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l’tule Based Simulati

Time Pro-uction System

&% automatic test based constraints to validate the results of simulation,

on Mod-l for the Just-In- AbdelazizARAAR*v
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L INTRODUCTION

Simulations have been extensively used in many
Belds  related to engineering and Inanagement science,
According to the methodologies how the simulation models
are build, we can classify them into physical, digital, analog
simulations, or graphics animations, The majority of
Simulation models are build in digital computer simulations,
Discrete event simulation is usually time consuming. Recently,
there has been a great deal of interest in using hybrid models in
e simulation process. Reddy, Fox and Husain (1986)

presented a knowledge bas

€ simulation System to the

distribution  system, Mannjyannan ang Pegden (1990)
@eveloped a simulator bases-rule for medeling JIT production

Sysiem  (JITSAI). However,

their system does not have

amiomatique validation and connot generate the best scenario,
Nadoli and Biegel (1993) presented an Intelligent
lﬁmxfacturing—Simulation Agents Tools (IMSAT) to model a

manufacturing process organized with multiple levels, They

miroduced the artific; 1 Mtelligence distributed. The system
consists of multipledorganizaﬁon levels. The decision-making

fanctions residing at different

levels interact with each other

during the operation of the system. Traditional simulation does
8ot support the notion of hierarchical modeling. There is a Jack
of constructs that can encapsulate and model the decision-
making functions. In this paper, we present knowledge base
simulation model that can gene-ate scenrios and to answer °
what if” questions in a production system using the just-in-time

mventory policy. We try to ini
constraints for the validation,

troduce an automatic test based
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2. SYSME JUST-IN-TIME PRODUCTION

Just-in-time production was initially developed and im-
plemented by Japan's Toyota Motor Company in the 701,
Subsequently, the philosophy was adopted by other Japanese
manufacturers, as well as companies in North America, To
achieve a "plus-or-minus zero" performance-to-schedule vari-

anything over the minimum amount necessary ‘s wasteful.
Producing an extra piece is just as bad as being one piece
short. Ideally, the number of rarts, components, etc., produced
in a plant at any one time should be just enough to assemble
one final unit. For example, in an autmobile assemtly
operation, the right sub-assemblies should artive at the
assembly-line at the right station, at the time needed, and in the
correct quantities,

The word ‘Kanban’ in Japaneese means ‘carg’

There are three facets of Toyota's JIT system infor-
mation system, prod-iction methods, and defects control

of production, the rationaldesign of processes, and the
appropriat  assignment of Jjobs. Autonomation refers to the
autonomous check for defects, It is a built-in quality control
mechanism to prevent mass production of defective work.
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Kanban - An Information System

Although \Toyota's JIT production system is commonly
labeled the "kanban system", the kanban system is in fact only
a sub-system -- the information system -- of JIT. There are
two types of kanbans used: the withdrawal kanban and the
production-ordexing kanban. To illustrate the use of each type
of kanbans, consider wo adtjacent ( in the sense of job flow )

work stations: a preceding station A and a succeeding station
B. A with drawal kanban specifies the quantity required at
station B (which are to be withdrawn from station A); while a
production-ordering kanban orders the station A to replenish
the parts withdrawn. Figure 1 illustrates the flow of parts and
kanban in a JIT production system. [3],[4],[6],[8],[10],[13], et
[18]
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Figure 1: Le systeme Kanban

" Kanban cards are attached to containers. All containers
have the same size. When the accumulated number of
withdrawal cards in the post of reception reaches a threshold
then an exchange will occur. However, when the number of
accumu-lated number production cards in the post of reception
reaches another thresheld then a production is set up. Usually
we use the dynamic programming to optimize the two
thresholds.

Because of changes in values and parameters, we need
to construct a model which is able to answer questions and
generating scenarions.

Changing thresholds changing scenarios
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3. KNOWLEDGE BASE SIMULATION

MODEL

The knowledge base simulation uses the process
oriented concepts. Knowledge base simulation model (KBSM)
is a collection of schema which are represented by a language.
The language represents abstract and physical entities of the
system [15]. The schema is the basic unit that represent
objects, processes, ideas, etc. Each slot in schema acts as
relation tying schema to the others. The schema may inherit
slots and their values along these relations. Developing model
in KBSM is the creation of schema that represent model's
entities, including specifications for their event behavior and
interconnection with other schema. The window-based schema
editor SEDIT offers a facility to create or alter schema.
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Model validation

A consistency constraint relating workstations may be
specified as a Lisp expression. KBSM evaluates each
constraint and Ieports whether it wag satisfied. In case of
constraint  failure, the ‘nterpreter's trace facility helps
determine the source of failu-e. We use base a specifications to
help the validation process.

Model reduction

Complex simulation models can be simplified or
reduced by automatic alterations if the model builder has

Static riodel structure and parameters can be
altered but not event behaviors

Dynamic model's dynamic brocess can be altered

redefining some of event behaviors
équivalent node aggregation

Static abstraction {
data class aggregation

analyzing stimulus event behavior
Dynamic abstraction {
statistics on event behavior

Model dynamics

The KBSM kernel interprets the mode] once it has been
defined. KBSM uses the discrete event simulation (DES)
approach which manages a calendar of events, A calendar is 3

signed to collect data display some text or
produce grar 1ic mode effects.
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-Events

Event behavior may be expressed as rules to be
executed when the event occur. When interpreted, this rule
implement the policy "If there is sufficient inventory to
process this order, then schedule a transportation event and
remove withdrawal cards". The order and the object are
specified in the rule's parameters,

{{ receive-order-rule

INSTANCE: event-rule

IF: (something—iu-mventory)

THEN: (schedule-tIanSpon)(remove withdrawa]
cards from containers and put them in the
post)}}

Simulation execution

At the end of each simulation run, we may fire a rule
base that will Suggest changes to the mode] for the next run.

After running many of the goal-directed €Xperiments, we hope.

to get scenarios that come close to verifying simulationg goals.
The KBSM experiment  schema describes individual

schema Iepresentation language are
hierarchically arranged so that if 2 schema being accessed is
not found in the specified context, the context' s ancestors are
searched until the schema is found or the search fails, A
shcema may only be created within some context, and the
hame of the schema must be unique within that context.
Schema with the Same name exist within different contexts and
contain conflicting information,

Automatic analysis

One important task. for a simulation analyst is to fine-
tune the input parameters of a model to bring the values output
variables within desired range. Rating a scenario measures the
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goodness or the badness of simulation results. For exarnle, if
the goal is to eliminate shortages and if in a given simulation
the average shortages is 10% of total orders, we would like
better answer "NO" when asked, "have we reached the goal",

To rate a scenario smoothly, we choose a continuous
scale of rating from -1 to +1. <1 meas e results are far from
the goal and +1 ineaiis the goal has been completly satisfied.
Since goal are often complex and may consist of conflecting
subgoals, we approach the specification of simiilation goals as
a composite set of constrainis on he performance of various
entities of the system modeled.

The steps in the cons ruction and evaluation of goals are:

- Representing each organizational goal as a set onstraints?

- Selecting and attaching instryments to gather data
Specifying procedures for computing  performance
measures from raw data

- Executing the simulatior for a given scenario
Evaluating each constrainte by computing a coefficient of
contrainte satisfaction, which may be positive to indicate
the goal has been met or negative to indicate the goal has
not been met

- Evaluating of scenario by computing a coefficient of goal
satisfaction as a weighte average of constraint satis-
faction coefficients

Consider a composite organizat onal goal to increase
Customer satisfaction while keeping th= »roduction rate low.
This goal may be broken down into two subgoals.

Consider a organisationnal goal composed to increase
the satisfaction in worksations B (WB) while the production

°

in workstations A (WA) is low. This goal is divided in tow -

sub-goals:

(1) The shortage does not execeed 5% of demandes of WA.
(2) The cost of inventory and distribution per container
(3) does not execeed 10% of the cost of the

production of this container.

The actual goal evaluation is an event scheduled to
occur at some “1‘ure date accord'ng to evaluation-schedule at
which time is evaluated. A goal evaluation function will
retrieve the contributing-contraints of the organizational goal.
Each constraint is evaluatec to compute a rating. This rating
contributes to the overall rating of the organizational goal.

The example is not an actual rule, €Currently knowledge
base systems simulation diagnosis®and correction rules are
written in OPS35. The working mémory on which these rules
operate in created from schema representation language.
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We consider an exemple where the satisfaction of WB
is bad because it is estimated negatively (-0.75), but
inventory and distribution cost is economique and estimated
postively to (+0.80).

However, the calculation shows the combinaison of
estimations which is negative and therefore unsatisfactory.

Goal rating = weight average of individual constraint ratings
=(03*0.8 + 0.7 *= 0.75) / (0.3+0.7) = = 0.285.

The constraints and goals are built manuelly but the
collection of data and records are made automatically. When
goals are complicated, they may be viewed graphiqually with
KIVIAT chart. In KIVIAT chart, all parameters of
performance are ‘GOOD’ when they assume large values are
placed above the x-axis while the performance parameters that
are ‘BAD’ when they are large are plotted below the x-axis.

Causal path analysis

The output from simulztions is oftgn analyzed ' by
traditional methods as regression and correlation between
variables in the model. However, we must determine the
underlying causal structure before we can undertake the
analysis. :

The objective of path analysis is to detect causal
relations embedded in a simulation model and exploit that
knowledge to generate scenarios that realize organizational
goals. Causal relationships between variables can be detected
by postprocessing knowledge learned in introspecting
simulation. Path analysis reseach handles both the qualitative
and quantitative aspects of a rule based analysis of simulations.

A simple rule based analysis without path analysis is
nothing more than automating the ad hoc approach to modei
simulation. Typical steps involved in the refineitienit of fules
using path analysis are :

= A fule is proposed by ths domain expert

<The causal assumptions the fule is based on arevalidated
against the ruiining model.

-Validation implies detection of causal chains in KBSM. rlie
rule may need to be modified if the initial causal assumptions
were either erroneous or insufficient.

Alternate causal structures are then proposed and auto-
matically anlyzed. The most appropriate causal structure is
chosen and the results are summarized to yield equations
reflecting sensitivity of the output parameters with respect to
controllable input parameters. Thus, path analysis finds the
degree to which each particular cause in the modeled system
determinates the variation of given effects.
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~Ihe sensitivity information is used to quantitatively
refine the rules.

As the example of the Kanban system.

IF the goal is to minimize shortages
and the average number of containers in lacation B is low
and shortages are high
and the threshold can monitored

THEN decrease the threshold

To be specific, the rule must refer to actual instances of -
objects in the model. In the proposed model of the JIT system
using Kanban in Figure 1. We concentrate in worsktation B

(WB), and the post of reception of W-Kanban (P1), the rule
becomes:

IF the goal is to minimize WB : stockouts
and LB: average number of container is low
and WB: stockouts are high
and P1: the threshold can be altered

THEN decrease P1: threshold

WA :manufacturing event —» LA:shipment
event

LA: exchange event —» 1LB: receive-containers

event
8
P2: P- Kanban number P1: W-kanban number WB: stockouts attribute

Causal chain

WA :manufacturing event acces attribute P2: P-kanban

mumber, WA :manufaciaring event causes shipment event. LA:

exchange event acces attribute P1: W-Kanban number. LA :

exchange event causes receive containers event. If the number

of containers is insufficient for that order, LB:receive

and P1: threshold can be changed
THEN

IF  the goal is to keep WB:stockouts below 1°%
and average number of containers < 30
and stockouts are in the range 40-50 %

P1: threshold = P1: threshold - C*( WB:stockouts-40)

containers event records a stockout which affetcs the attribute
WB:stockouts. Therefore, we assume that LB: receive
containers event is causally connected to WB:stockouts. After
series of experiments, we will know which hypothese will be
dropped. Possible rafinement may be.

a
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4 RULE BASE
ARCHITECTURE

SIMULAION MODEL

Simulation systems are essentially descriptive tools
because they only describe the performance of a given
scenario. They do not provide any clues or to what change
should be proposed so that the simulation goals may be
realized. The user interface processor receives a request from
the user. If it is a simple request for information, the model
database is accessed to retrieve the appropriate information. If
it is a request for prescription (goal-oriented request), the
request is analyzed by a rule based goal analyzer. This analysis
may invoke an operations research tool, a specification to
conduct a series of experiments or a specification to execute
the simulation model in the learn mode to detect causal
relationships. When causal relationship are detected, they inay
enhance the domain rule base used in diagnosis. Experiinental
results are analyzed. If they satisfactory with respect to the
goal (the scenario achieved a high rating), a recommendation
is made based on the best scenario. If the results are not
satisfactory, the diagnosis and correction rules are fired. They
may generate change specifications for the next experiment.
KBSM can perform several types of analysis to satisfy a
specified goal.

-Static analysis

It is used when no time plays a role in the analysis
-Performance analysis

It is used when of the following is requested:
* scenario rating
* diagnosis
. ¥ scenario generation
* {rade off

-Learning

If the objective of executing the simulation model is to
detect embeded causal relationships, the model is the causal
analysis module.

Mathematical analysis

If the goal analyzer determines that the current request
can be satisfied by a mathematical analysis rather than by a
simulation, it will invoke an appropriate tool. Analyses that
may be performed by a system such as the one shown in figure

- Predictive analysis

This analysis deals with the problem of type « What is
the effect of adding more containers in location A ». The
solution is to change model parameters and structure, select

‘conlusions.
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performance parameters, execute the model and re

Diagnostic analysis-

This analysis deals with problem such as « What is
cause for delays the exchange of containers ». The solution
10 use causal path analysis and response analysis.

el | .
I'rade-off analysis

These address problem such as « To reduce
exchange of containers, what is the trade off of ».
solution is to generate 2 scenarios, evaluate a performan
metric and print the trade off between the 2 alternatives i
terms of the perfomance metric.

To validate the simulation results, we consider
automatic test based constraints (ATBC). The ATBC i
composed by 3 types de specifications [1]. Let us consider I
dynamique element O = (X, Y) where X is the input vecteur
and Y is the output vecteur. It’s fundamental properties hav
the capacities to generate a behavior in interval of time

The input vecteur is:

X1 = n (number of containers in location A)

X2 = d (daily average demande of products in WB)

X3 = c (-standard quantity of conatiners : size)

X4 = o (work efficency of WA )

X3 = ms (mean service time of containers in WA)

X6 = nr (threshold of the post reception of W-Kanban for the
exchange)

X7 = np (threshold of the post reception of P-Kanban for
setting up a praduction )

X8 = N (nombre de containers consunmed by WB during the
simulation)

The output vecteur is:

Y1 = waiting tiiiie of contaiiiers it WA

Y2 = number of exchanges of full anid eitipty contaifiers
Y3 = nutnber iaxiinal of stockotits

Y4 = p (average stockouts )

Y35 = number of times the production is set up

Y6 = td ( simulation time)

The automatic test based constraints is composed of 3
types of specifications. The formal specifications are made for
relations among the composants of X and Y. The qualitative
specfications are made for causal relations among valeues
acqueried by composants of X and Y. However, the
observable specifications require real observations of the
systeme.
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¥4 20.Y5>0,et Y6 >0
20,X5 20,X6 > 0,X7 >0,

t he user

the user

-X8=N —p Y6>N*X5
-X1 0 ——>» Y=g
-X7=1—> (Y3=0)n(Y4=0) (Y5 2N)
-X5=¢ ——3p Y1=0

b) Change-in-values ( increasing values from an experiment to
another) :

-X19 > X190 (739 <730) (Y49 <y40)

X6 > X6V ———>(v4@ > y40 ) ~ (3 > Y30 A
(Y2(2) <y2® )

x7:12; > X7 —— (¥5? <¥50) A (Y22 <¥2®) A (Y19 >
Y1) |

T
] é) —»  Processor interface for

iy Goals

‘ «4— Goal analyser

Experiences

(executions)

4

Results ? Learning

Rules |———— .

y

Figure 4 : Architecture KBSS
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5. DESIGN AND RESULTS

Reddy, Fox and Husain (1986) presented a knowledge
base simulation system to a distribution inventory system.
They developed INET-pc system implemented in knowledge
Craft. Mannivannan and Pegden (1990) developed a rule-based
simulator for modelling just-in-time manufacturing systems
(JITSAI). However, in their works answering what if questions
are not implemented. We design a model for the Kanban
system using the same approach de Reddy [14].

0. CONCLUSION

The kanban system is known to have worked very well
for Toyota. However, whether the system will perform well or
not in different culture and environitient reinains to be seen.
The afe various studies and siiiiilatiotis addressiig 1his issue.

kanban systemms vis-a-vis MRP. should not be done under
identical settings. Further studies may shed light as to the
applicability of each system, and can lead to an approach that
combines the advantages of both pull and push systems.
KBSS is used as testbed for experimenting with knowledge
based techniques for model building, xecution and analysis.
The use of KBSS for kanban system is perhaps the simplest. It
made model creation easier because models could be built with
objects specific to the domain. It also made the understanding
the model easier. The most important aspect of KBSS is focus
on automating the simulation cycle life. Its focus is on the
automated analysis expert system that can conduct experiments
and rate scenarios to make a recominendation.
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