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A b s t r a c t 

This paper investigates the currertt expert scheduling approaches to determine the research 
areas for the encouragement of the use of expert systems in production scheduling. A 
framevvork is presented to clarify the state-of-the-art for the expert scheduling systems. The 
rule-based representatioıı of the knowledge base, Üıe rule generation scheme for it, and 
fovvard backvvard chaining procedures for the inference engine are explaİned to shovv hovv an 
expert system functions in ajob-shop environment. 

1. Introduction 

Scheduling o f jobs through machines in a j o b shop is one o f the most complex 
problems, which is basically concerned vvith assigning jobs to machines and then 
sequencing them on machines accordingly, thus resulting in a schedule vvhich is both 
compatible vvith the technological constraints imposing a route for each j o b on 
machines and optimal vvith respect to some performance criterion identifying 
objectives o f scheduling. Scheling objectives such as minimisation o f flovv time, 
minimisation o f work-in-process, minimisation o f mean tardiness, ete. are generally 
conflicting each other and vary from one industry to another. I t is therefore important 
to fınd a good solution that vvill in turn reduce the scheduling cost signifıcantly. 
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Scheduling o f n jobs through m machines results in (n!) possible schedules 
among which exİst one or more optimal schedules according to a performance 
criterion employed (French, 1982). These optimal schedules can theoretically be 
found in a finite number o f computations indicating direct search by complete 
enumeration vvhich is impractical even vvith the use o f computers. For example, a 
simple problem having 5 jobs and 5 machines requvres (5!) possible alternatives to 
be evaluated. İn addition, Rinnooy Kan (1976) reports that most o f the scheduling 
problems are NP-Hard İncluding n-job m-machine problems. These problems have 
exponential time complexity function meaning that the maximum number o f 
operations required to solve the problem exhibit an exponential behaviour. For this 
reason, it is impractical to solve these problems by not only complete enumeration 
methods but also implici t enumeration methods such as branch and bound or 
dynamic programming reducing the number o f alternatives to be searched. 

Due to the fact that realistic size and complexity o f scheduling problems have 
caused the efforts to fai! in finding an optimal solution baved on traditional 
optimisation techniques, research in schduling theory has been directed tovvards 
using heuritic algorithms vvhich produce near optimal schedules and reduce 
computational time, because they avoid searhing for ali alternatives by applying 
priority rules for j o b assignment. In these approaches, priority rules are compared 
vvith each other under a performance criterion to measure the effectiveness o f 
schedules in meeting a specified scheduling objective. Hovvever, these appoaches 
usually aim at optimizing a single goal function vvith a single parameter and find it 
diffîcult to achieve multiple objectives (Charalambous and Hindi , 1991, Noronho 
and Sarma, 1991). In addition, scheduling environment is generalfy surrounded by 
accumulated 'knovvledge' that vvill affect scheduling decisions as to vvhich job should 
be selected as the next action according to the current state o f system(Cheng, 1985, 
Chovv and Huang, 1990). Traditional optimisation tecniques and heuristic 
approaches deal vvith only a portion o f knovvledge accumulated and cannot respond 
to the actual state o f system İn dynamic schduling environment. Construction o f a 
schedule based on ali the relevant scheduling information can be achieved by the use 
o f expert systems infervıng solutions from structured knovvledge. 

2. Expert Scheduling Approaches 

Through the use o f knovvledge gained by trİal and error, human schedulers obtain 
relatively good results in developing schedules that effectively meet the objectives 
even though they are not optimal, but near optimal. In addition, schedulers respond 
to the unexpected factors such as machine failures, nevv orders, urgent jobs, ete. and 
modify the original schedule to cope vvith these issues vvithout jeopardizing the 
acceptable performance criterion related vvith the production objecties. Hovvever, 
human experts fmd it diffîcult to construct an adequate schedule in the case o f more 
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complex siuations, and their ability is l imited to a solution that w i l l satisfy the overall 
objective. This brings about the attention o f researchers to utilize artificial 
intelligence tecniques such as expert systems to solve the problems mentioned 
above. 

Recently, a number o f expert scheduling systems have been developed. These 
systems are generally classitled into tvvo categories (MacFarland and Grand, 1987): 

1. Real- Time Scheduling Systems, 
2. Job Assignment Systems. 
Real-time scheduling systems are applications o f artificial intelligence to 

scheduling problems. The idea behind these systems is that vvhen a machine becomes 
free, an expert system is invoked to determine the next action to be taken depending 
on the system state defîned by the status o f the machines in the shop fioor. The gene­
ral structure o f such a system is illustrated in Figüre 1. 

System State Status 

1 i Onto Job 
EXPERT 

SYSTEM 

CONTROL 

SYSTEM 
MACHİNES 

Assignment 

Next Action Monitoring 

FİGÜRE 1. THE STRUCTURE OF REAL TIME EXPERT SCHEDULİNG SYSTEMS. 

As shovvn in Figüre 1, the control system monitors the machines and gathers 
information to determine their status. Then it conveys these information to the expert 
system as the system state, and based on the system state, the expert system executes 
a set rules to determine the next action to be taken. The next action vvill probably be 
a selection o f next j o b to be processed on the free machine. 

There are some advantages o f this kind o f systems. Because o f the dynamic 
nature o f the system, adjustments for nevv orders, urgent jobs and machine failures, 
ete. are dynamically performed at the shop floor. Mult iple objectives can be 
achieved since the scheduling decision is made based on the system state implying 
vvhich performance criterion and priori ty rule vvould be suitable for the current status 
o f the machine. Hovvever, the main disadvantage o f these systems is due to the fact 
that they basically rely on the machine status vvhich is only a portion o f the 
knovvlledge accumulated in the scheduling environment, thus dealing vvith only a 
portion o f the production objectives too. Furthermore, performance measure cannot 
be computed beforehand for a specific priority rule in order to compare the shedules 
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vvith one another because o f the use o f a different priori ty rule in each step o f j o b 
assignment according to the system state implied by the control system. 

In j o b assignment systems, jobs are assigned to machines at certain times. The 
adaptation o f artifıcal intelligence technology as expert systems to scheduling 
problems in the context o f job assignment models created new schemes for the 
implementation o f traditional algorithms and heuristic approaches in such a vvay that 
jobs are evaluated in a prioritized order and assigned to machines so as to from a 
schedule according to the priority index determined by the knovvledge o f the expert 
system. These approaches are not nevv and have been applied to scheduling problems 
vvithout the use o f expert systems. Hovvever, the use o f expert systems have led to 
more understanable and flexible heuristic models by means o f the presentation o f 
sophisticated knovvledge representation schemes for building the knovvledge base. 
The general structure o f a j o b assignment model employing an expert system is 
illustrated in Figüre 2. 

The expert system in this approach functions by executing a set o f rules to put 
the jobs in a prioritized order for shop loading vvhere the jobs are allocated to some 
specific machines in a queue. It also selects a job from the queue to be assigned to a 
specific machine. So, both shop loading and sequencing can be conducted by the 
expert systems. 

Invokes Invokcs Ruies 

Rules To Select a Job 

Job File 

Inf. 

• 

SHOP EXPERT SHOP 

STATUS SYSTEM LOADİNG 

Produces Establish a 

Job 

Assignment 

New Facts Prionity Indcx 

FİGÜRE 2. JOB ASSİGNMENT SYSTEMS EMPLOYİNG A N EXPERT SYSTEM. 

This approach to scheduling problem has an advantage o f producing a schedule 
that can be predicted beforehand. This feature provides the schedulers vvith the 
comparison o f alternative schedules for different priori ty rules under a given 
performance criterion in order to decide on vvhich schedule is dominating. Hovvever, 
this approach can only be applied to some specific classes o f problems, and the 
scheduling decisions are sequential vvhich may lead to a bad schedule due to an 
unvvise j o b assignment early in the beginning o f the schduling period. in addition, it 
is almost the same as employing a heuristic approach except for the existence o f the 
rule set embedded in the knovvledge base. 
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3. Rule Generat ion 

As metioned befote, decision as to vvhich priority ruie should be employed for 
j o b assignment is vital to the success o f the system developed. Proper decision for 
varying state o f system in each step o f j ob assignment improves the performance o f 
schedules. This is the main advantage o f expert system considering the actual state o f 
system vvhich covers the entire knovvledge related vvith the scheduling environment. 
Furthermore, this feature leads to the satisfaction o f the satisfaction o f multiple 
objectives by adapively changing the scheduling goals according to the current state 
o f the system. 

Hovv these advantages can be utilized for a schduling application depends on hovv 
to generate the proper production rules for the knovvledge base. i t is possible to 
generale the production rules by a sound defınitİon o f the system state for the shop 
floor. As shovvn in Figüre 3, system state is usully described in terms o f the status o f 
three objects(Kusiak and Chen, 1988): 

• Job Status, 
• Shop Loading Statuus, 
• Machine Status, 

A 

B 

System 
State 

C 

D 

> Shop Loading Status 
E 

F 

FİGÜRE 3. DEFINITION OF SYSTEM STATE. 

The machine status can be characterized by the follovving tvvo attributes: 
overfoaded or underloaded. Job status can be defıned as late or normal. Finally, shop 
loading status can be defıned in tvvo attributes: under heavy load or under light load. 
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FİGÜRE 4. DECİSİON TREE FOR SYSTEM STATE. 

As showrı in Figüre 4, establishing a decision tree by the combinations o f 
attributes for each status w i l l result in the generation o f production rules. Each path 
in the decision tree İmpiies a production rule whİch would be partitioned into a set o f 
rule base in order to enrİch the explanation capabihty o f expert systems. The 
question o f vvhich priority rule should be used for each path in the decision tree is the 
crucial point o f generating production rules. For example, i f the path is ACE, in 
other words, i f the machine is overloaded and/or the job is late and/or the shop is 
under heavy load, then vvhich priori ty rule should be used for j o b assignment ? Once 
an ansvvers, say the SPT rule, is found to this question, İt is placed into the T H E N 
clause o f the production rule.This procedure can be conducted for each path in the 
decision tree to set up the production rules for the knovvledge base. An example is 
given in Figüre 5, vvhich is implemented in the vvork by Gençy ıhnaz and Taşgetiren 
(1996). 

ACE SPT 
ACF SPT 
ADE SPT 
ADF SPT 

I THEN 
BCE COVEIİT 
BCF COVERT 
BDE S/OPN 
BDF S/OPN 

FİGÜRE S. RULE GENERATİON SCHEME FOR KNOVVLEDGE BASE 

4. Franmevvork For Expert Scheduling Systems 

A typical expert scheduling system is iflustrated in Figüre 6. There are four basic 
elements o f an expert scheduling system: knovvledge base, inference engine or 
reasoning mechanism, data manipulation, and schedtıler. 

The knovvledge base contains the knovvledge about the rules, facts and other 
information regarding the j o b shop problem. In a rule based representation, the facts 
are simply the statements vvhich vvill be used by the rules to manipulate and derive 
some other facts reiated to the problem domain. For example, 
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F - Average Slack time of Job =10 

is a fact implying the status o f the job . The rules are the conditional sistements o f 
knovvledge in the form o f I F T H E N clouses. For example, 

Job File 

C M 
o o 
N D 
T U 
R L 

O E 
L 

Facts 

K U L E 

S E T 

I 

R U L f 

S E T 

I I 

RULİ 

S E T 

III 

1 N F E R E N C E ENGİNE 

S 
c 
H 
E 
D 
13 
L 

E 
J B _ 

FİGÜRE 6. STRUCTURE OF EXPERT SCHEDULİNG SYSTEM 

R- İF Average Slack Time of Job <=20 
T H E N Job Status-Late. 

I t is important to realize that the above scheduling rule, R, matches the fact, F, 
and produces another fact from the T H E N clause o f the production rule o f R as 
follovvs: 

F F - Job Status=Late. 

This process is called inference engine or reasoning mechanism that any expert 
system should possess. So, the reasoning mechanism examİnes the facts, seans and 
searehes the knovvledge base and fires the appropriate rules employed in the 
knovvledge base according to the procedure established in advauce. Pham and Pham 
(1988) explain that the reasoning process can be managed in different ways 
depending on the control procedure that the expeı t system has. One strategy is to 
start vvith a given set o f facts or given data and search for the ' I F ' portion o f the rule 
vvhich matches the fact. When such a rule is fired to generale a nevv fact vvhich in 
turn causes other rules to be fıred. The reasoning process stops when no more rules 
to be executed. This kind o f process is called 'forvvard chaininge'. A n example o f 
forvvard chaining is given İn Appendix A . Another strategy İs to begin vvith a goal to 
be tested or proved by the rules vvhether or not it is satisfıed vvith a given fact. The 
test is condueted by matehing the ' T H E N ' portion o f the rule vvith the desİred goal 
stack to produce sub-goals until a sub-goal ssatisfied by a given fact is found. The 
reasoning prosoning process ends vvhen the original goal is satisfıed. This process is 
called 'backvvard chaining' vvhich reduces the search tree i f the knovvledge base İs 
enriched by the additional rules for the same problem domain. A n examplle o f the 
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backvvard cchaining in the scheduling context is given in Appendbc B. Note that in 
Appendix B , the fact, 'Queue Time of Jobs=Very high', is not produced because it 
is : irrelevant to the desired goal, 'Priority RuIe=SPT', Backvvard chaining is 
preferred when the number o f rules is large and forvvard chaining would cause a 
combinatorial explosion(Pham and Pham, 1988). 

The data manipulation modüle monitors the job file to obtain necessary 
information or initial facts to be conveyed to the reasoning modüle inferencing the 
knovvledge base. İt can simply vievved as data collection modüle that derİves the 
facts or information to be stored in the knovvledge base. Another function o f this 
modü le is that vvhen a j o b assignment is made by the scheduler modüle , the feedback 
obtained from the scheduler is used to update the j o b File. Suppose that it gathered 
the fact, F İ , from thejob file as follovvs: 

F İ - Number of Job in The Queue of The Machine=7. 

As shovvn in Figüre 6, the knovvledge base contains three rule sets: the state 
identifıcation rules, the objective determinatioıı rules, and the decision making rules. 
The state identifıcation rules determine the system state by interacting the reasoning 
modüle . A n example o f a rule vvhich is incorporated in the state identifıcation rules 
is:-

R l - İF Number of Job in The Queue of The Machine>5 
T H E N Machine Status-Overloaded. 

The reasoning modü le interacts vvith the fırst rule set and infers a nevv fact, F2, by 
matching the fact, F İ , vvith the 'IF' portion o f the rule, R l . So, the nevv fact, F2, from 
the ' T H E N ' portion o f the rule, R l , İs produced as follovvs: 

F 2 - Machine Status=Overloaded. 

Objective determination rules direct the scheduling decision tovvard the objective 
implied by the system state. A n example o f the objective determination rules is:-

R 2 - I F Machine Status=Overloaded 
T H E N Performance Criterion=Mean Flow Time. 

Again, the reasoning modüle matches the fach, F2, vvith the TF' portion o f the 
rule, R2 and produces another fact, F3, as follovvs: 
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F 3 - Performance Criterione=Mean Flow Time. 

Finaliy, the decision making rules judge on the priority rule that w i l l be used by 
the scheduler modüle for job assignment. A n example o f the decision making rules 
is;-

R 3 - I F Performance Criterion^Mean FIow Time 
T H E N Priority Rule=SPT. 

As explained before, the reasoning mechanism matches the fact, F3, vvith the 
'IF' portion o f the rule, R3, and derives the fact, F4, as follovvs: 

F4- Priority Ru!e=SPT. 

This final fact indicates the priority rule to be employed for job assignment. The 
scheduler modü le considers this recommendatİon and implements the decision by 
scheduling the j o b vvith the shortest processing time. 

The other parts o f the system state, that is; the job status and the shop loading 
status can be determined in a similar way by considering the average slack time o f 
each j o b and the number o f operations scheduled respectively. Hovv necessary 
conchıs ions are derived from each status o f system state is illustrated in Appendix C 
and D . 

5. Conclusion 

In this paper, the structure o f expert systems for j o b shop scheduling is outlined 
to demonstrate the feasibİlity o f building it. The advantage o f expert systems is due 
to the cosideration o f the actual system state vvhich covers the endİre knovvledge 
related vviüı the scheduling environment. This feature leads to the satisfaction o f 
mu 1 tiple objectives by adaptively changing the scheduling goais and employing 
different prioi ty rules for j o b assignment. 

Another advantage is that the modificatİon o f the knovvledge base is easily 
managed by simply adding, deleting or changing the rules in the knovvledge base 
vvithoııt destroying other modules o f the system. This feature provides us vvith the 
capability o f adopting the system to the different j o b shops. 

The effectiveness o f the schedule can only be measured under a performance 
criterion for the entire system vvithout testing the effects o f the priority rules 
individually. Since the job assignment is made according to the current state o f the 
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system, the comparison o f the priority rules cannot be made to determine vvhich 
prior i ty rule is good or bad as the scheduling process goes on. 

Another disadvantage is that the knovvledge base is dependent on the system 
developed. In other vvords, the parameters o f the state identifıcation rules are 
determined for the specific job shop developed. For other shops, these parameters 
should be modifîed for application. 

A P P E N D I X A 
F O R W A R D C H A İ N İ N G 

Facts: 
F İ - Number o f Jobs İn The Queue o f The Machine=12 
Rules: 
R l - I F Number o f Jobs In The Queue o f The Machine>10 

T H E N Machine Status=Overloaded. 
R 2 - I F 

T H E N 
R 3 - İF 

T H E N 
R 4 - I F 

T H E N 

Facts: 

Machine Status=Overloaded 
Performance Criterion==Mean Flovv Time. 
Machine Status^Overloaded 
Queue Time o f Jobs=Very High. 
Performance Cri terİon=Mean Flovv Time 
Priority Ru le - SPT. 

İL 
F İ and R l match and F2 is derived. 

F İ - N u m b e r o f Jobs In The Queue o f The Machine=12. 
F 2 - Machine Status=Overloaded. 
Rules: 
R l - I F Number o f Jobs In The Queue o f The Machine>10 

T H E N Machine Status-Overloaded. 
R 2 - I F Machine Status==Overloaded 

T H E N Performance Criterion=Mean Flovv Time. 
R 3 - I F Machine Status-Overloaded 

T H E N Oueue Time o f Jobs=Very High. 
R 4 - I F Performance Cri ter ion=Möan Flovv Time 

T H E N Priority Rule-SPT. 
Ji 

F2 and R2 match and F3 is derived. 
Facts: 
F İ - Number o f Jobs In The Queue o f The Machine=12 
F 2 - Machine Status=Overloaded. 
F 3 - Performance Criterion=Mean Flovv Time. 
Rules: 
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R l - I F Number o f Jobs In The Queue o f The Machine>10 
T H E N Machine Status=OverIoaded. 

R 2 - I F Machine Status=OverIoaded 
T H E N Performance Criterion=Mean Flovv Time. 

R3- I F Machine Status^Overloaded 
T H E N Oueue Time o f Jobs=Very High. 

R 4 - I F Performance Criterion=Mean Flovv Time 
T H E N Priority Rule=SPT 

i l 
F2 and R3 match and F4 is derived. 

Facts: 
F İ - Number o f Jobs In The Queue o f The Machine=12. 
F 2 - Machine Status- Overloaded. 
F3- Performance Criterion^Mean Flovv Time. 
F4- Queue Time o f Jobs=Very High. 
Rules: 
R l - I F Number o f Jobs In The Queue o f The Machine>10 

T H E N Machine Status=Overloaded. 
R 2 - I F Machine Status=Overloaded 

T H E N Performance Criterion=Mean Flovv Time. 
R 3 - I F Machine Sta tus=Oveı ioaded 

T H E N Queue Time o f Jobs^Very High. 
R4- I F Performance Criterion=Mean Flovv Time 

T H E N Priority Rule=SPT. 
i l 

F3 and R4 match and F5 is derived. 

Facts: 
F İ - Number o f Jobs In The Queue o f The Machine-12. 
F2- Machine S ta tüs=0ve r ioaded . 
F 3 - Performance Criterion=Mean Flovv Time. 
F4- Queue Time o f Jobs=Very High. 
F 5 - Priority Rule=SPT. 
Rules: 
R l - I F Number o f Jobs In The Queue o f The Machine>10 

T H E N Machine Sta tus=Overİoaded. 
R 2 - I F Machine Status=Overloaded 

T H E N Performance Cri ter ion-Mean Flovv Time. 
R 3 - I F Mahchine Status=Overloaded 

T H E N Queue Time o f Jobs- Ve ıy High. 
R4- İF Performance Criterion=Mean Flovv Time 

T H E N Priority Rule=SPT. 
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A P P E N D I X B 
B A C K V V A R D C H A İ N İ N G 

Facts: 
F l - Number o f Jobs In The Queue o f The Machine=12 
Rules: 
R l - I F Number o f Jobs In The Queue o f The Machine>10 

T H E N Machine Status=Overloaded. 
R 2 - I F Machine Status-Overloaded 

T H E N Performance CrİterionHVIean Flovv Time. 
R 3 - İF Machine Statüs=Overloaded 

T H E N Queue Time o f Jobs^Very High. 
R 4 - I F Performance Criterion=Mean Flovv Time 

T H E N Priority Ruie=SPT. 

Goal Stacks: Satisfıed 

G l - Priority Rule-SPT. No 

G l and R4 match and G2 is derived. 
Facts: 
F l - Number o f Jobs In The Queue o f The Machine=12 

Rules: 
R l - I F Number o f Jobs In The Queue o f The Machine>10 

T H E N Machine Status=Overloaded. 
R 2 - İF Machine Status=Overloaded 

T H E N Performance Criterion=Mean Flovv Time. 
R 3 - I F Machine Status-Overloaded 

T H E N Queue Time o f Jobs=Very High. 
R 4 - I F Performance Criterion=Mean Flovv Time 

T H E N Priority Rule-SPT. 

Goal Stacks: Satisfied  

G l - Priority RuIe=SPT. No 
G 2 - Performance Criterion=Mean Flovv Time. 

ü 
G2 and R2 match and G3 is derived. 

Facts: 
F l - Number o f Jobs In The Queue o f The Machine=12 
Rules: 
R l - I F Number o f Jobs In The Queue o f The Machine>10 

T H E N Machine Status=Overloaded. 
R 2 - I F Machine Status=Overloaded 
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T H E N Performance Criterion=Mean Flovv Time. 
R 3 - I F Machine Status=Overloaded 

T H E N Queue Time o f Jobs=Very High. 
R 4 - I F Performance Criterion-Mean Flovv Time 

T H E N Priority Rule=SPT. 

Goal Stacks: Satisfied 

G l - Priority Rule=SPT. N o 
G 2 - Performance Cri terion-Mean Flovv Time. N o 
G 3 - Machine Status=Overloaded, N o 

i l 
G3 and R l match and G4 is devrived. 

Facts: 
F l - Number o f Jobs In The Queue o f The Machine=12 
Rules: 
R l - I F Number o f Jobs i n The Queue o f The Machine>10 

T H E N Machine Status-Overloaded. 
R 2 - I F Machine Status-Overloaded 

T H E N Performance Criterion-Mean Flovv Time. 
R 3 - I F Machine S ta tüs=0ver loaded 

T H E N Queue Time o f Jobs=Very High. 
R4_ İF Performance Criterion-Mean Flovv Time 

T H E N Priority Rule-SPT. 

Goal Stacks: Satisfıed  

G l - Priority Rule=SPT. No 
G 2 - Performance Criterion=Mean Flovv Time. N o 
G 3 - Machine Sta tus=Oveı loaded. N o 
G 4 - Number o f Jobs In The Queue o f The Machine>10 No 

Ji 
G4 and F l match and G4 is satisfied. 

Facts: 
F l - N u m b e r o f Jobs In The Queue o f The Machine=12 
Rules: 
R l - I F Number o f Jobs In The Queue o f The Machine >10 

T H E N Machine S t a tu sO ver loaded. 
R 2 - I F Machine Status-Overloaded 

T H E N Performance Criterion-Mean Flovv Time. 
R 3 - I F Machine Status-Overloaded 

T H E N Queue Time o f Jobs-Very High. 
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R 4 - I F Performance Cr İ t e r ion -Mean Flovv Time 
T H E N Priority Rule=SPT. 

Goal Stacks: Satisfied 

G l - Priority Rule=SPT. No 
G 2 - Performance Criterion=Mean Flovv Time. No 
G 3 - Machine Status=0 ver loaded. No 
G 4 - Number o f Jobs In The Queue o f The Machine>10 Yes 

F l and R l match and F2 si derived. 
Facts: 
F l - Number o f Jobs In The Queue o f The Machine=12. 
F 2 - Machine Status-Overloaded. 
Rules: 
R l - I F Number o f Jobs In The Queue o f The Machine>10 

T H E N Machine Status=OverIoaded. 
R 2 - I F Machine Status=Overloaded 

T H E N Performance Criterion=Mean Flovv Time. 
R 3 - I F Machine Status=Overloaded 

T H E N Queue Time o f Jobs=Very High. 
R 4 - I F Performance Criterion=Mean Flovv Time 

T H E N Priority Rule=SPT. 

Goal Stacks: Satisfied 

G l - Priority Rule-SPT. No 
G 2 - Performance Criterion=Mean Flovv Time. No 
G 3 - Machine Status=Overfoaded. Yes 

11 
F2 and R2 match and F3 is derived. 

Facts: 
F l - Number o f Jobs In The Queue o f The Machine=12. 
F 2 - Machine Status=Overloaded. 
F 3 - Performance Criterion=Mean Flovv Time. 
Rules: 
R l - IF Number o f Jobs In The Queue o f The Machine >10 

T H E N Machine Status=Overloaded. 
R 2 - I F Machine Stat ı ıs=Overloaded 

T H E N Performance Criterion=Mean Flovv Time. 
R 3 - İF Machine Status=OverIoaded 
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T H E N Queue Time o f Jobs=Very High. 
R4- I F Performance Cr i te r ion- Mean Flovv Time 

T H E N Priority Rule=SPT. 

Goal Stacks: Satisfied 

G l - Priority Rule-SPT. No 
G2- Performance Cri terion-Mean Flovv Time. Yes 

F3 and R4 match and F4 is derived. 
Facts: 
F l - Number o f Jobs In The Queue o f The Machine=12. 
F 2 - Machine Sta tüs=Over loaded. 
F3- Performance Criterion=Mean Flovv Tİme. 
F4- Priority Rule=SPT. 
Rules: 
R l - I F Number o f Jobs In The Queue o f The Machine >10 

T H E N Machine Status-Overloaded. 
R 2 - I F Machine Status=Overloaded 

T H E N Performance Criterion=Mean Flovv Time. 
R 3 - I F Machine S ta tüs -Over loaded 

T H E N Queue Time o f Jobs-Very High. 
R 4 - İF Performance Cri terion-Mean Flovv Time 

T H E N Priority Rule=SPT. 

Goal Stacks: Satisfied 

G l - Priority Rule=SPT. Yes 

A P P E N D I X C 
F O R V V A R D C H A İ N İ N G 

Facts: 
F l - Number o f Jobs İn The Queue o f The Machine=10 
F2- Average Slack Time-15 
F 3 - Number o f Operations Scheduled=170 
Rules: 
R l - I F Number o f In Jobs The Queue o f The Machine <10 

T H E N Machine Status=Underloaded. 
R 2 - I F Average Slack Time <20 

T H E N Job Status=Late. 
R 3 - I F Number o f Operations Scheduled >100 O R 
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R 4 -

R 5 -

T H E N 
I F 

T H E N 
İF 
T H E N 

Number o f Operations Scheduled <800 
Shop Loading Status-Under Heavy Load. 
Machine Status-Underioaded A N D 
Job Status-Late A N D 
Shop Loading Status-Under Heavy Load 
Performance Cri terion-Mean Tardiness. 
Performance Cri terion-Mean Tardiness 
Priority Rule -COVERT. 

F l and R l match and F4 is derived 
Facts: 
F l - Number o f Jobs In The Queue o f The Machine=8. 
F 2 - Average Slack T İ m e = f 5 . 
F 3 - Number o f Operations Scheduled-170. 
F 4 - Machine Status-Underloaded. 
Rules: 
R l - I F Number o f Jobs In The Queue o f The Machine <10 

T H E N Machine Status-Un der loaded. 
R 2 - I F Average Slack Time<20 

T H E N Job Status-Late. 
R 3 - I F Number o f Operations Scheduled > 1 0 0 O R 

Number o f Operations Scheduled <800 
T H E N Shop Loading Status-Under Heavy Load. 

R 4 - I F Machine Status=Underloaded A N D 
Job Status=Late A N D 
Shop Loading Status—Under Heavy Load 

T H E N Performance Cri terion-Mean Tardiness. 
R 5 - I F Performance Cri terion-Mean Tardiness 

T H E N Priority Rule -COVERT. 

F2 and R2 match and F5 is derived 
Facts: 
F l - Number o f Jobs In The Queue o f The Machine-8. 
F 2 - Average S l a c k T İ m e - 1 5 . 
F 3 - Number o f Operations Scheduled-170. 
F 4 - Machine Status-Underloaded. 
F 5 - Job Status=Late. 
Rules: 
R l - I F Number o f Jobs In The Queue o f The Machine <10 

T H E N Machine Status-Underloaded. 
R 2 - I F Average Slack Time <20 

T H E N Job Status-Late. 
R 3 - I F Number o f Operations Schduled >100 O R 
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R4-
T H E N 
I F 

T H E N 
R 5 - I F 

T H E N 

Facts: 

Number o f Operations Schduled <800 
Shop Loading Status-Under Heavy Load. 
Machine Status=Underioaded A N D 
Job Status=Late A N D 
Shop Loading Status-Under Heavy Load 
Performance Criterion=Mean Tardiness. 
Performance Criterion=Mean Tardiness 
Priority Rule=COVERT. 

F3 and R3 match and F6 isderived. 

F l - Number o f Jobs In The Queue o f The Machine=8 
F 2 - Average Slack Time-15 
F3- Number o f Operations Scheduled-170 
F4- Machine Status-Underloaded. 
F 5 - Job Status-Late, 
F 6 - Shop Loading Status-Under Heavy Load. 
Rules: 
R l -

R 2 -

R 3 -

R 4 -

R 5 -

I F 
T H E N 
I F 
T H E N 
I F 

T H E N 
I F 

T H E N 
I F 
T H E N 

Number o f Jobs In The Queue o f The Machine <10 
Machine Status-Underloaded. 
Average Slack Time <20 
Job Status-Late. 
Number o f Operations Scheduled >100 O R 
Number o f Operations Scheduled <800 
Shop Loading Status-Under Heavy Load. 
Machine Status-Under A N D 
Job Status-Late AND 
Shop Loading Status-Under Heavy Load 
Performance Criterion-Mean Tardiness. 
Performance Criterion-Mean Tardiness 
Priority Rule-COVERT. 

F4, F5 and F6 match vvith R4 and F7 is derived. 
Facts: 
F l - Number o f Jobs In The Queue o f The Machine-8. 
F 2 - Average Slack T ime=l 5. 
F 3 - Number o f Operations Scheduied=170. 
F4- Machine Status-Underloaded. 
F 5 - Job Status-Late. 
F 6 - Shop Loading Status=Under Heavy Load. 
F 7 - Performance Cri ter ion-Mean Tardiness. 
Rules: 
R l - I F Number o f Jobs In The Machine <10 
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R 2 -

R 3 -

R4-

R 5 -

T H E N 
I F 
T H E N 
I F 

T H E N 
I F 

T H E N 
I F 
T H E N 

Machine Statuse-Underloaded. 
Average Slack Time <20 
Job Status-Late. 
Number o f Operations Scheduled >100 O R 
Number of Operations Scheduled <800 
Shop Loading Status-Under Heavy Load. 
Machine Status-Underloaded A N D 
Job Status-Late A N D 
Shop loading Status-Under Heavy Load 
Performance Cri terion-Mean Tardiness. 
Performance Cr i t e r İon -Mean Tardiness 
Priority Rule-COVERT. 

F7 and R5 match and F8 is derived. 
Facts: 
F l - Number o f Jobs In The Queue o f The Machine-8. 
F 2 - Average Slack Time=15 
F 3 - Number o f Operations Scheduled=170. 
F4- Machine Status-Underloaded. 
F 5 - Job Status=Late. 
F6- Shop Loading Status-Under Heavy Load. 
F 7 - Performance Cri terion-Mean Tardiness. 
F8- Priority Ru le -COVERT. 
Rules: 
R l - İ F Number o f Jobs In The Queue o f The Machine <10 

T H E N Machine Status-Underloaded. 
R 2 - I F Average Slack Time <20 

T H E N Job Status-Late. 
R 3 - I F Number o f Operations Scheduled >100 O R 

Number o f Operations Scheduled <800 
T H E N Shop Loading Status-Under Heavy Load. 

R4- I F Machine Status-Underloaded A N D 
Job Status-Late A N D 
Shop Loading Status-Under Heavy Load 

T H E N Performance Cri terion-Mean Tardiness. 
R 5 - I F Performance Cri ter ion-Mean Tardiness 

T H E N Priority Ru le -COVERT. 

A P P E N D I X D 
F O R V V A R D C H A İ N İ N G 

Facts: 
F l - Number o f Jobs In The Queue o f The Machine-8. 
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F 2 - Average Slack Time-25 
F3- Number o f Operations Scheduled-65 
Rules: 

Number o f Jobs In The Queue o f The Machine <10 
Machine Status-Underloaded. 
Average Slack Time >20 
Job Status-Normal. 
Number o f Operations Scheduled <100 O R 
Number o f Operations Scheduled >800 
Shop Loading Status-Under Light Load. 
Machine Status-Underloaded A N D 
Job Status-Normal A N D 
Shop Loading Status-Under Light Load 
Performance Cr i t e r İon-Mach ine Utiüzat ion. 
Performance Criterion-Machine Ut iüzat ion 
Priority Rule=S/OPN. 

R l -

R 2 -

R 3 -

R4-

I F 
T H E N 
I F 
T H E N 
I F 

T H E N 
I F 

R 5 -
T H E N 
I F 
T H E N 

F l and R l match and F4 is derived. 
Facts: 
F l - Number o f Jobs In The Queue o f The Machine-8. 
F 2 - Average Slack Time—25 
F 3 - Number o f Operations Scheduied-65. 
F4- Machine Status-Underloaded. 
Rules: 
R l - I F Number o f Jobs In The Queue o f The Machine <10 

T H E N Machine Status-Underloaded. 
R 2 - I F Average Slack Time >20 

T H E N Job Status-Normal. 
R 3 - I F Number o f Operations Scheduled <100 O R 

Number o f Operations Scheduled >800 
T H E N Shop Loading Status-Under Light Load 

R 4 - I F Machine Status-Underloaded A N D 
Job Status-Normal A N D 
Jop Loading Status-Under Light Load 

T H E N Performance Criterion-Machine Ut iüzat ion 
R 5 - I F Performance Criterion-Machine Ut iüzat ion 

T H E N Priority Rule-S/OPN. 
Jl 

F2 and R2 match and F5 is derived. 
Facts: 
F l - Number o f Jobs In The Queue o f The Machine-8. 
F 2 - Average Slack Time-25 
F 3 - Number o f Operations Scheduled—65. 
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F4- Machine Sta tüs=Under ioaded . 
F 5 - Job Status-Normal. 
Rules: 

Number o f Jobs İn The Queue o f The Machine <10 
Machine Status-Underloaded. 
Average Slack Time >20 
Job Status-Normal. 
Number o f Operations Scheduled < t00 O R 
Number o f Operations Scheduled >800 
Shop Loading Status-Under Light Load. 
Machine Status-Underloaded A N D 
Job Status-Normal A N D 
Shop loading Status-Under Light Load 
Performance Criterion-Machine Utiüzat ion. 
Performance Criterion-Machine Utiüzat ion 
Priority Rule=S/OPN. 

R l -

R 2 -

R 3 -

R4-

R 5 -

İF 
T H E N 
I F 
T H E N 
İF 

T H E N 
I F 

T H E N 
İF 
T H E N 

F3 and R3 match and F6 is derived 
Facts: 
F l - Number o f Jobs In The Queue o f The Machine-8. 
F2- Average Slack Time-25 
F 3 - Number o f Operations Scheduled-65. 
F4- Machine Status-Underloaded. 
F 5 - Job Status-Normal. 
F6- Shop Loading Status-Under Light Load. 
Rules: 
R l -

R 2 -

R 3 -

R 4 -

R 5 -

İF 
T H E N 
I F 
T H E N 
I F 

T H E N 
I F 

T H E N 
İF 
T H E N 

Number o f Jobs In The Queue o f The Machine <10 
Machine Status-Underloaded. 
Average Slack Time >20 
Job Status-Normal. 

Number o f Operations Scheduled <100 O R 
Number o f Operations Scheduled >800 
Shop Loading Status-Under Light Load. 
Machine Status-Underloaded A N D 
Job Status-Normal AND 
Shop Loading Status-Under Lİght Load 
Performance Criterion-Machine Utiüzat ion. 
Performance Criterion-Machine Utiüzat ion 
Priority Rule-S/OPN. 

l i 
F4, F5 and F6 match vvith R4 and F7 is derived 

Facts: 
F l - Number o f Jobs İn The Queue o f The Machine-8, 



33 

F 2 - Average Sİack Time-25 
F 3 - Number o f Operations Scheduled—65. 
F4- Machine Status-Underloaded. 
F5- Job Status-Normal. 
F6- Shop Loading Status-Under Light Load. 
F 7 - Performance Criterion-Machine Utiüzat ion. 
Rules: 
R l -

R 2 -

R 3 -

R 4 -

R 5 -

I F 
T H E N 
I F 
T H E N 
TF 

T H E N 
I F 

T H E N 
I F 
T H E N 

Number o f Jobs In The Queue o f The Machine < I 0 
Machine Status-Underloaded. 
Average Slack Time >20 
Job Status-Normal. 
Number o f Operations Scheduled < I 0 0 O R 
Number o f Operations Scheduled >800 
Shop Loading Status-Under Light Load. 
Machine Status-Underloaded A N D 
Job Status-Normal A N D 
Shop Loading Status-Under Light Load 
Performance Criterion-Machine Utiüzat ion. 
Performance Criterion-Machine Utiüzat ion 
Priority Rule-S/OPN. 

u 
F7 and R5 match and F8 is derived. 

Facts: 
F l - Number Jobs In The Queue o f The Machine-8. 
F 2 - Average Slack Time-25 
F 3 - Number o f Operations Scheduled-65. 
F 4 - Mach 'ie Status-Underloaded. 
F 5 - Job Status-Normal. 
F6- Shop Loading Status=Under Light load. 
F 7 - Performance Criterion-Machine Utiüzat ion. 
F 8 - Priority Rule-S/OPN. 
Rules: 
R l -

R 2 -

R 3 -

IF 
T H E N 
I F 
T H E N 
I F 

T H E N 
R 4 - I F 

T H E N 

Number o f Jobs İn The Queue o f The Machine <10 
Machine Status-Underloaded. 
Average Slack Time >20 
Job Status-Normal. 
Number o f Operations Scheduled <100 O R 
Number o f Operations Scheduled >800 
Shop Loading Status-Under Light Load. 
Machine Status-Underloaded A N D 
Job Status-Normal A N D 
Shop Loading Status-Uunder Light Load 
Performance Criterion-Machine Utiüzat ion. 
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R 5 - I F Performance Criterion=Machine Utilization 
T H E N Priority Rule-S/OPN. 
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