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Recent investigations of queueing system M/G/1-SRPT have shown that the preemptive strategy SRPT offers for 
typical mixed traffic conditions and for high traffic loads a significantly smaller mean value T D and variance O'b of 
delay time T D compared to other strategies like FIFO, LIFO and PS (Processor Sharing) . It has been also found 
that the correlation of subsequent values of delay time T Dj -1, T Dj , ... is near zero compared to a strong correlation 
in case of LIFO and especially of FIFO. 

Simulation studies have shown that these performance advantages of SRPT can be realized in practical communi
cation systems with good approximation by introducing the newly defined combined strategy SRPT/RR and by 
using the priority mechanisms of standardized LAN -protocols. 

1 Introduction 

The strategy "Shortest Remaining Processing Time first" SRPT 
proposed by SCHRAGE and MILLER in 1966 [27] prefers items in 
a queue with short service (resp . processing) time as follows: 

a) it selects among the waiting items the item with shortest 
service time resp. rest service time for next service; 

b) it interrupts an item in service and replaces it by a newly 
arrived item, if the service time of the new item is shorter 
than the rest service time of the item in service. 

SCHRAGE has proven for the general queueing system G/G/l 
that SRPT is optimal in the sense that it yields - compared to 
any other conceivable strategy - the smallest mean value of occu
pancy [28] and therefore also of waiting and delay time, see also 
[31] . This advantage can usually not be used in data processing 
systems because the individual processing time of a waiting job 
is not known in advance : this might represent the main reason 
why the optimal strategy SRPT didn 't find much attention ex
cept for its theoretical aspect of mean value optimality, which 
recently has attracted again the interest of mathematicians, see 
[24], [11] and some further papers being cited there. 

In contrast to data processing systems SRPT can be used 
ill digital communication systems because the service time of 
a message (or other information item), waiting in a queue for 
transmission, is proportional to the message length stored in 
the buffer of a terminal or network node and is therefore in 
principle known in advance . But up to now the mean value 
advantage of SRPT has not been exploited by teletraffic engi
neers for practical applications, though this advantage - as can 
be taken from section 2.1 - is not marginal, but may become 
extraordinary in situations where it is most urgently needed, 
namely in situations with high traffic loads A = >'/ p. and with a 
large variation coefficient of service time CB > 1 being typical for 
networks with mixed traffic [18] . This non-use of a method for 
improving system performance might be partially explained by 
the fact that the quantitative investigation of SRPT-queues has 
been neglected due to numerical evaluation problems of compli
cated formulae and that therefore some of their properties, e.g. 
the v·ariance of delay time 0'1, remained a matter of guesses and 
even prejudices. 

A systematic study concerning the relevant properties and 
potential applications of the SRPT-strategy, being conducted 
at the "Institute for Teleprocessing" of the Aachen University 
of Technology for several years, has led to the insight that an 
SRPT-operated queue may offer not only the mean value op
timality, but also some additional favorable properties. The 
present survey summarizes the main results of these investiga
tions. 
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Fig. 1 SRPT·queue: sorting of messages mi according to their 
rest service time T Ri . 

2 Queueing System M/G/I-SRPT 

A first category of investigations may contribute to a better 
understanding of the behavior of SRPT-controlled queues and 
shall answer some questions raised by experts. The following 
results refer primarily to the M/G/l-system. 

As shown by Fig.! the basic operation of SRPT-queues can 
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be described by the waiting line of messages 1 mi , i = 1,2, ... , q 
being sorted according to their rest service time: T Ri > T Ri-l ; 
the server acts on message mo having the smallest rest service 
time. The "next message" mne.,t arriving at instant tA with its 
service time TB will be straightforward sorted into the queue 
position, which fulfills one of the relations 

TB ~ T Rq or T Ri > TB ~ T Ri-l; i = 1,2, ... ,q } 

or T Ro > TB (preemption of service) . 
(1) 

In the preemption case message mne.,t will replace message mo 
in service, which then takes the new first position at the right 
end of the waiting line: mo -t ml . 

The important analysis of system M/G/l-SRPT by 
SCHRAGE and MILLER [27], which rests among others upon pre
vious work concerning priority systems by KESTEN and RUN
NENBURG [12] and the busy period by TAKACS [32], resulted 
in exact expressions for the L-transform LD(S) of the density 
fD(TD) and therefore also for the moments Mj{TD} of delay 
time TD 

LD(') = !fB(b)[LW(b,,) + Lc(b, ,)j db; } (2) 

Mj{TD} = (-I)J L~)(s)1 ; j = 1,2,··· . 
• =0 

Here fB(TB) is the given density of service time TB; the L
transforms Lw(b, s) resp. Lc(b, s), being specified in [29], [27] 
concern the densities fw (TWlb) of the initial waiting time TWlb 
and fc(TClb) of the subsequent completion time (or residence 
time) TClb of a message entering the system with service time 
TB=b. 

2.1 Mean Delay Time 
The L-transform LD(S) and associated moments Mj{TD} 
Eq.(2) have complicated structures. This can be shown exem
plarily by the explicit expression for the mean delay time T D 
of system M/G/l-SRPT. Referring to the above definitions of 
the time variables TWlb and TClb and assuming a continuous 
service time distribution 2 we obtain the formula [29], [6] 

00 

TD = Ml {TD} = 1 fB(b) [TW(b) + TC(b)] db; 
o 
b b 

b2 [1-1 fB(t)dt] + 1 t 2 fB(t)dt 

TW(b) = A 0 b 0 (3) 

2[1- A 1 t!B(t)dtf 
o 

b t· 

TC(b) = 1[1- A 1 tfB(t)dtrldt*. 
o 0 

This formula has been systematically evaluated by GORG [8] and 
compared to the mean delay time of FIFO, LIFO etc. according 
to the classical KHINTCHINE-POLLACZEK formula 

TD= -1 [A(l+Cl,) +1] . A=A/Il 
Jl 2 (1 - A) , ,.. ( 4) 

lSince we deal here primarily with communication models the notation 
''message'' instead of "job" or "customer" will be used for the items passing 
through a queueing system. 

2For an extension to generalized service time distributions 
with di.eontinuitie. see [27]. [8] and [20]. 
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Fig. 2 Mean delay time T D of system M/H2 /1 : 
SRPT compared to other strategies [8] . 
CB: variation coefficient of service time . 

and also to the mean delay time 

- 1 
TD = Jl(l-A) 

of the Processor Sharing strategy (PS) [13]. 

(5) 

The essential result of this investigation being shown in Fig.2 
can be characterized by two statements: 

a) The mean value function TD(A) shows for an increasing 
traffic load in the range A > 0.7 with SRPT a remarkably 
better course than with the other strategies. 

b) The variation coefficient CB of service time TB has only a 
minor effect on the mean T D in case of SRPT 3 compared 
to a strong effect in case of FIFO, LIFO etc. 

We may indeed conclude from Fig.2 that the replacement of a 
service time independent strategy like FIFO by SRPT yields an 
extraordinary improvement of the M/G/l mean value perfor
mance not only of the delay time T D but - due to LITTLE'S 
result - also of the other system random variables like wait
ing time, occupancy and queue length. This will be important 
especially in critical situations with high traffic loads A and in 
case of a large variation coefficient CB > 1 being typical for 
many communication networks [18], [17], [26]. Replacing the 
PS-strategy by SRPT yields a smaller, but still remarkable im
provement. Thus we may obtain from Fig.2 for A = 0.8 and 
CB = 5 an "improvement factor" in favor of SRPT: 

TDFIFO/TDSRPT = 25 resp . TDps/TDsRPT = 2.3. 

These mean value improvements by application of SRPT can be 
introduced into real systems without reservation because - as 
we will see - SRPT causes none of the suspected shortcomings 
but provides instead some interesting additional performance 
advantages. 

3In case of the PS-strategy TD is not affected by CB at all. see Eq.(5). 



2.2 Variance of Delay Time 
The preemptive strategy SRPT [29] has been based on the strat
egy "Shortest Processing Time first" SPT proposed in 1956 by 
PHIPS [22], which yields the smallest mean values among all 
non-preemptive strategies. By "intuition" and perhaps due to 
some unclear conditions of simulation experiments an opinion 
has come into existence that the mean delay time advantage of 
SPT might be overcompensated by the disadvantage of an un
duly large delay time variance 171 compared to FIFO, see e.g. 
[5]. On the other side a simulation study [4] and some analytical 
computations in [6] indicated the surprising fact that SPT offers 
in typical cases even a remarkably smaller 171 than FIFO . In 
spite of this discovery the intuitive argument prevailed that the 
service time dependent strategies SPT and even more SRPT 4 

achieve "the reduction in the first moment · .. at the cost of an 
increase in the second moment (or variance)" [3]. 

0.5 

Traffic Load A :: A IJl 

Fig. 3 Standard deviation of delay time 17D of system 
M/H2/1: SRPT compared to other strategies [19] . 
CB : variation coefficient of service time. 

The question whether this argument against the use of SRPT 
is justified has been cleared by PERERA in his investigation of 
the formula for the delay time variance 171 of system M/G/l
SRPT [20], [19] 

M2{TD} - TD2; } 1 fB(b)[M,{TWlb} + M,{TClb}] db- TD', 

(6) 
which follows from Eq.(2) and Eq.(3) . The second order mo
ments M2{TWlb} and M2{TClb} of this equation have been 
explicitly derived in [27], [29], except for a correction of the for
mula for M2{TClb}, which can be found in [8], [19] . As shown 
by Fig.3 the essential result of this investigation can be sum
marized by the statement, that the standard deviation of delay 
time 17D is for SRPT definitely lower than for FIFO or LIFO in 

4 In [3J the notations SPT and SRPT have been replaced by SJF 
reap. PSJF for "(Preemptive) Shortest Job First"; see also the notation 
"mORI'EST OPERATION" discipline SHOPN used in [4] instead of SPT. 
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case of a variation coefficient CB = 5, being typical for mixed 
traffic in communication networks; and that even for a relatively 
low variation coefficient CB = 1 there is no significant difference 
between the curves 17D(A) of SRPT and FIFO except in the 
high load range A > 0.85, which can not be used for stability 
reasons. 

Thus any fear that SRPT would cause a prohibitively large 
variance of delay time 171 can be replaced by the insight that 
on the contrary SRPT will offer under typical conditions a re
markably smaller value of 171 compared to FIFO. 5 

a) Compl. Distribution Function 

1 

90 fTD) t 
b) Local Correlation Coefficient 
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o 
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TO-I 10 10 2 103 -JlTD 

Fig. 4 Simulation of queueing system M/H2 /1 [20]: compi. 
d.f. 1 - FD(TD) and local correlation coefficient 
PD(TD) of delay time for SRPT, FIFO and LIFO. 
Load: A = >'/ Jl = 0.8; CB = 5 . 
Max. rei. error: 5 % . 

2.3 Distribution Function and Correlation Properties 
The positive effects of the SRPT - strategy on the performance 
of a queueing system can best be understood by comparing 
not only moments but also the stationary distribution function 
FD(TD) of delay time TD for SRPT on the one side and for 
FIFO and LIFO on the other side. For this purpose the sta
tionary compi. d.f's 1 - FD (T D) Fig.4a have been obtained by 
simulation. Taking into account the logarithmic scale of the ab
scissa the superiority of the SRPT -strategy becomes obvious, 
because the random variable TD is spread in a much broader 
range for FIFO and LIFO than for SRPT 6 

The LRE - algorithm, applied here for the evaluation of the 
simulated sequence of TD - values, extracts from the data not 
only the d.f. F(T D) but also the so called local correlation 
coefficient PD(TD) in the range -1 < P < 1, see [30], [7]. 

5In [19J it will be shown that the function O'D(A) of Processor Sharing 
(PS) is close to the corresponding function of SRPT. 

6The shapes of these curves indicate an influence of the 
H2-service process! 
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It has been found in [20] that this correlation measure is for 
SRPT near zero, whereas it attains for LIFO values> 0.5 and 
for FIFO even> 0.9, see Fig.4b. 

This observed" near zero correlation" characterizes an essen
tial further advantage of the SRPT -strategy because it means 
- from the user's point of view - a better predictable random 
behavior of the queueing system independently from its load: 
for SRPT the delay time T Dj of a message mj leaving the sys
tem is practically independent from the delay time T Dj -1 of the 
preceding message mj-l leaving the system immediately before; 
whereas in case of FIFO and for a traffic load of e.g. A = 0.8 
these delay times T Dj and T Dj -1 are strongly correlated due 
to a relatively long FIFO - queue. 
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Fig. 5 Mean delay time T D of system M/H2/1 with con
stant overhead time CV: the modified strategy 
SRPT/CV /CPopt compared to other strategies [9] . 
CB : variation coefficient of service time. 

2.4 Consideration of Overhead 
The system overhead needed for each interruption of the server 
activity might diminish the mean value advantage of SRPT, 
see e.g. [2]. SCHRAGE himself has considered in his disserta
tion [27] a modified "SRPT+h"-strategy, where the parameter 
h might represent the overhead time, but he didn't come to 
conclusions with respect to this issue. A detailed study of the 
overhead problem including quantitative computations [9] has 
led to the strategy SRPT /CV /CP with CV = h being the con
stant overhead time and C P being a constant" preemption time 
gap" . With these parameters the sorting procedure according to 
Eq.( 1) has been modified by the rule that the "next message" 
mne:r:t with service time TB interrupts the actual service only if 

TRo > (TB+CP); CP?CV. (7) 

The preemption gap C P can be optimized such that the mean 
T D becomes minimal, e.g. for system M/H2/1 with CB = 5, 
load A = >'/J1. = 0.8 and with an 10% overhead J1.CV = 0.1 the 
optimal gap is J1.CPopt = 2, see Fig.7 in [9]. By comparing Fig.2 
with the result of these investigations as expressed by Fig.5 it 
can be stated that in a real system with overhead the modified 

strategy SRPT / CV / CP opt fully retains the basic mean value 
advantage of SRPT compared to other strategies, whereby the 
PS - strategy in Fig.2 had to be replaced by the Round Robin 
strategy RRopt with optimal time slice [23]. 

3 Multiqueue Systems with SRPT 

It is of interest to know to what extent the performance advan
tages of the single queue system M/G/l-SRPT are also valid 
in mu/tiqueue systems. Extending the proof of SCHRAGE [28] 
that the SRPT -strategy minimizes the mean values of system 
random variables of a system G/G/l leads to the conclusion 
that the consequent introduction of SRPT to all queues of a 
multiqueue system must obviously minimize the mean values of 
system variables for each of these queues and thereupon also 
the mean values of global system variables such as total delay 
time etc. This issue has been investigated in two quite different 
multi queue arrangements . 
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Fig. 6 Mean delay times T Di of a priority system M/H2/1-
PRE with n = 5 classes: SRPT compared to FIFO, 
LIFO etc. [21]. Arrival intensities: >'i = i>./15 ; 
Service time parameters: T Bi = 3i TB /11; c~i = 2 ; 
i = 1,2,···,5. 

3.1 Priority System M/G/1-PRE-SRPT 
The preemptive-resume priority system M/G/l has separate 
queues for n priority classes, which are usually treated as FIFO
queues [13], [33]. In [21] each of these n queues is organized as 
a separate SRPT-queue in the sense of Fig.l, which means a 
double interruption mechanism concerning a message in class i 
(i = 1,2,·· · , n) being served: due to the rules of the SRPT
sorting Eq.(l), if the "next message" mne:r:t arrives in the same 
class i; or due to the normal priority interruption, if a message 
of higher priority j < i arrives. 

The formula for the SRPT mean delay time T Dj of any class 
i has been derived in [21] and evaluated in comparison to the 
FIFO-, LIFO-strategy: Fig.6 shows in case of a system with 
n = 5 classes that the replacement of FIFO etc. by SRPT yields 
a significant improvement of the mean delay time T Di for all 
classes and mostly for the class with lowest priority i = 5. 



It has been further shown that also the total mean delay time 

(8) 

of a priority system is improved - compared to FIFO - in the 
usual "SRPT manner", see e.g. Fig.6 in [21]. 

3.2 A Queueing Network with SRPT 
In [14] and [15] a simulation study is reported concerning an 
open network with 9 interconnected H 2-server queues, each of 
which is organized either as a FIFO-queue [16] or as a SRPT
queue. Here again it has been observed that SRPT offers a 
significantly improved compi. d.f. 1- FD(T D) of the delay time 
TD within each queue as well as in total for the whole network; 
and that SRPT reduces the local correlation coefficients PD (T D) 
to near zero values similar as in Fig.4b . 

4 Applying SRPT in Communication Net
works 

A second category of investigations deals with the potential ap
plications of the SRPT -strategy in communication networks and 
shall give first answers to the question whether the theoretical 
advantages of SRPT can be materialized under the complicated 
conditions of real systems. 

4.1 The packet-oriented strategy SRPT /RR 
The introduction of the SRPT-principle to packet networks 
should not deal with the preference of short packets in a packet 
node [1] but with the preference of short messages in the whole 
network. 

The key for achieving this is the combined queueing strategy 
SRPT /RR proposed by GORG [10], where interruptions of a 
message service occur only at the service end of a packet of 
this message instead of at any instant, and where the packets 
of each message are numbered in reversed order: this enables a 
network node to prefer the shortest message simply by selecting 
from the packet queue the packet with the lowest "Rest Packet 
Number" RPN. In [10] it is proven analytically that the strategy 
SRPT /RRopt with an optimized maximal packet size (= optimal 
time slice) has a near-optimal mean delay time T D compared to 
the ideal optimal strategy SRPT, see the dashed curve in Fig.5. 

4.2 SRPT in Local Area Networks 
In a first comprehensive application study the SRPT /RR
strategy has been approximately implemented in the widely 
used Ethernet-LAN by a modified CSMA/CD-protocol [26], 
featuring among others the preference of relatively short mes
sages by a sequence of provoked collisions; also the queues within 
each terminal are treated according to SRPT /RR. The simula
tion results Fig.7 obtained for a detailed Ethernet-configuration 
and for realistic mix traffic conditions with CB = 32,2 show 
tl.at the total mean delay time T D in such a network can be 
substantially reduced compared to the standard CS MA/CD -
protocol with FIFO and that this improvement is on principle 
in accordance with the theoretical results Fig.2 and with the 
multiqueue results of section 3. The reduced mean delay time 
can be used to raise the throughput through the network. 
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The SRPT /RR-strategy has also been introduced into three 
other well known LAN-protocols, namely Token Bus, Token 
Ring and FDDI [25]. Essentially the preference of short mes
sages has been achieved here by using the priority mechanism 
being provided within the existing standards of these protocols, 
and by applying SRPT /RR in the terminal queues. In all three 
cases the simulation results concerning the mean delay time 
(= transfer time) show again great improvements compared to 
the standard protocols with FIFO. Also a substantial reduction 
of delay time variance and of the correlation coefficient in ac
cordance with section 2.2 resp. 2.3 has been observed. 
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Fig. 7 Simulation of an Ethernet-configuration [26] : mean de
lay time T D for CSMA/CD-protocols with FIFO- resp. 
SRPT /RR-strategy. 

5 Concluding Remarks 

Further analytical investigations concerning the strategies 
SRPT and SPT in queueing systems G/M/l and M/G/s and 
an investigation by simulation of system H2/H2/1-SRPT resp. 
SPT can be found in [20]. 

The sum of all previous and new insights into the behav
ior of SRPT-queues and the positive results obtained from the 
simulation studies concerning the implementation of the SRPT
principle in packetized networks should encourage the use of the 
optimal strategy SRPT resp. near-optimal strategy SRPT/RR 
[10] in practical systems. Furthermore the "reversed order num
bering" of packets and an adequate implementation of prior
ity classes, both needed for executing the SRPT /RR strategy, 
should be taken into account in the working groups for new or 
revised network standards. 
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