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INTRODUCTION

SLAM II, the Simulation Language for Alternative
Modeling, was the first simulation language which
allowed a modeler to formulate a system description
using any of three approaches (world views) or any
combination of the three. SLAM Il integrates the
process-oriented world view of Q-GERT®[2] and the
discrete-event/continuous world views of GASP IV [3]
in order to free the modeler to select the approach
which best represents his system or with which he
feels most comfortable. This integrated framework
allows the SLAM II user to take advantage of the
simplicity of the process-oriented (network) approach
and to extend a model with discrete event constructs
should the network approach become too restrictive.
Continuous variables may be used in conjunction with
a network or discrete event model whenever this is
the most convenient way to represent system elements.
The ability to construct combined network-event-
continuous models with interactions between each
orientation makes SLAM II an extremely flexible tool
for simulation. 1In order to illustrate the process
of modeling with SLAM II, this paper presents a
simple model of a manufacturing process. The model
is developed first with the network approach, then
embellished with discrete and continuous elements.
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SLAM II Network
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NETWORK MODELING

A simulation model normally begins with a network, or
flow diagram, which graphically portrays the flow of
entities (people, parts, or information, for example)
through the system. A SLAM II network is made up of
"nodes” at which processing is performed. Twenty
node types in SLAM II, shown in Figure 1, provide for
such functions as entering or exiting the system,
seizing or freeing a resource, changing variable
values, collecting statistics, and starting or
stopping entity flow based on system conditions.
Nodes are connected by branches, called "activities",
which define the routing of the entities through the
system. Routing may be deterministic, probabilistic,
or based on system variables. Time delays on
activities may represent processing times, travel
times, or waiting times. Entities which proceed from
node to node over activities may have unique
characteristics, called "attributes", which control
their processing. Entities may reside in "files", or
ordered lists of entities which are waiting for some
change in system status. The graphical framework for
representing a network model simplifies model
development and communication.
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The example model which follows illustrates some of
the network processes, system variables, and random
variables which are available in SLAM II. This model
simulates items in the final stage of production,
where they move through a finishing station and a
testing station before being routed to packing. At
the testing station there-is room for at most 4
units, including the unit being tested. Any backlog
requiring more than 4 units at the testing station
will block the preceding finishing station. Ninety
percent of the tested items will pass the test
procedure; ten percent will fail and require
calibration. Calibration is performed at the testing
station.

The testing station is subject to breakdowns, during
which time it can no longer process items. When a
breakdown occurs, an item being processed at the
testing station is held until repairs are complete.
It then resumes processing from the point of
interruption.

A SLAM II model of this system is in two segments,
shown in Figure 2. The first segment models the
movement of items through the two stations. It
begins with a CREATE node which generates the first
arrival of an item at simulated time 0. and continues
to generate arrivals at a rate drawn from a normal
distribution.

Upon arrival to the system, the item enters a QUEUE
node where it waits for the finishing station in file
1. The finishing operation is represented by an
ACTIVITY, or branch, following the QUEUE; finishing
time is sampled from a triangular distribution.
Activities which emanate from QUEUE nodes are known
as "service" activities, and the number of entities
which may be served concurrently is limited by the
number of servers specified. In this example, the
finishing station is modeled as a single server.
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The testing station is modeled as a resource (named
TESTER) rather than a server, since it may be
required for more than one activity and for
convenience in modeling breakdowns. After finishing,
an item enters an AWAIT node to be allocated the
TESTER resource. At most 3 items can be waiting for
the TESTER; when the buffer is full the finishing
station will be blocked (shown by two parallel
Tines). Once the resource is available, an item
enters the testing activity, where the duration is a
sample from a normal distribution with a mean of .5
hours.

The testing activity ends at a GOON node which serves
as a branching point. The tested item will take one
of the activities emanating from the GOON node. Ten
percent of the tested items will require calibration,
which takes an average of .75 hours, normally
distributed. Ninety percent will proceed without
delay. Both branches end at a FREE node which makes
the TESTER available to other waiting entities. The
item which has completed processing then passes
through a COLCT node which records the time interval
between current simulated time and the item's time of
entry, saved in its first attribute. The item then
exits the system.

The second network segment models the breakdowns of
the testing station. It begins with a CREATE node
which generates one breakdown entity. This entity is
routed to a PREEMPT node after a delay time
representing the time between breakdowns. At the
PREEMPT node, the entity captures the resource
TESTER. If TESTER is performing a finishing or
calibration operation at the time of the breakdown,
the item being processed will be held until the
resource becomes available once again. Processing
will then resume at the point of interruption.
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Figure 2: SLAM II Network Model
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From the PREEMPT node, the breakdown entity enters
the repair ACTIVITY. Repair time is sampled from an
Erlang distribution. Following repair, the tester
resource is made available by routing the entity
through a FREE node. The next breakdown is then
scheduled by routing the entity back to the PREEMPT
node with an activity duration representing the time.
between breakdowns.

The input corresponding to this network model is
shown in Figure 3. Each symbol corresponds to an
input statement, and each statement may be followed
by a comment which describes the processing being
performed. The output from this model would
automatically report utilization statistics for the
finishing and testing stations, queuing statistics
for both stations, time in system statistics, and
throughput counts.

USING DISCRETE EVENT CONCEPTS

In the discréte event orientation of SLAM II, the
modeler identifies the discrete points in time at
which the state of the system can change and develops
the logic associated with each such "event". SLAM II
provides support subroutines which perform such
common simulation tasks as scheduling events, moving
entities into and out of files, collecting
statistics, and obtaining random samples. Most
models built with SLAM II are not strictly network or
discrete event but a combination of the two
approaches.

To illustrate the inclusion of discrete event
constructs in a network model, let us modify the
network model discussed above. Assume that when a
breakdown occurs the percentage of breakdowns per
unit time is investigated. If this percentage is
greater than 4.5%, the testing station will be taken
out of service for maintenance, adding eight hours to
the repair time. Should this occur, any items
waiting to be finished will be subcontracted outside
the system. In a SLAM II network, there is no way to
exit a QUEUE node until the server on the emanating
activity is available. The subcontracting will
therefore be modeled with a user-written event at
each breakdown occurrence.

NETWORK ;
RESOURCE/TESTER(1),3,2;
CREATE, RNORM(.75,.20,1),,1;
QUE(1);
ACT/1,TRIAG(.4,.7,.8);
AWAIT(2/3),TESTER/1,BLOCK;
ACT/3,RNORM(.5,.1);
GOON,1;

ACT/4,RNORM(.75,.2),.1,FREE;

ACT/5,:.9;

FREE FREE,TESTER;

COLCT,INT(1),TIME IN SYSTEM,20/0./.25;

TERM;

CREATE;
ACT,RNORM(20.,2.);
PREEMPT(3),TESTER;
ACT/2,ERLNG(.75,3.);
FREE, TESTER;
ACT,RNORM(20.,2.),,DOWN;
END;

DOWN

Figure 3:

The addition of this logic, shown in Figure 4,
involves the addition of an EVENT node following the
PREEMPT node which models a breakdown. Upon the
arrival of an entity to an EVENT node, control is
passed to the user-written subroutine EVENT. The

-code for subroutine EVENT for this model is shown in

Figure 5. Within this subroutine, the number of
breakdowns per unit time is calculated using the SLAM
II function NNCNT (the number which have completed an
activity) and the SLAM II variable TNOW (current
simulated time). The SLAM II variable ATRIB(1) is
used to reset the first attribute of the breakdown
entity, which is initially zero. If BPUT (breakdowns
per unit time) is within the acceptable range, no
further processing is done. Otherwise ATRIB(1) is
set to 8, the time required for maintenance. The

‘number of items waiting for finishing is obtained

from the SLAM IT function NNQ (number in queue). Any
items currently in the queue are removed using the
SLAM II subroutine ULINK. Finally, the occurrence of
a maintenance delay and the number of subcontracted
units is recorded by a call to the SLAM II subroutine

COLCT.

CONTINUOUS MODELING

In a continuous simulation model the state of the
system is represented by variables that change
continuously over time. The modeler specifies
equations which determine the values of state
variables and the "step size", or time increment,
between the updating of variable values. These
equations may be differential equations, in which
case the simulator uses a numerical integration
algorithm to obtain new variable values from the
derivative values.

For continuous simulations, SLAM 11 provides a set of
special storage arrays which the modeler uses to
encode the equations of continuous variables. 1In
combined models these variables (known as SS and DD
variables) may be affected by the occurrence of
discrete events as well as by their defining
equations. To illustrate this interaction, let us
suppose that in our sample model the breakdowns do
not occur at discrete points in time, but are a
function of the wear on the testing station. The

DEFINE RESOURCE

CREATE ARRIVALS

FINISHING QUEUE

FINISHING '
SEIZE THE TESTER

TESTING

10% NEED CALIBRATION
90% PASS TESTING
FREE THE TESTER
COLLECT STATISTICS
EXIT

CREATE 1ST BREAKDOWN
DELAY BY TIME BETWEEN
PREEMPT THE TESTER
DOWN TIME

RELEASE THE TESTER
TIME BETWEEN FAILURES

SLAM II Input
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MF PREEMPT EVENT REPAR FREE TESTER
] RNORM(20.,2.) TESTER 0 ERING(.75,3)+ATRIB(1) TESTER
U
[ Dow ]
/ RNORM(20,,2) ‘

TIME BETWEEN BREAKDOWNS

.~

CREATE;
ACT,RNORM(20.,2.);
PREEMPT(3) , TESTER;

EVENT, 1
ACT/2,ERLNG(.75,3.)+ATRIB(1);
FREE, TESTER;
ACT,RNORM({20.,2.), ,DOWN;

DOWN

Figure 4: Augmented Model Network

SUBROUTINE EVENT(I)
COMMON/SCOM1/ ATRIB(100),DD(100),DDL(100),DTNOW,II,MFA,MSTOP, NCLNR
1,NCRDR,NPRNT, NNRUN, NNSET, NTAPE, SS(100),SSL(100), TNEXT, TNOW, XX(100)

C
C INITIALIZE MAINTENANCE TIME TO ZERO
C
ATRIB(1l) = 0.
C
C CALCULATE BREAKDOWNS PER UNIT TIME
[
XN = NNCNT(2)+1
BPUT = XN/TNOW
IF (BPUT .LT. .045) RETURN
C
C BREAKDOWN PERCENTAGE GREATER THAN 4.5%. SET MAINTENANCE TIME
C TO EIGHT HOURS, SUBCONTRACT UNITS WAITING FOR FINISHING, AND
C COLLECT STATISTICS ON THE NUMBER OF SUBCONTRACTS.
C

ATRIB(1l) = 8.

NQ = NNQ(1)

IF (NQ .GT. 0) THEN
DO 10 I=1,NQ
CALL ULINK(1,1)

CONTINUE

ENDIF

XNQ = NQ

CALL COLCT(XNQ,1)

RETURN

END

10

Figure 5:

rate of wear on the tester is equal to the status of
the testing/calibration operations (zero if idle, one
if operating). Also suppose that the tester is
subject to breakdown after 20 to 22 hours of use.

To implement this change, the breakdown subnetwork is
replaced with the network segment shown in Figure 6.
The FORTRAN associated with this representation of
the system is subroutine STATE, also shown in Figure
6, in which DD(1), the derivative with respect to
time of SS(1), is defined as the status of activity 2
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Augmented Model Event Routine

(testing) plus the status of activity 3
(calibration). SLAM II will automatically integrate
the value of SS(1) over time. The new network
segment begins with a DETECT node which specifies
that the node is to be activated when the value of
$S{1) increases above 20. with a tolerance of 2. At
that time a breakdown entity will be generated which
will preempt the TESTER resource, reset tool wear to
zero, and hold the resource until repairs are
complete.



Jean ). O'Reilly
DETECT BREAKDOWN PREEMPT REPAR FREE TESTIR
S5(1=0 ]
SR E T D 0 ) e 75) TESTER
J B !
W |
DETECT,SS(1),XP,20.,2; DETECT WEAR THRESHOLD
ASSIGN,SS(1)=0; RESET WEAR TO ZERO
DOWN PREEMPT(3),TESTER; PREEMPT THE TESTER
ACT/2,ERLNG(.75,3.); DOWN TIME
FREE, TESTER; RELEASE THE TESTER
TERM;
SUBROUTINE STATE
COMMON/SCOML/ ATRIB(100),DD(100) +DDL(100),DTNOW, II,MFA,MSTOP, NCLNR
1,NCRDR,NPRNT, NNRUN, NNSET, NTAPE, SS(100),SSL(100), TNEXT, TNOW, XX(100)
DD(1) = NNACT(3)+NNACT(4)
RETURN
END
Figure 6: Modifications for Continuous ModeTing
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SLAM II has been used for hundreds of simulation Industry", W.R. LiTegdon, C.H. Kimpel & D.H.
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