.563/.366,.690/ 29
e4369¢e820/044989.940/.55691.06/.62331e18/.69941.31/.75491.4%/.78641.55/ 30
e81%,1.69/.835,1,81/.855,1.94/.87242.06/.888,2.18/.903,2.31/.917,2.44/ 31
C0927,2. 55/ 962 93.419/.98994.20/1.00,4.820 32
* 33
, Tk STDRAGE DEFINITIONS : . 34
10 STIDRAGE 200. DEFINE_S.IZE DF SYSTEMy,S_STIRASE 35
11 . STIRAGE 150 DEFINE SIZE Of REC. COLL. 36
30 STORAGE 100 DEFINE SIZE 3F STOR. 30 37
40 STORAGE_ 23 - DEFINE SIZE JF STOR. 40 38
41 STORAGE 23 "DEFINE SIZE OF STOR. 41 39
% TABLE DEFINITIONS 40
TAB1 _TABLE 1A,1,1,20 INTSRARRIVAL _TIME 41
TABZ TABLE RTy091+30+10 ARRIVAL RATE 42
.TAB3 TABLE Mls1,+1,30 TRANSIT TIME TABLE 43
_TAB4 QTUABLE 2+0+1,30° UNITS IN JUE. 44
TABS5 TABLE IAs1491,30° INTERARRIVAL TIME SHELVES - 45
- TAB6 TABLE RT»0,1,20,10 ARRI VAL RATE 46
e T ABT _TABLE Mlelele6D TRANSIT _TIME . 47 —
TA3B TABLE S3040+1,40 STOR. 30 DCCUPANCY 48
TABY TABLE Mlylye1l,60 TRANS, TIME SERVI 49
TABLO TABLE S11+0+1 460 STORAGE 11 JCCUPANCY 50
, TABl11l TABLE IA,141430 INTERARR. TIME FAC. %) 51
N TAB12 TABLE RT4Cs1+15,10 TARRIVALS FAC. 40 52
L TABL13 TABLE M1.9.0.4.5460_ TRANS. TIME FAZ. 40 53
ﬁ TABl4 TABLE S404041 426 STORE 40 OCCUPANCY " 54 :
' TAB15 TABLE M1,045,60 TRANS., TIME IN SYSTEM 55
IAR16 TABLE S10.3.2.60 SYST . OLSCURANTY 56 /


http://SXO.RAG.E_
http://TJLai_J.AaL.E_

LINC USER CHAIN 2

( TABL17 TABLE S41+041+26 STOR. 41 OCCUPANCY 57

* 58

% GPSS PROGRAM 59

% . 60

1. GENERATE  34FN$ARRIV ARRIVALS TO SYSTEM: 61
2 ENTER 10 CUM. STOR. SYSTEM 62 J
(3 TRANSFER  +36,5TG3,5TG2 G) TO 3 0R 2 ' 63 h

4 STG2 MARK SET TRANS. TIME = 0 64

5 ENTER 1.1 CUM._STORE_RC. 65

5 QUEUE 2 JIIN QUE. 2 66

7 LINK 2 yFIFO,DESK 67



http://-C.UM._SXORE_.RC

a GPSS/360/MTS VERSION (4/8/13) )
8 DESK SEIZE 2 0CC. DESK 68
9 DEPART 2 LEAVE QUE. 2 69
192 ADVANCE 1,FN$DESK DESC SERVICE 70
\_11 RELEASE. 2 RELEASE DESK 71 J
(12 UNLINK 24,DESKyl UNLINK USER CHAIN 2 72 )
13 TABULATE  TAB1 TAB. INTERARR. TIME 73
—1l4 TABULALE T.AB2 JAB ... ARRIVALS 14
15 TABULATE  TAB3 TAB. TRANS. TIME 75
16 LEAVE 11 76
17 TABULATE  TAR9 17
18 TABULATE  TAB1O - . 78
19 ASSIGN 2,K1 SET PI TO 1 79
2 ’1‘ : TEST _LE_ ___Cl,K3600,EINE TSI 'TI ME 80
21 TEST E P3,K1yGEH2 - 81
22 TEST E P4 oK1 y GEH3 82
23 TRANSFER  LEXIT 83
24 GEH2 TEST E. P4yK1, GEH4 B4
25 TRANSFER  .75,STG3,EXIT 85
2.6 GEH3____TRANSFER 0. 963 STG4,EXIT 86
27 GEH4 TRANSFER  o73,GEHS5,EXIT 87
28 ‘3EHS TRANSFER  .11+s5TG3,5TG4 88
29 STG3.  MARK 89
30 ‘ ENTER 11 CUM. STORE RC. 90
31 ENTER 3D ENTER STOR. 30 91
32 ADMANCE 6.+ EN$.SHELE SHELE SERV.ICE_T.IME 92
33 LEAVE 30 LEAVE STOR. 30 .93
34 TABULATE  TABS INTZRARRIVAL TIME 94
35 TABULATE  TAB6 ARRIVAL RATE 95
36 TABULATE  TAB7 TRANSIT TIME , 96
37 TABULATE  TABS STIRE. SHELVES OCCUPANCY . 97
138 LEAVE 11 LEAVE_SIORE_11 98
39 TABULATE  TAB9 99
4D TABULATE  TAB1O STORE RECORD. COLLECT. 100
81 ASSIGN 3,K1 SIT P2 1D 1 101
42 TEST LE C1,K3600,FINE TEST TIME 102
43 TEST E P2,K1y3EHT 103
%4 TEST_E P4, K1,GEHS 1.04
45 TRANSFER  »EXIT 105
46 GEH7 TEST E P4yKl ¢GEH9 106
87 TRANSFER  .28,STG2.EXIT 107
48 GEH8 TRANSFER  o22,STG4EXIT 108
49 S5EH9  TRANSFER  .149GEHL1O.EXIT 109
__50. GEH1O0_TRANSEER +.584.51G62,51G4 110
51 STG4 MARK , 111
52 .+ GATE SNF  40,OFLOW _ 112
53 ENTER 40 ENTER STOR. 4D 113
54 ADVANCE 40, FNSLIST LIST. R00M SERVICZ TIME 114
55 LEAVE 40 LEAVE STORAGE 40 ~ 115
__56 TABULAJTE TAB1l1 INTER _ARRIVAL_TIME _EAC & 116
| 57 TABULATE  TAB12 ARRIVAL RATE FAC. % 117
58 TABULATE TAB13 TRANSIT TIME FAC. 4 118
59 TABULATE _ TABl4 STDE, 40 OCCUPANCY 119
60 TRANSFER  ,BEIDE 120
51 OFLDW ENTER 41 121
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62 ADVANCE 40, FNSLIST LIST. ROOM SERVIGE TIME 122
63 LEAVE 41 N 123
64 TABULATE  TAB17 OCCUP. OF RESERV. LIST. ROOM 124
55 TRANSFER +BEIDFE . 125 J
(66 BEIDE ASSIGN 4,K1 SET P4 TO 1 126 A
67 TEST E P3,K1,5EHLL : 127
58 TRANSEER ——2.09.9.ST62-EXLT 128
59 GEHL1 TEST LE Cl,K3600, FINE TEST TIME 129
70 TEST E P2,KL9sGEHI3 130
71 TRANSFER 38, STG3,.EXIT 131
12 GEH13 TRANSFER .08, GEH14, EXIT 132
73 GEHL4 TRANSFER  .14+STG2,STG3 133
14 EXIT LEAVE 10 LEAVE_SYST.. . STOR. 134
75 TABULATE TABI1S TRANS. TIME IN SYSTEM 135
76 TABULATE  TAB16 SYSTEM OCCUPANCY - 136
17 IERMINAIE ) 137
78 FINE LEAVE 10 LEAVE SYST. STOR. 138
79 TABULATE  TABLS TRANS. TIME IN:SYSTEM: 139
_80 TABULATE___ TABL6 SYST.EM_OCCUPANCY. 140
81 TERMINATE 1 141
% CONTROL CARD 142
START. 1 143
% ‘ 144
REPORT 145
EJECT 146
FAC  TITLE 2,STATISTICS CONCERNING THE INFORMATIIN DESK 147
SPACE 3 ~ 148
QUE _ TIILE 2, STATISTICS CONCERNING THE DESK QUEUE 149
SPACE 3 \ 150
CHA  TITLE 2, STATISTICS CONCERNING THE DESK USER CHAIN 151
EJECT 152
TAB  TITLE 1,DESK INTERARRIVAL TIMES (MIN.) : 153
~ EJECT T 154
-3 159
* GRAPH 156
GRAPH TP,TABL 157
ORLGIN 5.0.51.0_ 158
X 92391341 9158 159
Y 01492042 160
7 STATEMENT - 4,1.% 161
100  STATEMENT 52924, INTERARRIVAL TIME (MIN.) . 162
10 STATEMENT 55,46,FIGURE 1t REL. FREQUENCY OF INTERARRIVAL TIMES 163
. _ENDGRARH - : : : 164
# , : 165
TAB  TITLE 2 .NUMBER OF ARRIVALS TO DESK/10 MIN. 166
EJELT 167
* 168
£ GRAPH 169
GRARH_— TP, TAB2 170
ORIGIN 50,10 171
X 12929091530 172
Y Del o221 ,42 173
7 STATEMENT 491 +% 174
100 STATEMENT 52,20,ARRIVAL RATE/10 MIN. 175
J/
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55964+FIGURE 22 REL. FREQUENCY OF ARRIVALS T3 INF. DEl

10 STATEMENT 176
SK DURING 10 MIN., 177
ENDGRAPH 178
« : _ . 179 <
TAB TITLE 3,DESK TRANSIT TIMZS {MIN.) (=WAIT, & SERVICE TIME) 180 . R

EJECT A 181

* 182
* GRAPH o 183
GRAPH TP, TAB3 184

ORIGIN 50,10 185

X 29149191,8 186

Y 03392092 187

7 STATEMENT 4,143 ' 188
100 STATEMENT 52419,TRANSIT TIME {(MIN.) 189
10 STATEMENT 55,60,FIGURE 3: REL. FREQUENCY OF TRANST TIMES AT INFl 190
ORMAY ION DESK ' 191
ENDGRAPH 192

* 193
TAB TITLE 4 yNUMBER_O E__JOBS__WAI.T_ING_EUR SERVICE_AY _DESK 194
EJECT : 195

* 196
¥ GRAPH 197
' GRAPH TP, TAB4 198
JRIGIN 50,10 199

X 9-2.4-1.3.4.0.4.1,4.8 209

Y 0193492092 201

7 STATEMENT 441 4% . 202
100 STATEMENT _52,13,J40BS IN QUEUE 203
10 STATEMENT 55,72,FIGURE 4: REL. FREJUENZY OF JOBS WAITING FOR SElL 204
RVICE AT INFORMATION DESK 205
ENDGRAPH 206
%* . 207
STO TITLE 30+THE SHELVES AS STORAGE 208
SPACE 3 . - 209

TAB TITLE SySHELF INTERARRIVAL TIMES (MIN.). 210

- EBEJECT 211

* 212
* GRAPH 213
| GRAPH TP, TABS 214
ORIGIN 50,10 ' 215

X 129189141496 216

Y Cs49204+2 217

7 STATEMENT 441, 218
103 STATEMENT 52,24, INTERARRIVAL TIMEZ (MIN.) 219
10 STATEMENT - 55,46,FIGURE 5: REL. FREJUENCY OF INTERARRIVAL. TIMES 220
ENDGRAPH : 221

* _ 222
TAB TITLE 6 +NUMBER OF ARRIVALS TQ SHELVES/10 MIN, 223
EJELCT 224

* GRAPH . 225
GRAPH TP,TABG 226

ORIGIN S0410 221

X 2214+0451920 228

Y 045142042 229
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7 STATEMENT  441,% 230
100  STATEMENT 52,20,ARRIVAL RATE/10 MIN. 231
10 STATEMENT 55,62,FIGURE 63 REL. FREQUENCY OF ARRIVALS TD SHELVESL 232
DURING 10 MIN. 233 J

ENDGRAPH 234 A

* . , 235

TAB TITLE 7. SHELE _TRANSIT_TIMES__(MLN)_ 236
EJECT 237

* 238
* GRAPH 239
GRAPH TP, TAB7 240

DRIGIN 50,10 241

X 9959101415 242

Y Osl 92492 243

7 STATEMENT  441,% ' 244
100  STATEMENT  52,19,TRANSIT TIME (MIN.) 245
10 STATEMENT 55,52,FIGURE 7: REL. FREQUENCY OF TRANSIT TIMES AT SHl 246
ELVES , 247
ENDGRARH 248

% ‘ _ 249
TAB  TITLE 8 yOCCUPANCY OF SHELVES 250
: EJECT 251

x 252

* GRAPH 253

GRAPH TP, TABS 254

ORIGIN 50410 255

X 12169091415 256

Y Ds142442 257

7 STATEMENT 441,32 258
100 STATEMENT 52,9,0CCUPANCY . 259
10 STATEMENT _55,79,FIGURE_8: REL. FREQUENCY_ OF _NUMBER_OF JOBS_0CCUI 260
PYING SIMULTANEQJUSLY THE SHELVES 261

‘ ENDGRAPH 262

% 263
STo  TITLE 11, THE RECORDINGS COLLECTION (=DESK & SAELVES) 'AS STO1 264

RAGE ; 265

SPACE 3 266

TAB  TITLE 9,TRANSIT TIMES THRDOUGH REC. COLL. (MIN.) , {=DESK & 1 267
SHELVES) . 268
EJECT 269

* 270
* GRAPH 271
GRARH—e TR, TABO 2712

ORIGIN 50410 273

X 9979191415 274

Y Qel,45,1 215

7 STATEMENT  4,1,% 276
100 STATEMENT 524+19,.TRANSIT TIME (MIN.) 2717

- 10 STATEMENTm~554J54—LuUREmﬂmeELrmERtQUENC¥~DE~IRANSII_TLMES_IHQDJI 218
GH THE RECORDINGS COLLECTION 279
ENDGRAPH 280

* 281
TAB TITLE 10,0CCUPANCY OF RECZORD, COLLECT. (=DESK. & SHELVES) 282

EJECT 283
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* 284
* GRAPH 285
GRAPH TP, TABL1O 286

ORIGIN 50,10 287 Y,

X 12149091420 288 )
Y ' Oslsl5,3 289
7 STATEMENT __4,1,.% 290
1060 STATEMENT 52,9,0CCUPANCY , 291
10 STATEMENT 55485,FIGURE 10: REL. FREQUENCY OF NUMBER JF JOBS 0OCC1l 292
UPYING SIMULTANEDQUSLY DESK AND SHEIVES ' 293
ENDGRAPH 294
* . 295
510 TITLE 404, THE _LISTENING_RJIOM_AS_STORAGE 296
SPACE 3 : 297
TAB TITLE 11 +LISTENING ROOM INTERARRIVAL TIMES (MIN.) 298
EJECT 299
¥ 300
* GRAPH 301
GRAPH TP, TAB11 302
DRIGIN 50510 303
X 29 79141,15 304
Y Deb,41543 305
1 STATEMENT 441+3 : : 306
100 STATEMENT 52925 INTERARRIVAL TIME (MIN.) . 307
10 STATEMENT ___55,64,FIGURE _11: REL. FREQUENCY OF _INTERARRIVAL_TIMES1 308
TO LISTENING ROOM : 309
ENDGRAPH 310
% . 311
TAB TITLE 12, NUMBER DOF ARRIVALS 7D LIST. ROOM/1J MIN 312
_ EJECT ' 313
% 314
* GRAPH 315
GRAPH TP, TAB12 316
ORIGIN 50,10 317
X 22961091415 318
Y . D9l 92642 319
1 STATEMENT __4,41,% 320
100 STATEMENT 52,20,ARRIVAL RATE/10 MIN. 321
10 STATEMENT 55,70,FIGURE 12: REL. FREQUENCY OF ARRIVALS TO LISTENI - 322
ING R0IM DURING 10 MIN. 3213
ENDGRAPH 324
* 325
TAB TIJTLE 135 LIST. ROOM_SERVICE_TIMES _(MIN.) 326
EJECT ' : 327
* 328
* GRAPH 329
GRAPH TP, TAB13 330
ORIGIN 50,10 331
X 1939541430 332
Y 01le2l142 ' 333
7 STATEMENT 441,38 : 334
100 STATEMENT 52213, TRANSIT TIME (MIN.) 335
10 STATEMENT = 55,58,FIGURE 13: REL. FREQUENCY JF TRANSIT TIME JF LIl 336
337

STENING ROOM
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GPSS/350/MTS VERSION (4/8713)
ENDGRAPH 338
% : 339
"TAB TITLE 14, 0CCUPANCY DF LIST. IIM 340
EJECT . 34] J
* 342 w
* GRAPH 343
GRARH TP,TAR]_A 344
ORIGIN 50,10 345
X 12349511418 346
Y De141643 347
7 STATEMENT  4,1,% 348
100 STATEMENT 52,9,0CCUPANCY ’ 349
1.0 STATEMENT _ 55,879FIGURE_14: REL. _FREQUENCY OF _NUMBER_DF _JJBS_0OCCl1 350
UPYING SIMULTANEDUSLY THE LISTENING ROOM 351
ENDGRAPH 352
e d , 353
STO TITLE 4} ,THE RESERV. LISTENING ROOM AS STORAGE 354
SPACE 3 355
TAB TITLE 17,.0CCURANCY _OF_RESERVE_L IST. RODM 356
EJECT . 357
* : 358
% GRAPH 359
GRAPH TP,TAB17 360
ORIGIN 50410 361
X 9-2:9-6.4.09-14.15 362
Y 0s1,35,1 363
7 STATEMENT  4,1+% 364
100 STATEMENT 52+:9,0CCUPANCY 365
10 STATEMENT 55,96,FIGURE 14A: REL. FREQUENCY OF NUMBER OF JOBS OCl 366
CUPYING SIMULTANEDUSLY THE LISTENING RDOM 367
_ ENDGRAPH 368
* 369
STO TITLE 10,THE SYSTEM AS STORASGE 370
SPACE 3 ' 371
TAB TITLE 159SYSTEM TRANSIT TIMES (MIN.) (=SERVICE & WAIT. TIMElL 372
) 373
EJECT 374
* : 375
* GRAPH 376
GRAPH IP,TABLS 377
ORIGIN S0410 378
X 293459130 379
: Y. 0.9.5.9.2.0,4.2 380
7 STATEMENT  4,1,% 381
100 STATEMENT 52,19TRANSIT TIME (MIN.) - - 382
10 STATEMENT 55,49,FIGURE 15: REL. FREQUENCY OF SYSTEM TRANSIT TIML 383
ES 384
ENDGRAPH 385
-3 . 386
TAB TITLE 16,0CCUPANCY OF SYSTEM (=DESKySHELVES,LIST. RDOM) 387
EJECT 388
* 389
* GRAPH 390
GRAPH TP, TAB16 391




GPSS/360/MTS VERSION (4/8/13)

DRIGIN 50,10 392
X 22149292420 393
Y D92320,42 394

7 STATEMENT 4,142 395 J

100  STATEMENT 52,9,3CCUPANCY 396 )
10 STATEMENT 55,79,FIGURE 16: REL. FRIQUENCY OF NUMBER OF JO3S DCCl 397
__UPYING _SIMULTANEOUSLY__THE_SYSTEM 398
ENDGRAPH 399
* 400
END 401




GPSS/360/MTS VERSION (4/8/13)
BLOCK NUMBER SYMBOL REFERENCES BY CARD NUMBER
Y,
66 BEIDE 120 125 ‘41
8 DESK 67 12 . :
14 EXIT 83 85 8.6 . 87 1.05 107 108
109 128 131 132
78 FINE 80 102 129
50 GEHID - 109
69 GEH1L 127
72 GEH13 130
73 GEH14% 132
24 GEH2 81
26 GEH3 82
27 LFHS4 84
28 GEH5 87
46 GEH7 103
48 GEHB 1.04
49 S5EH9 106
51 OFLOA 112
4 SIG2 63 107 110 128 133
29  ST33 63 85 88 131 133
51 STG4 86 38 108 110




LP5S/360/MT5

VERSION (4/78713) .

"ABLE SYMBOLS AND CORRESPONDING NUMBERS

_/
1 TABL A
10 TAB1O
11 TAB1]
12 TAB12
13 TABI13
14 TAB1l14
15 TAB15
16 TABLS -
— 1.7 TABl17
2 TAB2
3 TA33
4 TAB4
5  TAB5
6 TAB6
1 JABRT
8 TABS
9

TAB9




e GPSS/360/MTS VERSION (4/8/13) .

FUMCTION SYMBOLS AND CORRESPONDING NUMBERS
[
L _/
e 1 ARRIV 3

2 DESK
e 46— ___LIST
. 3 SHELF
)
’
}
)
]
|
)
»
)
[N
| X
b
»
o]

"\




|

FUNCTION DEFINITIONS

v 4t ¢ w

Sl'YSTEM ARRIVAL TIME EXPONENTIALGY DISTRIBUTED

<z
1 FUNCTION RNl Cl6 R
0.0 0.0 .182 .1 .283 .267
+ 486 5 632 «83 136 l..17
.81 1.5 +865 1.83 .903 2.16
" .930 2.5 .95 2.864 <964 3.15
L2175 1.5 .982 3,86 .987 4,15
.39 4.5
[ 3
% JESK_SERVICE TIME_EXPONENTIALLY DISTRIBUIED
2 FUNCTION RNl  C24
0.0 0.0 .1 104 .2 .222
.3 .355 A .509 .5 .69
.6 .915 .7 1.2 .75 1.38
.8 1.6 .84 1.83 .88 2.12
e 23 .92 2.4.52 « 94 2..81
.35 2.99 .96 3.2 .97 3.5
.38 3.9 .33 4eb <995 5.3
.998 fa2 .999 7.0 L9937 8.0
#
« SHELF SERVICE TIME EXPONENTIALLY DISTRIBUTED
3. FUNCII.ON. . _-RN1 23 :
0.0 0.0 <154 . 840 .281 .250
' 390 420 .483 .580 .562 .750
2529 Y, .685 1.08 .733 1.25
774 1.42 .808 1.59 .837 1.75
862 " . 1.92 .883 2.08 .9 2.25
—_-e316 2.e.42 9217 2...58 « 9137 215
<946 2.92 .953 3,08 .953 3,25
$364 3. 42 1.0 5.27
» ¥ ; :
# LISTENING ROOM SERVICE TIME GENERALLY DISTRIBUTED
4 FUNCTION RNl (25
—-0.0 0..0 024 <063 .071 ..187
.13)t 312 . 205 <437 .283 .563
<366 690 <436 . 820 . 498 940
. .55 1.0% 523 1.18 L699 1.31
<756 . l.44 .785 1.56 .8164 1.69
.B36 1. 81 . 855 1.94 .872 2.0%
\_‘._BB@ 2..1B +903 231 «917 2.0.44%
e32] 2.55 <962 3.19 .989 4.20
1.0 4,820
R
« STORAGE DEFINITIONS
10 °  STORAGE 200
— 11 _STORAGE 150
30 STORAGE 100
40 STIRAGE 23
- 41 STDRAGE 23
# TABLE DEFINITIONS
1 TABLE IA 1 1 20
.2 . TABLE RT 0 1 30 1.0
3 TABLE M1 1 1 30
4 QTABLE 2 0 1 30
N IARLE 1A 1 1 30
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(& TABLE RT 0 1 20 10 h
7 TABLE M1 1 1 60
8 TABLE $30 0 1 40
9 TABLE M1 1 1 60
10 TABLE S11 0 1 60
. 1 TARLE 1A 1 1 30 /
(12 TABLE RT 0 1 15 10 h
13 TABLE M1 0 5 60
14— TABLE $40. 0 1 26
15 TABLE M1 0 5 60
1k TABLE S1I0 0 2 60
117 IABLE St4l Q 1 26
X
® GPSS PROGRAM
N
1 GENERATE 3 FN1
2 ENTER 10
3 TRANSEFR 3569 29 4
4 MARK ‘
5 ENTER 11
,,,,,,,,,,,,,,,, 5 QUEUE 2
7 LINK 2 FIFD 8
8 SEIZE 2
9 DEPART 2
10 ADV ANCE 1 FN2
11 RELEASE 2
12 UNLINK 2 8 1
13 TABULATE 1
14 TABULATE 2
15 - TABULATE 3
16 LEAVE 11
17 TABULATE 9
18 TABULATE_ 10
19 ASSIGN 2 K1
23 TEST LE c1 K3600 78
21 TEST E p3 <1 24
22 TEST E P& K1 26
23 TRANSFER 74
2% __TEST..E P4 Kl 27 -
25 TRANSFER  .75D 29 74
26 TRANSFER  .960 51 74
21 IRANSEER « 73] 28 14
28 TRANSFER  .110_ 29 51
29 MARK
3D ENT.ER 11
31 ENTER 30
32 ADVANCE 6 FN3
13 | EAVE 30
34 TABULATE 5
35 TABULATE 6
36 TABULATE 7
37 TABULATE 8
33 LEAVE 11
39 TABULATE 9
40 TABULATE 10
41 ASSIGN 3 K1
42 ___TEST LE c1 K3600_78
43 TEST E P2 K1 46
44 TEST E P4 K1 48 |
9 IRANSEFR 14 J




46 TEST E P4 K1 49 h
47 TRANSFER  .280 4 74
48 TRANSFER  .220 51 74
49 TRANSFER  .140 50 74
50 TRANSFER  .580 4 51
921 MARK %
52 GATE SNF 40 51 )
53 ENTER 40
——54____ ADVANCE 40 EN4 e
55 LEAVE 40
56 TABULATE 11
57 TABUIATE  }2
58 TABULATE 13
59 TABULATE 14
--—60_— . TRANSEER 66
61 ENTER 41
62 ADVANCE 40 FN&
63 LEAVE 41
64 TABULATE 17
65 TRANSFER 66
65 . __ASSIGN 4 K1l
67 TEST E P3 K1 69
68 TRANSFER  .090 4 74
63 TEST LE cl K3600 78
72 TEST E P2 K1 72
71 TRANSFER  .380 29 74
12 TRANSEER 08073 T4
73 TRANSFER  .1%3 4 29
T4 LEAVE 10
15 TABUIATE 15
75 TABULATE 16
77 TERMINATE
78— LEAVE 1.0
79 TABULATE 15
82 TABULATE 16
81 TERMINATE 1
* ONTROL CARD

START

1
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(
STATISTICS CONZERNING THE INFORMATION DESK

FACILITY AVERAGE NUMBER AVERAGE SEIZING PREEMPT ING
‘ UTILIZATION ENTRIES TIME/TRAN TRANS. NO. TRANS. NO.
2 239 1531 :56%

A

\,
>

STATISTICS CONCERNING THE DESK QUEUE

AUEUE MAX T MUM AVERAGE TOTAL LERN PERCENT AVERAGE SAVERAGE TA3LE _CURRENT
CINTENTS CONTENTS ENTRIES ENTRIES LERODS TIME/TRANS TIME/TRANS NUM3ER SONTENTS
2 7 «154 1532 1245 8l.2 » 352 1.937 4 1

-—- $AVERAGE_TIME/TRANS = AVERAGE TIME/TRANS_EXCLUDING_ZERD_ENIRIES

STATISTICS CONCERNING THE DESK USER CHAIN

——USER_CHAIN T.0TAL AVERAGE CURRENT AVERAGE MAXIMUM
ENTRIES TIME/TRANS CONTENTS CONTENTS CINTENTS
2 467 1.243 .154 7
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JESK INTERARRIVAL TIMES (MIN.)

"TABLE TABl

ENTRIES IN TABLE MEAN ARGUMENT STANDARD DEVIATION SUM OF ARGUMENTS <
— 1530 2. 350 2.514% - 3597, 000 NON-WEIGHTED <

UPPER OBSERVED PER CENT CUMULATIVE CUMULATIVE MJLTIPLE DEVIATION

LIMLT FREQUENCY_____ OF_TOXAL RERCENTIAGE _ LEMAINDER OF_MEAN EROM_MEAN

, 1 720 47.05 47.0 : 52.9 - . 425  -.524

‘ 2 255 16. 66 63.7 36,2 850" -.136

i 3 209 13.66 77.3 22.6 1.276 2252

) 4 108 . 7.05 84.4 15.5 1.701 . 640

: 5 77 . 5.03 89.4 10.5 2.126 1.029

6 42 : 214 . Q92..2 1.1 2.+..552 1.4117

7 41 2.67 : ' 94,9 5.0 2.977 1.805

8 27 : 1.76 6.6 3.3 3.402 2.194

9 19 1.26 97.9 2,0 3,828 : 2.582

10 13 " .84 : 8.7 1.2 4,253 "2.971

11 3 .19 98.9 1.) 4,678 3,359

! 1.2 4 .25 99,..2 o1 5.104 3.748

: i 13 4 26 99.4 5 5.529 4,136

14 3 .13 ' 99.6 . .3 5.954 . 4,525

15 2 .13 99,8 o1 5,380 4,913

16 0 .00 99, 8 .1 5.805 . 54302

17 0 .09 93.8 .1 7.231 5. 690

18 . 3 19 1.00..0 9. T1..656 6..079

REMAINING FREQUENCIES ARE ALL ZERD
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[
NUMBER OF ARRIVALS TO DESK/10 MIN.

TABLE TAB2 ' :

—EMTRIES IN TABLE MEAN ARGUMENT STANDARD DEVIATION SUM OF ARGUMENTS <
360 4.250 2.257 1530.000 NON-WEIGHATED B

URPRER OBS.ERV.EED PER_CENT CUMULATIVE SUMULATIVE MJLIIPLE DEVIAIION

LIMIT FREQUENCY OF TOTAL PERCENTAGE REMAINDER OF MEAN F1IM MEAN

0 10 2.77 2.7 37.2 ~.000 -1.882

1 24 .66 9.4 90.5 «235 -1.439

2 49 13.61 23.0 76.9 « 470 -.996

3 63 17.43 40.5 59.4 « 705 -+ 553

4 61 16.94 51.4 42.5 «941 -..110

5 52 14.44 71.9 28.0 1.176 «332

6 45 12.52 "84.4 15.5 l1.411 « 775

1 34 9, 44 93,8 " ba1 1.647 1.217

8 7 1.94 95.8 Gol 1.882 1.660

9 7 1.94 97.7 2.2 2,117 2.103

10 3 83 38.6 1l..3 2..352 2..546

11 2 «55 99.1 «8 2.588 2.989

12 3 .83 100.0 .0 2.823 3.432

—REMAINING FREQUENCIES ARF ALl 7FRO
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DESK TRANSIT TIMES {MIN.) (=WAIT. & SERVICE TIME)

-TABLE TAB3

ENTRIES IN TABLE MEAN ARGUMENT ~_ _STANDARD DEVIATION SUM- JF ARGUMENTS J
1531 «926 1.265 1413.003° NON-WEIGHTED )
' UPPER __DBSERVED: PER_CENT. _CUMULATIVE CUMULATIVE MULTIPLE DEVIATION
, LIMIT FREQUENCY OF TOTAL PERCENTAGE REMAINDER JF MEAN FRIM MEAN
L ' 1 1160 75.76 75.7 24.2 1.078 .057
: 2 207 13.52 89. 2 10.7 2,157 2847
3 94 6.13 © 95.4 4.5 3.236 1.638
4 38 2.48 37.9 2.0 © 44315 2.428
5 17 l..11 : 99.0 .9 5..394 3.218
6 8 «52 : 99.5 o4 ’ 6.473 : 4,008
7 4 : «25 99.8 .1 7.552 4.798
! 8

_ . 3 .19 100.0 : PRt Ba631 : 5.588
REMAINING FREQUENCIES ARE ALL ZERD

|

!
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FIGURE 3: REL. FREQUENCY OF TRANST TIMES AT INFORMATION DESK




NUMBER OF J0OBS WAITING FOR SERVICE AT DESK

TABLE TAB4

ENTRIES IN TABIF MEAN ARGUMENT STANDARD DEVIATION SUM OF ARGUMENTS _/
o 1531 «362 , .« 932 555.000 NON-WEIGHTED h

URRPER_._ DBSERVED PER _CEMNT_: CUMJLATIVE CIMJLALIVE _ MJLTIPLE DEVIATION

LIMIT . FREQUENCY OF TOTAL PERCENTAGE REMAINDER OF MEAN FROM MEAN

D 1245 " B8l.31 81.3 18.6 -«000 ’ -+ 388

1 142 9.217 90. 5 9.4 2.758 . 683

2 78 5.09 935.6 4.3 5.517 1.755

3 34 2.22 37.9 2.9 , 8.275. 2.827

4 13 84 98..1 1.2 11.034 3..899

5 12 «78 99.5 b4 13.792 4.971

6 6 33 99.9 ) 16.551 : 6.043

1 1 206 100.0 20 13.309 71.115

REMAINING FREQUENCIES ARE ALL ZERD
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THE SHELVES AS STORAGE

TRIES AVERAGE CURRENT

STORAGE CAPACITY AVERAGE AV ERAGE EN MAXIMUM
L CONTENTS UTILIZATION TIME/TRAN CONTENTS CONTENTS J
. 30 100 1.876 .018 1195 5.656 9 h
—
®SHELF INTERARRIVAL TIMES (MIN.)

TABLE  TABS
ENTRIES 'IN TABLE
i

MEAN ARGUMENT

STANDARD JE

VIATION

SUM DF ARGUMENTS

| 1194 3.011 3.078 3596..000 NON=WEISATED
i
! UPPER OBSERVED PER CENT CUMULATIVE CUMULATIVE MJLTIPLE DEVIATION
. ! LIMIT FREQUENCY OF TOTAL PERCENTAGE REMAINDER OF MEAN FROM MEAN
I : 1 499 41.73 ~ 41.7 58.2 .332 -. 653
! 2 196 16. 41 582 1.7 664 -.328
l 3 L10 9..21 674 32.5 .9956 -.003
E 4 104 8.71 76.1 23.8 1.328 .321
! g / 5 39 3,26 86.7 13.2 1.932 .370
i 7 42 3.51 90.2 9.7 2.324 1.295
. 8 30 2.51 92.7 7.2 2.656 1. 620
9 27 2.26 95..0 4.3 2.988 1.945
10 17 1.42 96. 4 3.5 3.320 . 2.270
11 13 1.03 97.5 2.4 3,652 2.595
< 12 14 1.17 98,7 1.2 3,984 2.920
13 5 <41 99.1 .8 4.316 3,244
14 4 .33 99.4 .5 4,648 3.569
15 3 .25 93.17 0.2 4,980 3..894
16 1 .08 99.8 .1 5.312 4.219
17 0 .00 99.8 .1 5.644 4,544
18 0 .02 99,8 .1 5,976 4, 869
19 0 .00 99.8 .1 5,308 5.194
20 2 .16 100.0 .0 6.640 5.519

R ZMAINING_EREQUENCIES ARE-ALL-ZERO

N
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NUMBER OF ARRIVALS TO SHELVES/10 MIN.

TABLE  TAB6

. ENTRIFS IN TABLE MEAN ARGUMENT STANDARD DEVIATION SUM OF ARGUMENTS Y,
360 3.316 2.074 1194.000 NON-WEIG4TED )

URRER OBSERVED RER_CENT CUMULATIVE CUMULATIVE _ MJITIPLE DEV.IALION

\ LIMIT FREQUENCY OF TOTAL PERCENTAGE REMAINDER OF MEAN FROM MEAN

0 8 2,22 2.2 97.7 -.000 -1.598

d 1 59 16.38 18.6 31.3 301 -1.116

2 78 21.66 40.2 59.7 603 -.6364

3 82 22.77 63.0 36.9 .904 -.152

4 48 1.3..33 15.3 23.6 1..206 329

5 30 8.33 84,7 15.2 1.507 .811

6 21 5.83 90.5 9.4 1.809 1.293

' 1 20 5.55 6.1 3.8 2.110 1. 775

8 7 1.94 98.0 1.9 2.412 2,251

9 5 1.38 99. 4 .5 2.713 2.739

1.0 0 02 93 .4 5 3..015 3..222

11 1 .27 99.7 .2 3.316 3,704

12 0 .00 99.7 .2 3.618 4.186

( 13 1 .21 100.0° .0 3,919 4.668

REMAINING FREQUENCIES ARE ALL

ZERD
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"SHELF TRANSIT TIMES (MIN)

TABLE TABY

ENTRIFS IN TABIFE MEAN ARGUMENT STANDARD DEVIATION SUM OF ARGUMENTS )
1195 5.656 5.457 6759.000 . NON-WEIGHTED A
g UPRER OBSERV.ED PER_CENT-—— CUMJULATIVE___ CUMULATIVE MULTIPLE DEVIATLON
LIMIT FREQUENCY . OF TOTAL PERCENTAGE REMAINDER JF MEAN F1OM MEAN
1 157 13.13 13.1 86.8 .176 -.853
2 209 17.43 30 .6 69.3 +353 - 669
3 182 15.23 45,8 54,1 .530 -.486
5 60 5.02 55.7 34,2 ..884 -..120
6 67 5,60 71.3 28.5 1.060 .063
7 50 4,18 75.5 24 .4 1.237 . 246
8 50 4,18 79.7 20.2 1.414 2429
9 37 3,03 82.8 17.1 1.591 . 612
10 39 3.26 86.1 13.8 1.768 .796
1.1 20 l1.61 87..1 12..2 1.94% «.379
12 25 2.09 89,8 10.1 2.121 1.162
13 20 1.67 31.5 8.4 2.298 1.345
14 14 1.17 92,7 1.2 2,475 1.529
15 16 1.33 ‘94,0 5.9 2.652 1.712
16 10 .83 34.8 5.1 2.828 1.895
17 6 . 50_ 95..3 % 4.5 3..005 2...0718
18 5 .41 95.8 4.1 3.182 2.262
19 5 o 41 96.2 3,7 3,359 2. 445
20 3 .25 96.4 3,5 3,536 2.628
21 4 .33 96.8 3.1 3.712 2.811
22 6 .50 37.3 2.6 3.889 2.995
23 6 +.5.0 37.8 2...1 4 .0656 3..178
24 5 .41 98.2 1.7 4.243 3.361
25 2 .16 98.4 1.5 4,420 3.544
26 3 .25 38.6 1.3 4,596 3,728
27 3 .25 98.9 1.0 4.773 3.911
28 4 .33 99.2 / .7 4.95) 4.094
29 4. .33 93...5 /S 5..1217 4,211
30 4 .33 99.9 .0 5.304 4,461
: 31 1 .08 100.0 .0 5.480 4,644
SFEAINING FREQUENCIES ARE AllL ZEROD
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|

OCCUPANCY OF SHELVES

TABLE TABS8

ENTRIES IN TABRLF MEAN ARGUMENT STANDARD DEVIATION SUM _OF ARGUMENTS J
1195 1.911 1.476 2284.000 NON=-WE I GHT ED )
UPPER OBSERVED PER_CENL CUMJLALIVE CUMJLALIVE MULTIPLE DEVIATION
LIMIT FREQUENCY OF TOTAL PERCENTAGE REMAINDER OF MEAN FROM MEAN
‘ 0 195 16431 16.3 . 83.6 -.000 -1.294
| 1 347 29.03 45.3 54.6 +523 -, 617
2 298 24,93 70.2 29.7 1.046 .060
| 3 189 15.81 . 86.1 13.8 1.569 .737
j 4 91 T...61 93.17 5.2 2..092 l.414
! 5 47 3,93 97.6 2.3 2.616 2.091
| 6 22 1.84 99. 4 .5 3.139 2.769
| 7 5 .41 99.9 .0 3.662 3.446
i 8 1 .03 100.0 " .0 4,185 4,123

REMAINING FREQUENCIES ARE ALL ZERO

]
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THE RECORDINGS COLLECTION (=DESK & SHELVES) AS STO RAGE

TRIES AVERASE

STORAGE CAPACITY . AVERAGE AVERAGE EN CURRENT MAX [ MUM
_ CONTENTS UTILIZATION TIME/TRAN CONTENTS CONTENTS J
1 11 150 2.271 .015 2727 2.999 1 10 A
r _
TRANSIT TIMES THROUGH REC. COLL. (MIN.) , (=DESK & SHELVES)"~
TABLE TAB9 , o
ENTRIES IN TABLE MEAN ARGUMENT STANDARD DEVIATION SUM OF ARGUMENTS
27126 3...000 44410 8178...000 NON=WEIL34TED
UPPER OBSERVED PER CENT CUMULATIVE CUMULATIVE MJLTIPLE DEVIATION
‘ LIMIT FREQUENCY DF TOTAL PERCENTAGE REMAINDER OF MEAN FROM MEAN
1 1317 48.31 « 48.3 51.6 .333 -.453
2 416 15.26 53.5 36.4 666 -.226
L 3 216 10..12 13..6 26.3 1...000 ~..0090
| 4 216 7.92 Bl.6 18.3 1.333 .226~
5 77 2.82° 84.4 15.5 1.666 . 453
6 ’ 15 2.15 B87.1 12.8 2.000 . 680
7 54 1.98 89.1 10.8 2.333 .906
8 53 1.94 91.1 8.8 2.666 1.133
9 37 1.-35. 92..4 7..5 3..005 1...360
10 39 1.43 93.9 6.0 3.333 1.587
11 20 .73 94.6 5.3 3.666 1.813
12 25 .91 95,5 4ok 4,000 2,040
13 20 .73 9642 3.7 4,333 2.267
14 14 .51 96.8 3.1 4,666 2.494
15 16 .58 37..3 2.6 5..000 2..1020
16 10 .36 97.7 2.2 5.333 2.947
17 6 .22 97.9 2.0 5.666 3.174
18 5 .13 98.1 1.8 6.000 3, 401
19 5. .18 98.3 1.5 5.333 3.627
20 3 .11 98. 4 1.5 6.666 3.854
21 4% 14 98 4.5 1...3 1..000 4..081
22 6 .22 98.8 1.1 7.333 4.308
23 6 .22 99.0 .9 7.666 4.534
24 5 .13 99,2 Y 8.000 4,761
25 2 .07 99.3 .5 8.333 4.988
26 3 .11 99. 4 .5 B.666 5.215
21 3 11 99.5 4 9,000 5..441
28 4 .14 99.6 .3 9.333 5.668
29 4 .14 99.8 .1 9.666 5.895
30 A .14 99.9 .0 10,000 6,122
31 1 .03 100.0 WD 10.333 6.348
REMAINING FREQUENCIES ARE ALL ZERQO
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~

*JCZUPANCY OF RECORD. COLLECT. (=DESK & SHELVES)

TABLE TAB1D

ATION

ENTRIES IN TABLE MEAN ARGUMENT STANDARD DEVI SUM DF ARGUMENTS y
2726 2.372 : 1.753 6468, 000 NON-WEIG4TED h

URPRPER OB.SERVED RPER__CENT cuMuLATIVE CUMJLATIVE MJLTIPLE DEV.IATION

l LIMIT FREQUENCY DF TOTAL PERCENTAGE REMAINDER OF MEAN FROM MEAN

: ) 330 12.10 12.1 87.8 -.000 -1.352

1 633 23.22 35,3 64,6 421 -.782

2 679 24.90 60.2 39.7 . 8642 -.212

3 466 17.09 77.3 22.6 1.264 .357

& 297 1.0..89 88.,.72 11.7 1...685 927

5 147 5.39 93.6 6.3 2.107 1.497

6 86 3.15 9647 3.2 2.528 2.068

1 65 2.33 99,1 .8 2.950 2.638

8 22 .80 99.9 .0 3.371 3.208

9 1 .03 100.0 .0 3,793 3,778

_REMAINING_EREQ

UENCIES—ARE—ALL.-ZEROD
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THE LISTENING ROOM AS STORAGE

STORASE CAPACITY AVERAGE AVERAGE ENTRIES AVERAGE CURENT MA X I MUM
CONTENTS UTILIZATION TIME/TRAN CONTENTS CONTENTS J
40 23 7.751 «337 660 42.290 9 23 )
LISTENING ROOM INTERARRIVAL TIMES (MIN.)
TABLE TAB11
ENTRIES IN TABLE MEAN ARGUMENT STANDARD DEVIATION SUM OF ARGUMENTS
650 5..496 ’ 5.:.402 35713.050 NON=WEIGATED
UPPER DBSERVED PER CENT CUMULATIVE ZUMULATIVE MULTIPLE DEVIATION
LIMIT EREQUENCY OF TOTAL PERCENTAGE REMAINDER JF MEAN FROM MEAN
1 140 21.53 : 21.5 ' 78.4 .181 -.832
2 80 12.30 33.8 66.1 363 -eb647
3 80 1230 46...1 53.8 545 —o. 462
4 53 8.15 54,3 45.6 .727 -. 277
5 54 8.30 62.6 37.3 .9093 -.091
6 4] 630 68,9 31.0 1,091 .093
7 44 6.75 75.6 2443 1.273 .278
8 29 babb 80.1 19.8 1,455 . 463
) 28 4..30. 84..4 15.5 L.637 548
10 15 2.3) B6.7 13.2 1.819 .833
11 14 2.15 88.9 11.D 2.001 1.018
12 9 1.38 90,3 9.5 2.183 1.203
13 9 1.38 91.6 8.3 2.364 1.388
14 11 1.6 93.3 6.6 2.546 1.573
1.5 4 61 93.9 6.0 2...1.28 1.759
16 8 1.23 95,2 4,7 2.910 1.9644
17 4 .61 95.8 4.1 3.092 2.129
18 4 .61 95.4 3,5 3,274 2.314
19 3 46 96.9 3.0 3,456 2.499
20 2 .32 97.2 2.7 3,638 2.684
21 3 b b 91...6 2.3 3.820 2...869
22 3 . 46 98.1 1.8 4,002 3.054
23 1 .15 98.3 1.6 4,184 3.239
24 1 .15 98,4 1.5 4,366 3,425
25 2 .30 98.7 1.2 4,547 3.610 .
26 1 .15 98.9 1.0 4,729 3.795
21 1 15 99.0 <9 4,911 3,980
28 1 .15 99,2 o7 5.093 4,165
29 2 .30 99,5 A 5.275 4.350
OVERFLOW 3 245 100,90 .0
AVERAGE VALUE 0OF OVERFLOW 32.00
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NUMBER OF ARRIVALS TO LIST. ROOM/10 MIN

TABLE TAB12

SUM_OF ARGUMENTS

ENTRIFS IN TARLF MEAN ARGUMENT STANDARD DEVIATION <
‘ 360 . 1.805 1.351 650.000 NON-WEIGHTED
URPER OBSERVED ——— _PER_CENT CUMULATIVE CUMJLATIVE MJLTIPLE DEV.IATION
LIMIT FREQUENCY DF TOTAL PERCENTAGE REMAINDER OF MEAN FROM MEAN
2 0 61 16.94 16.9 83.0° -.000 -1.335

1 106 29. 44 45643 53.6 «553 - 2596
2 95 26.38 12.7 272 1.107 «143
3 56 15.55 88.3 11.6 1. 661 .883
4 21 1049 35.8 4.1 2..215 1..623
5 12 3.33 99.1 «8 2.769 2363
6 3 .83 100.0 .0 3.323 3.103

REMAINING FREQUENCIES ARE ALL ZERD
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—
LI$T. ROOM SERVICE TIMES {MIN.) .
TABLE TAB13 :
EMTRIES IN TABLE MEAN ARGUMENT ~ STANDARD DEVIATION SUM OF ARGUMENTS J
651 42.181 31.437 27460.000 NON-WEIGHTED )
URRER OBSERVED—  PER_CENT . CUMULATIVE. __ CUMJLATIVE _ _ MJLYIRPLE ___ DEVIATION
LIMIT FREQUENCY OF TOTAL PERCENTAGE REMAINDER OF MEAN FROM MEAN
0 4 «61° b 99.3 -.000 ~1.341
5 38 5.83 5.4 33.5 .118 -1.182
10 34 5,22 11.6 88.3 237 -1.023
15 49 7.52 19.2 80.7 . 355 -.864
20 49 1.52.. ' 26..1 13.2 L8414 -+ 105
25 49 7.52 34,2 65.7 .592 -.546 .
30 46 7.06 41.3 . 58.6 711 -.387 ~
35 42 £.45 47.7 52.2 . 829 ~.228 ‘
40 32 4,91 : 52.6 47.3 «948 ' ~.069 ,
45 47 7.21 59.9 40.0 1.066 .089 T
50 52 1.98 i 51..8 32..1 1..185 2.248
55 48 7.37  15.2 24.7 1.303 407
60 32 4,91 80.1 19.8 le422 +566
65 25 3,84 84.0 15.9 1.540 . 725
70 20 3.07 87.0 12.9 1.659 . 884
75 10 1.53 88,6 11.3 1.778 1.043
8.0 1.0 l.53 90.-1 9,8 1...895 1..20.2
. 85 11 1.68 31.8 8.1 2.015 1.362
90 6 .92 92.7 7.2 2.133 1.521
35 6 .92 93,7 6.2 2.252 1.680
100 5 JT5° 4.4 5.5 2.370 1.839
105 6 .92 95.3 4.6 2.489 1.998
110 2 30 95..6 443 2...607 2..157
115 4 .61 96.3 3.6 2.726 2.316
120 4 61 95.9 3.0 2.844 2.475
125 1 .15 97.0 2.9 2.963 2,634
130 2 .30 97.3 2.6 3,081 2.793
135 2 .33 , 37.6 2.3 3,200 2.952
140 2 .30 98...0-_ 1.9 3.313 3.-111
145 3 e 46 98. 4 1.5 3.437 3,270
150 2 «3) 98.7 1.2 3.556 3.429
155 1 .15 98.9 1.0 3.674 3,588
160 1 .15 99,0 - 3.793 3.747
165 2 .30 . 99,3 .6 3.911 3,906
1710 1 15 99.5 ol 4,030 4,065
175 1 .15 99,6 .3 4,148 4,224
180 1 .15 99. 8 .1 4,267 4.383
185 1 .15 100.0 .0 4,385

REMAINING FREQUENCIES ARE ALL ZERO
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“JCCUPANCY OF LIST. ROOM

TABLE TABlé4

ENTRIES IN TABLE MEAN ARGUMENT STANDARD DEVIATION SUM JF ARGUMENTS J

. 651 T7.774 3,385 5061.009 NON-WEIGHTED h
UPRLPER OBS.ERV.ED PER_CENT CUMULATIVE SUMULATIVE MULTIPLE DEV.IATION
LIMIT FREQUENCY OF TOTAL PERCENTAGE REMAINDER IF MEAN FAOM ‘MEAN
0 0 .00 .0 120.0° -.0090 -2.519
1 .15 .1 99.8 .128 -2.195
, 2 4 .61 .7 99,2 . 257 -1.871
3 17 2.61 3.3 76.6 . 385 -1.547
A 47 1..21 10.5 89.4 514 =1.223
5 87 13.36 23.9 76.0 .643 -.898
6 89 13.67 37.6 52.3 LT71 -.574
7 101 15.51 53.1 46,8 .909D —.250
i 8 79 12.13 65.2 34,7 1.029 .073
9 63 9.67 74.9 25.0 1.157 «397
10 55 8..44%. 83.4 1.6..5 1...286 . o121
11 50 7.68 : 91.0 849 l.414 1.245
12 22 3.37 94.4 5.5 1.543 1.369
13 9 1.38 35.8 4.1 1.672 1.693
v 14 7 1.07 96,9 3.0 1.800 2.017
15 2 «30 97.2 2.7 1.929 2.341
1.6 4 .61 97.8 2.1 2..058 2..665
17 2 .30 : 58.1 1.8 2.186 2.989
18 5 76 98.9 1.0 2.315 3,313
19 2 30 99,2 .7 2.443 : 3,637
20 3 <45 ‘ 99.6 .3 2.572 . 3.961
, 21 1 .15 99.8 ol 2.701 : 4,285
2.2 1 15 1.00...0 0 2..-829 4,609

, REMAININS FREQUENCIES ARE ALL ZERD
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THE| SYSTEM (AS STORAGE

EN

STORAGE - CAPACITY . AVERAGE AV ERAGE TRIES AVERASE CURRENT - MAXIMUM
o - CONTENTS UTILIZATION TIME/TRAN CONTENTS CONTENTS J
10 200 10.022 . 050 1613 22.3175 ) 26 )
' SYSTEM TRANSIT TIMES (MIN.) {=SERVICE & WAIT. TIME )
TABLE _TAB15 ' : _ 4 :
ENTRIES IN TABLE - MEAN ARGUMENT STANDARD DEVIATION SUM DF ARGUMENTS
| 1603 3,085 10.210. 469464000 NON=WEISATED
UPPER JBSERVED PER CENT CUMULATIVE CUMULATIVE MJLTIPLE DEVIATION
LIMIT FREQUENCY OF TOTAL PERCENTAGE REMAINDER OF MEAN FROM MEAN
0 695 43.35 43.3 5646 -.000 -. 302
5 771 48.09 1.4 8.5 1.620 .187
1.0 54 3...36 Q4.8 5.1 3 ..24] o511
15 23 1.43 19642 3,7 4,861 1.166
20 9 .56 96.8 3.1 6.482 - 1.656
25 7 .43 97.2 2.1 8.102 2.146
30 6 .37 97.6 2.3 9.723 2.635
35 3 .18 97.8 2.1 11.343 3.125
40 3 .18 98..0 1.9 12..96% ' 3.615
45 5 .31 . 98.3 1.6 14.584 4,104
50 6 .37 98.6 1.3 16.205 4.594
55 7 .43 99.1 .8 17.825 5.084
o , 60 2 .12 99,2 .7 19. 446 5.573
P 65 2 .12 99,3 . b 21. 066 6. 063
d : 70 1 .06 99.4 .5 22.687 6.553
‘ 75 2 .12 99.5 o4 24.307 7.0642
80 2 .12 99,6 .3 25.928 7.532
85 0 .00 99.6 3 27.548 8.022
90 0 .00 99,6 .3 29.169 8.511
35 1 .06 99,7 .2 30.789 9.001
100 0. <030 99.,.7 2 32..410 9..491 .
105 1 .06 99.8 .1 34.030 3,980
110 0 .00 99.8 W1 35.651 10.470.
115 1 .06 99.8 .1 37.271 10.960
120 1 .06 99.9 D 38.892 11.449
125 0 .00 99,9 .0 40.512 11.939
130 4] 00 99.9 +.0 42..133 12.429
135 0 .00 99.9 0 43,753 12.918
140 0 .00 99,9 .0 45,374 13.408
145 0 _ .00 99,9 .0 46,994 13.898 -
o 150 1 .05 100.0 .0 48.615 14.387
REMAINING FREQUENCIES. ARE ALL ZERO ‘
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JCCUPANCY OF SYSTEM (=DESK,SHELVES,LIST. ROOM)

TABLE TABlo6

ENTRIES IN TABLE MEAN ARGIUMENT = STANDARD DEVIATION ___SUM OF ARGUMENTS J
1603 ) 10.212 3.429 16371.000 NON-WEIGHTED )

UPPER 33 SERVED PER_CENT CUMULATILVE CUMULATIVE MILTIPLE DEV.IATION

LIMIT FREQUENCY OF .TOTAL PERZENTAGE REMAINDER OF MEAN FROM MEAN

0 ‘ 0 .00 .0 160.0 -, 000 -2.977

2 4 .24 Ny 33.7 .195 ' -2.394%

4 30 1.87 : 2.1 37.8 .391 -1.811

6 158 9.85 11.9 88.0 587 -1.228

Y : 347 21.6% : 33,6 56.3 .. 783 -..645

10 391 24.39 58.0 41.9 «979 -.062

12 319 19.90 77.9 22.0 1.175 521

14 189 11.73 89.7 __10.2 1.370 1.104

16 94 5.86 - 95.5 4.4 1.566 1.687

18 36 224 ° 97.8 2.1 1.762 2.270

20 16 .99 98..8 1.1 1..958 2.853

22 11 ‘ .68 99,5 A 2.154 3.436

24 ‘ 6 .37 , 99,8 .1 2.350° 4.019

26 2 .12 100.0 .0 2. 545 4,603

REMAINING FREQUENCIES ARE ALL ZERO
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END

N

CPU TIME USED:

-

—ASSEMBLY-: 3.145_SECONDS

* EXECUTION:  35.850 SECONDS

v

~EXECUTION-_TERMINATED

»

r,SS!GNOFF-




XX‘KK)()U(’XXKKXKKXKXXK ARRKAARARAAAAAAARRAKKAAAAAAAAAAAANA

AANARNAAANRAARAAAAAANAANAANAAAARARNNANNDNNAANNNRNIRNEANNNNADNANARDNANNNNNINDINNNINNDNA NI IN NI

"

RFS NO. 771330 UNIVERSITY OF B T COMPUTING CENTRE . MTS{AN12D) 00:28:13 12-30-70
i -/
<
USER: WULI
DEPARTMENT: COMM
*kk%x JN AT 00:28:20
*%%%x OFF AT 0D:29:19
#%&%% ELARSED_TIME 58..54%5__ SEC.
¥¥%% JPU TIME USED 42.207 SEL.
*%%k% STORAGE USED 2578.686 PAGE-SEC.
wkxse CARDS READ 407
#%%% LINES PRINTED 9100
*%%% PAGES PRINTED 280
k%% CARDS_PUNCHED 0
*%%%« DRUM READS 39
*kkkx RATE FACTOR 0.6 ,
#%%xx APPRIX, COST DOF THIS RUN C$10.86
#&x% FILE STORAGE 0 PG-HR. .00
#*%LAST SIGNIN WAS: 00:12:49 12-30-70
. . MMMMM MMM MM TTTTTYTTITOTTIOTINITITNNNNNT SSSSSSSSS
MMMMMM MMMM MM TTTTTTITTTITITYTITITINTNINNT SSS5SSSSSSSSSS
MMMMMMM MMMMM MM IAARERASARARREASR SRR RA RS $S.5555555555S5SSS
MMMMMMMM MMMMMMMM TTIT7T S$S8SSSS SSSSSSS
MMMMMMMMM MMMMMMM MM TTTTT S$SSSS SSSSS
MMMMMMMMMM MMMMMMMM MM TTTTT SSSSS
MMMMM MMMMM MMMMM MMYMM TTT7T $SSSSS :
MMMMM  MMMMM - MMMMM  MMMMM TYTTT SSSSSSSSSSSSS
MMMMM__ MMMMM MMMMM MMMMM TITIT SSSSSSS5S558S8S8S
MMMMM MMMMMMMMMMM MMMMM TTTTT S$55555555SSS
MMMMM . MMMMMMMMM - MMM MM TTITTT SSSSSSS
MMMMM MMMMMMM MMM MM TITTT SSSSS
MMMMM MMMMM " MMMMM IRRRRI $S5SS
MMMMM MMM MMMMM - TTTIT SSSSS $S5SSS
MMMMM MMM MM TTTLY SSS8SSS—— SSSS8SSS
MMMMM MMM MM TITTT SSSSSSSSSSSSSSSSS
MMMMM MMMMM TTTIT SSSSSSSSSSSSS
MMMMM MMMMM IITIT SSSS85S88S8S /


http://5-8-.--Jh.5_

RFS NO. 771083 UNIVERSITY OF B € COMPUT ING CENTRE MTS{AN120) 00:12:48 12-30-70

%

FoRd gk R Rk gk Rk kFackack THIS JOB SUBMITTED THROUGH FRONT DESK READER dkskdoddedk ool kol ek
$SIGNCN WULI T=150 P=400 PRIO=V COPIES=4
*%LAST SIGNON WAS: 10:54:13 12-29-70 Y,
USER "WULT"™ SIGNED CN AT 00:12:49 ON. 12-30-70 O
$RUN *GPSS PAR=SIZE=B

-EXECUTION BEGINS e —




GPSS/360/MTS " VERSION 14/8/13) A
BLOCK B _ CARD
NUMBER *LGC OPERAT ION A,B,C,D,E,F,G COMMENTS NUMBER
SIMULATE 1
* SIMULATIGN OF UBC RECORDINGS COLLECTION BY JOHANNES ‘KRAMAR 2 )
* 3 N
* FUNCTION DEFINITIGNS 4
* : 5
* SYSTEM ARRIVAL TIME EXPONENTIALLY DISTRIBUTED 6 -
ARRIV FUNCTION RN1,Cl1 NEG. EXP. DISTR. 7
06010.0/04235:025/066T3.75/e80841.25/48894,1:75/.936,2.25/.963,2.75/ 8
2979 33.25/ .988y3.75/.9904%4.25/1.0,7.25 g
% 10
. - - 11 ,
% DESK SERVICE TIME EXPONENTIALLY DISTRIBUTED 12 "
DESK FUNCTION  RN1,C24 ' NEGy EXP. DISTR. 13
0009000/0lye1046/2290222/23424355/0492509/2550469/064.915/,T41.2/ 14
e 7531387 .8, 1.67.8491.837/.8892.12/+912+37/+9212+527/+9%4+12.817+.95,2.99 15
¢969302/¢9743.5/.98493.9/.99,4, 6/ 995,5.3/.998,6.2/.999,7.0/.9997,8.0 16
% 17
o * SHELF SERVICE TIME EXPCNENTIALLY DISTRIBUTED 18 o
SHELF FUNCTION RN1,C23 NEG. EXP. DISTR. 19
0«090.0/.154,.840/.281,.250/.390,.420/.483,4.580/.562+.750/. 629,.92/ 20
v 68591.08/.73391.257477451.427.80841.597/ 837301757 .862,1.92 21
«883,2.08/.5,2.25/ ‘ 22
N e916492.42/.92742., 58/.957,2 75/ e94642.92/.953,3.08/.959,3.25 23 )
e 964493.42/140,5.27 24
* 25
* LISTENING ROOM SERVICE TIME GENERALLY DISTRIBUTED 26
L IST FUNCTION RN1,C25 ; GENs DISTRIBUTION 27
0¢090.0/ 40244 063/ .071, o187/ .1314.212/.2054+437/.2891.563/.3664.690/ 28
_____ e 4369.820/.498y.940/.556,1.06/.623,41.18/.699,1+31/.75441.44/.786,1.56/ 29 o
+814,1.69/.836,1.81/.855,1.94/.872,2.06/.8884,2.18/. 903,2. 31/.917 2 44/ 30
092742 55/ 96213 .19/ .989,4.20/1.00,4.820 31
% 32
¥ STURAGE DEFINITIONS - 33
10 STORAGE 200 " DEFINE SIZE OF SYSTEM,S STORAGE .34
11 STORAGE 150 DEFINE SIZE OF REC. COLL, 35 o
30 STORAGE 100 DEFINE SIZE OF STOR. 30 36 E
40 - STORAGE 23 DEFINE SIZE OF STOR. 40 37
41 STORAGE 23 " DEFINE SIZE OF STOR. 41 38
% TABLE DEFINITIONS 39
TAB1 TABLE " IAr191,20 INTERARRIVAL TIME 40
TAB2 TABLE RT,0y1,30,10 ARRI VAL RATE 41
o "TAB3 TABLE MI,1+1+30 TRANSIT TIME TABLE 42 T
TAB4 QTABLE 290,41,30 C UNITS IN QUE. } 43
TABS TABLE IAy1,1,30 INTERARRI VAL TIME SHELVES 44
TABG TAELE. RT 30491420510 ARRIVAL RATE . 45
TAB7 TABLE M1y1y1460 TRANSIT TIME 46
TABS TABLE $30,0, 1440 STOR. 30 OCCUPANCY 47
) TAB9 TABLE T ML ,1 41,60 TRANS. TIME SERVI 48 T
TAB10 TABLE S114041,60 . STORAGE 11 OCCUPANCY 49
TAB11l TABLE 1A,1,1,30 INTERARR. TIME FAC. 40 50
TABI? TABLE RT,0+1,15,10 TARRIVALS FACs 40 51 -
TAB13 TABLE © ML14y0,5,60 TRANS. TIME FAC. 40 . 152
L TABl4 TABLE S40,09 1526 STORE 40 OCCUPANCY. 53
T TAB15 TABLE M1 40,5,60 TRANS. TIME IN SYSTEM 54 o
TAB16 TABLE S10,04 2560 SYST. OCCUPANCY 55
TABL7 TABLE S41,041,26 STOR. 41 DCCUPANCY 56 )




% 57
* GPSS PROGRAM 58
* 59
1 GENERATE 2, FNSARR IV ARRIVALS TO SYSTEM 60 -
2 ENTER 10 "CUM. STOR. SYSTEM 61
3 TRANSFER  .36,STG3,STG2 GO TG 3 OR 2 62
4 STG2 MARK SET TRANS. TIME = O 53
5 ENTER 11 CUM. STORE RC. 64
6 QUE UE 2 “JOIN QUE. 2 65
7 L INK LINK USER CHAIN 2 66 T

2y FIFO,DESK

AN




ENTER

GPSS/360/MTS VERSIGN (4/8/13) A
8 DESK SEIZE 2 0CC. DESK 67
9 DEPART 2 LEAVE QUE. 2 68
10 ADVANCE 1 yFN$SDESK DESK SERVICE 69
11 REL EASE 2 ‘ RELEASE DESK 70 )
12 UNLINK 2+ DESK, 1 UNL INK USER CHAIN 2 71 3
13 TABULATE TAB1 TAB. INTERARR. TIME 72
14 TABULATE TAB2 TAB. ARRIVALS 73
15 TABULATE TAB3 TAB. TRANS. TIME 74 -
16 LEAVE 11 ' 75
17 " TABULATE TAB9 76
18 TABULATE TAB1O , , 77
19 ASSIGN 2yK1 SET PI TO 1 78
20 TEST LE C14K3600,FINE TEST TIME 79
21 TEST E P3,K1,GEH2 ' 80
22 TEST E P4,K1lyGEH3 81
23 TRANS FER s EXIT 82
24 GEHZ2 TEST E P4 KL yGEHG 83
25 TRANSFER «T759ySTG3,EXIT 84
26 GEH3 TRANSFER 296 4STHL,EXIT 85
27 GEH4 TRANSFER c T3,GEHS,EXIT 86
28 GEH5 TRANSFER .11,S7TG3,57G4 87
29 STG3 MARK , _ 88 -
30 ENTER 11 CUM. STORE RC. 89
31 ENTER 30 ENTER STOR. 30 90
32 ADVANCE 69 FN$SSHELF SHELF SERVICE TIME 91
33 LEAVE 30 LEAVE STGR. 30 92 )
34 TABULATE TAB5 INTERARRIVAL TIME 93
35 TABULATE TAB6 ARRIVAL RATE 94
36 " TABULATE TABT TRANSIT TIME ) g5
37 TABULATE  TABS STORE. SHELVES OCCUPANCY 96
38 LEAVE 11 LEAVE STORE 11 97 i
39 TABULATE TAB9 4 98 )
40 - TABULATE TABLO STORE RECORD. COLLECT. 99
41 ASSIGN 3,K1 SET P2 TO 1 100
42 TEST LE C1,K3600,FINE" TEST TIME 101
43 TEST E P2 yK1,GEHT 102
44 TEST E P4,K1,GEHS 103 B
45 . : TRANS FER yEXIT 104
46 GEH7 TEST E P4 4K1y GEHY 105
47 TRANSFER 28, STG2,EXIT 106
48  GEHB TRANSFER W2295TG4EXIT 107
49 GEH9 TRANSFER .14 ,GEH10,EXIT 108
50 GEH10 TRANSFER .58,8T62,5TG4 109 )
51 STG4 MARK 110
52 - GATE SNF 40,0FLOW ' : 111
53 ENTER 40 o ENTER STOR. 40 . 112
YA ADVANCE Z0,FNSLIST CIST. ROUM SERVICE TIFE 113
55 LEAVE 4Q LEAVE STORAGE 40 114
56 TABULATE TABL1 INTER ARRIVAL TIME FAC 4 115 _
57 TABULATE TABL2 "ARRIVAL RATE FAC. & 116 i
58 TABULATE - TAB13 TRANSIT TIME FAC. 4 117
59 TABULATE  TABl4 STORE. 40 OCCUPANCY 118
60 TRANSFER S BEIDE : 119
61 OFLDW 41 120




GPSS/360/MTS VERSION (4/8/13) A
62 ADVANCE 40, FNSL IST LIST., ROOM SERVICE TIME 121
63 LEAVE 41 122
b4 TABULATE TABL7 OCCUP. OF RESERV. LIST. ROOM 123
65 TRANSFER  , BEIDE , 124 ;4J
66 BEIDE ASSIGN 4y K1 _ TET P& 10 1 125 3
67 TEST E P3,K1yGEHL1 126
68 TRANS FER 09,STG2,EXIT 127 ~ )
59 GEH1l1 TEST LE C1,K3600,FINE TEST TIME 128 B o
70 : TEST € P2,K1,GEH13 129
71 TRANSFER 38,STG3LEXIT 130
72 GEHI3 TRANSFER COB,GERIZ,EXIT 131
73 GEH14 TRANSFER.  .14,S7TG2,S7TG3 , , 132
T4 EXIT LEAVE 10 LEAVE SYST. STOR. 133 _
75 TABULATE  TABLS TRANS. TIME IN SYSTEM 134 T
76 TABULATE TABL6 SYSTEM OCCUPANCY 135
77 TERMINATE 136
78 FINE LEAVE 10 [EAVE SYST. STOR. 137
79 TABULATE TARLS TRANS, TIME IN SYSTEM 138
80 TABULATE TAB16  SYSTEM OCCUPANCY 139 o
81" TERMINATE 1 140 B
% CONTROL CARD . 141
START 1 142
X 143
REPORT 144
L ) EJECT . 145 o
FAC TITLE 2, STATISTICS CONCERNING THE INFORMATION DESK 146
SPACE 3 147
QUE TITLE 2y STATISTICS CONCERNING THE DESK QUEUE 148
— SPACE £l : 149
CHA TITLE 2y STATISTICS CCONCERNING THE DESK USER CHAIN 150
EJECT 150 e
TAB TITLE 1,DESK INTERARRIVAL TIMES (MIN.) 152
EJECT ‘ : - 153
* ‘ 154
% GRAPH ~ 155
GRAPH TPy TAB1L 156
ODRIGIN 50,10 157 - )
X 129135141,8 158
Y 0144920,2 "159
7 STATEMENT 4,1,% ' » 160
100 STATEMENT 529249y INTERARRIVAL TIME (MIN.) 161
10 STATEMENT 55,46 ,FIGURE 1: FREQUENCY OF INTERARRIVAL TIMES 162
ENDGR AP H 163 L
e 164
TAB TITLE 2y NUMBER OF ARRIVALS TO DESK/10 MIN. 165
EJECT ' 166
£ 167
* GRAPH 168
o GRAPH TP,TAB2 169 _
ORIGIN 50410 170
X 12221041, 30 171
Y 0y1421,2 172
7 STATEMENT 441,% 173
100 STATEMENT 52+20+ARRIVAL RATE/10 MIN. 174




GPSS/360/MTS VERSIGN (4/87/13) A
10 STATEMENT 55,64,FIGURE 2: REL. FREQUENCY OF ARRIVALS TQ INF. DE1 175
SK DURING 10 MIN. ' 176
ENDGRAPH 177
% : _ _ , 178 )
TAB TITLE 3y, DESK TRANSIT TIMES (MIN.7 (=WAIT. & SERVICE TIME] 179 N
EJECT o : 180
* ) 181
* GRAPH 182 T
GRAPH TP,TAB3 183
ORIGIN 50,10 184
X y1 14114 1,8 I85
Y 033420,2 186
7 STATEMENT  4,1,% 187
100 STATEMENT 52+19sIRANSIT TIME (MIN.) 188 B
10 STATEMENT 55,60,FIGURE 3: REL. FREQUENCY OF TRANST TIMES AT INF1 189
_ORMATION DESK S S ‘ ‘ ' 190
ENDGRAPH 191
#* - _ _ : : 192
TAR TITLE 4, NUMBER OF JOBS WAITING FOR SERVICE AT DESK 193
T EJECT 194 T
% 195
% GRAPH : 196
GHRAPH TV, TAB4 197
ORIGIN 50,10 ‘ 198
X 121 13709 ly8 199
Y 07312012‘ ) 200 o
7 STATEMENT  441,% ' - 201
100 STATEMENT 52,139J0BS IN QUEUE - .202
10 STATEMENT Hhy 22y FIGURE 47 REL. FREQUENCY OF JUBS WAITING FUR SEI 203
RVICE AT INFORMATICN DESK' . : ' ' 204
~ ENDGRAPH 205
- * 206 T
STO TITLE 30, THE SHELVES AS STORAGE 207
SPACE 3 , 208
TAE TITLE 5, SHELF INTERARRIVAL TIMES (MIN.J 209
EJECT ' 210
L * 211
* GRAPH 212 B
GRAPH TP, TABS 213
ORIGIN 50,10 - 214
X 17 211841,146 215
Y 0y4420,2 216
7 STATEMENT 4,1, % . 217
100 STATEMENT 524243 INTERARRIVAL TIME (MIN.) 218 T
10 STATEMENT 55,46,FIGURE 5: REL. FREQUENCY OF INTERARRIVAL TIMES 219
ENDGRAPH : 220
% . 2727
TAB TITLE 6y NUMBER OF ARRIVALS TO SHELVES/10 MIN. 222
] EJECT 223
¥ GRAPH . 224 o
GRAPH TP, TABG 225
ORIGIN 50,10 226
X ) 932 1440491420 227
Y 0,1,20,42 228




GPSS/36

Q/MTS VERSION (4/8/13) A )
ST STATEMENT  441,7% , . 229
100 STATEMENT 52,20, ARRIVAL RATE/10 MIN, . 230
10 STATEMENT 55,62,FIGURE 6: REL. FREQUENCY OF ARRIVALS 7O SHELVES1 231
DURING 10 MIN, ' _ - 232 )
ENDGRAPH 233 h
%* ' . 234
TAB TITLE 7y SHELF TRANSIT TIMES (MIN) 235
EJECT ’ _ 236 -
* 237,
% GRAPH e 238
GRAPH TP,TAB7 239
ORIGIN 50,10 240
_ X T 99591,41,15 241 -
Y 09142442 242
7 STATEMENT “ 4,1,% 243
100 STATEMENT 52,19+ TRANSIT TIME (MIN.) 244
10 STATEMENT 55,52,FIGURE 7: REL. FREQUENCY UF TRANSTT TIMES AT SHI 245
ELVES : : 246
- ENDGRAPH 247
. w0 S ~ 248 :
TAB TITLE 8,0CCUPANCY OF SHELVES. 249
' EJECT 250
* : » 251
‘* CRAPH 252
N GRAPH TP,TABS 253 L
ORIGIN - 50,10 254
X .. 121690, 1,15 255
Y : 0_9112492 256
1 STATEMENT  4,1,% . 257
. 100 STATEMENT 52+9+0CCUPANCY . : 258
10 . STATEMENT . 55,79,FIGURE 8: REL. FREQUENCY OF NUMBER OF JCGBS OCCU1 259
PYING SIMULTANEQUSLY THE SHELVES ’ ' 260
ENDGRAPH ' 261
b . ’ 262
ST0 TITLE 11, THE RECORDINGS CCLLECTION (=DESK & SHELVESY AS STCI 263
RAGE ' ' . L S : 264
SPACE 3 : 265 )
TAB TITLE 9, TRANSIT TIMES THROUGH REC. COLL. (MIN.) » {=DESK & 1 266
SHELVES) , : o 267
CEJECT . 268
> 269
¥ GRAPH 270
GRAPH TP, TABS 271
ORTGIN 50,10 272 R
X ' 1,791911]_5 273
Y 04s1+45,1 274
7 STATEMENT 4,1,% 215
100 STATEMENT 52+19y TRANSIT TIME (MIN.) 276
) 10 STATEMENT 55,75,FIGURE 9: REL. FREQUENCY OF TRANSIT TIMES THROU1 2797 )
CH THE RECORDINGS COLLECTION ' : 278
ENDGRAPH . 279
K ) . . 280
TAB TITLE 10,0CCUPANCY OF RECORD. COLLECT. {=DESK & SHELVES) 281
EJECT ' 282




VERSION (4/8/13)

STENING RCGM

GPSS/360/MTS A
* 283
% GRAPH 284
GRAPH TP,TAB1O 285
ORIGIN: 50,10 286 D
X 21410, 1,20 787 <
Y 0,1,15,3 ' 288
7 STATEMENT 4,41,% 289
100 STATEMENT  S524+9,0CCUPANCY , 290 o
10 STATEMENT 55,85,FIGURE 10: REL. FREQUENCY OF NUMBER OF J0BS 0CC1l 291
UPYING SIMULTANEQUSLY DESK AND SHELVES 292
ENUGRAPH : 293
" _ . | 294
B STO TITLE 40, THE LISTENING. ROOM AS STORAGE 295
~ SPACE 3 ' 296 T
TAB TITLE 11, LISTENING ROCM INTERARRIVAL TIMES (MIN.) 297
EJECT : : 298
F 299
* GRAPH 300
GRAPH TP,TAB11 301
- ORIGIN 50,10 302
X 19 731,1,15 303
Y 0y4s15,3 304
7 STATEMENT 45 1y % 4 305
100 STATEMENT 52425y INTERARRIVAL TIME (MIN.) " 306
10 STATEMENT 55,64,FIGURE 11: REL. FREQUENCY OF INTERARRIVAL TIMES1 307
T TC LISTENING ROOM 308 o
ENDGRAPH 309
* ' ' - 310
TAB TITLE IZ,NUMBER UF ARRIVALS 7O LIST. RODM/I0 MIN 311
EJECT o N 312
% 313
* GRAPH , 314 T
GRAPH TP,TAB12 315
ORIGIN 50,10 316
X 721610,1115, 317
Y . Oy 1492442 } 318
7 STATEMENT 4,1,% : : 319
100 STATEMENT 52 +20s ARRIVAL RATE/10 MIN. 320 -
10 STATEMENT 55,70,FIGURE 12: REL. FREQUENCY GF ARRIVALS TO LISTENL 321
ING ROCM DURING 10 MIN. ‘ : 322
ENDGRAPH 3723
& _ 324
TAB TITLE 13,LIST. RCOM SERVICE TIMES (MIN.) 325
"""" EJECT : 326 i o
# 327
% GRAPH 328
GRAPH —TP,TABI3 379
CDRIGIN 50,10 : 330
X 1931541 ,30. 331 N
Y - 0y1,21,2 332
7 STATEMENT 4,1,% . ©333
100 STATEMENT 52919+ TRANSIT TIME (MIN.) , : 334
10 STATEMENT 55,58,FIGURE 1[3: REL. FREQUENCY TF TRANSTIT TIME OF LII 335
: : 336




VERSION (4/8/13)

GPSS/360/MTS A
ENDGRAPH 337
& ' 338
TAB  TITLE 14,0CCUPANCY OF LIST. ROOM 339
EJECT 340 )
= _ 3541 h
* GRAPH . 342
GRAPH TP,TABl4 343 _ L
ORIGIN 50,10 344 -
X y21%496,1,18 345
Y 051416,3 346
7 STATEMENT 4,1,2 347
100 STATEMENT 52,9s0CCUPANCY 348
B 1o STATEMENT 55,87,FIGURE l4: REL. FREQUENCY OF NUMBER OF JOBS 0OCC1 349 o
UPYING SIMULTANEQUSLY THE LISTENING ROOM ‘ ‘ 350 '
ENDGRAPH 351
-4 . 352
ST0 TITLE 41, THE RESERV. LISTENING RUUM AS STORAGE 353
SPACE 3 : 354
o TAB TITLE . 17 sOCCUPANCY OF RESERVE LIST. ROCM 355 L
- TTEJECT ; : - 356 i
Lok 357
* GRAPH 358
GRAPH 1P, TAB17 359 1
ORIGIN 50,10 360 |
X 424963091415 361 o
Y . - 0s1535,1 362
7. STATEMENT  4,1,% 363
100 STATEMENT 52+9+s0CCUPANCY _ ' ‘ - 364 1
10 STATEMENT 55,96, FIGURE 1&4A: REL. FREQUENCY OF NUMBER OF JOUBS OCI 365
CUPYING SIMULTANEOUSLY THE LISTENING ROOM 366 {
. "ENDGRAPH 367 i
- o - | 368 B
-STG TITLE 10,THE SYSTEM AS STORAGE 369
SPACE 3 l 370
TAB  TITLE 15,SYSTEM TRANSIT TIMES (MIN.) (=SERVICE & WAIT. TIMEL 371
) 372
EJECT 373 o
* 374
% GRAPH 375
GRAPH TP, TAB15 376
ORTGIN 50,10 _ 377
X 79‘3!511130 ' 378
Y 0y5,20,42 379 o
7 STATEMENT 4,1,% . 380
100 STATEMENT 52419 TRANSIT TIME (MIN.) ‘ 381
10 STATEMENT 55,49,FIGURE 15: REL. FREQUENCY OF SYSTEM TRANSIT TIM1 382
ES ~ , 383
ENDGRAPH 384
* o N 385 -
) TAB TITLE 16 y GCCUPANCY OF SYSTEM (=DESK,SHELVES,LIST. ROOM) 386
EJECT : 387
* ‘ 388
* GCRAPH . 389
GRAPH TP,TAB16 390




VERSIGN {4/8/13)

GPSS/360/MTS

A
ORIGIN 50,10 391
X 12144242420 392
Y 032,20,2 393
7 STATEMENT  4,1,% 394 J
100 STATEMENT 5219y 0CCUPANCY 395" <
10 STATEMENT 55,79,FIGURE 16: REL. FREQUENCY OF NUMBER OF JOBRS 0CCl 396
UPYING SIMULTANEOUSLY THE SYSTEM _ : 397
ENDGRAPH ‘ 398 o
% ' 399
END 400




GPSS/360/MTS

VERSIDN (4/8/13)

STG4

A
BLOCK NUMBER SYMBCL REFERENCES BY CARD NUMBER
. ’ J
66 BEIDE 119 124 N
8 DESK 66 71 ‘
14 EXIT 82 84 . 85 86 104 106 107
108 127 130 131 T
78 FINE 79 101 128
50 GEH1Q 18 '
69" GEHI1 126
12 GEH13 129
) 73 GEH14 - 131
24 GEH2 80 -
26 GEH3 81 .
27 GEH4 - 83
78 GEAS 86
46 GEHT 102
B o 48 GEHS8 103
49 GEH9 105 T
61 CFLCW 111 y S
4 STG2 62 106 109 127 - 132
29 STG3 Y 84 87 130 132
51 85 87 107 109




TABLE SYMBOLS AND CORRESPONDING

GPSS/360/MTS

VERSTON

(4/8/13)

NUMBERS

T TAE I ~
10 TAB10O
11  TABll i
12 TAB12 o
13 TAB13
14 - TABl4
15 TABIS
16 TAB16
e 17 TABL7. B
2 TAB 2
3 TAB3
4 TAB4
5 TABS
6 TABG
7 TABY N
8 - TABS h
9 TAB9




CPSS/360/MTS

VERSION (4/8/13)

FUNCTION SYMBOLS AND CORRESPONDING NUMBERS

I ARRIV <
2 DE SK

4 LIST

3 SHELF T




i 4 3¢

FUNCTTCN DEFINITICON

S

 SYSTEM ARRIVAL TIME EXPONENTIALLY DISTRIBUTED

P
I FUNCTION RN TIT <
0.0 0.0 423 «25 . 667 .75
.808 1.25 .889 1.75 .936 2.25
.G63 2.75 .979 3.25 .988 3.75 I
.990 4425 1.0 7.25°

% DESK SERVICE TIME EXPUNENTIALLY DISTRIBUTED
2 FUNCT ION RN1 C24
0.0 0.0 .1 .104 $2 0222

T3 . 355 A .509 .5 .69 T
o6 .915 .7 l.2 .75 1.38
.8 1.6 B4 1.83 .88 2.12
.S Zo3 .92 Z.52 T 9% Z.81
.95 2.99 .96 3.2 «S7 3.5
.98 3.9 «99 4.6 595 5.3
.S58 b2 . 999 7.0 .G997 - 8.0 )

% SHELF SERVICE TIME EXPCNENTIALLY DISTRIBUTED

3 FONCTTON RNT T23

0.0 0.0 .154 . .B40 .281 «250

. 390 <420 . 483 .580 562 .750

U629 .92 . 685 1.C8 . 133 1.25 T

LT74 1.42 - .808 1.59 +837 1.75

. 862 1.92 . 883 2.08 .9 2.25

G156 242 L9727 2.58 . G337 2.75

. 946 2.92 .953 3.08 .959 3.25

.G64 3.42 1.0 5.27 ]
* LISTENING ROCM SERVICE TIME GENERALLY DISTRIBUTED

4 FUNCT ION RN1 €25 '

0.0 0.0 024 U063 071 L I87

.131 .312 .205 .437 .289 .563

«366 . 690 436 .820 <458 . 940

. 556 1.06 623 1.18 . 699 1.31 T

. 754 1.44 . 786 1.56 .814 1.69

.836 1.81 .855 1.94 .872 2.06

. 888 2.18 <903 231 L9917 7.4

.927 2.55 «G62 3.19 . 989 4420

1.00 4.820 :
b

% STORAGE DEFINITIDNS .

10 STORAGE 200

17 STORAGE 150

30 STORAGE 100

40 STGRAGE 23

41 "STCRAGE 23 T
% TABLE OCEFINITIONS

1 TABLE - IA 1 1 20

2 TABLE RT 0 T 30 10

3 TABLE . M1 1 1 30 '

4 QTABLE 2 0 1 .30

- TABLE IA 1 1 30 o
6 TABLE . RT 0- 1 20 10
7 TABLE M1 1 1 60 )




TRANSFER

8 TABLE S30 c 1 40
9 TABLE M1 1 1 60
10 TABLE s11 0 1 60
11 TABLE 1A 1 1 30
12 TABLE RT 0 1 15 10
13 TABLE M1 0 . 5 60 o
14 TABLE S40 0 I 26
15 TABLE M1 0 5 60
16 TABLE S10 0 2 60
17 TABLE S41 0 1 26
#* GPSS PROGRAM
1 GENERATE 2 FN1
2 ENTER 10
3 TRANSFER .360 29 4 e
4 MARK
5 ENTER 11
6 QUEUE 2
7 LINK 2 . FIFO 8
B SEIZE 2 ' |
9 DEPART 2 , e
10 ADVANCE 1 FN2
11 RELEASE 2
T2 UNLINK 2 8 I
13 TABULATE 1
14  TABULATE 2 -
15 TABULATE 3 el
16 LEAVE 11
17 TABULATE 9
18 TABULATE 10
19 ASSIGN 2 K1 -
20 TEST LE Cl K2600 78
21 TEST E P3 K1 24 -
22 TEST E P4 K1 26
23 TRANSFER 74 - _
24 TEST E P4 K1 27
25 TRANSFER .750 29 74
26 TRANS FER 560 51 T4 o
27 TRANSFER L7130 28. 74 -
28 TRANSFER 110 29 51
29 MARK
30 ENTER I1
31 ENTER 30
32 ADVANCE 6 FN3
33 LEAVE 30
34 TABULATE 5
35 TABULATE 6
36 TABULATE 7
37 TABULATE 8
38 LEAVE 11 B B
39 TABULATE 9 R
40 TABULATE 10
41 ASSTIGN 3 K1
42 TEST LE C1 K3600 78
43 TEST E p2 K1 46
44 TEST E P4 K1 48 B
45 TRANSFER T 74 .
46 TEST E P4 K1 49
47 280 4 T4




48 TRANSFER .220 51 74 h

49 TRANSFER .140 50 74

50 TRANSFER .580 4 51

51 MARK '

52 GATE SNF 40 61 ,

53 ENTER 40 J

54 ADVANTE %0 FNZ& R

55 LEAVE 40

56 TABULATE 11 e

57 TABUUATE 12

58 TABULATE 13

59 TABULATE 14

60 TRANSFER 66

61 ENTER 41

62 "ADVANCE 40 FN4

63 LEAVE 41 »

64 TABULATE 17

65 TRANSFER 66

56 ASSTIGN A KT :

67 TEST E P3 K1 69

68 TRANSFER .090 4 T4 e
TS TEST LE C1l K3600 78

70 ° TEST E P2 K1l 72

71 TRANSFER .380 29 74

72 TRANSFER .080 73 7%

73 TRANSFER 140 4 29
T4 LEAVE 10 e

75 TABULATE 15

76 TARULATE 16

77 TERMINATE

78 [EAVE 10

79 TABULATE 15 :
80 TABULATE . 16 .

81 TERMINATE 1

¥ CONTROL CARD

START

1




STATISTICS CONCERNING THE INFCGR

MATION DESK

FACILITY AVERACE NUMBER AVERAGE SEIZING PREEMPT ING
UTILIZATION ENTRIES TIME/TRAN TRANS. NO. TRANS. NO.
2 . 509 3655 600 P
' )
STATISTICS CONCERNING THE DESK QUEUE -
QUE UE MA XT MUM AVERAGE TOT AL ZERD PERCENT AVERAGE $AVERAGE TABLE  CURRENT
CONTENTS CONTENTS ENTRIES ENTRTES ZEROS T IME/TRANS TIME/TRANS ~ _NUMBER CONTENTS
2 16 1.034 3055 1637 53.5 1.219 2.627 4
_ _SAVERAGE TIME/TRANS = AVERAGE TIME/TRANS EXCLUDING ZERO ENTRIES e
STATISTICS CONCERNING THE DESK USER CHAIN
_USER_CHAIN TOTAL AVERAGE . CURRENT AVERAGE MAX TMUM .
ENTRTES “TIME/TRANS ~ CONTENTS CONTENTS CONTENTS
2 s 1826 2.040 | 1.034 16




DESK INTERARRIVAL TIMES (MIN.)

TABLE TaB1

ENTRIES IN TABLE MEAN ARGUMENT STANDARD DEVIATION SUM OF ARGUMENTS
3054 , 1.178 - 1.527 3598.000 NON-WEIGHTED - )
: - <
UPPER OBSERVED PER CENT CUMULATIVE CUMULATIVE MULTIPLE DEVIATION ‘
LIMIT- " FREQUENCY OF TOTAL " PERCENTAGE REMAINDER OF MEAN FROM MEAN
1 2136 . 69.94 69.9 30.0 .848 -.116 -
2 439 14.37 84.3 15.6 1.697 .538
3 234 - T.66 91.9 8.0 2.546 1.192
% 135 4.42 6.3 3.6 3.395 T.847
5 - 52 1.70 98,1 1.8 4244 2.502
6 23 : .75 98.8 l.1 5.092 3,157
7 16 .52 99,3 .5 5.941 3,811 B
8 7 22 99.6 .3 6. 790 4,466
9 7 22 s 99,8 .1 7.639 S.121
10 2 06 359.9 -0 B.488 5.775
11 1 .03 99.9 .0 9,336 6.430
12 1 .03 99,9 .0 10.185 7.085
o 13 1 .03 100.0 20 11.03% 7.740 )

REMAINING FREQUENCIES ARE ALL ZERQ
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NUMBER OF ARRIVALS TO DESK/10 MIN.

TABLE TAB2

ENTRIES IN TABLE SUM OF ARGUMENTS

"MEAN ARGUMENT STANDARD DEVIATION

Al

360 8.480 ) 3.953 3053 .000 NON-WEIGHTED
UPPER CBSERVED " PER CENT CUMULATIVE CUMULATIVE MULTIPLE DEVIATION
LIMIT FREQUENCY OF TOTAL PERCENTAGE REMAINDER OF MEAN FROM MEAN
0 : 2 .55 .5 B 99.4 -.000 -2.145
1 2 .55 l.1 98.8 ' £117 .- -1.892
2 5 1.238 2.4 97.5 .235 -1.639
3 21 5.83 8.3 91.6 .353 -1.386
) 3 N 4 15 4,16 12.4 87.5 471 -1.133 -
5 31 8.61 21.1 78.8 .589 - .B80
6 44 12.22 33.3 66.6 . 707 L —a827
7 47 13.05 46 .3 53.6 .825 - 374
8 44 12.22 58.6 41.3 . 943 —.121
9 29 8.05 66.6 33.3 - 1.061 . 131
o 10 24 6.66 73.3 2646 1.179 «384
11 22 6.11 79. 4 20.5 1.297 637 -
12 19 5.27 84,7 15.2 1.415 . 890
13 15 4,16 88,8 11.1 1.532 1.143
14 12 3.33 972.2 -7 [.650° 1.396
15 7 1.94 94 .1 5.8 1.768 1.649
16 5 1.38 95,5 4,4 1.886 1.902 o
17 4 1.11 S6.6 3.3 2. 004 2.155
18 9 2.49 99.1 .8 2.122 2.408
19 1 27 99, 4 .5 2.240 2.661
20 0 .00 55.% .5 2.358 2.914
21 0 .00 99, 4 .5 2.476 ~3.166
22 0 .00 99, 4 .5 2.594 3.419
23 0 .00 | 99,4 5 2.712 3,672
24 1 .27 . 99,7 o2 2+830 3.925
25 0 .00 99.7 .2 2. 947 4.178
26 T W27 100.0 .0 3.065 4,431

REMAINING;FREQUENCIES ARE ALL ZERD
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DESK TRANSIT TIMES (MIN.) (=WAIT. & SERVICE TIME)

TABLE TAB3

SUM OF ARGUMENTS

REMAINING FREQUENCIES ARE ALL ZERO

ENTRIES IN TABLE MEAN ARGUMENT STANDARD DEVIATION : . J
3055 1.820 ~Z2.035 5561.000 NON-WEIGHTED R
B i
UPPER - OBSERVED - PER CENT CUMULATIVE CUMULATIIVE MULTIPLE DEVIATION
LIMIT " FREQUENCY OF TOTAL PERCENTAGE REMAINDER OF MEAN FROM MEAN T
1 1715 56,13 56,1 43.8 . .549 -.403
2 473 . 15.48 71.6 2843 1.098 .088
3 327 10.70 87.3 17.6 1.648 2579
4 218 7.13" 89 .4 10.5 2197 1.071
B 5 135 4.41 93.8 6.1 2,746 1.562
6 82 2 .68 96.5 3.4 3.296 2.053 T
7 49 1.60 98,1 1.8 3.845 2.545
8 19 W62 98.7 h.2 4.394 3.036
9 13 ) 99,2 o7 %.94% 3.527
10 14 W45 . 99,6 .3 5.493 4.019
11 6 .19 99.8 .1 6,042 4,510
12° _ -2 .06 99.9 .0 6.592 5.001 T
13 2 .06 100.0 .0 7.141 5.493 S
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NUMBER OF JOBS WAITING FOR SERVICE AT DESK

TABLE TAB4

ENTRIES IN TABLE

MEAN ARGUMENT

STANDARD DEVIATION

SUM OF ARGUMENTS

3055 I.219 1.872% 37725, 000 NON-WEIGHTED <
UPPER ~ OBSERVED PER CENT CUMULATIVE CUMULATIVE MULTIPLE DEVIATION
LIMIT FREQUENCY OF TOTAL PERCENTAGE REMAINDER OF MEAN FROM MEAN o
0 1637 53 .58 53.5 46,4 -.000 -.668
1 498 16430 69.8 30.1 .819 -4120
2 333 10.90 80.7 19.2 1.639 427
3 238 7.79 88.5 11.4 2.459 975
4 155 5.C7 93,6 6.3 3,279 1.524 - o
5 82 2.68 56.3 3.6 4,099 2.072 T
6 45 1.47 97.8 2.1 4,919 2.620
7 32 1.04 98.8 1.1 5.739 3.168
8 T1 .36 99.2 .7 6.559 3.716
9 9 . .29 99.5 \ oh 7.379 4,265
o 10 12 .39 99.9 .0 8.199 4.813 )
11 2 .06 99.9 .0 3.019 5.361 -
12 0 .00 99.9 .0 9 .838 5.909
13 1 .03 10.658 6457

REMAINING FREQUENCTES ARE ALL ZERO

100.0
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THE SHELVES AS STORAGE

STORAGE CAPACITY AVERAGE AVERAGE ENTRIES AVERAGE CURRENT MA XI MUM
CONTENTS UTILIZATION TIME/TRAN CONT ENTS CONTENTS )
30 100 3.819 038 2366 . 5. 813 : 1 15 N
SHELF INTERARRIVAL TIMES (MIN.)
TABLE TABS , :
ENTRIES IN TABLE MEAN ARGUMENT STANDARD DEVIATION - SUM OF ARGUMENTS
2364 1.521 . 1.722 : 3597,000 NON-WEIGHTED
- UPPER OBSERVED PER CENT CUMUL ATIVE CUMULATIVE MULTIPLE DEVIATION
LIMIT FREQUENCY GF TOTAL PERCENTAGE REMAINDER ‘OF MEAN FROM MEAN
1 1524 64.46 64. 4 35.5 657 —.302
2 401 16.96 8l.4 18.5 1.314 277
B 3 190 8.03 1 89.4 10.5 1.971 .858
T 4 105 4 .44 93.9 6.0 2.628 1.438 .
5 60 2.53 96,4 3.5 3.286 2.019
6 .35 1.48 " 97.9 2.0 3.943 2.599
7 20 <84 98.7 T.2 4,600 3,180
8 9 .38 99.1 .8 5.257 3.760
L 9 9 .38 99,5 b +  5.914%4 4,341 .
10 5 .21 99,7 .2 : 6.572 4.921 B
11 1 .04 99 .7 .2 7.229 5.502
12 1 .04 99.8 .1 7.886 6.,082
13 1 .04 59.8 1 8.543 6.663
14 1 . 04 99.9 .0 9.201 7.243
15 2 .08 100.0 .0 $.858 7.824 B

TTREMATNING FREQUENCIES ARE ALL ZEROC
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NUMBER OF ARRIVALS TO SHELVES/10 MIN.

TABLE TABS6
ENTRIES IN TABLE MEAN ARGUMENT

STANDARD DEVIATION

SUM OF ARGUMENTS

360 , 6.566 3,207 2356%,000 “NON-WEIGHTED <

UPPER OBSERVED __PER_CENT CUMULATIVE CUMULATIVE MULTIPLE DEVIATION -
LIMIT FREQUENCY OF TOTAL PERCENTAGE REMA INDER OF MEAN FROM MEAN
0 3 .83 .8 99.1 -.000 . =2.047
1 5 1.38 2.2 97.7 .152 -1.735
2 272 6.11 8.3 51.6 .304 ~1.423
3 30 8.33 16.6 83.3 <456 -1.112

o 4 37 10.27 26.9 73.0 609 ~.800 .
5 57 15.83 42.7 57.2 <761 —.488
6 41 11.38 54,1 45,8 .913 -.176
7 38 10.55 64,7 35,2 1.065 .135
8 38 10.55 752 24,7 1.218 <446
9 24 6.66 81.9 18.0 1.370 .758

S 10 20 5.55 87+ 4 12.5 1.522 1.070 o

11 21 5.83 93.3 6.6 1.675 1,382
12 8 2.22 95.5 A 1.827 1.694
13 6 1.66 97.2 2.7 1.979 2.006
% Z .55 977 Y 72131 7.317
15 5 1.38 99.1 .8 2.284 2.629

L 16 0. .00 99.1 .8 2.436 2.941 o
17 2 .55 99.7 22 2.588 3.253
18 1 .27 100.0 .0 2.741 3.565

REMAINING FREQUENCIES ARE ALL ZERQ




GRAPH

#* 3 3

8¢

4 3 3t

L
o

pe4

e
S
Ik
RS

3 3¢ ¢

o8]
—

-
r~

19

15 =*

cosb
3

3¢ 3t 4
3¢ 36 4t

e
Fe
e
3%
oL
=

.

3

la
13

sksk

Cosesk
38 3¢

L
e

12

3
#*

11 *

3t
3

3 3 9%

%

3
3

3
3

9

¥
I

X%k

3

.

3%

By
L

g x

%

* ¥

3
#*

3¢
k4

3

3%
3#*

3%
3

1
#*

3¢
*

3
+*

i

0

3¢
3*

3#*
K

R4

#*
#*

3*
#*

¥*
3

v
w

N

E- 35

3%
3*

3*
3

X

¥ %

* %

s
hig

* .

s
=

4

>
b <4

3
i

%

3

3t
*

3
#*

A

e ale

P o4
SRR

o
% %

3¢
3

K3

3

*®
3¢

i
3

3
3

LI R

(s8]

o

I}

X
% :
S o A e A o A % R A o o 7 e o o K e Aot ok o ki ok ol i ok o ok kool ok atede sk ek

k&

2
i

3*
3

ki
3

kid

¥k

%

*

P>

¥

s

*
3*

3
¥

%

3

3t

te
>4

™

¥*

11 12 13 14 15 16 17 18 19
ARRIVAL RATE/10 MIN,

10

FREQUENCY OF ARRIVALS TO SHELVES DURING 10 MIN,

REL

FIGURE 6




SHELF TRANSIT TIMES (MIN)

TABLE TAB7
ENTRIES IN TABLE

MEAN ARGUMENT

STANDARD DEVIATION

SUM OF ARGUMENTS

2365 5.815 5.55% 13753, 000 NON-WEIGHTED <

UPPER OBSERVED PER CENT CUMULATIVE CUMULATIVE MULTIPLE DEVIATION

LIMIT FREQUENCY OF TOTAL PERCENTAGE REMATINDER OF MEAN . FROM MEAN h
1 324 13.69 13.6 86.3 171 - .866
2 404 17.08 30.7 69.2 ' 343 -.686
3 3543 14.50 45.2 547 .515 =.506
4 306 12.93 58,2 41.7 L6877 -.326
5 142 6.00 6442 35,7 . 859 -.146

o 6 116 4 %90 69.1 30.8 1.031 . 033 i
7 104 4.39 73.5 26 o4 1.203 .213
8 102 4431 - 77.8 22.1 1.375 .393
— 9 . 71 3. 00 80.8 19.1 I.547 573
10 . 73 3.08 83.9 16.0 1.719 2753
11 . 87 3.67 87.6 12.3 1. 891 .933
o 12 _ 47 1.98 89.5 10.4 2.063 1.113
13 47 1.98 91.5 8.4 2.235 1.293
14 30 1.26 92.8 7.1 2.407 1.473
) — 18 .76 93.6 6.3 2.579 1.653
16 17 .71 94,3 5.6 1 2.751 1.833
17 17 .71 95,0 4.9 2.923 2.013
o 18 ' 13 .54 95.6 4.3 3.095 2.193
19 : 12 .50 96.1 3.8 3.267 2.373
20 9 .38 96 .4 3.5 3.439 2.553
21 13 .54 57.0 7.9 3,611 2.733
22 14 .59 97.6 2.3 3., 783 2.913

) 23 4 16 97.8 2.1 3.955 3,093 i
- 24 9 .38 98,1 1.8 4,127 3,273
25 A .16 98.3 1.6 4,299 3,453
26 6 «25 98.6 1.3 44471 3.633
27 5 .21 58.8 T.1 4,642 3.813
28 8. .33 99,1 .8 4,814 - 3,993

) 29 7 .29 99, 4 .5 4.986 4.173 )
30 8 .33 99.7 2 5.158 4,353
31 5 _ .21 - 100.0 .0 5.330 4,533

REMAINING FREQUENCIES ARE ALL ZERO-
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CCCUPANCY OF SHELVES

REMAINING FREQUENCIES ARE ALL LERO

3.523

"TABLE  TABS A y
ENTRIES IN TABLE MEAN ARGUMENT STANDARD DEVIATION ‘SUM OF ARGUMENTS )
2365 3.973 2.351 9397,000 NON=WEIGHTED . 3
UPPER OBSERVED ‘PER CENT CUMULATIVE CUMULATIVE MULTIPLE "DEVIATION B
LIMIT FREQUENCY OF TOTAL PERCENTAGE " REMATNDER, OF MEAN FROM MEAN
0 78 3.29 3.2 - 96.7 =.000 ~1.689
1 238 10.06 13.3 86 .6 S 251 -1.264
2 382 16.15 25.5 70.4 . 503 -.839
3 415 17.54 47.0 52.9 .755 -.413
o B 4 "~ 391 16.53 63.5 3644 1.006 011
5 303 12.81 764 23.5 1258 436
A 237 10.02 86.4 13.5 1.510 .861
7 132 5.58 92.0. "7.9 1.761 1.287
8 84 "3.55 95.5 4.4 2.013 1.712
9 52 2419 97.7 2.2  2.265 2.137
N N 10 20 .84 98.6 - 1,3 2.516 2562 L
11 19 .80 99.4 .5 2.768 2. 988
12 8 +33 99.7 .2 3.020 3.413
13 & J16 ¢ 99.9- .0 3,271 . 3.838
T4 2 .08 IC0.0 ) 4.263
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THE RECORDINGS COLLECTION (=DESK & SHELVES) AS STO RAGE

STORAGE CAPACITY AVERAGE AVERAGE ENTRIES AV ERAGE "CURRENT MA XIMUM
CONTENTS UTILIZATION TIME/TRAN CONT ENTS CONTENTS . )
11 150 5.364 .035 5421 ™

“3.583 1 23

TRANSIT TIMES THROUGH REC. COLL. (MIN.) y {=DESK & SHELVES)

TABLE TAB9

ENTRIES IN TABLE SUM OF ARGUMENTS

MEAN ARGUMENT STANDARD DEVIATION

NDON-WEIGHTED

B 5420 3.563 : 4,441 19314.000 o
UPPER GBSERVED PER CENT CUMUL ATIVE CUMULATIVE MULTIPLE . DEVIATION
LIMIT FREQUENCY OF TOTAL PERCENTAGE REMAINDER OF MEAN FROM MEAN
1 2039 37.61 "37.6 T 62.3 280 =577
2 877 16.18 53.8" 46,1 .561 -+35?2
) 3 670 12.36 66,1 "33.8 .841 -.126
T 4 A 524 9.66 75.8 2441 1.122 .098 -
5 ' 277 5.11 . 80.9 19.0 1.403 «323
6 198 3,65 84.5 15.4 "'1.683 548
7 153 282 87.4 12.5 1.96% <773
8 121 2.23 89 .6 - 10.3 24245 .998
o 9 84 l.54 91.1 8.8 2.525 1.224
10 ‘ 87 1.60 92.8 7.1 2.806 1449
11 93, 1.71 94 .5 5.4 3.086 1.674
12 49 .90 95,4 4,5 T 3.367 1.899
13 49 .90 T6.3 3.6 3.648 2.124
14 . 30 .55 96,8 3.1 3.928 2.349
o 15 18 ¢33 97.2 2.7 44209 2.574 o
16 17 .31 97.5 2.4 4.490 2.800
17 . 17 .31 $7.8 2.1 4.770 3.025
18 13 .23 98.0 1.9 5.051 3.250
19 12 .22 98.3 I.6 5.331 3.475
20 -9 - .16 98. 4 1.5 5.612 3.700
B 21 13 .23 98.7 1.2 5.893 3,925 N
22 14 .25 "98.9 . 1.0 6.173 T 4,151
23 . 4 .C7 59,0 .9 6.454 44376
24 9. .16 99.2 .7 6e 735 4,601
25 A .07 39.7 o7 7.015 %.826
26 6 .11 99,3 .6 7.296 '5+051
- 27 5 .09 . 99.4 .5 7.576 © 5,276 o
o 28 ) .14 99.6 .3 7.857 5.501 -
29 7 .12 99.7 .2 8.138 5,727
30 8 14 99.9 .0 8.418 5.952
31 ) . 09 100.0 N¢) B699 6177

REMAINING FREQUENCIES ARE ALL ZERC
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CCCUPANCY OF RECORD. COLLECT. (=DESK & SHELVES)

TABLE TAB1O

ENTRIES IN TABLE MEAN ARGUMENT STANDARD DEVIATION SUM OF ARGUMENTS - )
5420 . 5.897 ~ 3.585 3156%. 000 NON-WETIGHTED R

A UPPER _OBSERVED PER CENT CUMULATIVE ‘CUMULATIVE MULTIPLE DEV IATION

LIMIT FREQUENCY aF TOTAL PERCENTAGE REMATNDER OF MEAN FROM MEAN T
0 88 1.62 1.6 98.3 -.000 ~1.644
1 298 5.49 7.1 92.8 169 -1.365
2 505 .31 16.4 83.5 2339 =1.086
3 €31 11.64 28.0 71.9 .508 - .807

o _ 4 713 13.15 41,2 58,7 <678 ~-.529 'w

5 597 11.01 52.2 7.7 . 847 -.250
6 587 10.83 63.0 36.9 1.017 .028
7 487 8.98 72.0 27.9 1.186 .307
B 373 6.88 78.9 21.0 1.356 .586
9 301 5.55 84.5 15.4 1.526 +865

- 10 214 3.94 88.4 11.5 1.695 1+144 o
11 183 3,37 91.8 8.1 1.865 1.422
12 136 2.50 94,3 5.6 2.034 1.701
13 101 1.86 96.1 3.8 2.204 1.980
14 75 .38 I7.5 2.4 2.3713 2.259
15 49 .90 98.4 1.5 2.543 - 2.538

e 16 37 .68 99.1 .8 2.713 2.817 S
' 17 19 .35 99.5 A 2.882 3.096
18 11 .20 99.7 .2 3.052 3,375
19 4 .07 99.7 .2 3.221 3.653
20 5 .09 99.8 .1 3.391 3.932
21 2 .03 99.9 .0 3.560 4.211

22 : 4 .07 100.0 .0 3.730 4.490 )

REMAINING FREQUENCIES ARE ALL ZERD
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THE LISTENING ROCM AS STORAGE

AVERAGE

STORAGE CAPACITY AVERAGE ENTRIES AVERAGE CURRENT . MAXIMUM
S CCGNTENTS UTILI1ZATION TIME/TRAN CONTENTS CONTENTS )
40 73 15. 891 690 1273 44,953 19 73 <
LISTENING ROOM INTERARRIVAL TIMES (MIN.)
TABLE TABII _ ,
ENTRIES IN TABLE MEAN ARGUMENT STANDARD DEVIATION SUM OF ARGUMENTS
) 1253 2.845 2.976 3565.000 NON-WEIGHTED
UPPER OBSERVED PER CENT CUMULATIVE CUMULATIVE MULTIPLE DEVIATION
LIMIT FREQUENCY OF TOTAL PERCENTAGE REMAINDER OF MEAN FROM MEAN
1 512 40.86 0.8 59.1 2351 =, 5619
2 218 17.39 58,2 41.7 - . 702 -.283
3 163 13.00 71.2 28.7 1.054 .052 ,
4 97 T.74% 79.0 20.9 1.405 . 387 T
5 85 6.78 85.7 14.2 : 1.757 .723
6 53 4.22 90.0 9,9 : 2.108 1.059
7 40 3.19 93,27 6.7 7460 1.395
8 21 l1.67 94,8 5.1 2.811 1.731
- 9 20 1.59 96.4 3.5 3.163 2.067
T 10 15 1.19 97.6 2.3 3.514 2.403 h
11 8 .63 98.3 1.6 3,866 2.739
12 6 47 98.8 1.1 4,217 3.075
I3 5 739 99.2 .7 %.569 3.411
14 3 .23 99.4 .5 4,920 3.747
15 0 .00 99,4 .5 5.272 4,083
"""" - 16 2 .15 99.6 .3 5.623 4.419 T
17 0 .00 £ 99,6 .3 , 5.675 4,755
18 1 .07 99.6 .3 | 6+326 5.091
19 T .07 599. 7 .2 6.6717 5.427
20 1 .07 99.8 .1 7.029 5.763
21 0 .00 99.8 .1 7.380 6.099 ,
22 0 .00 99.8 .1 7.732 6.435 a
23 0 .00 99.8 .1 8.083 6.771
24 1 .07 99.9 .0 8.435 7.107 !
Z5 U .00 99.9 ) 8. 786 7.443
26 0 .00 99,9 .0 9.138 7.779
27 0 .00 . 99.9 .0 9.489 8¢115
’“” 28 0 .00 39.9 .0 9.841 8.450 T
29 0 .00 959.9 .0 10.192 8. 786
OVERFLOW 1 .07 100.0 .0
AVERAGE VALUE OF CUVERFLOUW 34,00
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NUMBER OF ARRIVALS TO

TABLE TABl2

LIST. ROOM/10 MIN

STANDARD DEVIATION

SUM

OF ARGUMENTS

ENTRIES IN TABLE MEAN ARGUMENT : D
360 3477 I.914 1252.000 NON-WEIGHTED 3
_UPPER OBSERVED __ PER CENT CUMULATIVE CUMULATIVE MULTIPLE DEVIATION L
LIMIT FREQUENCY OF TOTAL PERCENTAGE REMATINDER OF MEAN FROM MEAN B
0 20 '5.55 5.5 94.4 -.000 -1.816
1 33 9.16 14.7 85 .2 .287 ~1.294
2 66 18.33 33.0 66.9 2575 =772
3 70 19.44 524 47.5 .862 -+249
~ 4 67 18.61 71.1 28.8 1.150 £272
- - 5 49 13,61 84,7 15.2 1.437 .795 -
6 33 9.16 93.8 6.1 1.725 1.317
7 12 3.33 97.2 2.7 2.012 1.840
8 8 2.22 99 .4 .5 2.300 2.362
9 2 +55 100.0 .0 2.587 2.885

_REMAINING FREQUENCIES

ARE ALL ZERD
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LIST. ROCM SERVICE TIMES (MIN.)

TABLE TAB13
ENTRIES IN TABLE

MEAN ARGUMENT

STANDARD DEVIATION

SUM OF ARGUMENTS

1254 45,206 35.625 56689 .,000 NUN-WETIGHTED . <
UPPER- . OBSERVED PER CENT CUMULATIVE CUMULATIVE MULTIPLE DEVIATION
LTMIT FREQUENCY OF TOTAL PERCENTAGE REMATNDER OF MEAN FROM MEAN T
0 7 .55 .5 99.4 -.000 -1.268
5 . 57 4,54 5.1 94,8 .110 -1.128
10 71 5.66 10.7 89,2 G221 -.988
15 84 6.69 17.4. 82.5 «331 -+ 847
20 95 7.57 25.0 T74.9 442 -.707
R 25 104 8.29 33,3 66,6 .553 =567 i
30 105 8.37 41.7 58.2 . 663 -e426
35 80 6.37 48.0 51.9 T4 -.286
40 66 5:.26 53,3 %%6.56 . 884 =.145
45 94 7 .49 60.8 39.1 .995 -.005
50 90 7.17 68.0 31.9 1.106 .134
- o 55 67 5.34 73.3 26.6 1.216 274 o
60 48 3.82 77.1 22.8 1.327 415
65 43 3.42 80.6 19.3 1.437 .555
70 78 7.23 87.8 I7.1 I.548 <595
75 ' 24 1.91 84.7 15.2 1.659 -+ B36
80 19 " 1.51" 8642 13.7 1.769 976
T 85 26 2.07 88,3 11.6 1.880 1.117 B
90 15 1.19 89.5 10.4 1.990 1.257
95 ' 17 1.35. 90.9 9.0 2.101 1.397
100 - 12 .95 91.8 8.1 7+ 212 I.538
105 _ 7 .55 92 .4 7.5 2.322 1.678
110 7 .55 92.9 . 7.0 2.433 1.818
o 115 11 .87 93.8 6.1 2.543 1.959 T
120 13 1.03 94,8 S.1 2.654% 2.099
125 13 1.03 95,9 4,0 2.765 2.239
130 6 T 06 .4 3.5 2.875 2. 380
135 1 .07 " 96.4 3.5 2.986 2.520
140 3 .23 96,7 3.2 - 3.096 2.660
B 145 5 .39 97.1 2.8 "3.207 - 2.801
150 4 .31 97.4 2.5 3.318 2.941
155 4 .31 97.7 2.2 3.428 3,081
160 [ 4T 98,2 T.7 3.539 3222
165 2 .15 98. 4 1.5 T 3.649 34362
170 . 6 A 98.8 1.1 3,760 3,502
- 175 A .31 99.72 .7 3.871 3.643 o
180 0 .00 99,2 W7 3.981 3.783
185 4 .31 99.5 A 4,092 3,924
) 190 [2) N 100.0 « U 4202 4,064
REMAINING FREQUENCIES ARE ALL ZERQ
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CCCUPANCY OF LIST. ROGQM

TABLE TABl4

ENTRIES IN TABLE MEAN ARGUMENT

STANDARD DEVIATION

SUM OF ARGUMENTS

A

NON=WETGHTED

1254 15.705 3.382 15695.000
UPPER OBSERVED " PER CENT CUMULATIVE CUMULATIVE MULTIPLE DEV IATION
LIMIT FREQUENCY CF TOTAL PERCENTAGE REMATINDER OF MEAN FROM MEAN T
0 0 .00 : .0 100.0 -.000 -4.642
1 0 .00 .0 100.0 . 063 -4.347
2 0 .00 .0 100.0 .127 -%4,051
3 0 .00 .0 100.0 .191 -3.755
o 4 1 .07 .0 99.9 2254 -3.460 e

5 1 .07 .1 99.8 .318. -3.164 T
6 4 .31 A 99.5 . .382 -2.869
7 8 .63 l.1 98.8 . 445 -2.573
8 13 1.03 2.1 ~97.8 <509 =2.277
9 23 1.83 3.9 96 .0 .573 -1.982
o 10 35 2.79 6.7 93,2 . 636 -1.686

11 50 3.98 10.7 89,2 .700 - -1.391 T
12 77 belbh 16.9 83,0 764 -1.095
13 113 9.01 25.9 T4.0 . 827 -.799
14 121 9. 64 35.5 64 .4 B9 . -.504
15 145 11.56 47.1 52.8 .955 ~+208

o 16 138 11.00° 581 41,8 1.018 . 086 o
17 128 - 10.20 68.3 31 .6 1.082 +382
18 129 10.28 78.6 21.3 1.146 678
19 86 6.85 85 .4 14.5 1.209 973
20 75 .06 9I.5 84 1.273 1.269
21 59 4.70 96,2 3.7 1.337 1.565
22 . 47 3.74 100.0 .0 1.400 1.860

REMATNING FREQUENCIES ARE ALL ZERD -
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THE RESERV. LISTENING ROCM AS STORAGE

STORAGE CAPACITY AVERAGE AVERAGE ENTRIES AVERAGE CURRENT MAX IMUM
CONTENTS UTILIZATION ' TIME/TRAN CONTENTS CONTENTS )
| 23 .690 . 030 5% 46.07% g <
OCCUPANCY OF RESERVE LIST. RCOM
TABLE TABLY _
ENTRIES IN TABLE . MEAN ARGUMENT STANDARD DEVIATIDN ‘SUM OF ARGUMENTS : ,
- 54 2.388 2.191 : 129.000 NON-WEIGHTED
UPPER OBRSERVED PER CENT CUMULATIVE CUMULATIVE MULTIPLE. DEVIATION
LIMIT FREQUENCY - OF TOTAL PERCENTAGE REMAINDER OF MEAN FROM MEAN
) 14 25.92 : 25.9 74.0 -.000 =1.090
1 11 20.37 46,2 53.7 418 -.633
2 6 11.11 57 .4 42.5 .837 -. 177
T 3 5 g.25 6646 33,3 1.255 .278 T
4 7 12.96 79.6 20.3 1.674 735
5 6 11.11 90.7 S.2 2.093 1.191
5 3 ~5.55 9642 P 3.7 Z.511 1.6%47
7 1 1.85 98.1 1.8 2.930 2.104
8 1 1.85 100.0 .0 3.348 2.560 o

TTREMAINING FREQUENCIES ARE ALL ZERO
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THE SYSTEM AS STORAGE

ENTRIES

AVERAGE CURRENT

STORAGE CAPACITY AVERAGE AVERAGE MAXIMUM
CONTENTS UTILIZATION 7 TIME/TRAN CONTENTS CONT ENTS
i0 200 »109 3212 . 24.604 20 45

21.546

SYSTEM TRANSIT TIMES (MIN.) (=SERVICE & WAIT. TIME

)

N

TABLE TABLS

MEAN ARG

UMENT

"REMAINING FREQUENCIES ARE ALL ZERO

ENTRIES IN TABLE STANDARD DEV IATION SUM .OF ARGUMENTS
- 3192 4,273 13.207 13642 .000 NON-WEIGHTED o
UPPER OBSERVED PER CENT CUMULATIVE CUMULATIVE MULTIPLE DEVIATION
LIMIT FREQUENCY OF TOTAL PERCENTAGE REMAINDER OF MEAN FROM MEAN
0 897 28.10 28.1 71.8 -.000 -.323
5 " 1882 58.95 87.0 12.9 1.169 . 054
e 10 T 224 7.01 94,0 5.9 2339  «433
15 51 1.59 95.6 4,3 3. 509 .812 o
20 20 e 62 96.3 3.6 4.679 1.190
25 15 . 46 96.7 3.2 5.849 1.569
30 IS .59 97.3 2.6 7.015 1-947
35 10 .31 97 .6 2.3 8.189 2.326
o 40 8 .25 97.9 2.0 9,359 2.705 _
45 - 11 .34 G8.2 1.7 10.529 3,083
50 4 .12 98 .4 1.5 11.699 3,462
55 11 .34 98.7 1.2 12.869 3,840
60 8 .25 98.9 — 1.0 14.038 4,219
65 3 .09 99.0 .9 15.208 4,598
70 2 .06 99.1 .8 16.378 4,976 B
75 2 .06 99.2 .7 17.548 5355
80 "3 .09 99.3 .6 18.718 5.733
85 4 .12 99 .4 .5 19. 888 64112
90 ) .00 99 .4 .5 21.058 6<490
95 2 .06 99,4 .5 22.228 6 .869
100 1 .03 99.5 o4 23.398 T7.248 B
105 2 . 06 99.5 A 24.568 7.626
110 0 .00 99.5 A 25.738 8.005
115 1 .03 99,6 .3 26.908 8.383
120 ? .06 99.6 .3 28.077 B.762
125 1 .03 99.7 .2 29.247 9.141
130 O .00 99.7 o2 30.417 9.519
135 0 .00 99,7 .2 31.587 9.898 i
140 1 .03 99.7 .2 32.757 10.276
145 0 . .00 99 .7 o2 33.927 10.655
150 1 .03 99.7 o2 35.097 11.033
155 1 .03 99.8 o1 36267 11.412
6D 1 .03 99.8 .1 37.437 11.791 o
165 0 .00 99.8 .1 38.607 12.169
170 0- .00 99.8 .1 139,777 12.548
175 0 .00 99.8 .1 40.947 12.926
180 0 .00 99.8 o1 42,116 ~13.305
185 2 .06 99,9 .0 43,286 13,684
190 3 .09 100.0 .0 44,456 14,062 T
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OCCUPANCY OF SYSTEM (=DESK,SHELVES,LIST. RCOM)

TABLE TAEBL6

ENTRIES IN TABLE MEAN ARGUMENT STANDARD DEVIATION SUM OF ARGUMENTS )
3192 22.597 5.921 7213Z.000 NON=WE IGHTED <
UPPER- OBSERVED PER CENT CUMULATIVE CUMULATIVE __MULTIPLE . DEVIATION
LIMIT FREQUENCY OF TOTAL PERCENTAGE REMATNDER ~ OF MEAN FROM MEAN
0 0 .00 .0 ©100.0 -.000 © -3.815
2 0 .00 .0 100.0 .088 -3.478
& 3 .09 0 59.9 17T -3.140
6 » 6 ' .18 .2 99.7 .265 -2.802
8 6 .18 ' o4 99.5 .354 ~2.465
10 16 .50 . .9 ~99.0 442 -2.127
12 ' 62 1.94 2.9 97.0 .531 -1.789
14 106 3.32 6.2 93.7 .619 ~1.451
16 230 ~7.20 13.4 86.5 .708 : -T.11%
18 345 10.80 ‘ 2442 , 75.7 . 796 -.776
“““““ 20 . 461 14.44 38.6 ' 61.3 +885 - -.438
22 A 458 . 14.34 53.0 46,9 - . 973 -.100
: 24 : 441 13.81 66.8 . 33.1 . 1.062 236
26 ’ 358 11.21 78.0 21.9 1.150 574
28 213 6.67 B4.7 15.2 1.239 T W912
30 153 4.79 89.5 10.4 1.327 1.249
_ 32 112 - 3.50 93.0 6.9 1.416 1.587
34 89 2.78 95.8 4.1 1.504 1.925
36 61 1.91 97.7 2.2 1.593 2.263
38 51 1.59 99.3 .6 1,681 2.600
%0 IS5, - 46 9.8 , .1 1.770. 2.938
42 . 4 B ¥ . 99.9 .0 1.858 : - 3.276
44 2 . .06 100.0 .0 - 1.947 _3.614

REMAINING FREQUENCIES ARE ALL ZERC
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3t

END

CPU TIME USED:

ASSEMBLY: 3.173 SECCGNDS

EXECUT ION: 64.841 SECONDS

_EXECUTION TERMINATED

$SIGNCFF




17-30-70

RFS NO. 771083 UNIVERSITY OF B C COMPUTING CENTRE MTS (AN120) 00:12:48 B
/
<

USER: WULI
DEPARTMENT: COMM
TEEE UON Al 00:12:49
*%%% OFF AT 00:14:23
#¥k%%x ELAPSED TIME 94,136 SEC. - )
*%%k% CPU TIME USED 71.257 SEC.
#%%k% STORAGE USED 4437.03 PAGE-SEC.
*%%% CARDS READ 406
FX%FF LINES PRINTED 9412
*%%%x PAGES PRINTED 280
%%k CARDS PUNCHED 0 B
B x%%% DRUM READS -5
*%%% RATE FACTOR 0.6
*%%% APPROX. .COST OF THIS RUN C$12.22
x%%% FILE STORAGE 0 PG-HR. . 00
%% AST SIGNON WAS: 10:54:13 12-29-70
MM MMM MMMMM TITTTITITIT AT ITITITITTIAITNT . SSSSSSSSS
MMMM MM MMMMMM TTTTTTTITTITITTTITTITITTITITIINT SSSSSSSSSSSSS
MMMMMMM MMMMMMM TTTTTYITTTTTITITITTITITTITINY $555555555555555SS e
' MMVMMMMM MMMMMMMM ' CITTITT SSSSSS SSSSSSS ’ o
MMMMMMMMM MMMMMMMMM TTTTY $SSSS SSSSS
MMNMMMMMMM MMMMMMMMMM TTTTT SSSSS
FMEMF FMFEMF FEFMMM MMMMM IRARAI $5555S
MMMMM - MMMMM  MMMMM  MMMMM TTTTT SSS5555S5SSSSS
MMMMM . MMMMM MMMMM MM MMM TYTTTY SSSSS5SSSSSSS B
MMMM M MEMNEMMMMMMM MMMMM TTTTT SSSSSS5SSSSSSS
MMMM M MM MMMM MMM MMMMM TTTTT S55SSSS
MM MMM M MMMMMM - MMMMM TTITT $5SSS
MMMM™ PV MMM MMM TITTT 55555
MMMMM MMM MMMMM TTTTY $SSSS S$S5SSS
MMMMM . MM MMM TTTTY $S555SS $SSSSSS
MMMM M MMMMM TTITT SSSSSSSSSSSSSSSSS -
“MMMMM MMMMM TTTTT $SSSSS5SS8SSSSS h
MMMMM MMMMM TTITTT SSSSSSSSS )




RFS NO. 771184

UNIVERSITY OF B C COMPUTING CENTRE - MTS{AN120)

ook ok kA kRt THIS JOB, SUBMITTED THROUGH FRONT DESK READER ¥k dckioiskiokskfhs ik

$SIGNON wWULI T

150 P=400 PRIO=V CCPIES=4
2% AST SIGNGN WAS: 00:28:20

12-30-70

00:141:42

12-31-70

©

USER "WULI" SIGNED UN AT
$RUN *STATUS PAR=FULL
EXECUT ION BEGINS

00:41:44 CN 12-31-70

A

STATUS OF WULI AT LAST SIGNOFF - USED MAXIMUM REMAINING
CUMULATIVE CHARGE (%) 106.87 . 150.00 43.13
CURRENT DISK SPACE {PAGES) 0 50 50
CURRENT CELL SPACE (PAGES) : 0 100 100
CUMULATIVE MEMORY--CPU {PG-HR) 5.91 ' '
CUMULATIVE MEMORY--WAIT {PG-HR) 3.60

CUMULATIVE CPU TIME - {HR) “0.11

CUMULATIVE LINES PRINTED ' ' 49611

CUMULATIVE PAGES PRINTED 1643

CUMULATIVE CARDS READ 8811

BATCH SESSIONS - 28

EXPIRATION DATE AND TIME:

05-31-71 24:00.00

EXECUTION TERMINATED

$RUN *GPSS PAR=SIZE=8
EXECUTION BEGINS




GPSS/360/MTS “VERSION (4/8/13) AN
BLOCK : : CARD
NUMBER  *L0CC OPERATION AyB,CyDyE4F,6 , COMMENTS NUMBER

SIMULATE 1

* SIMULATICN OF UBC.RECCRDINGS COLLECTION BY JOHANNES KRAMAR 2 y

* 3 ™\

* FUNCTICN DEFINITIONS 4

k- . : X 5

% SYSTEM ARRIVAL TIME EXPONENTIALLY DISTRIBUTED - o 6

"ARRIV FUNCTION RN1,C24 NEG. EXP. DISTR.,MEAN=1MIN, 7

00090e0/¢19e6104/02302227e¢33.3557043.509/2549.69/:e693.915/.741.2/ o 8

e 7591 3872891 .6/ 84714837 08812412/ 2912¢3/49212e52/+9412.817.9542.995 9

0 9643.2/.9793.5/.98,3.9/.99,4.6/.995,5.3/.99846.2/.99917.0/.9997,8.0 10

% S ' , _ S ‘ 11

% DESK SERVICE TIME EXPCNENTIALLY DISTRIBUTED 12

DESK FUNCTION ™ RN1,C24 NEG, EXP. DISTR. 13

0009040/ 01920104/0230222/234 2355/ 0b92509705y2.69/069.915/0Tv1e2/ 14

e 753 1e387e831e67284411e83728872 0127 2942437 921252796, 2.817.95,2.99 15

<96y 3. 2/.97,3;5/.98,3.9/.99,4.6/.995y5.3/;99816.2/;99997.0/.9997,8.O 16

% L 17

% SHELF SERVICE TIME EXPONENTIALLY DISTRIBUTED 18

SHELF FUNCTION RN1,C23 NEG. EXP. DISTR. . 19

0001000/ 215414840/ 28115250/ 2390, 2420/ 4483, .580/.562,.750/4629,.92/ 20

w6854 1.08/4733,1.257411491.42/.808+1. 597.837,1.757.86251.92 21

+883,2.08/.9,2.25/ 22

v916492.42/.927+2 .58/ .937, 2.75/.946,2.92/.953,3.08/.959,3.25 23

296433.42/1.0,5.27 24

* ‘ : , 25

% LISTENING ROCM SERVICE TIME GENERALLY DISTRIBUTED 26

TIST FUNCTIUN RNI,C25 . GEN. DISTRIBUTION 27

009040/ 0244 .063/.071,.187/.1313.312/.2059.437/.2891.563/.366,.690/ 28,

e4369.820/04583.940/.556491.067.62341.18/.699,131/.75441.44/.786,1,.56/ 29

-814,1.69/.83691.,81/.855,1.94/.87242.06/.888,2.18/.90342.31/.917,2.44/ 30

+92742.55/.96213..19/ .989 , AR 20/1 00,4.820 ~ 31

* 32

% STORAGE DEFINTTIONS , 33

100 °©  STORAGE 200 ' ) DEFINE SIZE OF SYSTEM,S STORAGE 34
11 STORAGE" 150 . DEFINE -SIZE OF REC. COLL. 35
30  STORAGE 100 DEFINE SIZE OF STOR. 30 36
40 . STORAGE 23 ‘ : DEFINE SIZE OF STOR. 40 37
41 STORAGE 23 . _ DEFINE SIZE OF STOR.: 41 28
% TABLE DEFINITIONS , - A 39
~ TAB1 TABLE IAs1+1,20 INTERARRIVAL TIME 40
TAB2 TABLE RT,0,1,30410 ARRIVAL RATE 41
TAB3 TABLE M1,1s1430 -TRANSIT TIME TABLE 42
TAB4 QTABLE 2,0,1,30 UNITS IN QUE. 43
TAB5 TABLE IA,1,1,+30 INTERARRIVAL TIME SHELVES 44
TABG TABLE RT,0,1+720,10 ARRIVAL RATE 45
TAB7 TABLE Mlylysl,60 TRANSIT TIME ‘ 46
TAB8 TABLE S$S30, 04 1440 STOR. 30 QCCUPANCY 47
TABS TABLE Ml ,1,1,60 TRANS. TIME SERVI 48
TAB10 TABLE S11,0,1,60 STORAGE 11 GQCCUPANCY 49
TAB11 TABLE IAy1,1,30 INTERARR., TIME FAC. 40 50
TABIZ TABLE RT+0,1 415410 [ARRIVALS FAC. 40 51
TAB13 TABLE M1,0,5,60 TRANS. TIME FAC. 40 52
TAB14 TABLE S40,0451426 STORE 40 GCCUPANCY 53
TAB15 TABLE M1,0,2,80 TRANS. TIME IN SYSTEM 54
TABl6 TABLE S10,042,60 SYST. DOCCUPANCY 55
TARL17 TABLE $4140,1 426 STOR. 41 QOCCUPANCY 56 )




#

SEIZE

OCC. DESK.SERV. 1

57 )
* GPSS PROGRAM 58
- o _ ‘ 5 59
1 . GENERATE 1y FNSARRIV ARRIVALS TO SYSTEM 60
2 ENTER 10 - CUM. STOR. SYSTEM 61
L3 C TRANSFER  .36,5TG3,ST62 GO TO 3 °0R 2 . 62 )
% STGZ MARK SET TRANS, TIME = O 53 R
-5 ENTER 11 CUM. STORE RC. 64
6 - QUEUE 2 . JOIN QUE. 2 65
7 " GATE NU 14SER2 ‘ 66
8 SER1 1

67




GPS5/360/MTS

VERSION (4/8/13) A
9 DEPART 2 LEAVE QUE. 2 68
10 ADVANCE "1, FN$DESK DESK SERVICE 69
11 RELEASE 1 RELEASE DESK SERV. 1 70
12 TRANSFER’ , THWO - 71 )
13 SERZ LINK 7 FIFO,RESZ LINK USER CHAIN 2 72 A
14 RES2 SEIZE 2 -DCC. DESK SERV. 2 73
15 - DEPART 2 LEAVE QUE. 2 74
16 ADVANCE 1, FN$DESK DESK SERVICE 75
17 _ RELEASE 2 RELEASE DESK 76
18 TWO UNLINK ‘24SER12,1. UNLINK USER CHAIN 2 77
19 TRANSFER s ONE 78
20 SER12 GATE NU  1,4RES2 79
21 TRANSFER y SER1 80
22 ONE TABULATE TAB1 ' T ' 81
23 ‘ TABULATE TAB2 CTAB., ARRIVALS 82
24 TABULATE TAB3 TAB. TRANS. TIME 83
25 LEAVE 11 R 84
26 TABULATE TABS 85
27 TABULATE TAB1O : 86
28 ASSIGN. 2+K1 _ SET PI 10O 1 87
29 TEST LE ' C14K3600,FINE TEST TIME- 88
30 TEST E P3,K1yGEH2 89
3T TEST E P4 ,K1,GEH3 90
32 TRANSFER WEXIT 91
33 GEH2 TEST E P4, K1y, GEH4 92
34 T " TRANSFER 153STG3,EXIT 93
35 - GEH3 TRANSFER .96, STG4,EXIT 94
36 GEH4 - TRANSFER .73, GEHS,EXIT 95
37 — GEHS TRANSFER I1,57G3,351G4 95
38 STG3 MARK o , 97
39 ' ENTER 11 CuUM. STORE RC. 98
40 ENTER 30 ENTER STOR. 30 99
4] ADVANCE 6y FNSSHELF SHELF SERVICE TIME 100
42 LEAVE 30 ' . LEAVE STOR. 30 101
43 . TABULATE TAB5 INTERARRIVAL TIME 102
44 " TABULATE TABS ARRIVAL RATE 103
45 TABULATE TABY TRANSIT. TIME 104
46 TABULATE TABS " STORE, SHELVES QCCUPANCY 105
47 LEAVE 11 LEAVE STORE 11 106
48 TABULATE TAB9 ' 107
49 - TABULATE TABIO STURE RECORD. COLLECT. 108
50 - ASSIGN 3,K1 "SET P2 TO 1 . 109
51 TEST LE C1l,K3600,FINE TEST TIME 110
52 TEST E PZ 4y K1,GEH7 ‘ 111
53 - TEST E P4,K1,GEHS 112
54 TRANS FER JEXIT ' 113
55 GEHA7 TEST E P4 ,KL, GEHT I1%
56 TRANSFER «28ySTG2,EXIT 115
57 GEH8 TRANSFER 22y STG4yEXIT 116
58 GEH9 TRANSFER «14,yGEHLOy EXIT 117
59 GEH10 TRANSFER +58,5762,57G4 118
60 STG4 MARK ' 119
61 GATE SNF 40,0FLOW _ 120
62 ENTER 40 ENTER STOR. 40

121




GPSS/360/MTS

VERSION (4/8/13)

A
63 ADVANCE 40, FNSLIST LIST. ROOM SERVICE TIME 122
64 LEAVE 40 LEAVE STORAGE 40 123
65 TABULATE TABL1 INTER ARRIVAL TIME FAC 4 124
66 TABULATE  TABL?2 ARRIVAL RATE FAC. 4 125 y
I TABULATE  TABL3 TRANSIT TIME FAC. & 126 3
68 TABULATE  TABl4 STORE. 40 OCCUPANCY 127
69 TRANSFER ,BEIDE : 128
70 OFLOW ENTER 41 , , ' 129
71 ADVANCE 40, FN$LIST LIST. ROOM SERVICE TIME 130
72 LEAVE 41 . . > 131
73 TABULATE  TABL7 OCCUP. OF RESERV. LIST. ROOM 132
74 TRANSFER  ,BEIDE : 133
75 BEIDE ASSIGN 4,K1 SET P4 TO 1 134
76 TEST E P3,K1,GEHIT 135
77 TRANS FER .06, STG2,EXIT o " 136
78 GEH11 TEST LE Cl,K3600,F INE TEST TIME 137
79 : TEST E P2,KI,GEHI 3 ' : 138
80 "TRANSFER  .38,STG3,EXIT 139
81 GEH13 TRANSFER  .08,GEHL4,EXIT 140
82 GEH14 TRANSFER v 14,5162,S1G3 - B 141
83 EXIT . LEAVE 10 ' LEAVE SYST. STOR. 142
84 TABULATE  TABLS TRANS. TIME IN SYSTEM 143
85 "TABULATE  TABL6 SYSTEM OCCUPANCY 14%
86 "TERMINATE : _ - . 145
87 FINE LEAVE 10 LEAVE SYST. STOR. 146
88 TABULATE . TAB1S TRANS. TIME.IN SYSTEM 147
89 TABULATE  TAB16 SYSTEM QCCUPANCY 148
90 TERMINATE 1 . ' 149
¥ CONTROL CARD 150
START 1 151
e : 152
REPORT 153
 EJECT S | - 154
FAC  TITLE 17 STATISTICS CONCERNING THE INFORMATION DESK,SERV.1 155
— SPACE 3 - 156
FAC® TITLE .29 STATISTICS CONCERNING THE INFORMATION DESKySERV.2 157
, SPACE 3. ‘ . - - ' 158
"QUE  TITLE 2, STATISTICS CONCERNING THE DESK QUEUE 159
_ SPACE 3 o L ' 160
CHA  TITLE 2, STATISTICS CCGNCERNING THE DESK USER CHAIN 16l
EJECT , 162
TAB  TITLE ~1,DESK INTERARRIVAL TIMES (MIN.) 163
~ EJECT : : 164
% 165
% GRAPH 166
GRAPH TP, TAB1L 167
ORIGIN 507 10 168
X 129134141,8 169
Y 0y4,20,2 170
7 STATEMENT 4, 1, % ‘ 171
100"  STATEMENT 5249249 INTERARRIVAL TIME (MIN.) . : 172
10 STATEMENT 55,46,FIGURE 1: REL. FREQUENCY OF INTERARRIVAL TIMES 173
ENDGRAPH 174
* 175




VERSION (4/8/13)

100 STATEMENT

521243 INTERARRIVAL TIME (MIN.)

GPSS/360/MTS A
TAB TITLE 2y NUMBER OF ARRIVALS TO DESK/10 MIN. 176
EJECT : . ’ 177
* 178
* GRAPH 179 )
GRAPH TP, TABZ 180 N
ORIGIN 50,10 181
X 12+2:0,51,30 182
Y 0+1,21,2 183
T STATEMENT 4,1,% 184
160 STATEMENT 52+20s ARRIVAL RATE/10 MIN. 185
10 STATEMENT 55464,FIGURE 2: REL., FREQUENCY OF ARRIVALS TG INF. DEL 186 .
SK DURING 10 MIN. : 187
' ENDGRAPH 188
* o N . ' . 189
TAB ~ TITLE 3,DESK TRANSIT TIMES (MIN.) (=WAIT. & SERVICE TIME) 190
EJECT . 191
3 ] 192
* GRAPH 193
GRAPH TpP,TAB3 194
. DRIGIN. .~ 50,10 195
X 11141111,8 196
v Y 0:3420,2 197
7 STATEMENT 491+% C ' oo : 198
100 STATEMENT 52v191TRANSIT TIME {MIN.) . : 199
10 "STATEMENT 55,60,FIGURE 3: REL. FREQUENCY OF TRANST TIMES AT INF1 200
CORMATION DESK ’ R -201
ENDGRAPH 202
% _ . : R _ 203
TAB TITLE 4y NUMBER QOF JUBS WAITING FOR SERVICE AT DESK 204
EJECT ' I . v . 205
# _ 206
* GRAPH 207
GRAPH TP,TAB4 208
ORIGIN 50,10 _ 209
X 12+13,0,1,8 210
7 STATEMENT - 4,41,% 212
100 STATEMENT 52+13,J0BS -IN QUEUE : : 213
10_. STATEMENT 55,72,FIGURE 4: REL. FREQUENCY OF JDOBS WAITING FOR SE1 214
RVICE AT INFORMATION DESK 215
ENDGR APH 216
* : 217
STO TITLE 30, THE SHELVES AS STORAGE 218
: SPACE 3 : ’ 219
TAB TITLE - 54SHELF INTERARRIVAL TIMES (MIN,) 220
i EJECT. 221
, 727
* GRAPH- 223
: GRAPH TP ,TABS 224
ORIGIN 50,10 » 225
X 12918,1,1,6 226
Y 0+4420,2 227
A STATEMENT 4y 19 % 228
229




GPSS/360/MTS VERSION (4/8/13) A )
10 STATEMENT 55,46,FIGURE 5: REL. FREQUENCY OF INTERARRIVAL TIMES 230
ENDGRAPH ' 231
* . . . : 232
‘TAB TITLE 6y NUMBER OF ‘ARRIVALS TO SHELVES/10 MIN, 233 )
EJECT 234 N
* GRAPH 235 ‘
GRAPH TP,TABG6 236
ORIGIN 50,10 237
X 12949041520 238
Y 04y14920,2 239
7 - STATEMENT 441,% B 240
100 - STATEMENT 52+20,ARRIVAL RATE /10 MIN. 241
10 STATEMENT 55,62,FIGURE 6 REL. FREQUENCY OF ARRIVALS TO SHELVESI 242 -
DUR ING 10 MIN. » : g : 243
ENDCGRAPH 244
= ' A 245
TASB TITLE Ty SHELF TRANSIT TIMES (MIN]J 246
EJECT » o 247
* . 248
¥ GRAPH R 249 .
. GRAPH TP,TAB7 250
ORIGIN 50,10 251
X . 9759'1111 1.5 252
7 STATEMENT 441,% 254
10 STATEMENT -52,19y TRANSIT TIME (MIN.) : ' 255
10 STATEMENT 55,52,FIGURE 7: REL. FREQUENCY OF TRANSIT TIMES AT SHI1 256
ELVES 7 ' . S : 257
ENDGRAPH 258
% _ : . - o 259
TAB TITLE 8y0CCUPANCY OF SHELVES 260
EJECT ' 261
® . 262
# GRAPH : . 263
o GRAPH - TP,T ARS8 264
ORIGIN 50,10 265
X 121690,1,15 266
Y O0y1424,2 267
7 STATEMENT  441,% 268
100 STATEMENT 52,9,0CCUPANCY ; 269
10 STATEMENT 55,79,FIGURE 8: REL. FREQUENCY OF NUMBER CF J0OBS 0OCCULl . 270 .
PY ING SIMULT ANEQUSLY THE SHELVES ' : - : 271
ENDGRAPH 272
% . : 273
STO TITLE 114THE RECORDINGS COLLECTION {=DESK & SHELVES) AS ST01 274
RAGE ' ' : ' ' 275
SPACE 3 o A 276
TAB TITLE 9, TRANSIT TIMES THROUGH REC. COLL. {MIN.) +» {=DESK & 1 277
- SHEL VES) : - ) ‘ : 278
EJECT 279
% 280
* GRAPH 281
GRAPH TP,T AB9 282
ORIGIN 50410 283




EJECT

GPSS/360/MTS . VERSION {4/8/13) A
X y,7y171915 284
7 STATEMENT  4,1,% 1286
100" STATEMENT 52219+ TRANSIT TIME (MIN.) 287 )
10 STATEMENT 55, 75, FIGURE §% REL. FREQUENCY OF TRANbII TiMES THRDUI 788 <
GH THE RECORDINGS COLLECTICN o 289
© ENDGRAPH ' 290 .
* o : : N T ‘ ' 291
TAR  TITLE 10,0CCUPANCY OF RECORD., COLLECT. {=DESK & SHELVES) 292
’ EJECT : : : - ' - 293
3 294
% GRAPH . ; 295
GRAPH “TP,TABLO 296
CRIGIN 50,10 , 297
X o 129410,1,20 298
Y :  041,15,3 299
7 STATEMENT 44143 - 300
100 STATEMENT 52,9, DCCUPANCY . " o R 301
10 . STATEMENT 55,85,FIGURE 10: REL. FREQUENCY OF NUMRER OF JOBS 0OCCl 302
UPYING SIMULTANEOUSLY DESK AND SHELVES o : : 303
ENDGRAPH I 204
* : _ . S Co 305
STO TITLE 40y THE LISTENING ROOM AS STORAGE 3056 -
 SPACE 3 [ - ' o . 307 .
TAB TITLE - 11 4LISTENING RCCM INTERARRIVAL TIMES {(MIN.) 308
- EJECT T - . \ 309
* S ' 310
* GRAPH o 311
— GRAPH TP, TABLT 312
ORIGIN . 80,10 © 313
X g9 T9ly 1415 314
Y 0y 4,15,3 315
7  STATEMENT 44.1,% 316
100 STATEMENT ‘EZyZSyIkTFRARRIVAL TIME (MIN.) 317
10 STATEMENT 55,64, FIGURE IT¢ REL. FREQUENCY OF INTERARRIVAL TIMESl 318
- TO LISTENING ROCM T . , 319
- ENDGRAPH 320
.TAB TITLE 12 ,NUMBER QF ARRIVALS TO ,LIST. ROOM/10 MIN 322
' EJECT : e - : . 323
B3 . T 324
* GRAPH S o 325
GRAPH - TP,TAB12 326
"ORIGIN 50,10 327
X o 22 36 30,1,415 328
. y ‘ 0y 1924,2 329
7 STATEMENT 4, 1, 2 . 330
100 STATEMENT 52 3209 ARRIVAL RATE/IO MIN,. 331
i0 STATEMENT 55,70,FIGURE 12: REL. FREQUENCY .OF APRiVALS TG LISTEhl, 332
TNG ROCOM DURING 10 MIN. - ' 333
- ENDGRAPH 334
P ST R N : 335
TAR TITLE ~I3,LIST. ROOM SERVICE TIMES (MIN.T 3356
‘ - 337




0/MTS

4y 14%

GPSS/36 VERSION (4/8/13) A )
* 338
% GRAPH . . 339

- GRAPH . TP,TABL3 340

ORIGIN 50,10 . 341 )

X ' v13353 1930 342 A

Y : 0y1,15, ' 343 :

7 STATEMENT 4, 15 % 344
100 STATEMENT 52,195 TRANSIT TINE (MIN.). ' 345
10 STATEMENT 55,58,FIGURE 13: REL.. FREQUENCY GF TRANSIT TIME QF LIl 346
STENING ROCM ‘ : : 347
ENDGRAPH - 348
% S . L , e 349
. TAB TITLE ©14,0CCUPANCY OF LIST. ROOM 350
EJECT . - . ' o 351

¥k : - 352

* GRAPH 353

4GRAPH TP, T1ABLS 354
 ORIGIN: 50,10 ‘ 355
7 STATEMENT  4,1,% 358
100 STATEMENT " 5239:0CCUPANCY . S o o o 359
10 STATEMENT. 55,87:FIGURE 14: REL. FREQUENCY OF NUMBER OF JOBS OCCI 360
UPYING SIMUL TANEQUSLY THE LISTENING ROOM : o : 361
- ENDGRAPH: ' 362
% o o : e : 363
$T0 TITLE. .41, THE RESERV. LISTENING ROOM AS STORAGE 364
: SPACE 3 . ’ , ' 365
“TAR TITLE. " 17,0CCUPANCY OF RESERVE LIST. ROOM 366
- EJECT ' o . N = : 367
% : . 368 .
* GRAPH . _ 369
GRAPH - TP,TABI7 370
ORIGIN - 50,10 371
X . 9216490, 1, 15 372
= Yo 0y ly 24,2 373
7 " STATEMENT 4,1,%2 : 374
100 STATEMENT SP,Q,OCCUPANCY ‘ : . 375
¢ 10 - . STATEMENT 55,96, FIGURE -14A: REL. FREQUENCY GF NUMBER GF JOHES 0Cl 376
' CUPYING SIMULTANEQUSLY THE LISTENiNG ROOM 377
EKDGRAPH 378
% A o o 379
STO TITLE 10 ,THE SYSTEM AS STORAGE - 380

_ SPACE 3 . R ) : o 381

TAB  TITLE 15,SYSTEM TRANSIT TIMES (MIN,) (=SERVICE & WAIT, TIMEL 382

) . L : e ' - 383
EJECT 384
* 385
x GRAPH . . 386
GRAPH TP, TAB 1S 387
ORIGIN 50,10 388

X 191140+1,9 389 -

, Y T 04241543 390
7 . STATEMENT

391




VERSION (4/8/13)

GPSS/360/MTS A
100 STATEMENT 52419,TRANSIT TIME {MIN.) , - 3292
© 10 STATEMENT B55,49,FIGURE 15: REL. FREQUENCY OF SYSTEM TRANSIT TIM] 393
ES o . ‘ : 394

ENDGRAPH 395 )

3 _ i ' . ' . . ' 3156 <
TAB  TITLE 16,0CCUPANCY OF SYSTEM (=DESK,SHELVES,LIST. ROOM) 397
EJECT ~ : : . 398
A ‘ . 399
% GRAPH . 400
GRAPH TP,TABL6 401
ORIGIN 50,10 g 402
X 129492924520 403
o Y : 09242042 404
7 STATEMENT  4,1,% . o 405
100 STATEMENT 5299y 0CCUPANCY . o o _ 406
10 STATEMENT 55,79,FIGURE 16: REL. FREQUENCY OF NUMBER OF JOBS 0OCC1 407
UPYING SIMUL TANEQUSLY THE SYSTEM . ' T % 0B
. . ENDGRAPH : . 409
% 410
"END 411




VERSION (4/8/13)

GPSS/360/MTS A
" BLOCK NUMBER SYMBOL REFERENCES BY CARD NUMBER
: /
75 BETDE 128 133 . : N
83 EXIT 91 93 94 95 = 113 115 116
117 136 139 140 e
87 FINE 88 110 137
59 GEH10 117 ' :
78 GEH11 135
81 GEHI3 138
82 GEH14 140
33 GEH2 89
35 GEH3 90
36 ©  GEH4 52
37 GEHS5 95
55 TGEHT T11
57 "GEHB 112
58 "GEH9 114
70 OFLOW 120
22 GNE 78 .
14 RES2 72 79
8 SERI 80
20 SER12 77
13 SER?2 66 .
4 STG2 62 115 118 136 141
38 STG3 62 93 96 139 141
60 STG4 94 96 - 116 118 ’
18 TWO 71




GPSS/360/MTS

VERSION (4/8/13)

TABLE SYMBOLS AND CORRESPONDING NUMBERS

A

TABI
TAB1O
TAB11

A

TAB12
TABL13

. TAB14

TABLS
TAB16
TAB17

TABZ
TAB3
TAB4

TABS
TABG .

TABY

1
10
11
12
13
14
15
16
17
2
3
4
5}
6
7
8
9

T TABB
TAB9




GP SS/360/MTS VERSION (47/8/13) A )
FUNCTICN SYMBOLS AND CORRESPONDING NUMBERS
Z
1 ARR TV \
2 DESK
4 LIST
3

SHELF




i€

FUNCTION DEF INITIONS

3t 3 3t

SYSTEM ARRIVAL TIME EXPONENTIALLY DISTRIBUTED

1 FONCTION —RNI  C2% _ , <
0.0 0.0 .1 . 104 o2 ) 0222
L3 . 355 o4 509 5 .69
.6 T .915 o7 1.2 .15 1.38
. 8 1.6 84 1.83 .88 - 2.12
"9 2.3 .92 2.52 .94 2.81
.95 2.99 - .96 3.2 .97 3.5
.98 3.9 .99 4,6 .995 5.3
.568 6.2 . 999 7.0 . 9997 8.0
% . . '
* DESK SERVICE TIME EXPONENTIALLY DISTRIBUTED
2 FUNCTION RN1 C24 ‘ .
0.0 0.0 N —.10% ) , 222
.3 . 355 b .509 - J5 . .89
o6  .915 .7 1.2 «75 - . 1.38
.8 1.6 . .84 1.83. .88 T 2.12
.S - 2.3 .92 2.52 .94 © 0 2.81
.95 . 2.99 .96 3,2 .57 3.5
.58 3.9 .99 4.6 .995 5.3
.598 6.2 . 999 7.0 . 9997 8.0
% SHELF SERVICE TIME EXPONENTIALLY DISTRIBUTED
3 FUNCTION RN 1 cz23 . : o
0.0 0.0 ; 154 © .840 .281 . 250
. 390 "L 420 . 483 . .580° 2562 . 750
. 629 .92 . 685 1.08 S .733 1.25
o 174 1442 .808° .. 1.59 .837 1.75
©.862 1.62 . 883 2.08 .9 ’ 2.25
.916 2.42 .927 2.58 .S37 2.75.
<946 2.92 .953 3.08 _.959 3,25
. G64 3.42 1.0 S.27 -
* LISTENING ROCM SERVICE TIME GENERALLY DISTRIBUTED
4 FUNCTION RN1 €25 _ o
" 0.0, 0.0 024 063 .071 - .187
.131 . 312 .205 43T .289 563
. 366 . 690 L4326 .820 .498 . 940
. 556 . 1.06 623 .18 . .699 . 1.31
. 754 lo44 . 786 1.56 814 1.69
.836 1.81 .855 1.94 .872 2.06
. 888 2.18 © .903 2.31 .917 244
.927 . 2.55  .962 3.19 ©.989. 4.20
T.00 % .820
% STORAGE DEFINITIONS
10 STORAGE 200
11 STORAGE 150
30 STORAGE 100
40 STORAGE 23
41 . STORAGE - 23
* TABLE DEFINITIONS
1 TABLE TA 1 1 20
2 TABLE RT 0O 1 30 10
3 TABLE Ml 1 1 30




4 QTABLE 2 0 1 30 N
5 TABLE 1A 1 1 30
6 TABLE RT 0 1 20 10
7 TABLE M1 1 1 60
8 TABLE - $320 0 1 40 .
9 TABLE M1 - 1 1 60 )
10 - TABLE T S1T 0 1 60 )
11 TABLE 1A 1 1 30
12 “TABLE RT 0 1 15 10
13 - TABLE . M1 0 5 60
14 TABLE 540 0 1. 26
15 - .TABLE CoM1 e 2 80
16 TABLE . 'S10 0 2 60
17 TABLE S41 0 1 26
GPSS PROGRAM .

* . .

1 GENERATE 1 . FNL

2 ENTER 10

3 TRANSFER 360 38 4

4 MARK o

5 ENTER 11

6 QUEUE 2 .

7 GATE NU 1 13

8 SETZE T

9 DEPART 2
10 ADVANCE 1 FN2

11 RELEASE 1 o

12 TRANSFER ‘ 18 -

13 L INK 2  FIFOD 14

14 SEIZE 2

15  DEPART -2

16 . ADVANCE 1 . FN2

17 RELEASE 2

18 UNL INK 2 20 1

19 - . TRANSFER 22 :

20 GATE NU 1 T4

21 TRANSFER 8

22 TABULATE 1 -

23 TABULATE 2

24 TABULATE - 3

25 LEAVE 11

26 TABULATE ~ 9

27 TABULATE 10

28 ASSIGN 2 K1

29 TEST LE Cl K3600 87

30 TEST E P3 K1 = 33

3] " TEST E . P4 K1 35

32 TRANSFER | 83

33 TEST E P4 . K1 - 36

34 TRANSFER .750 38 83

35 . TRANSFER. .S960 60 83

"36 - TRANSFER .730 37 83

37 TRANSFER .110 28 60

38 MARK

39 ENTER L1l

40 ENTER 30

41 ADVANCE 6 FN3

42 LEAVE 30

43 TABULATE 5 . . - : )




*

CONTROL CARD

44 TABULATE 6 M
45 TABULATE 7

46 TABULATE 8

47 LEAVE 11

48 TABULATE 9

49 TABULATE 10 )
50 ASSTIGN 3 K1 <
51 TEST LE c1 K3600 87
52 TEST E P2 K1 55
53 TEST E P& K1 57
54 TRANSFER 83
- 55 TEST E P4’ K1 58
56 TRANSFER 280 4 83
57 TRANSFER .220 60 83
58 TRANSFER .140 59 83
59 TRANSFER 580 4 60
60 MAR K

61 GATE SNF 40 70

62 ENTER 40

63 ADVANCE 40 FN4

64 LEAVE 40

65 TABULATE 11

66 TABULATE - 12

67 TABULATE 13

68 TABULATE 1%

69 TRANSFER 75

70" ENTER 41

71 ADVANCE 40 FN4

72 LEAVE 41

73 °  TABULATE - 17

7% TRANSFER ) 75

75 . ASSIGN 4 K1

76 CTEST E P3 K1l 78
7T TRANSFER .090 4 83
78 TEST LE C1 K360C 87
79 TEST E p2 K1l 81"
80 . TRANSFER .380° 38 83
81 . TRANSFER .080 82 83
82 TRANS FER 140 4 38
83 LEAVE 10

84 ~ TABULATE 15

85 TABULATE 16

85 TERMINA TE

87 . LEAVE 10

88 TABULATE 15

89 TABULATE 16

90 TERMINATE 1

START

1




CSTATISTICS CONCERNING THE INFGRMATICN DESK,SERV.1

FACTLITY  AVERAGE  NUMBER " AVERAGE SETZING PREEMPTING
UTILIZATION ENTRIES ~ TIME/TRAN TRANS. NO. TRANS. NO.
1 .557 3379 | .593

A

STATISTICS CONCERNING THE INFORMATION DESK,SERV.?2

FACILITY AVERAGE NUMBER = - AVERAGE SETZING PREEMPTING
UTILIZATION ENTRIES TIME/TRAN TRANS. NO. TRANS. NO.

2 .385 2439 : «569

STAfISTICSFCONCERNING THE DESK QUEUE

" QUEUE MAXIMUM AVERAGE TOTAL ~ ZERO PERCENT AVERAGE $AVERAGE TABLE CURRENT
CONTENTS CONTENTS ENTRIES . ENTRIES ~ ZEROS = TIME/TRANS TIME/TRANS NUMBER CONTENTS
2 20 7T 5818 4537 77+ 9 481 2.186 4
$AVERAGE TIME/TRANS = AVERAGE TIME/TRANS EXCLUDING ZERO ENTRIES - -
STATISTICS CONCERNING THE DESK USER CHAIN
USER CHAIN - TOTAL  AVERAGE - - CURRENT AVERAGE  MAXIMUM
, ENTRIES TIME/TRANS . _CONTENTS CONTENTS __ CONTENTS
. 5TT 16

2 1768 : ’ 1.176




DESK INTERARRIVAL TIMES (MIN.)

TABLE TAB1 . ~ "
ENTRIES IN TABLE MEAN ARGUMENT

STANDARD DEVIATION

SUM OF ARGUMENTS.
5816 . ' 618 . 808 3598.000 NON-WEIGHTED )
‘ ' . <
UPPER OBSERVED . PER CENT -CUMULATIVE ~ CUMULATIVE MULTIPLE DEVIATION
LIMIT FREQUENCY . OF T0TAL PERCENTAGE - REMAINDER OF MEAN FROM MEAN
1 5129 ‘ 88.18 88.1 11.8 1.616 <471
2 528 ‘ 9.07 97.2 2.7 3.232 1.708
3 111 . 1.90 99.1 .8 4.849 2. 945
4 37 .63 99,8 .1 6.465 4183
5 8 .13 99.9 .0 8.082 5.420
6 2 .03 99.9 .0 9.698 6.657
7 1 : .01 100.0 .0 11.315 1.894

REMAINING FREQUENCIES ARE ALL ZERD
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NUMBER OF ARRIVALS TO DESK/10 MIN.,

TABLE TAB2

32.75

" ENTRIES IN TABLE MEAN ARGUMENT STANDARD DEV IATION SUM OF ARGUMENTS )
360 6,155 5. 089 5816.000 NON-WEIGHTED ™
" UPPER CBSERVED PER CENT CUMULAT IVE CUMULATIVE MULTIPLE DEVIATION
LIMIT FREQUENCY OF JTOTAL PERCENTAGE "REMAINDER OF MEAN FROM MEAN
0 : 0 .00 - .0 100.0 -.000 -3.174
1 0 .00 .0 100.0 .061 -2.977
2 0 .00 .0 100.0 123 -2.781
3 0 .00 .0 100.0 . 185 -2.584
4 0 .00 .0 100.0 ¢ 247 -2.388
5 1 w27 .2 99 .7 .309 -2.191
6 4 1.11 1.3 98.6 .371 ~1.995
7 5 1.38 2.7 97.2 . <433 -1.798
8 T2 - 3.33 €. 1 3.8 AL =1.602
9 10 2.77 8.8 91.1 - .557 -1.405
10 11 3,05 11.9 88.0 .618 -1.209
11 20 5.55 17. 4 82.5 .680 -1.012
12 23 " 6.38 23.8 76.1 742 -.816
13 34 9. 44 33,3 L 666 .804 -.619
1% 27 7.49 %z0.8 59.1 . 866 -.423
15 25 6.94 47 .7 5242 928 =227
16 25 694 - 54,7 45,2 .990 -.030
17 33 G.16 - 63.8 36.1 1.052 . 165
18 20 5,55 69.4 30.5 1.114 «362
19 18 4,99 74,4 25.5 1.176 .558
20 21 5.83 80.2 19.7 I.237 . 755
21 15 4,16 84.4 15.5 1.299 951
22 15 4,16 8846 11.3 1.361 1.148
23 10 2.77 91.3 8.6 1.423 1. 344
24 13 3.61 o 94.9 5.0 1.485 1.541
25 5 1.38 96.3 3.6 1.547 1.737
76 5 1.38 . 97 .7 2.2 1. 609 1.93%
27 3 .83 . 98.6 1.3 1.671 2.130
28 1 .27 98.8 1.1 1.733 2.327
OVERFLOW , 4 1.11 100.0 . .0 ‘ S
AVERAGE VALUE OF OVERFLOW
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DESK TRANSIT TIMES (MIN;.), (=WAIT., & SERVICE TIME)

TABLE  TAB3

“ENTRIES IN TABLE ~ ~  MEAN ARGUMENT . . STANDARD DEVIATION  °  "SUM GF ARGUMENTS

5817 1.065. ' T.570 - 6196.000 NON=-WEIGHTED <
UPPER _GBSERVED PER CENT CUMULATIVE . CUMULATIVE MULTIPLE DEVIATION
CLIMTIT FREQUENCY OF TOTAL PERCENTAGE REMAINDER OF MEAN FROM MEAN
o 1 4338 S T4.57 o T4.5. 25,4 - . .938 o -.041
2 708 : 12.17 : 86.7 - 13.2 1.877 «595

3 323 T 5.72 N G92.4 7.5 2.816 1.232

4 193 S 3.31 : S95.7 0 4.2 . 3.755 1.868

-5 117 4 - 2.01 : 97.7 ‘ 2.2 ' 4,694 2.505

6 49 .84 . 98.6 1.3 5.632 3.142

N 26 S A : , 99,0 _ 9 6.571 3,779

8 18 L3200 99,3 : .6 7.510 4,416

g : 18 . L21 T 99,6 3 B.449 ‘ 5.053
Sl - 6 10 . 99.7 . T2 9,388 5.689 °

- 11 Ly 11 . .18 99,9 - 0 10.327 ' 6.326

A | iz 7T BERE 100.0 0 11.265 6.963
 REMAINING. FREQUENCIES ARE ALL ZERQ x | V - |
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NUMBER GFf JOBS WAITING FOR SERVICE AT DESK

TABLE ~TAB4

STANDARD DEVIATION

ENTRIES IN TABLE MEAN ARGUMENT SUM OF ARGUMENTS , )
5818 .481 1.226 2801.000 NON=WEIGHTED S

UPPER OBSERVED PER CENT CUMULATIVE CUMULATIVE MULTIPLE DEVIATION

LIMIT FREQUENCY OF TOTAL PERCENTAGE REMATINDER OF MEAN FROM MEAN

0 4537 77.98 77.9 ©22.0 -.000 -.392

1 655 - 11.25 89.2 10.7 2.077 422

2 266 4.57 3.8 6.1 4. 154 1.238

3 134 2.30 96.1 3.8 64231 2.053

4 100 1.71 97.8 2.1 8.308 2.868

5 56 .96 98,7 1.2 10.385 3.683

6 22 .37 99.1 S 12.462 4,499

7 16 .27 99, 4 .5 144539 5.314

B 172 .20 9.6 3 16.616 6.129

9 12 .20 99.8 .1 18.694 6.945 .
. 10 : 4 .06 99,9 .0 20771 7.760
e 11 4 .06 100.0 .0 22.848 "8.575

REMAINING FREQUENCIES ARE ALL ZERD
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-THE SHELVES AS STORAGE

STORAGE CAPACITY AVERAGE AVERAGE ENTRIES ‘ AVERAGE CURRENT MAX I MUM
CONTENTS UTILIZATION - TIME/TRAN CONTENTS CONTENTS Py
30 100 7.343 .C73 4534 5.832 6 2% <
SHELF INTERARRIVAL TIMES (MIN.)
TABLE TABS ‘ ' T - _
ENTRIES IN TABLE MEAN ARGUMENT STANDARD DEVIATION SUM OF ARGUMENTS
N 4527 794 974 3598. 000 NON-WEIGHTED
UPPER OBSERVED PER CENT CUMULATIVE CUMULATIVE MULTIPLE DEV IATION
LIMIT FREQUENCY OF TOTAL PERCENTAGE " REMAINDER OF MEAN FROM MEAN
I 3815 B4.27 . T B84.2 5.7 1.258 210
2 473 10.44 94,7 5.2 2.516 1.237
3 154 3 .40 98.1 1.8 3,774 2.263
4 52 1.14 99.2 o7 5.032 3.290
5 16 +35 . 99.6 .3 64290 4,316
6 8 .17 99.8 .1 7.549 5.343
7 5 <11 59.9 .0 B.807 - 6.370
8 2. <04 99.9 .0 10. 065 7.396
9 1 .02 99 .9 .0 11.323 B.423
10 0 .00 . 99.9 .0 12.581 9.449
11 1 .02 100.0 +0 10+476

- REMAINING FREQUENCIES ARE ALL ZEROQ

13.840




NUMBER OF ARRIVALS TC SHELVES/10 MIN.

TABLE  TAB6

"ENTRIES IN TABLE MEAN ARGUMENT STANDARD DEVIATION SUM OF ARGUMENTS : D
‘ 360 12.572 4 4,785 — 45726.000 NON=-WEIGHTED A

UPPER OBSERVED " PER CENT " CUMULATIVE CUMULATIVE MULTIPLE DEVIATION
LIMIT FREQUENCY OF TOTAL PERCENTAGE REMAINDER OF MEAN FROM MEAN
o : 0o . .00 .0 100.0 . =.000 . =2.627
1 0 .00 .0 100.0 . 079 -2.418
2 o .00 .0 - 100.0 <159 -2.209
3 8 2.22. 2.2 97.7 . .238 -2.000
4 2 .55 2.7 97.2 .318 -1.791
5 9 » , 2.49 5.2 , 94 .7 .397 -1.582
6 13 ' 3.61 -~ 8.8 91.1 e 4T7 -1.373
-7 14 ©3.88 12.7 87.2 .556 -1.164
B 20 B 5.55 - . 18.3 - Bl.6 .636 =.955
9 37 : 10.27 : 28.6 , 71.3 . 715 ' - 746
10 24 _ 6.66 35,2 : X . 795 -.537

11 - 27 T.49 42,7 - 57.2 .B74 -+.328
12 35 9.72 ' 5244 47.5 .954 . -.119
13 22 T 6.11 T 58.6 41.3 1.034 .089
1% 38 10.55 — 69.1 30.8 I.113 - .298
15 : 31 - 8.61 o 77.7 22.2 1.193 .507
16 - 18 4,99 , 82.7 17.2 1.272 , 716
17 15 T 4.16 . 86.9 } 13.0 1.352 . 925
18 8 2.22 - 89.1 10.8 T 1.431 1.134

OVERFLOW 39, : 10.83 ’ 100.0 . .0

“AVERAGE VALUE OF GVERFLDW 21.87
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SHELF TRANSIT TIMES (MIN)

TABLE TAB7

ENTRIES IN TABLE

MEAN ARGUMENT

STANDARD DEVIATION .

SUM OF ARGUMENTS

4578 5,833 5,601 76415000 NON=WEIGHTED <
UPPER - "OBSERVED PER CENT CUMULATIVE CUMULAT IVE MULTIPLE DEVIATION
LIMIT FREQUENCY OF TOTAL PERCENTAGE REMATNDER OF MEAN FROM MEAN

1 602 13.29 13.2 86.7 171 -.862
2 765 16.89 30.1 69.8 " .342 -.684
3 614 14.88 5.0 B4.9 514 -.505
4 571 12.61 57.6 42,3 « 685 -.327
5 304 6.71 64.3 35.6 857 -.148
6 264 5.83 706.2 26,7 1.028 029
7 196 4 .32 74.5 2544 1.199 .208
8 192 4,24 T 78.7 21.2- - 1.371 C .386"
g 128 7282 BI.56 18,3 T.542 565
10 126 2.78 84 .4 15.5 "1.714 . 743
11 122 2.69 87.1 12.8 1.885 0922
12 85 I.87 88.9 11.0 2.057 1.100
13 &4 1.41 90.3 5.6 2.228 1.279
14 62 1.36 91.7 8.2 2.399° 1.457
IS 56 I.23 97.9 7.0 2 571 1.636
16 50 1.10 S4.1 5.8 2.742 1.814
17 43 94 95.0 4.9 2.914 1.993
18 37 . 81 95.8 4.1 3.085 2.171
19 17 .37 96,2 3.7 3.256 2.350
20 13 .28 5645 344 3.428 2.528
21 IS .33 36,8 301 3.599 2.707
22 22 48 97.3 2.6 3.771 2.886
23 12 .26 97.5 2.3 3,942 3.064
24 18 .39 98.0 1.9 4,114 3.243
25 11 24 98,2 .. 1.7 4,285 3.421
26 le - .35 58.6 1.3 4,456 3.600
27 12 .26  9B. R§ T.T 4,628 3,778
28 - 17 .37 '99.2 o7 4.799 3.957
29 8 .17 99,4 .5 4,971 4,135
30 18 .39 99.8 .1 5.142 4,314
31 8 17 . 5.313 4.492

REMAINING FREQUENCIES ARE'ALL ZERD

160.0°
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OCCUPANCY OF SHELVES

S TABLE TABS8

ENTRIES IN TABLE

MEAN ARGUMENT

STANDARD DEVIATION

SUM OF ARGUMENTS

4578 ~7.407 3.363 33543, 000 NON-WEIGHTED <
UPPER OBSERVED PER CENT CUMULATIVE CUMULATIVE MULTIPLE DEVIATION
LIMIT FREQUENCY - CF TOTAL ~ PERCENTAGE REMAINDER OF MEAN FROM MEAN

0 9 o .19 S .1 99,8 ‘ -.000 -2.202
1 70 S 1.54 1.7 98,2 . 134 -1.905
2 158 " 3.48 5.2 94,7 .269 -1.607
3 278 6.13 11.3 88.6 404 -1.310
4 387 8 .54 19.9 80.0 . 539 -1.013
S 473 10. 44 30.3 69.6 674 -<715
6 £52 12.19 42.5 57.4 . 809 -.418
7 536 - 11.83 54.3 45,6 944 -.121
g8 526 11.61 66.0 33.0 1.079 I78
9 431 9.51 75.5 2444 1.214 473
10 342 7.55 83.0 16.9 l.349 L7170
11 247 5.45 88.5 11.4 1.484 1.068
12 176 3.88 92.4 7.5 1.619 1.365
13 118 2.60 95.0 4,9 1.754 1.662
14 88 1.9% 96.9 3.0 1.889 1.960
, 15 58 1.28 98.2 1.7 2.024 2.257
16 33 L7122 98.9 1.0 2.159 2¢554"
17 - 17 .37 99,3 .6 2.294 2.852
18 11 24 . 99.6 .3 2.429 3.149
19 8 W17 99.7 a2 2.564 3,446
20 3 .13 99,9 . 0 2.699 3.743
.21 2 .04 99.9 .0 2834 4,041
22 1. .02 99,9 .0 2.969 4,338
23 1 .02 3,104 44635

. REMAINING FRE

QUENCIES ARE ALL ZERD

100.0
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THE RECORDINGS COLLECTION {=DESK & SHELVES) AS STO RAGE
STORAGE CAPACITY AVERAGE AVERAGE ENTRIES AV ER AGE ‘ CURRENT MA XTI MUM
: : ' CONTENTS . UTILIZATION ' TIME/TRAN CONTENTS CONTENTS )
11 150 F.064 ‘ .060 10352 3.153" 7 34 N
TRANSIT TIMES THRCUGH REC. COLL. {MIN.) ,‘(=DESK & SHELVES)

TABLE  TABJ - ,
ENTRIES IN TABLE MEAN ARGUMENT

SUM OF ARGUMENTS

STANDARD DEVIATION

10345 3,152 4,550 32611.000 NON-WE IGHTED
UPPER "OBSERVED PER CENT CUMUL AT IVE CUMULATIVE MULTIPLE DEVIATION
LIMIT FREQUENCY OF TDTAL PERCENTAGE REMAINDER OF MEAN FROM MEAN
T T 5940 . T 4.5 4 1.7 5242 w317 Y )
1473 ’ 14.23 61.9 38.0 o634 -.253
3 1067 9,73 71.7 28.2 .951 -.033
4 . T64 ~ 7.38 79.1 20.8 1.268 .186
5 421 4,06 83.1 16.8 1.586 . 406
6 313 3.02. 86.2 13.7 1.903 625
7 222 2. 1% 88.3 I1.6 2.220 . 845
8 - - 210 . 2.02 . 90.3 9.6 24537 1.065
9 - 44 1.39 91.7 Be2 2.855 1.284
10 132 . 1.27 33,0 649 3,172 1.504
11 133 1.28 94,3 5.6 3.489 1.724
12 - 87 84 95.1 4.8 3.806 1.944
13 : 64 : .61 §5.7 4.2 4.123 2.163
14 62 .. .59 9643 3.6 4441 2.383
15 S6 S .54 © . 96.9 3.0 4,758 2.603
16 S50 - .48 97.4 2.5 5.075 2.823
17 ‘ 43 S | 97.8 2.1, 5.392 3,042
18 _ 37 .35 98.1 1.8 5.710 3.262
19 17 .16 38.3 T.5 6.027 3,482
- 20 13 .12 98.4 1.5 64344 ©3.702
21 - 15 .14 98 .6 1.3 6.661 3,921
S22 , 22 .21 98.8 1.1 6.978 4.141
23 12 L1 98.9 - 1.0 7.296 4,361
24 ‘ 18 .17 99,1 .8 7.613 4,581
25 - 11 .10 99,2 w7 7.930 Z.800
26 _ 16 .15 ' 99,3 o6 8.247 5.020
27 - 12 .11 99.5 oh 8565 54240
28 17 .16 99.6 .3 8.882 "5.460
29 : . .07 99.7 .2 9.199 5.679
30 o 18 .17 99.9. .0 9.516 5.899

31 7 8 o7 T00.0 .0 9.833

REMAINING FREQUENCIES ARE ALL ZERD

6.119
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GCCUPANCY OF RECORD. COLLECT. (=DESK & SHELVES)

TABLE TABlO . - | - : | |
ENTRIES IN TABLE MEAN ARGUMENT . STANDARD DEVIATION SUM OF ARGUMENTS

10345 9.402 4. 707 , 37267.000 NON-WEIGHTED <
UPPER GBS ERVED "~ PER CENT CUMULATIVE CUMULATIVE MULTIPLE DEVIATION
LIMIT FREQUENCY OF TOTAL " PERCENTAGE REMAINDER OF MEAN FROM MEAN

0 12 .11 : : . 99.8 -.000 -1.997

1 T4 & .8 - 99,1, . 106 -1.785

2 219 ‘ 2.11 ‘ 2.9 57.0 212 -1.572

3 411 3.97 _ 6.9 93,0 .319 -1.360

4 550 - 5.31 - : 12.2 87.7 425 ~1.147

5 788 7.61 4 19.8 80.1 - .531 ~.935

6 876 8 .46 , 28.3 71.6 T .638 ~.722

7 1021 . 9.86 - 38,1 61.8 e T44 -.510

B 1023 - .88 , %8.0 » 51.9 <850 -.297

9 958 ' 9.26 57.3 . 4246 957 -.085

10 . 883 - 8.53 65.8 34,1 1.063 : .126

11 706 5.82 : 72.7 - 272 . ©1.169 ' .339

- 12 ' . 645 5.23 - 78.9 ' 21.0 1.276 - .551

13 471 : 4.55 . 83.4 16.5 1.382 764

~ 14 357 3.45 86.9 13.0 1.488 376

15 304 _ 2.93 89.8 10.1 1.595 1.189

16 248 2.39 92.2 7.7 1.701 1.401

17 214 2.06 9443 5.6 1.808 1.614

18 135 1.30 .. 95.6 4,3 1.914 ~ 1.826

19 ' 85 .82 . 96.4 3.5 2.020 - 2.039

20 13 .70 97.1 2.8 2.127 A 2.251

21 - 60 - W57 - 97 .7 2.2 12,233 2.463

22 . 61 .58 98,3 1.6 2.+339 2.676

23 f 36 .34 98.6 1.3 2.446 2.888

24 ' - 26 : .25 ’ 98.9 1.0 2.552 - 3,101

25 27 : .26 99,2 . T 2658 3,313

26 - — 20 — .19 99.% .5 2.165 3.526

21 _ 17 - .16 99.5 A 2.871. 3.738

28 5 12 - .11 99,6 .3 2.977 3.951

29 , 13 : .12 . 99.8 .1 3.084 4,163
30 ' 8 - .07 9.8 .1 3.190 : 4,375

31 4 .03 99,9 .0 3.297 4.588

37 & .03 99.9 .0 3.403 4.800

33 4 .03 100, 0 .0

3.509 " 5.013

REMAINING FREQUENCIES ARE ALL ZERQ
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THE LISTENING ROOM AS STORAGE

STORAGE CAPACITY . AVERAGE AVERAGE ENTRIES . AVERAGE CURRENT MA X1 MUM
© CONTENTS UTTLIZATICN S - TIME/TRAN CONTENTS CONTENTS
40 23 20.925 . 909 1634

46,116 21 23

LISTENING ROOM INTERARRIVAL TIMES (MIN.)

TABLE TAB11

A

ENTRIES IN TABLE MEAN ARGUMENT STANDARD DEVIATION SUM OF ARGUMENTS

‘ 1612 . 2.216 . 2.191 . ' 3573.000 NON-WE IGHTED

UPPER OBSERVED PER CENT CUMULATI VE  CUMULATI VE MULTIPLE DEVIATION

LIMIT FREQUENCY OF TOTAL PERCENTAGE . = REMAINDER OF MEAN FROM MEAN

1 776 48.13 T 48.1 51.8 <451 =555

2 299 18.54 66.6 33.3 T .902 -.098

3 211 _13.08 79.7 : 20.2 1.353 .357

4 144 8.93 , 88.7 , 11.2 1.80% 813

5 54 3.34 92.0 7.9, 2.255 1.270

6 36 2.23 94,2 5.7 2.706 1.726

7 35 .17 36. 4 3.5 3.158 7.182

8 17 ~1.05 97.5 2.4 3.609 2.639

.9 16 .99 98.5 1.4 4.060 3.095

10 : 12 T4 96.2 7 4,511 3,551

11 6 .37 39,6 .3 4,962 4.008

12 ! .06 99.6 - .3 . 5.413 4,464

13 Z J12 99,8 1 T 5.865 4.920

14 2 .12 . 99.9 .0 5+316 5.377

15 1 .06 : 100. 0 .0 6.767 5.833

. REMAINING FREQUENCIES ARE ALL ZERQ
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NUMBER OF ARRIVALS TO LIST. ROOM/10 MIN

TABLE TABl2 -

STANDARD DEVIATION

ENTRIES IN TABLE . MEAN ARGUMENT SUM OF ARGUMENTS )
' 360 G414 ?2.039 1611.000 NON-WEIGHTED A

UPPER OBSERVED PER CENT CUMULATIVE CUMULATIVE MULTIPLE DEVIATION

LIMIT ~ FREQUENCY OF TOTAL PERCENTAGE "REMAINDER OF MEAN FROM MEAN

' 0 o 5 1.38 1.3 98 .6 -.000 -2.194

1 lo 5.27 6.6 93,3 223 -1.704

2 36 9.99 . 16.6 83.3 . 446 -1.213

3 57 15.83 32.4 67 .5 670 -.723

4 74 20.55 53. 0 46.9 .893 -4232

5 67 18.61 71.6 28.3 1.117 . 257

6 37 10.27 8l1.9 18.0 - 1.340 747

7 39 . 10.83 92.7 7.2 1.564 1.238

B 15 4,16 56.9 3.0 1.787 1.728

9 _ 7 1.94 98, 8 l.1 2.011 2.219

10 4 1.11 100.0 .0 2+ 234 2.709

REMAINING FREQUENCIES ARE ALL ZEROQ .
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LLST; ROCM SERVICE TIMES (MIN.)

TABLE TAB13

ENTRIES IN TABLE - MEAN ARGUMENT . , STANDARD DEVIATION. ~ SUM OF ARGUMENTS . y
1613 ~ 26.275 36,750 T4642.000 NON=-WEIGHTED N
UPPER - . CBSERVED PER CENT . CUMULATIVE CUMULATIVE MULTIPLE DEVIATION
LIMIT FREQUENCY OF TOTAL ~ PERCENTAGE REMATNDER OF MEAN FROM MEAN
0 ' 9 .55 " .5 99 .4 -.000 -1.259
5 o 89 - : 5.51 : T 6.0 93,9 _ .108 - -1.123
10 ~ 79 4 .89 ‘ 10.9 — 89,0 216 _ =. 987
15 92. . 5.70 16.6 - 83,3 324 ~«851
20 ' 132 8.18 24.8 75.1 432 -.714
25 122 7.56 32.4% » 67.5 T .540 -.578
30 119 7.37 39.8 60.1 . 648 - 442
35 - 114 7.06 S 46.8 53,1 . 756 -.306
%0 I3 A 5.76 T 52.6 7.3 <86% —TI70
45 : 105 650 59.1 40,8 . 972 -.034
50 125 ' 7 .74 : : 66,8 33,1 1.080 . <101
55 : 99 . 6.13 73.0 _ 2649 1.188 <237
60 56 o 3.47 756.5 23.4 1.296 ‘ «373
65 46 : 2.85 79.3 20.6 1.404 ' « 509
70 v 2.72 82.0 17.9 1512 <645
75 18 : 1.11 - 83,1 16.8" . 1.620 _ .781
80 - 25 1.54 - 84,7 15.2 1.728 . 917
85 , 34 T T 2.10 86.8 13.1 1.836 1.053
90 - 34 2.10 . . " 38,9 - 11.0 1.944 ' 1.189
95 , 25 : 1.54 .. 90.5 94 2.052 1.325
100 25 1.61 . 92.1 7.8 2.160 . 1.461
105 S 15 : .92 ' 93.0 6.9 2.269 1.597
110 7 ‘ <43 - : 93,4 6.5 2377 1.734
115 6 .37 93,8 6.1 2.485 1.870
120 A 3 W18 . 94.0 5.9 2+593 : 2.006
125 o 12 .74 . 94,7 5.2 2.701" 2.142
130 Io .61 95.4 4.5 2.809 T 2.278
o , o . 135 4 24 ' ' 95.6 . 4,3 2.917 2.414
s ' 140 5 .30 95.9 4.0 3.025 - 2550
27 S 145 8 .49 A 96.4 3.5 3.133 ' 2. 686
150 -7 .43 ' 96,8 3.1 3.241 2.822
155 5 - .30 97,2 2.7 3.349 2.958
160 g .55 , 97 .7 2.2 3.457 » 3. 094 -
165 '8 <49 , 98.2 1.7 " 3.565 3,230
170 .10 b1 ' 98.8 1.1 3. 673 o 3.366
175 A W24 39.1 .8 3.781 3.502
180 5 .30 99,4 .5 3.889 3.638
185 3 .18 : 99,6 .3 3.997 3.774
190 5 .

- _ IS 37 100.0 .0 ~ 4.105 3.910
REMAINING FREQUENCIES ARE ALL ZERO o |
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OCCUPANCY OF LIST. RODM -
" -TABLE TABl4 g

ENTRIES IN TABLE MEAN ARGUMENT STANDARD DEVIATICN SUM OF ARGUMENTS )
, 1613 20.050 2.238 32341.000 NON-WEIGHTED 3

UPPER OBSER VED PER CENT CUMULATIVE . CUMULATIVE MULTIPLE DEV IATION

LIMIT FREQUENCY . OF TOTAL PERCENTAGE. REMAINDER OF MEAN FROM MEAN

' 0 0 “ .00 .0 100.0 ~.000 -8.957

1 ! 0 .00 .0 100.0 .049 -8.511

2 0 .00 .0 100.0 .099 -8.064

3. 0 .00 .0 100.0 .149 -7+617

4 0 .00 +0 100.0 .199 -7.170

5 0 .00 .0 100.0 . 249 -6.724

6 0 .00 .0 1000 . .299 -6,277

7 0 .00 .0 100.0 2349 -5.830

8 0 .00 .0 100.0 .398 -5.383

9 I .06 .0 99.9 448 -4.936

10 1 .06 .1 9.8 <498 -4 .490

11 3 .18 .3 99.6 .548 -4,043

12 5 .30 .6 99,3 .598 -3.596

13 19 1.17 1.7 98.2 .648 -3.,149

1% 24 1.48 3.2 96.7 . 698 -2.703

15 44 2.72 6.0 93.9 . 748 ~2.256

16 47 2.91 8.9 91.0 .797 -1.809

17 71 4,40 13.3 86 .p .847 -1.362

18 101 6e26 - "19.5 B0 .4 .897 -.915

19 150 9.29 28.8 71.01 .947 -.469

20 255 - 15.80 %4 .6 55.3 .997 - ~.022

21 365 22.62 67.3 32.6 1.047 424

22 527 - 32.67 100,0 .0 1.097 .871

QUENCIES ARE ALL ZERO
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THE RESERV. LISTENING ROOM AS STORAGE

STGRAGE CAPACITY AVERAGE - AVERAGE ENTRIES . AVERAGE CURRENT MAX TMUM

CONTENTS ~ UTILIZATION TIME/TRAN CONTENTS CONTENTS

41 23 —10.281 Y _ 846 43.763 g 23

OCCUPANCY OF RESERVE LIST. ROOM

TABLE TABIT

ENTRIES IN TABLE MEAN ARGUMENT - STANDARD DEVIATION . SUM OF ARGUMENTS
837 . : 12 .549 : ' 5.507 . - - 10504. 000 NON-WEIGHTED
© UPPER OBSERVED PER CENT CUMULATIVE CUMULATIVE MULTIPLE DEVIATION
LIMIT FREQUENCY © OF TOTAL PERCENTAGE " REMAINDER OF MEAN FROM MEAN
0 7 .23 - o2 39,7 =.000 =72.278
1 4 _ W47 . o7 99.2 , .079 -2.096
2 9 1.07 1.7 98.2 : .159 -1.915
3 12 1.43 , 3.2 96,7 .239 -1.733
4 16 1.91 5.1 94.8 - - .318 , -1.552
5 32 3.82 . 8.9 91.0 .398 ' . =1.370"
S 7 T 5.61 I%4.5 B5 .4 , 2478 =1.189
7 57. 6.81 . 21.3 . 78.6 .557 -1.007
8 54 6.45 . 27.8 : 72.1 : $ 637 -.826
g , 53 6.33 34,1 65,8 W117 -.b44
10 - 47 5.61 39,7 : 60.2" . 796 - 462
11 56 6.69. 46 b : 53.5 .876 -.281
12 , 52 6.21 52.6 , 47.3 .956 -.099
13 .. 51 . 6.09 , 58.7 41.2 . 1.035 . 081
14 39 4,65 . 6344 - 36.5 1.115 - «263
15 » 40 4,77 68.2 31.7 "1.195 A
16 A 41 - 4 .89 73.1 26.8 1.274 . 626
7 - 35 T 4,18 77.2 22.7 1.354 .808
18 ‘ 32 , 3.82 , 8L, 1 18.8 I.43% : <989
cle C29 3.46 ‘ 84 .5 L 15.4 . 1.513 1.171
20 . 34 4,06 88.6 11.3 © 1.593 1.352
S 21 35 4.18 92.8 7.1 1.673 1.534

- S22 ' 60 , 7.16 100.0 .0 1.753 T 1.715
REMATNING FREQUENCIES. ARE ALL ZERO | L ,

N
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THE SYSTEM AS STORAGE

STORAGE CAPACTITY "AVERAGE AVERAGE ENTRIES AVERAGE CURRENT MAXTIMUM

CONTENTS UTILIZATION TIME/TRAN CONTENTS CONT ENTS

10 200 40.318 .201 6123 ' 23.711 37 78

SYSTEM TRANSIT TIMES (MIN.) (=SERV§CE & WAIT. TIME )

TABLE TABI1S5

ENTRIES IN TABLE , MEAN ARGUMENT _ STANDARD DEVIATION - SUM OF ARGUMENTS : ; '
6086 _ ‘ 3,367 : ' 11.707 20493.000 NON-WE IGHTED
UPPER ' OBSERVED PER CENT - CUMULATIVE CUMULATIVE - MULTIPLE DEVIATION
LIMIT. FREQUENCY" . OF TOTAL PERCENTAGE - REMAINDER OF MEAN FROM MEAN
— 0 ) — 2585 - G2 47 2.4 57.5 -.000 -.287
2 : 2112 34,70 77.1 : 22.8 593 _ -.116
4 - 655 10.76 : 87.9 1240 1.187 054
6 229 o 3,76 - 1.7 . 8.2 1.781L : 224
8 , 112 1.84 93.5 bk 2.375 : .395
10 : .64 ‘ 1. 05 . 94,5 5.4 24969 <566
12 _ 44 : T 72 ' 55,3 4.6 3.563 _ 7137
14 30 .49 95.8 4.1 4,157 , .908
16 25 .41 96.2 3.7 4.751 1.079
18 . , 18 . .29 _ 96.5 3.4 5.345 1.249
20 : 11 .18 96.6 3.3 5.939 . 1+420
22 o 9 .14 - 96.8 3.1 6.533 1.591
24 7 - LI1 36 .9 3.0 7127 ' 1.762
26 11 .18 97.1 248 7.721 1.933
28 - = S 97.2 2.7 8.315 2.104
30 17 : .27 97.5 24 8.909 2.274
32 11 . .18 97.7 2.2 9.503 24445
34 8 .13 ' 27.8 2.1 10.097 2.616
36 I .06 : 97.9 2.0 10.691 2.787
38 15 24 98.1 . 1.8 11.285 2.958
- 40 3 .04 . 98.2 1.7 11,879 3,129
42 6 .09 : 98.3 1.6 12.473 : 34299
44 6 .09 - G8e 4 1.5 13.067 3,470
46 9 - A ; "~ '98.5 le4 13.661 C 3,641
48 11 .18 G8.7 1.7 14.255 3.812
50 T W11 98,8 1.1 14.848 3.983
52 3 .04 98.9 1.0 154442 4,154
54 2 .03 98.9 1.0 16.036 44324
56 6 .09 99.0 .9 16.630 . 4.495
58 2 .03 : 99.0 .9 17,224 4,666
60 ) .03 T 99,1 . 8 17.818 4.837
62 3 04 : 99.1 .8 18,412 5.008
b4 . 2 .03 . 99,7 N 19.006 © 54179
66 HE .04 , 9.2 .7 19.600 ~ 5.350
68 0 .00 - . 99,2 .7 20.194 5.520
70 2 .03 99,2 .7 20.788 5.691
72 0 .00 99.2 . 7 21.382 , 5.862
74 1 .01 : ‘ 99.3 Wb 21.976 6.033
76 2 .03 99.3 .6 22.570° 6.204
78 2 .03 o 99,3 .6 23.164 6.375
80 1 .01 - : . 99.3 S 23.758 , 6.545
82 2 .03 99.4 .5

244352 . HeT16

A




84 2 .03 99 .4 .5 24,945 6.887 B
86 5 .08 99.5 A 25.540 7.058
88 0 .00 99,5 A 26.134 7.229
90 1 .01 99,5 b 26.728 7.400
92 0 .00 99.5 A 27.322 T7+570
94 1 .01 99,5 A 27.916 TeT741 )
396 1 .01 99,5 A 28.510 7.912 N
98 1 .01 99.6 <3 29.103 8.083
100" 1 .01 99,6 .3 29.697 8.254
102 4 .06 99.6 .3 30+ 291 8.425
104 1 .01 99,7 .2 30. 885 8.595
106 0 .00 - 99,7 .2 31.479 8.766
_ 108 0 .00 39. 7 W2 32.073 8.937
‘ : 110 1 .01 99,7 ) 32.667 9.108
;R“" 112 1 .01 99,7 - .2 - 33,261 9.279
;oo 114 0 .00 99.7 .2 © 33.855 9.450
116 0 .00 99,7 .2 34,449 95,620
118 0 .00 99,7 .2 35,043 S 9.791
120 0 .00 T 99,7 2 35.637 3.962
122 0 .00 39,7 .2 36.231 10.133
124 0 .00 99,7 2 36.825 10.304
126 0 .00 99.7 .2 37.419 10.475
128 -0 .00 99,7 .2 38,013 10. 645
130 2 .03 99,7 .2 38607 10.816
132 0 .00 99.7 .2 39. 201 10.987
134 1 © .01 99 .7 .2 39,795 11.158
136 - .2 .03 99,8 .1 40,389 11.329
138 0 .00 99.8 .1 40.983 11.500
140 1 .01 99,8 .1 41,577 11.670
142 . 1 .01 99,8 .1 42,171 11.841
144 0 .00 $9.8 .1 572,765 12.0127
146 0 .00 99,8 .1 43,358 12.183
148 Sl .01 99. 8 .1 43.952 12.354
150 - 0 .00 39.8 - .1 444546 12.525
152 . 0 .00 99,8 .1 45,140 12.696
154 1 .01 - 99.8 .1 45,734 12.866
156 0 .00 59.8 .1 46.328 13.037
OVERFLOW 7 L11 - © 100.0 .0 :
167.00 ‘

AVERAGE VALUE OF QVERFLOW
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"OCCUPANCY OF SYSTEM (=DESK,SEELVES,LIST. ROCM)

TABLE - TAB1l6

ENTRIES IN TABLE

MEAN ARGUMENT

STANDARD DEVIATION

SUM CF ARGUMENTS

5086 40.922 5.230 245055.000 NON-WEIGHTED <
UPPER OBSERVED PER CENT CUMULATIVE CUMULATIVE MULTIPLE DEVIATION
LIMIT FREQUENCY OF TOTAL PERCENTAGE REMAINDER OF MEAN FROM MEAN

0 0 ‘ .00 .0 100.0 -.000 ~4.433

2 2 - .03 .0 99.9 . 048 -4.216
A 3 .04 0 39.9 . 097 -4.000

6 1 C .01 .0 99.9 146 -3,783

8 4 .06 o1 99,8 .195 -3.566
10 2 . .03 .1 99.8 . 244 -3.350
12 1 .01 o2 99,7 .293 ~-3,133
14 4 .06 .2 99.7 e 342 -2.916
16 5 .08 . 3 99.6 .390 =2.700
18 11 .18 .5 99.4 439 -2.483
20 40 w65 l.1 398.8 488 ~2.266
22 86 1.41 2.6 97.3 .537 -2.050
24 90 1.47 4,0 95.9 «586 ~-1.833
26" 98 1.61 5.7 94,2 . 635 -1.616
28 133 Z.18 7.8 921 .68% -1.399
30 220 3.61° 11.5 88.4 J733 -1.183
32 270 4,43 15.9 84.0 « 781 -.966
34 365 5.99 21.9 78.0 .830 -.7495
36 488 ©.8.01 29.9 70.0 « 879 -.533
38 594 - 9,76 39.7 602 .928 -.316
40 €51 10.53 50.2 49,7 977 -.099
42 554 9,10 59.3 40.6 1.026 .116
44 484 7.95 67.3 32.6 1.075 .333
46 440 7.22 74 .5 25.4 1.124 . 550
48 364 5.58 80.5 19.4 1.172 766
50 336 5.52 86.0 13.9 l.221 . .983
52 249 4,009 90.1 9.8 1.270 ~1.200
54 185 3.03 . 93.1 6.8 1.319 le4l6
56 146 2.39 95.5 A 1.368 " 1.633
58 . - 95 1.56 97.1 2.8 1.417 - 1.850
60 42 .69 97.8 T 2.1 l.4b66 2,066
62 34 55 98.3 1.6 1.515 2.283
64 25 41 98.7 1.2 1.563 2.500
66 16 .26 99.0 .9 1.612 2.716
68 10 .16 99,72 .7 1.661 2.933
70 17 27 99.4 .5 1.710 3.150
72 14 .23 99.7 ) 1.759 3.366
T4 11 .18 99 .9 .0 1.808 3,583
76 5 .08 99,9 .0 1.857 3.800
78 1 100.0 .0 1. 906 4,016

’.Ol

REMAINING FREQUENCIES,ARE‘ALL ZERQ
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RFS NO. 771184 - UNTVERSITY OF B C COMPUTING CENTRE  MIS{ANIZ20)

00:41:42

12-31-70

e

A

USER: WULI
DEPARTMENT: COMM

“uw% UN Al 00:41:44%4

¥%%% OFF AT 00:51:04

k¥%%% ELAPSED TIME 560. 043 SEC.

®%&%x CPU TIME USED 130.934 SEC.

#%%% STORAGE USED 8349.18 PAGE-SEC.
*%%% CARDS READ ~ 418 ‘

¥EFF LINES PRINTED 9904

¥¥%% PAGES PRINTED 284

*¥#%% CARDS PUNCHED 0

#&x%% DRUM READS 95

*F%A RATE FACTOR 0.6 _
¥%%% APPROX. COST OF THIS RUN C$15.17
*x%k% FILE STORAGE 0 PG-HR. . 00

FELAST SIGNON WAS:

00:28:20 12-30-70




I

END

CPU TIME USED:

ASSEMBLY:. 3.262 SECONDS

A

EXECUTION: -123.857 SECONDS

EXECUTION TERMINATED

ESTONOFF
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