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(57) ABSTRACT 

A system using two algorithms for scheduling packets in a 
multi—hop network. The objective of the algorithms is to 
reduce end-to-end message (not packet) transmission delays. 
Both algorithms schedule packet transmissions based on the 
length of the original message to which the package belongs. 
The ?rst algorithm is preemptive and is based on the 
shortest-message-?rst principle and the second is based on 
the shortest-remaining-transmit-time principle. We develop 
simulation models for analyzing the algorithms. The simu 
lations show that when message siZes vary widely, these 
algorithms can signi?cantly reduce average end-to-end mes 
sage delays compared to the First-Come-First-Serve sched 
uling. 

12 Claims, 17 Drawing Sheets 
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PACKET SCHEDULING BASED ON 
MESSAGE LENGTH 

STATEMENT OF GOVERNMENT INTEREST 

The invention described herein may be manufactured and 
used by or for the Government for governmental purposes 
Without the payment of any royalty thereon. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to multi-hop net 
Works and more speci?cally the invention pertains to a 
system for packet scheduling based on message length. 

NetWork protocols, such as IP or ATM, transport data in 
packets. The algorithms used by these protocols, for routing, 
scheduling, How and access control, are usually designed to 
satisfy performance measures at the packet level (e.g., 
average packet delay). HoWever, user applications, such as 
?le transfer (FTP), exchange data messages Which are not 
limited in siZe to that of a netWork protocol packet. This 
separation betWeen the application data and the Way in 
Which netWorks manage that data often results in sub 
optimal performance When measured in terms of application 
layer messages. This paper describes packet scheduling 
algorithms that attempt to reduce end-to-end message delays 
by taking into account message information in the schedul 
ing of packets across the netWork. 

NetWork layer packets are typically limited in siZe to 
hundreds or thousands of bits. As a result, data messages are 
fragmented into multiple packets. These packets are then 
sent to the netWork layer protocol for delivery across the 
netWork. As the packets traverse the netWork they are 
queued at nodes along their Way together With packets 
belonging to other messages. Typically, the network layer 
has no knoWledge of the original message to Which a packet 
belongs and serves them on a First-Come-First-Serve 

(FCFS) basis. 
Serving packets on a FCFS basis may be a reasonable 

strategy if one is only concerned With packet delays. It is 
knoWn that in a single node, average queuing delay is the 
same, regardless of scheduling policy, as long as scheduling 
is not done on the basis of the packet length. If packets are 
scheduled on the basis of their length, then it has been shoWn 
that a scheduling policy that serves the shortest packet ?rst 
results in minimum delays. HoWever, from an end user point 
of vieW, message delays rather than packet delays is a more 
important performance measure. These messages can be as 
short as a feW hundreds of bits for a short e-mail, to 
Giga-bits for an image ?le. In this paper We are concerned 
With the end-to-end delays experienced by these higher layer 
messages. 

SUMMARY OF THE INVENTION 

The present invention is a system that uses tWo algorithms 
for scheduling packets in a multi-hop netWork. The objective 
of the algorithms is to reduce end-to-end message (not 
packet) transmission delays. Both algorithms schedule 
packet transmissions based on the length of the original 
message to Which the packet belongs. The ?rst algorithm is 
based on the shortest-message-?rst principle and the second 
is based on the shortest-remaining-transmit-time principle. 
Simulations shoW that these algorithms can signi?cantly 
reduce average end-to-end message delays compared to 
First-Come-First-Serve scheduling. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a chart of the average message delay in a single 
node system. 
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2 
FIGS. 2 and 3 are charts of an example of AMP-PS and 

SRTT-PS scheduling. 
FIG. 

FIG. 
system. 

FIG. 
system. 

FIG. 
system. 

FIG. 
system. 

FIG. 

FIG. 10 charts average message delay vs. load for a single 
node system. 

4 is an illustration of a single node system. 

5 is a chart of short message delay in a FCFS-PS 

6 is a chart of short message delay in a SRTT-PS 

7 is a chart of long message delay in a FCFS-PS 

8 is a chart of long message delay in a SRTT-PS 

9 is a chart of average message delay vs. load. 

FIG. 11 is an illustration of a netWork using the present 
invention. 

FIG. 12 is a chart of average delay for a system With tWo 
message siZes. 

FIG. 13 is a chart of standard deviation for the delay of a 
system With tWo message siZes. 

FIGS. 14 and 15 are charts of one cell message delay for 
the netWork of FIG. 12. 

FIG. 16 is a chart of message delay for the netWork of 
FIG. 12 With uniformly distributed message lengths. 

FIG. 17 is the standard deviation of the delays of FIG. 16. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

The present invention is a system for scheduling packets 
in a netWork. This neW mechanism schedules the packets 
based on the length of the original (application layer) 
message, With the objective of reducing end-to-end message 
delays. 

In considering the scheduling of messages at a single 
node, it is clear that When message siZes vary Widely the 
scheduling of messages based on their siZe reduces average 
message delays considerably. As an example, in FIG. 1 We 
shoW the average queuing delay for a single node system 
With messages arriving randomly With exponential inter 
arrival times. Half of the arriving messages are one cell in 
length and the other half are 100 cells in length. ShoWn in 
the ?gure is the queuing delay for tWo scheduling algo 
rithms. One algorithm serves the messages preemptive pri 
ority over the long messages. As can be seen from the ?gure 
the average delay for the priority system is much loWer than 
the corresponding delays for the FCFS system. 

In general, it is knoWn that for a single server non 
preemptive system the scheduling algorithm that minimiZes 
average message delays gives priority to shorter messages 
over longer ones. In a preemptive system the scheduling 
algorithm that minimiZes average message delays gives 
preemptive priority to the message With the shortest remain 
ing transmission time to completion. 

While these scheduling algorithms Were ?rst studies in the 
context of processor sharing systems, they are particularly 
applicable to data netWorks. In data netWorks message 
lengths are knoWn in advance and can be used to assign 
priority to packets. Further, since large messages are broken 
doWn into small packets, or cells, an approximate form of 
preemption can be implemented by alloWing messages to 
preempt one another only after the transmission of the 
current packet. So, a short message priority algorithm can be 
implemented by giving packets belonging to shorter 
messages-priority cover those belonging to longer ones. 
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While this is not a pure form of preemptive priority 
scheduling, When packet siZes are much smaller than mes 
sage siZes, it can achieve much of the bene?t of a pure 
preemptive algorithm Without incurring the added cost of 
preemption overhead. 

In this idea of scheduling, messages based on the principle 
of giving preemptive priority to the message With the 
shortest remaining transmission-time Was applied to an 
Ethernet LAN. There it Was shoWn that using this principle 
can signi?cantly reduce message transmission delays. An 
exact analysis Was developed for single node netWork Where 
messages are scheduled based on the shortest remaining 
transmission time principle. There, pure preemption Was 
accomplished by fragmenting messages into packets When 
ever preemption Was needed and adding a packetiZation 
overhead every time a message Was preempted. 

In this paper We study the implementation and perfor 
mance of packet scheduling algorithms in a multi-hop 
netWork that are based on the above principles. Implement 
ing these algorithms in a single node netWork is simple 
because the state of the system is alWays knoWn (i.e., the 
length and remaining transmission times of all messages). 
HoWever, in a multi-hop netWork, Where messages arrive at 
intermediate nodes fragmented into packets so that the 
complete message information is not available, the design of 
scheduling algorithms based on message length information 
is not as straightforWard. 

In addition, the performance evaluation of these sched 
uling algorithms in a multi-hop netWork is complicated. In 
fact, even the computation of average message delays in a 
simple FCFS netWork is generally not analytically tractable: 
For FCFS scheduling some approximate models, such as 
Kleinrock’s independence approximation are available. 
HoWever, With the addition of a complicated service disci 
pline obtaining accurate analytical results becomes com 
pletely hopeless. We, therefore, resort to simulation to 
evaluate the performance of the scheduling algorithms 
developed in this paper. 
BeloW We describe the scheduling algorithms that We 

developed and hoW they may be implemented in a multi-hop 
packet sWitched netWork. Then We discuss simulation 
results of the algorithms in both a single node netWork and 
a simple multi-hop example netWork. Finally, We discuss our 
directions for future Work and conclusions. 

The scheduling algorithms We developed in this paper are 
based on the Shortest-Message-Preempt (SMP) and Shortest 
Remaining Transmission Time (SRTT) principles. All of the 
algorithms that We describe are preemptive in the sense that 
a stream of packets belonging to another message. 
Therefore, these algorithms are preemptive at the message 
level, but not at the packet level. That is, no packet is 
interrupted in the middle of its transmission. 

These algorithms are designed to be implemented at every 
sWitch-in the netWork. HoWever, their implementation is 
independent from sWitch to sWitch and requires no addi 
tional communication betWeen the sWitches. Each sWitch 
implementing the algorithm is completely independent from 
other sWitches in the netWork. The algorithms do not rely on 
any information to be sent betWeen the sWitches and, in fact, 
not all sWitches need to implement the algorithm. 
The algorithms are based on the SRTT and SMP 

principles, but they are not a pure form of SRTT or SMP. 
This is due to the fact that pure SRTT or SMP Would require 
every node in the netWork to have the full information about 
each message. That is, every node Would need to knoW the 
exact message to Which every packet belongs and the state 
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4 
of that message (i.e./ hoW much of it has already been 
transmitted). Since this information is not available at the 
netWork level, these algorithms approximate the behavior of 
SRTT and SMP by including some limited message infor 
mation in the packet headers. 
We discuss three algorithms. The ?rst is simple First 

Come-First-Serve (FCFS), Which We use as the basis for 
comparison to the other tWo algorithms. The second algo 
rithm is based on the Shortest-Message-Preempt (SMP) 
principle and the last is based on the Shortest-Remaining 
Transmit-Time (SRTT) principle. 

A. First-Come-First-Serve Packet Scheduling (FCFS-PS) 
In FCFS-PS no effort is made to schedule the packets in 

a particular order. Packets are served based on the order in 
Which they arrive at each node. Therefore, packets belong 
ing to one message can be interrupted by those belonging to 
another message simply based on time of arrival. 
Essentially, FCFS-PS is the approach taken by packet 
sWitches Where no attempt is made to schedule packets 
based on message information. We use the FCFS-PS algo 
rithm as the basis for comparison of the other tWo algo 
rithms. 

It is very important to note that here FCFS-PS scheduling 
is not the same as FCFS message scheduling for Which 
MI/M and MIG/I queuing results apply. This is because in 
FCFS-PS packets and not messages are served on a FCFS 
basis. Therefore, in a multi-hop netWork messages naturally 
interrupt each other as packets belonging to different mes 
sages arrive on different input streams at overlapping time 
intervals. 

B. Shortest Message Preempt Packet Scheduling (SMP 
PS) 

In pure SMP, shorter messages interrupt longer messages 
during their transmission and the longer messages resume 
their transmission once the shorter message is transmitted. 
Unlike pure SMP, SMP-PS only alloWs interruptions at the 
end of packet transmissions. Therefore if a packet belonging 
to a short message arrives during the transmission of a 
packet belonging to a longer message, it Will not be trans 
mitted until after that packet is transmitted. It Will, hoWever, 
be transmitted ahead of the rest of the packets belonging to 
the longer message. 

In order to implement the SMP-PS algorithm, the netWork 
protocol must knoW the length of the message to Which each 
packet belongs. This can simply be done With the use of a 
length ?eld in the packet header. This length ?eld Will 
contain the length of the original message to Which the 
packet belongs. There are many Ways in Which to represent 
the message length. 
The simplest approach, and the one Which We use in our 

simulation, is to let the length ?eld represent the number of 
packets contained in the message (up to a maximum number 
of packets). This information is usually readily available 
from the higher (e.g. transport) layer protocol. This approach 
is particularly effective in a netWork Where all packets are of 
the same length (e.g., ATM). 
The SMP-PS algorithm can be implemented With a pri 

ority queue Where the priority of a packet is equal to the 
inverse of the length of the message to Which it belongs. The 
server serves packets from their queue in accordance With 
their priority and neWly arrived packets are inserted into the 
queue according to their priority. 

For an example consider FIG. 2. On the top part of the 
?gure the arrival of four messages is shoWn, according to the 
time in Which the messages arrive. The ?rst message to 








