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This paper proposes a set of priority assignment rules for reducing the average number of tasks waiting in an M/G/1 
queueing system with preemptive resume discipline and general feedback as compared with the same system with 
only one priority. 

The rules have been derived from analyses of the impact of priorities in various traffic situations (different processor 
loads, homogeneous versus heterogeneous sequence types, different sequence rate mixes) by using an analytical tool. 

If properly used, and to the extent that the actual system resembles the one considered here, the rules tend to optimize 
real-time performance in complex functional entities. This is demonstrated by application of the rules to the user 
tasks of circuit switched call scenarios handled by ISDN modules in the digital switch System 1 2 (.). 

1 . INTRODUCTION 

There are several ways to optimize throughput and realtime performance of complex queueing systems e.g. 

by optimizing the coding algorithms; 

by increasing the processing speed of some processors. The impact on average waiting times and response 
times has been extensively studied in [1); 

by assigning appropriate priorities to the tasks in the system in accordance with well defined rules. 

For the latter method, some simple and general rules, finding their theoretical basis in queueing theory, have been 
published in the literature [2). However, the practical application ofthese rules for real systems in which many different 
sequences of tasks have to be processed still needs to be resolved. 

Prioritizing of tasks is usually done to improve the performance of the system in terms of average response times. 
However, care must be taken for priority assignment rules that optimize only average response times. Since response 
times are not very good indicators of system performance and because they sometimes represent only a small fraction 
of the average waiting times in the system, they may give a poor and incomplete picture of its real performance. 

We prefer therefore, to consider the average number of tasks waiting in the system as a better and more appropriate 
system performance indicator than the average values of some response times. 

Improving system performance is then, according to Little's rule, equivalent to the requirement for reducing or 
minimizing the average waiting times of all tasks being processed in the system. 

The main intent of this study is to establish priority assignment rules that minimize the average waiting times of 
all tasks in the system. The system considered is an M/G/1 queue with preemptive resume discipline and general 
feedback. The number of priorities that can be allocated to the tasks is limited to three (Iow, medium and high). 

The paper gives a brief explanation of the terminology and the model (Section 2), the methods and tools used in 
priority assignment studies (Section 3), a list of definitions of symbols (Section 4), a discussion of the priority 
assignment rules with the help of examples (Section 5) and the impact of tasks prioritization on the average number 
of user tasks waiting in an ISDN Trunk Module (lTM) handling ISDN circuit switched calls in System 12 (3) (Section 6). 
Finally, conclusions are drawn and areas for further study are identified. -

2. QUEUEING MODEL AND TERMINOLOGY 

The model considered in our study (Figure 1) is known as an M/G/1 queueing system with general feedback and 
preemptive resume priorities. It is a single-server queueing system performing different sequences of tasks. The system 
has the following characteristics : 

Sequences defined as series of linked tasks arrive according to a Poissonian law. The arrival of sequences refers 
to the instant in which the first task of each sequence enters the system. 

(.) System 1 2 is a trademark of the ALCATEL group. 
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When a sequence arrives, its first task is put into the queue. The execution of this task results in the scheduling 
of the next task (or tasks in case of branching). After completion of a task, the next linked task(s) is (are) put 
into the queue, and so on. This mechanism is repeated until all tasks of a sequence have been completely executed. 

The order in which parallel tasks, produced at each branching point, are entering the queue is given by the values 
1, 2, ... K in figure 1. 

Any mix or number of different task sequences is allowed. 

The tasks in each sequence have different but fixed execution times. So a certain task in a certain sequence 
will always have the same execution time. 

The order in which tasks waiting in the queue are executed is determined by their priority or, if their priorities 
are the same, by their order of arrival. 

Only preemptive resume priorities are considered. Preemption occurs only when the priority of the arriving tasks 
is higher than the priority of the task being executed. 

Each sequence is characterized by arrival rate, number of branches, branching points, number of tasks in each branch, 
and execution time and priority of each task. Moreover, each sequence belongs to one of the following three sequence 
types, of which (a) is a subclass of (b) and (b) is a subclass of (c) (Figure 2) : 

a ) Sequences consisting of only one task; 

b) Sequences of linked tasks without branches; 

c) Sequences of linked tasks with arbitrary branching points. 
The leftmost parallel task at each branching point is put first into the queue. 

11 ~l -- --- ---- --------------- ---, 
INFINITE QUEUE : 

-mll_O ,r----:®~ 
-P-O-I-S-S-O-~ ~ AFTER COMPLETION 
ARRIVAL SINGlE SERVER OF A TASK. THE 
LAWPREEMPTiVE -RESUME - PRlbRYfIfs ~~~N~~~Sc~OfN+O K 

PARALLEL TASKS 

Figure 1 
An M/G/1 queueing system with general 

feedback and preemptive resume priorities 

Co) Cb) 

Figure 2 
Sequence types 

CC) 

A sub-sequence or branch is defined as a part of a sequence of type (c), starting at the first task of the branch and 
ending at the next branching point. 

The system can process the same sequences of linked tasks or any mix of different sequences. Therefore, two main 
classes of sequence input patterns can be distinguished : 

Homogeneous sequences: Each sequence to be executed by the system consists of the same number of linked 
tasks, the same branching points, and equal task processing times; however the tasks may have different priorities. 

Heterogeneous sequences : Any mix of different sequences of tasks arrive at a known but arbitrary arrival rate. 

Figure 3 shows a typical sequence of type (c) having a maximum of two parallel branches per branching point. The 
sequence serves as a demonstration example throughout our study. Each task is represented by a box and characterized 
by two parameters: its execution time X in milliseconds (in the left part of the box) and its priority Y (in the right 
part) . The lines interconnecting the boxes represent the scheduling of the next linked task(s). Although the study 
is restricted to only three priorities (high, medium and low), the priorities are identified by the numbers 1 to 6 : high 
is 1, medium, 3 and low, 6. The remaining numbers are used only to explain some particular priority assignment 
schemes (see Section 4). 

The shaded areas A, B, C, D and E identify the priority of the first task in each branch. The sequence processing 
time is the sum of the execution times of all the tasks in the sequence; in our example, it is 40 ms. The branch 
B processing time is equal to 1 2 ms. The response time of a sequence is defined as the elapsed time between activation 
of the first task of the sequence (START) until the end of the execution of a particular task (END) in a branch of 
that sequence. The sum of the execution times of the tasks in the response time branch is 28 ms. 

3. TOOLS USED IN PERFORMING PRIORITY ASSIGNMENT STUDIES 
Basically, there are two ways to study the impact of different priority assignment schemes on the average number 
of tasks waiting in a system: simulations and analytical methods. 

3.1 Simulations 

The availability of special-purpose simulation languages, powerful computing capabilities, and advances in simulation 
methodologies have made simulation one of the most popular tools for operations research and system analysis. 
The GPSS language [4], widely used for discrete-event simulation modeling, was selected to simulate the system 
under study. This lang~age has been used for building the simulation program used to evaluate the performance 
of the distributed microprocessor control architecture of the System 12 digital switch [5.6). 
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3.2 Analytical Methods 

During the last decade, several papers describing queueing models for calculating average response times in an M/G/1 
system with general feedback and priorities have been presented. 

Among them, the work of M. Villen (7,8] deserves particular notice, since the formulae presented are general for 
all cases and the method for solving the formulae makes it very attractive for practical applications. The method, 
based on an algorithm that reduces the formulae to a limited set of linear equations, has been incorporated in a . 
sophisticated, practical and user-friendly computer tool called the Traffic Performance Model (TPM). 

3.3 Comparison 

Table 1 shows the results obtained by simulations and by the TPM for the case in which sequences like the one 
in Figure 3 are executed by the system. The processor occupancy has been assumed to be equal to 0.8 Erlang, and 
the priorities A, B, C, 0 and E are all set equal to 1, i.e. all tasks in the sequence have equal priority. 

Average waiting time in 
the response time 

Simulations 143.4 ms (± 5.8) 

TPM 141.5 ms 

START 

NOMENCLATURE: 

END 
( x I Y ) 

X:EXECUTION TIME Y:PRIORITY 

Figure 3 
A typical sequence of type (c) 

4. DEFINITIONS OF SYMBOLS 

Processing time Total 

28.0 ms 171.4 ms (± 5.8) 

28.0 ms 169.5 ms 

Table 1 

START 

END 

Figure 4 
A rooted tree structure sequence 

The analytical tool, TPM, proved to be more cost-effective 
than a simulation method in studying the impact of priority 
assignment rules on average system parameters. The TPM 
produces exact results, while on the other hand several time 
consuming simulation runs are required to obtain results 
with a confidence interval sufficiently small to justify 
inferences about different priority assignment schemes. A 
simulation run with the GPSS-H compiler (9] requires 
approximately 160 seconds of CPU time, whereas a TPM 
run consumes only 0.26 s of CPU time on an Amdahl 
6890/200E mainframe computer. 250 000 sequences 
were generated, resulting in a two-side 95 % t-student 
confidence interval equal to 5.8 ms. The TPM results lie 
within the confidence intervals of the simulation results. 

Because of these advantages, the analytical tool was 
adopted for the priority assignment studies where many 
runs are required (different sequence types, different loads, 
different priority assignment schemes, different mixes of 
sequence types etc.) in order to verify that the rules are 
applicable in a broad range of traffic aituations. 

The symbols used in our priority assignment study are defined as follows : 

If waiting time is mentioned in a queueing system with preemptive resume discipline, it includes the waiting time 
in the queue and the time spent waiting for service if the task was interrupted by higher priority tasks. 

Tj Time spent by task i in the queueing system (Ti = Xi + Wi)' 

Xi Execution time of task i. 

Wj Average waiting time of task i. 
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N* Number of tasks in a particular response time branch of sequence N. 

N,M,. Number of tasks in the particular sequence N or M 
N ~ N*, M ~ M* ... 

RI Total average waiting time of all tasks belonging to the response time branches in a sequence. It 
represents the load dependent part of the average response time R. 

N* 
R Total average response time in sequence N is defined as R(N*) = RI + ~ xi' 

i= 1 

WT Total average waiting time of the tasks of all sequences executed in the system. 

wi + ... ) 

WT in which A represents the arrival rate of the sequences. 

From the above definitions, the following conditions hold true: 

and 
M 

RI(M*) ~ I wi etc. 
i= 1 

5. PRIORITY ASSIGNMENT RULES 

In this section we establish the priority assignment rules that should be applied in order to minimize waiting time 
WT. Nevertheless,attention was focussed on two important system parameters: (i) the total average waiting time 
(WT) in the system, which is a measure of the average number of tasks waiting in the system, and (ii) the total average 
waiting time (RI) of all tasks belonging to the response time sequence being considered. 

The discussion itself is divided into two sub-sections, homogeneous sequences and heterogeneous sequences. In 
each sub-section, three types of sequences are considered: single-task sequences, sequences of linked tasks without 
branches, and sequences of linked tasks with arbitrary branching points. 

5. 1 Homogeneous Sequence Types 

a) Sequences consisting of only a single task: This case corresponds to an M/O/l queueing system with the first
come-first-served (FCFS) discipline (10). No priority assignment is necessary, since all tasks are identical, arrive 
independently and are not preempted. 

b) Sequences of linked tasks without branches :A nice example of this case is a sequence of N linked tasks having 
identical processing times x = x i and equal priorities. The total average waiting time as a function of the system 
load 0 is then given by the formula : 

OX {(N-l) } N 
WT = Z . with Z = 1 + --- and X = I Xi 

2 (1 -0) (N+O) i= 1 
(1 ) 

This formula is a particular case of the model presented in (7J. The factor Z can be regarded as a «fragmentation 
penalty», ranging from 1 for an unfragmented task to 2 for an infinitely fragmented task (Le. a sequence of an 
infinite number of small tasks). If the task processing times Xi are chosen arbitrarily, then fragmentation factor 
Z is also a function of the individual times Xi' In general, if N > 1 then Z > 1. So minimum average waiting time 
WT can be assured if all tasks of the sequence are processed consecutively, without waiting in the queue due 
to the arrival of tasks of competing sequences. This can be achieved by a rule which gives all tasks of the sequence 
except the first one the highest priority. In this way, this case is reduced to case 5.1.a in which preemption 
does not occur. 

c) Sequences of linked tasks with arbitrary branching points: This input pattern is much more complex than 5.1.a 
and 5.1.b since there is no restriction on the number of branches and branching points. The sequence of Figure 3 
is taken again as an example, in which the rule in case 5.1.b is applied Le. all tasks are assigned the highest 

. priority (H = 1) except the first task in each new branch. In fact this operation reduces the sequence to a simple 
rooted tree structure sequence (Figure 4) in which priorities should be given to A,B,C,O, and E in order to minimize 
the average waiting time WT. 

5.1.1 Priority Assignment Schemes (for case 5.1.c) 

Table 2 shows a restricted set of priority assignment schemes. The first three schemes, P1, P2 and P3, correspond 
to the rule that the first task of a sequence should be assigned the lowest priority CL= 6). The differences between 
P1, P2 and P3 are attributable to the placement of the medium priority, M = 3. P1 gives preference to the response 
time branch. P2 gives preference to the shortest branch processing time while P3 gives apparently no preference 
at all. However, the order in which the parallel tasks at each branching point are produced and are entering the queue 
plays an important role. So P1, P2 and P3 give essentially a sequence with the order of execution ABCEO, AEBOC 
and ABECO respectively. 
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P4 gives medium priority to the first task of each branch, including the first task of the sequence; P4 is also identical 
to 6 6 6 6 6. P5 corresponds to that priority assignment scheme which gives equal priority to all tasks of a~.aequence, 
and is used as a reference. PS is the only priority assignment scheme that assigns more than three priorities. It is 
an example of a scheme that gives the highest priority to the shortest branch processing time and so on. P7 gives 
the lowest priority to those branches not included in the response time. The medium priority is assigned to the first 
task of the sequence according to rule 5.1.b. 

Although the .queueing system follows the preemptive resume discipline, not a single task is preempted if priority 
assignment schemes P1 to P5 are used while preemption does occur with schemes P6 and P7. 

Priority scheme A B C 0 E Preemption 

Pl 6 1 1 3 3 No 
P2 6 3 3 1 1 No 
P3 6 3 3 3 3 No 
P4 3 3 3 3 3 No 
P5 1 1 1 1 1 No 
P6 5 6 3 2 4 Yes 
P7 3 1 1 6 6 Yes 

Branch processing time (ms) 10.0 12.0 6.0 4.0 8.0 

Table 2 A restricted set of priority assignment schemes 

5. 1 .2 Discussion 

Figures 5 and 6 show WT and RI as functions of system load and of the priority assignment schemes in Table 2. 
It should be noted that WT and RI are not equal to zero if the system load approaches 0 .0 Erlang. This is due to 
the fact that the first task of a branch can be processed only after the completion of a parallel branch of which the 
first task has a higher priority than the first task of the branch waiting for service. 

P7 is the only scheme that gives full preference to all response time branches. This of course results in minimum 
average response times (RI) , but requires many more waiting places in the queue since the total average waiting 
time of all tasks waiting in the system is extremely high. This priority scheme will not be taken into consideration 
further on in this discussion. 

WT (MS ) 

509r-____________ ~----------------~ 
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i: I 400~----.----------_ 
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100 

Q+-~--~-----+------~----~----~ 
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Figure 5 
The total average waiting time WT 

as a function of the system load 
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Scheme P6 exhibits somewhat peculiar behavior : It gives the highest RI values, but one of the lowest WT values 
for system loads up to 0.6 Erlang. At loads above 0.6 Erlang, also the WT values belong to the highest values. Of 
the remaining priority assignment schemes in Table 2, P1, P2 'and P3 give the lowest wT and RI values as a function 
of the system load. P2 gives the minimum WT while P1 gives the minimum RI. All the other schemes, including 
our reference scheme P5, give much higher WT and RI values than P1 , P2 and P3 schemes. Note also that the order 
in which linked tasks, in case of branching, are scheduled and queued plays an important role in schemes P3, P4 
and P5. In these three schemes implicit preference is given to the response time branch. 

Figures 5 and 6 clearly show that the impact of priorities on WT and RI values is also a function of the load of the 
system. The largest differences in WT and RI values occur at high system loads. 

5.2 Heterogeneous Sequence Types 

a) Sequences consisting of only one task: This system is equivalent to an M/G/1 system with head-of-the-line (HOL) 
preemptive resume discipline and with three priorities [1 1 J. One would expect that WT can be minimized by 
dividing the tasks into three groups (remember that we are using only three priorities) according to their processing 
times and by giving the highest priority to the tasks with the shortest processing times. However, as already 
stated, minimum WT is a function of the system load and of the arrival rate mix of the different priority task 
groups. This will be demonstrated by considering a system with only two priorities (H and L), two single tasks 
with different processing times xF and xG' and an arrival rate mix of F and G respectively with G + F = 1. 
xF is assumed to be smaller than xG' So xF = S,xG with 0<S<1. The case whereby S = 0 or S = 1 corresponds 
to case 5.1 .a. 

The two priorities can be allocated to xF and xG in three different ways; HH (which is identical to LL)' HL and 
LH respectively. The corresponding total average waiting time WT of all tasks in the system is given by : 

WTHH 

WTHL 

WTLH 

F.RIHH(XF) + G.RIHH(xG) 

F.RIHL(xF) + G.RIHL(xG) 

F.RILH(xF) + G.RILH(xG) 

(2) 

(3) 

(4) 

The expressions for RI can be found in [11). The WT values are directly proportional to xG' 

It can be shown that out of the three possibilities, priority scheme LH never gives the lowest WT value. This 
could be expected. However, the choice between the remaining two priority schemes is not evident because 
it is a function of the system load a, the Sand F value. 

Figure 7 shows for a particular arrival rate mix F how the «WT versus system load)) curves change as a result 
of an increasing S value . The point where WT HH and WT HL intersect each other is given by the S boundary 
in Figure 8, 

WT 

0.0 0.5 

SYSTEM LOAD 
1.0 

WT 

0.0 0.5 

SYSTEM LOAD 

Figure 7 

WT 

1.0 0.0 0 . 5 

SYSTEM LOAD 

WT HL and WT HH versus system load for different S values 

1.0 

Note that the absolute differences between HH and HL have been exaggerated in the drawings 

In Figure 8, the region for which WT HH < WT HL is found at the left hand side of the S boundary in the plane 
.arrival rate mix versus system load,., while at the right hand side of the boundary the condition WT HL < WT HH 
hold true. The figure also shows that there exists little dependence on F and that for S <0.5 priority scheme 
Hl always gives the lowest WT values (i.e. for any arrival rate mix and any system load). The more S approaches 
unity, the higher the load should be to guarantee that priority scheme Hl gives the lowest WT values. This is 
not surprising, since for S = 1 this case reduces to case 5. 1 .a. 

b) Sequences of linked tasks without branches: like case 5.1 .b, this system can be reduced to a system with single 
task sequences (5.2.a) by giving all tasks of each sequence except the first the highest priority. The priorities 
M and L are then assigned according to the .shortest task first» rule. 
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END 

Figure 9 
Two sequences without branches having a different 

number of linked tasks and different processing 

This case also shows that the assignment of equal task priorities should have been an unfair priority assignment 
scheme for sequences that have short sequence processing times: Equal priorities do not take sequence processing 
times into account, instead they give implicit preference to the sequences that have the fewest linked tasks. 

Figure 9 shows two sequences, one with eight linked tasks of 1 ms, and one with two linked tasks of 16 ms, 
each having the same arrival rate. For a processor load of 0.8 Erlang, the following results were obtained with 
the analytical tool : 

Priority scheme RI1 RI2 WT (in ms.) 

HHHHHHHH HH 160.1 58.8 109.4 
MHHHHHHH LH 3.8 67.8 35.8 
LHHHHHHH LH 54.4 54.4 54.4 
LHHHHHHH MH 152.9 29.8 91.4 

Table 3 Comparison of different priority schemes 

It is clear that both WT and RI1 can be drastically reduced compared with an equal-priority scheme. Therefore 
the first task of a sequence should be assigned a priority according to the sequence processing time. Although 
WT can be minimized, RI2 is slightly increased, because that response time was favored in the equal-priority 
scheme. This simple example shows that minimizing WT does not guarantee that all average response times 
decrease -- some of them do, but some do not. 

c) Sequences of linked tasks with arbitrary branching points: Since only three priorities are assigned, the rules 
explained above are applicable for this case as well; i.e. the sequences should be grouped according to their 
sequence processing times. Only two groups are allowed, since only the priorities M and L can be assigned to 
the first task of a sequence. 

8. PRIORITY ASSIGNMENT IN ISDN MODULES 

The increasing functional complexity of today's telecommunication switching systems makes those systems ideal 
objects to test and validate the priority assignment rules. 

System 12, with its modular distributed control architecture, has been chosen for this purpose. In particular, the 
ISDN Trunk Module (lTM) [3]' one of the three new System 12 modules designed to handle, together with the already 
existing supporting modules in System 12, the mix of circuit and packet mode connections required in an ISDN 
environment, will be used as a test case (see Figure 10). 

The ITM controls one primary rate access. It supports the circuit switching of these channels and is able to process 

data and signalling packets on some of them. 
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The analytical tool TPM [12] is used to evaluate the performance optimization of the ITM when priorities are assigned 
to the user tasks (Finite Message Machines, [6]) in the call scenarios. Onlv the establishment and release of local 
circuit switched connections are considered here. 

ISM • ISDN SUBSCRIBER MODULE 
ITM .ISDN TRUNK MODULE 
PCIM ,PACKET CHANNEL INTERFACE MODUlE 
OSN .DIGITAL SWITCHING NETWORK 
CC SS N·7.COMMON CHANNEL SIGNALLING 

SYSTEM ~ 7 

Figure 10 
New ISDN modules in Svstem 1 2 

Two performance indicators are considered namelv (i) the total average waiting time WT of all user FMM's processed 
in the ITM and (ii) the total average waiting time (RI) of all user FMM's in the ITM belonging to some response time 
branches. The results are shown in tables 4 and 5 for an originating/terminating call mix ratio 50/50. 

The tables allow a comparison between results obtained when all FMM's are assigned equal priorities (H), when 
2 priorities are allocated (HM) or when 3 priorities are assigned according to the guidance explained above. 

ITM load H HM HML 

0.40 174 166(5%) 145(17%) 
0.60 356 334(6%) 255(28%) 
0.80 907 844(7%) 529(41 %) 
0 .90 2013 1870(7%) 1007(50%) 

Table 4 WT values (ms) as a function of ITM load. The gain in percentage referred to H is given in parentheses. 

ITM load H HM HML H HM HML H HM HML H HM HML 

0.40 32 30 27 43 47 38 13 12 11 19 15 17 
0.60 72 64 53 95 107 73 27 26 23 41 30 35 
0.80 194 166 123 259 289 157 70 68 56 105 73 95 
0.90 443 371 254 591 658 297 153 150 120 231 156 219 

Call proceeding Call Setup Throughconnect Release 

Table 5 R' values (ms) as a function of ITM load. The nominal operation load of the ITM amounts 0.6 Erlang. 

Table 4 clearly shows that two priorities are not sufficient to improve WT significantlv. For two priorities, the average 
call setup response time becomes even worse than for a single priority scheme. Using three priorities gives a 
considerable reduction of the average waiting time WT. Table 5 demonstrates that minimization of WT does not 
guarantee minimum average values for all response times. 

7. CONCLUSIONS 

The rules to minimize WT can be summarized as follows : 

The highest priority (H) should be assigned to all tasks of a sequence except to the first one. 

In the case where only homogeneous types of sequences arrive, the lowest priority (L) should be assigned to 
the first task of each sequence. The average waiting time WT can be further reduced by replacing the priority 
of the first task of the branch having the longest branch processing time in that sequence by the remaining priority 
M. 

In case of two different sequences, the priorities (M, L) should be assigned to the first task of each sequence 
according to the rule that the lowest priority should be given to the sequence with the longest sequence processing 
time. 

When many different sequences arrive (heterogeneous sequences), the sequences must be divided into two groups, 
according to their sequence processing times. The priorities (M, L) should be given to the first task of each sequence 
according to the sequence processing time of the groups to which the sequence belongs. 

If equal priorities are given to the first tasks of parallel branches, then the order in which those first tasks are 
scheduled after completion of the previous task is important. The order should be chosen such that preference 
is given to the branch with the shortest processing time. 
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Minimizing the sum of the average waiting times of all tasks in the system is equivalent to minimizing t~ average 
number of tasks waiting in the a,ystem, but does not-necessarily lead to minimum average values of all response 
times of interest; because response times are restrictive performance indicators i.e. they represent only a amall fraction 
of the average waiting times, in the system. In general, however, the average valuea of most response times will 
decrease if a priority euignment scheme is adopted which minimizes the average number of tasks waiting In the queue. 

The guidelines and rules can be applied only if all details of the system are known such as the processing times of 
.11 tasks, the scheduling algorithm, the arrivallaw(s), etc .• If not, .. signing the same priority to all tasks in the system 
is the safest rule (in most cases, sequences with many linked tasks have also the highest sequence processing times'. 

It has also been demonstrated that these rules are applicable to a real processor system which resembles the M/G/' 
system considered here. Although the average response times in the ITM are acceptable, the introduction of priorities 
leads to much lower values. The gain in average waiting time of all user FMM's being processed at the nominallTM 
load amounts to 28 % when using three priorities. 

However, many questions remain open for discussion .nd further study, such as : 

Are the rules general or only typical for the particular queueing system considered? E.g. what is the impact 
of the server discipline on the priority assignment rules 1 

What is the impact of priority assignment rules on the distribution of the number of tasks waiting in the system 
and on response time distributions. In particular, we are interested in the 95 % quantile of these distributions ['3]. 

What is the impact of periodic server interrupts (overhead, on the validity of the priority assignment rules. Similar 
studies [' 4] found in the literature show that the presence of overhead actions does not limit the applicability 
of the priority assignment rules. Still we prefer to validate this for each case or system individually. 

The present study has been performed in the framework and with purpose of the ISDN design and traffic optimization. 
It shows that priority assignment studies are very important. The effort expended is repaid in improved throughput, 
which means cost savings. Although some simple rules are given here for a particular queueing system having only 
three priorities, it has been demonstrated that, compared with a system with only one priority, the average number 
of tasks waiting in the system can be considerably reduced. As a consequence, the system becomes more stable 
and the throughput increases. 
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