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~ This report is available in two volumes. - Volume I describes an on-

"~ line job matching experiment in Boulder, Colorado, which cullected

_Anformation of placements, referrals ‘and duration of jobs referred
by an on~1lite system versus othex mcans. Volume 1I describes the

- simulation of computerized job matching modeled after the activity
in Salt Lake Ccity, Utah.
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CHAPTER ONE

INTRODUCTION -

¢ *

-

The manager of an Employment Service office has two reasoms
to be concerned with efficienc§:ii/

1) He operates on a fixed budget and cannot increase
services unless he increases productivity,

2) He provides vitals Services to. large numbers of the
American,public and should be concerned with getting
the most out of ach tax-d6llar spent.

Efficient resource utilization is é&ny manager 8 priméry concern, -
and he has two bas}p résources with which to work: people and wachines.

To detsrmi&t the wost efficient ose of thesf resources, he has

to be aware of several factors. These factors include the functions
of all office staff; the activities through which applicants nor-
mally proceed; the processes used by applicants who bypass normal .
procedures, and the use of machines, i.e., who uses which machine,

+

when, and for what purpose.  ° . o
When he has identified these factors, ‘the manager should iden-
tify the relationships_ between them and ask himself what consequences
reallocgting his resources might have, . e )
1) How would reducing the number of receptionists from two
) to one affect the length of time the aversge applicant .
waited in line for initial processing? *~
Hoﬁ“ﬁuch interview time would be saved through the in-
troduction of another terminal or microfiche readet?
If one interviewer-were transferred from serving rion-
veterans to serving Veterans' only, how would that
affect the average time a non-vetéran pust wait to sSee
an interviewer? . o
By how much would an extra terminal decreaee the time

interviewers myst walt for a terminal?v




- in order to simulate the effects of decisions, T

- ¥ 5) At what time must ti\e £ront doors be closed to ensure .
S that .everyone 4dn 1line 1s° served by 5:00 p.m,? -
Obviously, aly resource allocation de'cision will: have nunerous )
effects on ataff and on aervices provided; and certainly, it is
‘lossible for a‘mmager to sit dam ahd diagram all of these 1nterre1a—
tionshipl and work out mosgt of the consequences of - changes in
staff or machine utilieation matheutically. It would be a 1aborious
and ti‘e-conauming task, a task which the manager is un 1y to hawe
time to perform.- Instead, he may be forced to make a*
guess, ak aeat«—of—the—-pants decision based on limit:ed information” and
made withoutn knowing what the full impact of the decision will be until-
well after 1t has been implemented, ) . : -

Two modeling techniques- used in management scieh;:e can help the
manager make more informed decisions: queuing theory ami simulation,
Both techniques begin with a model, A model is a description of the
dynamic process underlying the behavior of an indiwvidual or systzem.l

© Queuing theory is the study of waiting-line phenomena. It
uses applied. probability models and predicts behavior by solving
mathematical equations, Employment Service offices are too complex
for the application of queuing theory to be practical.

Simulation is a method of evaluation in which oﬁ; course of ®
action is examined in terms of its probabfe implications fomethe

. 8ystem under atudy.z Because of the high speed of computers, a num

ber of local office activities can be "acted out" in a short time
Modeling mﬂd simulation can enable\ the manager to perforﬁ a
detailed study and analysis with a reasonable expepditure of time
and effort. He can look at a substantial number, if not all, of -
the parameters of the problem and try out various resource allo~-
cat%on decisions to see their effects before they are 1inp,'leniented.

+*

—7¥
1 R.M. Cyert, "A Description and Evaluation of Some Firm Simulations," /
Prol:eedingg, IBM Scientific Computing Symposium, Simulation Models
and Gaming, White Plains ‘New York: . '

, IBM, 1966
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Two basic models are necessary: descriptive and simulation.
The descriptive model indicates the placement activities of an
Employment Service local office, zhe priorities placed on these ac-
tivities, and the relationships between them. Such a descriptive
model would be useful to a manaéer by itself, as it describes the ~
primary factors in his resource allocation problems. Even if he
chose to make decisions based on his own calculations, it would
cliarify the factors under consideration. -

The simulatidﬂ model adds statistics-gathering functions Es‘the
descriptive model to monitor the behavior of the model system. Cer-
tain variables may be eliminated from the simulation and certain

_agsulmptions, built’ into it to keep it inexpensi;e and manageable.

This simulation model represents the behavior of an Employment

Service locai office during an entire day of operation, in accordance
with well-defined parémeters'estaplished in the descriptive:hodel.

A simulation using this model can run -through a number of days, or
weeks, of activity, generating information and statistias on average
waiting times of applicants at various stages and on tﬁe time staff
members spend at various functions. ‘

By changing one or more of the factors in the model — the num-
be; of interviewers, the number of terminals, or the average amount
of time the office 1s willing to devote to an interview == the mana-
ger can see the effect of changes on other factors, such as the aver-

-age time an appifﬁant must walt to see. an interviewer or the number
of people who will be left ih line when the office closes. The man-~
ager 18 then in a position to make a more informed choice between al-
ternative resource allocatioms. ” ’

This report is organized into six chapters and two appendixes.

Chapter 2 describes the functions and flows of the lecal Employ-

ment Service office being modeled. Chapter 3 describes the nature
and assumptions of the simulation model; a non-technical reader may

wish to skip this chapter. Chapter 4 describes how such a model

can be used. Chapter 5 describes a time study carrigd out to

.t i
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CHAPTER TWO

. . THE DESCRIPTIVE MODEL »

- .

.

Assumptions
The descriptive model reduces the Embloyment Service offica‘fob

a séries of activities. Assumptions are made about the operation of
_ the office; they reduce reality to a series of flows.

?

3

The first assumption is that thére are three activities in the
local office: ‘
1) Taking job orders.

2) ‘@tbcessing applicants. -

.

L]

3) Miscellaneous (measgged in one minut® intervals).

B The second assumption is. that these activities are listed in or-
der of priority, i.e., activity one is performed before two; and
activity two, before three. _When an cmployment officer finishes one
task, he turns to the highest priorityﬁtsﬁﬁ"at Hand. VHowever, the
fact.that taking job orders is the highest priority activity doks not “
mean that the employment officer will drop p lower-priority task to
take one. He will complete the task on which he is working first.

Unemployment Insurance functions of the local offiéé are ig-
nored. The model contains placement functions only. The office being
described is similar to the Salt Lake City local office, but the
model can be modified to represent different local offices. (See
chapter 6 for a discussion of the modeling and simulation of the
widest possible range of office types.) In order to suggest a wider -
applicability of the model to other offices and tolsimplify the
model -for exposition, some activities of thc Salt Lake office are
not represented. In addition, a model must simplify some local
office functions in order to derivg meaningful results about other

functions.

$

I .

Job Orders ° ! " L
When a job order call comes into the office, the first avlzzL

able employment officer takes the call.
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- ““Job_Order Pérameters .. . . o ' S c
. - 1) Number of job orders received each day (which probably
. AU o varies ‘for time of day, day of the week, time of the i . ‘“/
' = . moPEh and month of the year) T .
2) Averagé, length of t:ime taken to ‘handle a JOb order ,
call. e - ‘ ‘
> B The Interview Process ; . -o- ” :
. - The standard procedure an applicant: goes through when ‘arriv- .
- ing foryan interv:lew .follows. : TN R _
s o 1) The applicant arrive.s ‘and waits in life to see the re- ’
R R ‘e -~ ceptionist. e .
) T ‘2)'--»—=Nhen he reaches, the head of the 1ine, t:he receptionist
- @ A " -asks’ him if fhe., has been registered at . the placement center. ‘
‘ . B 3) If the answer is yes, the receptionist: asks the appli- ) oo .
° * "y  cant's Social Security nunber. gOes to a terminél and - . A
) o “enters the-number to make sure a valid registration o ‘ -
A ) exists.’ o S oo ’ : -
- 3a) If the answer is no, the receptionist gives the new
) /‘Vapplicant: a form; he takes the form to another [car-
ousel] roan, fills it out, and ret:urns. ol v s
1 The carousel ToOom has an automatic carousel al:lde/t:ape recorder . ‘
. presentation, which is used to guide applicants in filling out
- the application ca:d. . § ‘ -
- - - 6 '
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4) At this point, some of the old applicants may check
- jobs posted*on the Job Information Service (JIS)

.« - boards, where jobs are‘organized by occupational groups.
LS ) T . ‘ '

o\ Taen the applicants return to the front desk.

'5) The receptionist enters the applicant 8 name on the
waiting list for interviews. . ,
6) When the applicant's name reaches the top. of the list,
he 1s called for the interview.
R 7) The applicant is interviewed. .
8) The interviewer goes to the terminal and waits
to use it. | . )
9) The interviewe;'reports the results.of the terminal job
~ ‘search to the applicant. -,
.8
Interview Parameters T -

1) kverage length of,time it takes a receptionist to.éc
‘to a terminal and perform a registration check, exclud- )
ing waiting time for terminal. T ‘

2) Arrival .rate of applicants and ratio of new app1icants
to old. ‘

-

3) * Average length of time to fill out new applfcant ‘forms.,
. 4) Number of persons in each type of staff position during
each hour of the day. '
5) Average length of time an applicant spends using job
display facilities. 1
6) Average length of time the receptionist spends with an
’ applicant.
7)“ Average length of interviews.
‘ 8) Length of time required to perform a computer~aided
job search, exluding waiting time for terminal.

’
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The, Non=-S andardulrocess

. Of course, some applicants By-pasS‘the“ﬁtandaré process, particu-
larly those who have béénrthrough the interviewing:process before, and
may either check theﬁjob board and then proceed through the standard.
process or check the board and, finding nothing of interest, leave.

¢

Non—Staﬁdard;Parameters
« 1) Percengage of non—stqndard applicants. -

%) Length ‘of time spent at job boards. .
Superimposing the non-standard process on.the standard
process above, the following, more)co’plete process emerges. - -
& . . e
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Asatmpt:iona/l!xtensi&ns )
e — ~—Thi8—mde1_&kes—many_assmpth hich, if relaxed, would extend
o the model to describe different-offices. Some of the more common office
variations which could be included are noted here.
* There 1s no clust:ering in this model. It assumes t:hat all em~

»

% |

. ployment officers provide the s;me services to &ll appli-
cants. No preference is given to ‘vetera:fs or mingrity group members
in terms of, w'ait:ir'ug for services, nor does it d‘ist: nguish between
applic'ar:t:s by occupation. ‘It assumes that any persm; who comes to
the receptionisi:'s desk wishes some service(hf from the placement
center (the recept:ionist: does not handle Unemployment Insurance
claimants). = ( ' ’ P

There is no clustering of terminals. If no terminals are
free, all receptionists.and employment: officers who need to use a .
terminal stand in t:he same, single queue wait:ing for.the first avail--
able terminal. - )

. . .« }

Migcellaneous Work

Migcellaneous work is measured in 1 minute intervals and is

. *,P assymed to occupy staff members when they are not perfoming high-
. er‘priority jobs. Filling out reports is an example of migcellaneous

»

work.




CHAPTER THREE

r

- THE SIMULATION OF THE DESCRIPTIVE MODEL

-

» ’ ) .
The simulation is based on a mathematical model conforming to-the

“ ruies,set out ia the descriptive model. Following these rules, the
- simulation "steps through" a day at the local office, i.e., applicants
N\ are intervieved, job orders are taken, etc. During the course
of the simulation, statistics on system behavior — number of people
waiting to be interviewed, average length of an interview, staff
' utilization, etc.,;—- are gathered and used to ‘generate the reports de~
scribing system behavior. Data are generated in the model for each
hour in a given day. ‘

'q‘
P
7

Job Orders f:
Taking job orders is the employment officer's highest priority
activity: When a job, order.call comes in, -it is placed last on
the job order 'queue''. The first employment officer to complete
his current task takes the first call on the job order queue. The
time required to‘handle the call is simulated by e;uniformly dis-
o | tributed_ rendom variable whose mean and standard deviation are stipu-
lated by the user of the simulation to reflect the length of job
order calls in his office. .
When the simulation begins, one job order 1is waiting to be
haridled. R
The Interview Process .
The interview process is diagrammed in Figure 4, When the simu-

lated day begins, there ‘are five old applicants and three new appli-
cants waiting for the door to be opened. "01d" applicants are de-
fined as applicants who have previously been interviewed and there-

fore have an active registration on file. The interarrival times for

both old and new applicants are exponentiallyGdistributed. Both
means are supplied by the user and, like all.other input parameters, ' ‘
can be independently specified for each hour of the working day.
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Twenty-three percent of the~“old applicants go immediately to
the job display area without stopping at the receptionist's deak.
The simulation treats the job display area as a service facility
with a limited capacity; but since the deacriptive model representa
-the job dilplay area as a bulletin board, the capacity chosen was

arge enough to be effectively unlimited. On the other hand,

a ob display system usiné‘microfiche coold'be-simulated siﬁply by
setding that capacity to the number of microfiche readers available
to applicants. Applicants who go directly to the job display area
‘and are unsuccessful in their job search 1eave the office and do not
v require any additional resources. The time they spend at the boards
is uniformly distributed with mean and standard deviation specified
by the user. Wﬁen this time has elapsedl they exit the system. "
' The remaining 77, percent of the old applicants go to the recep-
tionist's desk. When each reaches the head of the line, he gives the
receptionist his Social Security number and his . name. The time for -
this interaction, exclusive of any waiting time, 1is an exponent—'
iall§ distributed random variable with the mean stipulated by the

user. The receptionist then goes. to an aVailable terminal and -enters 7

the applicant s Social Security number to check for a valid ‘regis- P i
tration, The time required for this check is a uniformly distribu—

ted random variable with mean and standard deviation specified - .

by the user. After their registration has been checked, most old

Some (14.5 percent) go to the job "display area. The- length 7 , .
of time they spend at the boards is uniformly distributed with the . i .
mean and standard deviation set by the user. |

~ When the} finish at the boards, they return to check in at the

receptionist's desk. They are placed on the end of the interview
list and proceed to the interview waiting drea. :

All new applicants go the receptionist?a desk immediately on
“entering’therffice. The time necessary for their interactions with
the receptionist is exponentially distribdted with the same mean as

1 Data was estimated from a time study conducted at the Salt Lake
City placenent center.




phg_ﬁnteractieua of old appficanta. They are then routed to a sepa-
rate area, possibly a carousel rbom, where they f£111 out the appli~
cant characteriatics forms. Twenty minutes later, they !EEurn'to the
front desk to be placed on the interview list and join~thc;other -
aﬁplicants waitiﬁg to be interviewed. - B ’
‘When an interviewer completes his current task, he begins inter-
viewing the applicant at the top of the interview list, assuming there s
is an applicani waiting and no job order calls are waiting., The time
required for their discussion is taken from a user—cescribed unifofm
distribution. N
After the discussion, the employment officer gets in line (if -
any) to use a terminal. When a terminal is free, he performs an
on~line, computer-aided job search., The time required for the job
search 1s taken from a user-described uniform distribution. ,The re~
sults are given to the applicant, and he exits the system. '
o
Miscellsnecus Tasks
-Miscellaneous includes all other free time. It is performed by

. employment officers when there are no job orders to process ot'appli-

cants to interview. In the simulation, miy miscellaneous tasks are divided
into one minute intervals. The time required for a task is taken .
" from a uniform distribution described by the user. If actual low-

'priority tasks exist, the times requited to perform them could be
specified in this distribution.

3

" Deriving the Simulation Input

The method the user chooses to determine these parameters and,
consequently, the cost of obtaining their valuéi,4will depend largely
on the purpose for which the simulation is to be used.

manager simply wanted to get a better understanding “the . i& the
office might function if some minor chanan were unde. In such a
case, he would not need a high dpgrcerf accuracy from the simulation

and would not need to painstakingly determime the input pardl.écrs.
It might be sufficient for him to estimate their valuas frem his own

\ S 13 | =



experience. ) .

When a high degree of accuracy is needed, e.g., 1f the simulation
is being used to develop budget estimates, a time study may be nec-
essary. A detailed @escriptive model of the proposed office configu~ -
ration should be developed prier-to conducting the time study, which

“— can then be designed to gather the data necessary to both eseimate
the model's input parameters and validate the proposed model. The B}
time study might collect sample values of the time required to per-
form»an_interview, for example, Several models might be proposed
initially and data from a time study used to determine which
model most closely represents the office. For example, one model
might eslﬁme that the length of time requifed for an interview depends’
on the lpplieant'g occupstion and a second model would not con- '
tain that assumption. Data from a‘tiﬁe study could be used to test
that assyghption statistically. (An example of guch a test appe;rs
in Chapter-5.) ’
» In some cases, it 1s not possible to acliieve the level of
accuracy afforded by the time study. If the proposed office con-.
figuration 1s sufficiently different frog the present office con-
figuration, a time study may not be possible Such would be the case 3
if a totally new technique were used in the office, e. g., if
computer-aided job searches were being used for the first time in any L s
‘office. 1n such cases, the manager would have to use the best pre-
dictive technique available, knowing that the accuracy of the simu-
lation is limited by the ‘accuracy of the predictive technique

used to estimate the input parameters.

Methods used to determine input parameters vary in terms of uccuracy
and cost. The ﬁenager will have to decide what degree of accuracy is -
gequifed and how much effort he is willing to expend to get it. '

»

~ Simulation Reports

1

After the simulation has "stepped through" a local office day, . <

ttatisticu are available for report generation. The following - .
. - ,
reports can be requested: ’ ;




- 1) Input Report . » .

_2) Applicant Report

3) Receptionist Facility Report

4) Receptionist Queue Report

5) Employment Office Pacility Report

6) Interview Queue Report .

7) Terminal Pacility Report

8) Terminal Queie Report -

9) Job Order Queue Report

~

Input Report

The Input Report prints the input parameters supplied by the
user for the current*simulation run. This report includes the para-
meters (in minutes) for the statistical distributions previously

| _discussed and the staff level. This report appeg;n in Table 1.

The letters in square brackets indicate references to various
sections of the displayed report."

To determine arrival rates of new and old applicants in the
simulation, the user‘apecifiea,the.mead (average) tiﬁe between two
consecutive arrivals. Since the interarrival times of applicantq
are exponentially distributed, only the mean time need be specified ’
for each hour of the day and each applicant type.  The job order in-
terarrival times are uniformly distributed over the interval spec-
ified by the user [A]. u e

The length of time required to perfotm,variou- activities in
the simulation are also taken froq'dist%igp;ionl whose parameters
are supplied by the yser. Thewamount of time required for g
the receptionist to question an applicant [B] is taken from an expo-
nential distribution; the mean time is the only parameter supplied by
the user, Times for the remaining activities are uniformly distributed
over inter’gals supplied by the user. In order of their —
appearanﬁe”in‘the Input Report, these activities are: i |

1) The applicant's interview with an employment officer
- [e].
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2)

3)

4)

5)

6)

7

The search of the job boards by an applicant who will
stay to be interviewed ([D].

The search "of the job boards by an applicant who willb
leave immediately after scanning the boards without

ever going to tﬁe receptionist's desk [El.

The computer-aided registration check performed by the
receptionist ¥}l '

The computer-aided job search performed by the employ—
ment officer [Gl.~

The handling of a job order call by an employment
officer [H]. |

The miscellaneous taak that occupies the employment -
officer's slack time [Il, ’ S ,

The last item in the Input Report shows the number of reception-—

ists and employment officers working each hour and the number of .

computer terminals available to them [13.

A
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TABLE 1. INPUTI REPORT

iiij-:::-i--tai-
= INPUT REPORT =

T S N A UM 2

. [A]
. ARRIVAL RATES
- NEW APPS OLD APPS JOB ORDER
HOUR  HEAYW NEAN PRON T0
] 1.82% 0.949 0.0 20.000
. B P /'] ] 6.840 0.0 20.000
10 0.928 0.553 0:0 20,000
1. 1.348 1.025 0.0 ' 20.000
12 1.980 1.577 0.0 . 20.000
1 1.500 10160 o.o 200000 ) =
2 8,350 1.806 0.0 20.000 .
3 1.532 1.720 0.0 20.000
8 6680 . 3,720 0.0 20,000 )
ACTIVITY DURATIONS
. DISCUSSIONS APP JOB SEARCH
_ MECEP[B]  EMP. orr{c] succzssrun D] uusuccnssrnL[E}
HouR Blll PRON rRON TO PRON ro
8 0.300 0.0 19.200 11.600 32,000 , 15.600 26.700-
9 0.300 0.0 19.200 11,600 32,000 15,600 26.700
10 0.300 0.0 19.200 ° 11,600 32,000 15,600 26.700
11 0.300 0.0 19,200 11.600 32.009 15,600 26,700
12 0.300 0.0 ‘19,200 11,600 32,000 15.600 26.700
17 0.300 .0.b 19,200 11,600 32,000 15.600 26.700
2 0.300 0.0 19.200 11.600 32,000 15,600 26.700
3 0.300 0.0 19,200 11,600 32,000 15,600 26,700
y 0.300 0,0 19,200 11,600 32,000 15.600 26,700
- - . :
Acttvztr DURATIONS .
TERNINAL JOBORDER NISC.
RECEPTIONILST [r] znv. orr. [G] H] [T
rRON T0 PRON T0 ron T rRON
8 0.259 0.750 0. 500 2.500 0.0 4,000 1.000
L] 0.250 0.750 o.5ocr~ 2.500 0,0 4,000 1.000
10 °  0.250 0.750 . 0,500 _ 2,500 0.0 8,000 1.000
1 0.250 0.750 0.500 2.500 0.0 4,000 1.000 -
12 0,250 0.750 0.500 2.500 0.0 4,000 1.000
1 0.250 0.750 0.500 2.500 0.0 . 4.000 1.000
2 0.250 0.750  0.500 2,500 0.0 8,000 1.000
3 0.250 0.750 0.500 2.500 0.0 4.000 . 1.000
8 0,250 0.750 0,500 2,500 0.0

8.000 , 1.000

- [J] .
CAPACITIES
ROUR RECEP ENPOF TERN
8 3 15 2
s 3 15 2
10 3 18 2 -
LA B T 2~
12 3 15 2 q
1.3 15 2 ‘ ¢
2 3 15 2
3 3 18 2 ;
“ 3 2 .

15
2

TASK
] .

T0
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000

1.000

N

\



Applicant Report
The Applicant Report provides information about the flow of

applicants into the system, the number of applicants in the system

during a given period of time, and the amount of time each applicant

spends in the system, This report appears in Table 2. N
There are two time breakdowns 'in the report: hourly and full-

day summations. For each hoar, the report gives two types of sta-

tistics: the number of applicants in the system and the amount of

time applicants spent in the system. The former gives the number of

applicants entering [A] and leaving [E] during an hour with separate

figures on old and new applicants, and the minimum [B], maximum [C],

and average [D]. numbers of applicants in the system during the Hour.

The "applicant time spent in system" section shows the minimum [F] and L

maximum [G] amount of time spent in the system by applicants who wait

during the hour. The mean [H] and standard deviation [I] can be

read together: the averagé amount of time spent in the system b the

standard deviation gives the range of times for the majority of

applicanta:zﬁTHE*fﬁIiiﬂai'étafieffés“prVTaé the same statistical y

breakdowns for the entire day.




TABLE 2. APPLICANTS

ol ¥

Ll e Y ) - o
!f 1PPIICI'!3a ) R

3 <

»

Al (8] [c] (o} (8] [¥] [6] (W] [1]

3

APPLICANTS IF SYSTEN APPLICANT TINR SPENT IN SYSTRN

TINE CLASS ARRIVALS NIN NAX AVERAGE DONE 1 34 | NAX ‘Hlll STD DRY
8- 9 ALL 7. 0 &1 29,936 60 3,932 43.608 20.046 10,010
= *EN 37 0 22 18,345 15 - 28,860 41.892 31,336 5,213
0LD ¥ 0" 16 11.159 35 3,932 #3.608 15.556 8,826
, oTN 17 0 8 K.432 10  11.767 26.071 18,828 5,271
9-10. ALL 8 ° 27 ag 36,705 718 5.562 48.17  2K,709 11,253
"W 28 14 22 17.572 28 25,265 4K.787  35.9%52 5,936
OLdD ° N7 . & 25 14.828 3% 5.562 §8.177 18.820 9.619
_ orTn 1s 2 7 %306 16 12,800 26,422 17,548 3,710
10-17 ALL 180 83 91 62,939 95 11,250 60,090 30.816 12,563
wry 58 17 51 32,016 26 33.832 56,295 Ak.TW - 6.111
. oLD 58 .18 3% 23,538 47 15,087 60.090"° 28,398 10, 640’
oM 23 M 127,390 22 11,250 24,855 19,478 4,545
11-12 ALL 90, 87 106 96.868 80 41,423 84,972 45.682 21,002
NEY 317 4T 58 520660 32  K5.946 88,269 65,248 11,222
oLp KN 33 &S 39,738 32 26,160 88,972 k0,654 11,399
o A5 T2 7 TawIt 16 11,823 26,075 16,605 4,661
12- 1 ALL 62 88 100 91.945 71 11.148 114,102 72,029 = 26.686
¥Ev 21 39 51 W6.A6M 31 81.765.103.480 92,854 - 6,974
. oLD 33 37 49 #3.,235 31  50.701 114,102 66.917 15,8
orn 8 0 6 2287 ° 9 11,188 25,682 17.909 5,648 -
1= 2 AL . 99 “ 8f 119 100,056 75  11.950 117,878 80,068 31.01%
e 35 .37 N8 82.983 28 90,157 114,335 102,434 6,793
oLd 55 8§ 70 53,900 3% 60,912 117,878 82,535 17.64%
T ’ 0 6 3.2 12 11,950 24,038 19,033 4,273
2- 3 AL 63 108 119 112.725. 73 16.317 113,000 76,923 21,914
1) 17 %1 48 &k.451 20  83.332 107,795 9%5.227 6,319
oLD 36 58 71 65.495 #6- 62.291 113,000 77,482 10,622
orN 10 1 5 .3.081 3 16,317 2u.468: 20,967 3,863
- . . *‘\ B . .
#- M ALL . 63 .92 107 102.397 72 12,090 133,710 88.221 32,508
Wew 38 &2 59 49.8:~ 22 951,288 124,907 110,193  9,M8N
orp 15 33 58 48.857 39  73.66K 133,710 95.256 15.037
. o™ 10 15 3,710 11 12,090 25.626 19,514 3,730
¥~ 5 ALL . 26 50 97 72,770 712 11,200 139,954 95,029 130.555 -
nEw 8 29 58 47,110 37  B86.604 139,954 110.696 -18,.549
oLD 13 18 35 24.258. 28 70,889 129,036 93,623 16.76k
8-5 ALL 726 119 78,482 676 11,200 139,958 58.640 35.659

8-5 XEW 269 59 38.566 240 268,860 139,958 79,170 _ 300, 834

0
0

-5 \OLD 34S 0 71 36,111 326 3,932 133,710 $7.058 32,808
0 12 3,808 110 11,188 26,422 10,536 K.663

-5 orx 12

-
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“Receptionist Facility Report ‘ T -
The Receptionist Facilﬂty Report provides statistics for -the

receptionists functions. Again, there are two time breakdowns ‘in
. the: report" hour and full day.  The staff level forccach hour is
, generated ffbm the input provided. The average staff utilization
figure [A] rsnges ‘from O. 0 (idle) to 1. 0 (always busy) The number
icf applicants served [B] gives the average number of applicants being - .
served at any one time, the maximum number being served at any | '
_one time [C], and the. totalinumbet of applicants serve& durigg that

~ hour [D]. Statistics are also providgd for the average amount of
time taken by each transaction ot applicant/receptionist activity
[E], ‘and the standard deviation [F]. The full-day- summation provides
the samc stawistics and also’ includes the number of 8-hour man-

days worked during the 9-hour day. This report appears in Table 3.
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i TABLE 3. RECEPTIONIST FACILITY
..m--.‘.-l.—..-
. = RECEPTIONISY = . v
' =  PACILITY = T
. RO "D NS e - A
/ [A) 3 fel o] [E] [F]
smre AVS STAPP  BQ. QF TEANSACTION un P22 Teassicrron 7
TINR BRVEL  ACTIVITY  OUTILIZATION AVG  NAX TOTAL  HEAW STD DRV °
-9 —-3—nxenaas——o.mh—4.stc———1——n‘—4 ooo~4Az&_—
ENCOUNTER 0.19% 0.572 3 108 0.327  0.338 ‘
< TERE WAIT Q. 197 - 0,592 3 22 1,616 0.985 .
CONPUTER . 0.11% 0.385 2 a2 0.890  0.188
- ;usc. 0.897 S '
. ™ SUB-T0T x,;, 1.009 , ) | )
9-10 3 uc;igr;xon 0.768 2.308 3. 87 1.406 1.378
MCOWTER . 0,281 0.722° 3 1% 0.390 “0.828
S TERR WAIT - 0.810. 1.230 E Y 1.5700 1.198 -
o CONPUTER . 0. 117 0.352 2 as 0.872 0.153
T b 'er X T °I232 .
S R SUB-TOTAL 1.000 . ,
10-1% 3 ammcEeTION 1.000  3.000 3 - 8N 2.070 < 1.85% ‘
? . ENCOUNTER 0.206 = 0.618 2 1w 0.276  0.302 ¥
, o . TRRN WAIT 0.660 . 1.98% 3 a9 2.621  1.178 .
§ CONPUTER 0,134 0.801t 2 a8 0.89% 0,152 -
© MISC. 0.0 e L :
m su«mnr. 1.000 ..
L o | ,
11=12 3  RECEPTION " 1.000 3.000 3 92" - 1.862_ 1.838
© BENCOUNTER 0. 201 0.603 3 23 0.295 0.318 o
N TERN VALY 0.68% . 2,052 3 46 2.675 1.339
CONPUTER ¢.115 . 0,385 2 a6 0,857 0.15%
BISC, 0.0 . : o :
HR. SUB-TOT AL 1.000
12- 1. 3 RECEPTION 0.850 2.521 3 99 1.817 1.601
: RNCOURTER 0.187 0.562 3 129 0.262 0.257 -
i* : TRRM WALIT 0,532 1.597 - 3 42 2.291 1.207.
| CONPUTER . 0.121< 0.362 2 42 0.518 0.137
: NISC. 0. 160 -
‘ M SUB-TOTAL  1.000
“: - —
, -
. ‘ 4
w 21
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. = FACILITY =

¢

L3

= RECEPTIONIST = .

BUSSRTERER XN BN RWW

[A]

i . {31 [c1 [ [E] ¥}
.  1%24 AYG STAPP  NO. OPF TRANSACTION TINE PER TRANSACTION
) TINE LEVFL ACTIVITY UTILIZATION AVG  HAX TOTAL  MEAN  SYD DEV..
- 2 3 RECEPTION 0.850 2,551 3 62 2.307 1.770
: ENCOUNTER 0.159 0.476 3 92 0.311___ 0.253
TERA WAIT 0.574 1.723 3 & 2,478 1,206
CONPUTER.  0.117 0.352 2 w2 0.497  0.158
nIsc. 0.150 :
: MR SUB-TOTAL  1.000
3 ; 2-3 3 RECEPTION 1.000 3.000 3 8 2,160  1.846
ENCOUNTER 0.170 - 0.511 3 101 0.298  0.285
CONPUTER 0.136 _ 0,807 2 a7 0.526  0.145
BISC. 0.0 N .
f WR SUB-TOTAL 1,000 :
3- 4 3 RECEPTION 0.502 1.507 3 69 1.159  1.606
ENCOUNTER 0.167 0.502 3 109 0.282 . 0.262
TERR WAIT 0.279. 0.838 3 18 2.851  1.295
CONPUTER 0.056 0.167 2 20 0.501  0.154
MSCO - ) . 0..93 '
NI SUB-TOTAL  1.000 .
-5 3 RECEPTION 0.172 0.516 27 1.076  1.128
ENCOUNTER 0.085 0.138 .38 0.230  0.190
RN ¥iT? . 0,087 0.261 - 1 1.%21  0.770
COMPUTER . 0.080 0.121 13 0.557 . 0.092
. NISC. 0.828 , o ,
HR SUB-TOTAL  1.000
8-5 RECEPTION 0.737 ' 2,212 3 670 1,659 1.676
8-5 ENCOUNTER 0.17% 0.522 3 939  0.300 0.304
‘ 8-5 TERN WAIT 0.458 1.373 3 315 2,353 1.285
8-5 CONPUTER 0.106 0.317 2 3% 0.496  0.149
. nISC. 0.263
\ N
- 8-5 3,37% ~~-TOTAL--- 1. 000
1 3
. & N
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Receptionist Queue Report

. " The Receptionist Queue Contents Report gives information about

the applican;s yaiting in line to see a receptionist. Tie report'in-

dicates the number of applicants who have "entered the line during

~ that hour [A], thefﬁinimum [B], maximum [C], and éverage number of -
persons in the line during the hour [D], and the number of persons
. Py
in the line at the close of the hour[E]. o

The Queue Waitink Time Report gives information about the length
——44——**—*4*———0f*ttme'appitcants spend in line. In includes the minimum (non-zero)
[F], and maximum waits [I], the number [G] and percentage o}/applicants

who did not have to wait [H], and the mean and standard deviation
times, with [J K] and without [L,M] zero—length waits, i.e:. including
and excluding timts for applicants who did not have to wait. These

s reports appear in Table 4, -
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= RECEPTIONIST QURUR =

///fy | BRuSERISTRALIRNNRBRRE XXS

[a] : [B] [c] (D} (x]
=-—ce QUEUEK CONTENTS ===== . -
TINE ENTRIES ENTRIPS® NIN NAX AVERAGE  NOY

. -9 105 7 34 0 8. 0.848 0o -
' -1 111 62 0 18. 2,657 3
t 10-11 135 135 0 32 15.771 28
- 11-12 123 123 23 49 .34.601 35
12- 1 128 112 0 35 8.999 1
-2 92- 61 .0 38 7.380 38
2-3 103 03 . 8 37 24.769 8
3-8 107 32 4 0 15 1.616 0
. a5 o o o o 0.0 0
8-5 908 662 0 49 10.738
ENTRI¥S* INCLUDES ONLY WON-ZERO QUEUE TINES
J
(*] [c]1 [H] {1] 31 x1 . [L} [M]
—<c-= QUEUE WAITING TINES =—--- |
TIRE nIn ZERO-& ZERO-% MAX - NEAN STD DEV NEAN* STD DEV*
8~ 9 0,018 71 67.62 2,889 0,885 0.891  1.497 ‘0,970
9-10 - 0,008 49  A&. 14 - 7,710 .1.408 2.080 2,513  2.229
10-11 1,013 0 0.0 103920 6.28% 2,486  6.285 _ 2,846
11-12  7.255 - 0 0.0  20.380 15.389 2.586 15,389 2,586
12- 1 0,058 16 .12.50 18.372 .6.438 5.866  7.358 5,230
1- 2 - 0,022 31 33.70 12.296 2.209 3.177  3.331 3392
-3 9.166 0- 0.0 20,479 16.399 2,460 16,399 - 2,460
. -8 0,132 75 70,09 9.773 1.253 2.591  K.189 3,203
-5 0.0 35 100.00 0.0 0.0 0.0 0.0 0.0
8-5 0.0 277 0.0 20,479 6.175 6.590  8.759 6,242
WEAN® AND STD DEV* ARE FOR NON-ZERO TINEG ONLY
J
Ve
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Employment Officer Facility Report :

The Employment Officer Facility Report provides‘information
about the employment officers' functions. Their dutier . re broken
down into thrée broad categories: interviewiné, handling job orders,
and doing miscellaneous work, - The interviewing function fEqurthg;
broken down into three component parts:  the discussion period with
the applicant, the waiting period for the use of a terminal (if any),
and the amount of time actually spent 1nteract1ng with the computer

-

: sya%eu*A‘Asain——the—informatton—is—gtven*both—tnfhour—by—hﬁur—brenkr

downs and in full-day summations, with an additional hourly subtotal
of staff utilization~ The report shows the staff levels [A] for
each hour and the average staff utilization at each activity [B].
Thegaverage number of transactions occurring at any time during the

. hour [C], the maximum number guing on at any one time during the

hour [D], and the total number of transactions taking piﬁceJduring
the hour [E] are also provided -- again broken down by activity.

In addition, the average time per transaction [F] in minutes and

the standard deviation [G] from the average are given. Entire-day
summations are provided and include the number of 8-hour’ .R‘
man-days worked that day {Al. (The simulation vas fun for a 9- .
hour day',) Th}a report is displayed iu Tuble 5.

e
&




. MLOYHENT OFFICER FACILITY REPOR’I‘
% - . .
3 -‘---'l::--?y-!-------'-‘
= ENPLOYARNY OPFYCRR-m——ssmsum i s
= PACILITY =
EEESEERSEEECEAEAEEEAEINEEEE 5,
»
[A] [8] [cl, [01 [E] (F] (6]
. ’ A
STAPP’ AYG STAPF  ¥O. OF TRANSACTION TINE PER TRANSACTION
TINE LEVEL ACTIVITY UTILIZATION AYG NAX TOTAL NEAN STD DEV ,
—4L4—%F~4ﬂﬂwﬂm————$4ﬁ%——ﬂ01f%—fﬁ::j&:::jﬁﬂsr——f98"f*~ S
DISCUSSION 0.560 8.397 15 8.828 5.6
‘ » TERN WAIT 0.071 1,059 7 36 1.427 0. 9uo
Yo, -, __compuTER 0,083 1.281 2- S0 1. 484 0.584
4 JOB ORDER 0.014 0.209 1 6 2.09% 1.257 :
NISC. ‘ 0.273 4,093 15, 288 , - 1,000 0.0 i
HR SUB-TOTAL 1. 000 LT ]
9-10 15 INTERVIEW 0.879 13.188 15 62 12,145 6.279
DISCUSSICON ' 0.675 10,131 15 59 8.915 5.945
TERM WAIT 0.101 1.521 6 55. 1.800 1.325
CONPUTER - 0.102 1.537 2 625 . 1,856 0.624
JOB ORDER 0.014 0.205 1 7 1.7584 1.199
NISC. 0.107 1.607 7 98 1.000 0.0 _
HR SUB-TOTAL 1,000 ’ v 3
10~11 15  INTERVIEW 0.977 14,659 15 73 12,222 5.703
DISCUSSION % 0.668 10,025 18 72 8.319 5.851
TERN WAIT 0.202 3,036« 6 72 T 2,575 0.999
COMP UTER 0.107 1.599 2 73 1.337 0.604
JOB ORDER 0.013 0. 191 1 8 1.431 1.085
nISC. 0.010 0.150 .2 9 1.000 0.0
MR SUB-TOTAL 1.000
11-12 15  INTERVIEW 0.936 14.783 15 64 13,828 6.012
PISCUSSION 0.680 10.200 14 66 9.661 5.775
TERM WAXIT 0.196 2,934 7 63 ° 2,762 1.213
CONPUTER 0.110 1,689 2 64 1.542 0.579
JOB ORDER 0.014 0,217 1 5 2.606 0.719
HISC. . 0.0 0.0 0 0 - 0.0 0.0
— BR SUB-TOTAL 1.000 : -
12- 1 15  INTPRYIEW 0.986 14,795 15 62 14,280 5,825
DISCUSSICH 0.724 10,858 15 62 10. 753 5,543
TERM WAIT 0.154 - 2,315 5 59 2,250 0.968
" COMPUTEK 0.108 1.622 2 62 1.565 0.605
JOB ORDER 0,014 0.205. 1 6 2.046 © 1.407
HIsc, 0.0 0.0 (] 0 0.0 0.0
BR SUB-TOTAL 1.000
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TABLE 5. Continued . . .

> ---.l.-gtiigtnqz-;--hi B [N
& ENPLOYNENT OFPICRER =
. ‘m FACILITY -

WENSEEERATI EESSEEENEERNE

“

a1 - ) [c] ] [E] [F] [c]
. STAry o AYG STArP MO, OF TRAWSACTION, TINE PER TRANSACTION
PINE LRVEL ACTIVITY UTILIZATION AVG MAX EOTIL NEAN STD DEY
L
-2 15 INTERYI®W T 0.988 14,821 - 15 63 18,438 5.029
DISCUSSYON 0.727 10.908 14 62 10.386 4.710
TERN VAIZ 0.151 2,267 6 63 2,201 . 1,185 -
;. CONPUTER 0.110 1.685 ~ 2 63 1.578 0.895
JOB ORDER - 0,012 0.179 1 6 1.79% 1.246
HISC, 0.0 0.0 0, ] 0.0 0.0
HR SUB-TOTAL  1.000
2-3 15 IVEERYIEN 0,987 . 14,809 15 66 T™vw43.041 5,560
: DISCUSSION 0.670 10. 049 14 69 8.761 5.513 .
. TERM WAIZT 0.211. 3.167 8 67 2:,0817 1.080 . g
CONPUTER 0.106" 1.593 2 66 1.827  0.5M
JOB ORDER 0.013 0.191 2 5 2.296 1.501 -‘“
qué o-o 0.0 - 0 0 0.0 °o°
AR SUB-TOTAL 1.000 e ,
3~ & 15 INYERVIEW 0.986 14,793 15 61 18. 980 5.953 ]
TERN WAIT 0.159 2.385 -7 56 2.613 1.592
CONPUTER 0,108 1.627 2 6 1.628  0.605
JOB ORDER 0.014 0. 207 1 - 2.481 0.812
"Ixo . 960 0.0 0 ° 0-0 0.0
AR SUB-TOTAL 1,000
&~ 5 15 INTERVIEVW - 0.%987 14,805 15 65 13.673 5.624
DISCUSSICN 0.777 - 11.657 15 68 10. 737 5,663
TERM WAIY 0.091 1. 364 5 54 1.509 0.820
CONPUTER 0.119 1.788 2 65 1.627 0.592
_JOB ORDER ~ 0,013 - 0.195 1 10 1.168 1.137
nIsc. - 0.0 0.0 0 0 0.0 0.0 -
HR SUB-TOTAL 1,000 :
8-5 INTERVIEW . 0,943 - 14,150 15 566 13.314 5.849
8-5 DISCUSSION 0.689 - 10,334 15 569 9.675 5.652
8-5 TERN WAIT 0.148 2,227 8 525 2,290 1.233
8-5 conpuTER - 0.106 1.589 2 566 1.513 0.589
8-5 JOB ORDER 0.013 0.200 2 58 1. 0861 1.187
8-5 nIsc, 0.043 0.650 15 3s1 1.000 0.001
G"S 16.87+ o eTOTAL === 1.000

-

* -'1vzlncz STAPF LEVEL IS IN B8~HOUR MAN DAYS




Iaterview Queue Report

~ The Interview Queue Report:consiéts of twé)parts.

The Contents Reporé indicates, by hour and for a full-day summary,
the number of applicants entering the line to see an interviewer dur-
ing each héur [A]. It also gives the average [D], minimum [B], and
maximum [C] number of persons‘in the line during the hour, and the
number of persons in the line at the end of the hour [E].

The Queue Waiting Times Report shows the length of time appli- °

cants waited to see an interviewer. It includes the minimum [F] (non-

zero) and maximum times waited [I], the number [G] and percent [H] of
applicants who did not have to wait, and the mean and standard dev~

- iation times, both including [J,Klggnd'exluding.tL,H] zerb~length
waits. See Table 6 for these repdtts.k :
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‘TABLE 6. INTERVIEWER QUEUE

B R W NN WW
= INTERVIEW QURUR =
----.--itu---'-tthg ¢k“

[A] B (@1 bl (E]

- e »,uu'u‘ con “'Ts - -
ENTRIES ENTRIES® HIN NAX  AVERAGY now -
60 60 | 0.4K6
€7 67 1.668
73 73
1] 1}

62 ¢2

63 63
‘86 66
S 61 ‘
65 65 51.593 28
581 581 35,380

ENTRIES® INCLODES ONLY NON-XERO QUEUX TINES

§

S

W W m @ W

_ eveme QUEURZ WALTING TINRS =euwe - : N
FIN®  NWIN  SZRO~# ZERO-X  MAX NEAN STD DEY  NEANS STD DEYe
-9 0.001 0 0.0 3,172  0.486 0.507 0,846 0,587
9-10 0,003 5.651  0.873  1.316  0.873  1.316
10-11  0.15% 9.961 8.032 2,836  &4.082  2.836
1112 7,328 30,572 17.209 . 6.523 17,209  6.523
. 12 1 22,163 - %3,381 31,528 6.138 31.528 6,138
1= 2 43.700 68.778 58,679 5,173 58.679 5,173
2~ 3 45,157 60,282 53,908 4,489 53,904 4,489
3-8 50,049 63.150 57.565 3.385 57.565 3,385
5~ 5 87,630 €7.295 63.125 2,482 63,125 2,482

e-5 0.001 0.0 67,295 31.078 25.316 31.078 +25.316
NEAN®* AND STD DEV# ARE FOR NON-ZERO TINES ONLY

.
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Terminal Facility Report

. The Terminal Facility Report provides information about the
utilization of the computer terminals. Information is given in an

hour-by~hour breakdown and in full-day summation; the report shows

the number Qf term;nal'units present and the average length of times

they are in use during each hour [A] with further bY¥eakdowns of util-
ization by employment officers and receptionists. It provides the
average [B] and maximum [C] numbers of transactions occurring at

any one time during the hour and the total number of transactions

[D] taking place during the hour. In addition, the minimum [Ei:km
maximum [F], mean [G], and standard deviation [H] are shown in
minutes for the amount of time per transaction. This report appears

in Table 7.
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TABLE 7. TERMINAL FACILITY REPORT

--tﬂ;-hih--
= TERAIWAL =
1 = PACILITY =

ANNAERE s RN
(a] [B] fc1 [p} [E] [F] (6] [H]-
o AYERAGE  WO. O TRANSACTIONS  TINE PER TRANSACTION ’
TINE URITS USERS UTILIZATION AYG  MAX  TOTAL  AIN MAT  AEAN STD DEV
8- 9 2 ALL USER  0.793 1,587 2 92— 0257 2468 1,031 0,668 - -
gapo?  0.621 1,287 2 S0 0.519 2.864 1.484 0.584
RECED 0.173 0.385 .2 82 0,257 C.781 0.890 0,148
rREE 0.207 ‘ ;
9-159 2 ALL USER  0.9W8 1.889 2 107 0.252 2,895 1.042 0.687
znpo?  0.768 1.537 2 62 0,506 2,495 1.456 0,628
. . mEcgP . 0,176 0.352 2 85 0,252 0.730 0.872 0.153
RYE 0.056 - .
« 10-11 2 ALL USER  1.000 2,000 2 121 0.253 2.847° 1.005 0.630
: - gupoP 0,799 1.599 2 73 0.500 2.817 1.337 0.60%
RECEP 0.201 0.801 2 88 0.253 0.7%9 0,499 0.152
REE 0.0 o .
11-12 °2  ALL UsER 0,997 1.996 2 110 0,250 2,815 1,086 (0.704
zaPO?  0.820 1,649 2 6% . 0,512 2,815 1,542 0,579
RECEP  0.173 ° 0,345 2 86 0.250 0,729 0.451 0.154
PREE 0,003 . . . ‘ ,
12- 1 2 ALL USER  0.992 1.988 2 108 0,253 2.850 1,142 0.701
eapor  0.811 1.622 2 62 0.507° 2.450 1.565 0.605
- RECEP 0.181 0.362 2 82 0.253 0.726 0.518 0.137
rRee 0.008 ) f
1~ 2 2 ALL USER  0.999 1.997 2 105 0.252 2,365 1,146 0.663
gnpor 0,823 1.685 2 63 0.520 2.365 1.578 0.496
RECEP  0.176 0.352. 2 42 0.252 0,729 0.497 0,158
. rare 0.001 oL -
2-3 2 . ALL USER  1.000 2,000 2 113 0.289 2.490 1.052 0.630 -
EnPOY 0.796 1.593 2. 66 0.522 2,490 1.427 0.571
rrCEP 0,208 0.607 2 ®7 0.289 0,738 0.526 0.145
rRER 0.0 . e
3- 5 2--KLL USER  0.897 1,796 2 81 0,263 2,477 1,350 0.721
pnpor  0.818 1,627 2 61 0.507 2,477 1.628 0,605
RECER 0,084 0.167 2 20 0.263 0.716- 0.501 0.154
rREY - 0.103 .
-5 2 ALL USTR  0.952 ‘1,905 2 78 .0.43% 2.486 1.449 0.674
EnpO?Y  0.892 1,784 2 65 0.631 2.486 1,627 0.592
recze 0,060 0.121°, 2 13 0.43% 0.712 0.557 0.092 .
, YaEE 0.048 . . . .
8-5 2 ALL USER  0.953 1.906 2 911 0,250 2.495 1.128 -0.684
8-% 2 ZNPOY 0.798 1.589 2 566 0,500 2.495 1,513 0.589
8-5 2 pRECEP  0.158 0.317 2 345 0.250 0.749° 0.496 0.149 °
8-5‘ 2 ‘PREE 0.0’47 1
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Termihal Queue ‘Report ) ,
The Terminal Queue Contents Report gives hourly and full-day

summary gtatistics on the number of staff members' waiting for or
using terminals. Statistics are given fof all staff members,
recéptionists only, and employment officers only.- Statistics
include the number ého used a terminal [A], the number who waited °*
‘in line before using a terminal [B], and the minimum [C], maximum
[D], average [E], and currenf number in the terminal queue at the
end of the hour [F]. R
The Terminal Queue Waiting Times portion of this report give;

the same hourly and summary-breakdowns on the minimum YG] and
meximum [J] waiting times, the number [H] and percent [I1].of-the
terminal users who did not have to wait, and the mean and standard
deviation of the waiting times both intluding [K,L] and excluding
[M,N] times for users who did not have to wait. See Table 8 for ,*
these reports.
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: TABLE 8. 'TERMINAL QUEUE REPORT .
“ | EREERREREERBRER AN : ‘ ‘ -
= TERRINAL QUEUE = )
WA 0 S M . E . “ .
. ‘ ¢, i &
T [Al (8] " [c] [p] (2] (r]
. memow QUEUE CONTENTS, —e=== " :
TINX - U§218 ENIRIES EXTRIES® NIN WAX AVERAGE o .
- 9 ALL USEZR | 9k 58 0 ¢ 1651 5
- e mror ' 51 3 .0 7 -4.059 5
i R L g e e Bl LT — -
9-10 ALL USER  107. . 95 - 0 /¥ & 2,751 &
mror” 63 55 o/ & s 1
"o rxce® 4y 10 00 3 1.230 3
10-11 ALL USER 121 121 1 8 5.016 —
EnpOY 72 72 0 6 3.026 1
R¥CEP T A9 0 3 1.981 1
k 11-12 aLL UsSEZR 110 109 ) 9 8,985 & ) i
mMPOP 1] 63 0 1 2,934 3 - ;
RECEP A6 .6 o 3 202 1. ,
 12- 1 AL uszm 108 101 0 8 3912 5 |
. . zhpoP 62 - 59 - 0 5, 2.315 3 ;
i xEcee 82 42 o 3" 1.597 2 |
- 1- 2 ALL USER 105 108 -0 8 3.991 ‘ {
. IrOY 63 63 0" 6 2,267 2 |
arCER 52 81 0 3 1,723 2 §
-~ \‘l ) 2- 3 ALL UsER 113 113 0 10  S5.249 5 |
/ zepor |, 67 67 0 8 3,167 4 :
. _RrCEP 86 K6 o 3 2,082 1 ) .
3- & ALL USER 79 74 6 9 3,223 0 |
MPO¥ 59— 56 0 7 2,385 0 . ~:
7Y ) 20 18 0 3 0.838 0
- &~ 5 ALL USZR 80 65 0 5 1.624 1 )
. ZAPOY 67 54 0 5 t.364 1
s RECEP 13 1. o 2 0,269 0 :
8-5 ALL USER 913 . 8K0 0 10 3.600
) 8-5  znpor 568 525 0 8 2,227

8-5 RECEE 35 315 0 a 1.373
EXTRIES® INCLUDES OMNLY NON-Z2RO QUEDE TINRS

e o 33




3- &

TABLE 8. Continued.

-

6] 1 (. @ K L] - M)

memce QUEUZ WAITING TINES —=we= -

- user NIN  ZERO-¢ IERO-% HMAX  HNEAK STD DEV _ NEAN* STD DEVe
‘ : , Can \ . . - .
ALL USER 0,033 / 36 38,30  3.923 0.925 1.038 1,499 0,939 '
mrr 0,127 15 29.41 3,923  1.008 1.025 4.427  0.940 .

RECEP 0,033 ~ 21 48.84.  3.719 0.827 - 1,056 ° 1,616 . 0.945

ALL USER 0.081 12 11.21  5.475  1.512 '1.318 < 1,703 1.272

meor  0.177 8 12,70 5.875 1.571 1.376  1.800  1.325 _
‘4 9,09 . S5.430 1.828 ,1.229 .1.570  1.198

! i

RECEP 0.081

- r

ALL USER 0.527 O 0.0 5.019 . 2.588. 1.071  2.59% 1,071
mupOP 0.527 . 0 . 0.0~ 8.772 2.575 0.999 2,575  0.999
2BCEP  0.570 0 0.0 - 5.819 2.621 1.178 2,621  1.178

ALL USER 0.130 1 0.91  5.095 2,701 1.28% . 2,726 1,263
mror 0.130 1 1.56. 8.882  2.719 1.252 2,762  1.213

. RECEP. 0.182 O 0.0 5.095 -2.675 1.339  2.675  1.339

© ALL USER 0.118 3. 2,88 6.285 2,287 1.122 2,318 1.068

““sMpoP 0,118 3 484 -8.080 2.217 1.070  2.330  0.968

RECER . 0. 119 o 0.0 n.245 2,291  1.207  2.291  1.207
DR ) V . ) “

ALL USER 0.112 1 0.95  4.822- 2,288 1.199 2,310  1.183
PAROF  0.112 ¢ 0 0.0 . %.822 2,201 1,165 _ 2.201- . 1.165
RECEP . 0.346 17 2038, . w.612  2.819  1.251 Y 2,478 ' 1.206

ALL USER 0,230 0  40.0 5.355 2,792 1.045  2.792  1.085
pEpO® 0. 230 o fo.0 5.355 20817 1.080 . 2.817  1.080 _
rECER  1.083 0 0.0 83.996 2.755 _1.003. 2.755  1.003

ALL'USER . 0.122 S, 6.33  5.732 2.502° 1.609  2.671  1.520
Eupor 0. 122 3 . 5.08. 5.732 2.480 1.655  2.613  1.592
RECEP  0.660 2 10.00  5.066 2.566 1.507 2,851  1.295

ALL USER 0,100 15 18,75 . 6.235 1.218 0.93%  1.494  0.807 .
PMPOF  0.100 13 19,40 ~ 4.235 1.216 0.989  1.509  0.820 -
RECEP  0.262 2 15.38. 2,527 ~1.203  0.883  1.421 , 0.770

ALLGseR 0.033 73 8,00 5.732 2,129 1.342  2.314 1,237
ENPOY  0.100° . 83 7.57  5.732 2.117  1.331  1.290  1.233 .
RECEP  0.033 30 8,70  5.430 2,189 1.362  2.353  1.245

MEAN® AND STD DEV* ARE POR-NON-ZERO TINES ONLY

-

=~wen TOTAL QUEUE WAITING TINE ~w=w-
USER HOURS % or AV&ILAB;! TINE

ALL USER 32,397 19,998 ' : 3
ENPOY  18.528 13,722

RECEP . 12.025 68.536 ‘ o

N ’ . 7 ’ 4




-

Job Order Queue Report -

-~

portion and a queue waiting times portion.

The Job Order Queue Report is divided’ into a queue contents
The types c¢f information

given are the same as given in the Interview Queue Report, but the

of timé they must wait.

8- 9
9-10
10-11
11-12
12-
1=
2-
3-’-
8-

8-5

NEWN a

¥

(A]

TABLE 9.

This report is displayed in Table 9.

JOB ORDER QUEUE REPORT

= JOB ORDER QUEUR =

[B]

~---- QUEUE CONTENTS ---=-
TINE ENTRIES ENTRIES+

TR Y- YT PRy §

gt

58

OV Ud

-

58

K

K

[cl [b]-
BIN  MAX AVERAGE
0 1 0.056
0 1 0.050 -
0 1 +0.070
0 1 . 0.050
0 1 0.089
0 2 0.031
0 2 0,075 -
0 1 . 0.070 .
0. -2 0,093
0 2 . 0.060

[E]

Now

P’

»

ERTRIES* INCLUDES ONWLY I§§22330 QUEUE TINMES -

]

“rine
8- 9
9-10

10-11
1-12
12-
1=
2-
3=
-

-5

LR XN N

[F]“ {€] (8] [I]
~z=<- QUEUE WAITING TINES ---
MIN  ZERQ-? ZFPRO-% nax
0.064: 0 0.0 1.035
0.003 0 . 0.0 1.659
0.175 0 0.0 0.950.
0.258 0 0.0 1.2356
0.082 ‘' 0 0.0 0.979
0.152 0 0.0 0.578
0.128 0 0.0 1.312
0.013 0 0.0 2.080
0.029 0 0.0 {.5u6
0.0f3 0 0.0 2:080

EEAN
0.559
0,428
0.521
0,605
0.595
0.314
0.740
10,991
0.523

0.557

b

i

STD DEY
0.388
0595
0.318
0.394
0.374
0.163
0.564
0.788

. 0,479

0.4568

[L]

subject is' the number of job orders awaiting-handlihg“and the length

(4]

WEANS AND STD LEV* ARE POR NON=-ZERO TIHESEOHLY

’

‘HEAN®

0.559
0.428
0.521
0.605
0.495
0.314
0.740
0.991
0.523

0.557

STD pEVS
0.388
0.59%
0.318
0.39%4
0.378

0.163 .

0x'564
0.788
0.479

0.468

—

s o e
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CHAPTER FOUR
- . USE OF THE SIMULATION -

The activity level in a local office is affected/by‘many ex-
ternal variables. A major layoff at a local faccory, for example,
would increase the number of people needing serviees.“ Changes in the
type or extent of services provided, such _as the introdoction of a
~specilal program for veterans, could also affect the activity level,
Changes in the number of people served by the local office or in
the types of serviees provided can Present resource allocation
problene., A simulation is an inexpensive way to answer some of

the queétions’chht'commonly arlse in a changing situation.

This simulation is primarily a planning gool designed to deal
with a variety of Employment Service problene. The simulation can
help the manager to choose between alternative solutions and answer
specific questions stemming from new situations. For example,

l) What is the best way to cope with a budget cut while

serving the greatest number of applicants per‘day?
a) Cut one terminal, one,reeepéionist, and'one interviewer?
b) Cut just one terminal and one receptionist?
2) What lsrthe best way to handle a sudden ianease in the
- number ‘of people to be served? Hire more receptionists?
~a) How many part-time temporary receptionists are needed?
b) What hours should‘they work? o -

The simulation can also be used .to maximize the allocation ~f
existing resources and to help lay a foundation for budget requests.
For example, it might show how an extra terminal would: reduce staff
waiting time. , . g S .

Although the simulation is primarily a planning tool, it can
provide valuable input to the policy development process, par-
ticularly in the area of budget estimates, Consider the following
hypothetical situation.’ Management is concerned that applicants have

to wait too long to see interviewers and that too many applicants leave .

o

.
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1

o

at the end of the day without being interviewed or glve up and leave
after some substantial period of time,

A policy decision to set a 20
percent increase in the number of applicants served e..i day as
a ,

target is under consideration. The decision moker must answer
two immediate questions. How massive would changes in current op-
erations have to be to effect such a change? What would the

changes cost 1in qualitative aspects of service such as the 1ehgth

of 1nterviews and the time an interviewer can spend doing terminal~
aided joub searches?

- N
The simulation allows the decision maker to determine the degree
to which changes in staff levels and distributions and numbers

of terminals will in:jﬁgge'the number of abpliCahts served -~ and

the effect the increade will have on the quality of services.

Simulation allows the expense “and effecttof a policy change to be evaluated
before the change is actually implemented.

The following hypothet#cal management situation will be used
to demonstrate the use of the simulation.

A locdl office manager. has a staff of 20 employment officers,

one full-time freceptionist, and four part-time receptionists.
At any giveny

ime, 15 of the 20 'employment officers are
assigned to the tasks of interviewing applicants and taking job

orders, while the other five perform essential but unrelated tasks.
All 20 are capable of «doing either job.

The part-time recep- :
tionists are scheduled 8o that two of them are working at all times,

_ which means that a to

tal_af.thteewrcaeptionistsra£e~wefking~at—a
given time during the day.

The entire ~taff shares two terminals.
To be realistic, we assume the local office budget is fully
.committed.

Only relatively emall amounts of uncommitted money re-

main, certainly not enough to add additional full-time staff
Nonetheless, the manager has problems.

The office starts falling
behind by midmorning, and 1t never'catchel up. The line in front
of the receptionists' desks stretches out the front door,

Three 10 four times as many peaple are waiting to be interviewed asg
there are chairs for them to-sit on.

The waits are not short, and
some applicants are in the office for over two hours.

As the staff
£alls further behind, the office becomes jammed with people, making

.




both the staff and ‘the applicants irritable. Although the front doprs are
1ocked”at:; 4:30 p.m., applicants are still waiting to be interviewed at
’ 5 p.m. : ' - -
The managerwhbp;s that rearranging the hours the staff spends on
various tasks will increase the number of applicaﬁts served and re-

. duce congestion. In particular, he would like to try using more than

15 employment officers to interview applicants during busy

hours and using more than five on non-interviéwing tasks dur:l'.,rig( . v .
slack periods. . . gy \ ' ’ ‘ ' ,‘
The manager would like to see the office system behave as follows: 7

there should never be more than 80 applicants in the system.at ("/
any given time, and the hourly averages should be less than 60;
there should never be more than I.'ifpeoble.:waitzin;;to see -a recep~ =
tionist imer more than 20-waiting toibe interviewed.
If the manager attempts to experiment with alternative allocations
of his staff, the system behavior may become even worse, a poisibig:ity
he finds repugnant. He chooses simulatione as a non-threatening alter-
native to direct experimentation. First, h’ermines the values of
“the simulation input parameters (discussed ir Chapter 3) that describe
his offiice configuration. Then, he runs the simulation for the first
time and verifies that the simulation adequately represents the behavior )
of his office. The output for this run was shown in the previous vsection.
- Néxt, the manager attempts to determine from the simulation out-
put where his bottlenecks are occurring and what can be done about
them. (See Table 1Q.)* From the Applicant Report, he can see that the
:"h—w-‘:‘wkargest—numberofﬂarrivalsvoccursv in midmorning - (140 from 10-11)--[A}- - e
and that the number of people in the system is ver& high after 11 &im.,
as he surmised £rom watching h.iam ‘ffice. In the Receptionist
Facility Report [B], hé notices that the reéeptioni.sts are spending
a high percentage of the busiest periods waiting to use a terminal.
. The Terminal Queue Report [D] verifies that observation and shows
that receptionists are‘ spending 44 percmgg_of theixr day walting for
‘ a terminal. -Obviously, the office needs another terminal. )

Assuming a reduction in t:ermi‘rﬁxal working time, the util:l.zation
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figures in the‘ReceptiOnist'Facility Report [B] show toogﬁany reception-
ists from 8-10 and from 3-5. For example, the utilization'r§té from

4-5 is only 17.2 percent.

N rThé utilization stéllgtié;‘iﬁfﬁhe ﬁﬁployment Officer Facility
Report [C] show an excess of employﬁent officers in thekfi;st hour of
thevday; but wifh that exteption, nothing else can be evaluated
accurately until the effect of the additional terminal can be
determined. The coipletg,}modified input parameters; and gimulation ‘
output for the second run appear in Table 11.

As is apparent from the Applicant Report of the secoud simﬁlation
run, system performénCe was greatlyaenhancedkbyvthe additiOn,df‘thé
termiﬁal. In particular, the maximum length of time any applicant
spent in the system dropped by approximately one hour. The avéfage
number of people in the’system is'qver 60 from 11-12 only [A].

The receptionist—utilization statistica indicate that there are
too many receptionistsmafter 10.a.m., but the R&ctptioniat

Queue Repor;(shdwn that the constraint of no more than 15 people
“vuiting fo;ja receptionist is violated from 10-11. The manager

decides to add one more receptionist from 10-11 and reduce the number
of recegtionists‘qfter 11 a.m. (B}, 7
The Employment Qfficer:Facility Report and the Interview Queue
Report show the manage: that the empioyment officers cannot keep up
with the load from 10-3 but that the number of officers can be
drastically reduced during the last hour of the day [C]. He decides
to add employment officers in the lat~ morning and -early afternmoon .

and drop back to nine for the last hour. The simulation output for
this new configuration appears in Table 12. ' .
Again, system behavior improves, but it still does not satisfy
the manager's constraints. The &yerage number of people in. the
system from 11-12 is st111 slightly high[A].. Although reduction
in the number of‘receptionistS‘after 11. a,m. did not cause:un—, T -

acceptable behavior, the addition of the fourth receptionist did

not reduce.the maximum number of applicants in the receptionists'

queue [B] from 10-11.to an acceptable level.
- ) 39
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. TABLE 10. FIRST SIMULATION CYCLE
OUTPUT SUMMARY -
[A] [B] | [c1 “
. , RECEPTIONEST EMPLOYMENT OFFICER s
- 'AR- UTILIZA- A UTILIZA-
. ' TIME CLASS RIVALS |LEVEL ACTIVITY ATION LEVEL- ACTIVITY ATION
8-9 ALL 97 3 RECEPTION 0.503 15 INTERVIEW 0.713
) NEW 37 ENCOUNTER 0.191 DISCUSSION 0.560
OLD 43 TERM WAILT 0.197 TERM WAILT 0.071
OTH 17 - COMPUTER 0.115 COMPUTER 0.083
MISC. 0.497 JOB ORDER 0.014
HR. SUB~TOTAL 1.000 MISC. 0.273
HR. SUB-TOTAL 1.000
9-10 ALL 86 | 3 RECEPTIONIST 0.768 ‘15 INTERVIEW 0.879
NEW 24 ENCOUNTER 0.241 o DISCUSSION 0.675
OLD =~ 47 TERM WAIT 0.410 TERM WAIT 0.101
OTH 15 COMPUTER 0.117 COMPUTER 0.102
MISC. 0.232 JOB ORDER 0.014
HR. SUB-TOTAL 1.000 MISC. 0.107
‘ : HR. SUB-TOTAL 1.000
10-11 ALL 140 3 RECEPTIONIST 1.000 15 INTERVIEW 0.977
NEW ° 58 ENCOUNTER  0.206 DISCUSSION ~0.668
OLD 59 TERM WAILT 0.660 TERM WAIT 0.202
OTH 23 COMPUTER 0.134 COMPUTER 0.107
. - R MISC. 0.000 JOB ORDER 0.013 .
HR. SUB-TOTAL 1.000 MISC. 0.010
. HR. SUB-TOTAL 1.000
11-12 ALL 9. | 3 RECEPTION 1.000 = | 15"-INTERVIEW  0.986
NEW 31 ENCOUNTER 0.201 DISCUSSION 0.680
"OLD 454 TERM WAIT — 0,684~ —TERM WAIT —0+196—
OTH 15 COMPUTER 0.115, COMPUTER 0.110
.MISC. 0.000 JOB ORDER - 0.014 ,
g HR. SUB-TOTAL 1.000 MISC. “0.000
- HR. SUB-TOTAL 1.000
12-1 ALL 62 3 RECEPTION 0.840 15 INTERVIEW 0.986
: NEW 21 ENCOUNTER 0.187 DISCUSSION 0.724
- L OLD 33 TERM' WALT 0.532 TERM WAIT  .0.154
OTH 8 COMPUTER 0.121 COMPUTER 0.108
MISC. . 0.160 - JOB ORDER 0.014
“ HR. SUB-TOTAL 1.000 MISC. 0.000
! - HR. SUB-TOTAL 1.000




TABLE 10. FIRST SIMULATION CYCLE

- ﬂ OUTPUT CYCLE (Cont.) ,
[N | [B] . - [c]

¥ - ;
_ RECEPTIONIST : EMPLOYMENT OFFICER |~
AR~ _ UTILIZA- | u UTILIZA- | V
TIME CLASS RIVALS |LEVEL _ ACTIVITY  ATION |{LEVEL ACTIVITY  ATION v
< '
1-2 ALL - 99 3 RECEPTION 0.850 - | 15 INTERVIEW 0.988
NEW 35 ENCOUNTER ~ 0.159 DISCUSSION  0.727 ‘
oLD 55 TERM WAIT = 0.574 | " TERM WAIT 0.151
OTH 9 COMPUTER .  0.117 . COMPUTER ~ 0.110
MISscC. . 0.150 JOB ORDER 0.012 ~
HR. SUB-TOTAL 1.000 MISC. 0.000 :
: HR. SUB~-TOTAL 1.000 ]
2-3 ALL 63 | 3 RECEPTION 1.000 | 15 INTERVIEW 0.987 ¥
NEW - 17 ENCOUNTER 0,170 DISCUSSION  0.670 ;
OLD 36 |, TERM WAIT ~ 0.694 ; TERM WAIT  0.211
OTH 10 COMPUTER 0.136 COMPUTER 0.106
MISC. © 0,000 JOB ORDER 0.013
HR. SUB-TOTAL 1.000 | MISC, , 0.000
: HR. SUB-TOTAL 1.000
' 3-4 ALL 63 3 RECEPTION 0.502 15 INTERVIEW 0.986
NEW 38 ENCOUNTER  0.167 DISCUSSION 0.719
oLp 15 TERM WAIT  0.279 TERM WAIT  0.159 .
OTH 10 COMPUTER 0.056 COMPUTER 0.108
MISC. 0.498 .JOB ORDER 0.014
HR. SUB-TOTAL 1.000 | MISC. 0.000
. , , HR. SUB-TOTAL 1.000
4-5 ALL 26 3 RECEPTION 0.172 15 INTERVIEW  0.987
NEW 8 | ENCOUNTER =~ 0.045 DISCUSSION ~ 0.777
oD 13 TERM WAIT  0.087 - TERM WAIT 0.091
OTH 5 COMPUTER 0.040 COMPUTER 0,119
: ~MISE;——— 05828 —|——JOBORDER —0,013
HR. SUB-TOTAL 1.000 ~ MISC. 0.000
. - HR. SUB~TOTAL 1.000
8-5 ALL 726 RECEPTION 0.737 INTERVIEW' 0.943
8-5 NEW 269 'ENCOUNTER  .0.174 ¢+ DISCUSSION 0.689
: . 8~5 OLD 345 TERM WAIT  0.458 TERM WAIT 0.148
| » 8-5 OTH 112 COMPUTER 0.106 COMPUTER 0.106
8-5 MISC. 0.263 JOB ORDER 0.013 .
' e - MISC. 1 0.043
m——— TERMINAL QUEUE WAITING TIME==—mm~=w
USER - HOURS % OF AVAILABLE TIME
ALL USERS  32.397 19.998

EMPOF - 18.524 13.722 ~ : .
RECEP 12.05 4 44,536 g

I
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TABLE 11. SECOND SIMULATION CYCLE
b

IO ) OUTPUT SUMMARY i S =
) : f
{A] y [B] | Ic]
_APPLICANTS IN SYSTEM RECEPTIONIST _EMPLOYMENT OFFICER
. PEOPLE TIME B |
RUN1 RUN2 RUN1 RUN 2 UTILIZ- QUEUE| | UTILIZ- QUEUE
| TIME CLASS|AVERAGE AVERAGE MAX ' MAX  |LEVEL ACTIVITY  ATION  MAX ILEVEL ACTIVITY  ATION MAX NOW
: ; , — :
8-9 ALL |29.936 :29.459 43.608 43.494 | 2  RECEPTION 0.519 7 HL INTERVIEW 0.773 6 0
| NEW [14345 14.685 .41.892 41.168 ENCOUNTER  0.291 ! DISCUSSION 0.652
oLD |11.159 10.343 43.608 43.494 ° TERM WAIT 0.051, | TERM WAIT 0.018
OTH | 4.432 4.432 26.071 26.071, COMPUTER  0.177 COMPUTER  0.102
. , MISC. ° - 0.481 | JOB ORDER 0.016
| HR. SUB-TOTAL 1.000 MISC. . 0,211
| HR. SUB-TOTAL 1.000
9-10 ALL |36.705 33.578 48.177 42.221 | 2 RECEPTION 0.643 11 | 13  INTERVIEW 0.842 9 8
NEW |17.572 16.335 44.787 42.221 ENCOUNTER  0.364 DISCUSSION 0.727
OLD |14.828 12.937 48.177 37.190 TERM WAIT 0.090 TERM WAIT  0.007
OTH | 4.306 4.306 26.422 26.442 COMPUTER  0.189 COMPUTER  0.108
o . MISC. 0.357 | JOB ORDER 0.014
|| HR. SUB-TOTAL 1.000 MISC. 0.145 o
| , ‘ HR. SUB-TOTAL 1.000 )
ﬁ _
10-11 ALL [62.939 48.926 60.090 47.503 | 3 ~ RECEPTION 0.513 22 H% INTERVIEW - 0.947 19 19
NEW |32.016 26.178 56.295 42.689 ENCOUNTER  0.237 _ DISCUSSION 0.784
oLD |23.534 15.358 60.090 47.503 TERM WAIT 0.130 m TERM WAIT 0.037
OTH [ 7.390 7.390 24.855 24.855 COMPUTER  0.147 COMPUTER - 0.126
w MISC. . 0.487 JOB ORDER 0.013
. HR. SUB-TOTAL 1.000 MISC. , 0.040
: ; HR. SUB-TOTAL 1.000
111-12 ALL |96.868 72.665 84.972 65.259 | 3 RECEPTION 0.464 12 | 15  INTERVIEW 0.986 43 42
. NEW [52.660 38.391 84.269 65.174 ENCOUNTER  0.235 ‘ DISCUSSION 0.830
OLD |39.738 29.803 84.972 65.259 TERM WAIT 0.102 , TERM WAIT  0.031
OTH | 4.471 4.471 26.075 26.075 COMPUTER  0.127 . COMPUTER  0.124
| ‘ MISC. 0.536 JOB ORDER 0.014
. HR. SUB-TOTAL 1.000 . MISC. 0.000
! ' HR. SUB-TOTAL 1.000

.

v
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oo | TABLE 11. SECOND SIMULATION CYCLE |
_ ;, OUTPUT SUMMARY (Cont.) |
{

; \
[A] . . 18] m __[a]
APPLICANTS IN SYSTEM " RECEPTIONIST 1. EMPLOYMENT OFFICER
PEOPLE = TIME R L o
RUN1 RUN2 RUN1 RON2 |’ UTILIZ- QUEUE| UTILIZ- QUEUE )

TIME CLASS| AVERAGE AVERAGE MA” _ MAX _ |LEVEL ACTIVITY _ ATION _ MAX |LEVEL ACTIVITY  ATION _ MAX NOW

¢ » E

12-1 ALL | 91.945 59.474 114.102 80.481 | 3 RECEPTION  0.251 4 | 15 INTERVIEW  0.987 42 28

NEW| 46.464 28.666 133.480 72.088 ENCOUNTER 0.117 ¢ | DISCUSSION 0.837

OLD| 43.235 28.561 114.102 80.481 TERM WAIT 0.048 4 TERM WAIT 0.019

OTH| 2.247 2.247 25.682 25.682 |’ ., COMPUTER 0.087 : COMPUTER 0.130

; ; MISC. 0.749 R JOB ORDER 0.013

HR. SUB-TOTAL 1.000 ,_ MISC. 0.000
HR. SUB-TOTAL 1.000 Q

) N
1-2 ALL [100.056 55.074 117.874 70.493 3  RECEPTION = 0.527 7 .53  INTERVIEW 0.988 28 25
: NEW| 42.943 23.088 114.335 66.203 ENCOUNTER * 0.221 , DISCUSSION 0.821 ‘

2 OLD| 53.900 28.772 117.874 70.493 TERM WAIT ~0.146 - TERM WAIT 0.032 =
OTH; 3.214 3.214 24.038 24.038 COMPUTER 0.161 _ COMPUTER 0.135 w2

' MISC. 0.473 JOB ORDER 0.012

MISC. 0.000
HR. SUB-TOTAL 1.000

HR. SUB-~TOTAL 1.000

{ 2-3 ALL SN.SM 54.614 113.000 77.528 | 3 - RECEPTION 0.384 4 | 15 INTERVIEW 0.987 33 18
NEW| 44.151 22.892 107.795 64.403 ENCOUNTER  0.141 « DISCUSSION, 0.823
‘ OLD| 65.495 28.641 113.000 77.528 TERM WAIT 0.140 . | TERM WAIT  0.043
, OTH| 3.081 3.081 24.468 24.468 COMPUTER  0.103 COMPUTER  0.121
] : MISC. 0.616 ' JOB ORDER 0.013
! HR. SUB-TOTAL 1.000 | -MIsC. » 0.000

HR. SUB-TOTAL 1.000




TABLE 11. SECOND SIMULATION CYCLE o

OUTPUT SUMMARY (Cont.)

’

f‘y

)

PR
, [Al [B] - [c]
APPLICANTS IN SYSTEM RECEPTIONIST EMPLOYMENT OFFICER
PEOPLE TIME =
RUN1 RUN2 RUN1 RUN 2 ﬁ UTILIZ- QUEUE “ UTILIZ- QUEUE ;
ITIME CLASS!| AVERAGE AVERAGE MAX _ MAX  |LEVEL ACTIVITY  ATION  MAX |LEVEL ACTIVITY  ATION MAX NOW
{. R T B i _ <
3-4 ALL [102.387 39.460-133.710 63.724 | 2  RECEPTION 0.274 4 Hm‘ INTERVIEW 0.950 18 0
, NEW| 49.832 23.126 124.907 63.724 ENCOUNTER  0.201 { * DISCUDDION 0.812%
oLD| 48.857 12.623 133.710 63.303 TERM WAIT  0.009 , TERM WAIT 0.015
OTH| 3.710 3.710 25.626 25.626 'COMPUTER  0.064 | COMPUTER  0.123
, MISC. . 0.726 JOB ORDER 0.014 s
HR. SUB-TOTAL 1.000 | MISC. 0.037 .
' W HR. SUB-TOTAL 1.000
4-5 ARL | 72.770 13.025 139.954 44.149 | 2  RECEPTION 0.129 1 | 15 INTERVIEW '0.458 3 0
NEW| 47.110  8.471°139.954 44.149 |~ . ENCOUNTER 0.068 | DISCUSSION 0.390
OLD| 24.258 3.153 129.036 38.879 TERM WAIT 0.000 | TERM WAIT 0.002
OTH| 1.402 - 1.402 26.167 26.167 COMPUTER  0.060 | COMPUTER  0.066
. ; MISC. 0.871 JOB ORDER 0.013 \
HR. SUB-TOTAL 1.000 A MISC. 0.528
i i
8-5 ALL | 78.482 45.142 139.954 80.481 RECEPTION 0.412 22 | INTERVIEW 0.880 43  --
8-5 NEW| 38.566 22.426 139.954 72.088 ENCOUNTER  0.208 | DISCUSSION 0.742
| 8-5 OLD| 36.111 18.910 133.710 80.481 TERM WAIT 0.089 | TERM WAIT 0.023
8-5 OTH| 3.806 3.806 26.422 26.422 COMPUTER  0.124 * | ¢ COMPUTER  0.115
8-5. MISC. 0.588 . | JOB ORDER 0.014
N * ) W Emno OOHON *
| ‘ , N _ ;
» 2 ‘ *
‘ * ) W N s T
. |
ﬂ :
i

IC

E

Aruitoxt provided by Eic:




TABLE 12. THIRD SIMULATION CYCLE

T s

OUTPUT SUMMARY -

_O-11

11~-12

12-1

1-2

2~3

34

- ALL

ALL
NEW
OLD
OTH

ALL
NEW
OLD

OTH

ALL

NEW
OLD
OTH

48.101

25.490
15.222
7.390

64.617
33.409
26.736

4.471

44.197
21.736
20.214

2.247

17

13

19 = 4.380 19

43 34.333

.

42 %3.094 28

NEW
OLD

OTH -

ALL
NEW
OLD
OTH

ALL -

OLD

.36.957

17.462
16.281
3.214

39.271
16.447
19.743

3.081

27,742
18.909
5,122

3.710

LS

5

28 20.139

33

27,117 - 18

18 8.122 0

42

25

13 2,349

__[A] (8] [c] [p].  [E] _ [F] _[6] . [u]
APPLICANTS ; INTERVIEW QUEUE CONTENTS
TIME | cLAss  A1s® Q™" RUN 2 RUN 3
| ' MAX AVERAGE NOW | MAX AVERAGE NOW
[e-9 | AL 29.459 7 6, 1.191 o | 6 119 0
NEW 14,685 s |
OLD 10.343
OTH  4.432
{9-10 | r  33.578 11 9 1.705 8 9 1:705 8
NEW 16.335
OLD 12.937 . ‘
OTH  4.306

19 ‘3.557 19

28.. 21.847 | 22 -
26 16.?83 9

ST
20

11.292 . 0

2 0170 2
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TABLE 12. THIRD SIMULATION CYCLE

- OUTPUT SUMMARY (Cont.)

ta]  [8]. [c] [pl _ [E}  [Fl [e] __[H]

APPLICANTS INTERVIEW QUEUE CONTENTS
cLass AIs®  RrQ™ RUN 2  RUN 3 N
: ) £.3. 5 ) " kkk
MAX AVERAGE NOW MAX AVERAGE NOW . |
ALL  .14.611 2 3 0.076 0 5 1.279 0
NEW  9.209 : ‘
OLD  4.000 .
OTH 1.402
ALL  37.615 17 | 43  14.467 28 6.630
NEW 19.298
OLD 14.511
OTH  3.806 -
------- TERMINAL QUEUE WAITING TIME-——-on-~ -
USER : HOURS - % OF AVAILABLE TIME '
ALL USERS 4,813 3,209
: EMPOF 1.386 1.042
RECEP 1.630 9.585

( .

* L .
AIS ~ Average number of applicants in the system

Fk
_ "RQ - Maximum number of applicants in the receptionists queue




~

The Interview Queue ﬁepoit shows substantial improvement in the

number of people waiting to be interviewed {C~E], but more employment

officers are needed fromq10~12 and 1-3, Fewer are neec "’ from 3-4, -
The Terminal Queue Report [I,J] shows that receg&ifnists spend

nearly 10 percent of their time waiting for a terminal, wpparently f . .

becauagwal wore staff members are used, competition for terminals .

iﬁcretlel. Assuming that‘thia problem will £¥ cqmpounded ﬁheﬂ more ' ‘

staff are added in the next ;imulation, and hoping to reduce the ' Ly
‘ﬁumbet‘of applicants waiting for’tﬁe receptionists, the manager
decides to add-another terminal, . , ' )
He change- input again and simulaten & new configuration, The
output from this sinulntion appenr: in Table 13,
The addition -of a fourth terminal substantially reducel the
number of people waiting for the receptionists. ' Comparing the Recep-
tionist Queue Reports from Table 13,‘we see a 35 percent raductidn
in the average queue content [B,D]. Inwﬁhq troﬁblelqpe period from
10-11, the maximum queue content [A,C] dropped from 17 to three.. In
fact, in the Receptionist Facility Report, the manager discovers that
he doesn't need four receptionists from 10-11, after all.
At this point, the manager sees that all of his original con- 
straints have been met except for the maximum length of the irter-
view queue [G]. . .
The Interview Queue Report shows that the 10-11 period barely
meets the constraint, and the 11-12 period violates it. The manageyr_
wants to reduce the number of people waiting from 11-12, but he is R
already using all 20 employment officers in that hour. He notices ’
that the Interview Queue Report shows 16 people waiting [H] at 11 a.m.
iand decides to use all 20 employment officers from 10-1l to reduce
waiting-line spillover into the 11-12 period. He also decides to
reduce the number of employment officers in the 3-5 period because
of the amall queue size during that period, *
Simulating another day (Run 5), he finds that all of his constraints -
are now met. "Run 5 can be found in Appendix A, Other runs are available




A  [fABLE 13. FOURTH SIMULATION CYCLE - c
N OUTPUT SUMMARY o
‘ ‘ : ' i
[A] (8]’ [c) [D] [E] _ _IF1 {61 . [Hl
| ‘. RECEPTIONIST . . INTERVIEW
R ER 4 el vrmI QUEUE_CONIENTS )
“NAx AVERAGE - MAX AVERAGE | LEVEL ~ACTIVITY ATION | MAX  NOW .
7 0.563 7 0.417 2 RECEPTION  0.480 | 5 0
L ENCOUNTER ~ 0.291
.. | : ) ' TERM WAIT  0.012
QI* , ; COMPUTER . 0.177
) : i o . MISC. 00520 . \
HR. SUB-TOTAL 1.000
11 0.848 . 4 0.298 | 2 RECEPTION: . , 0.562 o 6 | .
, ' | ENCOUNTER  0.364 .
. A w TERM WAIT 0.010
B e . COMPUTER- 0.189 | o
L | : _ MISC. 0.438 ’
17 1.153 3 0.037 | ‘4 - RECEPTION 0.327° | 20 16 - .
. ' g 4 ENCOUNTER  0.191 :
. : TERM WAIT 0.021 |
. A COMPUTER  0.116 | ©
N MISC‘. 0.673‘ *
| HR. SUB-TOTAL 1.000
13 2.111 7 0.735 2 RECEPTION  0.577 21 7 |
" ' ENCOUNTER  0.327 | ’
TERM WAIT  0.072 ‘ »
. - COMPUTER - 0.178 -
‘r MISC.J 0c423
\ HR. SUB-TOTAL 1.000
8 1.665 7 0.870 % 1 RECEPTION  0.647 11 0
. \ _ENCOUNTER 0,351
i TERM WAIT  0.030
. 1 - . CoOMPUTER ~ 0.266 |
R o MISC. ° 0.353 | .
s # HR. SUB-TOTAL 1.000 | ‘
; g
. :} '33"5 . 3,
k - '$ ‘y“ ‘ . ¢

§

- . ]

. 48 ’
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,\ TABLE 13. FOURTH SIMULATION CYCLE
_ OUTPUT SUMMARY (Cont.)
(Al (2] (o [0 [z 4 [Pl [61 W .,
' L _ RECEPTIONIST ~ . QUEUE '
QUEUE CONTENTS | . - . )
) RUN 3 . RUN 4 - . _ UTILIZ- |QUEVE CONTENTS
TIME | MAX AVERAGE MAX AVERAGE | LEVEL ° ACTIVITY _ ‘ATTON | MAX NOW
| 1-2 5 0.706 6 0.588 | 2 RECEPTION  0.589 12 11
» ‘ ENCOUNTER  0.331
\TERM WAIT 0.019 | _ IR
: . “«< /COMPUTER ~— 0.238
. MISC. . 0.411
: HR. SUB-TOTAL 1.000 )
 2-3 4 0.211 5 1.537 1  RECEPTION 0.788 15 0 .
- - ENCOUNTER  0.422
. TERM WAIT  0.056 B o
P COMPUTER - 0.309 B
. MISC. . = 0.212
. unxz:un-mwu 1.000
3-4 7 0.569 - 7 0.536 1  RECEPTION 0.527 2 1
ENCOUNTER ~ .0.399 - -
TERM WAIT  0.000
. . COMPUTER , 0.128
) MISC. 0. 473 ,
.. ~ HR. SUB~TOTAL 1,000
4-5 -§ 2. 0.107 2 0.085 1  RECEPTION 0.284 | . 5 0
ENCOUNTER  0.139 )
TERM WAIT 0.023
COMPUTER  0.121 !
. MISC. 0.716
| HR. SUB-TOTAL 1.000
8-5s | 17 o.881 * 7! 0.568 RECEPTION : :0.531 | 21 + §-
g-s5 | \ ENCOUNTER ~ 0.313 e
8~5 TERM WAIT 0.027
8-5 COMPUTER  0.191 | | .
8-5 . . MISC. 0.469
. [

oL
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- from ILIR, Comparing the man-days used for receptionists,
Receptionist Facility Report, and employment officers
Employment Officer Facility Report, in his first ‘and las

he finds that his final run uses two more hours of employ
time and 12 fewer hours of receptionist time (Table 14).
. minals are required but the solution, as.a whole, can be financed
_through his present budget. ‘ ‘ '
The manager in this hypothetical situation might wish to fur-
ther refine his solution, particularly by reducing the number of
employment officers in the 3-5 period; but further runms are not

necessary to demonstrate the use of simulation. The example

'*’~demg_gtratesﬁthe_iteratiye‘approach reguired by simulation:

successive solutions are tried until tbe best solution 1s lettled
upon. L ) - | ' A 4

In the example, our hypothetical manager shifted his resaurces

-. to meet demand. This, commonsense approach is generally effective,
{ but determining which resources to use and in what quantities can

be a problem. Even in relatively simple systems such as the local

'bffioe simulated here, interactions in the-system can cause complex
and frequently, counter-intuitive behavior. Doubts about which of
two resourge allocations will be most effective can be resolved by

simulating both. . -

-
y—

-




TABLE 14. COMPARIQONS, FIRST AND LAST‘RUNS'
. b
Statistics were taken from facility reports for t:he recepti‘onists .
‘ and/ enplbyment: officers for the first md fifth (last) simulaticm runs.
“"a ’ . ” “ ’
‘g\ »’ ,b LY
\i\\//’l - -
Rn 1 5 © S5el . .
> . . - B o L
k;[:ep — 3,37 1.87  ~ -=1.50 receptionist-days - -
’ . o A\ ) .
R Empof 16.87 17.12 .25 employment officer - days .
. -1.50 r-days _ ' ’
: . x 8 hrs./day- .
g — ) jf“ | .
. =12 ., hours of receptiomist time saved per day
& ‘x 8 hrs./day '
2 - more hours of employment officer time used
. . . 1
;
> . ' ?
o" [} )
. -
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. CHAPTER FIVE
SALT LAKE CITY PLACEMENT CENTER TIME STUDY

Introduction

The models discussed in previous chapters were derived from
- visits to numerous Employment Service local offices in New York,
Denver, Boulder, Milwaukee, Detroit, and Salt Lake City. Much
of the data used in this model came from a 3 week time
study at the Placement Center of the Salt Lake City (SLC) local

office. .Major discrepancies between the SLC Placement Center and

the-stmulartons-underiyitg the descriptive model are noted-below.

"Table 16 pummarizes some of the data collected.

PR

3

Model Abstractions
The descriptive model abstracted from the SLC local office
; ) was simplified to make the model workable and to simplify-the prototype
simulation so that the. underlying‘concepts could be presented clearly.

For these reasomns, the ‘following aspects of the SLC office are not re-

) presented exactly as they appear in the office:

U

.
v
T

Interviewer Cluster ng ﬁ . .

In the SLC office, interviewers were grouped- in clusters, ‘each
of which 5ealt with a certain type of applicant oqus For example,
. one cluster handled only clerical placements. "In the prototype
simulation, any applicant could be serviced by any interviewer.
>
Terminal Applications - - -
_ Terminals in the SLC Placement Center were used for many functions,
but they had two primary functions. First, the receptionist checked
the registration of applicants, as described in the descriptive

‘model. Second, interviewers primarily used terminals to match

“4
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s

applicants to job otders. In the model, interviewers used terminals
to match jobs to applicants aa part of the interviewing process,

. .

’

‘Centraiized Mode . -

' the model. In the model, nli'receﬁtioniétl and 1nterviewers use

Two of the six terminals at the Placement Center oper&ted in ‘ ‘.
centralized mode, that 1s, cierks performed rétrievals at the request
‘of intervievers and administrators. This operation is omitted from o .

the same pool of terminals,

P >

Donn Time ” v . | -

The simulation ddesrnot #odel periods when,aithet terminals or
computer systems dre naifunctioning ‘of hot operating. Unfortunatgly,
such periods do exist in the real world. ’ i '

. .
& ’

Othgr Activitiea ' . o

Activities other thati interviewing and job ufder taking are all
luniped tagether undet the-heading of miscellaneous sdctivities. .

» - ’ . Py

Length of Interview “ .

' There are wmany- facfnr, that ight potentially affect the 1ength
of interview. Leaving an important factor out of the simulation .
might cause mi-leuding reaults. © . ‘

During the siodeling of the interview process, the modelefs hypothe~
nized that three factors might affect the length of an interview‘ .
1)‘ The type of job the applicant desires, * y
2) Whether or not the applicant has been to the Employment

Service before.
3) The characteristics of the interviewer (i.e., would some inter-
viewers be predisposed to spend either more or less time with

the applicant). “ - , ]




None of these factors were accounted for in the simulation
.except 2) whether the applicant had been to the Employment Service before.
To test the importance of these factors, data from the time study

was used to evaluate three single factor analysis-of-variance models.
.The analygis-of-variance results appear in Table 15.
None of the three tests were significant at an a-level (the probability

- of rejecting'é true lypothesis) of .05. These results provide further

.aupport for. using our simulation model. Factor 2) which is in, our °

.simulation was significant at thée .06 level.

-

Collection of Data

_Data was collected at various Stations to trace the flow of

<

-yathereérat each station follows.

applicants through the SLC office. " As each applicant
reached each station, the time was recorded on his card., Time was
‘expressed in hours and hundredths of hours. Time intervals between

stations were calculated later. A descripﬁ%;f of the information
TN .

1) Entrance: At the front door, every fifth applicant was
given a card stamped with the current time. If the applicant followed
the standard procedure, he proceeded"to the receptionist's desk, It °
was not uncommon, however, for applicants familiar with the office
to go to the job display area firsa,and then to the reception desk
or to the exit. _ ‘

2) Reception desk. The recébtionist determined whether or not

v the applicant had previously come to the Employment Service and what

the applicant wasﬁapplying for:y

a) Unemployment Insurance < .
b) ?nodstqnpe .
. ¢) Welfare . ’ : ' : ;
d) CETA/PEP . .

When an applicant returned to the desk from the Job display boards or
fmmmimuﬂw,mhdmﬁmwmrwwhm

3) Interviewer' The interviewer stamped the time on the gaa
applicant's card both at the beginning and at the end of the interview.
The interviewer recordedvthree other items of information:

54\\& - : ,




TABLE 15. ANALYSIS OF VARIANCE
RESULTS POR LENGTH OF INTERVIEW

“

The, ,re-glu of the three gnalysis-of-variance models are‘

summarized in the single table below.

#

+

Sum of Mean F-sta- |Signifi-
Shurce DF “Sgg.afel Square tistic . cance .
Interviewer 45 <| 73.475 | 1.6328 | 1.3105 .0860-
Occupation (DOT) 9 14.085 | 1.5650 | 1.2400 | .2666
Wew/old 1 | 4.3278 | 4.3278 | 3.4301 0643
Total Yol eor | 1147.4
/‘ I
. * ' 4




a) The'applicant's DOT (Dictiossry of Occupational
Titles) code, ‘
b) His own emﬁ}oyeeénuﬁbefi
- c) Whether or not the applicant had been to the job display
Lo area prior to the interview.
After the interview, the applicant either left the office or
_ returned to the reception desk to awalt another interview.
= . 4) Exit: The time of the applicant's departure was recorded on
‘his way out of the office. P . -
MuEh of the ihforﬁation gathered in the time study has already

-

been discussed in the presentation of .the models. The significant

' - remaining ‘information is summarized in Table 16. ’ o
‘ - , Although not a part of our time study, we obtained statistics 1
, ccllected.by the Utah Department of Employment during the second
. week of the -time stu&y. There were only 41 job searches performed
on the terminal or about 8 per day. There were ten times as many. .
applicant searches. performed dﬁring,;he same period. Not‘eYery job
, search results in a referral and not eVeiy'referral results‘'in a
“flacement. Therefore the number of placements resulting from job
searches was low in Utah as well as in Colorado. ‘ -
, Of the total of 2770 applicants that came into the Utah employment
. study during the second week of the time Btudy less than 2% receilved
. compﬁtervjob gsearches. This is primarily because most applicants find o ;
Jobs from boards which 1ist jobs by Occupafional category. Perhaps :
in a largevoffice such as New York City or Los Angeles boards would

not be feasible and a computer gearch would be used more often.

]
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TABLE 16. SOME TIME STUDY CHARACTERISTICS

N

Chtractéfistics‘of Arriving Applicants at Reception Désk NO

) New applicant (not registered) 1244

. Unemployment Insurance 1437

dedstampl ‘ ) u 1633

Welfare . = 1637

s . CETA/PEP 1613

. Went td job display area before lst interview 279
I - .

—

YES
397
204
8

4
28

1371

s
¥

Applicant Time Distribution
" Entrance to reception desk
o | Returs to reception desk
Reception desk to interviewer
Interview length
Total interruptions during interview

. Interview to exit
Second interview
¥ Third interview , . 7
Occupation Desired by Applicant ‘
1st digit of first DOT on Application
-0
* 1 —
, 2
3
4
L 4 5 .
. 6
7
8

0

Average Value in Hours

.0846
.3553
.2611
.1916

.0497
.1307

+1391
.0766

Count

56

C s
315
84
\'6
."91‘
57

»

41
227
176

.y




CHAPTER SIX

RECOMMENDATIONS AND CONCLUSIONS
The prototype simulation shows that simulation can be an effec-
tive tool for the local office manager. It éon be used to evaluate
the effect of any~change'in the local office. L
. Two different appfoaches could be developed to expand the use
of simulation in the Employment Service.” )
1) Separate dimulations of several types of local offices,
“each having faizly flexible input‘Paraneters through
which the local office manager could describe his own

L

— -gystem environment. - . __ .
25, One‘simulation with the fié;ibility to redefine the
underlying‘éescriptiVe model via expanded input péraﬁ
meters., ; ' ) . .

. Each approach has advantages and disadvantages. The individual
simulations of the first would be oimpler than the more complex
simulation of the second. As a consequence, first approach simula~
tions would be easief to develop and program and probably would be
slightly less expensivu to run; On the other hand, it would be much
easier to provide software support and maintenance for one more complex
‘simulation than for several smaller ones. ’

Probably, a wider range of 1oca1 ‘office configurations could be
reprefented through the first alteruative, but the manager would be
likely to become familiarﬁwith only that simulation most clogely
”Q%epresenting the current configuration of his office. If he were ,
to use the more flexible simulation of tﬂe second approach, he would
be’ more likelgﬂto investigate a wider range of alternative office

configurations. 7

The more general simulation of the second alternative appears to
be the better, choice. . '

The effect of simulation on local office management is limited
only by th%%;ngenuity of the local office manager. He can use it
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to investigate a wide assortment of problems. In addition-

to determining the most effective way to change system behavior, the
use of simulation to find a more cost-effective way of producing the .
same system behavior should not be overléoked. In particular, the
effect of increased conput:er usage on‘ cost and service levels can -
be explored. R B .

Simulation can also pl:ovide valuable inputs to the policy ‘devel-
opment process, pattieularly, in the area of budget estimates. Tpe )
cost of policy decisions can be evaluated before impleme%xtation. '
’rhis use  has the added advantage of forcing fairly detailed planning
of the changes required before pouibly expenaive implemen* at:lon - ’
programs are begun Silmlat:ion is the most cost:-effect:ive way of t ,

~providing these evaluations. : T - S

Chapt:er 4 11lustrated how a simulation’ cen be used by a local o .
office manager or planner, Before any further work is attempted, -
it would be desirable to identify a group of office managers N ' -
vnung to use the simulation tool. The simulation should b'e .

‘modified to fit the circmlt:mces of their offices; and the cost of
adapting ‘the wodel to each office, the use the minagers make of ic, "
snd the benefits accruing from it should be recorded. )

However, implementing g model requires more than Just turiing

* over computer prograss to a user, It requires interact:ion between
systems malyst: and users to ident:ify problems, train users, "and - ©
interact with solutions. s '
- - - -
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TABLE A~1, INPUT REPORT

"RUN 5 ] : S
. ' ¢ N

3 = INPUT REPORT =

. IR Y N T RN I
e ~ .

‘ ARRIVAL RATES . o s :
WEN APPS OLD APPS JOB ORDER ‘ s " .

HOUR  HEAN MEAN  PROM . TO . . c =

8 1.82% .0,9%9 /0,0 - 20,000 . , :

9 1,789 0.840 0.0 20,000 T T L e
10 0.926 0.553 0.0 20.000 . g

11 . 1.388 1,025 0.0 20,000 , i
12 1.98%0 1.577 0.0 20,000 -

2 %.350' 1,806 . 0.0 20,000 e L
3 1.532 1,720 0.0 20.000 . ’ :

N B0 e P20 00 =20, 000 o L i

* * ACTIYITY DURATIONS
DISCUSSIONS L APP JOB SEARCH
RECEP zup, OPF. SUCCESSFUL UNSUCCASS PUL .

NOUR  HEAN rRON 10 raon T0 rRon T0 R
8 0.300 0.0 «19.200 11,600 - 32,000 15.600 26,700 .
9 0.300 0.0 19,200 11,600 32.000 15.600 26.700

10 0,300 0.0 19,200 > 11.600 32,000 15.600  26.700
1 0.300 0.0 19,200 11,600 32.000 15,600 26,700

12 0.300 0.0 19,200 11,600 32,000. 15,600 26,700

1 0.300 0.0. 19,200 11,600 32.000 15,600 26.700

3 0.300 0.0 19,200 11,600 32,000 15.600 26.700

[ 0.300 0.0 19,200 11,600 32.000 15.600 262700

' S .
B = .
, ACTIVITY DURATIONS
TERMINAE USE - ,JOBORDER HISC. TASK .
RECEZPTIONIST PP, OFP, , : ' .
mon  -T0 FRON 70 rRON T0 rron 70

8 0.250 0.750 ~.0.500 2.500 0.0 4,000 1.000 1,000
9 0.25% - 0,750 0.500 2,50n 0.0 4,000 - 1,000 1,000
10 0.250 0.750 . 0.500 2.500 0.0 4,000 1,000 1.000
11 0.250 0,750 0.500 2,500 0.0 4,000 1.000 1,000
12 0.250 0.750 0.500 2.500 0.0 4,000 1.000 1.000
1 0.250 0.750 0,500  2.500 0.0 4,000 1,000 ' 1,000
2 0.2 0.750 0.500 2.500 0.0 . %.000 1.000 1,000
3 0.25 0.750 0.500 2.500 0.0 « 4,000 1.100 1.000
4 00250 . °u75° 0.500 24 500 o.o . “.ooo i ‘!.000 o 1.000
. . ' . -~

, " CAPACITIES . ‘

XOUR RXCEP ZHPOF TERN o : .

o8 2 13 8 , .

.9, -2 15 .. ’ . . .

1n 3 20 '
11 2. 20 & . ’
12 1 15 8 P . -

1 2 17, 4

2 1 17 5 v

3 1 12 4 .

. 1 s 4

. : P




‘8- 8

8-%
8-5
8-5
8-5

.

CLASS ARRIVALS

ALL

new’

oLD
oTHN

ALL
" NEN
oLD

ALL
)18
oLp
oTN

AL

“new
OoLD
orn

ALL
new

oLD
oTH

ALL

ggg,»ﬁ}

oLD

orn’
3 ALL

new
OLD
oth

ALL
new
OoLD
oTH

ALL
new
oLD

_ oTH

ALL
nEw
oLD
orn

A

7

7

43
1
. 86

.

RUN 5

i

. TABLE A-2. APgigbANTS
: -

ARAENREAVEVAN®

= APPLICANTS =

_APPLICANTS IN SYSTEN

nIv

.

e

pry N

D000

- tad :
ORAT NNV BRBION NEAW

~N

CO00 Camm

HAX

L3
23
1"

8

(1]
20
21

1'

12

AVERAGE DONE

29,108 _ 66
18.316 19
10.360 37
. 33,0717 82
1€.071 29
12,695 37
8.306
45,808 112
2%,170 36
13,248 © 54
7.390 22
51.693 113
27,110 45
20,111 'S2
N.871
26.831 719
13.889 34
10,738 36
2,287 9
32.638 79
15.788 21
13.636 46
3.2u
35,619 80
15,124 28
17,69 &5
3.080 7
26.981
18:995 29
4.276 20
3.710 11
15.307 44
‘9,599 23
‘0305 - 14
1.802 7
33,006 715
17.336 264
11.860 341
3.806 110
62
a’ﬁk\
bu

16 °

16

12

NIN

L 2.732

" 20,868
\ 2:732
1.767,

2,685
24,076

2.685
12.800

1.811
20.990
1.811
11.250

7. 009
28,237
7.009
11,423

5.846
S.446
11,148

2,524
23.254
20528
11.950

7,183
29.351
7,183
16.317

3.921
23.557
3.921
12.090

6.292
6.862
.292
11.2%0

11.200
20,990

1.811
11.148

‘ A N . -
APPLICANT TIgE SP

- HAX

81.256
43.316

26.0M .

85,471

81,705
85.471

26422

45,684
40.908
45,684

24,855

55,208
48.105
55,208
26,075

89,260
88,457
89,260
25,682

48.493
46.352

us.893

2“.038

53.563
5$3.563
50,167

24,468

44,528
44,528
4. 445
25.626

47.510
47.510
39,922

26,167

55,204
53.563

55.204

26.822

ENT IN SYSTEM

NEAN STD DEV
83,316 +20.028

32,282
14.060
18.828

©2.574

32.936

16,625

17.548 *

2’08“6
32,369
15.79%
19.478

28.202
3s. 184
23.132
16.605

26,172
36,101
18,862
17.909

20,448
30,37
16,281
19,033

29,787
40. 325
24,605
20.947

26.336
34.607
18.096
19.514

A\

28.421
37.478
18.632
17,840

24.759
35.273
18.627
18.536

10.504
S$. 111
8.029
5,271

11,0642

5.737
10.410
3,710

19.953‘*

5.1371

10,375
4,945

12,201
5.859
11.601
8.651

11.833

$.794"
10.239

S.648

11.098
5,953
11. 360
4.273

11.499
5.851
10,187

© 3.863

11.245
6.050
11.339

3.730 -

12,136
6,106
10.088
64223

1t as9
6.437
10,965
4.663

e Aoy



STAPE
TINE LEVEL
8-9 2
9-10 2
10-11 3
11-12 2
12- 1 1

TABLE A-3. RECEPTIONIST FACILITY

EEEEEEEERTEXTRER .
AYG STAPF  WO. OF TRANSACTION -TINE PER TRANSACTION

ACTIVITY TUTILIZATION AVG NAX TOTAL MEAN STD DEV

RECEPTION 0,480 .0.960 / 2 69 0.644 0.455%
ENCOUNTER 0.291 0,582 2 105 0.327 0,338
TERN WAIT 0.012 0.024 1 6 0,243 0. 145
COMPUTER 0.177 0.3584 2 43 0.494 0.148

HISC, 0.520

BB SUB-TOTAL 1. 000

RECEPTION 0.562 14124 2 92 0.629 0.504"
ENCOURTER 0.364. 0.727 2 117 0.378 0.420
TERM WAIT 0.010 * 0,020 1 6 0.199 0,183
CONPUTER 0,189 0.377 2 47 0.u481 0,155

n1sc. : 0.438 ,

MR SUB-TOTA 1.000 . -

RECEPTION 0.453 1.358 3 109 0.575 0,480
ENCOUNTER 0.254 0.762 3 167 0.274 0,293
TERR WAIT | 0,084 0.131 2 20 0.393 0.305
CONPUTER 0.1%5 0.465 2 59 0. 472 0.147

HISC.,” . s v 0,547 .

BER SUB-TOTAL 1.000

’;’ECEPTIOL 0.573 1.147 2 99 0.604 0.555
ENCOUNTERY  0.326 0.653 2 1 ‘0. 298 0.322
TERN WAIT 0.069 0.138 2 14 0.590 0.327
CONPDTER 0.178 0. 356 2 43 0.496 0.167

HR SOB-TOTAL - 1.000

RECEP TION . 0.665 0.665 2 62 0.560 0.425
ENCOUNTER " 0.352 0.352 1 82 0.258 0.249
TERN WAIT 0,047 0.047 1 S 0.564 0,437
COMPUTER 0.266 0.266 1 33 0.481 0.132

NISC. * 0.335 -

HR SUB=TOTAL 1,000

>

4,

RUN 5 -

EEEEEERERETRRRETN
= BRECEPTIONIST =
= PACILITY =
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20

;
|
|
|

STATP
TINE LEVEL

12 2

3-8 1

-5
8-5
8-5
8-5"

ACTIVITY ‘

RECEPTION
ENCOUNTER
TERN WAIT.
CORPUTER

NISC.

MR SUB-TOTAL

RECEPTION
ENCOUNTER
TERN WAIT
CONPUTER

NISC.

NR SUB-TOTAL

ENCOUNTER
IERN WAITY
CONPUTER
HISC.
HR SUB-TOTAL

RECEPTION
ZNCOUNTER
TERN WAIT
COXP UTER

NISC,

AR SUB-TOTAL

RECEPTION
ENCOUNTER
TEPN WATT
COMPUTER

nISC.

8-5 1.87% ---T0TAL--~

\TABLE A"B. R

Continuerd -

SESSESTENAV RS NS 1 . ¢
= NRCEPTIONIST = | |
= PACILITY = | . : ' -

SEBERBABERIARS TR J};.

AVG STAPF WO, OF TRANSACTION TIME PER TRANSACTION ~

UTILIZATION- AVG MAX TOTAL nEAN STD DRV
0.592 1.188 . 2 93 0.669 0.437 .
0.331 0.662° 2 128 0. 310 0,265 *
0.023 0.045 2 9 0.302 0.196 .
. 0.238 0.477 2 56 0.513 0:151
0.408
© 1,000
F ]
- i
0.788 0.788 1 65 0.660 0.535
0.822 0.422 1 82 0,309 " 0.247
0.0%6 0.056 1 . 0.885 - 0.805
0.309 0.309 1 36 0.516 0.156
00212 ° \ ¢ N ’
1.000
0,527 0.527 1 53 0.401 0.33%
0.399 0.399 1 90 0.266 0,244
0.0 0.0 et o 0.0 0.0
0.128 0.128 | 1 1% 0.513 0.182
. 0.473
1.000 -
0.260 0.260 1 28 0.497 0.350
0.139 0.139 1 37 0.227 0.186
0.0 0.0 0 0" 0.0 0.0
0,121 0.121 1 13 0.557 0.092
_0.740 :
1.000
0.545 0.890 3 670 0.597 0.476
0.320 0.522 3 939 . 0.300 _ 0.308
0.029 0.051 2 64 © 0.833 °_  0.329
0. 196 0.317 2 345 0.496 0.149
0,45% Y. ( ’ -
. . . QV i
1.000 ,
4
i
-
64 o ;
. 8 |
H by 43‘ > ;
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~ TABLE A~4. RECEPTIONIST QUEUE

“RUN 5

v

- SOSINESEIEEESEE SNRERES N
= RECEPTIONIST QUEUR =
- -----------n-:’---.-l < - *
wcwee QUEZUE CONTENTS ===r-
TIH! ENTRIES ENTRIES*® HIN //BAX AVERAGE | [o] ] '
&0 0.417 0 .

8- 9 106 o/ 7

,9-10 116 48 0 s 0,298 0 -

Mm-11 167 - 45 0. 12  0.511 0

11-12 132 57 0 9  0.875 0

12- 1 81 1 0 7 0.8% K ;
. -2 128 67 0 5  0.572 0

-3 _ 82 62 0. 6 1615 0 .

3-8 91 87 0 7 0.554 1 <

. -5 36 12 0 2 0.065 0
8-5 939 822 0 12 0.6A7

ENTRIES* IICEUD!S ONLY MOM-ZERO QUEDE TINES - . ’ .'
L} e "' - \ - ’
e-ees QUEUY WAITING TINES ’3-'- . . 4
TINE HIN ZERO-# ZERO-X nAX MEAN STD DEY HEAN®  STD DEVS
8- 9 0.015 66 62,26 1.738 0.236 0,430 0.625 0.498
9-10 0.0n1 68  58.62 1.866 0.154  0.334 0.373 0.435
10-1% 0.007 122  73.05 +.760 0.184 0.429 0.682 0.590
11-12 0.009 75 56,82 2.508 €.398 0.659 - 0.921 0.724
12- 1 0.015 37 45.68 3. 447 0.629 0.929 1,157 0.989
1- 2 0.060 61 847.66 1.060 0.272 0.344 O 519 0.311
2-3 0.018 20 24,39 5,030 1.225 - 1.370 1.621 .1.357
3- %  0.057 & 48,35 1,570 0,364 0,496 0,705  0.48¢ - .
8- 5 0.167 24 66,67 0.793 0.11% 0.192 - 0,333 0.197

-5  0.001 517 0.0 5,030 0.372 0,701 0,828  0.847
MEAN® AND STD LEV# ARE POR NON-ZERO TINES ONLY - : .
& . . v
“ ’ LY
»
b
. 7
" : | ’

e




TABLE A~5, EMPLOYMENT OFFICER FACILITY -

a RUN 5

. - ’ . ZEENAEEEERREEZEAEANS AR
, W ' = EMPLOYNENT OPPICER = .
. : . S = FACILITY = -
ERRABRERL AR ERER RN R TR
W N ’ ) . .
' - STAPP AYG STAPP  NO. CF TRANSACTION TINE PER TRANSACTION
. TINE LEVEL . ACTIVITY UTILIZATION AVG NAX TOTAL HEAN STD DEV v
L . 12 17  INTERVIEN 0.686 11.656 17 67, 10. 119 5.663
. DISCUSSION 0.587 9.980 16 68 ° 8,451 5.559
_ TERM WAIT - 0,005 . 0,085 2 19 0.269 0.197
COMPUTER 0,094 21,591 4 67 1.427 0.58
JOB ORDER 0.011 0.182 1 7 1.828 1.1
PISCa- 4 0.304 5.162 12 3N 1.000 040
\ . AN~ SUB-TOTAL 1,000
~2= 3 17  INTERYIEW 0,988 16.123 17 73 13.165 5.731
; DISCOSSION 0.820 13.944 17 74 11.576 5.699
. TPRN WATIT 0.009 . 0.146 3 L 0.605 0.407
CONPOTER 0.120 -. 2,034 ‘& 73, 1.652 0.620 :
JOB ORDER 0,012 0.203 1 5 - 2. 296 1.501 N
R SUB=TOTAL 1.000 «
3-8 12  INTERVIEN 0.761 9. 126 12 49 . 12.124 5.263
pISCUSSION 0.656 7.867 12 46 70.497 5.470 :
N TERN WAIT 0.001 0.007 1 1 ~0.684 0.0 - .
’ CONPUTER 0.104 1.252 H 9 1.59Y 0.568
JOB ORDER 0.016 0.195 1 5 2. 481 0.812 -
~ _ NISC. 0.226 2.710 7 16% 1.000 0.0
TS AR SUB~TOTAL 1.003 .
- . §=5 8  TINTERVIEW 0.865. 6.923 12* 37 11.799 6.033
. . DISCOSSION 0.746 5.966 10 37 10.206 5.950
- TERM WATIT = 0.001 0.005 1 2 0.136 0.152
. conputER 0.319 0.952 u 37 1.571 0.613 “
) JOB ORDER 0.024 0.195 1 10 ° 1. 168 1.137
n1sc. . 0.126 1.010 58 1.000 0.0 _
! HR SUB=TOTAL 1.016 (w—J
8-5 ~ INTPRYIEW 0.835 12,772 20 605 11,323 5,693 °
8-5 DISCUSS TON 0.718 10.982 20 607 9,738 5.668 N
-5 = TERM WAIT 0.005 - 0,091 [ 123 0,400 0.372
8-5 . CONPUTER 0.112 1.699 4 605 1.516 J 0.591
8-5 JOB ORDER + 0,014 0,200 1 58 1.861 1,187
8-5 °  HISC, 0.154 2.286 13 1232 1.000 0.001
8=5 17.12% ===TOPAL=== 1.003 < )
# - AVERAGE STAPF LEVEL IS IN 8-NOUR MAN DAYS v N
\“ T
. Y - N4 @




-

~ _smAry
TINE LIEVEL

-9 1

ACTIVITY

INTERVIEN
DISCUSSICH
TERM WAIT

, CONPUTER

¢ JOB ORDER
n1Isc,
R SUB-TOTAL
9~-10 15 INTERVIEW
DISCUSSICN
TERN WAIT
CONPUTER
JOB ORDER
~ NISC.
* R SUB-TOTAL

10-11 20 INTERVIEW
DISCUSSION
4 . TERM WATT
, CONPUTER
JOB ORDER
NISC,
¥R SUB-TOTAL
11-12_ 20  INTERVIEW
DISCUSS ION
JTERN WAIT
CONPUTER
JOB ORDER
NISC.
NR SUB-TOTAL
12- 1 15  TNTERVIEW
DISCUSS TON
TERN WATT
CONPUTER
JOB ORDER
NISC. :
NR SUB-TOTAL

‘. - -

TABLE A-5 Continued

-
-
SHNYNNINE RS RN NEERE RRR RN

= ERPLOYNENT OPPICER =
- FACILITY =

ENEEAXNTRYISENARNTERERRR

AVC STAPY

UTILIZATION. AVG WMAX TOTAL
0.758 9.853 13 56
0.654 8,502 13 57
0.002 0,025 2 9

© 0,102 1.326 N 56
0.016 0.209 1 6
0.226 2,938 13 172
1.000 |

!
0.853 12,800 15 66
0.783 11,181 15 67
0.000 0.001 1 3
0.110 1.657 . 66
0.018 0.205 . 1 7.
0.133 1,996 .~ 11 128
1.000.
0.768 15.359 . 20 90
0.657 13.144 20 90
0.007 | 0.136 3 26
0.108 2.080 4 90
0,010 0.191 1 s
1.000; \
¢ 4 i

0.989 19,783 20 97

v 0,848 16.967 20 96
0.018 - 0.280 3 36
0.127" 2.535 4 97
0.011 0.217 1 5
0.0 0.0 0 0
1.000 . ,

0.888 . 13.323° 20

0.755 11.326 19
- 0.009 0.135 8

0.124 1.861 4

0.013 0.202 A

6.109 1.638 5
© 1,011 .

70

13
70

97

HEAN

9.996
8. 493,
0.168
1. 420
2,094

1.000

10.378
9.177
0.021
1. 487
1.758
1.000

10. 387
8.731
0.314
1.398
1,431
1.000

11,622
9.913
0,467

1. 571 .

2.606
0.0

12.489
10,879
0.623

1,557 -

2.049
1.000

-

5,561
5,603
0.120
0.587
1,257
0.0

5.903\
5.965
0.027
0.623
1.199
0.0

5,951
5,821
0.236
0.602
1.085
0.0

5.538
5.558
0.393
0.592
0.719
0.0

4.917
4.827
0.583
0.495
1.573
0.001

ld«WOP‘TIIISAC§IOI TINE PER TRANSACTION *
STD DEY

»
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. .. TABLE A~6, INTERVIEW QUEUE

RUN 5

= INTERVIEW QURBUY =

T W AL 3N N AW NI W

—wse= QUEUEZ CONTINTS *-

_TINE DNTRIES ENTRIES® KIN ° HAX AVERAGE  NOW
"8~ 9 62 62 0 S 1.180 0
9-10 75 75 0 * 1,712 6
10-11 95 ’5 0 13, 1,357 11
1-12 97 .7 1 19 8,910 3
172- 1 60 60 0 8 1.239 0
-2 11 0 12 1,210 10
-3 68 68 0 15  6.105 0
3-8 89 A9 0 2 0.210 1
-5 29 29 0 7 2.159 0

25
ENTRIES® INCLUDES ONLY NON=-ZERO QU!UI.TIH!S

609

.
we=es QURUE SAITING TINES ==vpq-

609

o 19

2.658

STD DEV

TINE nIN  ZERO=4 ZERO~X MAX | HEAN

8~ 9 0.002 0 0.0 6.40%. 1,142 1, 384
9-10 0,015 0 0.0 5.672 1.179 1.480
10-11 0.003 0 0.0 3.400- 0.7 1.059
11-12 2,116 0 0.0 9,388 5.576 2.180
- 2 0.002 0 0.0 T N.B11 . 0,682 1.196
2= 3  0.008 0 0.0 12,116 5.712 3,792
-8 0,010 0 0.0 1,635 0,256 0,29
8- 5 0.008 0 ' 0.0 14,868 4,469 8.029
8-5 0.002 -0 0.0 14, 850 2 kLX] 2 98s

Hll!‘ AND STD TEV*® 'ARR POI nol-zzno !IHBS OIL!

NEANS
1.1%2
1.179
0.781

© 5,576
1.292
0.682
5,712
o.zss

N.869

2,353

STD DEVH
1.384
1,480
1.059
2,180
1,936
1,196
3.792
0.295
4,029

2.984
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3 TABLE. A~7. TERMINAL FACILITY
*“ i _ RUN 5
- WREENVE NN NN
= TERNINAL =
. . = FACILITY =
- EBEREREIZESRERER .
) AVERAGE XO. OF TRANSACTIONS . TINE PER TRANSACTION .
TINE UNITS USERS UrIL TIO_I AVG MAX TOTAL NIN HAX MEAN STD DEY
. v « )
8- 9 & ALL DSER  0.420 1.680 & 99 0.257 2.864 1.017 0.635
eapOr . 0,331 1.326 56 0,519 2,464 1,820 0.587
RECEP 0,088 0.358 2 N3 0,257 0,781 0.494 0,148
PREE - 0.580
3 . -
9-10 &  ALL USERX  0.50 2,038 4 113 0.252 2.495 1.069 0.635
EMPOF 0.8 1,657 & 66 0,506 2,895 1.487 0.623
RECEP 0,098  ,0,377 2 %7  0.252 0,730 0.481 0.155
PaRE 0,891 _ .
10-11 ®  ALL USER  0.636 - 2.54% & 149  0.250 2,817 1.031 0.658
. -° . BEPOP 0,520 2,080 & 90 0.500 2,417 1.398 0.602
RECER 0.116 0.465 2 59 0,250 0,749 0.872 0,147
rREE 0.368 .
11-12 & ALL USER  0.723 2,892 N 180 0.250 2.850 1.241 0.706
. EMPOF  0.63¥ 2,535 % 97 0,507 2.450 1.571 0.592
o * RECEP  0.089 0.356 2 83  0.250 0.729 0,496 0.167
- “. TREE 0.277 ‘ ,
’ 12- 1 & ALL USER 0,532 2,127 & 103 0.253 2,365 1.212 0,653
) v EHPOF  0.465 1,861 70 0.520 2.365 -1.557 0,495
-~ ) RECEP 0,066 0.266 1 33 0,253 0.721 0.481 0.132
T LT T T o 7 S 33 1 - + % - . - -
s 1- 2.4 ALL USER  0.517 ‘2,068 & 123 0.252 2.490 1,011 0.635
" pHPOP 0,398  1.591 & 67 0.522 2.490 1.427 0.584
. _RECEP  0.119 0.477 2 56 0,252 0,738 0.513 0.151
. reee 0.483 : :
. 223 & aw usef 0586 2,383 4 109 0,263 2.486 1.276 .73
oL EHPOF  0.508 2,034 % 73 0,507 2,486 .1.652 0.620
‘ : ~ . RECEP 0,077 0.309 1 36 0.263 0,736 0.516 0.156
. . . o FREE 0.1 ‘ .
T 3-8 & ALL USER  0.345 1,380 & 66  0.287 2.486 1.338 0.630 °
: " . EMPOY  0.313 1.252 89  0.577 2.486 1.591 0.568
‘RECER 0,032 0.128 1 15 0,287 0.663 0 513 0,142
FREE 0.655 °
¥~ 5 & ALL USER 0,268 1.073 % - S0 0,434 2.879 1.308 0,693
ENPOT 0,238 0,952 & 37 0,562 2,479 A.571 0.613
. RECEP  0.030 - 0.121 1 13 0.83% 0,71 [0.557 0.092
PREE 0.732 -
© 8«5 & ALL USER  0.508 2,016 4 - 950 0,250 2,495 1.146 0.686
. , B-5 espOP  0.425 1,699 & 605 0,500 2.495 1.516 0.591
8-S 8. WECEP 0,079 0,317 2 345 0,250 0.749 $.u96 0.149
8-5 & FREE 0.496 . h
w “
L
- -
)
’ | : L.

69 .

;
:
E
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TABLE A-8, TERMINAL QUEUE
RUN 5

prerpepnreperepes T T ISP )
= TENAIMAL QUEUR =
= - “---“E.: : i
cssse QUEGE CONTENTS <svee
USERS ENTRIES ENERIEZS®  NINW AKX AVERAGE

ALL UsER 40D T 0,049
EEPOY 57 9 w 0,025
scer. 43 6 0,028

ALL USER 114 L] 0.021
EHPOY 67 -3 0,001
aECEP 47 6 0.020

ALL OSER™ 149 86 0,267
141000 4 90 26 0.136
RECEP 59 20 0. 131

ALL USER 140 50
‘EnrOY 96 36
RECEP a 14

ALL USER 105 18
ENrO? 72 13
RECE? 33 5

ALL. OSER 123 28
ZuroY 68 19

NECEP 55 9

|

D e AWW NN A NWE W Sas alNN

- ALL USIR 109 18
Mpo? - 73 14
NECEP 36 4

ALL USER 62
RMPOY 89

[~ X -] 00 OoO QOO O000 OO0 0O OO0 OO0
v .
OO0 OO0 Qaa OO0 000 OO

1
1
ALL USER 50 2
ENPOY 37 2

8~% ALL USER 952 187
8-5 ENpOY 607 123
8-5 REcLY 317 1

-~

ENTRIES® INCLUDES OWLY WON-ZERO QUEUE Tines




11-12

12- 1

8~5
8-5
8~5

ALL USER
ENPOY
RECEP

ALL USER

ENPOP

. RECEP
ALL USER

BHPOY
RECRP

ALL USER
EnPOP
RECEP

ALL USER
EHPOP
RECEP

ALL USER
‘eHrOPL
RECEP

ALL USER
ZHPOY
RECEP

ALL USER
EZNPO?
RECEP

ALL USER
ENRPOF
RECE?P

-ALL USZER

rneor
RECEP

NEAN* AND STD DEV* ARE POR NOK-ZERO TINES oNLY

BRIN

0.004
0,004
0.035

0.00%
0.005 -
0.033

0.003

0.004
0.003

0,019
0.019
0,055

0.022
0.028
0.022

0.023
0.023
0.075

0,030
0,030
0. 415

0. 684
0. 684
0.0

0.029

0.029
0.0

d.003
0,004
0.0

TABLE A"So

85
L]
37

105

64
49

103

(1
39

90
60
30

9
59
28

95
49
46

91
59

32

61
46
15

48
a5
13

765
484
28%

cemee QUEUE WVAXTING TINES ~ce=-
ZERO-¢ ZEROC-X

85.00
88 .21
86.05

92.11
95.52
- 87,23

69.13

T1.11
66.10

64.29
62.50
68,18

81.94
84 .85

T1.26
72,06
83.64

83.49
80,82
88.89

98,39
< 97,87
100,00

96.00

94,59

100. 00
.

80.36
79.74
81.45

HAX

0,833
_ 0.355

6.433

0.506
0.053
0.506

1.119

0.854
1.119

1.49%
1. 494
1.109

1.652
1.652
1.133

0.736
0.736
0.612

1.357

1.357
1.233

0.684
0,684
0.0

0.243
0.243
0.0

1.652
1,652
1.233

wmmee TOTAL QUEUEZ WALTING TIHE =~====

USER

ALL USER -

ENPOY
RECEP

HOURS

1.281
0.166
0.426

% OY AVAILABLE TINE

s

0.843
0.121
2. 843

Continued

0.030
0.026
0.034

o.0MNM

0.001

0.025
0.107

0.091
0.133

0.179
0,175
0.188

‘0.104

0.112
0,086

0.068

0.075
0.049

0.109
0.116
0.09%

0.011

0.015

0.0

0,005
0.007
0.9

0.081
0.081
0.080

. WEAN STD DEY

0.086
0.077
0.099

0.059.
0.006

0,090

0.219

0.19%0
0.256

0.329
0.330
0.331

0.315
0.3%0
0.256

0.149
0.159
0,136

0.294
0.296
0,298

0.087
0.100
0.0

0.035
0.040
0.0

0.227
0.232
0.219

-

»

0,180-
0.021
0.199

0.348

0,314
0.393

0,501
0.467
0,590
L

0.607
0.623
0.564

0.280
0.269
0,302

0.658
0.605
0.845

0,684
0.684
0.0

0.136
0.136
0.0

0.411
0.500
0.433

HEAR* STD DEV*®
0.198 0.131
0.168 0.120
0.243 0.145

0.179
0.027
0.183

0.268

0.236
0.305

0.377
0.393
0.327

0.533
0.583
0.h31

0.194

0.197
0.196

0.307
0.407 -
0.405




£

.

TABLE A=Y, .JOB ORDER QUEUE

-

. RUN 5

u’.;‘n-n-;n..nd

* JOB ORDRR QUEWX =

BEBEERNBRYE BN NS RRR
pesee QUEUE CONTENTS cwews
NAX AYERAGE

TINE llflill !!Tlil’! nIN

- 9 0
9-10 7 7 0
10-11 ] s 0
11-12 L s - ]
12- 1 (4 & 0
1~ 2 & ' 0
2= 3 ¢ L 0
3-8 " N & 0
-5 .. 10 10 0
-5 58 58 0

Badad b d b d b

L4

[ ]

0.023
0.080
0.027
0.023
0.016
0.050
0.023
0.432

0,078

=
o
-

- 0O

ZNTRIES* INCLUDES OFLY WOWN-ZEZRO QUEUR TINES

TINE NI  SERO-6 ZPRO-X

-9 0,039 0 0.0
@40 0.032 o 0.0
10-11 0,035 0 0.0
11-12 0,081 0 0.0
12- 1 0.158 0 0,0

1= 2 0,006 1Y 0.0
2- 3 .0,039: 0 0,0
§~ 5 0,081 o 0.0

0 0.0

8-5 0. 005

i

HAX
1,000
0.458
0.711
0.717

10,361

0.583

1.132
0.699
7.932

7.832

| aeae QUEUE WATTING TINNS =eeem

. NEAM
0.402
0.197
0.302
0.322
10,235
0.158
0.504
0.352
2,555

0.693

*

”~

@

STD DEV
0.506
0.147
0,280
0.254
0.081
N.219%¢
0,825
0,400
2,700

1.398

’

WEAN* ., STD DEVX

0.8402
0,197
0.302

0.322 -

0,235
0.159
0.504
0.352
2,555

0.693

MNEAN® AND STD DEV® ARE FOR !0'“1!!0@TIH§S onLY [ -

I3

4

0

0. 406
0.447
0.280
0,254
0.081
0.219
0.425
0.800
2,700

1,398




APPENDIX B

RANDOM NUMBER GENERATION

A simulation like the local office eimulatioé'm&st reflect the
existence of random processes such as the arrival of applicants. In
a mathematical model of sych a process, the time between applicant
arrivals might be represented with a variable, say T, T would be
a random variable with many poe’ible values, each expreesing a time
interval between two successive-arrivals, The set of all occurences
of T, of every interarrival time, 18 called its population. Probab-
ility theory and statistics allow the drawing of inferences about a
population from a randomly chosen subset, or sample, of the'pop-
ulation. ¢ -

For example, if the reeult of flipping a coin 10,000 tﬂmee is
5020 heads and 4980 tails, we could infer that the probebility
of the next flip bejing heads is close to 0.502. Suppose, however,
that the result of flipping a coin five times is four heads and one
tail., Given only that sample, the best estimate of the probebility
of a head on the next flip is 0.8. However, since the eample size
is aoQ szall, one cannot statistically reject (with any certeinty) the
hypotheeie that the true probability is 0.5. 1In other words, 1f the
‘sample size is small, the range of values to which the true value
of a etatietic eetimated from the sample can confidently be limited
is correspondingly large. -

This same phenomena occurs in the simulation. Samples are
drawn from many separate populations. The interarrival time sample
is the lingle most importent source of error, but many other sources
of bias in.the system can be traced to small numbers.

The method used to draw sample values, e.g., interarrival times,
from larger populations compounds the problem. Given a random number
between zero and one, a random sample value can-be generated for .
any of the populations used.in the simulation. Since a digital com-
pdter is a deterministic device, generating a truly random number can
be a problem. )

»
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) Techniquel for making clone approximatibns of rundom beh;vio:
* have been developed, however, Computer progrlml which ean take -
an initial starting number, a "seed", and generate a nusier in the h f
interval (0,1) and a new seed are available.. They are called pseudo- :
random number generators or, simply, random number generators, -
" By successively invoking a random number generato},'a stream of
random numbers can be generated. The stream generated is determin-
- 1stic in the ®ensg that given the same initial seed. the fandom
nusber generator will always reproduce that stream; but if a large
stream is génerated, i.e., if the sawple size is lhrge gnouih, the
stream (sample) will display characteristics Very aimilar to those
of & popylation with a uniform distribution in the interval (0,1) |
and will be relatively independent of the initial seed. -
In most cases, however, the nature of this model causes the
samples used in the sinulation to be relatively small; for example,
. the number of new applicant arrivals in one day is relatively small,
o ‘ As a consequence, the arbitrary choice of the random number generator's
' initial seed significantly affects simulation output, i.e., errors in
the estimates of the parameters will naturally be reflected in the be-
havior of the simulated system,

To simplify the presentation of the example in Chapter 4, this
problem was ignored; but techniques to overcome thi- problem are

b
.

available,
First, the local office day could be simulated several times
_ using different initial random number seeds, and an average simulation
result could then be calculated. This average would be much more
teprédsentative of actual system behavior.

A second technique, used in conjunction with the first, dealn
with removal of bias in the generation of random numbers. A first
-iuulation uses the usual random number generator. Then, without L
changing the initial seeds, & secomd simulation uses a modified - . ‘ ™~
version of the usual random number generator, 4 v

This modified version can be de-cfibed,a- follows: i1f, for a '

81 .




given seed, the usual random rnumber generatdqtgalculates a rnumber,
“say R, (OSRSI), the modified version produces the number l—R. Thua
tf the first random number stream 1is bialed to the low side, the
" second stream’ is’ biased to the high side.- When the results are
_averaged, the deviation from the mean is removed.

. -It should be noted that the effecte of taking a small sample
from a large population will also be exhibited in the true systen.
" The behavior of the local office s?stem will also vary from day to
day. The fact that the simulation does ot show ovezloading for a
given resource allocation does not imply thataOVerloading will
never occur. Natural variances in system behavior can cause over-
loading. For example, the average interarrival time on any given
day may be smaller (i.e. applicants will arrive in larger numbers)
simply due to the random nature of the process. Such random otcur-
' rences could increase the system load. ‘The local office manager

should keep this in mind when using the simulation to fine tune his

resource allocations. , . M

Ll
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