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ABSTRACT

This thesis studies two problenms 1; block oriented
data transmission systems. The first is the evaluation of
the Mean-Error-Free Interval, in blocks, between ﬁwo‘blocks
in- error. We establish a relation between the Mean

—-Error-Free Interval and the néan block error rate.

The second aspect of data transmission considered in
this.reseafch is the selection of an optimal packet (Block)
length. The problenm ?f determining the optimal message
packet (Block) leng&h, which minimises the network
operational overheads over some real data channel and data
channel ngdels, -Hhile using different transmission
strategies for error control,is analysgﬂ. Examples of a
typical distribution of optimal block lengths, as a function
of several péraneters of interest, are given; the .question

of channel efficiency is also discussed.
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INTRODUCTION

The field of .Computer-Communications and its
applications have grown rapidly during the past decade.
Remote t inglg afe now commonly connected to computers for
1 : : .

use in time shafigg sysiems, bank credit checking inventory
systemns, business information systems,etc., to 'achieve
resource sharing of hardware, software and data bases. The
resource sharing concept has added new dimensions to the
capabilities of the u;er. Under this new environment, he can
now benefit from the versatility and pover of the
interlinking of computers and terminals.  In all these
shared éomputing systems, the mnodern telecommunications
prdvide the essential data cohmunication services,

—
Vieved in this light, the evaluation of the gquality
of data «communication and the efficient utilis;tion of a
transmission facility bécomes ar essential part of planning

and design of such systems. The quality of data
' {

comaunication is evaluated in ‘terms of Nes impact on the



vhole system. ™"Data service should generally be deemed
excellent when the capability of a data processing system is
not -diminished pegceptibly by the insertion af data
communication".[1]. A gquantitative description of d;ta
coimunication efficiency is necessary to guide the efficient
use of service and to use such terms which are meaningful to

the user, the design engineer and the forces which wmaintain

the systems.[2].

In conputer-comnunication,‘ the' errcor control
technigue of automat?c repeat request (ARQ) is the most
commonly used to delivér_ error free messages from sone
message sowrce to some message sink or destination.
Typicallf the mnessages are divided into information blocks,
vith header identification and error detection parity bits
being appended to them. The blocks afe then transmitieﬁ o;er
a commnunication channel and at the message destination they
are tested for €rrors. If errors are detected,
retransmnission of those blocks in error is requested from
the source, This proéass continues uﬁtil all blocks are
"delivered error free. The traditibnal appoarch to the.
selection of the message block length for data transmission

in a cowmputer-communication network is dependent on the
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opiimal channel throughput. By this appourchiop imal nessaée

block lengths,'hmhzéh ‘use the maximum possible |fra&tion of
available channe capacity in \the presence of

retransmissions, ackonvledgement delays and block owerhead,

have been chosen. : L=

- In chapter two of this thesis a guantitative
performance parameter (Hean-Errdr-Pree Interval) is
icohsidered as a descriptor of the quality of data

transaissipn in 2 BPYOck oriented data communication systen.
A relationship is established between the Mean-Error-Free
_Interval and +the mean block error rate. The case of
transﬁission'through. a random error channel is studied in

Sy
particolar and results fag some real noisy data channels are

also presented. \\\NA\_/

In chapier three, types of error control techniques
available in tﬁe 1iteratu£e are described briefly in the
introduction, with emphasis on the automatic-repeat-requast
error control techniques. A brief review of the present
literature on the gquestion of optimal block 1length, which
maximises channel efficiency, is presented, with a detailed

exposure of twoc recent papers in which the gquestion of
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optimal block 1length has beer addressed. ¥e then exteﬁﬁ
those results for two channels of practical interest, to
determine the effect of error rate; bl;ck (Ppacket) 1ehg£h,

transmission delay and error-recovery mechanism on the

efficiency of the communication channel.

Pinally, in chapter four, conclusions and compents.

‘are ‘presented.
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HEAN-FPROR-FPREE INTERVAL OF ) NOISY

. DATA CHANKEL

2.1  HEAF~PRBOR-FREE INTERVAL ~——0o

Traditionally, the Bit Error Rate has baen used as a
criterion to quantify the‘performance of a dfgital facility.
Efficient transmission of data over a digital facilit{'is,
however, dependent on both the exact stacture of the error
pattern and'ihe (average) Bit Error Rate. Commonly, data is
transmitted in packets anégin all such applications the
throughput obtained is sen;itive to the correlation among
bit errors. For data transmission, the Bit Trror FRate
criterion has been changed in favour of a criterion’ that
expreses er;or—free transmission as the percentage of all
one second intervals vhich are error-free.(1,2]. This
criterion can be used relatively easily to obtain a bound on

the over all throughput efficiency for packet oriented,

- Automatic Repeat Reguest (ARQ) based transmission systens

for most packet iengths Presently used.
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A related performance measurement parameter, which _
has p;;;én—ﬂseful in dafa transmission applications is the .
mean interval between two succeésive errors. For .
packet-oriented transmission, this will mean the mean number
of error-free paékets between two packets in error and will

be defined as Mean-Error-Free Interval (NEFI) .

2.2 STATENENT OF THE PROBLEN |

We consider a data string of W bi'ts composed of

packets of length L bits each, including overheads. This

string is transmitted through a random-error chanrel with

~Bit Error Rate (BER),i.e. probability of a bit being in

error, pe. A packet will be considered to be in error when
a{/ least one of its bits is in error. We define an
Error-Free Interval_ (ﬁPI) as the number of consective
error-free packets between two packets in error. Théfﬁ\
problem, then, is-tg evaluate the Mean-Erreor-Free Interval

(BEFPI), measured ir packet lengths, bits or seconds and see

how it is affected by vafues of H,L and p.
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2.3 CONDITIONAL MEAN-ERROR-FREE IRTEPVAL

¥e will first calculate the conditional MEPI assuming

that out of the B=N/L packets ve krpow that i packets are in
error, i=0,1,2,....B. Here B is assumed to be an integer.

B ,

There are ( i)'

packets 1in error among the total B. In ' those (?)

possible arrangements of the i

.combinations we observe various EFI's, of length K ranging

from 1 to B-i, The follouing result will be proved.

Proposition 1: For given B and i, the number of

EPI's of of length X is given by:

) - yB=-K-1 ¢
N(K) = (i+1).( ’ ) 7 F=1,240ea,B-1 --{T)
i-1
Por 0<i<B
Proof: An EFI of length X may occur at either (i)

one of the ends of the data string, or (ii) the interior of

the data string.

In case (i) the EFPI's of 1length K packets have the

following pattern:
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000...0(1 ceene 1:Packet in error
. 0:Error-Free Packets
K K- 1
The number of those patterns is equal to the number
of combinations of the temaining (i-1 error packets in

(B-K-1) posiiions,

B-K-1 -
2( ) . —-(2)
-1

The pattern of BFI's of type (ii) is:

and their number is equal to the number of the combinations

of the remaining (i-2) errors in (B-K-2) positions, i.e.,

B-K-2
) -~ (3)

(B*k-1)(
i-2

Therefore, the total pumber of EFI's of length K isﬁ

i-1 i-2
B=-K-1 (B-K-2) !
=2( )+(B—K-1) ------- -
i-1 (1-2) ! (B-K-i)?



- i-1 (1-1) (Li-2) ! (B-K-i)!
B-K-1y B-K-1
] =2 )*(i 1:( )
i-1
B-K- 1 : - ,
(1*1)( for X >1 T

We can nov compute the conditiconal saean PFI.The

result is surprisingly simple.

!

Proposition 2: The Mean Error Free Interval F(B,1)

i
given that i packets out of B are in error, is:

B
E(B,i)= -—--
i+

=0 ; for i=B --(5)

fOI.' i=b'1'2'.-¢.-'8-1

Proof: The number of EFI's of length K are, by

proposition one:

B-K-1,
F(K)=(i+1)( )
. i-1

Then



-—10_
B-1 c
T K H(K)
K=1
E(B,i)= ==-—--w--

= B(K)

=1 . &

We will compute separately the denomirator and
numerator of the above expression, wmaking use of the

following combinatorial identity:

(O Dyl

forn > m

, NOw
B-i,;B-K-1 B-i ,B-K-1 -
A W R G
K=1" i-1 K=1 ‘B-i-K
(’B-Z B-3 ~ i-1
(NI ()
B-i-1 B-i-2 0
()
B-i-1
(,)
1
also:
B-i B-K-1 B-i B-K-1
s o E )
K=1 i-1 K=1 B~K~1i
- B=2 B-3 i-%
=( )fz( ' )+.....+ B-i( )
B-i- 2 .

B-3 i-1
(A P -y
B-i-1/ ‘B-i-2 0



Ly )
P L)
Lokl

Therefores:

B-1i _ B

> K N(K) ( )
K=1 i

E(B,i)= =—ecccmmmmcm = mmmee e

B-31 B

= W . ( )

K=1 i

Bl/(i+1) 1 (B~i=1) !

R S M S e o e ———— . —

It is to be noted here that the above results for
the conditional Error-Pree Interval are independent of’{he
type of the channel and thus, valid not oply for the
random-error channel, but for any type of channel noise as

long as the packets in error are independently distributed.
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2.5 UNCONDITIONAL MPAR-ERROR-FREE INTERVAL

1

Concentrating now on the random-error channel we can

calculate the unconditional MEFI. "

-

First, the probability of a packet: being in

errory,i.e., having at least one bit in error, is:

L
P = 1-(1-p) --(6)

where p is BER and L is the length of the packet in
bits.

Proof

prob. of a bit being in error = p

Prob. of a bit not being in error = T-p
Prob. of L bits not being in error= (1-p)L
pProb. of packet not in error = (1-p)L
Thus: Prob. of a packet having at least L
one error =1-{(1-p}

L
or P = 1-(1-p}
If the bit errors are positively correlated the
situation will be better than wvhat is indicated by (6).

Pig. 1 shows a plot of P Vs L, for various BER's p.
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The probability of f'packats being in error is given

by the binomial distributions:

B B-1
(PR) = ( \ P(1-P) . ==
i i

The fblloving proposition gives the unconditional

Mean EFI:

T
Propogitiop 3: In a data string of B packets, the

Mean Error-Free Interval E, measured in packet lengths, is:

- B B+ B+
E (B) = ~-—---- f1-p - (1-p) ] -~ (8)
P (B+1) .
Proof:
- B
E (B) = Y E(B,i) (PR)
1=0 i
B-i B/ ;B B-1i )
= -—-—-( )P(1-P )
i=0 di+1 ‘i
B B-1 ,B+1, i+1 B-i
= ——==-- P ( )P (1-P)
(B+#1)P i=0 *i+1 '
- B B B+1 3 B+ 1~
= —mmee- >( )¢ o-m
(B+1)P §=1\ 3
B B+1 B+1

= —e-e— {1-P  -{(1-P) ]
(B+1) P :
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Remark: Relation (8) 4is also valid for non random

error channels, wvhenever (7) is valid, i.e., where the

packets in error are statistically independent.

-

A case of practical interest arises when the data
string is very long, i.e., B->®™

Taking the limit in (B) we obtain:

Corollary 1: PFor a very 1long data string, the

Mean-Error-Pree Interval, measured in packet lengths, is:

f.‘(m) = ~-- ; for P < 1 -—(9)

The apparent discontinuity of E,(®) as a function of

the packet error rate P, and at P=1, can easily be
explained. If P=1, all packets are in error and thus Eq(w)
=0. But if, for example P=0,9999, and B= ®, 1 packet out of

every 10,000 is error-free thus E;(«®) 1is close to the value

1i/7p=1.

From (6) and (9) we obtain the expression:



Byl = -==--- --(10)

vhich gives the Mean-Error-Free Interval, measured
in packet lengths, as a function of the Bit Brror Rate and

of the packet length.

Fig. 2a sho¥s the plot of. E,(w) Vs L for various

BER's p for the random error channel.

If R bits/sec 1s the data rate, ve <can obtain the

value of E (w) in sec from (10) as:

Eq(o) = —--=--- (sec) _ ~=(11)

Fig. 2b shows the plot of E, (®) in sec Vs L for

various BER's p for random error chanéel.
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2.5 MEAN-ERROR-FREE INTERVAL FOR A LONG STRING

OF DATA ON A BALEOVIC CHANNEL
The Hean-Error-Free Interval for a long string of

data, when packets in error are statistically independent,

is given by:

- 1
| Eq (=) —--;*
3
where P is the probability that a packef will have
at least one error. In the telephone channels reported by
Balkovic et al ({33, this probability is related to packet
length by the following relations for different rates, which

are derived from the curves given in [4].

' f’l

For 1200 b/s

-80626
P = .0000139 (L) L > 10 -~ (12)
For 2000 b/s
.811036
p = .0000088 (L) L > 10 --(13)
Por 3000 b/s ,
. 72695 “—.
P = .0000037 (L) L > 10 -={14)

vhere L represents the block size in bits.
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Using the above relations in the equation (9) for P,
we obtain a relationship for the Mean-EBrror-Free Interval

measured in packets, for different data rates.

Fig. 3 shows a plot of E‘(w) ¥s L for various data
-~

rates of the Balkovic channel.
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2.6 MEAE-PREOR-FREE INTERVAL POR A LONG STRING

B .
OF DATA ON .A DNPL MICROWAVE CHANNEL.
f . R u-’ ‘,_‘._a(d

;,The actual error characterstic of the DNPL nmicrowave

channel include both random and burst errors.[ 5].

The error

probability of a  packet having at least one error,

determined by experiments, is found to be

a +a log10 L
P= (10 0 1

== (13)

where a = -6.5, 2 = 1.07 and L is the packet size.

0 1

Now using relation (15) for P in the equation (lewe

get the expression for HEPI in packets on a DNPL microwave

channel.

s
X

Pig. 4 shows a plot of E,(») Vs L

microvave channel.

for a DNPL
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CHAPTER 3

OPTIMAL BLOCK SIZE ANALYSIS

3.1 INTRODUCTION

Communication channels are becoming a more and more
"important feature of modern day computer-communication
netvorks. In practical implementation of these networks, the
channels are found to be invariably noisy. So there 1is
alvays a finite probability of an error occurcring in the
transmission of a nmessage. COnsequently,r it becomes
necessary not only to employ scome kind of error correction
and detection scheme but also to partition messages into
fixed size blocks.[7]. Though the principle purpose of
partitioning nmessages 1is to enaﬁle reliable and efficient

data coamunication, it also assists in memory nanagement.

The partioning of messages into blocks, rakes it
essential to adopt a transmission strateqy for error
Eorrection.[?]. Basically there are two types of error

detection and correction strategies.[4].

A2
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1.) Forwvard-error correction (FEC), iﬁ which each
message block transaitted incorporates redundant bits
appropriately coded, so that errors in transmission are
corrected at the receiver with the help of the code (Which
is agreed in advance between receiver and transmitter).

2.) Autéuatic-ﬁepeat;Request (ARQ) , in which each
message block transmitted also incorporates redundant bits,
but for errbr detection only. Fach block 1is transmitted

-parately to the receiver. On the reception of a message
block the receiver sends an acknowledgement to the
transmitter. A positive acknowvledgement is sent if the
received message ‘block is free of transmission errors,
otherwise a negative. acknowledgement 1is sent. At the
transmitter, if the acknowledgement received is .positive
then the next bliock is transmitted, otherwise the sane
message block is retransaitted. 1A schematic diagram of an

ARQ system is given in fig. 5.

ARQ systems have been extensively compared with FEC
systems on some real channels ([8] and on sone theoretical
channel models [9-14]. In every instance the results have

exhibited that ARQ schemes are - superior to FEC schemes on
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the basis of reliability and the relative insensibility of
this reliability to conditions on the channel. Thus despite
very active research work done ‘on PEC schemes, ARQ schemes
are still commonly used in computer-communications for error

control on the transmission chanmnels. [ 15].

Futhernore, ARQ schemes are subdivided into two

types of schemes.[10,11].

a.) The siepleset and by far the most widely used

ARQ scheme is the so called Stop-and-wait transmission

strategy.[16]. In this type of schene, the sending end

terminal after transmitting a block of data walts . for
positive or negative acknowledgement .from the receiving end
terminal, *before transmitting a nev data block or
retransmitting the 'saﬁg data block respectively. The
Stop-and-wvait scheme is very simple and easy to implement,
but suffers from inherent inefficiency due to idle time

spent waiting for acknowledgement for each transmitted

block.

'

b.) The second type of ARQ scheme is the so called

continuous transmission strategy, which is implemented in
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two ways. 1.) The sepding end terminal transmits data blocks
continuously without waiting for acknowledgement and
retransmits the unconfirmed data block only. 2.) The sending
end terminal transmits data, blocks continuwously without
wvaiting for the acknovledgenent. But when negative
acknowledgement is received, the receiver pulls back and
retransmitts the unconfirmed data block along with all the

blocks that followed it.

3.2 THE EFPECT OF DATA BLOCK SIZF ON ARQ SYSTEXS

The kxey figure of merit in evaluation of ARQ systenms
is the transmission efficiency or the throughput [4,19]1,
vhich is defined as the ratio of the average number of
information bits accepted by the receiving terminal per unit-
time to the bit rate of the channel. Ir the context of this
thesis, ARQ systems are defined as the systems which employ
Aéb schemes for _error confrollinq “over a transmission
channel. Osually, in a given communication system, such
quantities as the block error probability for a given block
length, the acknovledgement delay and the number of parity

bits per block size are all fixed. This means that once an

ARQ scheme has been defined, the only uncertain variable
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fhat effects the throughput or the channel efficiency is the
block size. In fact, if the block size is inc;eased, the
error probability #nd the overhead due to t;é last unfilled
message block increases. ' On the other hand, if‘the block
size is decreased, the overhead due to header and parity
bits increases. These increase in overheads decreases the

throughput. Thus there is usually an optimum'block size for

each given set of conditions, But this choice of optimum

block size for a pafticular communication system requires a )

compromise to balance system complexity, sensitivity ¢to
errors and other factors 1like retransmission delays,

acknovledgement delays, etc.

[¥Y]
]

w
n

VIEW OF THE PRESENT LITERATURE.FPOR OPTIMAL

LOCEK SIZE

-

The problem of determining an optimal message block
size in ap ABQ system has been studied by many eauthors.
Usually the basic approach adopted is to maximise channei
efficiency, which is generally defined as a ratio of the
time required for transmission of a message (unblocked) to

the total amount of time required for the transmission of

message block by block from transmitter to receiver. For
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exanple Kucera [20] Wood [21] and Xirlin ([22] have studied
the effect of the message block size on the transmission
efficiency. In thorough analysis of a particular situation,
Chur[23] has derived the optimal block size, but he assunmed
a special distribution of the nessage length found in
typical computer time-sharing systems. However, in all these
papers, the analysis has been restricted to relatively slow
d;ta rates, wvhere overhead due to the acknowledgement is not
dominant. ~ Balkovic et al {[24] have studied satellite

coreunication systenms where the overhead due to

acknowledgement is quite dominant.

None of these papers mentioned above give any method
of finding the optinal ‘block size under a continuous
transmission.scheme, except by Chu [23], which derives it
for a particular sifuatidn only. Zacharov {7] studied the
auestion of the optimal block size for one particular

. continuous transmission strategy and demonstrates that

optima exist under a  range of practical conditions
encountered in high-speed data coammunication. Field [25%)
considers the aeffect of error rate, bloeck 1length,

transumission delay and error recovery mechanism on the

efficiehcy_ of the communication channel used in
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computer-communication. The criterion in Field's analysis
is to maximise channel vtilisation, ~ which has heen defined
as the ratio of the effective . computer-computer

communication capacity of the channel used in communication.
Recent studies conducted by Shammim et al [26] consider the
transmission of exponentially distributed message lengths
through a random-error channel employing step-and-wait ARQ
strategy. In [26] the main cobjective 1is to minimise the

overhead factor involved in transmission of the message.

In the next section, a detailed mnathematical
analysis of two recént papers [{23] by Chu and [26] by
Shammpim et al is presen;ed with an intent to study the
effect of/grror rate, block (Packet) length, transmission
delay an# error-recovery mechanlsm on the efficiency of the
communic%t on channels of practlcal interest, as for example
the telephoné channel by Balkovic et al (3] and the DNPL

microvave channel by Peatfield et al [5].

1

\ o

' oF
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3.4 CHU'S ANALYSIS FOR OPTIMAL BLOCK SIZE™.

|

‘

Chu 1in [23] developed‘ a mathematical model to
analyse the problem of optimal block 1length for an ARQ
systenm, l.e., the block length which maximises channel
efficiency. The model treats two types of ARQ schemes. 1.)
Stop-and-vait; 2.) Continuous transmission; Puthermore the
model coansiders two types of error cﬁ;nnels, a.) Random

error channel; b.) Burst error channel;

‘e shall now give the formulation of the

nathematic&l model.

The. message length 1 is a random variable and wan be
charaterised by a probability distribution PL(l). When the
message is partitioned in fixed size blocks of size B bits

pér blqék, the expected number of blocks per message is

given by:
' o
N(B) = 2. R.P [(n-1)B<1<nB} 1=1,2,... -=(16)
n=1 L
In (23], 1 1is assumed to be geometrically

distributed. The average number of blocks par messags in

this case can ‘be expressed as:
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+
B -1

F(B) = (1-q ) --17n

The structure of a message block is composed of an

address of b4 bits in the front, an information block of B
bits in the middle, and a checking code of b, bits in the
end. The sum b of these extra bits(b=b1*b2) is called the

block overhead.

Stop-and-wyait transmission strateqy

In the Stop-and-wait transmission strategy we first
consider‘that the last unfilled message block is filled with
dummy information. It is assumed that message block errors
during transmission and retransmission are independent. In
this case the expected acknowledgement overhead for a mesage
bleck of size {(B+b) on a channel with a transmission rate R
bits/s can be expressed as {23]:

o i B+b
A(B+b) = A+ 2 [E(Btb) ] (Aé——==) --(18)
i=1 R

wvhere A is the acknowledgement delay associated with
each message block and the tern[iéi%EQE”tﬁjL] represents
the cummulative probability of‘ error occurrence in

transmitting a message block of size (B+b) ; E (B+b)
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represents the probability that a block of size (B+b) will

have at least one error on transmission over a channel.

The expected vasted time due to acknowledgement and
retransmission, in transmitting a message in fixed sized
blocks, E&(B), vhich is the product of the expected number
of' blocks /(of size B+b) per message and the expected

acknowledgement overhead can be given as:

- B -1 e i B+b
¥ (B) = (1-gq ) .{A+ 2 [E(B+b)] (A¢t--=~- )}
1 i=1 R
Since O<E (B+b)}<1, B>0 and b>0
o2 i E (B+b)
. 2 [E(B*D)] = -—-=------
i=1 1-E (B+bh)
Thus:
- B E (B+Db) B+b
W (B} = (1-q ) (A4-—~w-—~- « (B¢ ——- )} --(19}
1 ' 1-B(B+b) R

The expected wasted time due to block overhead and
the last unfilled partitioned block, iQ}B), is equal to the
difference between the time to transmit a blocked message
and the time to transmit the unblocked message. |

B4b 14D

¥ (B) = N(B).--- - --- == (20)
2 R R
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vhere b' is the overhead for the unblocked message

and 1 is the average message length. 7

Thus the total expected time wasted in transmitting
a message in fixed sized blocks, W(B), is equal to the sunm
of the wasted time due to block overhead and unfilled

message block plus the wasted time due to acknowledgemernt

and retransaission. Consequently, W(B) can be expressed as:

_ B -1 E (B#+b) B+b B+b
W(B) = (1-g ) [A+ ---=-- - (At---) 4 ----]
1-E (B+b) R R
1+b
- (--=-- ) -- (2"
R

The winimum of E(B), which exists for the case of
the ARQ scheNes analysed in [22], represents the optimal

block length which nminimises the channel wasted time. The
of [23], is that

E (B+b) >-[E (B+b) ]

Where E* (B+h)&ET™ (B+b) represent the first order and

second order partial derivates of E (B+b).
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In case an end-of-message character is used to
designate the end of the message block in the last unfilled
message blotk, then the W(B) function reduces to-

- b b?

W (B) = §(B) -~ - -- ' -=(22)
2 R R

Thus the *otal expected wvasted time in transmitting

a message in fixed sized blocks reduces to:

_ B ~1 E (B+b) Bel’
W(B) = (1-g ) [A+ -=-—--—- (A+ -=-)
' _1-E(B+b) R
bt .
+ -3 - - == (23)
R R
The minimum solution of W(B) in this case 1is

obtained as before, using numerical "analysis techniques, and
it also represents the optimal block length for the case

vhere an end-of-message character is used.

N
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Contipuous transmission strateqies

In continuous transmission strategies there are two’

" cases to be considered.

~ The first case treated is that message blocks are
transkeitted 'continuonsly vithout vaiting for an
acknowledgement and' each unconfirmed message block 1s
retrensmitted. vhen a reverse channel is used for the
acknéuledgenent, the acknowvledgement time is zero and the
overheﬁd is the fixed cost sf the reverse channel, vhich is
independent of block size. If a reverse channel is not used,
the acknowledgement overhead is still considered to be zero
because the acknowledgement sigpnal is very short as compared

to the length of the message block.

Incorporating this in the equation for W (B) derived
for the case of the Stop-and-wait strategy with an
end-of-message character, we get the followving equation for
the total average time vaisted to transmit a message block:

B -1 E (B+b) B+b b

W(B) = (t-q ) (~=------ (=) + -} -
1-E(B+b) R »

- (24)

Lo I B o
-

PP VPRI U |
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The mipnimua of the above function if it exists, will

represent the optimsal block length.

Inr the second case of the continuous transmission
strategy, message blocks are transmpitted continuoqsly also
without vaiting for acknowledgement and the transmitter
retransnit§ unconfirmed message blocks together with 511
those message blocks that followed it. In this case the
acknowledgement time is the sum of the time required to
Qetect an erroE message block and the time regquired to send

the acknowledgement signal. The expected acknowvledgegment

overhead is expressed as:

ey
B+b i
A (B+b) = §L (A +-—--) E(B+h) --(25)
i=1 1 =B
vhere A = t +t
1 1 2
t = Time required to detect an error block
1 ) .
t = Time regquired to generate an ackhowledgement

2
signal
The total expected wasted time to transmit a message
block with an end-of-message character becomes
B -1 E(B+b) B¢b b b?

(@) = (1-g ) fm------- (A #-==-) +-}=- --(26)
1-E(B+b) "R R P
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The minimum of E(B), wvhich exists, represents the

optimal block length for this case.

For the random~error channel, the valu=s of E(B+b) is
obtained as follows: ’
B+b

E(B+b) = 1- (1-C) -={27)

vhere C is thé bit error rate. For the burst error

channel, +the E (B+b) turns out to be a complex polynomial,

wvhich is obtained by employing curve fitting techniques to

the curves shown in [28] for 2000 b/s and 4800 b/s channels.

Substituting the above mentioned values for E(B+bh)
respectively in the expression for ¥ (B) (Total time wasted
ir transmitting a message block}, derived for all the four
cases 0of ARQ schemes, and obtaining their minimum soclution
respectively, will give the optimal block length for the

respective channel and ARQ case under consideration.

The minimunm of §(B) is obtained, for the four cases
analysed above, by differentiating ¥ (B) v.r.t. B and
equating to zero and numerically solving the thus obtained

equation. The necessary condition for the existence of a
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pinimum is that the second order partial derivative of G(B)

W.r.t. B should be positive.

3.5 SHAMIN ET AL'S ANALYSIS POR OPTIMAL PACEKET SIZE

Shamim et al in [26] also developed a mathematical
model to determine- the optimal packet (Block) size, The
system studied in their analysis is a Stop-and-wait ARQ with
a random error channel. The basic approarch used 1in this
analysis is to minimise fhe total overhead factor, whigh is
the sum of the overhead factor, involved in transmission of
nessages packet by packet [27], t.e., the network
operational overhead factor, and the overhead factor due to
blank padding. The network operational overhead factor is
defined as the ratio of the overheads (in bits) incurred in
transmission to the amount (in bits) Df the useful

information, and can be vritten as [26]:

P = =m——=—eemeccmmmmemem—m oo --(28)

Where I = Integral number of packets in



-l} 1=
ith message

Practional number,

Y = Indicator function
! valueé 0 or 1; Y =
N = Number of nessagis
B = message block size
k (B)=

{in bits)

“

0<K, <1

\
o

by

vhich takes on
0, only if ;= 0
transmitted

in bits

SN

NFetwork operational overheads per packet

\ |
‘In the analysis by Chu [23], the network operational

overheads per packet k(B),

and independent of packet size.

is assumed to be a function of packet size.

.

Next we present the evaluation

operational overheads by evaluating

individually, ‘which contribute to

overheads.

has been aspmed

In the present analysis,

various

netwvork

to be constant

it

of the  network
factors

operational
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Overheads due to extra bits to be transmitted with each

packet

The message length 1is assumed to be a random
variable and is described by a probability distribution with
a mean message length 1 in bits per message, which can be

written as:

Z_ N -=-{29)
i=1 i

[
H
2| -

vhere M;(i=1,2,3....H) is the ith message length

Fach message is segmented into fixed size packets
or blocks of B bits. The structure of these packets consists
of an address of b4 bits 1in the front, information bits in
the middle and a check code of b, bits at the end of the
message packet. These extra bits (b=b,+b,), are called the
block overhead vhich 4is transmitted with each block

{Packet}.
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Overheads duye to trapsmission:errors and acknouwledge-

ment delays.

!

]
The Stop-and-wait strategy is used over a channel in

half duoplex mode for the error control. It assumed that the
routing strategy is fixed and the acknowledgement overhead
over channel having a transmission rate of R bits/sec is
given by: |

F = AR bhits

na

Futhermore, in case a negative acknowledgement is

received due to the occurrence of transmission errors, then
it will cause retransaission and reacknowledgement .of the
packet and thereby produce futher delays. Thus the time
wasted in retransmission and acknowledgement [23] is given
as:

o8 i, B+b
T = > (E(B+b) ] (A+---) sec.

wra i<:‘ R
vhere E(B+b) ré}resents the probability that a
packet of size (B+hb) bits will have at least one error on
. o0 2 .
transmission. Thus the term[&?&ﬁ(ﬁ“ﬂjjis the cummulative

probability of the error occurrence on transmission in
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packets of size {(B+b) bits each.

The overheads due to retransgission and
reacknovledgement of a message packet can be expressed as:
i : i B+b
F. =2 [E(B+b)] (A% -——)R bits
rat i=1 R
‘ E(B+D) B+b
= —=w<==—— (A% ~--)H Dbits --(30)
1-E(B+b) R
Thus the total netwvork operational overheads per
message block incurred in transmission of a message block
over a channel, "which are equal to the sum of the overheads
due to block overhead, due to first acknovledgement and the
ovaerheads due to the expected retransmission and

reacﬁnoule@gement, is given as:

£

k.(B) - (b{.aa){. ———————— (B*b*AR) bits

Thus the network operational overhead factor car be

written as-:

1 N 1 x
- Z I+~ 7 Y}
N i=1 i W i=1 i E (B+b)
F = sememmmmmm e e (D+AR) #--—-——- (B+b+AR)

1 W 1-E(B+b)

i=1 i ¥ i=1 =-=(31)
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Overhead factor due to dummy information

As the message length was assumed to be a random
variable, the probability of the -message length being an ’
integer multiple of the packet size is very remote. Thus the
last wunfilled nmessage block is filléd vith dumny

information. Which give rise to the overhead factor and can

be written as:

P = mmmmmmmmm—mmem -~ (32)

1 N 1 W
{- 2 I+ -5 Y}
N i=1 i ¥ i=1 i E (B+b)
P =F 4P = —=————=m=-——c—oc——ec—e---(b#AR) +---—=-—-= (B+b+AR)
T nb np 1 ¥ 1 N 1-E (B+b)
{- ¥ 1+- 3 ;18
¥ i=1 1 ¥ i=1
1 N
(M- - 2 KB
R i=1 i :
$ m—mmm————————— . , -=(33)
1 W
- 2 N
Hi=17 1

On the basis that the message lengths are long,

i.e., M.>>¢(3B, it is assumed thats
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1 K 1 ® 1
- Z Yy = = ‘Z_Ml{-_
B i=1 i ¥ i=1 2

Thus the expression for P reduces to:

/
. B f
1+ -)
2 E (B+b) B
F = --=-——- (¢ —-o-eem- (B+m)}+ - --(34)
T 1B: °  1-E(B+b) 21

wvhere m=H+AR

For a random error chanmnel, the probability that a
message biock (Packet) of size (B+b) bits will have at least
one error on transmission is given by:

B+b
E(B+b) = 1-(1-C) --{35)

Rhen this value of ‘E(B+b) is substituted in the
expression for PT, an expression for the total overheéd
factor, incurred in transmission of a message packet by
packet over a randon error channel enploying the
Sto§<and-uait strategy for error control, is obtained. It

..

can be expressed as:
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2
B +B{m+21) +21m '
P = mmmmmmm e -1 -~ (36)

Y
218 (1-C) ?

It is assumed in the analysis that errors in the

blank padding do rot cause retransmissions.

3
il

To obtain an optimal packet size that minimises the

total overhead factor RFS' the expression for ﬂTSis

di fferentiated with respect to B and eguated to zero. This

gives rise to a polynomial of the form:

.

3 2 .
xB +yB +zZB+w = 0 -=-{37N
vhere x = 1ln (1-C) ‘
) . ¥y = (n+21)1n(1-C) -1
z = 21m.1n(1—cf
v = 21m -

It can be shown that the second order partial
derivative of Pmsuith respect to B is positive definite and
the above polynomial has only one positive real root which
represents tgé required Bopt for the random error channel

using the Stop-and-wait strategy for error control.
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3.5.1 EXTENSIOR TO CONTINUOUS TRANSMISSION

STATEGY

oo

In this section, the analysis of Shamim et al [(26)]
for the case of the Stop-and-vait strategy, sﬁa}l be
extended to cover two continuous téansmission strategies.
The basic Uappoarch - analogouns to the case of the
Stop~and-wait transmission strategy in [26]- is to minimise
here again ;he total overhead factor. ®hich is- as defined

- in the previous section - the sum of the network operational
overhead factor and the 6verhead factor due to bhlank padding

as defined in [27] and calculated as follows:

Pirst, the message length is assumed to be a random

variable with mean 1 bits expressed as;

-

N
1==- 2 N
N i=1 i

where H{ji=1,2,...,u) is the Bessage length of the

ith message '

Hessages are segmented into fixed sized blocks or

- packets of size B bits each. The structure of each message
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bloék consists of an nddre;s of b, bits in the fromt, an
information block of  size B bits in the niddle, and a
checking code of b2 bits at the rear of EP@ message packet

[23,2&,25.26.21]- Thusz |,

gverheads due to extra bits transmitted ¥ith each

packet

F = b = Db +b bits
bo 1 2

overheads due to transmission errors and

acknovledgement delays

¥e shall first evaluate the overheads for the éase
of a continuouns strategy, in which message blocks are
transmitted continuously without waiting for acknovledgement
and each unconfirmed message block is retransmitted. In case
a reverse channel 1is used for ;pkgevledgement AR=0, since
acknovledgement overheads is the fixed cost of the reverse
channel, which is independent' of the packet size. If a
reverse channel is not used then the acknowledgement
overhead will be the time required to transmit those
acknowvledgement signals for which message blocks were  in
error. Since the acknowleddénent sigmal is very short

compared to the length of nmessage block [23], that is:

LT TN ‘




AR << B+b
We can assume AR =0
1
In that case the network operational overheads per

packet or block can be expressed as [25]: ~

-

E (B+b) |
K(B) = b#————e—ae (B+b) bits --(38)
1-E (B+b)
vhere E(B+b) represents the probability of a message

block having at least one error on transmission over the

channel.

Thus the network operational overhead factor for

.this case of continuous transmission strategy can Dbe

éxpressed as [25]:

T N 1 H
S {- 2 I +-72Z2 Y}
B i=1 i W i=1 % E (B+b}
P = =—m—me——w ————————————— (bt frmmemm e (B+b)}
np 1 § 1T ® 1-E (B+b)
{- 2 I +- 2 o'} B -=(39)
N i=1 4 ©§ i=1

vhere I = Integral npumber of packets in
i
ith message

Mi= Practional number, 0<(i<1

N



-51-
{
Y = Indicator:function which takes on
values 0 or 1; Y = 0, only if x;= 0
N = Number Of messages transmitted

B = message block size in bits

Now we shall evaluate overheads for the Second case
of the continuous transmission strategy, in which mﬁssage
blocks are tr;hs :i.*l'.tfa-t‘:l‘continuousljr'Jr without waiting for
acknovledgement q:z transmitter retransmits the unconfirmed
megssaqge block together vith those message blocks that follow
it. Thus when an error block is detected, the whole durafion
of acknowledgement time 1is a wvaste. Fof this type of the
transmission str&tegy the overheads due to reacknovledgement

and retransmission can pg given as [23]:

L]

: st B+b i
P = 2. (A + -=-)[E(B+b) ] R bits - (4 0)
rat i=1 1 - S ‘
vhere 8 = t +t
1 1 2 ,
t = Tipme required to detect an error block
1 .
t = Time required to generate an acknowledgement
2
signal

Thus the total network operational overheads per
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nessage b10§5’can be written as:
E (B+b)
k (B) = b#t—=—-——=- (A R+B+b)
1-B(B+b) 1
Por this type of continuous transmission stategy the

network operational overhead factor can be expressed as

[26]:

1 ¥ 1 W

(- = I+- = Y}
N i=t i §® i=1 i E (B+b)

P = =—meemm———emm—————————— (b + ————=--—m- {B+b+3A R)}
np 1 ¥ 1 ¥ 1-F (B+b) .1

(- 2 1+- =K} B -=

Hi=1 1 ¥ i=1

"\M__/(’

overhead due to blank padding

The overheqd due to blank padding for both the cases
of continvous transmission strategies is the same as in the
case of the Stop-and-wait strategy in [26]. Thus the total
overhead factor for both the cases of continnous

transmission strategies can be expressed respectively as:

1 W 1 =&
(- = I+- % Y1}
N i=1 i § i=1 i E(B+b) B
P = mmmemmm—me———e———e e (b + ——=------ (B+b)} +-
TCI N 1 ® 1-E (B+b) 21
(- S I+-S 41 8B -- (42)

and



E (B+b)
—————————— {(B+b#+A R)}
1-E (B+Db) 1
B
+ - -=(43)
21

4

message lengths are long

Oon tﬁe baS?s that the

. A
enough, i.e., ¥;>>K;B, it is assumed that:

¥R
I M=

)

i
2 -

Using the above equation and the expression for 1,

the expression for Fy., and quxIreduces to:

214B. E (B+Db) B
F = ==-=f{bé-—————- (B+b) } + - - (un)
TCY 21B 1-E (B+b) 21
and
21+B E (B+b) : B’ .
F = ====f{bt-——-———— (B+b+A R) } ¢+ - == (45)
TCII 21B 1-E (B+b) 1 21

In order to find the optimal packet (Block) size, ve
. / ’ tr ¥/
need to findFy;=0 and Frery=© whenFpeyp )o and Frcry )0

respectively. Which we shall obtain in the next sections for

particular channel characterstics.
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3.6 OPTINMAL MESSAGE BLOCK SYZE ANALYSIS

" In this section we shall obtain the optieal nessage
block size under both the Stop-apd-vait transmission
strategy and the continuous transeission strategies for

different channel characterstics.

3.6.1 RANDOM ERROR CHANNEL

Por a random error channel, the probabiity that a
—nessage block of size (B+bp) bits vwill have at least one

error is given 5y:

o
i

B+b .
E{B+b) = 1~ (1-C) : --(46)

Stog-and—ua;t strateqy

The optimal block_ length for the case of the

4

Stoprand-wait trapsmission strategy has already been derivead

in [26}. So it would not be consisered here again.

g
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Coptinuous trapsmission strategies

We shall obtain the optimal block length for two

cases of continuous transmission strategies, as follows:

On substituting E(B+b)=1-(1-C) > in (44) ana (45),
ve obtain expressions for. the total overhead factor as
defined in [26] for two continuous transmission strategies,
in case of the random error channel, respectively. This can

be expressed as:

o B+b
21+B 1-{1-C) B
e L (B¢b)} + - == (47)
T™CI 218 B+b 21
(1-C})
and
B+b
21+B 1-(1-C) B
P = ==——=f{btr——n————- (B+b+A R)}+ - -=-(u48 -
TCII 21B B+b 1 21 .
(1-C)

Puthermore, to determine the optimal block lengths,
' ' y . ’
ve evaluatefFrnpeoy =0 and Frpc_[_\: =0 when Fpegr <0 and F’T'C.II <0

as Follows:
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. 3 2

= xB #yB +2B+w = 0 -=- (49}
TCI
Where x = 1n(1-Cf
y = (b#21)1n{1-C} -1
Z = 21b.1n(1-C)
v = 21b -
and
‘ L - 3 2
P = xB +yB +zB+w = 0 - (50)
TCII
where x = 1ln(1-C)
¥y = (b#A4R+21)1In(1-C) -1
z = (21b+21R,R)1rn (1-C)
¥ = 21b#21A4R
Also
n 2
F = B[=~3B 1ln(1-C)~-2B(b+21)1n (1-C) +2B-21b
CcI 3 2
1n(1-C) }+#{Bln (1-C)}+1][B 1n(1-C)+B (b+
2
21)1n (1-C)~B +B(21bln (1-C)) +21b
2 B+b
218 (1-C)
Which on evaluation ¢turns out to be a positive
quantity.
{
\'.
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" | 2
F = B{[rBB.ln(1~C)—28[(b+348+21)1n(1-C)]t23
TCII . B+b
-(21b+21n1R)1n(1-C)—2131R(1-C) In(1-C)
' 3 2

+[Bln(1-C) #2J[B 1n(1-C)+B (b+21+A,R)
2,

1n (1-C)-B +B(21b+21A24R)1n (1-C) +21b+21A4R
2 B+b
218 (1-C)

Which .qp evaluation also turns out to be a +ve
quantity for values of B ranging between 200<B<4000 bits.
4
Conseque%tly, the numerically obtained solutiomns of
equations (49) and (50) ~using Newton Ralphson's method
[29]- represent the reguired optimal block or packet sizes
which minimise the total overhead factor in a random error.

channel, while using continuous transpission strategies

respectively. ‘

Pig.6 and fig.8 illustrate the behaviour of the
solutions of equations (49) and (50) for different values of
mean message length and acknowledgement overhead for two

continuous transaission strategies respectively.
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Similarly fig.7 and fig.9 demonstrate the behaviour

of the total overhead factor, calcuiated using the optimal

value of block size, i.e., BOPt; for different mean méssage

length and acknouledgeuentlﬁverhead respectively.
b

3.6.2 TELEPHONE CHANNELS BY BALKOVIC ET AL.

For the telephone channels reported hy Balkovic et
al [3], the probability of a packet having at least one
error can be expressed as [4]:

c:

E(B+b) = a(B+b) --(51M

vhere a and ¢ are parameters, the values of which

depend on channel data rates (R bits/sec). From the curves

‘given in [ 4], wve obtain the following values for the above

mentioned parameters: ¢
B = 1200 b/s a = .0000139 c = 0.80626
R = 2000 b/s a = .0000088 c = 0.81103 == (52)
R = 3000 b/s a = .0000370/ c = 0.72695
. 1
h
r ,_,}
/ . »
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Stop~and-wvajt trapssission strateqy

We - obtain an expression for the total overhead
factor in the case of the Stop-and-wait strategy by

substituting equation (51) into (34%)

c -
21+B a (B+b) : B _
4 = e (B¥———————— (m¢B)} + - ' --(53)
TS 218 c 21
1-a (B+b)

In order to minimise FWS the total overhead factor,

wve differentiate {53} vith respect to B and egquate to zero:

- ]

- c=-1 o]

F = 21B(1-a(B+b))[m+2B+21Bac (B+h) +21a (B+b) ]

TS -2 c c
-{[21n+nB+B +21Ba(B+b) J 21(1-a(B+b) -21cCB
c-1 .

a(B+¢b) |

e 2
[21B(1-a (B+b) ] . --(54)

FPuthermore, we evaluate the second ‘order partial

-~

-

derivative of Fms,

n - c 2 2 c-1 2 c
P = 21B (1-a (B+b) ) [41B+&1 Bac(B+b)  +U4l a(B+b)
TS 2 c=-1 c 2 c-1
- -431B ac{B+b) . -81Ba(B¢b) +8l mac (B+bh)
2 c=-1 c 2 c-2
+21B ca (B+bh) +41Ba (B+b) +41 mBa{(c~1)c {B+b)
2 c=-1 2 c-2
+41 mac (B+b) +21mB ac{c-1) {B+b) +4lmBca

0



-6h=
c-1 3 c=-2 .2 c-1
+ (B+b) +21B ca({B+h) (c-1) #61B ca (B+b) ]
C . C c~-1
-{{81B(1-a(B+b) ) (21 (1~a (B+b) -21Bca (B+bh) Y ]
2 2 c c 2 lod
[21B +81 Ba (B+¢b) -21mBa (B+b) =-41B a (B+b)
2 2 - c 2 c
~41 p+4]1 ma (B+b) +21mBa (B+bh) +21B a (B+h)
2 c-1 2 c-1 3 c-1
+4]1 mBca (Btbh) +21mB ca (B+b) +21B ca(B+h) }

{21B (1-a (B+b) ) ]

It is obvious that the expression forFﬁg , 1in the
case of the Stbp-and—uait- strategy over Balkovic et al
telephone channels, is a complex function. Thus we need'to
evaluate the function F%; « We find that for the ranges of
interest for the variables used in the a éve axpressien , -

is a positive guantity. The;é%ﬁre the numerically
obtained solution’of (54) repgesent?/tﬁe required B which
pinimises the total overhead factor in this case..
\

\
In fig.10, BOPL the numerically obtained solution of

. . L4

equation (54) is ploted as a function of the mean message
length for variofis(values of the acknowledgement overhead
(AR) and for different data rates over Balkovic et al

channels.

&
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Pig. 11 shows the plot of the total overhead factor -
calculated using the optimal value of the packet length
(Boptl - against mean message length for various values of

the acknowvledgement overhead (AR)

Continuous transmission strategies

As mentioned earlier, there are tvo cases to be

considered here.

In the first the case, 1if e compare (auy , fhe

R expression for the total overhead factor in the case of
continuous transmission strategy, with (34), the total
overhead factor 1in the case | of the Stop-and-wait
transmission strateqgy, tpe two eguétions are exactly similar

if the variable m has value equal to b (The block overhead).

So the analysis for the sStop-and-wait strategy is applicable

to the first case of the continuous transmission strategy.

In the second case of the continuous transmission
strategy, the expression for the total overhead factor for a
Balkovic et al telephone charnnel can be obtained by

5;_ . substituting (51) into (45):




=
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c
21+B a (B+b) B
P = =—=e (btmm e (B+b+A R)} + - -=(55)
TCII 21B c 1 21
1-a (B+b) -

~

In order to minimise the expression- for L

differentiate (55) wvith respect to B and equate to zero.

wve

Thus:
* c c-1
P = 21B(1-a (B+b) ) {b*21A4Rac (B+b) +21a
TCIT C c-1 c
(B+b) +21acB (B+b) +A,Ra (B+b) +AqRac
c <=1 Lot
- {(B+b) +A,RacB (B+b) +2B} - [ 21-21la (B+Dh)
c=-1 C
-21Bac (B+b) J{21b+bB+21A Ra(B+b) +21B
C c 2
a (B+b) +BA Ra(B+b) ¢B ]}
—————————————————————————————————————————— =0
c 2
) [21B(1-a(B+b) )] < --(56)
Néxt, we evaluate the second order partial

derivative with respect to B of functidn (55) , ,in order to
ascertain that the numerically obtained solution of equation

(56) really represents the minimum solution or the global

minimum soclution. Thus:

" c 2 2 c-1
F = [21B (1-a (B+b) ) ) [41 BA,Bac(c-1) (B+b)
TCII 2 c-1 22 2 c-2 2
+431 Ry{Rac (B+b) +4) a c¢B (c-1) (B+b) +81
c-1 2 c-2

acB (B+b) +21R,4RB ac (c-1) (B+b) +41A4RB

LY
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c-1 .2 c-1 (o
ac (B+b) +41B~-21B ac (B+b) -4]1Ba (B+b)
.2 c=-1 2 c=-1 2
-41 A1Rac(B+b) +41 acb(B+bh) +Bl A4R
2 c=1 2 c=-2 2
a c(B+h) +41 Bbac(c~-1) (B+hb) +41 bac
c-1 2 c-2 c=1
{B+Db) +21lacB b (c-1) (B+b) +4lacBb (B+b)
3 c-2 2 c-1
+21B ac(c-1) (B+b) +61B ac(B+b) 1-{[ 41B
Lol <=1 c
{(1-a (B+b) } ][ 21-22Bac (B+b) -2la(B+b) ]
2 2 c-1 2 2 c-1
[ 41 BA{Rac (B+b) +43]1 acB (B+b) +21A4R
2 c-1 2 2 c 2 2
B ac (B+b) +21B -21B a (B+b) =41 b-41 A.R
c 2 C 2 - 2 2c 2
a(B+b) +4l ab(B+b) +u4)l A4 Ra (B¢b) ' +U4l Bb
c-1 2 c~-1 3 c-1
ac (B+b) +21lacB b (B+b) +21B ac(B+b) 1}

— . T T — T W W Y —— " — ————

[ 21B(1-a (B+b) )} -—(5T7)

He evaluate (57), in order to check the sign of the
magnitude of Fﬁcﬂ. We find that for the ranges of interest
of the variables used in equation (57) l.e. 200<(p+b)<u000,
100<B1R<200, 1000<1<6000 and c and a as defined‘ﬁ} equation
(52) , Egcxr' "is a positive gquantity. Thus the numerically
obtained solution of (56) using the Newton-Ralphson method

[29] represents.the reguired Bept-
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Fig. 12 shows a plot/of BoPt as & function of mean
message length, for various values of the acknovledgement
overhead and for three data rates over Balkovic et al

telephone channels. J

i

Fig.13 shows the plot of the total overhead factor,

Id .
,/éilculated as a function of the =mean message 1length for
various data rates over Balkovic et al telephone channels.

It is found that curves are insensitive to changes in the

reacknowledgerent and retransmission overheads (™).

3.6.3 REEEEIEL? ET AL'S DNPL MICROWAVE

CHANNEL

2

From the experimental measurement on Dareshury
Nuclear Physics Laboratory (DNPL} microwave link as reported
in [5]), the actual probability of a packet having at least

one error is found to be [7]:

log10{E(B*b)} = a +a log10 (B+b)
0o 1

vhere a = -6.5 and a = 1.07
o - 1

Which can q%so be expressed as:
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a +a log10(B+b)
E(B+b) = (10) 0 1 --(58)

Stop-apd vait transaissjion strateqy

In ;this case the general expression for the total

overhead factor as derived in [27], becomes:

21+8B 10 B -
F = --—-—{(n¢ -=—-- (a¢B)} + - -=(59
TS 21B A 21

Y

vhere A = aofaﬁlog10(8+b) and DA = ajlog10(e)/(B*b)

As before, the minimum solution of equation (59) 1is

)found by differentiating it with respect to B, equating to
N

;- zero, . then solving the resultant equation - which 1is

-

expressed below - numerically using the Newton-Ralphson
method [ 29 3. Thus:
' 2 2 A 2 A 22 2
P = {{21B —-4lm+4) B10 +41 210 ]-J4l B +41 mB

TS 2 2 2 A
+21mB ~21B #21B ).10 1n(10)DA]} = 0O -=(60)

"1

Here again, we have to check the sign of the second
order partial derivative of equation (59}, in order ‘to

asceftain that the numerically obtained solution of equation

]
.
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(60) represents the actual ainimum solution. The second

order partial derivative of eguation (59) is as shown ‘belows:

n A 2 2 A 2 A
F = {21B(1-10 ) ] fu4lB+41 10 +8§1 B10 1n (10) DA
TS 2 A 2 2 2
+41 =10 1n(10) DA-[ 81 B+4)1 m+4ln-U4)B+61B 1
A 2 2 2 2 2 3
10 1n(10)DA-[ (41 B +41 mB+21lmB ~218 +21B )
).\ 2 a -2
10 (1ln(10) DA} -10 1n (10).DA(B+b) ]}
A : A A 2
-f[81B (1-10 ) (21-2L10 -21B10 1n (10)DA) (21B
2 .\ 2 .| 22 2 2
=81m+¢81 B10 +41 m10 )~-(41 B +48]1 mB+21nB
2 3 A
=21B +21B )10 1n(10) DA N

TSN ST L T ——————— T ————————— "

[21B(1-10 ) ] --(61)

Obviously function (61) is complex, Thus we need to
compute it. It is fourd that for the raﬁges of interest for
the variables used in function (61), i.e., 1000<1 <6000,
200<B<4000 and  100<m<200, the second order partial
deri;ative of function (60) is a positive quantity. Thus the
numerically obtained solution of functtgn (60) is the
required optinal packet size (BoFk), vhich minimises the
total overhead factor while using the -Stop-and-wait

transmission strategy. -

Y
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Pig. 14 ghovs the ﬂunerically obtained resunlt of
function (60} . nanei} Bopt- as a function of the mian
iessage length {1) for the various values of the
gzknovledgenenf overhead (AR). ¢

»

Pig.15 shows a plot of the total overhead factor -

using the optimal packet size - as a function of tﬁe mean

message length fof'thF various values:0f the acknowvledgement

overhead (AR). v o i .

-~

.'/7 9 ‘ | & .
Cogtinuoug t;ansnissiin strateqgy "
. /’/-7 . ) ' 7 B ’ N

A%Jbefore, , ve shall be considering the second type
of cbnti%uous transmission, stFQFegy'only, since ve have
alréaq;,n&ntioned tga{ theian?lysis derived for the case of
th \glép-aﬁ@-vait strategy 1is also applicable to. the first

type of the continuous transaission strategy.

/

~—— The expression for the total overhead factor in the

Second casewof the continuous tran®mission strategies can be

“arrived at by substituting- equation (58) in (35): Thus:
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A
21+B 10 B .
P = e=eef{bt——m————m (B+bea m)} ¢ - --(62)
TCII 21B A : 21 -
1 - 10

Next we differentiate P with respect to B and

merr
equate to zero.Thus:
k|
' A A '
P = {{21B(1-10 ) ][b+2B+2110 +A, R10 + (2124R
TCIX A R A
+21B+BA,R) 10 1n(10) DA }J-{ 21-2110 -21B10,
2 ).} A
In(A) DA} 21b+hHB+B +21!1R10 +21B10 +BA,R
n t
10 1
----- - —_—mm— S —— - ———————— = ()
A 2
[21B{1-10 } ] . =={63)

where 2 = a +a log10(B¢b) and DA = a logq10(e) /(B+b) . .
0o 1 1
In order to check for the existence of the minimun
salotion of equation (63}, ve obtain the second order
partial derjivative of equation (63) with respect to B and
check the sign of the magnitude of this second order partial

derivative. Thus:

o
" A 2 A | 2 2

P = [21B(1~10 ) ] [%1B-41B10 + (81 B+81 b+81BA, R
TCIX .2 A 2 2A )
+41bB+81B )10 1n (10) DA+81 A4R10 1n(70) DA+
2. 2 2 2 2 2 3 A
(31 R4RB+41 B +21B A, R+41 bB+21bB #2158 ) 10

: n . .
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2 A A
(1n(10)DA) J-[ (21B-21B10 —21B10 1n{10)DA)
T2 2, 2 2 A 2 - 2
(21B -41 b-(81 A,R-81 D) 10 +4l A R10 +{

2 2 2 2 233
41 AqRB+41.B +21B n1n+?1 bB+21BB +21B )10 -

in (10) DA

[21B(1-10 )] / --(64)

!
On computing function (64), it is found that ¥" is
positive for all values of the variables B,l.A1R and b'lfing
in the ranges of interest, e.g., 200<B<H000, 1000X1<6000,

100<A{R<200 and b=50. Thus the nunericaiiy obtainad sd},

of equation (63) regfesents the required Q?&.

FPig.17 shows a plot of the optimal packet size as a
function of the mean message length, for various values of
the reacknowledgement and retransmission overheads (A4R) .
It is obvious from the ﬁlot that Boﬁt is ' almost insensitive

to changes ia A4 R.

b Pig.18 shows the result of the total overhead factor

//l t
’i(chuJ for various values of the mean nessagt length . at
different Bopb. . Here also Prei- Seemed to be inmsensitive to

changes in RAyR.
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dered two aspects of data communication.
‘r)First the evaluation of perfgrmance of a block orignted data
) transmission facility 1in terms’ ™ o©0f the Mean-Frror-Pres
Tnterval, We derived certain general expressions for the
ﬁean-Error—Free Interval. The results were then applied to a
random error channel, specific telephone channels and a
microQave channel. The MEFI is an important measurz ot

performance and it is believed that the results obtained

will be useful to the design of.data trarsmission systens.

The second aspect of data communication that we have
addressed in this thesis is the question of optimal bhlock or
packet size, which rminimises the <channel overhead or

maximises the channel utilisation. Some general expressisns

were derived for the total overhea ctor for channels of

practical interest, €.9., the'‘random error channel, the

Balkovic et al télepho‘ annel and - a DNPL nmicrowave

channel, while using-~twvo types Qf transrission strategi=s.

-

‘The Observation Ve make from the results obtaingd is

that the Stop-and-wait strategy results into higher total,
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overgead factor as ‘compared to contihuous transmission
strategies for all channel characterstics considered so far.
Also, of the twe continuous - transmission strateqies
considered, " the strategy munyer one gives higher total
overhead factor for all three channels considered ir this
thesis. It is also observed from the graphs for the total
overhead factor that =as the mean messaga  length (9D
increases the grqphs show an exponential decay, which
,impliés that the total network operational overhead incurred
in transeitting messages with large 1 values is less}tﬁaé
the one for messages with smell 1. Corrgspondingly, the
curves for optimal block length show an exponential increase
as 1 increases, whiéﬂ}is because the increase in the mean
meséage length causes the total overhead factor to decreasae
and since large blocks méan smaller overheads, the optimal

block length increases with an increase in 1.

Futhermore the optimal block 1ength§ corresponding
to continuous transmission strategies are insepsitive to
cﬁ%nges in A é for éll three channels considered, as seen
. from .the gra phs. In the case of the Stop-and-wait
transmission strateqgy, the larger the value of AR the higher

the value of the total overhead factor and thus the smalloer
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the values for the optimal block length, In the case of the

random error channel an increase in bit error rate causa2s an

"increase in total overhead factor and thus decrease in the

optimal block 1length. If P is the message block size in
bits, without ove;heads, and Fq\ is the total overhe=2d
factor, then the expected channel efficiency, when usina

fixed size message blocks with ARQ strategias far error
i ] p A
control, <can be defined as - ’/£F+P - Thus minimisina of

P also maximises channel efficiency.

!
I

It is believed the results presented in this thesis
will be wuseful in the selection ot optimal fixed message

block sizes for data communications.
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APPFNDIX -

[

.BALKOVIC TELEPHONE CHANNFL [3]

- -

« o o
Bell Labératories condué;ed in 1969-70 a conrection
suréey of the Bell éys£em Switched Telecobmﬁnications
' Netu&rk; : Errof performarce medsu;emeﬂts were mad2 on

approximately 600 toll connectibns dialed from 12 receiving
. % .

to 9£_transmitting sites in the United Staxeé'and.Canada.

v

- u_.' ) . &

‘Using this source data,M.D. Balkov;c,ﬁ;w.
Klancer,S.W. Klare,and H.G; McGruther presentéd'estimatesiot
data transm&ssion error perforﬁance on a bit!bhqst andrbloék
basis, at data rates of 1200, 2000, 3600 and4800 b/s in

.

their paper '*High-Speed Voiceband Data “ransmissior
a ‘ -

Performance on the Switched Telecommunications Network', ir-

The Bell sttem,Tech; Journal,\ibril“1971.-

/ . “ .
- ' o . N
Yy .
DARESBURY NocLFAR P§¥SICS LABORATORY & - ™
MICROWAVE CHANNEL (D [s1 . - -

_ : S g

The Daresbury Nuclear Physics Laboratory has s2t un

an experimental microwava link, operatirg over a.distance o€
i ] : ’ '

3

s
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70 km and‘includinq'a_repEater. This link operates at 7 GHz
and at}ains rates ?f up to 10 b/s in both duplex channelé.
The link terminateg}at central 360,165 computer. .

-

Maasurements of the noise characterstics of these

. links have been made and presented by Peatfield A.,Sharman

H., and Zarcharov B. in their paper '¥rror Characterstics’

of Past Data Links',[5].
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