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VALIDATION AND PREDICTION OF PERFORMANCE
IN THE CIGALE NETWORK

François Eyries, Guy Pujolle
IRIA

Résumé :

Des campagnes de mesures ont été effectuées sur le réseau d'ordinateurs CYCLADES. Les résultats
obtenus sont comparés aux performances prédites par un modèle mathématique. Les critères de
comparaison sont : le débit maximum, le temps de réponse et le nombre de paquets en transit dans
le réseau.

Une fois le modèle mathématique validé par ces résultats de mesures, il est utilisé pour prédire les
performances du réseau sous diverses hypothèses. Nous permettons à quatre facteurs importants
de varier :

- la distribution de la longueur des paquets,
- la capacité des lignes de transmission,
- le nombre de tampons disponibles dans les nœuds
- la procédure de ligne.
Cette étude mène aux résultats suivants :

- il est préférable d'avoir une longueur de paquet constante,
- les capacités des lignes doivent être équilibrées,
- un petit nombre de tampons est suffisant pour atteindre un débit presque maximal,
- les performances obtenues en utilisant la procédure MV8 avec anticipation sont meilleures que
celles provenant d'une utilisation de procédures du type «send and wait».

Abstract :

A measurement campaign bas been conducted on the CYCLADES computer network. The results
obtained are compared with the performance predicted by a mathematical model. Maximum
throughput, response time and number of packets transiting through the network are the three cri-
teria used to compare the performance. Measurements on the real System are obtained with a

packet generator.
One the mathematicalmodel has been vaiidated by measurements, it can be used to predict compu¬
ter network performance under différent circumstances.
We allow four important factors to vary :
- the packet length distributions,
- the line speeds,
- the number of buffers (i.e. node capacity),
- the line procédures.
This study yields the following results :
- it is préférable to have a constant packet length,
- capacity of Unes must be balanced,
- a small buffer size is sufficient to obtain the nearmaximum throughput,
- the CYCLADES MV8 line procédure with anticipation gives better performance than the
CYCLADES «send and wait» line procédure.



1. Introduction

Over the past ten years have been presented numerous models of Computer Systems.
The validation of the predicted results by comparisons with measures on the real
system are very rare. Many times, comparisons with simulated Systems only are
available.

As measurement campaigns have been conducted on some Computer Networks such as
ARPA [1], CYCLADES [2], new validations are possible. In this paper we présent
results of a measurement campaign on the CYCLADES Network [2] and the performance
predicted by a mathematical model.
In section 1, we give the characteristics of the measured system. Section 2 deve-
lops the mathematical models corresponding to the measured network. The next sec¬
tion is devoted to the comparisons of both types of results. In section 4 we use
the validated mathematical models to design performance improvements in the com¬
puter networks.

2. Measures on the real system : the CIGALE machine
CIGALE is the store-and-forward packet switching machine of the CYCLADES Network
[3,4], Presently two types of measurements are conducted on CIGALE : external and
internai.



- 2 -

François EYRIES and Guy PUJOLLE

The first one is conducted from the IRIA IRIS-80- SIRIS-8 Computer which is a
CYCLADES host. They are not operating measurements : we observe the behaviour of
CIGALE at some well defined points and under précisé conditions.

2.1. Measurement tools.

They consist of :
- A traffic generator (MESCIG) which sends packets into CIGALE under various con¬
ditions. These packets follow a route and return to the origin. For this, we use
a facility of CIGALE which allows us to force the packet to follow a route defined
in the beginning of the packet text ("forced routing").
- An observer (OBSERVER) which contains :

a - an on-line measurement System which memorizes for each returned packet
the values of some state variables (LENGTH, TRIP DELAY, INTERSEND and
RECEIVE DELAY, etc...)

b - an off-line analysis system which gives from the memorized data, various
analysis edited in graphie form.

2.2. Routes_and_traffic under_study.

The routes are defined from the nodes depicted in Figure 1

Figure 1

Between these nodes :

- The lines have neither the same speed nor the same length : from 4.8 Kbits/sec
to 48 Kbits/sec for the speed, from some meters to 600 KM for the length.
- Two différent line-procedures are used :

a - the CII-HB standard procédure TMM caracterized by the fact that a new
packet is sent only after the réception of the acknoledgement (ACK) of
the previous packet. When the ACK does not corne back, the packet is
resent at the end of a time-out (now 300 milliseconds in CIGALE on the
48 kbits/sec line and 1200 on the other lines).

b - the multichannel procédure MV8 akin to HDLC procédures. It is possible
to send up to 8 packets before réception of any ACK.

Computers at each node are CII-HB MITRA 15. In each node the received packet is
switched towards an output line according to the destination of the packet and
the routing tables. Each output line has a queue which contains at most five
packets. When a packet is switched and the queue is full,■ _ is dropped. This is
ignored by the user because an end-to-end protocol is in charge of resending the
dropped packet (end-to-end transport protocol in CYCLADES

• •

Six routes have been measured. Among them, we study the following ones : (half the
routes only are described)
* Route 0 is just a loop on the IRIS 80. Route 2 uses the service ECHO (which re~
turns the received packet to its source) [6],
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The traffic

The packet generator has been used to send packets from the IRIS 80 at the maximum
possible speed. That is, a new packet is transmitted as soon as the ACK of the pre-
vious packet cornes back (TMM procédure handles the input output of IRIS 80, cf.
Fig. 1).
This maximum rate takes into account the following overheads : packet building
time (numbering, send time recording), packet sending time by IRIS 80, ACK waiting,
task switching, and possibly online retransmission.
The route under study is saturated by the. input traffic. The other traffic on the
route is negligible with respect to the generated traffic. Ail the packets sent by
the traffic generator during one run are of the same (constant) length : the text
length is taken from 24 to 255 bytes, that is from 51 to 282 bytes for the total
length.
3. The mathematical models

3.1. Tandem_çjueues

The mathematical models, that we can associate with the routes described in the
previous section, are tandem queueing Systems presented in Figure 2,

«
M = »
o

Their features are

Mj = 5 = 5

Figure 2

a - The output of the server i is the input of the server i+1 .

b - The intermediate queues are of finite length; only a fixed finite num-
ber M^ of customers may wait between servers :

M^ = 5 for the queues i, 1 < i < k

c - On the contrary the queue before the first serve. may grow without
bound : it is the host (IRIS 80).

d - If an intermediate queue is full and another c tomer complétés service
at the preceding server, he is dropped.

e - We assume that interarrivais and service timas are independent and
identically distributed (cf. [5] concerning this assumption).
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3.2. Servers

3.2.1. TMM Server

The TMM procédure is expounded in Figure 3,

SENDEï
O)

V*2
Service time

01 w
00

software

delay
on line

overhead
+ software
sender

RECEIVEI.

propagation
delay

M10
overhead
receiver

11

sof t-
ware

delay ^

ACK
trans¬

mission

on line
a.

propagation
delay

Figure 3
The service time S can be written as :

Where

Al+Jl2 i3
Cl) ~ + Cû , + 0J/S + im - • + Ci), ~ + CL),, + CL) , ™
00 01 02 V 10 11 12 V

+ £>2 i-s b^e total length of the packet

(£j = text length, = beader length)

l^ is the ACK-length equal to 7 bytes.
V is the line speed.

to
00' W10 are ^ue tD t*le tas^ swi-tching and eventually software work

of the packet.

Wqj, 00jj are the software delay of the writing on both Systems
(0|q2> uj2 are due to fcbe propagation delay, and dépend on the modems

used and the line length.

If a transmission error occurs, the packet is retransmitted at the end of a time -
out T. The model of one effective transmission with the TMM procédure is described
on Figure 4 :

^— success

Figure 4
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q is the frequency of a packet transmission error. Therefore the total average
service time is as follows :

-1
= + s

1-q

3_. 2_. 2^_MV8_Server.
For the MV8 procédure the working diagram is described on Figure 5 :

w,00
overhead
sender

w,01
software

delay

Service time S'

1
V

transmission

^ >

Figure 5

and, taking into account the error frequency q, the total transmission time can be
described by the model presented in Figure 6.

1-q

S'

The service time without errors is

s' ■ uoo + "oi ♦

Figure 6

V*2

The total average service time is :

y'-1 = SI- .y
1-q

We have assumed here that the anticipation factor or the window width (8 in MV8) is
never reached.

3.3. Solving_the_mode1
To summarize, a route can be modeled by a tandem queueing system where the service
rates are y or y' according to the protocol.
A similar queueing model with a général service process has been studied by
Pujolle [8]. We recall briefly the solution and extend it to our case described
on Figure 7 .

X,
y YA A

■kt

y >

M M

Figure 7
We use a diffusion process approximation [ 10] to compute the probability of packet
loss due to buffer cverflow as follows :
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where

Pi(1-Pi)
Pi " -7.(11.-1)

"Pi

X. 6.
p. " rr » Y- = 2 -i , 0. = X. Ks. . + y. Ks-, a. = X. - y.;x y. * i a. ' x i i-l i x' i x x

x x

Ks^ is the squared coefficient of variation of the service time at station i.
When is knowp, the arrivai rate at the following station is :

Xi+1 - XiC»-Pi>
This allows the computation of P£+] and so on.
The maximum throughput of the overall System X is obtained when there is always
at least one customer in the first queue : nameîy, Xj =» y^ (cf. Lavenberg [9]).
The throughput of the System is : X, (1-p,) equal to X if X = y .te k. mâx i u

Thus by a step by step procédure we obtain the maximum throughput. The expected
length of each queue can also be found by the diffusion approximations : (see
Gelenbe [10] ). Let E^ be the expected length of the queue at station i. The total
number of customers in transit along this route of the network is :

k
E = Z E.

i-1 1
(The packets in the host are not counted). Applying Little's formula to each sta¬
tion we can write the mean total response time :

k g.
» - 2 » /i1 , •

i-i V-PP
Other measures of performance such as the ratio of the rate of dropped packets to
the total effective throughput can be computed as :

k
i xL p.

r = '

3.3. Value of the parameters

Preliminary measurements are necessary to the application of the mathematical mo-
del.

The values of the parameters are evaluated in [6,7,11] : the overheads ^ q, IjJjq
are due to task switching and also to the software time related to packet trans¬
mission. On the average

Wqq s; = 5 milliseconds.
For the software time for a transmission, we take :

U)q| ~ osj j ~ 3 milliseconds.
For the propagation delay we take :

ai „ = to =10 millisec on the 4.8 KBaud line
3 millisec on the 48 KBaud line
0 for the other lines.
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The study of the number of retransmissions due to time-outs allows us to détermine
the transmission error frequency q. From [6, 11] we take q = 2.10"^ for ail the
lines except the 48 Kbit/sec line for which q = 5.10"^.
The time-out delay for retransmission in the TMM procédure is now 300 milliseconds
on the 48 Kbits/sec line and 1200 milliseconds on the other lines.

The squared coefficient of variation of the service times is computed as follows :
a

Ks = q + Ks(l-q).
a

Where Ks is the squared coefficient of variation of the transmission delay S.
a

When packets have a constant length, Ks = 0» we obtain Ks = q. The squared coeffi¬
cient of variation of the total service time is not exactly constant.

When the distribution of the packet length is négative exponential, the distribu¬
tion of the total service time is also négative exponential.

4. Results and validation

We now apply the method described in the previous sections, with the packet lengths
given in Table 8.

Text length Total length

24 bytes 51 bytes =* 408 bits

60 87 696

100 127 1016

140 167 1336

180 207 1656

220 247 1976

255 282 2256

Table 8

On Figures 9 through 12 we can compare the network performance with constant
length packets, given by :

a - the measurements on the network;

b - the mathematical model,

In these comparisons, the following criteria of performance are used :
- throughput .in packets/second,
- useful throughput in bits/second,
- round trip delay in millisecond,
- number of packets in transit without the dropped packets.

5. Prédictions of the mathematical models

Now that we have validated the mathematical models, we car predict the new perfor¬
mance obtained in varying some characteristics of the netvrk. In the sequel, we
shall use only one performance criterion : the receiver roughput in packets/se-
cond.

We allow four important factors to vary :

- the packet length distribution;
- the line speeds;
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packets/sec.

measurements

20

16 _

12 _

— model

4 _

route 1,3 1 3

14000

- useful throughput
bits/sec.

10000

5000

100 140

Figure 9

Throughput Vs. packet length

180 220 260
packet length

(octets)

route 5

route 1,3

route 3 ^ yy

20 18060 100 140

Figure 10

Useful throughput Vs. packet length

220 260
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Figure 12
Number of packets in transit without the dropped packets Vs. packet length



- 10 -

François EYRIES and Guy PUJOLLE

- the number of buffers (namely the node capacity);
- the line procédures.

These factors will vary independefttly of each others. The routes numbered 4 and 5
will be used for the comparisons. Thcee packet sizes are considered : 24, 140 and
255 octets, namely short, médium and large packets.

5.1, Packet_length_dis tribution
We allow the distribution of packet length to be exponentially distributed. We com¬
pare on Figure 13 the throughput obtained with this distribution. A dotted line
represents the constant length case.

In this figure we can see that in the exponential case the throughput is less than
that in the constant case. Indeed the throughput is included between these values
namely the actual value is bounded by these two extreme cases.

|Packets / sec.
20

S.

16

S

Route 5 ( constant packet length ) M » 5

Packet length
(outeti

Throughput Vs." packet length
(exponential transmission time, buffer size M)

5.2. Line speed

If the speed of the 4.8 line varies from 4.8 to 48 Kb/sec, we obtain curves in
Figure 14.
These curves show the importance of balanced lines. In the tandem queueing case
where each station has approximately (because the losses) -the same throughput, it
is useless to have a line fas ter than the others. In the example, the replacement
of a 4.8 Kb/sec line with a 19.2 Kb/sec line almost doubled the throughput of
the system. On the contrary, the change from 19.2 to 48 modifies practically no~
thing.
In a général network, the problem of balancing the lines dépends on the meau traf-
f ic.
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5.3. Buffer size

In CIGALE, output buffers allow the storage of 5 packets. What is the performance
if we change this size ? Figure 15 answers the question. The throughput of route
4 is given as a function of the number of buffers.

The best throughput is obtained for an infinité waiting room, this is obvious. But
the maximum value of the throughput is reached quickly. In our example a pool of
5 buffers yields almost the maximum throughput in the exponential case. For cons¬
tant packet this was already noticed elsewhere [14],
To détermine the optimum pool size we have to solve a cost problem. In [13] the
optimum is given with other line procédures.

U.8 19.2 1.8. Link apeed
Figure 14

Throughput Vs. link speed

Figure 15

Throughput Vs. buffer size
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5.4. Protocol change

The influence of the line procédures is not very well known. The approach, that
we take here, allows us to compare two types of procédures :

- TMM which is of the "send and wait" type,
- MV8 with anticipation, the performance of which must be comparable to
that of HDLC, procédures (MV8 anticipation factor is 8) .

We give in Figure 16 the throughput of the various routes either with the standard
line procédures (also given in Figure 1), and with the MV8 line procédure every-
where.

As expected, the latter case is better than the former, and the différence is si-
gnificànt and must be noted.
In- the case of a constant packet length it is possible to show that the throughput
is dépendent almost only on the procédure used by the slowest line of the route.
On the other hand, in the exponential case it is désirable to have MV8 handle lines

Figure 16
6, Conclusion Throughput Vs. packet length/procedure
In this work, we have compared the performance obtained by measurements on the
real network CIGALE and by a mathematical model, so as to validate the latter.
Then with the help of the model, we have studied how network performance may chan¬
ge if we change some of its features.
This study yields the following results :

- it is préférable to have a constant packet length,
- the capacity of the lines must be balanced,
- a small buffer size is sufficient to obtain the near maximum throughput,
especially if packet length is constant,

- the CYCLADES MV8 line procédure with a window width of 8 gives better re¬
sults than the CYCLADES "send and Wait" line procédure (TMM).
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