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A MicroNET APPLICATION
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Pritsker & Asscciates, Inc.
P.0. Box 2413 .
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INTRODUCTION

MicroNET is a complete network simulation
system designed specifically for micro-
computers. Models of a wide variety of
systems can be built, simulated, and
analyzed using MicroNET's network
approach. A network model is a graphical
representation of a problem situation,
that provides input data to the system
and a means for describing the problem.
Models are built by describing the
problem situation graphically using
MicroNET modeling symbols. These symbols
are linked togetber and provide a graphic
description of the problem situation.

The MicroNET symbols translate directly
into input statements that are recognized
by the software. The MicroNET software
uses a simulation procedure to analyze
the network models. This procedure
involves the generation of transactions,
the processing of the transactions
through the network, and the collection
and reporting of statistical information.

The MicroNET modeler interacts with the
software through the system interface.
The MicroNET system interface provides a
structured approach to analyzing systems
using simulation. Models are built,
simulated, and analyzed interactively
using this interface. MicroNET divides
the tasks involved in solving problems
using network modeling into three sub-
systems: CONTROL, DEVELOPMENT, and
EXECUTION. PFor each subsystem MicroNET
provides a corresponding set of commands
that perform the required tasks. To
initiate any action, the user responds to
a prompt from the system by entering the
command for the action desired.

The CONTROL subsystem provides model
management assistance. . It allows. models
to be copied, deleted, and appended to
one another. Using the CONTROL subsystem
commands, the MicroNET system can be
tailored to utilize additional memory and
a parallel printer.
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The DEVELOPMENT subsystem supports the
creation and modification of MicroNET
network models with full editing capa-
bilities. Commands are also included to
display the contents of any MicroNET
model on the screen or printer.

Execution and analysis of MicroNET
network models is performed using the
EXECUTION subsystem. Commands are
available to simulate a network model and
display ongoing statistical information
during model execution. Statistical
reports may be prepared from this sub-
system and presented at the screen or
printer.

To describe the MicroNET approach to
analyzing systems using network models we
will discuss an example application. The
example system is an automated inspection
area. We will briefly describe the
system, discuss the transition from.
system to model, review the model and its
outputs and discuss the performance and
application of the MicroNET software.

System Description

The system to be analyzed is a proposed
design for the inspection area of large
mechanical devices. These units arrive
to the inspection area from a synchro-
nized assembly area. The units are
processed through 4 test stations. Units
are moved throughout the inspection area
using transfer carts. Figure 1 shows the
flow of units through the area and the
positioning of the transfer carts.

Each separate line of the same station is
called a house. For example, the upper
left most station on the figure is
station 1, house 4. WNote that houses of
station 1 are tied directly to houses of
station 2. Therefore, a unit completing
service in house 1 station 1 may be
blocked from continuing because the
preceding unit is continuing processing
in house 1 station 2.

CH1953-9/83/0000-0497 $01.00 © 1983 IEEE
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FIGURE 1. Systéem Schematic Automated Inspection Area

The transfer carts may remove a unit from
a house and advance it to the next
station but to a different house number.
This alleviates the blocking potential of
.stations 1 and 2.

‘The inspection times for this system are
available in tabular form. In the table
each time is associated with a proba-
bility. MicroNET uses this information
directly. MicroNET also supports samples
from random distributions.

Below is the inspection time for station
1.
Inspection Time

First test Second test

% Value % Value
14 80 21 50
29 85 24 55
26 90 22 60
2 95 4 65
3 . 105 4 75
1 180 2 150
1 300 23 30
24 60

Inspect time station 1 = first test +
second test.

Figure 1 reflects thé findings of a ~
.capacity analysis previously performed.
Notice that certain stations have four

houses while others have only two. The
model should be created so that this
capacity analysis may be evaluated. The
model should also determine if the design
of the inspection area provides suffi-
cient throughput so as not to block the
assembly area preceeding. As units
arrive they must be moved onto the first
transfer cart before the next unit
arrives. If this does not occur the
assembly area throughput is affected and
the inspection area design must be
improved. Therefore, the system should
be modeled such that utilization of the
stations and transfer carts be available.

It is assumed that the availability of
material handling equipment to remove
units from station 4 is infinite. It is
also assumed that the line will be
operated around the clock, in continuous
shifts (1440 minutes/day).

Model Description

As previously stated, MicroNET supports
the network approach to simulation
modeling. The symbols will be linked
together to represent the interaction of
the transfer carts and inspection
stations. Below the arrival of the units
and the modeling of this process will be
discussed in detail.
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The transactions for this model are the
individual units to be inspected. They
will flow through symbols that represent
actual time durations and control logic
of the system.

The units are assembled on a synchronized
assembly line before arrival to the
inspection area. Because of the synchro-
nized movement of the assembly area the
time between arrivals to the inspection
area is a constant, 45 minutes. The
creation and arrival of units is modeled
using a CREATE node. The CREATE node
specifies the time between arrivals along
with other operating parameters, not
described here. For this model the
CREATE node is:

CREATE

ARRIVAL
CYCLE TIME

FIGURE 2. CREATE NODE

Where the interarrival time is defined as
a constant.

CONSTANT CYCLE_TIME 45;

This node will schedule the arrival qf
units every 45 minutes starting at time
zero.

The limited capacity of the stations and
transfer carts will be modeled using
MicroNET resources. Resources are
defined as an entity which is required by
a transaction before the transaction can
proceed through the network. Resources
are named by the modeler to differentiate
among different resources that may be
required by a transaction.

The request and acquisition of a resource
by a transaction begins with the arrival
of a transaction at an RWAIT node. The
RWAIT is where transactions request a
specified number of units of a specific
resource. The RWAIT node, figure 3, is
used to request one unit of the resource
TCl. Resource TCl in this model is a
single capacity resource representing the
first transfer cart.

RWAIT
WAIT FOR CART
CART Q 1
TC1
ONE ~

FIGURE 3. RWAIT Node
Transfer Cart 1

An arriving transaction requests the
transfer cart, TCl. If it is available,
the transaction will continue to the next
node. If the transaction cannot acquire
the resource, it is placed in a queue.
The queue is identified at the node by
name. In this example, the gueue is
named TCl_QUEUE. The queue is defined to
hold a limited number of transactions and
rank the waiting transactions according
to a specified rule. The TCl_QUEUE is
defined with the following statement:

QUEUE TC1_QUEUE 1 ;

The queue will have a capacity of one
unit. The ranking rule in this case is
of no consequence. One transaction can
be stored while it waits for the first
transfer cart. If another unit arrives,
it will branch to another node or balk.

Balking is when a transaction cannot be
stored in a queue. In terms of the
inspection area it represents a unit
arriving from the assembly area before
the previous unit has been serviced by
the first transfer cart. For this
analysis this situation represents a
serious design flaw and statistics are
collected on the frequency of this
occurrence.

The statistics are collected on the
balking units using a BCOLLECT. The
BCOLLECT node generates the following set
of statistics and does not effect trans-
action flow.

Number of observations
Average time between arrivals
Minimum value
Maximum value
Time of first

The three nodes discussed are combined to
model the arrival of units from the
assembly area and their processing by the
transfer cart.

CREATE RWAILT
ARRIVAL WAIT FOR _CART
CYCLE TIME GART Q 1
TC1
ONE ~J
‘ BCOLLECT
|—- ey tOST UNITS

FIGURE 4. Arriving Units Submodel
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The transaction, once it has acguired the
first transfer cart, will be moved to the
first house of station 1. The control
logic of the transfer cart does this
automatically because this move will be
required regardless of the eventual
destination of the unit. To model this
in MicroNET the transaction must be
delayed while the move is taking place.
An ACTIVITY node, figure 6, is used to
delay transactions for the specified
amount of time. The time may be
specified as a constant or a sample from
a defined random distribution.

ACTIVITY

MOVE T0 1SY
1ST HOUSE

FIGURE 5. Activity Node
Move to lst House

The duration is defined as lST_ﬁOUSE.

After the duration of the MOVE_TO_1ST
activity is completed, the transaction
must select which house of station 1 to
move to. From figure 1, four houses are
available. The house is selected by
using RWAITs with zero capacity queues.

The units arrive to RWAITs representing
requests for each of the houses of
station 1. Associated with each RWAIT is
a zero capacity queue. When a trans-
-action arrives it requests the associated
resource. If that resource, representing
a house, is free the transaction will
continue to the next node. If the
resource is busy or being held by another

transaction, the transaction will balk
from the current RWAIT to a RWALT repre-
sentihg the next house. The figure below
shows the RWAITs and how they are linked
together by balking. An implied priority
is given to house 1, house 2, etc.

If a transaction regquests each of the
resources, and none are available the -
transaction will be placed at a GWAIT
node. A GWAIT node is similar to a RWAIT
node. However, at a GWAIT node the
transaction waits dependent on the status
of a gate and not the capacity of a
regsource. The function of this gate and
its effect on the selection of a house
will be discéussed later.

After a transaction has selected a house
the cart moves the unit to the appro-
priate house. Each of these moves is
modeled by using a different activity.
These represent the different times
required to move the unit from its
position in front of house 1 to the
selected house. Note that no activity is
associated with thé selection of house 1.
Once the cart is moved to the appropriate
house, the unit is unloaded from the cart
into the house.

At this point the unit is now inside
station 1 and the transfer cart is
released. To release a resource the FREE
node is used. The FREE node, figure 7,
is used to release the transfer cart so
that it may service a transaction waiting’
from the assembly area. The transaction
passes through the FREE node in zero
simulated time. However, before the
transaction is moved to the next node the
resource freed examines the RWAITs
associated with it to determine if a
transaction may be moved ahead.

R¥AIT
WAIT HOUSE 1
HOUSE Q

HOUSE 1
ONE__ N

I RWALT

L WAIT HOUSE 2
—#  HOUSE 0

HOUSE 2
. ONE X
RYAIT
L WAIT HOUSE 3
—3  HOUSE @
HOUSE 3
ONE s N

| RWAIY .
| WALT HOUSE 4 |
L.

HOUSE @
HOUSE 4

FREE
REL TC1 1

TC1
OMNE

FIGURE 7. FREE Node
Release Transfer
Cart 1

NO _HOUSES

;t_aue__\\

NO HOUSE @
L o coemg) WAIT MOUSE
. e \

FIGURE 6. RWAIT Nodes Selection of House at Station 1 -
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The arrival of units to the system and

their process
is modeled in figure 8.

ing into the first stations
The model of the

entire system is shown in figure 9.

CREATE RYALY ACTIVITY REAIY FREE
ARRIVA ¥ALY FOR _CART MOVE_10 157 WAIT HOUSE 1 WEL 101 1
CYCLE FiMe | CART § @ I1ST HOUSE  |-~—{ HOUSE & (1} ——
©orer | nouse v
[ oNE o
I acortees ACTIVITY FREE
LL
WOVE TO 280 REL TCY 2
e 280 HousE [ el -
L one ]
ACTIVITY FREE
| MOVE_JO 3RO | LI .
HOUSE 0 3RO HOUSE Tcr
-
L ovse s I
oe
I RWAIT ACTIVITY FREE
I [y [‘wove 1o et REL 1C1 4
HOUSE 0 ATH HOUSE | ICt
Lt wouses ONE
aKE
| GUAIT
NO_HOUSES
L NO HOUSE @
WAIT HOUSE
~
FIGURE 8. Arrival of Units and First Station Processing
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FIGURE 9.

Model of Entiré System
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The above nodes are translated directly
into input statements that the Mi¢roNET
software will recognize. These input -
statements are shown below.

¢ MDDEL LINE_BOO PAGE 5 )

¢ NETWORK STATEMENTS )

CREATE ARRIVAL CYCLE_TIME 3

RWAIT WAIT_FOR_CART CART_O_1 TC1 ONE , LOST_UNITS 3
ACTIVITY MOVE.TO_1ST 1ST_MOUSE ;

RWAIT WAIT_HOUSE 1 HOUSE_Q HOUSE_1 , MOVE_INTO_) WAIT_HOUSE 2 3
RWAIT WAIT_HOUSE 2 HOUSE_Q HOUSE_2 , , WAIT_HOUSES 3
ACTIVITY MOVE_TO_2ND 2ND_HDUSE MOVE_INTO. 2 ;

RWAIT WAIT_HDUSE_3 HOUSE_® HOUSE_S . , WALT_HOUSE_4
ACTIVITY MDVE_TO_IRD 3RD_HOUSE MOVE_INTO_3 3

10 RWAIT WAIT_HOUSE_4 HOUSE_Q HOUSE_4 , , NO_HOUSES 3

11 ACTIVITY MOVE_TO_ATH 4TH_HOUSE MOVE_INTD_4 3

12 GWATT NO_HOUSES NO_MDUSE_D WAIT_HOUSE WAIT_HOUSE.L 3
13 BCOLLECT LOST_UNITS ;

14  TERMINATE LEAVE ;

GENTURHUNSO

o] ( MODEL LINE_800 PAGE &)

b ¢ SECTION 2 LINE 1)

2 ACTXVITV MOVE_INTD_1 ‘STA#I_LOAD 3

13 FREE REL_ TC! _1 TDi H

4 ACTIVITY | STAﬂl _TEST_1 STA#1_TIME 3

S RWAIT WAIT_ STARZ_1 STA#” Q1 STA¥Z_1 ONE 3
] ACTIVITY MOVE TD STA#2_1 STARZ_ LOAD 3
7 FREE REL_HOUSE_1 "HOUSE_1 3

8 OFEN CHCK_GWA_1 WAIT_HDUSE 3

@ CLOSE CLS_GWA_1 WAIT_HOUSE 3

10 ACTIVITY STAHZ _TEST_1 STA#2_TIME 3

11 RWAIT WAIT_TC2_ 1 TC2_&_1 TCZ ONE 3

12 ACTIVITY MOVERLOAD_L MDVE&LOAD TIME 3
13 FREE REL STA“Z 1 STA#2_1 ONE TRANSFER §

0  ( MODEL LINE_B0O PAGE 7 )

1 ( SECTION 2 LINE 2 )

2 ASTIVITY MOVE_INTO_2 STA%1_LDAD }

3 FREE REL_TC1_2 TC1

4  ACTIVITY STABI_TEST_2 STA#1_TIME ;

5 RWAIT WAIT_STANZ_ 2 STA#2_02 STA#2_ 2 ONE §
& ACTIVITY MOVE_TD_STA#2_2 STA#2_LOAD 3
7  FREE REL_HOUSE_ 2 HOUSE 2 ;

8  OPEN CHCK_GWA_2 WAIT_HOUSE ;

-4 CLOSE CLS_| GNA 2 WAIT HOUSE 3

10  ACTIVITY STAHZ_TEST_2 STAR2_TIME 3

11 RWAIT WAIT_TC2_2 TCZ_0_2 TC2 ONE §

12 ACTIVITY MOVESLOAD_2 MOVERLOAD_TIME ;
13 FREE REL_STA#2_2 STA#Z_2 ONE TRANSFER §

0 ¢ MODEL LINE_800 PAGE B »

1 ( SECTION 2 LINE 3 )

2 ACTIVITY MOVE_INTO_3 STA#1_LOAD ;

3 FREE REL_TC1_3 T€1 ;

4 ACTIVITY STABI_TEST_3 STA#I_TIME ;

5 RUAIT WAIT_STABZ_3 STA#Z_O3 STARZ_3 ONE ;
&  ACTIVITY MOVE_TO_STA#2Z.3 STAHZ_LOAD ;

7 FREE REL_HDUSE_3 HOUSE_S 5

B  OPEN CHCK_BWA_3 WAIT_HOUSE 7

§  CLOSE CLS_GWA_S WATT_HOUSE ; '
10 ACTIVITY STA#Z_TEST 3 STARZ_TIME 3

11 RWAIT WAIT_TCZ_3 TC2_B_S TC2 ONE 3

i2  AGTIVITY MOVERLOAD_3 MOVELLOAD_TIME ;
13 FREE REL_STA#Z_3 STA#2_3 ONE TRANSFER ;

0t MODEL LINE_BOO PABE 9 )

1 ( SECTION 2 LINE 4 )

2 ACTIVITY MOVE_INTO_4 STAR1_LOAD $

3 FREE REL_TC1_4 TC1 ;

4 ACTIVITY STA#! _TEST_4 STA#1_TIME ;

S RWAIT WAIT_STARZ_4 STAH2_D4 STAKZ_4 ONE 3
&  ACTIVITY MDVE_TO_GTAHZ2_4 STANZ_LOAD ;
7 FREE REL_HOUSE_A4 HOUSE_4 ;

8  OPEN CHCK_BWA_4 WAIT_HOUSE ;

9  CLOSE CLS_GWA_4 WAIT_HOUSE ;

10 ACTIVITY STA#Z_TEST_& STAK2_TIME 3
11 RWAIT WAIT_TC2_4 TC2_0_4 TC2 ONE ;

12 ACTIVITY MOVE&LOAD_4 MOVELDAD_TIME 3
13 FREE REL_STAN2_4 STA#Z_4 ONE TRANSFER

[ ¢ MODEL. LINE_800 PAGE 10 )

1 ¢ SECTION 3 )

2 ACTIVITY TRANSFER ONE 5

3 RWAIT WAIT_STAHS STATIONSS_@ STATIONSS §
4 ACTIVITY MOVESUNLOAD TRANS_TIME2 REL_TCZ &
S5 FREE REL_TC2 TC2 3

& ACTIVITY STA4Z_TEST STANI_TIME
7 RWAIT WAIT_FOR_TC3 TC3_B TC3 §
8 ACTIVITY MOVELLOAD TRANS_TIME2 ;
9 FREE REL_STAN3 STATIONHS 3

10 RWATT WATT_STAHA STATION#4_O STATIONSA ;

11 ACTIVITY NDVE&UNL 2 TRANS_TIMEZ ;

{2 FREE REL TES TC3 H

3 ACTIVITY STA#4_TEST CYCLE_TIME R ;
14 FREE REL_STA#4 STATIONSA ; = REL_STARS 3
15 TERMINATE LEAVE_SYS 1

RS



Notice their correspondence to
graphical symbols used above.
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the

Along with

the nodes some definitions and distribu-
tions are_required., They are shown pelow.

MicroNET Model: LINE_800

RESCURCE
RESDURCE
RESOURCE
RESOURCE
RESQURCE
RESOURCE

GODNCUPRANO

RESOURCE
10  RESOURCE
i1  RESOURCE
12 RESOURCE
13  RESOURCE
14  RESOURCE
15  RESDURECE

HOUSE_1
HOUSE_2
HOUSE_3
HOUSE_4
TCL L,
21,

T€3 1,
STAHZ_1
STA#Z_2
STA#Z_3
STAHZ_4
STATION

1

1, WAIT_HOUSE_2
1, WAIT_HOUSE_3
» WAIT_HOUSE_4

1

( MDDEL LINE_800 PABE 1)
{ RESOURCE DEFINITIONS )

WAIT_HOUSE_ 1

WAIT_FOR_CART 3

WAIT_TCZ_i WAIT_TCZ_2 WAIT_TC2_3
WAIT_TC2_4

WAIT_FOR_TC3 ;

1
1
1
1
4

STATION#3

L4

?
L)
2
4

WAIT_STA#Z_1
WAIT_STA#Z_2
WALT_BSTA#Z_3
WAIT_STA#Z_4
» WAIT_STAH4
» WAIT_STA#S

bl

wr ey w

( MODEL LINE_800 PAGE 2 )
{ QUEUE DEFINITIONS )
QUEUE CART_D_1 O 5
QUELE HOUSE D O

3

QUEUE NO_HOUSE_@ 1

QUEUE TC2_0_2 1
QUELE TC2_@ 3 t
QUELE TC2_0_4 1

o]
1
2
3
4 -
5 QUELE TE2_R_1 1
&
7
8
9

10  OUEUE STATION#3_|

11 QUEUE TC3_ & 4 3
12 QUELE STATION#4_@ 1

]

1

QUELUE STA#2_Q1
QUEUE STAH#Z2_02
QUELIE STA%#2_ 23
QUEUE STA#2_a4

( MODEL. LINE_B80C PAGE 3 )
GATE WAIT_HOUSE CLS ,

13
14
15
o
1
2 CONSTANT
3 CONSTANT
4 CONSTANT
S CONSTANT
& CONSTANT
7 CONSTANT
8 CONSTANT
K4

ONE 1 3

ND_HOUSES ;

CYCLE_TIME 435 3

STA#1_LOAD 1
STA#2_LOAD 1

1ST_HDUSE 1
3RD_HOUSE 1
STARZ_TIME &5 §

UNFRM 2ND_HOUSE 0 1
10 UNFRM 4TH_HOUSE 1 2
11 UNFRM MOVERLOAD_TIME 0 2 ;
12 UNFRM TRANS_TIMEZ O 2 ;

3

{ MODEL LINE_BOO PAGE 4 )

TABLE STA#3_PART_1 20 S0 24 &40 1 &5 25 75 3 70

-

wr e g

>

3

105 24

TABLE STA#3_PART_2 1 40 4 50 15 110 7 155 & 170 S 200 9

20 3

ASSOP STAH#3 TIME STA#S_PART_1 + STARS_PART_2 ;

ASSO0F STA#1_TIME STA#1_PART_1 + STA#1_PART_2

24 &0
TABLE STA#1_PART

-

2

¥

1 50 24 55 22 40 4 45 4 75 2 150 23

o]
1
2
3
4
2 TABLE STA#1_PART_1 14 80 29 85 26 90 295 31051 180 1
7
8
4

45
230 53

-

300

503
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These definitions represent activity
durations, queue capacitiés, and
, resources referenced in the model.

Simulation Output and Analysis

The first step in analyzing the model of
the inspection area is to validate the
operation of the model. Space does not
permit discussion of the validation of

~ the entire model, however, the first
events will be examined. The MicroNET
Trace Report is used to validate the
simulation model. The Trace Report is a
textual description.of the events
occurring in the simulation. The Trace
Report for the first four events is shown
below.

Run Name: TEST OF INSPECT

Simulation completion time is 1440

Simulation termination count is 320
At time Q transaction
At time (¢} transaction
At time o transaction
At time 1 transaction
At time 1 transaction
At time 1 transaction
at time 2 transaction
At time 2 transaction
At time 2 transaction
At time 45 transaction
At time 45 transaction
At time 45 transaction
at time 44 transaction
At time 44 transaction
At time 46 transaction
At time 4& transaction

T At time 47 transaction
At time 47 transaction

The simulation begins with the first
transaction being created at the node
ARRIVAL. This represents the arrival of
the first unit from the assembly area.
The Trace Report describes the flow of
this transaction at time zeroc. The
.transaction leaves the CREATE node and
arrives at the RWAIT node WAIT_FOR_CART.
Obviously, the cart is avallable and the
transaction moves to the activity node
MOVE_TO_1ST.’ The transaction begins this
acthlty. The activity is completed at
time one and is shown as the fourth line
of the trace report. The first trans-
action correctly chooses the first house
of station 1 and begins the activity of
moving into station 1. One time unit
later the transaction completes this

activity and arrives to the FREE node REL
TCl_l. The transfer cart is released and
polls the RWAIT nodes associated with it
to find if any units have arrived that

. required thé cart. Anothér unit has not
arrived, therefore, the transfer cart

William R. Lilegdon, Joseph J. Talavage

remains free. The transaction continues
into an activity which represents the
first inspection test. The next event
occurs at time 45 with the creation of
the second transaction. This transaction
arrives at the RWAIT node WAIT FOR_CART,
the cart is free and is seized by this
transaction. This transaction then moves
into the activity MOVE _TO_lST. The
MicroNET Trace Report would be evaluated
in this manner for the remaining network
logics to determine if the model is
operating correctly.

Another output of the MicroNET system is
the Summary Report., The Summary Report
provides statistical information about
the events occurring in the sampled time.

MicroNET N
Trace Report

Model Name:

00

EEFEEEEEE R R EE R EE

LINE_800

created at ARRIVAL Y
arrives at WAIT_FOR_CART
begins activity MOVE_TO_I1ST
completed activity MOVE_TO_1ST
arrives at WAIT_HOWSE 1
ubeg1ns activity MOVE_INTO_1
completed activity MDVE INTU 1
arrives at REL._TC1_1

begins activity STA#i_TEST_l
created at ARRIVAL

arrives at WAIT_FOR_CART
begins activity MOVE_TO_18T
completed activity MOVE_TO_18T
arrives at WAIT_HOUSE_.1
arrives at WAIT_HOUSE_Z2

begins activity MOVE_TO_2ND
completed activity MOVE_TO_2ZND
begins activity MDVE_INTP_Z

NN MNRKRKNRMN S o e e b

Below is the Summary Report for the first
24 hours of operation of the system.

Each individual report will be examlned
and discussed.

The first report is the Activity Report.
The Activity Report provides information
about the delays transactions have
experienced at the activities included in
the model. This report provides some of
the information required in the analysis
of the inspection systeém. The utili-
zation of the various stations may be
derived from this report. The Activity
Report can be used to determine the
utilization of various stations. For
example, the house 1 of station 1,
STA#1l_TEST 1, in this first day was
utilized to the 80% leével. However, the
fourth house STA#1 TEST 1, was only 50%
utilized. 0bv1ously more observations
are requlred, but the relevant infor-
mation is presented in this report.



A MicroNET Application

MicroNET
Summary Report

Run Name: TESY OF INSPECT Datet 2/1/83
Model Name: LINE_800

By: PRITSKER % ASSOC.

Boginnang time of simulation 0
Ending time of simulation ' 1440
Statistical arrays cleared at o
Current simulation time 1440
Activity Report
TOVAL # SERVER AVERAGE  MINIMUM  MAXIMUM
TIME IN N

oF UTIL. # IN # # IN
ACTIVITY LABELS  COMPLETIONS FRACTION  ACTIVITY ACTIVITY ACTIVITY ACTIVITY

MOVE_TO_1ST 32
MOVE_TO_2ND
HMOVE_TD_IRD
MOVE_TD_ATH
MDVE_INTO_1
STAIN_TEST_1
MOVE_TO_STA#2_2
STAH3_TEST_1
HOVEKLOAD_1
MOVE_INTO_2
STAHL_TEST. 2
HOVE_T0_STAR2_2
STANZ_TEST_2
MOVELLOAD_2
MOVE_INTO_S
STANI_TEST_3
MOVE_T0_STARZ_S
STANZ_TEST_3
MOVESLOAD_3
MOVE_INTO_4
STANL_TEST_a
MOVE_TO_STA#Z_3
STANZ_TEST_4
MOVELLDAD_%
TRANSFER 28
MOVEXUNLDAD 28
STAW3_TEST 28
MOVELLOAD 26
MOVERUNL_2 26
STAR4_TEST 25

o9

"o
&
oNoONOONONCOUEHORO

PPOPPO200¢
YoouovoouUOmOOOOO
e B
Brnduo

-
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o (Rbe fre e
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o

I
“
M ONOReUmAN

OOOOO0.00000000000000
et e]

COPCENNNNSNNDIOSDDOBITOS
o

v
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N
OOOOOOGOOOOOOOOOOOOOOOOOOOOOQO

YoohrooonouooUo
booDudUOODOND

QOONQOCO

&

Queue Report

F O T e e

CURRENT

TOTAL # & DF AVERAGE AVERAGE MINIMUM MAXIMUM CURRENY
# IN # IN

OF NODE  ZEROD WAITING N

QUEUE LABELS DEPARTURES WALITS TINME QUEUE  QUEUE
CART_O_1 33 33 n.a. 0.0 ]
HDUSE R 32 32 n.a. 0.0 o
NO_HOUSE_Q ] o Node 0.0 o
TC2_@_1 a8 a n.a. 0.0 o
STA#2_1 B - n.a. 0.0 0
TC2_0_2 7 b 2.0 0.0 <
STANH2_D2 8 -3 ne.a. 0.0 o
TC2,.0.3 7 7 n-a. 0.0 (]
STA#Z_ a3 7 7 n.a, 0.0 0
TC2_0_4 & 5 2.0 0.0 )
STA#Z_Q4 & & n.a. c.0 o
STATIONH3_Q 28 25 9.0 0.0 0
TC3_0 26 26 n.a. 0.0 o
STATION®A @ 26 27 ?.0 0.0 [+

Resource Report

TOTAL #

OF RESRC. AVERAGE  MINIMUM  MAXIMUM
RESOURCE LABELS CAPTURES IN USE IN USE IN USE
HOUSE 1 ? 0.8 o 1
HOUSE_ 2 9 0.7 o 1
HOUSE_3 e 0.7 [ 1
HOUSE_4 & 0.5 o 1
TC1 I3 0.0 © 1
Tc2 28 0.0 o 1
Tcs 26 0.0 [ 1
STAHR_t 8 0.3 ° 1
STAR2_2 8 0.3 o 1
STAHZ_3 7 0.3 [ 1
STAK2_4 & 0.2 [ 1
STATION#A 28 0.8 o 2
STATIONYT 28 2.4 ] 4

Time in System Report
TOYAL 8 AVERAGE MINIMUM MAXIMUM
OF NODE TIME IN TIME IN TIME IN
TERM NDDE LABELS DEPARTURES SYSTEM SYSTEM SYSTEM

LEAvE [ n.a. n.a. (]
LERVE_SYS 25 383.6 2N 524

COLLECT STATISTIC REPORT

oF AVERAGE HINIMUM MAXIMUR
COLLECT LABELS DBSERVATIONS VALUE VALUE VALUE
LODST_UNITS n.a. 0.0 n.a. o

EUE

HOMOKOOO®QOO0O

QUEUE

[X-N-X-X-X-X-N-N-X-X-X-0-X-]

HOONOOOCOCOOOOMOOmOO0OOROO00~

1N
GURRENT TIME IDLE
IN USE ALL UNITS

N=QOrmOOOmOrmr

270
346
390
&06
1357

TIME OF

FIRST
o3
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The Queue Report provides information
about blocking that has occurred at the
various stations. The cart queue that
represents arriving units from assembly
is WAIT_FOR_CART. The first column of
the report describes the numbexr of
transactions passing through the queue.
The second column contains the number of
transactions that arrxived to the queue
and were immediately serviced. For this
case both numbers are equal. This means
that every unit arriving from the
assembly area was processed immediately.
This was also a decision criterion of our
design and evaluation.

The gueue associated with the trans-
actions waiting for transfer cart 2 from
house 2 of station 2 is labeled

WAIT TC2_2. This information reveals
that 6 out of 7 transactions were
immediately processed and the one
transaction that waited, waited for 2
minutes. The report also reflects, from
the last column, that the number in this
queue is zero.

The Resource Report reflects information
about the utilization of the stations.
This information should corroborate the
information derived from the Activity
Report. Of special interest is the
utilization of the three transfer carts.
From the Resource Report the exact
utilization of the transfer cart may be
derived. The right column of this report
reflects the total time idle by the 3
single capacity transfer cart resources.
To derive the utilization of the transfer
cart, simply subtract the value in this
column from the total simulation time and
then divide by the total simulation time.
For transfer cart 1 the utilization is
5.7%. This reflects that perhaps a
different method of material handling
should be examined to reduce the cost of
the design and gain a better utilization
of the material handling equipment.

The Time in System Report reflects

information about the throughput of units

through the inspection area. The
TERMINATE node LEAVE_ SYS has experienced
25 departures in this time period. These
25 units had an average time in the
system of 383 minutes. This values could
be used in a planning function to deter-
mine scheduling of units through this
design.

The analysis of this inspection area
would require further simulation of this
model to gain a larger quantity of
observations. However, all of the
information required for complete
evaluation of the design is available
through the MicroNET statistical reports.
The performance of the simulation
software with this model has beeb
evaluated on the IBM PC. The memory
required to store and execute this model
is 49K. To execute the model with the

monitor feature presenting the textual
description to the screen for the'l
day/24 hour analysis 5 minutes were
required. If the monitor cutput is
suspended, the simulation is completed in
1 1/2 minutes.

Conclusion

MicroNET provides powerful network
simulation capabilities on available
microcomputers. This model and
discussion demonstrates a subset of the
capabilities that are available in the
MicroNET software. MicroNET provides an
alternative source of modeling power to
systems analysts and decision makers
utilizing an easy-to-use system
interface. Continued research and
development is being performed to advance
the capabilities of simulation on
microcomputers.



