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ABSTRACT

INSIGHT (INS) is a computer simuiation language for
describing systems 1in a quick, simple, and compact
fashion. Tneir description is executed by a computer
and statistics summarizing the simulation are
automatically provided., Use of the language does not
require any special progranning or statistical
expertise. Complex models use the descriptive
features of sinple ones but incorporate more elaborate
specifications. Likewise sophisticated statistical
and simulation procedures available in INSIGHT are

additions rather than revisions of the model.
Simutations can be executed on mainfranes when
execution speed is needed or on a micro where

interaction with the simulation and model develoment
is facilitated. The net result is that the process of
simulation modeling and the results from the
simulations conbine to provide "insight" into problen
solving.

INTROUUCTION

Simulation languages can pe generally classified into
two categories, general simulation programming
languages and special pacaneterized simulation models.
The simulation progranning languages are rooted in
general purpose programming and require the modeler to
code sinulation procedures using some version of a
general purpose language Tlike Fortran, Algol, or
Pascal . Although highly flexible, considerable
programning and simulation knowledge is necessary to
construct even simple models. More recent simulation
languages attempt to incorporate higher level built-in
procedures with network or process facilities but they
fundanentally rely on general purpose programming
procedures written by the modeler for extensive
models. Paraneterized sinulation models such as those
for assembly line balancing or flexible manufacturing
or warenousing offer greater ease of use and usually
require no programning. However, only highly specific
systems can be studied, witn 1ittle possibility of
generalization.

INSIGAT (INS) has been designed to be a high level,
general purpose, discrete event simulation language.
It does not depend on any special competence with
general purpose programming and modelers need not code
any procedures. Its few fundamental concepts are
easy-to-learn and easy-to-use, making simulation
modeling accessipble to a greater nunber of persons.
There is little sacrifice of generality because of the
rich variety of INSIGHT specifications wnich extends
the modeling concepts. The enphasis on nonprocedural
facilities and high level concepts makes INSIGHT a
simulation modeling language rather than either a
sinulation progranming Tlanguage or a pacameterized
simulation model. Using a modeling language,

simulation models can bpe built with wuch less time
than previousiy possiple and the time consuming
activities of depugging and remodeling are inimized.

INSIGHT differs from current simulation languages in
several dmportant ways by:

*incorporating many general modeling concepts that can
be initated in other languages only by resorting to
programming . Such concepts dnclude reneging, free
queues, algorithmic resource decision making, multiple
and simultaneous resource requirements, activity
aborction, preempt-resume activities, early/late
arrival processes, alternative attribute scope, array
attrioutes, process synchronization, general gather
grouping and queue departuce processing, queue
capture, set identification, etc. These general
concepts subsune the network and process features of
existing languages.

*using a specification language that permits extensive
rn-time evaluation so that specifications can be
state-dependent and general. A11 tne information
known apout the simulation is available directly to
the modeler without calls to suocoutines or
procedures. Tnis information can be combined with any
model-specific attributes in very flexible expressions
to generalize tne behavior of the modeling concepts.

*providing nonprocedural methods of statistics
collection and display of simulation information. The
modeler only specifies wnat information is needed and
INS deternines how to collect and display the results.
Advanced statistical procedures for constructing
confidence intervals and enploying variance reduction
are directly availanle without special routines or
procedures .

*being portable opetween mainfrane, mini, and micco
computers and being capable of not only executing in a
variety of environmnents but also ruwning similarly
using common random nunber and random variate
generators. Models can be constructed and executed
interactively on a desktop PC and tnen uploaded to a
mainfrane or mini when execution demands the
efficiency. Fuctnerimore, all versions of INSIGHT are
conpletely compatible and maintain 32 bit accuracy.

*peing fully supported and extensively (classcoom)
tested. There is both a textoook (1) describing the
entire language including nunerous exanples and a
user's manual (2) which provides specific information
on Jnplenentation details, ecror recovery, time and
space use, and statistical features.

Because the modeler deals witn direct interpretation
of the systen, attention 1is focused on modeling

issues. INSIGHT models are concise, easy to document’
and visually appealing. They make an excellent
comaunication mediun between the wmodeler and the

client. Participation by tne client in the modeling
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activity greatly ennances the credinility of the work
and increases tne probability of eventual
implementation. INSIGHT has had routine application
to a variety of probleas idnvolving production

planning, scheduling and dispatching, staffing,
bottleneck analysis, material handling, ropotics,
inventory control, facilities planning, resource

palancing, cost analysis, and productivity improvenent
in a variety of industrial and service environments,

BASIC INS CONCEPTS

Modeling with INSIGHT (INS), the modeler ygraphically
conceives of the systen to be simulated as a network
of elenental processes. INS provides a set of
modeling syabols for creating a representation of tne
system and a vocabulary for descripbing the system.
Building tne simulation model involves connecting
modeling synbols summarized in silhouette as Figure 1,
into aénetmrk that corresponds to the system being
studied.

Figure 1: INSIGHT nNodes in Silhouette

Node Type Symbol Processing Function

SOURCE

Description

their arrival t6 the network

Creates transactions and schedules

SINK Removes transactions from the

network

€ Description

ASSIGNMENT Assigns values to attributes

Description

QUEUE Delays transactions before an
activity due to resource unavail-
ability or a requirement to gate

transactions

Description

ACTIVITY Performs an activity on transac~

.
: tions which may utilize resources

. no branching from tnem is required.

DECISION Represents the decision process

Resource
used by a resource

BRANCH Conneets two nodes in a network
according to their precedence and

specifies how transgetions branch

Branch Parameter

The INS netwrk is constructed about the flow of units
of traffic called transactions. A transaction is a
general term tnat iS interpretéd by tne modeler in the
problem context. For exanple, transactions may
represent TVs coming into an inspection station,
people arriving for haircuts, ships entering a harbor
or customers coming into a gas station. The pages
within the network are used to create transactions,
assign attrioutes, cause queuing, perform activities,
synchronize flow, and eventually renove transactions
from the netwrk. The branches route transactions
fron one node to anotner.

Transactions may require resources to process then at
activities. The resource in INS is also a general
terin applied to an entity that services transactions
at one or more activities. Several resources may be
required simultaneously at some activities. Resources
may exercise independent decision making in ful filling
their service requirenents throughout a network. They
may be preenpted by otner wore important service
requirenents or they may be unavailable for service by
leaving tne network from time to time. Exampies of
resources are inspectors who inspect TVs, barbers who
cut hair, tugs which assist ships in a harbor, and gas
station attendants who service customers.

A Simple Exampie: TV Inspection and Adjustment

As a portion of tneir production process, TV sets are
sent to a final inspection station. Some TVs fail
inspection and are sent to an adjusting station.
After adjustment, tne TVs are returned for
reinspection. The simple INS network needed fis siown
in Figure 2.

Transactions will represent TVs since they are the
units of traffic. Our resources will be an inspector
who is mneeded at the inspaction activity and an
adjustor wio is needed at tne adjustment activity.
A1l nodes have an identifying node number located on
tne left side of the node. The arrow pointing out of
tne node is called a branch and indicates wnere the

TVs go next. The TVs enter the netwirk at a source
node. The source node controls when and how many TVs

will arrive., At Souwce node 1, interarcival times are
determined by SAMPLES from a statistical distribution
nunbered 1 and Tvs will De created until simulation
TIME is 430. Tne SAMple specification is just one of
many System-D.efined Functions (StFs) avaijlapble for the
modeler to write specifications.

Inspection and adjustment of TVs are represented by
activity nodes. Activities are places in the network
wnere transactions usually receive service and are
delayed in tneir journey through the network. Unly
one TV can be inspectead or adjusted at a time because
we have only one inspector and one adjustor. TVs tnat
are forced to wait for service do so in queue nodes.
UQueue nodes are always adjacent to activity nodes so
TVs wait at Queue
2 (shaped 1ike a Q) wtil the tinspector (identified as
resource nunber 2) can inspect then. Inspection time
at Activity 3 1is obtained by a SA4PLE from
Distribution 2. Eighty-five percent of TVs departing
Activity 3 are good and leave tne network while 15%
are voutea to adjustment. TVs which successfully
pass finspection are no Tonger needed and leave the
netwock at the sink node. Appended to tne network dare
glossaries idedtifying the resources available to the
network and defining the set of statistical
distripution references.

The network corresponds visually to ow understanding
of tne real system. The synbols within the network
not only convey individual processes but also contain
relevant nunerical data that control the processes.
Very large or complex models can be created from such
simple, basic processes by carefully assembling nodes
and branches. The focus of modeling is confined to
the construction of the network. Because tne network
has an intuitive appeal, it can be explained to
clients or decision makers in an effort to encourage
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Figure 2: TV Inspection and Adjustment Wetwork
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tneic involvement in the modeling process.

Tne network must be translated into a form suitanle
for tne conputer. Nodes and brancnes along with the
glossaries are expressed by INS statements called the
Statement model, given in Figure 3. INS statements
Contain Fields separated by conmas or equal signs. A
dollar sign (§) precedes comments on a line. Comments
are permitted within a field after the field's
information has oeen specified. Tne use of comments
throughout not only docunents and clarifies the
statements but also makes the input readable.

The SIMULATION statement introduces the simulation
problem and supplies identifying information. The
glossaries define tnree statistical DISTRIBUTIONs and
two RESUURCEs. INS has fourteen puilt-in statistical
disteibutions including tnose constructed from user-
suppl ied data and time-dependent processes. Resources

Figure 4:
TIME  ENTITY NUMBER ACTION
0.000 INSPECTOR 1 HAS ARRIVED
IS IDLE
0.000 ADJUSTOR 2 HAS ARRIVED
15 IDLE
0.000 TRANSACTION 1 CREATED AT
ENTERING
DEPART IN
INSPECTOR 1 BUSY AT
TRANFACT ION EEGINNING AT

10.242 TRANSACTION COMPLETED AT

1
INSPECTOR 1 IN BUFFER STORAGE
TRANIACT TUN 1 DESTROYED AT
INSFECTOR 1 18 IDLE
20.003 TRANSACTION 2 CREATED AT
ENTERING
LDEFARTING
INSFECTOR 1 BUSY AT
TRANSACTION 2 BEGINMING AT
22,087 TRANSACT [ON 2 COMPLETED AT
INSPECTOR 1 IN BUFFER STORAGE
TRANSACTION 2 DESTROYED AT
INSPECTOR 1 I8 IDLE
36.19% TRANSACTION CREATED AT
ENTERING
DEPARTING
INSPECTOR 1 Busy AT
TRANSACTION 2 BEGINNING AT

Figure 3:

INS Statements for TV Inspection and Adjustment

SIMULATION OF = TV INSPECTION AND ADJUSTMENT,,, RUNS = 10

RESOURCE = | INSPECTOR,, 2
RESOURCE = 2 ADJUSTOR,, 4

5

DISTRIBUTION = 1, EXPONENTIAL INTERARRIVAL TIME WITH MEAN = 12 MINUTES
DISTRIBUTION = 2, ERLANG INSPECT TIME WITH MEAN = 10 MINS, 3RD ORDER
DISTRIBUTION = 3, LOGNORMAL ADJUST TIME WITH MEAN = 70 MINUTES, 5 SD

$

SOURCE = | CREATE TVS,. SAMPLE(1)},, TIME TO STOP CREATING TVS = 480
BRANCH TO, 2

$

QUEUE = 2 INSPECT WAIT

ACTIVITY = 3 INSPECT TVS, PROBABILITY BRANCH AND ACT TIME = SAMPLE(2)
SELECT,,, 1 THE INSPECTOR

BRANCH TO, 6 WITH PROBABILITY = .85
BRANCH TO, 4 WITH PROBABILITY = .15

$

QUEUE = 4 ADJUST WAIT

ACTIVITY = § ADJUST TVS,, SAMPLE(3)
SELECT,,, 2 THE ADJUSTOR
BRANCH TO, 2 FOR REINSPECTION

$
SINK = 6 GOOD TVS LEAVE
FINISH

and nodes may be given nanes in the second field. The
node and branch statenents are witten as they appear
in the network with the BRANCH statement following its
node. The tnird field of the SOURCE and ACTIVITY
statenents is used to control tne method of branching.
TVs branch Ruoabilistically from Ativity 3; at other
nodes, TVS go directly to tne indicated node. The
SELECT statement tells INS wnich resource services
transactions at the activity. Multiple commas in a
statenent are used to skip unused fields for wnich INS
automatically provides defaults.

Fron tne statement model, INS automatically compiles
and executes the simulation and provides output. The
modeler is free of trounlesome details such as event
handling, statistics collection, and report witing.
Furtnermore, it is not necessary for the problem to
be interpreted into a next event simulation or some
otner process structure.

Tracing the Behavior of the TV todel

NOQDE TYPE NUMBER RELATED INFORMATION
CREATE TV= 1

INSFECT WAIT 2 NUM(QUE,#) =

INSFECT WAIT 2 TIME IN QUEUE = 0.000
INSPECT TVS 3  ON TRANSACTION i
INSPECT TVS 2

INSPECT TVS 3 ACTIVITY TIME = 10.242
3000 TVS LEA & CUR(RTC) = ¢}

CREATE TVS 1

INSFECT WAIT 2 NUM(RUE,3#) = [}

INSFECT WAIT 2 TIME IN GUEUE = 0.000
INSPECT TVS 3 N TRANSACTION 2
INSPECT TVS 3

INSFECT TV3 2 ACTIVITY TIME = 2.079
GOOD TVS LEA & CUR(RTE) = 0

CREATE TV& )

INSFECT WAIT 2 NUM(QUE,#) = (]

INSPECT WAIT 2 TIME IN QUEUE = 0,000
INSPECT TV3 3 ON TRANSACTION o)
INSFECT TVS 3
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Simulation Qutput

The wmost elegant simulation model would be useless if
it was able to generate only limited information about
the bpehavior of tne system. INS automatically
provides a comprehensive set of outputs of three basic
types.

Compilation output consists of a listing of the INS
statements as 1in Figure 3 and an echo of the model

which dincludes the values for all specified and
defaulted fields. Tnis is useful in debugging tne
model and model verification. Execution output is

controlled by tne modeler, It may include an Englisn-
like trace (Figure 4) wricn is turned on and off by
the SEOFs START(TRACE) and STOP(TRACE), respectively.
The modeler may also use SIFs to request any of the
forms of sunmary output during execution.  Summary
output contains the statistical information gathered
by INS duing execution. The Summary Report s
automatictally printed after all rwns have been male
and consists of thcee reports. Figure 5 contains an
abbreviated report for the TV inspection problen. The
Network Status Report describes the cwrent state of
tne network. Tne Node Statistics describe: the
nunber of transactions and the time spent in each
queue (including and excluding Zero times); the number
of transactions and the time spent in each activity;
and the time in the network, in queues, and in
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desired statistic is descriped on the TABLE statement
by a phrase such as TIME IN ACTIVITY = 3 or
BUSY RESOURCES = 1,2,3. In addition, the statistic
can be broken down to gain more detailed information.
For example, Qeue 6 in Example 2 which contains both
types of jobs could have the following table:

BREAKDOWN TABLE, 2,,TYPE 2, 1=T

TABLE = 1 TIME WAITING, (7)1NCL¥DIN% ZIiRO WAITS IN QUELE, 6
E

Tnis will produce waiting time statistics (including
zero waits) for (ueue 6 broken down by joo TYPE.
Tables can also specify histograms. For example, thé
TV inspection queue generates the histogram in Figure
6 by using tnis statement:

TABLE = 1 NUMBER IN INSPECT yUELE,

20 CELLS STARTING AT = 1 TV WITH CELL WIDTH = 1 TV,, NUMBER IN QUEUE=2

Tables can be specified on any statistic collected by
INS as well as on attrioutes. Furtnermore,
statistical SIFs can obtain the MEAN OF (TABLE,1), for
exanple. Taoles allow the modeler to collect any
desirable statistic and apply advanced techniques of
output analysis. INS automatically handles the tasks
of collecting, compiling, and displaying statistics.

Another Modeling Example: F lexible Production

activities for the transactions which exit the network A department has three machine groups -- drills,
at each sink node. Resource Statistics include mills, and heat treatment -- wnich are used in job
utilization and availapility dnformation. All this shop fashion, Tne machines are operated by tw
information 1s genecated without any specific categories of operators. One category can operate all
instruction fron the modeler. three machine types but gives priority to heat
treatment. Tne second category operates only the
) . mills and drills. Two general job types are processed
Tne ihodeler, nowever, can request additional through tne department and their dispatching at each
statistics with a TABLE statement. A unique feature machine group dépends on job type at the mills and on
is that it enploys a nonprocedural format. The job slack time at tne heat treatment. The only
Figure 6: Additional Statistics Provided by Tables and Histograms
35230403030 S0 3 3R 2RI IS I3
TABLES AND HISTOGRAMS
E s S S T
## TABLE NUMBER 1 #st
NUMBER IN INSPECT QUEUE
———————————— OBSERVATIONS OF THE MEANS —-————=————— ——— ALL OBSERVATIONS ~—— CURRENT RUN OR BATCH ONLY
TIME OF STANDARD STANDARD TIME OF
MEAN OBSERVATION DEVIATION ERROR SMALLEST LARGEST MEAN OBSERVATION
MER(TAB: ) OBZ(TAB, #) STD(TAB ¥) STE(TAB. %)} EMA(TAB.#) LAR(TAB,#) CME(TAR, #) COB(TAB, %)
AGGREGATE 1.42561 6829.135 1.64405 0,519293 0.000000E+00  14.0000 0.487982 &30.247
#% HISTOGRAM NUMBER 1 =%
NUMEER IN INSPECT QUEUE
TIME OF RELATIVE CUMULATIVE ~——CELL LIMIT=-=—
OBSERVATION FREQUENCY FREQUENCY LOWER LIPPER
REL (#, %) CUM (%, %) 0.0 0.2 0.4 0.& 0.8 1.0
+ + + + + + + + + + +
- 0O0O0QE+00 0.000 0.000 ~INFINITY . 000000E+00 o+ +
33460.12 0.565 Q.5&5 0.000000E+00 1.00000 + C +
1074.19 0.153 0.723 1.00000 2.00000 RS c +
&72.177 0.09? 0.822 2.00000 3.00000 FEERES c +
4S3.242 0.Q64 0.28% 3.00000 4,00000 EER c +
217.0%76 0.032 0,920 4.00000 5.00000 k2 c +
160, 1”4 0,015 0.93% 5.00000 &. 00000 +i C +
Tl 8508 0.011 0.94%6 6.00000 7.00000 % c F
i3, 950; 0.002 0.94¢ 7.00000 2.00000 + c +
20. "‘43’ 0.003 0.951 8. 00000 2. 00000 + c +
0.0038 0.95% 2.00000 10,0000 + Cc+
Q.010 0.9&9 10,0000 11.0000 + C +
0.Q007 0.977 11.0000 12,0000 + C+
0.004 0.982 12.0000 12.0000 + C+
0.010 0.992 12.00Q0 14.0000 + c
©0.005 0.9%6 14,0000 15.0000° + C
0,003 1.000 15.0000 14£.0000 + [»4
2.78857 0.000 1.000 146. GO00 17.0000 + c
——— e + + + + + + + + + + +
&82%.1S LOWER LIMIT INCLUSIVE 0.0 0.2 0.4 0.6 0.8 1.0
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Figure 5: Summacy Report for the TV Model
B3I A R
NETWCRK STATUS
e33R0 A3
TIME = CUR(TIM) = 680.247 NODE STATISTICS LAST STARTED AT TIME =
RUN = CUR(RUN) = 10 RESOURCE STATISTICS LAST STARTED AT TIME =
RTC = CUR(RTC) = 4 NODE STATISTICS COLLECTION TIME SINCE LAST CLEAR =
NODE = CUR(NGD) = Q RESOURCE STATISTICS COLLECTION TIME SINCE LAST CLEAR =
COMPLETED ACTIVITY = CUR(ACT) = 0
TRANSACTION = CUR{TRA) = 0 TRANSACTIONS IN NETWORK = NUM(NET) =
RESOURCE = CUR(RES) = [} TRANSACTIONS CREATED = NUM(CRE) =
TRANSACTIONS DERIVED = NUM(DER) =
MAXIMUM SPACE UTILIZED = 725/ S000 OR 14,50 PERCENT
NODE NAME  NODE NUMBER NODE COUNT NUMBER IN NODE ZERO WAIT COUNT
CoUL) ZER (%)
QUEUES INSPECT WAIT 2 449 0 122
ADJUST WAIT 4 &7 [ 23
ACTIVITIES  INSPECT TVS 3 449 [}
ADJUST TVS 5 &7 0
SINKS GOOD TVS LEA 3 252
SOURCES CREATE TVS 1 362
## CURRENT SEEDS #3#
SYSTEM = 6102324094
DISTRIBUTION 1= 444620978
DISTRIBUTION 2= 4046037205
DISTRIBUTION 2= 192317992
635 3 3 40436 B I SRR 3
NODE STATISTICS
33648 3034430304030 SRS
BQUEUE NODES* NUMBER OF TRANSACTIONS IN QUEUE
——————————— OBSERVATIONS OF THE MEANS ~-—w-——--—— —— ALL OBSERVATIONS —-
NODE TIME OF STANDARD STANDARD
NUMBER NAME MEAN OBSERVATION  DEVINTION ERROR SMALLEST LARGEST MEAN
MEA(NUM» %)  OBS(NUM.¥>  STO(NUM,®)  STE(NUM,#)  SMA(NUM,#) LAR(NUM, %)  CMECNUM,*)
2 INSPECT WAIT 1.42561 6829, 15 1.64405 0.519893 ) 16 0,437982
4 ADJUST WAIT 0.674318 &829,15 0.564294 0. 178445 0 4 1.49339
#QUEUE NODES® TIME IN QUEUE INCLUDING ZERD WAITING TIMES
2 INSPECT WAIT 21.6831 10 22,1288 5.99778 0.0000E+00  197.3 5.91559
4 ADJUST WAIT  £8.7326 10 46,7156 14,7728 0.0C00E+00  272.8 126,924
XACTIVITY NODES# NUMBER OF TRANSACTIONS IN ACTIVITY
3 INSPECT TVS 0.663770 6829.15 0.117624 0.371959E-01 0 1 0.666221
5 ADJUST TVS  0.683530 6829.15 0.163073 0.515682E-01 0 1 0.848394
*ACTIVITY NODES¥ ACTIVITY TIME
3 INSPECT TVS  10.0957 10 0.868442 0.274626 0.7268 23,72 9.44297
S ADJUST TVS 69,6705 10 1.97769 0.625402 59.25 §2.07 72.1399
#SINK NODES# TIME IN SYSTEM
& GOOD TVS LEG 61.6362 10 28. 9446 2.15309 1.5%50 527.0 59. 4551
FEFT I TR LA e kg
RESOURCE STATISTICS
SRS HE I IR IR
—————————— OBSERVATIONS OVER RUNS OR BATCHES ——
TIME EACH RESOURCE WAS OBSERVED = 6829.15
NUMBER(S) MEAN NUMBER OF STANDARD STANDARD
OR TYPE NAME UTILIZATION UBSERVATIONS DEVIATION ERROR SMALLEST
MEA(UTI#} OBS(UTI,#) STD(UTI, %) STE(UTI,#) SMACUTI, %)
1 INSPECTOR 0. 66377 10 0.11742 0.03720 0.44233
2 ADJUSTOR 0.68353 10 0.16207 0.05157. 0.35170

27

0.000
0.000
680,247
620,247

[¢]
40
o]

CURRENT RUN CR BATCH ONLY

TIME OF
CESERVAT ION
COR(NLIM, #)

&£20.247
£80.247

680,247
680,247

40

LLARGEST
LARC(UTI, )

0.8304%
0.84340
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Flexible Production Department Network
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Primary
Number Description Type  Service Node Number  Description
1.70. 2 Class 1 operators -1 12 1 Jab interarrival time
2T0. 5 Class 2 operators -2 14 s 1 *2 DUE-CUR{TIM} '5’ gue date for Type 1.0 jobs
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eat treat time
\ 78 Milling times
ATTRIBUTES Oncion node e
Label Description  Scope  Initial Value *3 NUM(QUE CURINODT
—_ - A
TYPe Jobtype IND 1.0
DUE  Duedate IND CUR({TIM}FSAM(2).

important material handling occurs between the mills
and the drills using a conveyor.

A model of tne department would use transactions to
represent the jons and resources to represent the
operators and tne macnines. Tne INS network model is
given in Figure 7 Activities 4, 7, and 9 represent
the drilling, milling, and heat treatment activities
respectively. Jobs are created at Source 1 until the
simulation TIMe is 93800 minutes (20 eight-hour days).
Each transaction is assigned a TYPe and DUE date by
associating these values with teansactions through
INDjvidual transaction attributes. The attributes are
declared 1in a glossary to the network. Each
transaction initially created has a TYPe of 1.0 and
DUE date set to the CRrent simulation TIMe plus a
ShAviple from Distripution 2. The specification of
CR(TIM) s just one of several SIFs available in INS
wnich may supply information about tne network known
by INS.

Altnough 80 percent of the transactions move into
Yueue 3, 20 percent enter Assignnent node 2 where
their TYPe and OUE date are changed to reflect a
different (the second) job type. Assignment nodes are

used to change the values of ~attributes in the
network. RNotice an arithmetic expression can be used

to compute specific values. Attrioute values may be
used tnroughout the network. At Queue 6, transactions
are ranked by putting tnose with the LOdest value of
TYPe first (i.e., jobs from drilling are ranked ahead
of jobs just arriving). Tne activity time for milling
is SAMpled from the distribution computed as tne value

of TYPe plus 6 (SIF arguments may be expressions).
Branching from the milling activity (Activity 7) is
CUNd itioned on the value of TYPe. If TYPe is equal to
1.0 (a relational expressions), then the job exits the
department at oink 10. Jobs of TYPe 2.0 branch to
Queue 8 to wait for heat treatment.

Branching from the drills (Activity 4) is based on the
LOWest value of the branching expressions following
the activity. The SIF referring to NUMber in QUEue is
used to supply the size of Queues 6 and 8. The
snortest queue length consequently specifies wnere
transactions brancn. If movenent is from Activity 4
to Weue 6, then transactions are delayed in Activity
5 to represent the movemnent on the conveyr. No
resources are required for this activity.

Activities 4, 7, and 9 each require two resources, an
operator and a machine, before the activity can begin.
Both wmust be available simultaneously and tne
reguirenents are represented by the two colunns of
synbols above each activity. However, there are
choices among alternatives for each requirement so the
selection method s specified. Resources may be
referred to by resource type using negative numbers,

Tnus resources of Type -2 (class 2 operators) are in
preferced QRDer to resources of Type -1 (class 1

operators). Tnis means that whenever a choice anong
resources is possible, Type -2 1is considered before
Type -1, Resources of the sane type are chosen based
on wichever has been AVAilable for selection (idle)
the Tlongest.




Similation with INSIGHT 29

However, wnen an operator finishes an activity, its
next service must be determined. This decision is
accompl ished by reference to the primary service nodes
of tne resources. Each machine group services a
single queus but tne operators may serve more. Their
choices are represented by one (or more) decision
trees, composed of decision nodes and queues. The
decision trees are tound in a network glossary.
In this case, tne class 2 operators serve a subset of
the class 1 operators. Class 1 opecrators PREfer
service at Queue 8. However, the service of a
particular joo from Queue 8 is based on LOWdest slack
time, given as the DUE date less the CURrent
simulation TIMe. Notice tnat the relative dispatching
of each joo can change dyranically and therefore,
(Queues 8 is designated as being FREE to permit any job
to pe served regardless of its position in the queue.
If weue & is anpty when considered or if the resource
is Type -2 (class 2 operator) tren Decision node 14 is

enployad. Wueues 3 and 6 are examined and that WEue
having tne HItnest HNUMber 1in the uiltue will vpe
serviced.

Tnerefore, INS easily accomnodates some of the most
complex aspacts of modeling job shops. Multiple and
simultaneous resource requirenents at activities are
possible. Resource decision making can be
incorporated. 8ranching involving conditions and
expressions can pe enployed. (Queue ranking and
dynanic dispatcning are easily nandled relying on the
attrioutes of transactions. Tne fdnportance of these
extensions is that tney did not clutter the network
and tne modeling framework retains its visual and
communication benefits. The specifications clearly
document tne specific actions as well as depict the
general systen under investigation. Furthermore, thne
modeler did no progranming.

gmpellishing the Models

Tnese exanples illustrate ony the simplest features.

Many other benaviors can pe modeled similarly.
Reneging and palking at gqueues can be directly
incorporated. The definition of a queue can be

broadened to include waiting for a gate condition
and/or gather requirements to pe satisfied.
Transactions may be gathered and grouped at gueues and
then processed together in the associated activity.

Important realistic complications 1ike resource
preenption and its impact on otner vresources and
transactions can be specified. Transactions can
select resources in many ways and capture resources at
a queue or activity. Many otner features are
incorporated, all within the context of the six
INSIGHT modeling synbols (see (1)). Although such
embellishnents greatly extend tne modeling potential,
they are readily incorporated into tne network without
sacrificing its visual clarity.

Much of the generalization in INSIGHT modeling is due
to tne powecrful specification expressions.
Expressions ace conbinations of primitive elements
including constants, Sifs, attributes, and functions
(which are tnemselves expressions) vhich are evaluated
as the simulation executes. The SUFs represent
system-defined elenents wnile tne attributes and
functions are user-defined. In addition to
arithmetic, relational, and logical expressions, INS
will accept assignnent, decisfon, and iteration

constructs. For exanple, the expression

(ACT = MAX{CUR(TIM),15-SAM(3}))

causes tne attripute ACT to be assigned the MAXimum of
the CWrent TiMe and 15 1less a SAMple from
Distribution 3. Furthernoce, the value of the
expression itself is the assigned value and can be
used to specify, for dinstance an activity time. A
decision expression as

LIF.TYPE.EQ.1 .OR. NUM{JUE,4).GT.5
.THEN. 5
JELSE.SIZE

has as 1its value either 5 or the value of SIZE
depending upon wiether tne condition, TYPE equal to 1
or MMper in (WEue 4 is greater than 5, is true or
false. #An iteration expression such as

MHILE . (T=T+1) . LT. NWMBER
.00, (TUT=TOT+T IM( BUSY, 1))

adds to the present value of TOT the value of BUSy
TIMe for resource I iterating from I to NUMBER.

To enploy information about any transaction in the
netwock, INS provides an Internal Transaction Pointer
(ITP} wnich tne modeler can employ anytime an
expression is evaluated. For exanple

ITP {3,5)+ABC

yields tne value of ABC for the third transaction in
node 5, Tne ITP plays an analogous role in modeling
to tne‘ro1e pointer variables play in modern
progranming languages .

Expressions may be made arbitrarily conplex to reflect
sophisticated specifications and behaviors without
changing tne visual structuce of the model. Because
tney are evaluated at rwn time, tneir specification
can be synbolic to take advantage of state-dependent
information. Tnus the network serves primarily as a
structuring tool wnile tne specifications actually
prescribe the model behavior. Hote that with these
consideranle complications, thece cemains no need for
programing .

STATISTICAL ANALYSIS

In addition to providing a high level approach to
simulation modeling, INS also contains a nunber of
puilt-in features to make accurate estimates of the
variance of tne sanple mean and to perform variance
reduction. Tne modeler can directly specify that INS
estimate variances by replications (separate
simulation tuns) or oy batches (division of
observations into suointervals). IS does not
automatically provide a standard ercor from
observations collected duing a run because of their
known lack of independence. Tnis is why the output
described in the previous section uses one observation
per ruwn to compute variances. Similar computations
could bpe obtained using batches wnen dealing with a
steady-state simulation. Tables can be used for more
complex statistics collection.

Start-up 9issues requiring special initial conditions
can Dbe specified directly within INS by a PRERUN
statenent that initializes variables and attriputes
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and inserts transactions in nodes. Trucating data
during start-up is accomplished py SOFs that can clear
specified statistics. Clearing can occur within the
networck or bpe activated at a specific time.
Furtnennore, rw lengtn or batch size can also be
controlled within the network model by employing
expressions wnicn can teeminate a ruwn or bpatch
interval. Statistics collection can also be stopped
and started.

Variance freduction techniques employing common,
antithetic, and paired random variates are available
in INS by direct specification. By default each
distribution in the model has its ow separate random
nunber strean. Tnere is no practical limit to the
nunber of streans in INS. Thus different experiments
with a wmodel automatically use common
variation. Witnin an experiment, some rwns may have
common streams and otner cuns may be made antithetic
automatically. To maximize the applicability of these
variance reduction procedures, INS enmploys inverse
transforin variate generators so that random nunbers
are innerently synchronized. By including these
features in INS, statistical analysis can become an
integral part of simulation modeling.

Special attention Has been given to random nunber and
random variate generators in INS. The random nunber
genecator (3) is completely portable to any machine
having a 32 bit or greater word length while retaining
excellent statistical propecties. Tne implementation
of tne generator not only permits tne automatic use of
common variates but in combination with the variate
generators causes INS simulation models to rcuwn
identically on different computers. This makes
simulation results portaple. The variate generation
process using inverse transforins is extensive, ranging
from standard distributions to a new time-varying
Poisson process (4):. More discussion of statistical
issues in INS is found in (5).

INTERACTIVE INSIGHT

The mini and micro computer implenentations of INSIGHT
have additional facilities to promote interactive
modeling and analysis dwing four phases of computer

involvanent -- model input (MIDELER), compilation
(CUMPILER), execution (SIMULATOR), and analysis
(AALYZER). These featurés eliminate the need for a
modeler to know apbout system editors, compilers,

linkers, etc. and from knowing the input and output
conventions 1ike statement order, fields, and SFs in
tne INSIGHT language. Instead the system prompts for
responses and uses 1its general knowledge base about
INSIGHT and 1its understanding of the model to guide
and respond to modeling regquests giving error messages
immediately, warning the modeler of potential
proolens, and offering general information. All the
information s provided 1in 80 colunn format (the
mainfcane version presumes 132 colunn line printer for
output) and tailored for display on a CRT.

Modeler

Tne MUDELER facilitates the input of tne INSIGHT model
by genecating the statement model froin interaction
with the modeler. When completed, tne resulting model
will be free of sytax and semantic errors. The
principal value of tne MODELER is that tne user need

not know how INS statements are formed and instead can
concentrate on modeling concepts. Figure 8
illustrates only a portion of a session. The MODELER

Figure 8: Session with MODELER

( smodel tvs ™\

sources of |

sexit
{writing to file tvs.mod}
N

[reading file tvs.mod]

1list node

TYPE NUMBER NAME BRANCHING [NFORMATION
source node 1 CREATE TVS 2
queue node 2 INSPECT WAIT 3 (assoc. activity node)
activity node 3 INSPECT TVS 6, 4
sink node 3 GOOD TVS LEA none

:activity
node number = 47 5_
node name = ACTIVITY5? adjust tvs
activity time = 0.07 sam(3)
pumber of resource requirements = 07 _1.
select sub-entity 1
requirement number = 17 iskip
resource alternatives = <{unresolved>? 2,

*where next = jco?.}
abort input node = 07 jco

node number = 423

node name = QUEUE4? adjust wait

assoclated activity node = <unresocived>? 6,
[node 6 not an activity node]

associated activity node = <unresolved>? 5.

queue ranking method = POS? ico

tgreate
{writing to file tvs.ins]

S

questions the user for information about the model and
interprets tne response. If necessary, the MODELER
can supply "nelp" indicating possible responses.
Inappropriate or inconsistent responses will be
detected and errors cited for reentry. Incomplete or
flawed models can be stored and edited at a later
time. The WMUDELER keeps track of all specifications
and at any time can renind the user of deficiencies or
incomplete models. The MUODELER's advice is based on
both its general knowledge of INSIGHT and tne growing
information apout the model being built. A unique and
fmportant feature of tne MUDELER ds dits ability to
accept and understand complex, even multi-Tline,
expressions and to edit them conveniently. Tne
expression parser checks the expression elements and
guestions any inconsistencies or misusage.

Because the output of the MODELER is the statement
model, it can oe uploaded to a mainframe or any other
acceptable conputer for further execution. The
MUDELER's use of knowledge bases gives it an
artificial intelligence framewdrk and removes from the
user any responsipility foc statement writing. With
the MODELER, model construction is almost reduced to
question answering.

Complier

INSIGHT uses a tw-pass compiler to construct an
efficient executing simulation. The conpiler acts
quickly and does not require interaction except to
note errors and request direction. OQutput from the
conpiler can be executed (sinulated) immediately,
stored for later execution, or even reviewed by the
ANALYZER.

Execution of the sinulation with the SIMULATOR
provides for extensive interaction during execution.
Tne simulation can be executed directly or in "one-
step" mode. In one-step mode the trace of each event
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is displayed. Execution of tne simulation displays
the simulation run and time, and allows either a

Figure 11: ANALYZER Qptions

scheduled interrupt or user interrupt from the e ™
keyboard as illustrated in Figure 3. Interrupts can
Figure 9: Interruption of SIMULATOR
~
( THE FOLLOWING OPTIONS ARE AVAILABLE:
THE CURRENT RUN = 1 THE CURRENT TIME =  122.96820

YOU HAVE INTERRUPTED THE SIMULATION AT CUR(TIM) = 122.9682
You MAY NOW:
CONTINUE

2. UNLOAD

3. ENTER ONE EVENT MODE (which turns on the trace)

4, LEAVE ONE EVENT MODE (which may turn off the trace)

5. SCHEDULE THE NEXT INTERRUPT

6, STOP

CHOOSE ONE? 3
ENTERING ONE EVENT MODE

YOU MAY NOW:
CONTINUE
. UNLOAD
ENTER ONE EVENT MODE (which turns on the trace)
4. LEAVE ONE EVENT MODE (which may turn off the trace)
5. SCHEDULE THE NEXT INTERRUPT
6. STOP

LIJN'—

CHOOSE ONE?

be scheduled eitner by evaluation of a relevant SUF in
the model or scheduled dwing the SIMULATOR session
(see Figure 10). An important option duing tne

Figure 10: Scheduling Intercupts during Simulation

[

THE S{MULATION IS NOT NOW SCHEDULED TO BE
INTERRUPTED BEFORE THE END OF THE SIMULATION

YOU MAY SCHEDULE TO INTERRUPT THE SIMULATION:
1. AFTER SOME SPECIFIC NUMBER OF SUBSEQUENT EVENTS
2. AT A TIME DURING THIS RUN
3. AFTER LAST EVENT IN THIS RUN - BEFORE ENDRUN
4, BETWEEN ENDRUN AND POSTRUN
5. AFTER THE POSTRUN
6. BEFORE PRERUN OF A SUBSEQUENT RUN
7. DO NOT INTERRUPT BEFORE END OF SIMULATION

CHOOSE ONE? 2
AT WHAT TIME DO YOU WANT TO INTERRUPT? 60
NEXT INTERRUPT WILL BE AT 60.00000

Please press <return> to continue.

.

INSIGHT REPORTS

. STATE OF THE NETWORK AND NETWORK ATTRIBUTES
NUMBER(QUANTITY) OF TRANSACTIONS AND RESOURCES

4. STATUS OF THE CURRENT TRANSACTION

5. STATUS OF RESOURCES

6. VIEW SPECIFIC STATISTICS

7. MOVE THE TRANSACTION POINTER

8. CAUSE ACTIONS

9. EDIT MODEL

10. EXIT ANALYZER

L\JN'—‘

CHOOSE ONE?

. _J/
the model status and its statistics but also cause
actions and edit the model without recompilation. The

9 ANALYZER provides interactive access to all

information provided by INSIGHT dncluding that
supplied by S[OFs, attributes, and statistics. A
variety of reports can be generated. Specific
information about transactions are available by
manipulation of the Internal Transaction Pointer
(1me). Statistics for mean values can include
confidence intervals generated from direct estimates
of the standard error (see Figure 12).

Figure 12: (Obtaining a Confidence Interval

,fHE FOLLON!NG STATISTICS TYPES ARE AVAILABLE:

NUMber of transactions in a specific queue nocde
. time in a specific queue INCluding zero waits
time in a specific queue EXCluding zero waits
. NUMber of transacttons in a specific activity node
. activity TlMe in & specific activity node
total time in the NETwork when leaving at a specific sink node
total time fn QUEues when leaving at a spec!fic sink node
. total time in ACTivities when leaving at a specific sink node
. statistical Information on a speciflic TABle
. statistical fnformation on a specific breakdown value

or period of a specific table
11. UTIlization of specific resource(s)

oVENOUIALN -

CHOOSE ONE? 1
WHICH NODE NUMBER? 6
DO YOU WANT A CONFIDENCE INTERVAL FOR YOUR MEAN? y
THE FOLLOWING CONFIDENCE LEVELS ARE AVAILABLE:
1. 99 PERCENT

2. 95 PERCENT
3. 90 PERCENT

execution of tne simulation is the opportunity to
unload the model. An unloaded model saves tne state
of the simulation which can be reloaded later for
continued execution or analyzed with the ANALYZER. If
the execution 1is finterrupted by an error, error
information 1is automatically printed and tne system
state may be saved so that the ANALYZER can be
invoked. Taus dwing the execution the simulation
state can pe saved, continued, and recovered allowing
detailed exanination through one-step or executed
directly.

Analyzer

The AWALYZER provides an interactive means of
exanining the current state of the simulation and its
statistical history. The micro computer
implementation uses a menu-driven interaction, shown
in Figure 11, tnat allows the user not only to review

CHOOSE ONE? 2

MEAN OF ALL RUN OR BATCH MEANS OF THE

NUMBER OF TRANSACTIONS IN QUEUE 1.00796
WITH A 957 CONFIDENCE INTERVAL HAVING 2 d.f. = [ .o09222, 1.92370)
\?lease press <return> to continue. Y

A especially useful aspect of the AMNALYZER 1is the
extensive advisory facility based again on the joint
knowledge base derived from the specific model and tne
general information drawn from INSIGHT., The key to
such artificial intelligence arises from the well-
defined model on which the INSIGHT simulation language
is based.

FURTRAN INTERFACE

To allow conversation with other software, an
interface with FORTRAR is incorporated which allows
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two-way communication of information. Using tne
interface, INS can be used in trace-driven
simulations. The interface can be used to store
model-generated data in a file which is then available
for further analysis. Complex or frequently used
procedures may oe written in FORTRAN to reduce
execution time. SWFs and attributes may be used in
the FORTRAN routines to provide current status
information, or cause simulation actions, or obtain
statistical information which can be used to print
reports tailored to the model. Facilities exist for
user determined events and statistics collection.
Finally, a program can be witten to execute a
simulation many times -wnile testing various iodel
paraneters to optinize an objective function.

NEW ADDITIONS TO INSIGHT

Since August 1983, when INS was formalized (1), there
have been several developments. An ENDRUN statement
was added wnich s evaluated at the end of each run
but before overcun statistics are collected. Two new
decision modes, Conditional HIgh and LOw, are now
available so tnat the resource's decision process can
be pased on the highest or lowest value of an
expression but whose value must exceed zero. A new
ITP (expression) 1is available to point the Internal
Transaction Pointer to the transaction nunber given by
the expression. Two new PRInt SIF options are
available to print the contents of a specific node or
Just tne event file. Printing of expressions duing
echo may now be suppressed.

AVAILABILITY

INSIGHT rwns on any mainframe or mini computer that is
a 32 bit machine and has a FORTRAN compiler. Core
requirements depend on the operating system.
Interactive INSTuHT s availaple for any desktop micro
running MS-DOS or PC-00S with a minimun of 256K
menory. It can be configured for larger memory. The
floating point processor (8087 co-processor) is highly
recomnended and a hard disk is helpful, A
developmental version of Interactive INSIGHT s
available for UNIX based systems. SysTech, Inc. at
P.0. Box 509203, Indianapolis, IN 46250 is responsible
for the distribution and maintenance of the sinulation
products.

CUNCLUSIUNS

INSIGHT provides an easy-to-use simulation capapility
that contains powerful modeling concepts that do not
rely on general programming capanilities. Such an
approach makes simulation modeling availaple to more
people and extends the scope of simulation
applications. Built-in procedures for statistics
collection and automatic output generation mean that
results are obtained easily and quickly.

INSIGHT is easy to learn because of its small synpol
set and pecause INS networks closely correspond to the
systems being simulated. Sophisticated INS models
retain the simple modeling structure so that advanced
concepts strengtnen the fundamentals witnout expanding
the network structure. bue to the ability to progress
from simple to advanced concepts, INS has been taught
at both the undergraduate and graduate level with
equal success. The textbook details simulation
modeling and analysis with IWSIGHT. Many applications
are described and it contains sections on simulation
issues such as input wmodeling, randon nunber
generation, event processing, etc.

INSIGHT can be used on machines ranging from micros to
mainfranes. The interactive facilities available not
only minimize the need for conputer expertise but
enhance tne entire model and analysis process in
sinulation.

p—

Roberts SU. Simulation Modeling and Analysis with
INSIGHT . Regenstrief Institute for Health Care,
Indjanapolis, Indiana, 1Y83.

N

INSIGHT User's Manual, Regenstrief Institute for
Health Cace, Indianapolis, Indiana, 1983.

3. acse KJ, Roperts Su. Implementing a portable
FORTRAN Uniform (0.1) generator. Simulation
41(4) October 1983.

4. Klein RW, Roperts Sb. A time-varying Poisson
process generator. Simulation 43(4) October
1984

5. Roperts SD, Klein RW. Statistics collection,

display, and analysis in INSIGHT. in review,

1984,



