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Abstract. This paper presents three quasi on-line scheduling procedures for FMSs consisting 
ot work stations, transport devices, and opera~ors. In the scheduling different types of 
de c isions are taken to perform a particular operation, i.c. the selection of (1) a work 
station, (2) a transpo rt device and (3) an operator. Further, (4) the scheduling sequence 
ot tne operations has to be determined. The three developed procedures differ in the way 
the se four dec ision problems are solved hierarchically. Several dispatching rules (SPT, 
SPT.TUT, SPT/TOT and EF TA) are available to solve the last mentioned decision problem. 
Limited buffer capacities in an FMS may cause deadlock in the procedures as well as in 
pra c tice. The scheduling procedures involve a buffer handling method to avoid deadlock. A 
case st ud y is presented to demonstrate the three procedures and to show some properties. 
Batied on simulation t e sts, some conclusions are drawn about the performance of the 
scheduling procedures a nd the various dispatching rules. 
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Present user s have installed FMSs t o ach i eve the 
efficiency of automated high volume mass production 
wl1ile retaining the f lexibilit y of low volume job 
ShOp production. Several problems arise for the 
design and operation of an FMS. Stecke (l~84) 
discerns problems in design, planning, scheduling 
and con trol which are strongly interrelated. 
FMS-scheduling includes determining the input 
sequence of parts into the system and the 
processing sequence at each station. 

Scheduling procedures can be classified as either 
off-line or on-line. An off-line metnod is applied 
at the beginning of a scheduling period and results 
in a complete schedule for that period (Stecke 
1981). For operators in an FMS, it is preferabl e to 
have a fixed schedule before work is started. In 
tl\is way they can anticipate the expected orders. 
The supervisory control computer (SCC), which 
controls the actions in the FMS, follows the 
off-line schedule as long as possible. In case of a 
significant deviation between the schedule and the 
actual progress, the schedule has to be revised. 
In contrast with an off-line procedure, an on-line 
scheduling procedure evolves in real time, in an 
event-controlled way. 

In this paper three scheduling procedures are 
presented. Explicit attention is devoted to buffer 
handling methodS in order to avoid deadlock. 
The developed proc edures are based on an 
actiVity- model of the real system. In this model 
the operations (consisting or several activities) 
are scheduled as time progresses. There is no 
backtracking in the scheduling procedures. The 
philosophy of the developed procedures can be used 
in e ven t-controlled systems. Therefore the 
procedures can be seen as quasi on-line, although 
the scheduling is done in advance of real 
production. Relat ed studies include the worK done 
by Stecke and Soloerg (1981), Iwata et al . (1982) 
and Murotsu et al . (19~3) . 

Tll1s paver is o rganized in six main sec tions : 
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The activity- model of FMSs is described in the 
first s ectio n. The second section contains the 
principal features of the developed scheduling 
procedures. A method to handle deadlOCK situations 
caused by limited burfer capacities is given in the 
third section. The fourth section presents a case 
study to demonstrate the three procedures. Results 
of several simulation tests are summarized in the 
fifth section. Finally, some conclusions are drawn. 

ACTIVITY-MODEL OF AN FMS 

The SCheduling procedures are based on an 
activity-model or an FMS. The main components of 
this FMS-model a re: 

WorK stations (WSs). The conception of WSs 
includes load and unload stations, machine 
t ools and auxiliary equipment such as wash and 
inspection stations. An WS can handle only one 
part at a time; 
Transport devices (TDs) . Transport in FMSs is 
done by automated guided vehicles (AGVs). In 
this model only transports of single parts is 
assumed; 
Local buffers . These buffers are placed in 
front of each work station . The buffer 
capacities of the local buffers can be any 
integer, including zero. In the model also a 
central buffer may be present; 
Op~rators. Operators can be assigned to several 
activities done within the FMS. Their 
activities can be, for instance, loading and 
unloading, tool set up and attending a machine 
tool. 

The total transformation of a part consists of 
several successive processing stages, for example 
loading, milling, drilling, boring, washing and 
unloading. For each processing stage alternative 
WSs can be available. 

In a processing stage several activities have to be 
performed. Four ~artly overlapping activities are 
distinguished: 
I A fD moves to tne place where the part is 

loca ted; 
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11 Toe TO transports the part to the WS or to the 
local buf fer in front of the WS, if one is 
vresent; 

III Tools are set up on the WS; 
IV Toe WS transforms the part. 
These four ac tivities together will be called an 
operation (fig. 1). 

opera! or set ue attendln9 

transport device ..-L, ...lL 
I lII ' IV work stalion I 

T1 T2 T3 T4 TS T6D 
time --

T8 

Fig. 1. An operation schedule. 

Figure 1 shows the relation between the activitie s 
in a Gantt chart. The interval between T2 and T4 is 
waiting time: Activity 11 can only start i f the 
previous processing stage of the part is finished. 
At TS the transport device is free to exec ute other 
transports. Betwee n TS and T7 the part is in the 
Duffer in front of the workstation. In fig . 1 the 
work of the operato r consists of tool set up and 
attending the proce ss. 

De pending on the kind of transformation (activity 
IV) a nd the ac tual state o f the FMS some o f the 
four activiti e s are excluded fr om the operation . 
For insta nce at loading stations, activities I,ll 
and III are no t prese nt . In case of trans fo rming 
the second, third etc. part of a bat ch, ac tivit y 
III only occurs in the operation of the fir s t pa rt . 

In this acti vity-mode l no explicit attention is 
paid t o material handling activities as the loading 
of the part onto the TO, the unloading of the part 
from the TO, the loading of the part ont o the WS 
and the unloading f rom the WS. These a c tiv i tie s 
have t o De inc luded into ac tivities I. 11 a nd IV. 

The r oute of a part through the FMS can be s een a s 
a c ha in of operations. 
The s cheduling proc edures ha ve t o compose 
operations and have to de termine the seque nce in 
which the s e operations mus t be e xecuted. 

THE SCHEDULI NG PROCEDURES 

An important property o f the procedures is toat an 
operation canno t be scheduled if the opera tions of 
the previous processing stages of the part have not 
been scheduled yet. As a conse quence , the 
procedures sta rt with scheduling an operation at a 
loading station and end with scheduling an 
operation at a n unloading station . Operati ons are 
scheduled one by one and therefore form a sequence: 
the scheduling seque nce. This sequence is generated 
during a scneduling procedure. 

In each of the developed scheduling procedures four 
basic functions can be d i stinguished: 
A. Choosing a WS upon which one or more processing 

stage s might be executed; 
B. Sele cting a TO for the transport activities (I 

and 11) of an operation; 
C. Assigning an operator to one or more ac tivities 

of an operation ; 
D. Determining whic h operation must be placed in 

the scheduling sequence next. 
Dispatching rules needed for the exe cution of these 
functions will be dealt with later on in this 
section. 

The three s c heduling procedure s , called Function 
Sequential Scheduling (FSS), Function Integrated 
Scheduling (FIS) and Function Phased Scheduling 
(FPS), diff e r in the way the four interconnected 
functions (A, B, C and D) are handled 
hierarchically . The procedures are schematically 

presented in fig. 2. To understand this figure some 
definitions are introduced : 

£ : position numbe r of an operation in the 
schedUling sequence. 

(On(WS,TD, o pera tor)} : set of all operations that 
can be scheduled as the n-th operation in the 
scheduling sequence. 
For a ll the operations in this set a WS, a TD 
and an operator is known. They can be different 
for different operations in the set . 
The o peration On(WS,TD,operator) is related 
with a pa rticular processing stage of a 
particular part. When inste ad of 'WS', 'TO' or 
'opera t or' a dot is given, the 'WS', 'TO' or 
' opera tor' to perform the operation, is not 
known at t ha t moment in the scheduling 
procedure . 

Fun c tion St!gue nt ia! 
Sc hed uUn§ (fSS) 

func t io n Phased 
Schedu ling (FPS) 

~"'Jn ct ion Int e xra t eu 
Scheduling (flS) 

( * ) 8y de t e rm1n i ng t he information fo r the dis pa t ching rule i t i ti 
ass umed t hat a TO arid a n o pe r a t or an~ ava ila ole a t desi re d t im es_ 

Fi g . L. Sc heduling proc ed ures . 

To e xplain the procedures a s imple example is 
presented. Fig. 3 shows a situation in which three 
operations are already scheduled. These operations 
represent resp. the loading (1) a nd milling (2) 
stage of part X and the loading (3) stage of part 
Z. The next operation to be placed in the 
scheduling sequence, 04(.,.,.), r e fers to either 
the drilling stage of part X, the loading stage of 
part Y o r the drilling stage of part Z, 04(.,.,.) E 
(04( ',', .» ). 

..,rocess in~ proce s sing proc essing process i ng processing 
sta/:i;e I s ta~e L St8i:! e 3 st8s e 4 sta~e 5 

I'a rt Z lodd i ng ' dr il U ng mi lli ng unlo ad i ng 
pdC L y .loa d in~ bor ing u nloadln~ 

pcirt , l oadiuK I milli ng &. d e i 1 Ling washin~ un l oading 

Fig . 3. Processing scheme example. 

In the FSS proc edure first a WS i s chosen upon one 
or more processing stages might be exec uted 
(func tion A; (04(.,.,.») -- {04(WS,., . )} ). 
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Suppose a drilling machine is chosen to perform 
either the third stage of part X or the second 
stage of part Z. This means that {04(WS,. ,.)} 
contains two operations. Then one of the two 
operations is selected to be placed in the 
scheduling sequence (function D; {04(WS,.,.) } ---
04(WS, .,.) ). Next a TD (function d) and an 
operator (function C) are assigned to the operation 
(04( WS, . ,.) ~ 04( WS, TD, .) -- 04( WS, TD,operator) 
). Finally the established operation will be placed 
in the timetable (see below). 

In the example of fig. 3, the FIS procedur e starts 
with 'collecting' all WSs that can handle one or 
more of the three processing stages. In the 
example, all drilling and loading stations are put 
in the 'collection'. For each 04(.,., .), related to 
on~ of these WSs, a TD (function B) and an operator 
(l'unctioll C) is selected ({04(.,.,.)} -----+ 

( 04(WS,TV,operator), all possible WSs}). Out of all 
possible WS s , a WS is chosen upon which one or more 
processing stages might be executed (function A; 
{04(WS,TD,operator), all possibl~ WSs) -
{04(WS,TD,operator)} ). When here a drilling 
machine is chosen to perform eitner the third stage 
of part X or the second stage of part Z, then 
{04(WS, I U,operator)} consists of two operations. 
Next, one of these two operations is selected to be 
placed in tne scheduling sequence (function D; 
{04(WS, TD,operator)} - 04(WS, TD,operator) ). 
finally, the selected operation will be placed in 
the timetable (see below). 

The FPS procedure consists of two phases. 
The first phase starts like the FSS procedure: In 
the example of fig. 3, a WS is chosen upon which 
one or more processing stages might be performed 
(function A: {04(.,.,.)) - (04(WS,.,.)} ). 
Suppose a drilling machine is chosen to execute 
eithe~ the third stage of part X or the second 
stage of part Z. Now {04(WS,., .) } consists of two 
operations. Then, as in the FSS procedure, one of 
these two operations is selected to be placed in 
the scheduling sequence (function D: {04(WS,., .) } 
--. 04(WS,.,.) ). After this the first phase 
repeats this procedure for {OS(. ,.,.)}, etc .• The 
first phase can be summarized symbolically by: 
({On(.,.,.»)-On(WS,.,.)V' n). 
In the second phase TDs (function B) and operators 
(function C) are sequentially assigned to the 
operations in the scheduling sequence (On(WS,.,.) 
_ On(WS,Tll,.) _0n(WS, TD,operator) V' n ). 
Established operations will be placed in the 
timetable. 

In each of the three proc edures, selec ted 
operations have to be placed in the timetable. All 
three procedures use the same principle. When, in 
tne example of fig . 3, 04(WS,TD,operator) nas to be 
placed in the timetable, ttlen three operations are 
already scheduled: the loading and milling 
operation of part X and the loading operation of 
part Z. Starting and finishing times of their 
activities are determined. So it is known when the 
WS, TD and operator can start with the activities 
of 04(WS,TD,operator). Taking into account these 
earliest possible starting times, the activities of 
04(WS,TD,operator) are placed in the timetable. 
If, as a consequence of all this, the buffer in 
front of the WS is used up, then the buffer 
handling method of the next section comes into in 
action. 

In contrast with the FSS and the FPS procedure, the 
FIS procedure takes into account the consequences 
of chosing a TD and an operator before an operation 
is selected to be placed in the scheduling 
se4uenc~. Tnerefore it is expected that the FIS 
procedure is better in situations where the 
worKload of tne TDs and/or operators is heavy. 
On the other hand, the FIS procedure might need 
high CPU times. Moreover, it is expected that the 

CPU times of the FIS procedure will be sensitive to 
the number of parts, WSs, TDs and operators. 
To preclude this disadvantage, the FSS procedure is 
developed. Here the selection of an operation, to 
be placed in the scheduling sequence, depends only 
on the state of the WSs. 
In the FPS procedure the scheduling sequence of the 
operations and the routing of the parts is fixed in 
the first phase of the procedure. This feature 
might offer advantages with respect to the 
bufferhandling method (see next section). 

~xecution of functions A, M, C and D is done by 
dispatching rules. Simple rules are used for 
functions A, Band C: 
A : The WS that can start at the earliest possible 

moment, is chosen. 
( This rule also limits the set of schedulable 
operations on the WS to those that can start at 
that particular moment.) 

B The TD that can finish its activity at the 
earliest moment is chosen. When there are 
several TDs with the same finishing time, the 
TV with the least moving time is picked out; 

C The operator who can finish his activities at 
the earliest moment is selected for the 
operation. If several operators have the same 
finishing time, the operator who needs the 
least walking time is chosen. 

for function V several dispatching rules are 
available. In the examined situations the following 
dispatChing rules are used: 
SPT : Shortest Processing Time; 
SPT/TOT : Shortest Processing Time divided by the 

TOtal processing Time (Stecke 1981); 
SPT.TOT : Shortest Processing Time multiplied by 

the TOtal processing Time (Stecke 1981); 
EFTA : Earliest FiniShing Time with 
----Alternatives considered; the schedulable 

operations are extended with their 
alternatives. An alternative operation refers 
to the same processing stage on another 
machine. The operation with the earliest 
finishing time is chosen (Iwata 1980). 

BUFFER HANDLING 

In an FMS the use of buffers is desirable. Buffers 
(local and/or central) are needed to smooth the 
production flow. 
In practice the capacities of the buffers are 
limited. Therefore, in the model, the capacities of 
tne local buffers can be set to any integer, 
including zero. Limited buffer capacities, however, 
cause the risk of deadlock in the procedures as 
well as in practice, see e.g. Carrie et al. (1983). 

In tne procedures deadlock would occur if there is 
no On(.,.,.) £ {On(.,.,.)} that can be scheduled. 
This situation arises if for every On(.,.,.) l: 

{On(., .,.)} it is impossible to determine the 
earliest starting and finishing time of at least 
one of its activities. Fully occupied buffers are 
the cause. This can be demonstrated with the 
example of fig. 4. 

pr oct:!s sil16 p.oc essing proc essing proces sing processing 
st8§e l sta~e 2 s tase 3 stal:l:e 4 IOtage 5 

part I. l oadln6 drt.l.ling mi lling un l oad ing 
t>d r t 'i l oad ing bor i ng un loa d ing 
pdr t h l oadl llg mi1l111X d rillin!!. wa s hing unl o ad ing 

Fig. 4. Processing scheme example. 

In fig. 4 the four underlined operations are 
already scheduled. The next operation to be 
scheduled has to refer either to the drilling stage 
of part X, the loading stage of part Y or the 
milling stage of part Z. 
Suppose the buffers in front of the drilling 
machines and the milling machines are fully 
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occupied. Then it will not be possible to schedule 
an operation 05( ••.•• ) which relates to the third 
stage of part X or the third stage of part Z. 
Perhaps a TO is available to fullfil activity I and 
11 of one of these operations. However it is 
impossible to free the TO since the buffer in which 
the part has to be placed. is fully occupied. 
Therefore the finishing time of activity 11 can not 
De determined and consequently scheduling is 
impossiDle. As a consequence 05( .•••• ). 06( ••••• ) 
and 07( ••••• ) will refer to the first. second and 
third stage of part Y. respectively. 08( ••••• ). 
nowever. is blocked because of the buffer situation 
and deadlock occurs. 
It should be noted that blocKing in the procedures 
occurs regardless of the number of transport 
devices. 

The following method is developed to prevent 
deadlocK in the scheduling procedures. Consider the 
situation in which all operations On( .•••• ) can be 
scheduled. When an operation On(WS*.TD*.operator*) 
is scheduled and the buffer belonging to WS* 
becomes fully occupied. then all On+K(WS* •.•. ) 
[k)~1J are blocked until a part is removed from the 
buffer. In the scheduling procedures this situation 
is not accepted; after the scheduling of 
On(WS*.TD*.operator*) an action is undertaken to 
remove a part out of the buffer. The part in the 
buffer of WS* that has already undergone a 
processing at this WS*. is loaded onto TD*. If 
tnere are more parts available in this buffer. then 
the part with the earliest finishing time on WS* is 
selected'. TD* is now loaded with the selected 
part. 

The question arises what to do with the part loaded 
onto TD*. In the FSS and FIS procedure there are 
two possibilities related to situations with and 
without a central buffer: 
1. With a central buffer. The part stays on TD* 

until the operation of its next processing 
stage has been scheduled. If. however. it is 
advantageous to use TD* for the transport 
activities of another operation. at an earlier 
moment. then TD* brings the part to the central 
buffer (The extra move to the central buffer 
has to be taken into account.). 

2. Without a central buffer. The part stays on TD* 
until the operation of its next processing 
stage has been scheduled. Until that moment TD* 
cannot be assigned to other operations2

• 

In the FPS procedure an extra possibility to handle 
the part on the TD* is present. In the first phase 
of the procedure the routing of the parts throu~h 
the FMS has already been determined. So the next 
station where the part has to be processed. is 
known. This offers the possibility of bringing the 
part directly to this station. This action is not 
executed if the local buffer of that WS becomes 
full. In that case the same buffer handling method 
of the FSS and FIS procedure is adopted. 

Possibility 2 can be problematic for the FPS 
procedure: When all TDs are holding parts it might 
be impossible to schedule the operations in the 
sequence determined in the first phase of the 

In case of no local buffer. TD* waits until the 
part associated with On(WS*.TD*.operator*) is 
ready on WS*. This part is then loaded onto TD*. 
In case of a loading operation. for which no TO 
is needed. a transport device has to mOve to WS* 
to load a processed part. 

~consequently. if all TDs are holding parts. then 
the next operation that will be scheduled 
(On+1( ••••• ». has to relate to a part on one of 
the TDs. This effects the selection freedom of 
function A (selection of a WS) in the procedures. 
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procedure. In that case intervention in the second 
phase of the procedure is neccessary. Figure 5 shows 
an example of how this intervention is done. 
There are two TDs in this example: TDa and TDb. Both 
TOs are holding parts. The next operations 
associated with these parts are. for example: 
On+2(WS2 •••• ) and On+3(WS3 •••• ). It is now 
impossible to find a free TO for On(WSO •••• ) in the 
second phase of the PHS procedure. Intervention is 
now done by moving the pOSition of On+2(WS2 •••• ) to 
the front of the scheduling sequence as indicated in 
fig. 5. 

TOa TDb 
I I 

·----Un(WSU. " . )--Un+l( ", :i l , . , .) --OnT 2( WSl , . • ' )--On+3( WS3 •.• . )----

TUB 

I 
TOb 
I 

11 -----On't'2( Ioo' S2 , .•. )--Un('\oISO, ' •. ) - -UnH ( WS l, .• . ) - -O n+J( WS 3 • .• ' ) -- - -

u ..,e ralioll n c an not be sch~dul ed bec a use a ll TOs are holding Ilarts. 
11 c hanged sequence 

fig. 5. Example of intervention in the 
scheduling sequence. 

CASE STUDY 

Before installing an FMS. computer simulation is 
desirable to determine the dimensioning parameters 
of the FMS and to choose the most effective 
scheduling procedure and dispatching rules. The 
usefulness of the developed procedures is shown by 
a case study. 

The FMS of this case study consists of a load 
station (WSl). an unload station (WS4) and two 
machining centres (WS2 and WS3). The machining 
centres can perform the same processes. WS3. 
however. is less sophisticated than WS2: the 
processing times on WS2 are smaller. There are local 
buffers in front of each machining centre with the 
capacity of two parts. The layout of the system is 
given in fig. 6. The part types to be produced on 
the fMS and tneir processing schemes are shown in 
fig. 7. Tool setup time -Table 1- is dependent on 
the machine tooi and the processing stage of the 
part type. With the bottleneck model. see Solberg 
(19~1). it can be shown that one transport device 
and at ieast two operators are needed. The operators 
are identical. Moving times of the TO and the 
operators are given in Tables 2 and 3. 

In this case parts are sequentially admitted to the 
system according to the part type sequence: 1 4 5 2 
3 1 4 S. This sequence can be repeated as often as 
needed. The above sequence shows that the part type 
ratio in this case is 2:1:1:2:2 for part types 1 to 
S. respectively. 
The total number of parts simultanious present in 
the system can be set to a limit. In this case study 
the maximum number is chosen to be S. 

Fig. Ba gives some results of tests in which the 
total number of parts that have to be produced and 
the scheduling procedures are varying. The results 
are presented by means of the makespan divided by 
the total number of parts produced. The makespan 1s 

input 

---~~~~ 
B "' . 

) 
~ 

__ _ C __ _ 

~buffer 
~ 

output 

A starting point of operators and TD 

fig. 6. Layout of the FMS 
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TAIlEL 1 Tool :iet Ue Times 

part types 
2 3 4 5 

WS PS 
'L 1. 10 5 5 :; 10 
2 J 5 :; 5 5 5 
3 2 10 5 5 5 10 
J 3 5 5 5 5 5 
PS : processing stage 

TABEL 2 Movin~ Times TABEL 3 Moving Times 
of the TD of oeerators 

TO A B C TO A B C 
FROM FROM 
A U 3 A 0 0.5 0.5 
II 3 U 2 B 0.5 0 1 
C 2 0 C 0.5 0 

Eart t~Ee PSI PS2 PS3 PS 
1 
2 
3 
4 
5 

PS 
x(y) : 

/ 

33 

32 

31 

1

30 
29 

28 
~ 

'" 0.7.7 
:;; 
0.26 
c: 

'" ~25 
-'" 

~ 24 

23 

22 

21 

20 

1(10) 2(30)/3(35) 2(5)/3(10) 4(10) 
1(12) 2(10)/3(15) 2(25)/3(30) 4(12) 
1 (8) 2(15)/3(20) 2(15)13(20) 4(8) 
1(10) 2(15)/3(25) 4(10) 
1(5) 2(20)/3(25) 4(5) 

processing stage 
x-workstation; y=transformation time (IV) 
shows that there is an alternative station 
tnat can handle the processing stage 

Fig. 7. Machining scneme of the part types 
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8 16 24 32 40 48 8 16 24 32 40 48 
number of parts- number of parts -

A. 2 operators Il. J operators 

Fig. 8. Results of tne case study 

defined as the total time required by the system to 
produce the parts. 
The FIS procedure is better than the other 
procedures. Apparently, in this case, it is 
important to look at the states of the TD and the 
operators before an operation will be placed in the 
scheduling sequence. In contrast with the other 
procedures, the FIS procedure does just this. 

Compared witn the other procedures, the FPS 
procedure performs much worse. This is caused by the 
buffer handling method used in this procedure. 
Because of the small local buffers, intervention in 
the scheduling sequence is often necessary. This 

intervention disturbs the scheduling sequence 
determined in the first phase of the procedure and, 
consequently, increases the makespan. It also causes 
the irregularity of the results. 

In the case studied, it appears that the workload of 
tne uperators is heavy, regardless of the total 
number of parts. For that reason some tests are done 
with three operators. Fig. 8b shows some results. 
lleside the fact that the overall results are better, 
it can De seen that the differences between the 
procedures become smaller. 

TAIlLE 4 CPU-times (sec) 

Total number of parts that has to be produced. 
8 16 24 32 40 48 

FSS .2 .5 .9 1.4 2.0 2.7 
FIS .3 .6 1.1 1.6 2.2 3.0 
HS .4 1.9 4.6 9.3 16.1 25.5 

The procedures are running on a DEC-20 mainframe 
unaer TOPSlU. 

The CPU times are mentioned in Table 4. The FSS 
procedure required the least CPU time. However, 
only a small difference can be noted between the 
CPU times for the FSS and the FIS procedure. In 
case of more WSs, TDs, operators and parts (in the 
system) this difference is greater. 
The CPU time for the FPS procedure is strongly 
dependent on the total number of parts that has to 
be produced. 

Fi6 • 9 snows a Gantt chart of the situation in 
which only part types 1,2 and 3 have to be 
produced. The input sequence of part types is: 1 3 
1 2. The outcome is obtained from the FIS procedure 
in which the SPT rule executes function D. The 
Gantt chart is generated by a separate program. 
In this Gantt chart an effect of the buffer 
handling method can be seen. At time 54 the TO 
arrives at WS3, carrying part type 1, number 1. 
Because of a fully occupied buffer, part type 3, 
number 1, will be loaded onto the TD. Until time 68 
the TD acts as a temporary buffer of WS3. 

SHtuLATION TESTS 

Several tests are done to get an idea about the 
Dehaviour of the developed procedures. Special 
attention is given to the relative perfomances of 
the dispatching rules (SPT, SPT.TOT, SPT/TOT and 
t:FTA). The studied FMS situations are randomly 
generated. Table 5 presents the most important 
characteristics of the generated FMS problems. 

In each simulation, scheduling starts with an empty 
system. The workload of the TDs and operators in 
neither case forms a bottleneck. Altogether, 20 
different situations are tested. The system 
performance is presented by means of makes pan and 
mean flow time. The mean flow time is defined as 
the mean time that a part is in the system, 
measured from the moment that the loading operation 
of the part starts. 

The outcomes of each test are nurmalized with 
respect to FrS - SPT. Averaged results of all 
(normalized) tests are shown in Tables 6 and 7. The 
number between the brackets shows how many times a 
dispatching rule performs best by using a 
particular procedure. 
It appears that the results from the FSS and FIS 
procedure are almost the same. This is caused by 
the light workload of the TDs and operators. The 
results of the FPS procedure are inferior compared 
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TABLE 5 Charact eristi cs of the Generated 
FMS Problems 

-Number of machines 
-Number of machine types 
-Capacity of the l ocal 

buffers 

5 - 10 
3 

-Number of loading and un
loading stations e noug h to form no 

bottleneck 
-Number of parts that has 

to be produced 
-Numbe r o f different part 

t ypes 
- Number of processing sta-

10 - 50 

5 - 10 

ges of parts 
-Transport times of TDs 

3 - 6 
1.6 2.1:1 min. 

-Tool set up times 
-Machining times 
-The r e is a central buffer 

o 
5 25 min. 

-Parts a re cyclical ly (dependend on the 
rat i o) introd uced in the system 

-No limit is set t o the number of parts 
simultanious l y pr esent in the system. 

FSS 
FrS 
FPS 

FSS 
FrS 
FPS 

TAilLe 6 

SPT 
100 . 3( 3) 
lUO.0(2) 
1U2.8(L) 

TABLe 

SPT 
99.4(10) 

1UU.0(b) 
103.4(11) 

HaKes!,an I{esul ts 

SPT.TOT SPT/TOT 
102.0(2) 97.3(16) 
100.3(3) 97.1(14) 
103.2(2) 98. 7(15) 

Mean Flow Time Results 

SPT.TOT SPT/TOT 
99.1(13) 104. 2(2) 
99.5(14) 104.3(1) 

102.6(12) 10b.9(0) 

to the other procedures. 

part t ype 

eFTA 
100 . 3(4) 
99.8(4) 

102.9(3) 

EFTA 
<J9.4(8) 
99.9(6) 

103.3(11) 

The SPT/TOT rule performs better when the maKespan 
is taKen as performance measure. This result is 
comparable with the r esults of Stecke and Solberg 
(1981). The SPT/TOT rule, however, cause rela tively 
high mean flow times . The SPT.TOT rule provides the 
opposite result: the makespan is relatively bad and 
the mean flow time good. 
In tne situations considered, there is almost no 
diffe rence between the SPT and EFTA rule. The 
preference f o r the EFTA rule, as found by Iwata et 
al. (1980), is not confirmed by our results. 

Beside these tests supplementary tests are done 
which confirm the results of the case study in 
section 5. 

CONC LUSlONS 

Tn ree quasi on-line scheduling procedures for FMSs 
are presented in this paper. The philosophy of 
these proced ur es can be used i n event-controlled 
sys tems . 
Limited buffers may cause deadlock in the 
procedures as we ll as in practice. This paper 
presents a method to avoid deadlock. The method is 
integrated in the procedures. 
The developed procedures are useful to measure the 
e f fects of varying the dimensioning parameters of 
an FMS . Fo r instance , in the case st ud y , the 
consequence of using thre e instead of two operators 
i s shown . 

The following conclusions can be drawn about the 
performance of the procedures and the dispatching 
rules: 
1 In case of a heavy workload of the transport 

devices and/or operators the Frs proced ure is 
prete red. 

2 If the worKload of the transport devices and 
operators is not heavy, then the FSS procedure is 
preferdble beca use of the low CPU time . 

3 In compa rison with the other procedures, the PHS 
procedure pe r forms worse. 

4 The SPT/TOT rule J.eads to better makespan r esult s 
than the o ther rules. 
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