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Im{ortant Instructions

1. This is a closed (open) book exam; all related material must be placed away from your desk.
2. Cell phone use is prohibited for any purpose: Your cell phone must be turned off and placed off the desk.
Cell phones may not be accessed during the exam. Failure to comply may be treated as a violation of the

Honor Code.
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. Headphones of any kind are not permitted.

. This exam is (__50_ ) minutes long.
. Make sure that you have ( 6 ) pages including this page.
This exam has (5 ) essay questions. Read each question carefully before answering.

Calculators can be used and carni (n0f) be shared.

. When you finish, you must:
. Check that you have written your information in the spaces provided.

13. Give the exam package (all papers) to the proctor before you leave.
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Qi) perform simulation by hand for the single machine smg!é
characteristics and draw the figures(

4 points)
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Q2) Find in the meaning of the following symbols in ARENA discrete event s:\ 1& (4 points)
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Q3) a) sho ulation for the system shown in the following figure. Add statistical collection
for th€ number of parts produced and the time in syst\e

N o

/ PartA N\
‘.’ arrival Part A
\Exp(7) batch/r T Preparation 1 TR
\ size:l / Tl'la(ﬁ 7 8) i | ~80% _Méc_tip/t
SRS ]
" T o Sealer Part
Partaarrlva} PartB i Altria(1,2,3) part
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1 s 14
‘ | S L—20 ReJect
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Three parts arrive 3, b, ¢ then they are prepared , the sealer time for each is shown in the figure. (6
points)
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Q4) The call genter Randles tustomer calls through a central number with 4 trunk lines and operates

from 8 am t0 4 pm. Calls arrive every 0.857 minutes on average (exponentially distributed). If all lines
are busy, callers are lost. Callers choose between technical support (76%), sales (16%), or order status

(8%), after a brief recording (0.2—-0.9 min).

—_—

Technical support calls (UNIF(0.2, 0.9) min to select product) are handled by 8 specialists: 2 for product
1, 3 for product 2, and 3 for product 3. If none are available, calls queue with music. Service time is

TRIA(4, 5, 17) minutes. ,
Salescalls ar leght5y 4 Aalespebple, or queue wi sic it upavailabl es calls last TRIA(4, 15,
45) miputes.

It turns out that there are six salespeople with the staggered daily schedules

summarized as (number of people @ time period in minutes): 1@60, 3@60, 4@90,

5@60, 6@60, 5@90, 6@90, 5@30, 3@860, and 2@60.

2, 3, 4) min); 15% request human help ana die ruuves -~
Ils. These follow-up calls also take TRIA(2, 3, 4)

sing arena (7 points)

Order-status calls are system-handled (TRIA(
sales staff but with lower priority than regular sales ca

minutes. Calls are answered as long as they enter before 6 pm. Model u
_—
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re eacn

s to a system havir}gt\h‘rferwdrl'tstations (A, B, and C), wne
ach with

Q5) A part arrives every 10 minute e
workstation has a single machine; the fi rst part arrives at time 0. There are four part types, €
lans for the four part types are given here. The entries for the

equal probability of arriving. The process p
process times are the parameters for a triangular distribution (in minutes).

Workstation/ Workstation/ W i
‘ orkstation/
Part Type Process Time Process Time Process Time
A C
Part | SS05133 NRRE R R
{ . A R ¢
1 Pan 2 R 135181 Q.15 4385007
. A B
Pant 3 S412.050 SI0S7
R C
Pan 4 Q3126100 Noedl 4l

Assume that. the transfer time between arrival and the first station, between all stations, and between
the last station and the system exit is 3 minutes. Use the Sequence feature to direct the parts through
the system and to assign the p oceﬁsing times at each station. Model using arena (7 points)
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b Q1) perform simulation by hand for the single machine single queue system w1th the following
characteristics (4 points)
System : Clock | B(f) Q(t) Arrival times of Event calendar

custs. in queue

Numberof |Tolalof Area under Aréaunder
completed waiting | waiting limes. in queue | Q(f) 8(h
times in queue

4
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) 5
B(ty graph ] TR — T \“—_’l

0 *las 5 6.% 0 e300 Bis2 |, B

Time (Mindtes)
Interarival imes | 3 5) 7.0 5.0 21 74 5/3 17.1) 10.8|
Senicetmes | (377) 3.8 206 ‘8.5 0.1 1.3/ 29. o 3.3
Entity # | Time in | Time Timein | Time QQueue time | Time in
leave machine | Leave 2 system
Queue e % | machine & @ v

1 O o EZ1% Y O Bol
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3 \O2 | VO [ 1p.2 BB o 72
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5 T2 [ W (G| — — —
6 M3 (13>
7
Average

b) Find the average Time in system (1 points)

Q2) (A) Find in the meaning of the following symbols in ARENA discrete event simulation (3

points)
Symbol Meaning Symbol Meaning
Warm-up Period: \ine P e ‘ o Sl ey
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Service times
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jected calls in a call center. You change number of sales staff and number of technical support staff

to get the different cases in the x-axis (main case, case 1 to case 6).
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A ,
on machining cell consists of four workstations that every part must visit in fixed

Machine 4. Parts arrive according to an

Q3) A high-precisi
first-time) processing time.on each of the

sequence: Machine 1 — Machine 2 — Machine 3
exponential distribution with mean.4 minutes. The normal (
four machines is TRIA(6, 10, 16) minutes, and each machine is a separate resource with capacity 1.

Immediately after finishing processing on any given machine, the part is routed to an inspection
station dedicated to that machine (four independent inspection stations, ¢ach taking exactly 1.5

minutes). At every inspection, regardless of which machine it follows, there is exactly a 15 % chance

the part fails (independent across all inspections). If the part passes inspection, it is allowed to.
continue to the next machine (or exits the system after passing inspection following Machine 4). If
the part fails inspection after any machine, it must immediately loop back to that same specific
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machine (not to the beginning of the line) and undergo complete rework using the same physical
machine and resource; rework time on any of the four machines follows TRIA(18, 30, 45) minutes ,

Model using arena (do not use sequences)(5 points)
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Q4).(Most difficult question in the exam) A flexible manufacturing g_g_l_l_processes\t_v!ggi's@c,t,part
types, Type A and Type B, that together arrive according to an exponential distribution with a mean
inter-arfival time of 5 minutes, with exactly 50 % of arriving entities being Type A and 50 % being
Type B. A goes to machine 1 then 3 then leaves. Part B goes to machine 1 then machine 2 then

leaves. each machine is considered as a resource of capacity 1.

Part % | Machine 1 Machine 2 Machine 3
A 50 | Machine 1 Machine 3
Time: TRIA(7, 11, 16) Time: TRIA(3, 5, 10)
Inspection after 15 min Inspection after 15 min
15% fail ' 15% fail
Repair time: 5 min Repair time: 2 min
WB 50 | Machine 1 Machine 2
Time: TRIA(3, 5,7) Time: TRIA(7, 10, 11)
Inspection after 15 min Inspection after 15 min
(L 15% fail 15% fail
Repair time: 5 min Repair time: 7 min

o

ollect time is system for parts A and B separately. Model using arena (do not use sequenc:q_s) (3 0
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Q4)_(Most difficult question in the exam) A flexible manufacturing cell processes\two distinct part
types T,XE? _ éﬁand TypgTB, that together arrive according to an expesential distribution with a mean

{nter=arifval-time-of5mimtes, with exactly 50 % of arriving entities being Type A and 50 % being

Type B. A goes to machine 1 then 3 then leaves. Part B goes to machine 1 then machine 2 then
leaves. each machine is considered as a resource of capacity 1.

Part % | Machine 1 Machine 2 Machine 3
A 50 | Machine 1 Machine 3
Time: TRIA(7, 11, 16) Time: TRIA(3, 5, 10)
Inspection after 15 min Inspection after 15 min
15% fail 15% fail
Repair time: 5 min Repair time: 2 min
| jB 50 | Machine 1 Machine 2
Time: TRIA(3, 5, 7) Time: TRIA(7, 10, 11)
Inspection after 15min | Inspection after 15 min
/ 15% fail 15% fail
v ‘%ﬂ)ar time: 5 min Repair time: 7 min
4 it gssljﬁ‘ M 1— De'o4
\C fa"‘ Vg S0/ abbeibe - TyPe Q:,:ML \Smen
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Q?) A 24/7 call center receives incoming calls following an exponential inter-arrival distribution
with a mean of 5 minutes. The center has exactly 10 telephone lines (resource “Lines”, capacity 10);
any cal.ler arriving when all 10 lines are busy receives a busy signal, is counted as a lost call, and
leaves immediately (balked). Callers who seize a line first listen to a mandatory recorded welcome
message lasting exactly 90 seconds, after which 50 % are routed to Technical Support and 50 % to
Sales: Technical Support is handled by four staff with wok according to the following scheducle. The
technical support consultation time follows TRIA(S, 14, 30) minutes. After the consultation, 5 % of |
these calls require the same individual agent who handled the call to perform an internal archiving
task that takes exactly 2 minutes (no need to call customer). The remaining 95 % end immediately.

Agent Shift (daily) 30-min break First 15-min break Second 15-min break
Mohammed  08:00-17:00 12:30-13:00 10:00-10:15 15:00-15:15
Ahmed 08:00-17:00 13:00-13:30 09:30-09:45 15:30-15:45
Saeed 08:00-17:00 12:00-12:30 10:30-10:45 14:30-14:45
Ruaa 08:00-17:00 13:30-14:00 09:45-10:00 15:15-15:30

Sales call takes Tria(5,17,50) min by 2 operators 8:00-12:00 and by 3 operators from 12:00-17:00.

Model the system using arena (5 points) PR, s
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Q6) (4 points) Write the sequence ( no mode needed) and define all needed stations for modelling

Figure 7-1. The Small Manufacturing System Layout
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Table 7-1. Part Routings and Process Times

Part Type Cell/Time CelUTime Cell/Time CellTime CellUTime
1 1 2 3 4
6,8,10 5.8.10 15,20,25 8,12,16
2 i 2 4 2 3
11,13,15 4,6,8 15, 18,21 6.9,12 27,33,39
3 2 | 3
7,9.11 7,10,13 18,23.28 1 ‘/‘
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Two parts are produced A and B (batches of 4) with interarrival times shown in the figure, the
processing times and the percentages scraped and reworked are shown in th

e figure ( 4 points)
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Q) Parts arrive at a single machine system according to an exponential interarrival distribution with __
mean 20 minutes;"the fi rst part arrives at time 0/Upon arrival, the parts are processed at a machine.

_The processing-time distribution is TRIA(11, 16, 18) minutes. The parts are inspected and for each part
\fh?_"ﬁ is a 0.24 probability that it will need —

to be sent baygk

to the same machine ta he reprocessed (same processing-time distribution but a fresh
draw from it, and all send-back decisions are independent of each other). There’s no limit on how many
times a given part might have to go through the machine for processing/reprocessing ( 6 points)
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Q1) perform simulation by hand for the single machine single queue system with the following
characteristics (4 points)

System Clock B(t) Q(t) Arrival times of Event calendar
custs. in queue

Number of Total of Area under Area under
completed waiting | waiting times in queue | Q(f) B(t)
times in queue

4
3
Q(t) graph 5 | J___L
14
ol —. I

— . = —
0°** 5 10 15 20
2
B(t) graph i , . . I
0 5 10 15 20

Time (Minutes)

Interarrival times 087 044 084 1441 086 287 644 4.09 0.31
Service times (138 188 390 253 041 065 030 1.28 12.29

Aer Def Y @

o I 32 1.22 | ©

o.87 3.2C 2.34 048

(31 2L 5 8% 1-95

\.35 .69 g.3u 5.3

c. 7¢ |1 .37 ] )

L. 62 -ty s.25 >

q.4q | ¥ o3 S)

2543 I\

b) Find the average queue size (2 points)
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2
s Rz e 2
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Q2) Find in the meaning of the following symbols in ARENA discrete event simulation (4 points)
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b) Describe how to add an animation for the resource , and entity (2 points)
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Q3) a) show the arena simulation for the system shown in the following figure. Add statistical collection
for the number of parts produced and the time in system
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v Shipped
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Part B Prep Pant A 91%

Part B TRIA(1,3.4) Shipped
_
Batches of 4 Part B

EXPO(30) WEIB(2.5,5.3)

TRIA(3,5.10)

Two parts are produced A and B (batches of 4) with interarrival times shown in the figure, the
processing times and the percentages scraped and reworked are shown in the figure ( 4 points)
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b)Describe with details how to add animation for TNOW variable (2 points)?
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Q4) a) Show the Arena simulation for the following: a call center with 12 trunk lines if the customer
finds all lines busy he will leave count the number of customers leaving this way. Customers getting in
listen to automatic message for two seconds, then select one of three procedures, support (30%) two
workers for 8 hr shift and 1 operator for the 8 hour evening shift it takes tria(2,5,10) minutes, sales
(40%) talks with the one of fives sales staff in the morning shift only for tria(2,20, 34) minutes, and order
status (40%) which is an automatic message for tria(5,6,7) minutes. Collect statistics about time in
system and numbers served. (4 points)

b) for part a) describe how to add an animation for the number of people being served currently in the
system (WIP) 2 points?
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Q5) Parts arrive at a single machine system according to an exponential interarrival distribution with
mean 20 minutes; the fi rst part arrives at time 0. Upon arrival, the parts are processed at a machine.
The processing-time distribution is TRIA(11, 16, 18) minutes. The parts are inspected and for each part
there is a 0.24 probability that it will need

to be sent back to the same machine to be reprocessed (same processing-time distribution but a fresh
draw from it, and all send-back decisions are independent of each other). There’s no limit on how many
times a given part might have to go through the machine for processing/reprocessing ( 6 points)



2.0 (5 points) An acute-care facility treats non-emergency patients (cuts, colds, etc.).
Patients arrive according to an exponential interarrival-time distribution with a mean of 11
(all times are in minutes). Upon arrival they check in at a registration desk staffed by a
single nurse. Registration times follow a triangular distribution with parameters 6, 10, and
19. After completing registration, they wait for an available examination room; there are
three identical rooms. Data show that patients can be divided into two groups with regard
to different examination times. The first group (55% of patients) has service times that
follow a triangular distribution with parameters 14, 22, and 39. The second group (45%)
has triangular service times with parameters 24, 36, and 59. Upon completion, patients

are sent home. Model using arena simulation
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4.0 a) (5 points) Parts arrive at a two-machine system according to an exponential
interarrival distribution with mean 20 minutes; the fi rst arrival is at time 0. Upon arrival,
the parts are sent to Machine 1 and processed. The processing-time distribution is
TRIA(4.5, 9.3, 11) minutes. The parts are then processed at Machine 2 with a processing-
time distribution as TRIA(16.4, 19.1, 20.8) minutes. The parts from Machine 2 are directed

back to Machine 1 to be processed a second time (same processing-time distribution as

4.0 a) (5 points) Parts arrive at a two-machine system according to an exponential
interarrival distribution with mean 20 minutes; the fi rst arrival is at time 0. Upon arrival,
the parts are sent to Machine 1 and processed. The processing-time distribution is
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4.0 b)(4 points)

describe how to use use PAN to generate the following chart from

different scenarios start by defining the scenarions with variable resource capacities

DD:JIxoﬁroﬂt Varying Max Load Alone

0830

8630

7630

0830

5630

3630 '
2630

1630

830

370

20

. '
W6t Scenzio

22

24 26 28 30 32 34 I 3/ 40

Max Load
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5.0 (5 points) The sequences are already defined as sequences 1 -4. Now there is a
conveyor loop that goes from the arrival station to cell 1 cell2 depart then cell4 then cell3

then arrival distances is the same assume 5 units, model sing arena

) Cre~r
: (& S ot Tyee!
£ ’ . e =5\§~.¥j_sezwnce* g E“"“ S s
[Som - ‘ X
< o S o s
T, A~ VAT
> 0
Sy o (o D
i Coh
Figure 7-1. The Small Manufacturing System Layout ‘ @giv«

Table 7-1. Part Routings and Process Times

Part Type Cell/Time Cell/Time Cell/Time Cell/Time Cell/Time

| | 2 3 4
6.8, 10 5.8, 10 15.20.25 8. 12, 16
2 1 2 4 2 3
15: 15,15 4.6.8 15. 18. 21 6.9.12 27.33.39
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2.0 a) What are these arena symbols ( 2 points)

In the model

L

- And + square shaped

button

2.0 b) (5 points) An acute-care facility treats non-emergency patients (cuts, colds, etc.).
Patients arrive according to an exponential interarrival-time distribution with a mean of 11
(all times are in Gr)ninutes). Upon arrival they check in at a registration desk staffed by a

single nurse. Registration times follow a triangularn distribution with parameters 6, 10,

and 19. The patient goes to the d rs for 5 mins then 40% of patients go to exam room

then go back to doctor take tria(5,6,7) minutes. 60% of the patients just leave.
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3.0 (5 points) model the call center with the following specs:
One phone number for customers to call in to 26 trunk lines, one needed for each call

(incoming or outgoing, talking or on hold) Arriving call finding no free trunk lines gets busy

signal, goes away Count number of such rejected calls Calls arrive with interarrivals ~
EXPO (0.857) min.

First call arrives at time 0 Three incoming call types Initial recording to decide ~ UNIF
(0.1, 0.6) min.

Tech support (76%), sales (16%), order status (8%) Tech-support calls For product type
1 (25%), 2 (34%), or 3 (41%) Needs qualified tech-support person Two for type 1, three
for type 2, three for type Separate FIFO queues for each type Conversation time ~ TRIA
(3, 6, 18) min. for all types Then leaves system

Sales calls All the same Four sales staff, all the same One FIFO queue feeding all sales

staff Conversation time ~ TRIA (4, 15, 45) Then leaves system



4.0 a)(5 points) Trucks arrive with EXPO(9.1) interarrival times (all times are in minutes)
to an unload area that has three docks; the fi rst truck arrives at time 0. The unload times
are TRIA(25, 28, 30), TRIA(23, 26, 28), and TRIA(22, 25, 27) for docks 1, 2, and 3,
respectively. If there is an empty dock, the truck proceeds immediately to that dock.
Assume zero travel times to all docks. If there is more than one empty dock, the truck

places preference on the higher-numbered doc If all the docks are busy, it
chooses the dock with the minimum number of truckg waiting. If there is a tie, it places
preference on the lowest numbered dockNote that | y Condition” Decide

modules, the tests are done from top to bottom, and the fi rst one re

Iting in a “true”
sends the entity out through that corresponding exit point. Model using arena
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The University of Jordan

Wi

1.0 a) Solve the following using hand simulation (4 points)

a0 )Y daalal)

System Clock | B(t) Q(f) Arrival times of | Event calendar
custs. in queue
Number of Total of Area under Area under
completed waiting |waiting times in queue | Q(f) B(f)
times in queue
4
3
Q(t) graph 2]
1.
0 :
0 10 15 2
2
Bi(t) graph 3
0 10 15 2
Time (Minutes)
nterarrivaltimes | 367|458 161 2260 134 351 879 149 2.24
Service times 5.66/ 5.06) 0.53] 259 0.18 287 7.15 047 047

parameters a=13

C
a Ko
\%X\/,], __“_3‘3 Woé\\—l
Q@M WMo o
L Rz
_

1.0 b)Using linear congruential technique generate next three random numbers ([0-1])
,c=33 m=117 X0=17 (3 points)
no oM

—

oz 4 I3 mo NZ
fan 37

o9 PN\
= 59
Ko=54
MNI7E
§q 33w
Kz= s
‘= =948

Page 1 of 9

Egd (@) ‘goif

b0 523



The University of Jordan a3 Y daalall

1.0 ¢) For the rand numbers [0,0.1] {0.207, 0.412 0.115] generate exponential
distribution random numbers with mean (1/A) =5 (3 points)

//\é \V\(\«@> @ -5 W L1 04lZ]
N _2.63%S
ol - 02°7
[y - S N -5 W (- o \\%)
- 1\ S966 © oel

2.0 a) What are these arena symbols ( 2 points)

£ \EL 5
Hot® o Warm-up Period: 00 make sydem revch o
o quoe ud Sredd srare
Hold speclic condiNen i

meek of o sqm) \s recied

2.0 b)(5 points) An acute-care facility treats non-emergency patients (cuts, colds, etc.).
Patients arrive according to an exponential interarrival-time distribution with a mean of 11
(all times are in minutes). Upon arrival they check in at a registration desk staffed by a
single nurse. Registration times follow a triangular distribution with parameters 6, 10, and
19. Patients wait for the doctor, two type of patients type 1 (20%) sees the doctor for 2

mins then go to exam room for 5 mins then leaves. Type 2 (80 %) patients see the doctor

for five minutes then leave. g9
oy &
20 :
-  fese f)g$$\ngl
CY\@C\ST@ / - | ‘\;6?%“% alytture T\/{’Q— vawe li

%

Cy?&(\ﬂ W l/z Qe lode Ooc. vwme Q
0
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gLtrlpar Doc—owe:3
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@W"” b3 condov

% arkrione Tyee~ -\

spose

Create 1 »——Pracess_Registration » Dispose 1

Time between

" Seize delay
arrival release
Type: Expo resource:
mean: 11 min Nurse
Time
tria(6,10,19)

3.0 (5 points) model the call center with the following specs:

One phone number for customers to call in to 26 trunk lines, one needed for each call
(incoming or outgoing, talking or on hold) Arriving call finding no free trunk lines gets busy
signal, goes away Count number of such rejected calls Calls arrive with interarrivals ~
EXPO (0.857) min. First call arrives at time 0 Three incoming call types Initial recording
to decide ~ UNIF (0.1, 0.6) min. Tech support (76%), sales (16%), order status (8%) Tech-
support calls For product type 1 (25%), 2 (34%), or 3 (41%) Needs qualified tech-support
person Two for type 1, three for type 2, three for type Separate FIFO queues for each

type Conversation time ~ TRIA (3, 6, 18) min. for all types Then leaves system Sales calls

Page 3 of 9
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All the same Four sales staff, all the same One FIFO queue feeding all sales staff ',
N oy by U 0
Conversation time ~ TRIA (4 15 45) Then leaves system
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4.0 a)(5 points)

Parts arrive at a machine shop with EXPO(25) interarrival times (all times are in
minutes); the first part arrives at time zero. The shop has two machines, and arriving
parts are assigned to one of the machines by flipping a (fair) coin. Except for the pro-
cessing times, both machines operate in the same fashion. When a part enters a machine
area, it requires operator attention to set up the part on the machine (there is only one
operator in the shop). After the part is set up, the machine can process it without the
operator. Upon completion of the processing, the operator is once again required to
remove the part. After completion, the parts exit the system (parts have to go to only
one machine). The same operator does all setups and part removals, with priority given
to the machine waiting the longest for an operator. The times are (parameters are for
triangular distributions):

Machine Number Setup Time Process Time Removal Time
1 8, 11,16 20, 23, 26 7,9,12
2 5,8, 14 11, 15,20 4,6,8

Page 5 of 9
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4.0 b) (4 points) describe how to use optoquest to optimize the objective function time

in system, when varying resouces 1,2 and resource 3 which has capacities of 1 to 5.

Page 6 of 9
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5.0 (5 points) The sequences are already defined as sequences 1 -4 the travelling

distances between the different stations take 1 mins use route to model the system

Figure 7-1. The Small Manufacturing System Layout
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Table 7-1. Part Routings and Process Times

a0 )Y daalal)

Part Type Cell/Time Cell/Time Cell/Time Cell/Time Cell/Time
1 1 2 3 4
6,8.10 5.8,10 15. 20,25 8,12, 16
2 1 2 4 2 3
11,13, 15 4,6.8 15, 18,21 6.9, 12 27,33,39
3 2 1 3
7,9.11 7.10,13 18.23,28
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1.0 a) Solve the following using hand simulation (4 points)

2.;\_1'4 J‘Y‘ ;\.a_AIA.J‘

System Clock | B(t) Q(f) Arrival times of Event calendar
custs. in queue
Number of Total of Area under Area under
completed waiting |waiting times in queue | Q({) B(f)
times in queue
4
34
Q(t) graph 2
1
0 :
0 5 10 15 20
2
B(t) graph s
5 10 15 2
Time (Minutes)
Interarrivaltimes | 069|187 856/ 11.59 3.93] 590 3.14| 7.38 6.99
Sevice times 3.57| 539, 153] 1.44] 11.08/ 3.76) 3.06f 891 1.90

1.0 b)Using linear congruential technique generate next three random numbers ([0-1])

parameters a=11

, c=34 m=101

1.0 ¢) For the rand numbers [0,0.1]

distribution random numbers with mean (1/A) = 5 (3 points)

X0=71 (3 points)

{0.107, 0.312 0.715] generate exponential

2.0 a) What are these arena symbols ( 2 points)

Set

sor: delwe a

%ravf ok (gsowtes

Batch Run (No Animation)

rul bacn Cagr

No Aningiion vl ey
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2.0 (5 points) An acute-care facility treats non-emergency patients (cuts, colds, etc.).
Patients arrive according to an exponential interarrival-time distribution with a mean of 11
(all times are in minutes). Upon arrival they check in at a registration desk staffed by a
single nurse. Registration times follow a triangular distribution with parameters 6, 10, and
19. After completing registration, they wait for an available examination room; there are
three identical rooms. Data show that patients can be divided into two groups with regard
to different examination times. The first group (55% of patients) has service times that
follow a triangular distribution with parameters 14, 22, and 39. The second group (45%)
has triangular service times with parameters 24, 36, and 59. Upon completion, patients

are sent home. Model using arena simulation

—
Create 1 »——Pracess_Registration » Dispose 1
Tm:ae between Seize delay
arrival release
Type: Expo resource:
mean: 11 min Nurse
Time

tria(6,10,19)

3.0 (5 points) model the call center with the following specs:

One phone number for customers to call in to 26 trunk lines, one needed for each call
(incoming or outgoing, talking or on hold) Arriving call finding no free trunk lines gets busy
signal, goes away Count number of such rejected calls Calls arrive with interarrivals ~
EXPO (0.857) min. First call arrives at time 0 Three incoming call types Initial recording
to decide ~ UNIF (0.1, 0.6) min. Tech support (76%), sales (16%), order status (8%) Tech-
support calls For product type 1 (25%), 2 (34%), or 3 (41%) Needs qualified tech-support
person Two for type 1, three for type 2, three for type Separate FIFO queues for each
type Conversation time ~ TRIA (3, 6, 18) min. for all types Then leaves system

Page 2 of 9



The University of Jordan a3 N daalal)

Sales calls All the same Four sales staff, all the same One FIFO queue feeding all sales

staff Conversation time ~ TRIA (4, 15, 45) Then leaves system

4.0 a) (5 points) Develop a model of a three-workstation serial production line with high
reject rates: 7% after each workstation. Parts rejected after the fi rst workstation are sent
to scrap. Parts rejected after the second workstation are returned to the fi rst workstation
where they are reworked, which requires a fresh “draw” from the processing-time
distribution but increased by 50% from the distribution of the original operation. (This
penalty factor of 1.5 applies only at workstation 1 and not at workstation 2 when the part
returns to it.) Parts rejected at the third workstation are returned to the second workstation
where they are reworked, with a 50% penalty there (but not on its revisit to workstation
3). The operation times are TRIA(5,9, 12), TRIA(5, 8.5, 13), and TRIA(6.5, 8.9, 12.5) for
workstations 1, 2, and 3 respectively (all times are in minutes). Part interarrival times to

the system are UNIF(6, 14). Model using arena

4.0 b) (4 points) illustrate how to use PAN software to compare between the use of two

resource capacities in relation to work in process and time in system for entity1

5.0 (5 points) Define the sequences for the following system

Page 3 of 9
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5.0 (5 points) Define the sequences for the following system

Figure 7-1. The Small Manufacturing System Layout

Table 7-1. Part Routings and Process Times

Part Type Cell/Time Cell/Time Cell/Time Cell/Time Cell/Time

1 1 2 3 =
6,8.10 5,8, 10 15,20, 25 8,12, 16
2 1 2 - 2 3
11,13, 15 4.6.8 15, 18, 21 6,9, 12 27,33,39
3 2 1 3
7,.9.11 7.10,13 18, 23,28

6.0 (4 points) Describe how to display a message box with a text box to read it and then

change the variable value in the arena model, then run it (automatically)

Page 4 of 9
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1.0 a) Solve the following using hand simulation (4 points)

3.;\_1'.: fx’\ 1&-«1@3\

System Clock [ B(t) Q(f) Arrival times of Event calendar
custs. in queue
Number of Total of Area under Area under
completed waiting |waiting times in queue | Q({) B(t)
times in queue
4
3
Q(t) graph 2
1.
0 T
0 5 10 15 20
2
B(t) graph ;
0 5 1|0 15 20
Time (Minutes)
Interarrival times 1.83| 5.43| 246/ 297 598 607 178 6.99 178
Service times 239 7.6 3.32| 178/ 2.77| 1.87| 8.00 198 1.78

1.0 b)Using linear congruential technique generate next three random numbers ([0-1])

parameters a=7

,c=113 m=111

1.0 ¢) For the rand numbers [0,0.1]

distribution random numbers with mean (1/A) = 5 (3 points)

X0=81 (3 points)

{0.507, 0.112 0.615] generate exponential

2.0 a) What are these arena symbols ( 2 points)

In the model

- And +

200 W

our

button

square shaped

Srop
(U
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2.0 b) (5 points) An acute-care facility treats non-emergency patients (cuts, colds, etc.).
Patients arrive according to an exponential interarrival-time distribution with a mean of 11
(all times are in minutes). Upon arrival they check in at a registration desk staffed by a
single nurse. Registration times follow a triangularn distribution with parameters 6, 10,
and 19. The patient goes to the doctors for 5 mins then 40% of patients go to exam room

then go back to doctor take tria(5,6,7) minutes. 60% of the patients just leave.

Create1 »——FPracess_Registratton )§ = Dispose 1

Time between
arrival

Type: Expo
mean: 11 min

Seize delay
release
resource:
Nurse

Time
tria(6,10,19)

3.0 (5 points) model the call center with the following specs:

One phone number for customers to call in to 26 trunk lines, one needed for each call
(incoming or outgoing, talking or on hold) Arriving call finding no free trunk lines gets busy
signal, goes away Count number of such rejected calls Calls arrive with interarrivals ~
EXPO (0.857) min.

First call arrives at time 0 Three incoming call types Initial recording to decide ~ UNIF
(0.1, 0.6) min.

Tech support (76%), sales (16%), order status (8%) Tech-support calls For product type
1 (25%), 2 (34%), or 3 (41%) Needs qualified tech-support person Two for type 1, three
for type 2, three for type Separate FIFO queues for each type Conversation time ~ TRIA
(3, 6, 18) min. for all types Then leaves system

Sales calls All the same Four sales staff, all the same One FIFO queue feeding all sales

)g/o

staff Conversation time ~ TRIA (4, 15, 45) Then leaves system

Page 2 of 9
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4.0 a)(5 points) Trucks arrive with EXPO(9.1) interarrival times (all times are in minutes)
to an unload area that has three docks; the fi rst truck arrives at time 0. The unload times
are TRIA(25, 28, 30), TRIA(23, 26, 28), and TRIA(22, 25, 27) for docks 1, 2, and 3,
respectively. If there is an empty dock, the truck proceeds immediately to that dock.
Assume zero travel times to all docks. If there is more than one empty dock, the truck
places preference on the higher-numbered dock (3, 2, 1). If all the docks are busy, it
chooses the dock with the minimum number of trucks waiting. If there is a tie, it places
preference on the lowest numbered dock (1, 2, 3). Note that in “by Condition” Decide
modules, the tests are done from top to bottom, and the fi rst one resulting in a “true”

sends the entity out through that corresponding exit point. Model using arena

4.0 b) (4 points) Describe how to use output analyser to obtain the confidence interval for

two alternatives to compare them.
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5.0 (5 points) The sequences are already defined as sequences 1 -4 There are two
units of transportation cart 1 and two the distances is the same between all stations,

travelling between station sis via the transporter model the system.

©

Figure 7-1. The Small Manufacturing System Layout

Table 7-1. Part Routings and Process Times

Part Type Cell/Time Cell/Time Cell/Time Cell/Time Cell/Time

1 1 2 3 -
6,8.10 5.8, 10 15, 20, 25 8,12, 16
2 1 2 - 2 3
11,13, 15 46,8 15, 18,21 6.9, 12 27.33.39
3 2 1 3
7.9, 11 7.10,13 18,23, 28

6.0 (4 points) We have an array named SS1 of size 10 x 1 the data should be initialized

from microsoft access suitable range describe how this can be done.
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1.0 a) Solve the following using hand simulation (4 points)

System Clock | B(f) Q(f) Arrival times of Event calendar
custs. in queue

Number of Total of Area under Area under
completed waiting |waiting times in queue | Q(f) B(t)
times in queue

4
3
Q(t) graph 5 |
1
0

Bl(f) graph {1)
0 5 10 15 20

Time (Minutes)
Interarrival times 358/ 1.78| 4.07| 7.93| 1.78| 6.30 4.79| 1.78| 1.78
Service times 1.78| 1.78/ 1.78| 1.78| 1.78/ 1.78| 1.78| 5.84| 1.78

1.0 b)Using linear congruential technique generate next three random numbers ([0-1])

parameters a=37 ,c=13 m=91 XO0=76 (3 points)

1.0 ¢) For the rand numbers [0,0.1] {0.907, 0.012 0.275] generate exponential

distribution random numbers with mean (1/A) = 5 (3 points)

Q2) a) What are these arena symbols ( 2 points)

F N a cpes - 0 D Chants

Macros QﬂCW‘A /@un  Edit é'\sf\ﬂa ("ca\ e
v Mocees Scripts

%("A.P\'\
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2.0 b) (5 points) An acute-care facility treats non-emergency patients (cuts, colds, etc.).
Patientsmarrive according to an exponential interarrival-time distribution with a mean of
11 (all times are in minutes). Upon arrival they check in at a registration desk staffed by
a single nurse. Registration times follow a triangular distribution with parameters 6, 10,
and 19. Patients go to doctor take tria(5,7,10) then 80% of the patients leave, 20% of

the patients go back to registriation to take new appointment take 2 tria(1,2,3) mins then

leave ‘ g@

]

. . : STrue . 2 STrue . :
Create 1 Decide 1 - eess B Decide 2 Dispose 1

3.0 (5 points) model the call center with the following specs:

One phone number for customers to call in to 26 trunk lines, one needed for each call
(incoming or outgoing, talking or on hold) Arriving call finding no free trunk lines gets busy
signal, goes away Count number of such rejected calls Calls arrive with interarrivals ~
EXPO (0.857) min. First call arrives at time 0 Three incoming call types Initial recording
to decide ~ UNIF (0.1, 0.6) min.

Tech support (76%), sales (16%), order status (8%) Tech-support calls For product type
1 (25%), 2 (34%), or 3 (41%) Needs qualified tech-support person Two for type 1, three
for type 2, three for type Separate FIFO queues for each type Conversation time ~ TRIA
(3, 6, 18) min. for all types Then leaves system Sales calls All the same Four sales staff,
all the same One FIFO queue feeding all sales staff Conversation time ~ TRIA (4, 15, 45)
Then leaves system / fo

4.0 a) (5 points) Parts arrive at a two-machine system according to an exponential
interarrival distribution with mean 20 minutes; the fi rst arrival is at time 0. Upon arrival,
the parts are sent to Machine 1 and processed. The processing-time distribution is
TRIA(4.5, 9.3, 11) minutes. The parts are then processed at Machine 2 with a processing-
time distribution as TRIA(16.4, 19.1, 20.8) minutes. The parts from Machine 2 are directed
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back to Machine 1 to be processed a second time (same processing-time distribution as
the first visit but an independent draw from it). The completed parts then exit the system.

Model using arena

4.0 b)(4 points) describe how to use use PAN to generate the following chart from

different scenarios start by defining the scenarions with variable resource capacities

Dailxogrom Yarying Max Load Alone

Daty

9630

8630

7630

0430

030

3630 '
2630 — T

1630

63.04 _ —

370

W oest Scenaio Max Load
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5.0 (5 points) The sequences are already defined as sequences 1 -4. Now there is a
conveyoploop that goes from the arrival station to cell 1 cell2 depart then cell4 then cell3

then arrival distances is the same assume 5 units, model sing arena

Conpver: B fret] fe | —[er )
(o 1 ]— s ]— o]
e et

Bevye ST o Lot oua
Moferied W”Z)
Ccseyer (ot ] ) o |
Cveyor o Mawc
R
e A&S\av\ 4
Add > Abbide  Abbibude e Wew value
. . V””[u/rﬁ &zumﬁz (3-’/[,7.
Figure 7-1. The Small Manufacturing System Layout
Al > Type Lhly ype
Eokby T Loty 4 — edity M e
o
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3 2 1 3
7,911 7.10,13 18, 23,28

6.0 (4 points) We have a variable array named DD1 of size 5 x 6 we need to initalise it

from excel of suitable range.
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Simulation Page 4
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Describe how to optimize using optoquest alternative scenarios one with numbers of workers equal to
e e ———
two or three and W N in PAN with analysis for Entity. Time in system.

Describe how to optimize using optoquest alternative scenarios one with numbers of workers equal to
two or three and number of machines 5 or six N in PAN with analysis for Entity. Time in system.
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6.0 (4 points) describe how to read arrival data from a sequential file




2.0 (5 points) An acute-care facility treats non-emergency patients (cuts, colds, etc.).
Patients arrive according to an exponential interarrival-time distribution with a mean of 11
(all times are in minutes). Upon arrival they check in at a registration desk staffed by a
single nurse. Registration times follow a triangular distribution with parameters 6, 10, and
19. After completing registration, they wait for an available examination room; there are
three identical rooms. Data show that patients can be divided into two groups with regard
to different examination times. The first group (55% of patients) has service times that
follow a triangular distribution with parameters 14, 22, and 39. The second group (45%)

has triangular service times with parameters 24, 36, and 59. Upon completion, patients

are sent home. Model using arena simulation
2 |
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4.0 a) (5 points) Develop a model of a three-workstation serial production line with high
reject rates: 7% after each workstation. Parts rejected after the fi rst workstation are sent
to scrap. Parts rejected after the second workstation are returned to the fi rst workstation
where they are reworked, which requires a fresh “draw” from the processing-time
distribution but increased by 50% from the distribution of the original operation. (This
penalty factor of 1.5 applies only at workstation 1 and not at workstation 2 when the part
returns to it.) Parts rejected at the third workstation are returned to the second workstation
where they are reworked, with a 50% penalty there (but not on its revisit to workstation
3). The operation times are TRIA(5,9, 12), TRIA(5, 8.5, 13), and TRIA(6.5, 8.9, 12.5) for
workstations 1, 2, and 3 respectively (all times are in minutes). Part interarrival times to

the system are UNIF(6, 14). Model using arena
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4.0 b) (4 points) illustrate how to use PAN software to compare between the use of two

S \ -PArl resource capacities in relation to work in process and time in system for entity1

NS
| A
Describe how to Analyze alternative scenarios one with numbers of workers;gt_:al to two or t@g and “
7ﬁumber of machines 5 or six Nin PAN with analysis for Entity. Time in system and W (M°
W

| M"‘“’ 2 taclor ! P 2 level
Describe how to Analyze alternative scenarios one with numbers of workers equal mm%nuhree and 1” w3 [“’"""" ‘] v evels
2- . - . . . , [,
number of machines 5 or six N in PAN with analysis for Entity. Time in system and system.Number T:,t;v’ 5 2 = Y scenarios
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6.0 (4 points) Describe how to display a message box with a text box to read it and then

change the variable value in the arena model, then run it (automatically)
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Dim oSIMAN As Arena.SIMAN
Dim nVarIndex As Long

Dim sNewValue As String

L prempt for—a Téw Vvatue

sNewValue = InputBox("Enter the new average cycle time:")

Gy Arenall el
Set oSIMAN = ThisDocument .Model .SIMAN

nVarIndex = oSIMAN.SymbolNumber ("Mean Cycle Time")

OoSIMAN.VariableArrayValue (nVarIndex) = sNewValue

( Enter the new average cycle time: 0K,

Cancel
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Interarrival times 183 543| 246 297 _598 607 178 6.99] 1.78
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1.0 b)Using linear congruential technique generate next three random numbers ([0-1])

parameters a=7

,c=113 m=111
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1.0 ¢) For the rand numbers [0,0.1]

distribution random numbers with mean (1/A) =5 (3 points)
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2' MJ' 4.0 b) (4 points) Describe how to use output analyser to obtain the confidence interval for
Nowtpd  onal yzer

two alternatives to compare them.

L»orcra.*a,s on («dok) ',f'.lcs Ptodml by overe

L» °|hpul—/6‘+Pu}- pawel » Oudpud > cxplessioh , Nowe | oukpud Tilw

Describe how in one of arena components we can compare between the mean of two alternatives and
find the confidence internal for both and plot that confidence interval ot '“ .

Describe how in one of arena components we can compare between the mean of two alternatives and
find the confidence internal for both and plot that confidence interval ———4 ( | p U-l—)

A e mide tun (ow reghiskion) of both atenokives.

B SIS o
_7') Windaws > oubpuk w\yzm( i ﬁw'11-':x~mu-
::‘ @ondin " Mome '
- N Vesterday (2)
é} OPM rew 'JM& Jrﬂu‘P {ﬂ&&n =] -Jno.,.a, ‘.;-.--w-
8 Oeitop st s
: = ) Documents v Earlier this mongh (3)
3 Ot e
lﬂ Add > seleck ?’a\ca oi wredes o -
B vdeer + A long time ago 25)
e Locd Disk 1C) Access M01 Erercne Fes

Anectator W8151 0 me
v

Date modted e

VIS5 30 DATFe
4342 M DAT Fi

File folder
Fue felder

Y} Frie folder
Fle &

Window Help
Batch/Truncate Obs'ns...

_E_-J P\M\yu’, > comra-f e mepng —y % A

Compare Variances...
One-Way ANOVA...

Compare Means

Data Files

_6_.) AdD > Date- Files

3 : e\ s dok e
Dpte File A A“’U/N‘" v\ Confidence Level  [0.95 v
Replicationg r |umped

Data Files
(@ Paired-t Test O Two-Sample-t Test

X

[ Scale Display DataFie & | v Browse.. | [ ok ]

5 e kive Lo ications: 1 T
Dt Fil D | Altermtive 2 M Heﬂm
Data File B:

Rtpliu.kiow: Lumpe) Repicstions:[1_ /|

_1/.\ ¥ paied +-tesk
¥ confidonce \evel 70.95



4.0 a)(5 points) Trucks arrive with EXPO(9.1) interarrival times (all times are in minutes)
to an unload area that has three docks; the fi rst truck arrives at time 0. The unload times
are TRIA(25, 28, 30), TRIA(23, 26, 28), and TRIA(22, 25, 27) for docks 1, 2, and 3,
respectively. If there is an empty dock, the truck proceeds immediately to that dock.
Assume zero travel times to all docks. If there is more than one empty dock, the truck
places preference on the higher-numbered dock (3, 2, 1). If all the docks are busy, it
chooses the dock with the minimum number of trucks waiting. If there is a tie, it places
preference on the lowest numbered dock (1, 2, 3). Note that in “by Condition" Decide
modules, the tests are done from top to bottom, and the fi rst one resulting in a “true”
sends the entity out through that corresponding exit point. Model using arena
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6.0 (4 points) We have an array named SS1 of size 10 x 1 the data should be initialized

from microsoft access suitable range describe how this can be done.
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4.0 a) (5 points) Parts arrive at a two-machine system according to an exponential
interarrival distribution with mean 20-minutes; the fi rst arrival is at time 0. Upon arrival,
the parts are sent to Machine 1 and processed. The processing-time distribution is
TRIA(4.5, 9.3, 11) minutes. The parts are then processed at Machine 2 with a processing-
time distribution as TRIA(16.4, 19.1, 20.8) minutes. The parts from Machine 2 are directed
back to Machine 1 to be processed a second time (same processing-time distribution as
the first visit but an independent draw from it). The completed parts then exit the system.
Model using arena
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Describe how to Analyze alternative scenarios one with numbers of workers;gyal to two or tfﬁg and

7Fumber of machines 5 or six Nin PAN with analysis for Entity. Time in system and W {M°
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6.0 (4 points) We have a variable array named DD1 of size 5 x 6 we need to initalise it

from excel of suitable range.




