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1.0 INTRODUCTION

This document summarizes work performed by Delta Information
Systems, Inc. for the office of Technology and Standards
of the National Communications System, an organization of the
U.S. Government, under contract number DCAl00-82-C-0072. The
Office of'Technology and Standards, headed by National Communications
System Assistant Manager Marshall L. Cain, is responsible for the
management of the Federal Telecommunications Standards Program,
which develops telecommunication standards whose use is mandatory
by all Federal aéencies.

A very active on-going standardization endeavor is the
development of Federal Standards relating to digital facsimile.
Federal Standards 1062 and 1063 pertaining to Group 3 facsimile
equipment have recently been ptomulgated; Standards for Group
4 facsimile transmission over Public Data Networks (PDN) are now
under development. Some PDN's (e.g., packet switching) have

been designed primarily for the communication of short bursty

messages (typically 1,000 - 2,000 bits per message) between
computers and data terminals. The typical length of a Group 4
facsimile message is forecast to be very long - typically
500,060 (compressed data) bits per message. There is serious
concern that PDN's of this type may not handle facsimile traffic
very efficiently.

The purpose of this study is to project the near term
characteristics of public data networks and Group 4 facsimile

systems, and estimate the efficiency with which Group 4 messages
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will be transmitted over various types of data networks (e.g.
» packet switched, circuit switched, and the public switched
iﬁx telephone netwozkg

Work on this contract was divided into the three £asks
N which are listed below.
i{% Tagk 1 Data Netwerk Analysis/Projection
gf? The characteristics of the following three types of data
networks were analyzed and projected.

.- Packet switched networks (e.g. Telenet, Tyment)

= Circuit switched data networks (e.g., Circuit Switched

Data Capability)

.;g - Public Switched Telephone Network
3%& Task 2-Group 4 Facsimile Analysis/Projection

The present status of Group 4 facsimile and its technical
characteristics in the near term were analyzed and projected.
The following parameters were examined.

- Modes of operation

- Communication protocol

~g} ' - Coding and compression

;f% - Group 4 terminal structure

iy Task 3 ~ Throughput Analysis

é% Hypothetical networks were constructed consisting of the

E : projected characteristics of Group 4 facsimile equipment

transmitting over the three different types of baseline data

_.
P b

-
¥ in

networks (e.g., packet switched, circuit switched, and PSTN).

The efficiency with which the facsimile data is handled by the
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representative data networks has been estimated.
The work performed on the three tasks listed above is
Section

described in sections 2.0, 3.0, and 4.0 respectively.

5.0 contains summary and concluding remarks.
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2.0 Task 1 - pata Network Analysis/Projection

The purpose of task 1 is to "analyze and project the
chaticte:istics of the following three types of communication
networks".

~ Packet switched data network (PSDN)

« Circuit switched data network (CSDN)

~ Public switched telephone network (PSTN)

Each of these networks is seﬁarately discussed in the following

sections.

2.1 Packet Switched Data Networks (PSDN)

The CCITT has developed recommendation x.25 to define the
*interface between data terminal equipment (DTE) and data
circuit terminating equipment (DCE) for terminals operating in
the packet mode on public data networks." The x.25 recommendation

sﬁecifies OSY layers 1, 2, and 3 for transmission over Packet

Switched Data Networks (PSDN)., Figure 2-1 illustrates the
three functional levals of the x.25 recommendation., Figure 2-2
is a list of the large number of packet switched data networks
which are operational around the world.

During the course of this task many phone conversations and
trips were held with personnel assoéiated with packét switched
data networks. Based upon these communications the parameters
of a baseline PSDN are listed in Table 2~1. The only parameter
in this table which may require clarification is the term
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Figure 2-2
INTERNATIONAL DESTINATIONS AND TARIFFS
COUNTRY NETWORK(S) TARIFPS COUNTRY NETWORK(S) TARNTFS
] o mto

* Australia Austpac Not yet available Japan DDX-P 100p 40p

* Australia Midas Not yet available Luxembourg Euronet 22p 1.2p

* Austria Radio Austria Not yet available Netheriands Euronet 2.2p 12p
Beigium Euronet 22p 12p * Netheriands Datanet 1 Not yet available

*Belgum - DCS Notyetavailable  ‘NewZealand  Oasis Not yet available
Canada Datapac 8p 3p * Norway Norpak Not yet available
Canada . Globedat 8p 3p Portugal 22p 12p
Canada Infoswitch  8p 3p Singapore Telepac 100p 40p
Denmark Euronet 22p 12p * South Africa Saponet Not yet available
Federal Republic Spain NTID 22p 12p
of Germany Datex-P 22p 1.2p Sweden Telepak 22p 12p
Federal Republic . Switzerland Data-Link 220 12p

of Germany Euronet 22p 12p

Switzerland Euronet 22p 12p

iL Finnpak 22p 1.2p * Switzerland Telepac Not yet available
France Transpac 2.2p 1.2p
- USA TT-UDTS 8p 3p
French Antilles 100p 40p
- USA RCA-LSDS 8&p 3p
* Hong Kong IDAS Not yet available
S USA Telenet 8p 3p
irish Republic Euronet 2.2p 1.2p
: USA Tymnet 8p 3p
Htaly  Euronet  22p  12p USA WULDBS 8 3p
Japan : Venus-P 100p 40p
e dete this b Data calls to the U.K. can also be made from:
A""“""”"‘“l at booklet by ‘l ""°"'"I | tion Australia Bahrain Barbados Bermuda
Sithdrawn, withou m‘n;:nouce mwm oo *Dubai Hong Kong Israel Japan (ICAS)
Or part of a minute New Zealand
Or part of 10 segmentss
$ Ses nows overieaf
* See notes overieaf
2-3

R Ao I SRR Y AR IR SRS R eh,

N L.Y:\ﬁ-\‘



LS. o

< LA

-8
IR et

¥

oy

g e F e

Eeth SRR AL

A ARINA

plo s .2

FAREE

s

st s

 Table 2-1

Assumptions for the BASELINE Packet Switched Data Network

Baseline
Parameter Value
Length of facsimile message-btis 500,000
Local signalling rate - bits/sec 9,600
Network signalling rate - bits/sec 56,000
Local error rate 10-5
Network error rate 10-6
Local Propagation Delay - msec 1
Network Propagation Delay - msec 10
Processing Delay - msec ) io0
Number of nodes 5
Network Loading .8
Packet Size -~ bytes 128

Corresponding network window

Transport Block Size - bytes 512
Network Window 6
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*network window". This parameter refers to the maximum number of
packets which may be transmitted into the PSDN at any time which
are not acknowledged. Figure 2-3 is a functional block

diagram of the baseline PSDN.
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' 2.2 Circuit Switched Data Network (CSDN)

00 ) AT&T is in the process of introducing a new CSDN which

5

1:{’ is called the "Circuit Swtiched Digital Capability” (CSDC).

ey

SR Although not presently offered, a development effort is well

i * under way and a significant portion of CSDC relies on existing

jig facilities. Information obtained to date, indicates CSDC will be

B Py %

e available on a limited basis in early 1984. It is particularly

_— ; pertinent to consider the CSDC for Group 4 facsimile because

ol

N the transmission bit rate is 56 KPS. This bit rate will permit

A
& a typical page to be transmitted in approximately 9 seconds. This
< page rate will make it possible for users to interchange pages

3N in real time.

Y

8% CSDC will provide end-to-end full-duplex, 56 Kb/s, circuit-

» éwitched, synchronous data over much of the existing Bell System

ﬁﬁq - Network. Figure 2-4 illustrates the CSDC. The system relies on

2 ’ .

;‘g 2-wire local loop. The leading candidate approach is to time-

N share the 2-wire path using rates slightly greater than 2 x

§ 56 Kb/s.

gsn .

J*j Following is a listing of features for the CSDC.

¥ Type Service: Alternate voice/data modes

3;7 Data Rate: 56 Kb/s (other rates may be available-9600 b/s initially)
=3 -

&:3 Call Setup Procedure: Via Touch-Tone, a user dials a special

%E . access code followed by the 7 (or 10) digit number of the called

‘ ‘1 party.

D ; Local Loop: Present plan calls for removal of loading coils

éﬁﬂ plus some loop conditioning. Should permit operation to 18,000 ft.
b i
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Loop Signal: Two schemes are proposed: The leading candidate
is a time multiplexed (TM) or burst mode at slightly higher
than 112 Kb/s. The second or hybrid scheme is full duplex
separation. Both approaches use bypolar AMI type signals.
Timing: The service will be synchronous. Timing is according
to the DDS nationwide synchronization system.

Signaling (2-wire): Conventional on/off-hook via open/closure.
Voice/data is via normal/reverse battery.

Error Performance: Simulation results indicate a BER of 10™' .

for 60% of the data/time; 10-6 for 95% of the data/time.




2.3 Public Switched Telephone Network (PSTN)

The primary advantage of the PSTN over other networks
is that it is universally available virtually everywhere. The
disadvantage is that it is designed to handle voice, not digital
data. This restricts the rate at which facsimile digital data
can be reliably transmitted.

It is likely that if Group 4 facsimile terminals transmit
over the PSTN they will use the same standard CCITT modems which
have been used so successfully in Group 3. The key characteristics
of these modems are summarized in Table 2-2.

The reader will note from the V.29 title that the CCITT
indicates the V.29 modem is to be used over "leased telephone-type
circuits®. Nevertheless most Group 3 facsimile systems contain the
V.29 modem, and it is used quite successfully over the PSTN, It

is used with less success over theeEuropean PéTN's because the

quality of the European PSTN's are of a slightly reduced quality
relative to those in the United States.

There are two parameters of the PSTN which are critical
determinants of the throughput for Group 4 facsimile - bit rate
and bit error rate. As indicated above it is very difficult to
accurﬁtely characterize the PSTN for these two parameters. The
performance of the PSTN veries over a wide range as a function of the
following parameters.

- Country: the performance of the PSTN in the U.S. is

typically superior to that in Europe.

- Location within country: the performance of the PSTN in

certain regions of the U.S is superior to that in other

regions.

NN A SN 7 Sg
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Table 2-2

..........

Standard CCITT Modems used for the PSTN

CCITT
Recommendation
No.

V.27 ter

V.29

CCITT
Recommendation
Title

4800/2400 bits per
second modem standardized
for use in the general
switched telephone network

9600 bits per second
modem standardized for
use on point-to~-point

4 wire leased telephone-
type circuits

Modulation
Technique

4800bps- 8 phase DPSK

2400bps- 4 phase DPSK

9600 bps; Combination
of 8 phase DPSK and
two level AM

7200 bps; Fallback;
8 phase DPSK

Carrier Freq.

1800 Hz

1700 Hz

Scrambler

No

Yes

2-11
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e - Distance: the performance for short local calls is

. typically superior to that over longer distances
i% , - Modem vendor: some modems perform better than others.
G Based on the uncertainty of the above parameters the

PSTN Group 4 throughput analysis is best performed on a

parameteic basis with the following range of parameters.

Bit rate - 9600 bps
Bit error rate - 104, 10-5, 106

%‘ . 2-12
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3.0 Tagk 2 - Group 4 Facsimile Analysis/Projection

The objective of task 2 is to "analyze the present status

[l 24

of Group 4 facsimile development and project its technical
characteristics in the near term". The work performed on

. this task was divided into the four parts listed below and
discussed in Sections 3.1 through 3.4.

- Modes of operation

iR

- Communication protocol
- Coding and compression

= Group 4 terminal structure

3.1 s_of ration

. . The CCITT has developed draft recommendation T.a entitled
“Apparatus for Use in the Group 4 Facsimile Service." A copy
of this recommendation is included in Appendix A. This

document defines three classes 6f Group 4 service which are

~el Al AP

summarized in Figure 3-1. This table shows that classes 2 and 3

are required@ to provide é TELETEX and Mixed Mode service as

C %

well as basic facsimile service. For purposes of this study the I

WP

only service which will be considered is the conventional facsimile |

service as defined in Class 1 in addition to the facsimile

- w

. service in modes 2 and 3,

G A
K 4

Figure 3-1 also shows that all Group 4 facsimile equipments
must be able to transmit at 200 pels/inch in both the horizontal

R

and vertical direction. Class 2 and 3 equipment must also be able
5 to transmit/receive at 300 pels/inch. Additional transmission
options are 240 and 400 pels/inch.

3-1

- L] ., L. - - - »
Ty 'v‘ " , L, }

LI S R e e L

ATy, .\. A0,

»_ov,w "t T At a et T e te o Tmta®
o, t'.'f\q I~o’.-. (X (\(.'- o \1‘\‘ L) _-‘t..'- DR



LIS R

A S

w

. e

it i B Au-i aat i I

o ¥

2

P XA TR,

1-¢ N9T A

STVNIWYIL b dNOY9 40 SISSVT

!!i!-!.:- -
S3A S3A a33¥1nd3Y 1ON AdOW3IW 39Vd
S3A E a341nd34 LON NOISY3ANOD T3d
00k “OhZ 00hOhZ 00 00€“0hZ WNOLLAD, | yopyniosay
00¢g 00g JTWSNVYL
plie e
002 002 002 QYVANV1S
EIYENELD - - - v
/LTWSNVYL
/31VY3INT9 JAIDN - JA0W d3IXIW
/LTENVAL |
s JAIN - ) EIERE]N
/3Lvy3N39 DI
IAIIIY/ANIS JAIFIFY/ANTS - JAIFIFY/ANTS JIWISIVL H
| o s e T s = s
/ FIIAY3S
£ Z 1 -
SV  T—
—~

O A PO L
&, NN Wt

QH..J',‘.o v A )
v & o %k, oK b.ﬂ. -
AN SN T e A

B |

A

RS S S

A

BUBCIRE



o
ot

K

o

32

:§2 3.2 Communication Protocol

;« The CCITT has determined that the 7 layer OSI (Open System

i% Interconnect) protocol which has been developed by the 1ISO

Eﬁ (International Standards Organization) will be used for Group 4

R ] facsimile., PFigure 3-2 is a tabulation of the seven layers along

$§ with the designation of each layer, the applicable Group 4 CCITT

N
o

5y

recommendation, and a description of the function of each layer.

As shown in Figure 3-2 the CCITT has established recommendation
o S.70 entitled. 'Network-lndependent»Basic Transport Service
?ﬁ for Teletex" for Group 4 facsimile layer number 4. As indicated
I by the title of the recommendation this standard is applied to
& both Teletex (communicating word processors) and Group 4 facsimile.
35 Recommendation S$.70 outlines the protocol for G4 fax transmission
0 ' over the three different communication networks listed below.
- Packet switched data networks (PSD&)

- Circuit switched data networks (CSDN)

MR IR

- Public switched telephone network (PSTN)

Figure 3-3 is taken from S.70 and shows the different CCITT

-

*

- .

recommendations which exist for levels 1, 2 and 3 for the three

-4

[
<3 different communication networks. Note that levels 1 through 4
b‘_
congist of protocols which insure reliable communication between

~C
13 . two users over any network or multi-network configuration.

R

:3 Protocol levels 5, 6, and 7 are concerned with the data itself
- and are independent of the communication process at the lower

ﬁ levels.

{4 :
‘3; Figure 3-4 illustrates the top 4 0OSI levels emphasizing the
.
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‘.'-}_ Figure 3-2

‘:\

:‘-} OSI OOMMUNICATIONS PROTOCOL FOR GROUP 4 FACSIMILE
4 -

% APPLICABLE

A OsI LAYER GROUP 4 FUNCTION

O LAYER NAME crrT

e NO. RECOMMEN-

5 DATION

N

-;'.‘ *
B 7 APPLICATION, T.a. User Application Process;

Defines a specific application; text editing,
payroll processing, electronic mail, information
retrieval; What the user is aware of; T.a.
defines parameters of scanner/reorder.

T.b,B.a Data interpretation, format, code transformation;
Peripheral device coding; character set
translation; information formatting- modification
of data layout, page rotation, B4/A4; encryption:
T.b defines coding technique: S.a defines

mixed mode protocol.

5 SESSION S.62 Logical linking of user processes; who talks
first, time, date, subscriber number; troadcast

control.

‘N s.70 Assures end-to~end data integrity and provides

3 for the required quality of service for exchanged
: information; synchronization, control, multi-

plexing, reestablishment under error conditions.

e 3 NETWORK X.25 Controls the addressing, switching, and routing
] of the information to establish a virtual circuit
1 connection; defines packet formats and control
¢ { procedures; flow control.
. 2 LINK HDIC LAPB The link access procedure for reliable data
N interchange across the link between the DTE and
-u; the data network; error handling; flow control;
A e.g. "rcvr ready", "rcvr not ready"; estahlish,
bo? maintain, and release data links.
. 1l PHYSICAL X.21 The physical, electrical, functional,, and
3 RS449 procedural characteristics to establish,
N RS232 maintain, and disconnect the physical link
’;. between the DTE and the network.
a
2
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o END-USER Application
fans layer
‘: (layer 7)
14
>
2
Ly S.a Mixed Mcde Presentation
S.61 Text DOCUMENT STRUCTURE layer
< \ T.a Facsimile (layer 6)
; .
',\‘
-* T L
N
Establishment & Release, token management Session
2 S.g2 Structure into dialog units, Sync & Resync layer
AG ¢ Simplex, half duplex, duplex (layer 5)
'~
\;
> \
3 End-to-End Transport Transport
. .7 ,
-, .70 Segmenting (igggi 4)
b
:; X.25 X.21 Telephone + Network
N call procedure call procedure X.25 call proc. layer
~ X. 25 X.25
™ data transfer NULL Hdata transfer (layer 3)
i~ 2 SYN. CHAR. X.75 Link laver
N LAPB/X.75 or (layer :,
X.75 LAPX
3
ol
‘ .
3 X.21 X.21 Physical
S * X.21 bis e.g. V.24 | layer
] or X.21 bis br X.22 (laver 1)
[
b2 PSDN CSDN PSTN
A
i Pro ¢
s Figure 3-3 Group 4 FAX Protocol Structure
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S.a

ERETATION
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MIXED MODE: DOCUMENT STRUCTURE/ PRESENTATION/ CONTROL

S.62 ESTABLISHMENT & RELEASE, TOKEN MANAGEMENT
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relationship between the Teletex and Group 4 services. Note that

S.a is the Kkey recommendation for mixed mode operation, and this

standard has not yet been finalized.

3.3 Coding and Compression

As explained above the CCITT has developed Recommenda£ion
T.b, entitled "Facsimile Coding Schemes and Coding Control
Functions for Group 4 Apparatus" to implement a portion of the
OSI layer 6 functions (see Figure 3-4). Recommendation T.b is
included in Appendix B. This recommendation specifies the
compression algorithm to be used for Group 4 facsimile. The G4
algorithm is an extension of the Modified READ Code (MRC) which is the
optional code for Group 3 facsimile. We will definé the Group 4
coding technique to be the Extended Modified READ ¢ode (EMRC) .
The essential differences between the G3 Modified READ

code (MRC) and the EMRC are summarized below.

CODING

G3 MRC G4 EMRC

Parameter i
 K-Factor K=2 (std. res) K= @
K=4 (high res)
Line Synchronization EOL Code - None
Code Word + Tag
Fill bits Variable length None .
per line string of "o"s




Delta Information Systems performed a contract for the
U.S. Government (Contract DCAl00-81-C-0042) to measure the
compression ratio for the EMRC algorithm. The compression
was measured for standard CCITT documents numbered 1, 5, and 7
(see Figure 3-5, 3-6, and 3-7 respectively). The 3 documents
were scanned at five resolutions (200, 240, 300 400, 480 pels/inch)
and the EMRC compression was measured for the 3 documents at the
5 resolutions. The compressed bits/page are summarized in
Table 3-1. Figure 3-8 shows this same data where the compressed
bits are plotted as a function of resolution. Figure 3-9 shows
this same data where the compresssion ratio is plotted as a
function of resolution.

One of the most important guestions to be answered before
a meaningful throughput analysis can be performed is "How many
bits will there be in the typical G4 facsimile message?" To
answer this question the reader is referred to Figure 3-8,

It is assumed that 300 pels/inch is a representative
resolution for Group 4 facsimile since it splits the extremes of

200 and 400 pels/inch. Since the number of bits/page for the

average of the three documents is approximately 500,000 bits this

figure was selected to represent the typical G4 fax message.
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THE SLEREXE COMPANY LIMITED

SAPORS LANE .- BOOLE - DORSET . BH2S $ ER
TELEPMONE pooLR (945 13) S1617 - muax 123456

Our Ref. 350/PJC/EAC 18th Jasnuary, 1972.

Dx. P.N. Cundall,
Mining Surveys Ltd.,
Holroyd Road,
Reading,

Berks.

Dear Pete,

Permit me to introduce you to the facility of facsimile
transmission.

In facsimile a photocell is caused to perform a raster scan over
the subject copy. The variations of print density on the document
cause the photocell to generste an analogous electrical video signal.
This signal is used to modulate a carrier, which is transmitted to a
remote destination over a radio or cable communications link.

At the remote terminal, demodulation reconstructs the video
signal, which is used to modulate the density of print produced by a
printing device. This device is scanning in a raster scan synchronised
with that at the transmitting terminal. As a result, a facsimile
copy of the subject document is produced.

Probably you have uses for this facility in your organisation.

Yours sincerely,

P.J. CROSS
Group Leader - Facsimile Research

=

Figure 3-5 CCIIT Document No. 1
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riques indiquiss page précidents.
'0m|
‘,h." ) a0 .80
/ Q
. hodt
P 2

- d°un fikre pases-bande de transfert unité
Jo € /€ fo+AS &t de transfert
J < fot f> fo+A/f, Rre ne modifiant pas
des composants le traversant ;

— J'—'L (Y ]

.—ﬂnuivid'uc“linctmrd(}.AR) disper-
sive syant un temps de propeyation de groupe 7,
mwmmamhfm“mfwim:
1'expression :

Ta= To+(fo=/1) 5 (avc To> T)

(voir fig. 4).

oot

Pu. 4

telle ligne & retard est doands par :

/4
o--z-j'.r.u

o~ -za[r.+l§]f+-r',f’

Et cotte phase est bien I'opposé de /().

4800

Sovetoppe 2(“

T oun
&t o 8 Moie
Telm

Fo. $

la
la premidre A I'instant O est la fréquence basse f;,
qui met un temps 7, pour traverser. La fréquence /

entre & I'inmu-(j-j,)%a elle met un temps

To=U=Jo) L pour traverser, ce qui la fait ressortir

4 l'instant 7. édsalement. Ainsi donc. le sienal S/

Pigure 3-6 CCITT Test Document No. 5
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TABLE 3-1
W Compressed BITS/PAGE
. MODREAD Coding

CCITT 1 5 T > ' 1,5.,7
"‘ DOC. NO

iy
o T CHART
RESOLUT English French Kanji Avg.

o CCITT
o ipi Legibility | Letter Journal Text Documents

201pi 1,136.952 132,034 229,204 $31,754 297,664

. 240 2,170,245 156,880 273,026 628,793 352,899

L] F
\:d
f 300 3,148,214 197,476 350,538 798,924 448,979

R 400 4,476,998 272,312 468,005 1,041,862 594,059

480 5,264,170] 326,473 570,302' 1,262,734 719,836
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3.4 Group 4 Terminal Structure

Figure 3-10 is a functional block diagram of a Group 4
facsimile terminal. It shows how the typical terminal would
be microprocessor controlled and how the functions are divided
between the seven OSI layers. It is likely that layers 1, 2,
and 3 would be implemented largely with LSI hardware. Layers
4 and 5 could be largely software. -In high speed systems the
compression/decompression in layer 6 could be hardware. Of
course the scanner/printer in layer 7 is hardware.

Figure 3-11 is a more detailed functional block diagram of"
the network-dependent part of the Group 4 facsimile terminal.
It shows the details of the implementation for the three types

of communication networks.

3-15

DR R S R VTS A T W RN Wt -.‘—.'t.~ - " e v et e, " R P A S L S S I
¢ e e -_.‘-.,. A e R x{.'_._,. A AT _...‘-._'.\ AT T AT L



e 'f,'j
LN VAN

0y

“ et
e
.

Xy
01-¢ 2anbrd .“...M
TYNIWYEL FTINISOVA %
[, |
p dNOYD V JO WWMOVIA %D0Td TVNOLLONNI il
-\.n_
N
-
7
NASd NUHL KX
m NHOMLA LINDYID SNOISSAS | hossaNdWoDd| . A
1 avnaara [ ] 20TVIq [ 1 MALNIEd b
N9 O NI SAINLD gk
SNOILONN LAHS 11avLSa TANLONYLS i
VIva N —— e b ] o
Waa
aN 104180, | JOSSANIWOD X
et o™ for - o £ D
NaS3 Y Jouy SLANOVd JMOdSNVI] xaana |° ] o0
ONITIVNOI g
9 OLNI VIva atana 5| | ] —— ° 2
SWi0dudd S ) 3 v
FUNAAD0H aNd-OL-aN:l XATIWIS NOISHTANO: il Y
T SSI00OV ANI NOLIN1O0S3
Cercheivey Mo (N e B U - o TR
\an ﬂNox *mqﬁ—,—nlﬂ m< MN x Oh m ! N@ m ﬂﬁdgﬁmoﬂ'mlﬂo “.\.
:mag.l ——— e 4 . e = s e mman - se—— e et a e ccar mvaea o e e —— - - . r e . [P, ——a e o cee e swe e .i-”
/115504 ANIT MUOMLAN JHOdSNVY NOISSHS OILVINASTNA NOIIVOITddV
0/1 ¥AAVI z  ¥AAV1T € UFAVI v ¥FAVT S ¥HAVT 9 WAV L ¥AAYI o
ﬁ “ ¥ ” ' v
| A A -
HOSSTIOUdOUIIW o
TANVA TONLNOD _
v NG A ¥ oy wTWSY PR WAASAAS CHRA 5 WA S e R =
I >, oy, X a\.s ] 4sf.r“¢ S Al v SR Y .M.r& g AR .i,- | R XORIAXTE QR



. Y.

TUNIWNAL ATIRISOVA ¥ dNOYD J0 Jdvd
. LNIANIdHA - NYOMLIN JO WVUHVIA ¥D0Id ‘IVNOILONNJI

. IT-€ 3anbrd
3 — s9sTWaid
g Isuwo3lsn)
> s & »
. —
; S ——— . e
i MYOMLAN s
y ANOHdTTAL  ¥dq0d96 r_ WAQOW| .
AIHOLIMS T dqot ad4y Xdv'T GZ°X
. o114nd B SaT198=~A
T ll_ . _
| _ _
i | | |
| | | |
. e e v ~
: o Jolojsjolp o} n
g oaso *bea § "dLON*H° 3 qVID 5014 -
. NHOMIAN VIVA I!J— A _wmﬁ._ - NXS tteol-.. . ..
3 QdHOLIMS doot | waaow 1 M T Z TZ°X
LINDAID 2IIM 2
. . ” _ “ |
; Ze°x ‘SIq 1Z°X ‘t12°X i i | |
: ©OSIQTIZ'X ‘TT°X “ _ !
: ) | | I
: Jaumiy
! 33uatal °*Ha .
: wmoz.wmm viva )°9970096°F — aav1 | R e — 0L"s
) AIHOLIMS -
) Laxovd
) P T, \ = LYOdSNVEL
- | ANIT | AUOMLAN | b HIAVT
.. n\ma. ISKHd| (2 4ARVIa € UARVT ———
\ 1 MHAVT < S . S— — “« * e
? N ) TUNIWYAL ¥ dNO¥D _... . .
» * »

UV ) RDARAD . RARORSS  LIGORRK  Nr. .o Loy BRRRhwe AP IIOR: | PRERCIRX| Yorr¥ys oIt




- *y
F R P g

‘} ;

Ny

S

>

g oM

)

--'7:‘..’~o;.’ 4,"5"5" ‘1 “ “- \'. - .ﬁ‘;~:-\'-.'.f " \.f\. ..:' .‘:..._:..

4. Task 3 - Throughput Analysis

4.1 Packet Switched Data Network (PSDN)

4.1.1 Methodology

Throughput for Group 4 Facsimile will be measured as the length of
time required to transmit a typical page of facsimile. It includes the
time to set up higher protocol levels. 1In some cases, the higher levels
do not have to be set up for each page of a multi-page transmission, so
the throughput overstates the time required to transmit multiple pages
to a single destination. There are a large number of system parameters
that can affect Group 4 Throughput. In order to keep the analysis to
manageable proportions, a baseline set of system parameters will be
used. All but one of the baseline parameters will be held constant
while the one parameter will be varied to demonstrate the sensitivity of

the throughput to each parameter value.

4.1.2 Assumptions

The assumed parameters to be used in the analysis are summarized in

Table 4-1, and are discussed in the following sections.
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f,‘ Assumptions for the BASELINE Packet Switched Data Network
3
2 Baseline
3 Parameter Value
-"
Ef Length of facsimile message-bits 5¢0,000
:é Local signalling rate-bits/sec 9,600 «
f Network signalling rate-bits/sec 56,000
.ff Local error rate 19-5
%ﬁ Network error rate 10~
:? Local Propagation Delay-msec 1
3§ Network Propagation Delay-msec 10
ﬁg Processing Delay-msec 10
LY Number of Nodes 5
iﬁ Network ﬁoading 0.8
:§ . Packet Size-bytes 128
;3 Transport Block Size-bytes 512
o Network Window 6
:E 4.1.2.1 Length of Facsimile Message
e
N The uncompressed image for Class 1 and a North American page format
.ﬁs requires 3,740,000 bits. It is assumed that the length of the facsimile -
. message, as encoded by Modified READ II code, is 500,000 bits. This
-T implies a compression of 7.48:1. While 500,000 will be used as an
,; average number of bits per page, for fixed data blocks it will be
;t assumed that an average of an additional one-half data block must always

be sent regardless of the exact number of data blocks in 500,000 bits.
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Alternate values of 300,000, 400,000, 600,000, and 700,000 bits per

page will be used. See Figure 3-8 for the number of bits per page as a

function of resolution.

4.1.2.2 Signalling Rates

The Group 4 equipment is connected to the PSDN by means of a
relatfvely slow 1local <circuit, whiéh runs at 9600 bits/sec. O0f course
this 1local circuit would apply to both source and sink terminals.
Between the nodes of the network, transmission takes place 56,000 bits

per second.

4.1.2.3 Raw Error Rates

The errors on all circuits are assumed to be random in nature. The
error rate on the local circuits is 10'5, while on the network circuits
it is 186,

4 -6

Alternate error rates of 10~ and 1¢ will be used for the local

links, and 16> and 10'7'for the network links.

4.1.2.4 Propagation Delays

Delays occur because of the finite velocity of propagation. 1In
free space, the delay is about 5 microseconds per mile, while over wires
19 microseconds per mile or more may be more realistic. For each local
link, which will be relatively short, a one-way delay of 1 millisecond
can be assumed. For node-to-node 1links where the distances could be
much longer, a delay of 10 milliseconds will be used. Of course, if

satellites are used for node-to-node transmission, a delay of 250

milliseconds or more would be experienced. This will not be used for
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N the baseline system but will be used as an alternative.

;EQ 4.1.2.5 Processing Delays

Coo At each node, after the entire packet has been received, a certain

&

. amount of computer processing must take place before the packet is ready .

~

o to be placed in a transmission gqueue. The processing that must take

N

;: place includes looking up the proper routing and changing the Logical
Channel Number, and prbducing an appropriate ACK to be sent to the

-

3j sender. It is assumed that a processing delay of 10 milliseconds will

! . '

ot be experienced at each node, and at the sink Group 4 equipment.

<

A 4.1.2.6 Number of Nodes

"w

‘f It is assumed that the average message passes through 5 nodes,

2

N which seems to be typical for TELENET. Therefore the baseline
transmission will take place over the network shown in Figure 4-1,

; Alternate numbers of nodes of 1, 2, 3, 8, and 10 will be

x
considered.

N

R

s 4.1.2.7 Network Loading

2

l’ .

’ Because of other users of the network, packets will form into

a

- queues at the nodes, awaiting transmission to another node. The loading

g' of the circuit is assumed to be 0.8, with all other packets of the same

< length and priority as the facsimile data packet. It is assumed that .

; each Group 4 equipment is the only one on its «circuit, and that it is

3 dedicated to transmission or reception, so that no queues will form for

\D

W transmission to or from a Group 4 equipment.

4 Alternate lcadings of ¢, 8.5, 8.9, and 2.95 will be used.

X
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4.1.2.8 Windows

The window is the number of data packets that may be outstanding
from a source, without an acknowledgement being received. Windows are
used to control the rate of flow of data into the network. Flow control
can exist at the 1link and network levels. At the link level, it is
assumed that the window is large enough not to slow the flow of data at
all. At the network level, it is assumed that the window is large
enough nbt to slow the data flow significantly when the network loading

is light.

Note that the window is something that is arrived at by negotiation
of the user and the network operator. A large window can yield a high
throughput for the user. To the network operator, however, this means
that the wuser has the capability to cause network congestion, and
therefore the user must pay more for the capability. Unless restricted
by the window, a single user in the baseline system will have the

capability to use 17 percent of the network link capacity.

4.1.2.9 Packet Size

The current TELENET system uses a packet size of 128 bytes of user
data. While larger sizes may be permitted in the future, the baseline

assumption will be 128 bytes per packet.

Alternate packet sizes of 256 and 512 bytes will be considered.
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4.1.3 Baseline Throughput Calculations

e
a":l \

v v.@x
)

The average time required to transmit an entire facsimile page,
5 from the initiation of transmission until the final acknowledgement and
tear-down of the virtual circuit, will be calculated using the baseline

parameters from Table 4-1l. The calculation of the overhead, and the

-

i;' time required for it, will progress from the lowest protocol levels to
i the highest. The various protocol levels are displayed in Figure 3-3.
B o

i

¥ A given protocol may add overhead to the basic FAX signal in many
Y ways. The addition of sync codes or other header information is an
5 obvious example. In addition, there may be bits used for error control,
3% :

fo and the retransmissions required when errors are detected but not
;? corrected. When a unique sync pattern is used to indicate the end of a

data block, bits may have to be stuffed into the data stream to prevent

e

22, !(,;

the inadvertant occurrance of the sync pattern. Where data blocks have
a fixed length, the actual length of the data stream may not require an

exact number of blocks. The unused portion of the last data block is a

; §

Nl

q? form of overhead.

Bl If two Group 4 machines were connected back-to-back, and the
:\3 transmission rate was 9600 bits/sec, then the total transmision time
'c.

;ﬁ would be 500,000/9600 = 52.08 seconds. This 1is the basic time required
&?ﬂ . for transmission, without any overhead from the various protocols
:;? involved in transmission. To this time must be added the overhead from
".'J‘

ol each of the protocol levels.
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4.1.3.1 Physical/Modem Overhead

There is no overhead at this level that contributes to message

throughput.

4.1.3.2 Link Overhead

The Link Level is defined in X.25 and X.75. The format of the link

message is shown in Table 4-2.
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Table 4-2

LINK OVERHEAD

8 7 6 ) 4 3 2 1 Order of Transmission
1 .O 1 1 1 1 1 1 g : FLAG
2|o| oy of o| o] of of 1! ADDRESS
3| N(R) p/E|  N(S) o : CONTROL
4 .
5 NETWORK
6 HEADER
7
8 :
% USER DATA % BIT
z 128-bytes max f STUFFING
7 7
135
136 FRAME CHECK
137 SEQUENCE
138 o J1 {111 |1 1]1 @ FLAG

The first byte is a flag containing a unigue sequence of six one's,
which syncronizes the receiver. The second byte is an address on the
local «circuit. Although it uses an entire byte, it can have only two
values 90000001 or 000000ll, depending on whether it is a command or
response, and which of the two units originated it. The third byte is a

control field. The 3-bit N(S) value is a serial number for the

transmitted packet that is expressed module 8. The 3-bit N(R} is the

-
oo,
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last serial number received in the other direction. The P/F Dbit

(Poll/Final) is normally @, unless the packet in question is being
retransmitted because of an error. The first bit of the byte is @ for a

data packet, but is 1 for supervisory frames, such as a pure

acknowledgement.

The 1link 1level header is followed by the network level header,
which is described in Section 4.1.3.3.1, and which uses 4 bytes. This
is followed by up to 128 bytes of user data, which includes higher level
overhead. After the user data is the Frame Check Sequence (FCS), which
is used to detect, but not correct, transmission errors. " This uses 2
bytes.. Finally, the packet is ended by another flag, which locates the
FCS for the receiver., If the data is continuous, the last flag is not

needed, since it is replaced by the first flag of the next packet.

4.1.3.2.1 Stuffing Bits

In order to preserve the uniqueness of the flag, the transmitter
must monitor all the bits sent between the flags. If it detects 5
consecutive ones it automatically stuffs a zero in order to avoid 6
consecutive ones. The receiver deletes a zero following 5 consecutive
ones to recover the original data. For random data, the average number
of stuffing bits is given by: '
L

N
27=2
where L is the number of bits between flags (L>>N), and N is the number

of successive ones in the flag. This is derived in Appendix C. Here

N=6, so the average number of stuffing bits is F%' For the full

128-byte data packet L=8(128+8)=1088, so 1088/62=18 stuffing bits will

be used for each data packet. Since there are §%gé%%2-439 packets in

4-10
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the, transmission, the stuffing bits add Lg%%%gg,gz seconds to the

transmission time.

4.1.3.2.2 Source Error Retransmission

Packets for which the FCS is in error are discarded by the
receiver, without notifying the transmitter. However, when the next
packet is received, it will not have the correct serial number, N(S).
This will cause the receiver to issue a REJ command to the sender,
indiéating the serial number of the last packet received correctly. The
transmitter must go back and retransmit all packets after the 1last one

acknowledged, in their correct order.

A data packet contains 138 bytes, or 8 x 138 = 1,164 bits, plus 18
stuffing bits, for a total of 1,122 bits. With the assumed bit error
rate of 10-5, the probability of at least one error in a packet is
approximately:

1,122 x 1075 = g.01122
Neglecting higher levels of protocol, the total number of data packets
in a transmission is 489. Therefore the expected number of data packets

received in error is: .01122 x 489 = 5.49, The total time required to

transmit a data packet is

3122. 6.117 sec. = 117 msec.

Now assume that packet 1 is transmitted correctly, and that packet 2 is
received in error and discarded. Then packet 3 is transmitted
correctly, and following 10 msecs processing delay a REJ command is
issued to the transmitter. The REJ command is much shorter than a data

packet. However, by this time packet 4 is already being transmitted.

After packet 3 has been transmitted, the delay before the REJ is
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received can be calculated as:
| msec
Propagation delay, 2-way 2xl 2
Processing at node 1 10
Transmission of ACK - 6 bytes 5
17 msec
This represents 17/117=0.145 of a data packet. When REJ is received,
packets 2, 3, and 4 are retransmitted. Assuming that the transmission
of packet 4 can be interrupted, 2.145 data packets were transmitted that
will be retransmitted. Therefore a total of 5.49 x 2.145 = 12
additional packets must be transmitted because of local link errors, or
a total of 489+12=501 packets. The 12 additional packets add

12 x 0.117 = 1,40 seconds to the total transmission time.

The effect of errors on the ACK's 1is somewhat different. First,
the ACK packets are considerably shorter, and therefore have a smaller
chance of being in error, assuming that there is no flow of data to the
sending Group 4 equipment. Second, if an ACK is discarded because of a
transmission error, the only effect is to increase the number of packets
outstanding. If the link window does not stop transmission, the next
ACK will aéknowledge two packets and no retransmission is reguired.
Only if a number of ACK's in a row are lost will there be any impact on

throughput, providing the link window is large enough (say 3 or more).

4.1.3.2.3 Sink Error Retransmission

Errors will also be made on the local link to the sink Group 4

equipment. These will cause a gqueue to form at the last node, and may

4-12
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cause a delay in delivering the last packet. However, delays on this
circuit may be offset by delays on the source local circuit, caused by
transmission errors or window requirements. For example, a net delay is
improbable if the last error on the sink local link occurs before errors
on the source 1local 1link. The delay incurred for each error is
2.145 x 117 = 251 msec. This delay will occur if one sink error occurs
after the last source error. This will happen with probability 172, for
an average delay of one msec. A larger sequence of sink delays will
occur with lower probabilities, as shown in Table 4-3.
Table 4-3

Calculation of Sink Error Retransmission Delay

last N Delay Prob, msec
1 251 1/2 125
2 502 1/4 125
3 753 1/8 94
4 1004 1/16 63
5 1255 1/32 39
6 1506 1/64 24
7 1757 1/128 14
8 2008 1/256 8
9 2259 1/512 4
10 25190 1/1024 2

498 = @0.50 sec.

The summed average delay amounts to 0.50 seconds.

There is an interaction between the sink errors and the window
delays. A stoppage of transmission due to window limits after the last

sink error will reduce the effect of the error. Cn the other handg, a

4-13
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packet that had to be retransmitted due to a sink error has a much
highe: probability of exceeding the window, due to the increased delay.
Therefore the 8.5 second time is only a rough estimate of the additional

transmission time regquired due to errors on the sink local circuit.

4.1.3.2.4 set-gz Link

This link is set up by the transmission of a supervisory message,
and the receipt of its acknowledgement. Each message requires only 6
bytes, so it takes only

gé%w=5 msec

to transmit each message, or a total of 10 msec. To this must be added
the two-way propagation delay, 2 msec, and the processing time, 10 msec.
This gives a total of 22 msec to set up the link, so 0.02 sec must be

added to the total transmission time.

4.1.3.3 Metwork (Packet) Overhead

The Network header format, which requires ¢ bytes, 1is shown in

Table 4-4.

4-14

D AT NNy R SO A N e e e e T




A R el Sl AU I U T e i At S St ol oM oL il S b S AN At S M i i e eVt et a3 CEWTWENN N LTy Ty
RENARNA NS P A B A P R R A

Table 4-4

NETWORK HEADER

0 ¢ 1 @ | Logical

Channel Nuﬁber

P(S) g

P(R) lng

In byte 4, bit 8 indicates that the packet contains data, bit 7

~N o

indicates that end-to-end ACK is required, and bits 5 and 6 shows that
an extended numbering scheme is in use. The extended pumbering requires
an extra byte per packet, but increases the numbering from modulo 8 to
modulo 128, thereby allowing a larger network window. The Logical
Channel Number (LCN) is wused for each link to identify the virtual
circuit that has been set up for this transmission. P(S) and P(R) are
packet serial numbers that are used in a similar way to the link serial
numbers. However, here their main function is flow control, not error
control. The M bit is normally zero. The 1last packet has M=1l, which

indicates that the virtual circuit is to be torn down.

4.1.3.3.1 Network Header

There are 4 network header bytes in each packet. Since there are

489 packets in a message, the additional transmission time is given by

. ﬁz%%%%ﬂ, 1.63 seconds

4.1.3.3.1 Halts Due to Window

The time required to transmit a data packet from one node to

another at 56Kbps is

-------
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1,122

§é75§§=2G msec.

The time for an ACK (RR) packet (86 bits) 1is 1 msec. The total time

' e ,'o. PP
[N

L
0"

Ad
»

;Zﬁ required to transmit a data packet and receive an ACK, neglecting
Eﬁ; queues, can be calculated as follows:

P

- msec 1
%3 Local Transmission of data packet 2x117 msec 234

i; Network Transmission of data packet 4%x20 msec 80

'- Local Transmission of RR 2x8 msec 16

i; Network Transmission of RR 4x1 msec 4

;:é Local propagation delay 4x1 msec 4

N Network propagation delay 8x10 msec 80

E Processing delay 11x10 msec 116

ﬁii (5 nodes twice plus Group 4)

‘E: 528 msec

During this time about 4.5 packets will have been transmitted.
Therefore a window of at least 5 is required if the data flow is not to

be restricted in an idle network.

At each node the packet experiences an average delay due to the

transmission gqueue. For a fixed packet transmission time, this average
delay is:

2{I-p) '
where,o is the network loading, and t, is the time required to transmit
a packet. For o=0.8 and t_ =20 msec, the mean queue delay at each node
is 40 msec. This delay is in addition to the time required to actually

transmit the packet.

Since the data packet experiences a queue at 4 nodes, and the ACK
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also experiences delays at 4 nodes, the total average delay due to

congestion is m=8x40=320 msec.

However, in addition to experiencing an average delay at each node,
there is a variation of this delay owing to the random nature of the

queue, even with fixed service times. The variance of the time spent

waiting in a transmission queue is given byl/;

v _ L& [
a,6 = -
™ (I“/‘)x 3 3

FOr t =20 msec and p=0.8, the variance is 2133.33 (msec)?

Because the nodes are assumed to be identical, but statistically
independent, the variance also adds, and even for a relatively small
number of nodes the delay distribution will be approximately normal,
because of the Central Limit Theorem. Since the normal distribution is
completely defined by its mean and variance, higher order moments are

not required. The total variance is therefore 8x2133.33170667 (msec)2

which gives a standard deviation of 6’=(l7367)1/2 = 131 msec.

The source must halt transmission if the window is exceeded. The
effect of queue delays that are longer or shorter than the average delay
on halt times will be considered. A delay longer than average could
cause the window to halt transmission. This stoppage of transmission is

not compensated for by a shorter than average delay since there is a

1/ Martin, James, Systems Ana1y91s for Data Transmission, Prentice-Hall,
Englewood Cliffs NJ, 1972, P. 472,
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limit on the transmission rate. Let us first assume that there is no
hal£ time due to the window £for all packets but the one under
consideration. Then the expected halt time of that packet is given by
H=0" F(w) where F(w)iz/:t-w)p(t)dt and p(t) 1is the normal density
function, W
p(t) = (2m~1/2 exp (-t2/2)

Now w is the difference between the time required to transmit W packets
and the average delay in receiving the ACK, expressed in units of &.
Therefore
where L is the packet transmission time. As shown in Appendix D

F(W)*ﬂ(W)-wQ(w) (a)

where Q(w)-l-P(w)tj;(t)dt is a tabulated functionZ/. F(w) has been
w

calculated, and is plotted in Figure 4-2.

Since F(@)=0.4, even if the average packet ACK makes it back to the
source before the expiration of the window, an average halt time of
0.4x130.64=52.26 msec will occur for each packet. Since there are 489
packets in the transmission, the total delay due to the window would be
489x52.26 msec=25.55 sec. Because of this large delay, it 1is important
to have a window that is substantially 1longer than the average

round-trip delay.

However, because the packets immediately prior to the one under
consideration may have been halted, a longer time is available between
the time the original packet was transmitted and the (W+l)st packet can

2/ National Bureau of Standards, Handbook of Mathematical Functons, AMS
55, p93l.
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be transmitted. In between, W-1 packets could have been halted, so the

time is increased by an average of (W-1l)H. Therefore w is given by:

w= WL+ (g&;) H-m

(b)
Since w is required in Equation (a) to calculate F(w), which then gives

the average halt time H, an assumption must be made for the value of H
which is then used in Equation (b) to calculate a trial w. The trial w
is then used in Equation (a) to calculate H. The value of H from
Equation (a) is compared with the assumed H, and the assumed value of H
is adjusted until it agrees with the result from Equation (a). This
iterative process has been performed and the results expressed in Table
4-5 and plotted in Figure 4-3. These calculations have been checked by
means of a simulation run on a digital computer, and the results
compared in Figure 4-4. Note that the simulation gives slightly larger
values for H than the calculations. One réason for this is that the
variance of the halt time was neglected. This will add to the total

variance and slightly increase the average halt time.

4.1.3.3.3 Link Errors

Errors on the network 1links should not have much influence on
throughput. First, the raw error rate is an order of magnitude lower
than the 1local link error rate, so proportionately fewer packets will
have errors. Less than one data packet in the entire message is
expected to be in error over a given network link. Even when a packet
is in error, the time required to detect the error and retransmit the
packet (60 msec) is shorter than the time it takes to generate a packet
at the source (117 msec), so packets will not get out of order because
of errors, This is especially true if retransmitted packets are given

priority in the transmission queue. Only if an error packet coincides
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;fvﬁ with long queue delays that exceed the window would network errors

;é. affect throughput. |

?&; ' 4.1.3.3.4 Set-up Network

b _

.‘, Before data packets can be transmitted, a virtual circuit must be

igé set up between source and sink Group 4 equipments. This is done by the
ﬁg: source sending a Call Request packet to the sink, and the sink

i responding with a Call Connected packet. Each of the packets contains,
:ﬁi in addition to the usual overhead, the called and calling addresses, the
Eé Network Utilities, and the User Facilities. These packets will be
‘5, shorter than the data packets, perhaps 25 bytes, or 206 bits. This will

;?i take 21 msec to transmit locally and 4 msec in the network. . The time
ﬁ&; delay calculation is similar to before, except for the transmission
L time.

L;ﬁg msec.

:ég Local Transmission of packets 4x21 msec 84

~ﬁ@ Network Transmission of packets 8x4 msec 32

.é& Local propagation delay 4x1 msec 4

;g& Network propagation delay 8x10 msec 80

e Processing Delay 11x10 msec 110

o Queues | 8x40 msec 320

630 msec

‘\a Therefore setting up the virtual circuit requires 0.63 sec, which must
- be added to the total transmission time.

v 4.1.3.3.5 Final ACK

After the last packet has been transmitted by the source Group 4

> equipment, it must wait for the ACK from the sink Group 4 equipment
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before it can tear down the virtual circuit and start the next
transmission. The ACK consists of 10 bytes, and requires 8 msec for

local transmission, and 1 msec for network transmission. The delay can

be calculated as follows:

msec
Local Transmission of packet (at sink) 1x117 msec 117
Local Transmission of ACK 2x8 msec 16
Network transmission of packet 4x20 msec 80
Network transmission of ACK 4x1 msec 4
Processing delay 11x10 msec 110
Local propagation delay 4x1 msec 4
Network propagation delay 8x10 msec 80
Queues 8x40 msec 320
731 msec

Therefore 9.73 sec must be added to the total transmission time.

4.1.3.4 Transport Overhead

The Transport Level is defined by S.70. There are three factors to
consider in determining Transport Level overhead. They are: 1) The time
required to set up (or tear down) a transport level connection before
data is transmitted. 2) The 1length of the header that must be
transmitted with each Transport Level block. 3) The extra bits that
must be transmitted at the end of the message because the Transport

blocks have a fixed length.

4.1.3.4.1 Transport Set-up

The Transport Connection Request (TCR) is sent from the source

Group 4 equipment to establish the Transport connection. The sink

4-25
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replies with a Transport Connection Accepted (TCA) message. The format

of the TCR message is shown in Table 4-6.
Table 4-6

TRANSPORT CONNECTION REQUEST (TCR)

8 7 6 5 4 3 2 1 Oorder of Transmission

1 'e| e} e|e|l1|leie. 1’ LENGTH INDICATOR -9
2 1|1 1|e|e|6fe; e, BLOCK TYPE-ICR

3 DESTINATION REFERENCE

4 ({blank in TCR)

5 SOURCE REFERENCE

6

7 o'0]0ia!6!6 0|0 BLANK

8 1 1|0 |0 00 0|8  PARAMETER TYPE CODE
9 o o |e|a/a 0.0 1  PARAMETER LI-1
16 60 % o i@ i1 % @ @ | 1 TDT SIZE - 512 bytes

. H H ———

It requires 10 bytes. The TCA is similar, except that the block
type is coded 110160609. The TCR and TCA establish the fixed block size
for subsequent transmission of data. Adding the 106 bytes for the
Transport message to the 10 bytes required in each packet, gives a total
of 20 bytes. The transmission time will be 17 msec over local links,
and 3 msec over network links. Therefore, the total time to establish

the transport connection can be calculated as:
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.2 msec
i Local Transmission of packets 4x17 msec 68
}3 Network Transmission of packets 8x3 msec 24
-““
ij Local propagation delay 4x1 msec 4
) Network propagation delay 8x1l0 msec 80
-bf Processing delay 11x10 msec 110
o .
- Queues 8x40 msec 320
x
2 606 msec
‘ ] Therefore 0.61 sec must be added to the total transmission time.
L)
g. The transport level is torn down by simply setting the Transport
) Service Data Unit (TSDU) bit in the header of the 1last block (see Table
/“
: 4-7), so no additional overhead is required.
*
*.
2:
3
o
)
1
3
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\ Table 4-7
. TRANSPORT DATA BLOCK (TDT)
i 8 7 6 5 4 3 2 1 Order of Transmission

1la ] 0 EREBL ie}t1]e LENGTH INDICATOR -2
- 2 1!1!1i1)e8|0e}le|e| BLOCK TYPE -TDT

3, 06 6 0 0|0 0|8l

/

. TSDU
', end
Lo !
A :
") SESSION DATA
:
4
A
o 512
&
1 4.1.3.4.2 Transport Header
3 The data itself is sent in Transport Data (TDT) blocks, which have
f a 3-byte header as shown in Table 4-7. Block sizes up to 2048 bytes can
A be used, and it might appear that the largest possible block size would
! minimize the overhead. However, it should be remembered that on the
‘
> average an additional one-half block must be transmitted at the end of
f the message because of the fixed block size. Hence there is an optimum
! block size of 512 bytes which can be seen in Table 4-8.
)
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- Table 4-8

‘?‘ Minimization of Transport Level Overhead

:}: Transport Block Size (bytes) 256 512 1024 2048

3 Header bytes in 500,000 bits 741 368 184 92

af One-half block (bytes) 128 256 512 1024

I Total overhead (bytes) 869 624 696 1116

'ﬁ This block size will be used for subsequent calculations. On the

-i average, therefore, 368 additional header bytes will have to be
\ transmitted for transport 1level protocol, which will take 3 extra
§ packets at 128 bytes per packet. This will require an extra 351 msec of
: ‘transmission time over the local circuit, so an additional 06.35 sec must

- be added to transmission time.

2

g 4.1.3.4.3 Final Block

X

: As shown in Table 4-8, for a 512-byte transport block, an average
i of 256 extra bytes will have to be transmitted at the end of the

§ message. This will take an extra two packets, which requires 234 msec.

Therefore £.23 sec must be added to the total transmission time.

4.1.3.5 Session QOverhead

The Session Level is defined by S.62. The only overhead involved

at the Session Level is the requirement to set up the session. To do

o

N

& this, the source sends a Command Session Start (CSS) which is
s . acknowledged by a Respond Session Start Positive (RSSP). The format of
P a typical ¢SS is shown in Table 4-9. The data follows the segquence
: Parameter Indicator (PI), Length Indicator (LI), and Parameter Value
: (PV). Multiple parameters can be grouped under Parameter Group
1- Indicator (PGI), followed by the LI for the data in the group. The
N
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8 7 6 5 4 3 2 1 Order of Transmission
1 F; ¢ @ |e|1}1]|@8 ;1 PI CSS
2 6l1 el1lel1r]1]e rLr 86
3 @ é 0 0 0 0 ) ) 1 PGI Session Reference
4 611 e|ej1|e]|e|e rLr es8
5 6] 0 e|e|1]e|6|1 pr called Terminal Identifier
6 6.6 06 |1|1]|@ |06 |0 LI 24
7-36 ,f}:—(_:a;lled Termina.lv;l;. % PV
31 /0 6]@6i1|e| 1|6 PI Calling Terminal Identifier
32 6,6 o|1:1]0)e|6 L1 24
33-561/fCalling Terminal No. jPV ‘
58 @ "gleje 11|16 rLr 14 |
59-72 #Date & Time % PV
73 ¢ @ 6 6 16 8| @ PI Service Identifier
74 ¢ @ ¢ .¢ @ 6 @'1 LI. 1
75 © 0 '} g 2 ) 1 ) Py Group 4 Facsimile
76 © 1 1 2 g g 0 1 PGI Fax Capabilities
77 ¢ @ @ 6 1 ¢ .6 1 LI 9
76 ¢ @ © .1 1 1.6 1 ©PI Page Format
79 ¢ 6 -¢:6 ¢ @:06 1 LI 1
86 .1 @ @6 '06 @116 @@ PV A4 Extended, Vert.
8l 0 ¢ 0 3'1 111 ' @ .PI Image Coding
82 ¢ 0 @ '© ¢ .8 '8 1 LI 1
83 @ . 0 O i 6 0 i 0 ; g |1 ; PV  Wrap-Around
84 6 @8 © i1 0!8 | @ 1!P Resolution
85,9 @ 0 |® ¢ ' @ [@6!1 LI 1
S 86 (6 | 0 ' © ¢ o] @| 1 pv 240 Pels/inch

. ‘E‘A
b
[~

Y
"t

Table 4-9

L4

COMMAND SESSION START (CSS) FORMAT

AP
.
U I

A:Ai
% L
LYY - A
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?" for@at for the RSSP is similar. Each requires about 86 bytes, depending
l‘ ‘ on the amount of non-standard parameters to be established, which added
?: t= the 10 bytes for packet overhead requires a total of 96 bytes. This
Lﬁ requires 80 msec to transmit over a 1local link, and 14 msec over the

network links. Therefore, the time required to initiate the session may

be calculated as:

N
> msec

Local Transmission of packets 4x80 msec 320
! Network Transmission of packets 8x14 msec 112
; Local propagation delay 4x]1 msec 4

Network propagation delay 8x10 msec 8@

Processing delay . 11x10 msec 110
s Queues _ 8x40 msec 328
' 946 msec.
’ Thus, 0.95 seconds must be added for Session overhead.
7 At the Session Level, there is also a Document protocol. The
2 transmission of a document 1is ‘preceded by a Command Document Start
. (CDS). This format is shown in Table 4-10. Since it does not regquire
3 an acknowledgement, the time required to propagate to the sink and back
: is of no consequence. 1In fact, CDS may be followed in the same packet
- by the facsimile data itself. Therefore the only delay 1is the time
E required to transmit 5 bytes over the local link, which is only 4 msec,
. which can be neglected.
y 4.1.3.6 Presentation and Application Overhead
3 The exact nature of the overhead at these levels has not yet been

defined. It appears that it will add very 1little to the overall
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‘ .
N COMMAND DOCUMENT START (CDS) FORMAT
1

3'3: 4 Order of Transmission
e 1 1 PI  CDS

LI 3

RN~
QI+ jw
LB B I~ T V]

PI Document Reference No.

LI 1

el |la|lealjw]|o
ela|lea|lele|w
Qleajleal|le]la|w
R R

0 Io lals

PV Document Reference No.

T P

7
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transmission time, and will therefore be neglected.

4.1.3.7 summary of Baseline Throughput

Table 4-11 summarizes the calculations made for the PSDN
throughput. The total transmission time, 80.1¢ sec, is 54% more than
the minimum transmission time of 52.68 sec. The dominant factor in the
overhead is the halt time required because of the control of the window

over transmission rate, thereby avoiding network congestion.
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- Table 4-11
:33 Baseline Throughput Calculation Summary
'2: Packet Switching Data Network
o Seconds
s Basic FAX Transmission 52.08 ‘
2O
) , .
o Link Overhead -
“u
Header 2.45
¢]
e Stuffing Bits _ .92
Ny
. Source Error Retrans. 1.40
ho! .
Sink Error Retrans. .50
f Set-up .02
'3 ‘Network Overhead
Header l.63
o Window 17.60
Ny
.:: Link Error Retrans.
&
) Set-up .63
o
"y Final ACK .73
3
ey
s Transport Overhead
Set-up .61
Header .35 <
Final Block .23

Session Overhead

Set-up ) .95 .
Total Transmission Time 80.10
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4.1.4 Sensitivity of Throughput to Baseline Assumptions

w
o
\l
{ In order to determine the sensitivity of the results presented in
»ﬁ Section 4.1.3 to the assumptions used in the baseline system, a selected
2
~) set of baseline parameters were varied one at a time and the throughput
g

calculated. The following sections discuss the variations used and the
t results obtained.
L .
)

4.1.4.1 Network Loading

At
L

In addition to the baseline loading of 0.8, network loadings of @,

é.5, 0.9, and 0.95 were used. The network 1loading, P affects the

L aaa M

length of the transmission queues that form at each node. These queues

delay the delivery of packets and acknowledgements. The primary effect

% is that the window halts transmissions from the source at high loadings.
f This is expected, since the window is the network's méthod of fairly

allocating resources during congestéd periods by reducing the degree to
3 which any user can 1load the network. 1In addition, procedures that
z require round-trip propagation, such as the set-up of Network,
> Transport, and Session protocols, also require a longer time when
; traffic is heavy.
:‘:

Table 4-12 summarizes the throughput calculations for various

. network loadinés. It can be seen that network loading has very little
i effect up through o = 0.5, and that throughput becomes prohibitively
; , poor at p = .95. Therefore the network accepts FAX messages as fast as
2, the Group 4 equipment can generate them during 1light 1loading, but
3 severely restricts throughput during very héavy loading, which is as it
ﬁ should be. From this point of view the choice of a window of 6 appears
3 to be appropriate.
A\l
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el _ Table 4-12
Lo
'?- Throughput Calculation Summary
y Packet Switching Data Network
y
v Network Loading /P ] .5 .8 .9 .95
2] Basic FAX Transmission 52.08 52.08 52.08 52.08 52.08
A .
;:}‘ Link Overhead
1342
NG Header 2.45 2.45 2.45 2,45 2.45
a; Stuffing Bits .92 «92 .92 .92 .92
A ~ n
N Source Error Retrans. 1.46 1.40 1.40 1.40 1.40
.‘.‘i:
o Sink Error Retrans. .56 .50 .50 .50 .50
- set-up .Gz .Gz .02 002 Q02
Ea?:.
T Network Overhead
,§& Header 1.63 1.63 1.63 1.63 1.63
A :

Window Halts '] .16 17.60 53.30 125.18
vfﬁ Link Error Retrans. - - - - -
,*l
) Set-up .31 .39 .63 1.83 1.83
v Final ACK .41 .49 .73 1.13  1.93
R
cﬁ Transport Overhead
e
NN Set-up .29 .37 .61 1.01 1.81
} Header +35 .35 «35 .35 .35
‘s}‘l
0 Final Block .23 .23 .23 .23 .23
’2;« Session Overhead
B 9 -

:5: Total Transmission Time 61.22 61.64 80.10 117.408 192.48
» v Al

A

'Q{ % Overhead 17.5 18.4 53.9 125 269
RS

23
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Figure 4-5

Network Loading vs. PSDN Throughput
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 Figure 4-5 shows graphically the effect of network loading on Group

4 throughput.

4.1.4.2 Number of Nodes

In addition to S5 network nodes, 1, 2, 3, 8, and 10 were used.
Table 4-13 summarizes the throughput calculations for the various
numbers of nodes. For the 1larger number of nodes the delay iﬁ
transmitting the packets becomes 1large, which affects the delay due
window halts, and to some extent the'time required to set up Network,
Transport, and Session protocols. For 1, 2, or 3 nodes there is very
little effect on throughput, primarily because the window causes very

few halts.

Figure 4-6 shows graphically the effect of the number of network

nodes on Group 4 throughput.

4.1.4.3 Number of Satellite Links

The baseline system used all terrestrial links, with an assumed
propagation delay of 10 milliseconds. 1If satellite 1links are wused
between network nodes the propagation delay will increase to about 250
milliseconds per link. 1In addition to the baseline system having no
satellite links, throughput was calculated for 1 and 4 of the 4 links
being satellite 1links. Table 4-14 summarizes the calculations of
throughput for 6, 1, and all 4 1links using satellites. Even one
satellite 1link decreases throughput by a large amount, primarily due to
window halts. Having all satellite links leads to unacceptable

throughput rates.

Figure 4-7 shows the effect of wusing satellite 1links on Group 4
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% Table 4-13
g Throughput Calculation Summary
 3' Packet Switching Data Network
Number of Nodes 1 2 3 5 8 10

. *
N Basic FAX Transmission 52.08 52.08 52.08 .52.68 52.68 52.08
:ﬁ . Link Overhead |

Header 2.45 2.45 2.45 2.45 2.45 2.45
;T Stuffing Bits .92 .92 .92 .92 .92 .92
%5 Source Error Retrans. 1.40 1.40 1.40 1.40 1.40 1.40
{: Sink Error Retrans. .50 .58 .50 .50 .50 .50
$ Set-up .62 .02 .82 .02 .02 .82
5 Network Overhead
‘§ Header 1.63 1.63 1.63 1.63 1.63 1.63
5 Window Halts - - - 1.88 17.60 60.08 72.37 1
'E Link Error Retrans. - - - - -
; Set-up .10 .23 <41 .63 1.05 1.27

Final ACK .15 .29 .44 .73 1.15 1.44

Transport Overhead

PPN R

Set-up .16 .23 .35 .61 .98 1.24

‘ Header .35 .35 .35 .35 .35 .35

- Final Block .23 .23 .23 .23 .22 .23

W ]
s Session Overhead
“ Set-up .35 .50 .65 .95 1.39 1.69

2 Total Transmission Time - 60.28 60.83 62.51 80.10 124.23 137.59

LY s

. tOverhead 15.7 16.8 20.66 53.8 138.5 164.2
P
[}
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ff Table 4-14
’ Throughput Calculation Summary
!é Packet Switching Data Network
X o
,ﬁ Number of Satellite Links 0 1 4
. Basic FAX Transmission 52.08 52.08 52.08
:E Link Overhead .
g Header 2.45 2.45 2.45
Stuffing Bits .92 .92 .92
2 Source Error Retrans. 1.40 1.40 1.40
:E Sink Error Retrans. .50 .50 .50
' Set-up .02 .82 .02
Network Overhead
Header 1.63 1.63 1.63
. Window Halts 17.60 52.32 168.22
ﬂﬁ Link Error Retrans. - - -
u Set=-up .63 1.11 2.55
i Final ACK .73 1.21 2.65
;: Transport Overhead
,E Set-up .61 1.09 2.53
: Header .35 .35 .35
- Final Block .23 .23 .23
? ' Session Overhead
o Set-up .95 1.43 2.87
$ Total Transmission Time 80.10 116.74 228.40
Et % overhead 53.8 124.2 357.8
4-41
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throughput.

4.1.4.4 Network Window

A network window of 6 was used for the baseline calculation, which
gave reasonable results for the other conditions of the baseline system.
In addition, network windows of 4, 5, 8, and 10 were used for
calculating throughput. Table 4-15 summarizes these calculations. Only
the window halt time is affected by the network window. Throughput
decreases for smaller windows and increases somewhat for larger windows.
Of course increasing the window would dramatically increase throughput
in those cases that increase round-trip delay, such as high network

loading, large number of nodes, and satellite links.

Figure 4-8 shows the effect of the network window on Group ¢

throughput.

4.1.4.5 Packet Size

The baseline system used a packet size of 128 bytes, which is what
TELENET currently uses. It might be expected that using a larger packet
would improve throughput because of the reduced header overhead at the
Network level, and the fact that a given window size allows for more
data to be outstanding thereby reducing halts. <Calculations were also
made for packet sizes of 256 and 512 bytes, and are summarized in Table
4-164 While there 1is some improvement in Link and Network header
overhead, and in window halts, this is to some extent offset by
increases in error retransmission overhead, since each detected error
requires a much 1longer retransmission. Also the set-up overhead of

Network, Transport, and Session protocols is greater because a larger

4-43
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Table 4-15

Throughput Calculation Summary

Packet Switching Data Network

Network Window
Basic FAX Transmission
Link Overhead .
Header
Stuffing Bits
Source Error Retrans.
Sink.Error Retrans.
Set-up
Netwerk Overhead
Header
Window Halts
Link Error Retrans,
Set-up
Final ACK
Transport Overhead
Set-up

Header

Final Block

Session Overhead

N W M)

-
L4
.

®

P ’J

Set-up

0L
) 4

Total Transmission Time

.: -'.‘h ‘:l; _' ]

% Overhead

NG Ay T,
LA AN

"‘l'_l"l.‘ ¢
AR

AOACA
Y
“« a2 8 a .

L

52.08

2.45

.92

.61

.35

.23

.95

111.89

114.8

1.40
.sﬂ

.g2

.95

92.33

77.3

1.40
.50

.02

1.63

17.60

.61
.35

.23

.95

80.10

53.8

52.08

2.45

1.63

4.16

.95

66.66

28.08

le

52.08

.92
1.40
.50

.92

.95

62.64

20.
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Table 4-16
Throughput Calculation Summary

Packet Switching Data Network

Packet Size (bytés)
Basic FAX Transmission
Link Overhead
Header
Stuffing Bits
Source Error Retrans.
Sink Error Retrans.
Set-up
Network Overhead
Header
Window Halts
Link Error Retrans.
Set-up
Final ACK
Transport Overhead
Set-up
Header
Final Block
Session Overhead

Set-up

Total Transmission Time

% Overhead

‘.n\' --.;.- ~-'_-‘; -

512

52.08

76.67

47.2
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?: packet is used to carry a small amount of information. The net result
{ is that increasing packet size does not dramatically improve throughput.
;S As can be seen in Figure 4-9, going from 256 to 512 bytes actually
13 decreases throughput. It is concluded that packet size is not a
. sensitive factor in determining Group 4 throughput.
4.1.4.6 Error Rates

The baseline system assumed that the BER on each 1local 1link was
fl 10=3, and on each network link was 10-5. Both types of errors were
ET increased by an order of magnitude and decreased by an order of
N magnitude in order to establish the sensitivity of the assumed error
1ﬂ rate.
; The results are shown in Table 4-17. Only the times required for
{" . Source Error Retransmission and -Link Error Retransmission change with
FE error rate. The delay due to Link Error Retransmission 1is negligable
:i except for a BER of 102, The primay effect of these errors is to cause
' an increase in the window halt time for those packets that had to be
é retransmitted due to errors. It was assumed that packets that were
i retransmitted by nodes due to errors have a higher priority than normal

packets, and therfore do not have tc experience the queue delay.

'; The results of the error sensitivity analysis are shown in Figure
; 4-10, Decreasing the error rates by an order of magnitude does noct

increase throughput significantly, while increasing the error rate by a

factor of 10 does have a significant impact.
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¥ Table 4-17
'5 Throughput Calculation Summary
{
- Packet Switching Data Network
- Local Link 10-6 1g™° 1674
g ‘
N Raw Error Rate Network Link 1¢~7 10-6 107>
. - Basic FAX Transmission 52.08 52.08 52.08
% Link Overhead
Q.
» Header 2.45 2.45 2.45
Stuffing Bits .92 .92 .92
&
3 Source Error Retrans. .14 1.40 17.55
i Sink Error Retrans. .50 .50
Y
, Set-up .02 .02 .02
kL
2 Network Overhead
& Header 1.63 1.63 1.63
: Window Halt 17.66 17.60 17.60
o
o Link Error Retrans. 5.39
g
) Set-up .63 .63 .63
Final ACK .73 .73 .73
.. Transport Overhead
N
f Set-up .61 .61 .61
w
Header .35 .35 .35
- Final Block .23 .23 .23
o
& Session Overhead
> Set-up .95 .95 .95
-
J Total Transmission Time 78.34 80.10 161.64
b % Overhead 50.4 53.8 95.2
3
.
l
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Figure 4-10

Error Rate vs. PSDN Throughput
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4.1.4.7 Length of FAX Page
The baseline system used a compressed FAX message of 500,000 bits.
In addition, message lengths of 300,000, 400,000, 600,000, and 700,000
) bits were used. Increasing the length of the message also increases
i most of the overhead proportionately, except for the set-up and
tear-down of the protocols. The summary of the throughput calculations
is shown in Table 4-18. Notice that the percent overhead decreases
slightly as the message length increases, owing to the reduced
proportion of the fixed set-up overhead. The results are summarized in
Figure-4-ll.
3.
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;SZ Table 4-18

: v Throughput Calculation Summary

jz: Packet Switching Data Network

R Bits in FAX Image 300k 400k 500k 600k 700k
= Basic FAX Transmission 31.25 41.67 52.08 62.50 72.92
% Link Overhead

- Header 1.47 1.96 2.45 2.93  3.42
. stuffing Bits .55 .73 .92 1.1¢ 1.28
;% Source Error Retrans. .83 1.17 1.40 1.64 1.99
:2 Sink Error Retrans. .50 .50 .50 .50 .50
*f Set-up .02 .02 .02 .02 .82
5; Network Overhead

% Header . .98 1.3¢ 1.63 1.95 2.28
" Window Halts 16.55 14.08 17.68 21.1@ 24.62
Lﬁ Link Error Retrans. - - - - -
;2 Set-up .63 .63 .63 .63 .63
: Final ACK .73 .73 .73 .73 .73
::‘: Transport Overhead

E Set-up .61 .61 .61 .61 .61
i Header .20 .35 .35 .47 .47
i Final Block .23 .23 .23 .23 .23
i Session Overhead

{2 Set-up .95 .95 .95 .95 .95 .
.

9 Total Transmission Time 49.56 64.93 80.18 95.36 110.65
ié $ Overhead 58.4 55.8 53.8 52.6 51.7
E

g
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;j 4.2 Circuit Switched Data Network (CSDN)

N

if 4.2.1 Methodology 1
S

;f{ Again a baseline system is assumed, and the time required to

’ .l

N transmit a single page is calculated. In addition, variations of .
jﬁ certain parameters are used, one at a time, to show the sensitivity of
N

{? throughput to the assumptions made.

.1

% 4.2.2 Assumptions

’;j In the CSDN, the user obtains a high-speed data circuit directly

oL

_' from source to sink. The parameters of the AT&T Circuit Switched
& Digital Capability (CSDC) will be used. This includes duplex
8

j% transmission at a rate of 56,800 bits per second, with a bit error rate

L -

i of 106, Duplex operation over the 1local 1link is obtained by
i\ accumulating 3 msec bursts and transmitting at a rate above 112,000 bits
LY

"\

per second. The result is that a 2 msec delay is incurred for

K ALY
LIt et

end-to-end transmission. When the circuit is first set up, it operates

in a voice mode. To convert to data mode takes approximately 3.3 sec.

The other assumptions used for PSDN are also used here, except that

SIS

Network Loading and Window are not applicable to CSDN, and the

:; processing delay is only applicable to the terminals. Figure 4-12 shows

A .
:j the CSDN to be analyzed.

o

4.2.3 Baseline Throughput Calculations

The time required to transmit the FAX image of 560,060 bits at
56,060 bits per second is 8.93 seconds. The overhead for each level of

protocol will -be calculated in the following sections.
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(‘ 4.2.3.1 Physical/Modem Overhead
¥~
Eﬁ There is no overhead at this level that contributes to message
:S throughput.
2 4.2.3.2 Link Overhead
X
fQ The link protocol 1is wused as in PSDN, except that it 1is the
- terminals that exchange information. Again there are 18 stuffing bits
Eg per packet, and 489 data packets, which requires g%%§%§=g.16 sec. to
;; transmit. The header is 6 bytes, which will take §§%§%%%=g,42 sec. to
R transmit.
S:
i: The overall end-to-end error rate is 10'6, This means that the
E: probability of packet error is g.001122, and that about
1_ 0.001122 x 489= 0.5 packets can be expected to be received in error.
s The round trip delay, after a packet 1is transmitted until an ACK is
ii received can be calculated as:
= Local link propagation delay 4xl1 msec 4
g Network link propagation delay 8x1@¢ msec 80

i Sink procesing time 10

‘ ACK transmission time 1

‘E Total 95 msec
T During this time, 4.75 packets of 20 msec duration have been )
EE transmitted. 1In addition, the error packet and the one focllowing were
52 transmitted and must be retransmitted. Therefore 6.75 packets must be
f‘ retransmitted for each packet that is 1in error, and an average of 3.5
S packets must be retransmitted per page, which will take 7¢ msec, or ¢.07
:

. 4-56
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seconds.

The link is set up by transmitting a supervisory messaage of 6 bytes
which takes only 2 msec at each end. To this must be added the two-way

delay, 94 msec, which gives 98 msec, or 0.10 sec to set up the link.

To change the link from voice to data transmission, a 3.3 sec delay

is incurred, which is added overhead.

4.2.3.3 Network Overhead

The functions that the Network Protocol provide are not required
for CSDN, but the protocol must be set up to follow the layered
structure of protocols shown in Figure 3-3. Setting up the Network
protocol requires the two-way transmission of a 25— byte message.
Transmission at each end requires 5 msec, so the total time to set-up
the protocol is 104 msec, or @.10 sec. In addition, the Network
protocol must be torn down after the transmission. This requires the
return of the final ACK, which will take akout the round trip delay, or

an additional 2.10 seconds.

The Network header is reducad to only two bytes for use with the
CSDN. See §.70, Figure 1/S/7¢ and paragraph 3.3.3.2. Therefore
2x489 = 978 bytes must be transmitted durinc a page, which takes 14C

msec, or @6.14 sec.

4.2.3.4 Transport Overhead

The Transport Level is defined by S§.76 as with the PSDN. The
Set~up is accomplished by a l0-byte message each way. This takes oniy 3

msec at each end, plus the round-trip delay of 94 msec, cr 100 msec.
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Therefore set-up takes 0.10 sec.

Again, a 512~byte transport block minimizes the transport overhead.
This requires 368 header bytes, which takes 53 msec, or @.85 sec to
transmit. The final half-block has 256 bytes, which takes 37 msec to

transmit, or 0.94 sec.

4.2.3.5 Session Overhead

The Session Level is definec by S.62. The Session is started by
transmitting both ways a 96-byte message, which takes 15 msec in each
direction. Added to the 94 msec two-way delay gives a total of 124

msec, or 0.1l2 sec.

4,2,3.6 Presentation and Application Qverhead

As with PSDN, it does not apppear that there well be significant

overhead from these protocol levels.

4.2.3.7 Summary of CSDN Baseline Throughput

Table 4-19 summarizes the calculations made for the CSDN
throughput. The total transmission time, 13.63 seconds, is much shorter
than the 80.10 seconds £for PSDN. The total overhead is 32.6 %, the
largest part of which 1is the time required to change from voice toc data
transmission., For multi-page transmission, this overhead would be
divided amony the number of pages in the transmission, so 1ts effect

would be greatly reduced.
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N
»:a . Table 4-19
k ..€c .
' Throughput Calculation Summary
ﬂé Circuit Switching Data Network
i
R .
. Baseline System

. Basic FAX Transmission 8.93
.";j .

o Link Overhead
s Header . .42
% ! Stuffing Bits .16
Wy Error Retrans. ' .87
‘4N
‘f\ Convert to Data Mode 3.30
e Set-up .10
)

IR
;} Network Overhead
V)

- Header .14
5% Set-up .10
X Final ACK ' .10
)

f Transport Overhead
3 '.: Set-up .10
S, Header .85
B

Final Block .04

N
*3 - Session Overhead
‘Q
I Set-u .12
. P
':; Total Transmission Time 13.63
% $ Overhead 52.6
~
éﬁ
3
87
\f:
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~

™
l'

»

s AN Yot A _‘-."‘s's','-.'-.'.s:'\',-».‘;n:_‘.' et e T e e Y e L S e




o

1%

'3

e 4.2.4 Sensitivity of Throughput to Baseline Assumptions

rﬁ In order to determine the sensitivity of the results presented 'in
{ed - .

R Section 4.2.3 to the assumptions used in the baseline system, a selected
;3 set of baseline parameters were varied one at a time and the throughput ]
‘f calculated. The following sections discuss the variations used and the
oH

4 results obtained.

oLl

4.2.4.1 Number of Nodes

il

<.
ﬁ? In addition to 5 network nodes, 1, 2, 3, 8 and 10 nodes were used.
M Table 4-20 summarizes the throughput calculations for various numbers of ‘
‘i nodes. The primary effect is to vary the round-trip time and therefore
;f to vary the set-up times. As seen in Figure 4-13, the throughput does
o) not vary greatly with the number o” nodes in the CSDN.
"? 4.2.4.2 Number of Satellite Links
%
If some of the links use satellite transmission, the propagation
delay increases from 10 to 25¢ msec. This has a similar effect to
35 increasing the number of nodes, but it has a greater magnitude, as seen
in Table 4-21, which summarizes the throughput calculations. Using all
? satellite links prohibitively increases transmissﬁon time, as shown in

Figure 4-14, although the throughput is still much better than the PSDN.

A

4,2.4.3 Packet Size

a4
)

‘
S Increasing the packet size from 128 bytes to 256 or 512 bytes gives
Wy

§ the results shown in Table 4-22. 1In this case, the increased packet
ﬁ size definitely reduces the overhead, because the increase in the time
0

»
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Table 4-

Throughput Calculation Summary

Circuit Switching Data Network

20

Number of Nodes 1l 2 3
Basic FAX Transmission 8.93 8.93 8.93
Link Overhead

Header .42 <42 .42

Stuffing Bits .16 .16 .16

Error Retrans. .93 .04 .85

Convert to Data Mode 3.36 3.30 3.39

Set-up .02 .04 .06
Network Overhead

Header .14 .14 .14

Set-up .02 .04 .96

Final ACK .02 .04 .36
Transport Overhead

Header _ .05 .85 .25

Final Block .04 .04 .04
Session Overhead

set-up 0G4 .06 .08
Total Transmission Time 13.19 13.30 13.41
$ Overhead 47.7 48.9 506.2

4=-61
.......................... :;:I:;ESEL}:}"\JQfQIE:

8.93

.42
.16
.87
3.30
.10

.14
.10
.10

.10
.as

.04

.12

13.63
52.6

8.93

.42
.16
.10
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Number of Nodes vs. CSDN Throughput
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1; Table 4-21
" Throughput Calculation Summary
5 Circuit Switching Data Network
RR Number of Satellite Links @ 1 4
7R Basic FAX Transmission 8.93 8.93 8.93
},3
SN Link Overhead
S
Header .42 .42 .42
i }
,-ir):
£% Error Retrans. .07 .31 1.63
Convert to Data Mode 3.30 3.30 3.30
Xl
fa .
Y
»} )
;@; Network Overhead
. Header .14 .14 .14
g
X Set-up .10 .58 2.92
\‘}.
?;: Final ACK .10 .58 2.62
BEA
%i Transport Overhead
%ﬁ Set-up .10 .58 2.62
B2 | Header .05 .05 .05
<
E;.-
X Session Overhead
38
"
"-- ° Set-up 012 -60 2.04
'éé Total Transmission Time 13.63 16.27 24.19
\'
Y $ Overhead 52.6 82.2 170.9
U4
3
Y
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03 Table 4-22
k. S
L]
o Throughput Calculation Summary
g
,?: Circuit Switching Data Network
R4
X Bytes per Packet 128 256 512
iR Basic FAX Transmission 8.93 8.93 8.93
e
N . .

N Link Overhead

; Header .42 .21 .11
X Stuffing Bits .16 .08 .04
¢
Q” Error Retrans. .07 .99 .13
RS
»3 Convert to Data Mode 3.30 3.30 3.30
I Set-up .10 .10 .10
S :
W Network Overhead
L A

Header .14 .07 .04

b3 Set-up .10 .10 .10
1y
3 Final ACK .10 .10 .10

Transport Overhead

*S Set-up .10 .10 .10
>4
Ea Header .@5 .05 .35

- Final Block .04 .04 .04
i
oy Session Overhead
2h
ﬁ# . Set-up .12 .12 .12
..:_

3 Total Transmission Time 13.63 13.29 13.16
@3 $ Overhead 52.6 48.8 47.4
<
Py
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" required to retransmit packets is not great at 56,000 bits/sec. The

results are shown graphiclly in Figure 4-15.
4.2.4.4 Exror Rate

The baseline end-to-end error rate was assumed to be 10'6. Using
16~ and 16~7 BER gives the results shown in Table 4-23. The error rate
affects only the time required to retransmit error packets. The
throughput does not appear to be very sensitive to error rate, as shown

in Figure 4-16.

4.2.4.5 Length of FAX Page

Table 4-24 shows the calculations for various length transmissions,
from 300,000 bits to 700,000 bits per FAX page. Notice that the percent
overhead does not vary greatly. The 1results are shown graphically in

Figure 4-17.
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53 _ ) Table 4-23
" Throughput Calculation Summary
f:?: Circuit Switching Data Network
L
X
o End-to-end Error Rate 10-5 19-6 10~7
& Basic FAX Transmission 8.93 8.93 8.93
ig’ Link Overhead

‘ Header .42 .42 .42
ﬁ% Stuffing Bits .16 .16 .16
:! .
Qfﬁ Error Retrans. .80 .87 .01
v Convert to Data Mode 3.30 3.30 3.30
"
5
jﬁ Network Overhead
" Header .14 .14 <14
Pry
o Final ACK .10 .10 .10
%
gﬁ Transport Overhead
ey
R
"oty Header .05 .85 .05
8 Final Block .04 .04 .04
)
;3 Session Overhead
%M .
fif

g Total Transmission Time 14.16 13.63 13.57
;;f % Overhead 58.6 52.6 52.0
2

v,
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Error Rate vs. CSDN Throughput
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‘;ﬁ\' Table 4-24
; Throughput Calculation Summary
a .,
'{ﬁ Circuit Switching Data Network
XN Length of FAX Page Kbits 360 400 500 600 700
N Basic FAX Transmission 5.36 7.14 8.93 10.71 12.50¢
29
. ":: Y
RO Link Overhead
v Header .25 .34 .42 .50 .59
'i Stuffing Bits .89 .13 .16 .19 .22
fﬁi Error Retrans. .04 .06 .87 .99 .10
‘:. Convert to Data Mode 3.30 3.30 3.30 3.30 3.30
o Set-up .10 .10 .10 .10 .10
§§f
e
s Network Overhead
'\.' .
' Header .68 .11 .14 .17 .20
o
'~.‘
;g Set-up .10 .10 .10 .10 .10
e Final ACK .10 .10 .10 .10 .10
I
" Transport Overhead
‘ »
et Set-up .19 .10 .10 .10 .10
o Header .63 .04 .05 .06 .07
. Final Block .04 .04 .04 .04 .94
e
o7 Session Overhead
S
08 Set-up .12 .12 .12 .12 .12
Y5
a Total Transmission Time 9.71 11.68 13.63 15.58 17.54
o % Overhead 81.2 63.6 52.6 45.5 40.3
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Figure 4-17
FAX Bits vs. CSDN Throughput
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ol 4.3 Public Switched Telephone Network (PSTN)

' 4.3.1 Methodology

? The methodology for the PSTN is exactly the same as for the CSDN.
2, .
J

The time required to transmit a single page is calculated for a baseline

_{ system. Certain parameters are vaied from the baseline values to
j} determine the sensitivity of throughput to the assumptions.

| 4.3.2 Assumptions

VE In the PSTN, the user obtains a normal telephone circuit by dialing
-§ the destination. Then operation is exactly as for the CSDN, except that
- the data rate is lower and the error rate 1is higher. A data rate of
§ 9600 bits per second will be used here because it appears feasible, and
E because it is consistent wiph the 9600 bits/sec. used in the PSDN
- analysis. 1In the PSDN analysis a baseline value of 18-5 was used for
§ the BER on the 9600 bits/sec circuit. But this was for a relatively
.§ short 1local 1link betwen the user and the nearest node, without any

intervening nodes. Here, because of the longer 1link 1lengths, and

because of the multiple nodes, an end-to-end BER of 1(5"4 will Dbe

AR

assumed. For a network with fewer nodes, appropriate changes in the BER

will be used., Figure 4-18 shows the baseline network used for PSTN.

<Y
.

f:: For the PSTN, there is no requirement for switching from voice to .
[~

~ data modes.

- 4.3.3 Baseline Throughput Calculations

,} The time required to transmit the FAX image of 500,000 bits at 96¢€0

bits. per second is 52.08 seconds. The overhead for each 1level of
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532 protocol will be calculated in the following sections.
'ﬁ: 4.3.3.1 Physical/Modem Overhead
t':\
A
X Again there is no overhead at this level that contributes to
")
message throughput.
o
o
> 4.3.3.2 Link Overhead
l.\l'
o The link protocol is used as in CSDN. There are 18 stuffing bits
f;? er acket and 489 ackets which requires 483x18
_.:: P p ’ p ’ q W‘G.92 sec. to
transmit.
The end-to-end error rate is 10-4, The probability of having no
ii; errors in a packet that is 1,122 bits long is:
5
254 (0.9999)1122.5 ggg
Therefore the probability of one or more errors in a packet is
)
.i: 1-0.894=0.106. The expected number of packet errors in the original
.':\
o transmission of 489 packets is about 52 packets. However, with this
: high an error rate, the fact that retransmitted packets can also be in
L
N
}}: error must be considered. As with CSDN, the two-~way delay is 94 msec to
1)
A;: which must be added the time to send a 6-byte ACK at 9680 bits/sec which
. is 5 msec, for a total delay of 99 msec before the transmitter realizes
ri that an error has occured. This is 99=g 85 of the time required to
o 7"
ﬁ transmit a data packet at 9662 bits/sec. Since the error packet and the
[ 2
b1 one following it also had to be transmitted, 2.85 packets must be
‘.. retransmitted for each packet received in error. Therefore a minimum of
N
;: 52x2.85=148 packets must be retransmitted. But these retransmitted
L.
::, packets can also have errors. Iterative calculations show that a total
1.
o of 700 packets must be transmitted to get 489 error-free packets. Of
N

A 4-74
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the 760 packets transmitted, 700x0.106=74 will be in error, which then

requires 74x2.85=211 packets to be retransmitted. The 211 retransmitted
packets plus the 489 original data packets equals the 70¢ total packets
transmitted. The total time required for retransmitting packets is

211x0.117=24.69 seconds.

The 1link header is 6 bytes, which takes §§%§%§2= 2.45 sec. to
transmit. The link is set up by transmitting a supervisory message of 6
bytes, which takes 5 msec at each end, or 160 msec. To this is added the
two-way delay of 94 msec, for a total of 164 msec. Therefore the link

set-up takes 6.10 sec.

4.3.3.3 Network Overhead

As for the CSDN, the functions of the Network Protocol are not
required for the PSTN, but it must be used for generality. Set-up
requires a 25-byte two-way transmission, which requires 21 msec each
way, or a 42 msec, plus the two-way delay of 94 msec, for a total of 136
msec, or @.14 sec. 1In addition, the protocol is torn down by the return
of the final ACK, which 1is 10 bytes and takes 8 msec to transmit in
addition to the 94 msec round-trip, or a total of 102 msec, or 0.19 sec.
The network header is only 2 bytes per packet which takes @.82 sec. to

transmit.

4.3.3.4 Transport Overhead

The Transport Level is setup by the two-way transmission of a
20-byte message, which takes 17 msec each way or 34 msec. Added to the

two-way delay of 94 msec, gives 128 msec, or 9.13 sec.

As with CSDN, there will be about 122 Transport Blocks, requiring
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2o
52; 368 header bytes. These will take about @.35 sec to transmit. The
: final half block of 256 bytes will take 0.23 sec to transmit.
g
fd
x 4.3.3.5 Session Overhead
ks%
';*I..
The Session is started by a 96-byte message, which takes 80 msec to
N .
0y transmit each way, or 1680 msec. Adding this to the two-way delay, 94

£

msec, gives a total time of 254 msec, or 0.25 sec to set up the Session

¥
Yy

Level protocol.

AN

ﬁg 4.3.3.6 Presentation and Application Overhead

Lo

o As with PSDN, it does not appear that there will be significant
E& overhead from these protocol levels.

N8

f} 4.3.3.7 Summary of PSTN Baseline Throughput

Ny Tagle 4-25 summarizes the calculations made for the PSTN
EE throughput. The total transmission time is 82.26 seconds, which is only
:f: slightly more than the 80.10 seconds for PSDN,'but is much larger than
'cﬁ the 13.73 seconds for CSDN. The dominant factor ia 1limiting the
;f. throughput is the requirement for retransmitting packets because of
'2§ errors.

5?? 4.3.4 Sensitivity of Throughput to Baseline Assumptions

gf

;if In order to determine the sensitivity of the results presented in
?- Section 4.3.3 to the assumptions used in the baseline system, a selected
TEE set of baseline parameters were varied one at a time and the throughput
‘:5 calculated. The following sections discuss the variations used and the
3;' results obtained.

2

ot
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Table 4-25

* LR e
A A S
RN S

Throughput Calculation Summary

5 Public Switched Telephone Network

A

?Q Baseline

S

h Basic FAX Transmission 52.08

A

g Link Overhead

U

b - " Header 2.45
4 Stuffing Bits .92
g Error Retrans. 24.69

Set-up .10
Network Overhead
1 Header .82
fq Set-up .14
*:i ~ Final ACK : .10
;: Transport Overhead
7 Set-up .13
AN Header .35
Final Block +23
Session Overhead

Set-up .23

Total Transmission Time 82.26

% Overhead 57.9

ORI

'.’N‘
-
L]

u’_.l'_ ld - :
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4.3.4.1 Number of Nodes

In varying the number of nodes, there are two main effects. The

first is that the round-trip delay time varies, by 20 msec per node,

- which affects set-up and tear-down times. In addition, the number of

nodes will probably affect the end-to-end BER. The end-to-end BER has
been partitioned into local (user to node) links and network (node to
node) links. The 1local link BER is assumed to be 10'5, which is
consistent with the assumption used for the PSDN. The network link BER
is assumed to be 2x1¢™°, For the 5-node baseline system there are two

local links and four network links, which means that the end-to-end BER

is lﬁxlﬂ’s, or‘10'4, which is the value assumed for the PSTN baseline.

Table 4-26 summarizes the calculations for various number of nodes.
Note the large effect of error retransmissions on throughput. This is
because for a large number of nodes the end-to-end BER becomes large,
and at the same time the longer round-trip delay means that for each

error more packets must be retransmitted.

The throughput results are summarized in Figure 4-19, which shows

very low throughput for a large number of nodes.

4.3.4.2 Number of Satellite Links

Table 4-27 summarizes the calculations for @ or 1 satellite link,
which increases the link propagation time from 1@ to 25¢ msec. The use
of two or more satellite 1links resulted in a situation that prevented
any throughput, owing to the large number of packets that must be

retransmitted for each error. As shown in Table 4-27, even one
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Table 4-26
Throughput Calculation Summary

Public Switched Telephone Network

Number of Nodes 1l 2 3 5 8 10
Basic FAX Transmission $2.08 52.08 52.08 52.08 52.08 52.08

Link Overhead

Header 2.45 2.45 2.45 2.45 2.45 2.45
Stuffing Bits .92 .92 .92 .92 .92 .92
Erxrror Retrans. 2.81 6.55 1ll1l.11 24.69 70.32 166.14
Set-up .02 .04 .06 .10 .16 .20

Network Overhead

Header .82 .82 .82 .82 .82 .82
Set-up .06 .08 .10 .14 .20 .24

Final ACK .02 .04 .06 .10 .16 .20

Transport Overhead

Set-up .95 .07 .09 .13 <19 .21
Header «35 <35 .35 .35 .35 «35
Final Block .23 .23 .23 .23 .23 .23

Session Overhead

Set’up .17 019 021 025 031 .35
Total Transmission Time 59.98 63.82 68.48 82.26 128.19 224.19
% Overhead 15.2 22.5 31.5 57.9 146.1 338.5
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N
B Table 4-27
| Throughput Calculation Summary
% Pﬁblic Switched Telephone Network
=
No. of satellite links 0 1

g ° Basic FAX Transmission 52.68 52.08
% Link Overhead
» Header 2.45 2.45
‘ Stuffing Bits .92 .92
3 Error Retrans. 24.69 159.94
R Set-up .19 .58
.§ Network Overhead
E Header ) .82 .82

Set-up .14 .62
% Final ACK .12 .58
i Transport Overhead
. Set-up .13 .61
‘; Header .35 .35
5 Final Block .23 .23

Session Overhead

y Set-up $25 .73
.
4
o Total Transmission Time 82.26 219.91
é $ Overhead 57.9 322.3
3 4-81
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Kf:
;~; satellite 1link greatly increases the transmission time due to error
: . zetiansmissions. The total throughput is shown in Figure 4-20.

3 |

"\" 4.3.4.3 Packet Size
| j::::f

éu Increasing the packet size from 128 bytes to 256 or 512 bytes gives
;;L the results shown in Table 4-28. The erro£ retransmission dominates,
EE; ‘ and becomes worse as the packet size becomes'larger, because more data
5 must be retransmitted for each error. In the CSDN data rates were high,
Fﬁ but here the retransmission takes a long time because of the slower data
iiss rate. In fact, throughput may be improved with a smaller data packet.
;;ﬁ The throughput results are shown in Figure 4-21.

SE: 4.3.4.4 Error Rate

.

~;. The throughput was calculated for end-to-end error rates of 10"5,
o 2x1ﬂ-4, and 3x1ﬂ'4, in addition to the baseline value of 10~4. Error
25: rates slightly above 3x10~4 resulted in no throughput. The calculations
';i are shown in Table 4-29. Only the error retransmissions are affected,
‘:. with very large times at 2x19~4 BER and above. Therefore throughput, as
i% shown in Figure 4-22, is very sensitive to error rate.

s 4.3.4.5 Length of FAX Page

22

|:i Table 4-3¢ summarizes the throughput calculations for various FAX
fZ; message lengths. Notice that the percentage overhead is cnly slightily
%;A smaller for the longest page than the smallest page. Therefore it |is
;; concluded that the results are not sensitive to page length in bits,
;Ei The throughput results are shown in Figure 4-23, .
-
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Table 4-28

Throughput Calculation Summary

Public Switched Telephone Network

Packet Size (bytes) 128 256

Basic FAX Transmission 52.08 52.08

Link Overhead

Header 2.45 1.22
Stuffing Bits .52 .86
Error Retranms. 24.69 49.50
Set-up .10 .10

Network Overhead

Header .82 .40
Set-up .14 .14
Final ACK .10 .1@

Transport Overhead

Set~up .13 .13
Header <35 .35
Final Block .23 .23

Session Overhead

Set-up <25 .25
Total Transmission Time 82.26 1¢5.36
$ Overhead 57.9 162.3

4f84

512

52.08

.61
.85
178.13

.10

.20
.14
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233.17
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Packet Size vs PSTN Throughput
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o0 Table 4-29
{ Throughput Calculation Summary
':§§ Public Switched Telephone Network
:Z::;Z
iy End-to-End Error Rate 19-5 1074 2x10-4 3x10-4
NS Basic FAX Transmission 52.08 52.08 52.08 52.08
o
‘i: Link Overhead
T4t

Header 2.45 2.45 2.45 2.45
Stuffing Bits .92 .92 .92 .92
L Error Retrans. 1.87 24.69 77.16 252.72
o Set-up .10 .10 .10 .10
o N
XN etwork Overhead
) &N
}: Header .82 .82 .82 .82
. set-up nl4 014 014 014
~h - :
-~ N
o Final ACK .10 .10 .10 .10
37
e Transport Overhead
o Set-up .13 .13 .13 .13
X
A Header .35 .25 .35 .35
-t a
k Final Block .23 .23 .23 .23
:31 Session Overhead
2 Set-up .25 .25 .25 .25
n..l
- ~
L Total Transmission Time 59.44 82.26 134.67 310.29
o % Overhead 14.1  57.9 158.6  495.8
oY, ' \
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P
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% Table 4-30
iﬂ Throughput Calculation Summary
;; Public Switched Telephone Network
‘-
% Length of FAX Page (Kbits) 300K 400K 500K 600K 700K
Basic FAX Transmission 31.25 41.67 52.08 62.50 72.92 -
3 '
EQ Link Overhead
. Header 1.47 1.96 2.45 2.93 3.42
S Stuffing Bits .55 .73 .92 1.1¢ 1.28
Zi Error Retrans. 14.79 19.74 24.69 29.58 34.53
> Set-up .10 .10 .10 .10 .10
\ .Metwork Overhead
g Header .49 .65 .82 .98 1.14
:' Set-up i .14 .14 .14 .14 .14
é Final ACK .10 .10 .10 .10 .10
S Transport Overhead
Y Set-up .13 .13 .13 .13 .13
~ Header .23 .27 .35 .40 .47
]E i . Final Block .23 .23 .23 .23 .23
- Session Overhead
.; Set-up .25 .25 .25 .25 .25
. .
Total Transmission Time 49,73 65.97 82.26 98.44 114.71
fi % Overhead 59.1 58.3 57.9 57.5 57.3
. \
é
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‘ 5.0 Summary and Conclusions

-S; The throughput of Group 4 facsimile transmission has been

'53 analyzed for three types of communication networks: Packet

. . Switching Data Network (PSDN), Circuit Switched Data Network

E§ (CSDN), and Public Switched Telephone Network (PSTN). Throughput
lEﬁ . was measured by the amount of time required to send a single

L facsimile page of 500,000 encoded bits.
;f. The results are summarized in Table 5-1 for the baseline
tsg assumptions used for each network. The CSDN has a much higher

i, throughput than the PSDN and the PSTN, primarily because it

:Sf operates at a data rate of 56,000 bits per second, as opposed to
,:% 9600 bits per second for the other two. However, the overhead, as
t:, a percent of the basic facsimile transmission time, is in the

5 range of 50 to 60% in each case.

?ﬂ For each network, there is a different factor that dominates the
ff overhead. For PSDN, this factor is the halts that are forced in
.Q transmission as a result of the network window. This factor alone
,:? accounts for 63% of the total overhead. The window halts can
‘fé be greatly reduced by reducing network loading by other customers,

increasing the window, or by transmitting over only a few nodes.

FES Increasing the window for all facsimile customers could lead to
'fs severe network congestion.

For CSDN, the conversion from voice to data mode is the
dominating factor, using 70% of the total overhead. This time is
required only once for a transmission, so a multi-page transmission

would reduce the importance of this factor.

5-1

FECIPNY AR S e O I . . . . - e v e, . . . - . .
A SR S R S \'\’-’.'.‘~'~'.' L A R S L T U U T T S Lo e e RO e et t eem e
A I NN I A SR O P R NPT R PR RN Vo el AR UL O RA P VA P

. e
.......... FR I L -
P I I BRI T T S S S b S0 S PRl AT DRI L AL R WP IO SN N




CoKh g A S S AT N AR et lia# daft Tl LIMCRCIM ik O AR g RSN P DO RO, B ORISR R *]

s )‘

1?? . Table 5-1

ﬁﬁf | THROUGHPUT CALCULATION SUMMARY

&Eﬁ Network PSDN  CSDN PSTN

%ﬁ Basic FAX Transmission 52.08 8.93 52.08

Link Overhead

L3 Header 2.45  2.45 2.45

;é% Stuffing Bits .92 .16 .92
Source Error Retrans. 1.40 .07 24.69

‘Gi Sink Error Retrans. .50 .50 .50

‘:; Convert to Data Mode - 3.30 -

o Set-up 02 - .10 .10

:jj Network Overhead

‘Si‘ Header 1.63 .14 .82

- Window 17.60 - -

‘iﬁ Link Error Retrans. - - -

o Set-up .63 .10 .14

o Final ACK .73 .10 .10

‘ Transport Overhead

= Set-up .61 .10 .13

& Header .35 .05 .35

. Final block .23 .04 .23

EE% Session Overhead

g}i Set-up | .95 .12 .25

L Total Transmission Time 80.10 13.63  82.26

ti $ Overhead 52.8 52.6 57.9
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For PSTN, packet retransmission due to transmission errors
is the dominating factor, using 82% of the total overhead.
This overhead can be reduced by lowering the error rate, or by

using fewer nodes, which reduces the end-to-end BER and at the

same time reduces the number of packets that must be retransmitted

for each error.

The baseline systems used no satellite links. When some
of the network links are converted to satellite links the
throughput decreases drastically, particularly. the PSTN, which
cannot support more than one satellite link.

Increasing the number of bytes in a data packet from the
baseline value of 128 to 256 and 512 has little effect for PSDN,
improves throughput for CSDN, and decreases throughput for

PSTN. The difference between CSDN and PSTN is due to the

differences in data rates and error rates.
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The CCITT,

considering

C)

(5}

(¢)
(9

that Recommendation T.2 refers to Group 1 type
apparatus for 1150 A4 document transmission over a
telepnone-type circuit in approximately six minutes;

that Recommendation T.3 refers to Group 2 type
apparatus for ISO A4 document transmission over a

telephone-type circuit in approximately three minutes;

that Recommendation T.4_ refers to Group 3 _ type
apparatus for IS0 A4 document transmission over a

telephone-type circuit in approximately one minute;

that there is a demand for Group 4 apparatus which
incorporates means for reducing the transmission time
and assures essentially error-free reception of the

documents;

that Telematic terminals including Group 4 facsimile
apparatus are to be standardized, taking into account
for the commpnality among these terminals;

that there is a demand for mixed-mode of operation
where both facsimile- coded information and
character-coded information can be treated within a
page by the same apparatus;

(unanimously) declares the view

that

Group 4 facsimile apparatus as defined in

Recommendation T.0 should be designed and operated according
to the following standard. .
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l. General
4

o Group 4 facsimile apparatus is usea mainly on >2ublic
data networks (PDN) including circuit-switcned, packet
switched, and the integrated services digitzl network
(ISDN). The apparatus may be also used on the public
swvitched telephone network (PSTN) where an appropriate
modulation process will be utilized.

1.24& Group 4 facsimile apparatus can transmit and
reproduce image coded information essentially without
transmission errors.

134 Group 4 facsimile apparatus nas the means for
reducing the redundant information in facsimile signals.

lJ!JB The fbasic image type of the Group 4 facsimile
apparatus is black and white. .

Other image types, e.9. grey scale image or colour image are
for further study.

1.8 There are three classes of Group 4 facsimile
terminals:

s g L. 324 ref i »
weoonmehdatdont

) SRR T IT- T SR TR

- Class 1. - Minimum requirement is a terminal able to
send and receive documents containing facsimile encoded
informition (in accordance with Recommendation T.bD]and
S.a)l1],.

- Class 2. - Minimum requirement is a terminal able to
transmit documents which are facsimile encoded (in
accordance with Recommendations T.b and S.a) In
addition, the terminal must be capable of receiving
documents which are facsimile coded (in accordance with
Recommendations T.b and 35.a), Teletex coded¢ (in
accordance with the basic coded character repertoire as
defined in Recommendation S.§1)f3]and also mixed-mode
documents (in accordance witih Recommendation S.a - when
defined).

1‘: o tu-m‘«d

- Class 3. - Minimspr eqgpisteal requirement A which is
capable of generating, transmitting and receiving
facsimile coded documents (in accoraance vith
Recommendations T.b andé S.a), Teletex coded documents
(in accordance with the basic coded caaracter as

l--i.kbli “ o
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T~ defined in  Recommencation  S5.61) and mixea mode
;.:-}' documents (in accordance with Recommendation S.a - when
'_-T.,)J: definea). Note 1
-
‘!.,.
¥ . : .
L> 2. Scope of Recommendations concerning Group 4 facsimile
- apparatus
ATIAN
N ey
PN 2.l This Recommendation defines the requirements for Group
Sy 4 facsimile apparatus.
R
e 2.2 The rules to be followed in the Group 4 facsimile
- service are defined in Recommendation(s) F.......
A "3
G 2.3 The Group 4 facsimile coding scheme and facsimile
:‘2:’" control functions are defined in Recommendation T.b. @ .
NS
A
e Y
L
e 24 All Group 4 facsimile apparatus mmsepe communicateswith
{ unique procedures that are described as follows:s
3,
fﬁ a. the interface to the physical network is defined in
) this Recommendation; Note 2
3. b. the transport end-to-end control procedure is defined
. in Recommendation 5.70 [4];
W
":*'f c. Group 4 facsimile control procedures are defined in
}_-" Recommendations S.62[’:]l and 5.2 Note 3
o
_)‘.
e Notel NeeY the above definitions are extracted from Study
:.-j:.' Group 1 where "terminal" is used instead of "apparatus".
e eJ
=~ Notelese: Recommendation s.71[may be applicabie for PSTN
o operation.
':j?f}' NotediRecommendations 5.62 and S.70 are used in Group 4
e facsimile, Teletex and mixed-mode & waimals.
, ]
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4‘.'-
.}‘-
-
J.:.
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;} The tframework of recommenuations for urouas + Laz:z. ile
.- anparatus aentionea aovove is snown in annes Aa.

-\ —

3. General characteristics of the apparatus

3 3.1 Basic characteristics
-".- ' . . .
AN 3.2.1 The Group 4 facsiuile anparatus vrovices tae  w2ans
N for direct aocument transmission Irom any subscriber to any
X' - other subscriber.

SAX 3.1.2 All appnaratus participmating in the internztionzi
. Group 4 facsimile service has to be compatiole wita anotaer
St at tne Dbasic level udefined in this Recominendation.
e Additional operational functions may be invoked.

-~

' 3.1.3 The rangecof- Aade. rates cevre olascrdbe ol

o tin Secs+ron 6. Detailed arrangements on &
- national level are left to the Administrations concerned, as
$} it is recognizeu taat nationsl impiemcentation of the Group 4
- facsimile service on various types of network may involve
L~ national oneration at Zifferent data throughout rates.
i - . e = . oL . ,
o 3.1.4 Tne page is the basis for facsimile message formatting
~ and transmission., 4 Crases iera-riats R Both A4 and Nortn
2: American paper formats are taken into account.

o 3.1.5 Facsimile coding scauemes are applied 1in order to
C reduce the redundant inrormation in #e facsimile signals.

1
- 7- 3.1.% The apparatus imust nrave tne adliiity L0 redrocuce
oy facsinile messages. The content, layout and tformat of
- . facsimile ma2ssages must ve identical at tue transmitting ana
\? receiving apparatasg.

S

> 3.1.7 The reprocuzible area is defined wit=in  waica

facsimile inessages are assured to oe raproaucecd. (Sce 3.2)6)

<. Class 2amd3
ol 3.2.8 he Group 4Afacsimile apparatus nuast provide  m2ans
e for fully automatic operation. €iwess I (¢ 4£Y furver vy,
ey

e 3.1.3 All classes of Group 4 facsimile apparatus suxll
;“ incorporate the functions defined as btasic for the Group 4
oy facsimile service in Section 3.2 bLelow. In audition,
o~ optionzl functions can  be incorporated. In this
3 Recommendation, the optional functions are Jiviaes intn
,é{ CCITT# standardized options and nationally and/cr privately
1O
10
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-_'.g
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"
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N specified options.
{
o - 3.2 Basic functions
2
W 3.2.1 Group 4 facsimile apparatus snall be capable of
e , nandiing:
-

a. the basic end-to-end control procedures as defined in

- Recommendation 5.52;
N
uﬁﬁ ) b. the presentation control procedures as defined 1in
;; Recommendation S.a
&4 . .
o c. the basic Eacsimile coding scheme defined in
Recommendation T.b;
.- ' ‘-“\
. wit . .

I d. the control functions associated 4e the  Dbasic
,e facsimile coding scheme defined in Recommendation T.b;
o
) -
- 3.2.2 All classes of Group 4 apparatus shall have the
engd following provisions for facsimile messages:
-ﬁj a. provisione for scanning the documents to be
ol transmitted (see paragraph 3.2.5)
j?‘ b. provisione for receiving and presenting hard or soft
N copies of the documents
i\. 3.2.2.1 In addition Group 4 Class 2 apparatus shall have
- provision for receiving and displaying basic Teletex and
fﬁs mixed-mode documents.
Tk, 3.2.2.2 In addition to the requirements for Group 4 Class 2
- apparatus, Class 3 apparatus shall have provisions for

! generating and transmitting basic Teletex and mixed-mode
o documents.

N

§§ 3.2.3 Basic page formatting functions are as follows:
. \‘
o a. vertical page orientation;

b. page size of vonmohcacreaa® ISO A4 godisiothiisescican;

j3 c. reproducible area/printable area - to be defined
- taking into account A4 and North American paper
e formats and ISO 3535;

3.2.4 Terminal Identification

—m— —_— e e—

S -
D}

et o
.

PRI

. e e ___. . Each Group 4 facsimile
T apparatus is equipped with a unique identification. Details
) of the identification are given to Recommendation F. .«.....
202
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3.2.,5 sScanning

The message area should pe scanned in the
same direction in the transmitter anc receiver. Viewing the
message area in a vartical plane, the picture elements shalil
be processed as if tne scanning direction were from left to
right with subsequent scans adjacent ¢to and below the
previous scan.

3.2.6 Page sizes and reproducible area

3.2.5.1 Sonetimes Daper length La, LLt oe specifive,
___because the paper and 1is dJetected DOy paper scanning.

— e

3,1..‘-2 Reproducible area satisfies the requirement cefined in
Recommendation F .

3.2.7 Groove 4 dneem}\ﬂl transnics 5o pd dw&t“"q arselu i
requiremen +s re solv haa .
Me Srovp 4 ducsinile oputniEton galotsrtnareqine -
Menis and Félaesnase +her o [ rancas are govrem -

bed o
— — Hdeselvirox— o "m % Vert
Prek Abfe rizon ertical .
FRAMLANPC L BN Tolerance Sbakv =
phk drvsits
200 x 200 ppl + 15 Stardard edtedak~ ol.) el o3
Luo & LAO go % sproal el el ols
300 x 300 ppd t12 | Stamster~ al.z  al. 3
400 x 400 ppi +12 opHeoval chi,d 2, el3

™ Center line referencing will be used for paper positioning. {
Each page will be positioned on the scanner so that the center
line is in registration with the (number of pels/line)/2-aiz.ax,
argbene

x 2120300 0pd,

4
Mset to %’é.‘-‘.‘ an equal number of pels on the left and right side
of the page to fit the paper format

Srﬂ.uﬁ‘c values &3(‘ 0::., ':\cc::u‘b(%‘ Ei‘lpdg par /(r?.z’m
1+ 8

252y

Stan line |-ev\g AV TRlven Ln ble” 1)Ba d»o'f all e
E Sosup &4 msolutnions o AL, Notth  Anencan B4,
:; and A3 empev . Table /T amd Rfuce 4 (T.a

Seecify Ve blankiy procedurefor Adamd ootk

e Sam e (f‘uuzduf( S vted
o2 o« e olhare P22 Jolfwmaxg . The

=

b A

..!4
3
%
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Iso
The raster point in the upper left corner of an Wi page 18 used
as a referance for portrait mode character printing. This
raster point, termed the (1,1) Raster Reference Point, 13 used
as a starting point for detemining c_k.,.“,,_,. AR GRS

Table 2 /rcr. Blanking amd dd/rsr Ke oy svae Pornt oo
A4« “‘"( /Ut-'r*ﬁ Bmenccan (Ta per

PSSR .. e o ——
Resolution | Pels | 8 1/2x11 M | Blanked Margins Address | ok | Lue
Per Line A B (1,1) Ref anche Cmm)

(ppi) Line (pels) (pola) (pels) | (pels) Poiat §

» 2002200 T 1700 1654 14 3T (38,1) T4 96
FADK 240\ 10q¢l 1040 | 193¢ M U Ar | (46) | 214, 4c¢
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1
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AecouEoan
Number of Resolution
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along a scan 200 1728 1728 2048 2432
line 300° Yy 8502’ 5472 3648
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W is to be used for their national service.
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o achieving a uniform standard.
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0 NotebFor a period of four years, Group 4 Class 1 apparatus

. may be manufactured utilizing Group 3 scanner/printer
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3 3.2.8 Facsimile coding schemes
{
) 3.2.8.1 1In order to reduce the redundant information in
. facsimile signals, the basicy{gcsimile coding scheme is
‘ defined in Recommendation T.b."“this coding scheme is used
N assuming that transmission errors are corrected by control

procedures in lower levels.

3.2.8.2 On an optional basis an apparatus can use oOtner
CCITT standardized coding schemes defined in Recommendation

...1
-. T.b.

-,

o 3.3 CCITT-standardized optional functions

- 3.3.1 The possibility of using optional functions can be
. negotiated Getmashc aBparaya.during a handshaking procegure
h", in the end-to-end control procedure (See Recomnendation
-'t s. 62) .

: 3.3.2 The optional functions are invokea by presentation
: control procedures (See Recommendation S.a).

-

:. 3.3.3 As the service develops, additions and changes to the
- CCITT-standardized optional functions 1listed below may be
. needed.

if a. optional coding schemes defined in Recommendation T.Db;
1 b. control functions associated with optional coding
e schemes;

>
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W C. grey scale images;
{
DAty . d. colour images;
}\_} €. resolution conversion algorithms;W&ga«p—
3.‘. ; cehosor
2N 3.3.4 Optional page formatting functions are as follows:
By a. page sizes of ISO B4 and ISO A3 QNZIXKAUROLAdRGs
AN .
20 b. other page formats are for further study.
:‘S ) . —
N 3.4 Optional functions for national standardization or
::-,-jf private use
:4. The CCITT standardization includes the necessary rules
<3 and means for indication of, or escape into, functions
specified nationally or for private use (see Recommendations
...-‘ 5.62 and s-a) . ’
AN
S
S8 3.5 Default conditions
~ .8
‘:‘::i-' In the absence of specific indication, the receiving
apparatus shall assume the following conditions;
o a. communication (as specified in Recommendation S.62):
e
".‘-: - one way (calling apparatus ] transmitting ¢he
[ facsimile message);
N
, - normal document;
o b. coding scheme;
N
SN - basic facsimile coding scheme
e c. image type:
K - black and white two-level image
ASA
- d. presentation
3 - page size of ISO A4 QmiBweMibfoefddr
at
- resolution of 200 pels per 25.4 mm in both
", horizontal and vertical directions
SN
~.j\-.: - number of picture elements along scan line of
P 1728 pels per 219.46 mm
“;'-:' ' - vertical page orientation
o .
-"0
0
‘,{: A=12
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4. Message handling in mixed-mode of operation
4.1

In mixed-mode of operation facsimile-coded information
and character-code information can be treated within a page.

4.2 Facsimile information is coded and treated by facsimile
coding schenes and control functions as defined in
Recommendation T.b.

o 3

4.3 Character information is codeé and treated by character
repertoire "and control functions as Jdefined in
Recommendation S.61.

'V E {

4.4 Mixed-mode of operation requires document structure and
its presentation control procedures are defined 1in
Recommendation S.a.

S. Communications
5.1 Terminal identification

Each Group 4 facsimile apparatus is equipped with a
unigue identification. Details of the identification are
given in Recommendation F.. .

5.2 Storage

The minimum storage requirements for Group 4 Class 2
and Class 3 apparatus”:rq to be defined.
Iy

5.3 Call Identification

The control procedures include the exchange of
reference information prior to sending any document.
Details of the Call _Identification Line are covered in
Recommendation F 20c(lJPrintimg the calt fdentgtlcchon lime at
the tup of each page > an oftien,

6. Network-related requirements

6.1 Networks , ,
Seruice .. using
The Group 4 facsimile transportacan be provided @  a

circuit-switched data network (CSDN), a packet-switcned dat:z
networkx (PSDN), a public switched teiepnone network (P3Tn),
or an integrated services dJdigital network (ISDN}. 1iIn al:s
types of networkx the GroupP 4 facsimile apparatus wili

A-13
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LasJering,  tranaalssion, reception

sisaring.,

. 5.2

circulT-sritoneu nata netvors

”

funzstional anu groceuﬁj aspect of tae interface:

n:conmeah,tlow we21 f

Jitn externait v - mecnanical anc electriceal
aaracteristics of tae interrace: Recommendation X.21

oit  rates: user

Classes oOf
Recomnen.cation X.21 7 i

service 4 to 1 in

LU BRARLL S LB DT ot LR D A 47
X, {lnk procedore ! LAPB /XTS5 [,o‘f

6.3

a.

C.

dl

e'
5.5

Packet-switched zata network

l?
»

tunctional and procedural aspects of the interface:

Reconmmendation X.25, levels 1, 2, 3;:
[

Guplex transmission;

bit rates; user classes of service 8 to 1l in
Recommendation X..;

numoer of logical channels at a time: oneg Or more,
ke -oney”’
Punlic switcheu telephone network

Physical and electrical aspects (f the interface:
Recommendation V., ;jur-{arLLaw Stvdy

functional ana procadural aspects of tne interface:

for furtner stuay;

lindk proceaure: Recommencation S.71 ma§ be applicable
bit rate for furtner study

autMAG\c answeving: (e Qcmmenda\ﬂo#\ Ve ?.S'{\'f]
Integrated services digital network (ISDN)
facsimile the

The operation of Group 4 apparatus on

ISDI can oe acnieved py tine impiementation of the celevant I

Series Recommendations.
_ N -—
7. 1Indicators
7.1
L Indicators snould inform wusers anout situations in
witich negative effects on the qgraue of service can be
expectean.
A-14
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7.2
The foliiowing indicators are reguirea:

a. apparatus - unabie to transmit (e.g. 2aper Jjam at
transmitting end);

b. apparatus unable or soon unadble to receive (e.g. paper
jam or receiving memory nearly full)

c. oOperator assistance required;

d. message received in store.

8. Access to facsimile MHF

Users of Group 4 facsimile apparatus may wish to have
access to the services offered by iessage Handling
Facilities, this requires the ability to dgenerate Control
Documents (See Recommendation S$.62). The details are left
for further study.

la-l—&-n"ne Qs

| CCITT Draft Recommendation T.b Facsimile coding scheme
for the Group 4 facsimile service.

~ . . S .
1 CCITT Recommendation Presentation control procedures
for the telematic services, under study.

5 CCITT Recommendation Character repertoire and cgded
character sets for the international Teletex Service,
vol. VII, Fascicie VII. 2, Rec. 5.6+,

basic
transport service for Teletex, Vol. VII, Fascicle VII.

2, Rec. S5.70.

L g CCITT Recommendation fontrol procedures for Teletex
and Group 4 facsimile services, Vol. VII, Fascicile
VII. 2' Rec. S'62.
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ANNEX A

( to Recomme=dation T.a )

Framework of Recommendations for 3roup 4 facsimile apparatus

S.60 T.a
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'APPENDIX B

CCITT DRAFT RECOMMENDATION T.b

FACSIMILE CODING SCHEMES AND CODING CONTROL

FUNCTIONS FOR GROUP 4 FACSIMILE APPARATUS
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::-_T STUDY GROUP VIII
WORKING PARTIES VIII/2, 3 AND L
{ | ‘ .
o o Geneva, 2k May - 3 June 2983
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SOURCE: SPECIAL RA?PORIEUR ON GROUP 4 FACSIMILE APPARATUS

»
¢

TITLE: DRAFT RECOMMENDATION T.b (2ND ISSUE)

G2

9
")
~
.‘\
<
\-l
..'1
‘:; 1. Introduction
fi The Special Rapporteur's meeting on Group 4 facsimile apparatus was held
{: at the KDD builuing, Tokyo, during March 9 - 15, 1983. At the meeting, the
s N framework of Recommendations relevant to Group 4 facsimile were refined as
H follows
e ’
- Rec. T.a : Apparatus for use in the Group 4 facsimile service
) Rec. T.b : Facsimile coding schemes and coding control functions for
Ry Group &4 facsimile apparatus
:} Rec. S.a : Presentation control procedure for the Telematic services
i) Rec. T.a newly drafted at the meeting is attached as Annex 1 to the Report
of the Special Rapporteur's meeting on Group 4 facsimile apparatus, Tokyo, 8 -
< 15 March 1983. And the requirements for presentation control procedure of G4
" facsimile apparatus and information filed length indicator were summarized as
N shown in the Temporary Document TD- of this meeting, May 24 - June 3 , 1983,
o This document shows the Draft Rec. T.b amended at the Special Rapporteur's
meeting.
v,
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2. Draft Rec. T.b

Rec. T.b was decided to describe the facsimile coding schemes and the
relevant control functions. The contents of Rec. T.b are as follows,

1. General

1.1 Scope
1.2 Fundamental principles
1.3 Definitions

2. Facsimile coding schemes and coding control functions for black
and whit=: images

1 General

2 Basic facsimile coding scheme

.3 Optional facsimile coding schemes for black and white images
4 Facsimile coding control functioms

3. Optional grey scale fac31m11e coding schemes and their coding
control functions

4, Optxonal colour facsimile coding schemes and their coding
control functious. .

The amended draft Rec. T.b is attached as Annex 1 to this document.

3. Description of basic coding scheme in Rec. T.b.

The basic coding scheme of Group & facsimile apparatus is in principle
same as the two-dimentional coding scheme of Group 3 facsimile apparatus which
is specified in Rec. T.4. Therefore it was suggested at the meeting to seek
advice from the CCITT secretariat on the description of the coding scheme,

* Complete description of coding scheme in Rec. T.b,
* Reference to Rec. T.4 in Rec. T.b

In order to assist CCITT secretariat to decide which description is
suitable, the table of the difference between Group 3 two-dimensional coding
scheme and Group &4 basic coding scheme was prepared. This table is attached
to this document as Annex 2.
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b DRAFT RECOMMENDATION T.b (2nd issue)

FACSIMILE CODING SCHEMES AND CODING CONTROL FUNCTIONS
[ FOR GROUP 4 FACSIMILE APPARATUS

. 1. General
1.1 Scope
“ 1.2 Fundamental principles
o 1.3 Definitions

[+ 2. Facsimile coding schemes and coding control functions for black and white
. images

1 General

2 Basic facsimile coding scheme

.3 Optional facsimile coding schemes for black and white images

4 Facsimile coding control functions

;‘ 3. Optional grey scale facsimile coding schemes and their coding control
functions

" 4. Optional colour facsimile coding schemes and their coding control functioms

. B=2
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o 1. General
(_. 1.1 Scope
'?' 1.1.1 This Recommendation T.b defines the facsimile coding schemes, and
5 thier control functions to be used in the Group 4 facsimile.
L 1.1.2 This Recommendation should be read conjunction with the following
Recommendations: .
:\ T.a - Terminal equipment for use in the Group 4 facsimile service;
E} S.a - Presentation control procedures for the Telematic services -
3
»
g §.62 - Control procedures for Teletex and Group 4 facsimile
’ services;
.yi'
. §.70 - Network-independent basic transport service for Teletex;
Pd
. F... - Recommendations relevant to Group 4 facsimile
- In addition, in the case of Group 4 class 2/3 (Teletex or mixed mode
A of operation), the following Recommendations should be also read:
’. 5.60 - Terminal equipment for use in the Teletex service
> S.61 - Character repertoire and coded character sets for the
- international Teletex service
o
. 1.2 Fundamental principles
.; 1.2.1 Facsimile coding schemes and coding control functions
\&'
'y (L Facsimile coding schemes consist of the basic facsimile coding scheme
- and optional facsimile coding schemes, They are defined in Section 2 and
Sections 3 and 4, repectively.
. (2) Facsimile coding schemes are specified assuming that transmission
o errors are corrected by control procedure on lower level.
-
N (3 Basic facsimile coding scheme is the two-dimensional coding scheme
- which is in principle same as the two-dimensional coding scheme of Group 3
facsimile specified in Recommendation T.4.
;:- (4) Optional facsimile coding schemes are not only specified for black
b~ and white images but also for grey scale images and colour images.
- (5) Facsimile coding control functions are used in facsimile user
o information in order to change facsimile parameters or to invoke the end of
- facsimile block. They are definded in Section 2.4...
r.i
..
-
v.
( {
> B~3 ‘
,I
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2. Facsimile coding schemes and coding control functions for black and
white images

2.1 General

2,1.1 This Section specifies the facsimile coding schemes, and associated
control functions for black and white images.

2.1.2 Facsimile coding schemes consist of the basic facsimile coding scheme
and optional coding schemes.

2.1.3 The use of the optional facsimile coding schemes is subject to mutual
agreement between terminals and shall be initiated by the appropriate
procedural steps.

A1q_lﬁ

€j 2.2 Basic facsimile coding scheme
: 2.2.1 Principle of coding scheme

This is a two-dimmensional line-by-line coding method in which the
position of each changing picture element on the current or coding line is

Iy &

f: coding with respect position of a corresponding reference element situated on
b either the coding line or the reference line which immediately above the

coding line. After the coding line has been coded, it becomes the reference
line for the next coding line. The reference line for the first coding line
in a page is an imaginary white line.

3 )

2.2.2 Defiuition of changing picture elements (see Figure 1/T.b)

A changing element is defined as an element whose "colour" (i.e.
black or white) is different from that of the previous element along the same
scan line.

40: The reference or starting changing element on the coding line, At
the start of the line ap is get on an imaginary white changing .
element situated just before the first element on the line. During
the coding of the coding line, the position of ap is defined by
previous coding mode. (See 2.2.3)

a: The next changing element to the right of ap on the coding line.

a2: The next changing element to the right of aj} on the coding line.

by: The first changing element on the reference line to the right of ag
and of opposite colour to ag,

bo:  The next changing element to the right of b} on the reference line.

Refsrence line l 7% %

N

>

N

Coding line 7

-~
o —t>

FIGURE 1/T.b - Changing picture element
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2.2.3 Coding modes

One of the three coding modes are chosen according to the coding
procedure described in Section 2.2.4 to code the position of each changing
element along the coding line. Examples of the three coding modes ara given
in Figure 2/T.b, 3/T.b and 4/T.b.

a) Pass mode (see Fi-ure 2/T.Db)
This mode is identified when the position of by lies to the left

of aj,
y
Referance line % %R ] |
N ANENENENEN

&
T
3

&St

[
a, SOTT-3EN

FIGURE 2/Tb - Pass mode

However, the state where by occurs just above a}, as shown in
Figure 3/T.b is not considered as a pass mode.

Reference line %%%%
Codingline ZZFA,| |

FIGURE 3/T.b ~ An example not corresponding to a Pass mode

b) Vertical mode
When this mode is identified, the position of &) is coded relative

to the position of b, The relative distance ajbj; can take on one of
seven values V(0), VRp(1), VR(2), VR(3), vL(l), vL(2) and VL(3),
each of which is represented by a separate code word. The subscripts R and L
indicate that aj is to the right or left respectively of bl , and the
numbe; in brackets indicates the value of the distance ajb}; ., (See Figure
4/T.b

¢) Horizontal mode
When this mode is identified, both the run-lengths apgj and

41a7 ave coded using the code words H + M(apa1)+M(aja2). H is the
flag code word 001 taken from the two-dimensional code table (Table 2/T.b).

:'(‘011) and M(aja2) are code words which represent the length and
‘colour” of the runs aga} and a)a2 respectively and are taken from the
appropriate white or black run-length code tables (Tables 2/T.b and 3/T.b).
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FIGURE 4/T.b - Vertical mode and Horizontal mode

2.2.4 Coding procedure

The coding procedure identifies the coding mode that is to be uesd to
code each changing element along the coding line. When one of the three
coding modes has been identified according to Step 1 or Step 2 mentioned
below, an appropriate code word is selected from the code table given in Table
1/T.b. The coding procedure is as -hown in the flow diagram of Figure 5/T.b.

Step 1
i) If a pass mode is identified, this is coded using the word 0001 (Table
1/T.b). After this processing, picture element ap just under b2 is

regarded as the new starting picture element ag for the next coding.
(see Figure 2/T.b)
ii) If a pass mode is not detected, then proceed to step 2.

Note -- It does not affect compatibility to restrict the use of pass mode in
the encoder to a single pass mode. Variations of the algorithm which
do not affect compatibility should be the subject of further study.

Step 2
i) Determine the absolute value of the relative distance aiby.
ii) If |ajb)] <3, as shown in Table 1/T.b, a]}b] is coded by the
vertical mode, after which position a is regarded as the new starting
picture element a for the next coding.
iii) If |ajby|>3, as shown in Table 1/T.b, following horizontal mode code

001, 80a) and aja? are respectively coded by one-dimensional run
length coding.

Run lengths in the range of 0 to 63 pels are encoded with their
appropriate Terminating code word of Table 2/T.b. Note that there is a
different list of code words for black and white run lengths. Run
lengths in the range of 64 to 2623 pels are encoded first by the Make-up
code word representing the run length which is nearest, not longer, to
that required. This is then followed by the Terminating code word
representing the difference between the required run length and the run
length represented by the Make-up code. Run lengths in the range of
longer than or equal to 2624 pels are coded first by the Mske-up code of
2560, If the remaining part of the run (after the first Make-up code of
2560) is 2560 pel or greater, additional Make-up code(s) of 2560 are
issued until the remaining part of the run becomes less than 2560 pels.
Then the remaining part of the run is encoded by Terminating code or by

Make-up code plus Terminating code according to the range as mentioned
above,
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After this processing, position aj is regarded as the new starting

picture element ag for the next coding.

Note =-- Coding examples are referred to Section 4.2.5 in Recommendation T.4.

TABLE 1/T.b - Code Table

Mude Elements to be coded Natation Code word J
Pass by b P 0001 i !
Horizontai Jndye 393 H 001 « Miaga,) + M3,y :
* (see- Note 1) ‘

Verucal 2, just under by ab, =0 Vo) i
3y to the right o' b, o, = | Yall) oIl ‘
a5 =2 V() 00001 | i
agby =3 Va(3) 000001 1 i
3y to the left o' b, 3b, = | V() 010 E
Laby =2 vy 000010 ,
aby =3 V(3 0000010 |
Extension 0000001 xxx |

Note 1=- Code M( ) of the horizontal mode represents the code words in Table
2/T.b and 3/T.b

aa




-~ o Va¥a¥aCa'w " LA A A . N L e - ,-.-.-.-.-.-.'.‘.'. DR - - - et et . ,'- LI . e

) \ ¢
A : -9~
4y
. TABLE 2/T.b
: Terminating codes
'~
Py White run icngta Coade word Bluck run lengtn Cade word
. - T
s 0 001 10101 ] -t U0 1101 1Y
. 1 000411 ! 010
- 2 vttt 2 11
3 3 1000 3 10
- 4 1011 ] 011
b~ s 1100 s 0011
N 6 1o 6 0010
>, 7 1ni 7 0001 !
o L 1011 H 000101
9 10100 9 0100
w o0t 1! 10 0000100
“al i 01000 | . 1 0000101
) 12 001000 12 00001 1
v 13 000011 13 00000100
. 4 110100 . 14 00000111
» , 15 110101 15 00001 1000
v 6 101010 16 0000010111
o 17 101011 17 000001 1000
18 010011t 18 0000001000
! 19 0001100 19 00001100111
o 20 0001000 20 00001 101000
. b 0010111 2 00001101100
n 000001 { 22 00000110111
3 n 0000100 3 00000101000
"~ 24 . 0101000 4 00000010111
» 28 0101011 s - . 000000( 1000
, s 001001} hJ] 00001 1001010
- by 0100100 7 - 0000 (00101 (
(- B 0011000 . bl 000011001 100
j 2 00000010 29 0000t 1001 101
i 0 0000001 | 30 000001101000
N 3 ] 00011010 31 -000001 101004
e 32 00011011 32 000001101010
33 00010010 i3 000001 10101 [
34 00010011 34 : 000011010010
35 00010100 3s 00001 101001 1
4 36 00010101 . 36 . 0N0011010100
) k¥ 00010110 37 000011010101
3 38 00010111 q b} 000011010110
) ¥ 00101000 39 0000110101 11
j 40 00101001 10 000001101100
> 1] 00101010 41 000001101101
v e 00101011 42 00001 1011010
4 : 00101100 43 000011011011
3 & 00101101 n 000001010100
J 45 00000100 . : 43 00000101010
R Iy 00000101 1% 000001010110
*y «1 00001010 _ a7 000001010111
N 4 0000101 1 43 000001 £ 00100
) 49 01010010 49 000001100101
ot - 50 01010011 ) 0 000001010010
. s . 01010100 st 00000101001 |
3 52 ol0t0t01 L[5 000000100100
- 53 00100100 $3 00000010111
o’ 54 00100101t s 0000001 | 1000
’ 55 01041000 55 000000100111
. 56 01011001 ] 6 000000101000
o 57 01011010 57 22001011000
o 8 010110:1 58 00000101 100t
- 59 01001010 . <9 0COnVO10101 1
= 60 01001011 60 000000101100
o ! 00t 10010 6! MNONNLINII0I0
! 62 0011001 § 62 000001 1001 10
., 63 00110100 € 000001100111
14 - Annex 1-7 -
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o TABLE 3/T.b - Make-up codes between 64 and 1728
{
4 | ‘ :
: v White run lengtns l Cuode word Black run iengins Cude word i
" i
': & Lot 64 MK 111 :
o 128 10010 128 ’ NN ORI 000 )
A 192 010111 192 V000§ 101N
256 0110111 256 LTI RTT
< b 00110110 320 QUENKNO | 18 ]
N i ) 00i10111 384 OO 1011
e a2y 01100100 ~3 QUOMKKIL 10104
iy 12 0410010! s12 00U 101 150
o 576 01101000 576 0000001 101 101
N 640 0itoo11t 640 [T T AT
» 704 011001100 704 00OUN ERIYT |
763 011001101 768 QUOURBE L 100
_ £ 53] 011010010 . 832 OOUUON 001 11
N 396 011050011 396 UONNN L (1010
.. 960 011010100 960 oot 110011
T 1024 011010101 1024 0UNVUN | 110100
Y toss 011010110 1083 R TR
v 1182 CICILTRD] 1s2 000NONT 110110
N 1216 011011000 1216 OO0 110111
E 1230 01101100} 1280 OOV 010010
P 1344 11011010 134 [ VTG HE
- 1408 011011011 1408 s TTIT TG
A 1472 ' 01001 1000 1472 . QU101 01 '
-~ 1536 . 010011001 1536 SO LO1 110 !
o2 1600 010011010 1600 DUKXIO1 101 | i
O 1664 011000 1664 200000 10Y100
4 . 1723 010011011 {728 000U 1 100101
SH
e
._\j
,:4 Make-up codes between 1792 and 2560
.
2 Run iength
¥ G’ (bisck and white) Make-up codes
.%‘
4 i
Y 1792 0000000 | 600 !
o 1856 00000001 100 l
-~ 1920 00000001101 i
1984 000000010010 i
2048 00000001001 | y
_ 212 000000010100 ]
~, 276 000000010101 ;
~. i 2240 000000010110 !
-y, 2304 0000000101 1 i
‘e 2363 00000001 1 100 :
0 2432 00000001 1 101 i
- 2496 000000011110
R 2560 000000011 {11 ’
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2.2.5 Processing the first and last picture element in a line

a) Processing the first picture element

The first starting picture element a on each coding line is
imaginarily set a position just before the first picture element, and is
regarded as a white picture element (see Section 2.2.2)

The first run length on a line a a is replaced by a a - 1. Therefore, if
the first actual run is black and is deemed to be coded by horizontal mode
coding, then the first code word M(a a ) corresponds to a imaginary white run
of zero lemgth (see Figure 10/T.4 in Recommendation T.4 Example 5)

b) Processing the last picture element 3

The coding of the coding line continues until the position of the
imaginary changing element situated just after the last actual element has
been coded. This may be coded as a or a . Also, if b and /or b are not
detected at any time during the coding of the line, they are positioned on the
imaginary changing element situated just after the last actual picture element
on the reference line.

2.3 Optional facsimile coding schemes for black and white images

2.3.1 Uncompressed mc..e

Uncompressed mode is an optional coding scheme associated to basic
facsimile coding scheme and is used to transmit the image information without

data compression technique as shown in Table 4 /T.b.

Extension code in section 2.2.4 with the xxx bit set to 111 is used |
as an entrance code from basic coding scheme in Section 2.2 to uncompressed ‘
mode. i

TABLE 4/T.b - Uncompressed mode code words

|
Entrance . . . ! i
mwmwéiﬁﬁm: Bacic coding scheme : 000000111
Image potiern Code word
} ’ 1
Uncompressed 0! ot
mode code gg(l)l ggé ,
: 00001 00001
00000 . 000001 l
. 00000017 ! ’
Exist from 0 00000001 T
uncompressed 00 000000001 T
mode code 000 0000000001 T
0000 00000000001 T «

T denotes & tag bit which tells the colour of the next run (black=l, white=0)
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2% 2.4, Facsimile coding control functions
%

ﬂ'. .
r’f 2.4.1 Control functions for basic facsimile coding scheme
{
e 2.4.1.1 End of facsimile block
o

N The End of facsimiie block code is added to the end of every coded
g facsimile block. The format of EOFB is as follows:

| - Format: 000000000001000000000001

< 24 bits )
S 2.4.1.2 Pad bits

o3
> Pad bits may be used after the End of facsimile block code if it is

necessary to align on octet boundaries or to a fixed block size. The format
used is as follows. ’

{: Format : Variable length string of Os.
Vo
I‘
N 2.4.1.3 Extension
33N . )
t¢: Extension code is used to indicate the change from the current mode
< to another mode, e.g., another coding scheme.
o, .
>,
i) Format ¢ 0000001xxx
‘\ Where xxx = 111 indicates uncompressed mode which is specified in
e Section 2.3.1.
_:; Further study is needed to define other unspecified xxx bit
[ - assignments and their use for any further extensions.
" ey
. 3. Optional grey scale facsimile coding schemes and their coding control
- functions
o EE—
:$ For further study
' 4
fﬁ 4, Optional colour facsimile coding schemes and their coding control

functions

For further study
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EXPECTED NUMBER OF STUFFING BITS
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Appendix C
Expected Number Of Stuffing Bits

A binary message of length L bits is assumed to be random. A sync
pattern of N consecutive 1's must be avoided in the data stream.
Therefore, whenever N-1 consecutive l's are observed by the transmitter,
a @ is stufféd after them to avoid the possibility of false sync. In
order for a @ bit to be stuffed at a given location, the previous N-1
bits must be ones, and the bit before that must be 0 or the N-1 previous
bits must be 1 and the bit before that must be @ or-etc. Therefore the

probability of a stuffing bit at a given location is:

/ ! /
/ ! { —e S
Tas N4zt AT | 2 2 2




Therefore the expected number of bits stuffed, if L>>N, is
N
s0:
-2

FOI x.25, N=6'
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APPENDIX D

DERIVATION OF EXPECTED HALT TIME
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Appendix D

Derivation of Expected Halt Time

The expected halt time, H, is given by:

H=0" F(w)

- -}
F(W)=/w (t-w)p(t) dt

p(t) is the standardized normal density function:

2
p(t)=(2m~1/2 exp (-§")

Now: oo
F (w) ‘/tp(t)dt - w/:(t)dt
w w

(- -]

2
=(2")-1/i///; exp(—> )dt - wQ(w)
w

where Q(w) is the tabulated function: oo

where

Q(w)=1-P(w)= p(t)dt
w

Then using u?= %3; we obtain:

-1/2 w?
F(w)=(2m) exp (== ) = wQ(w)=p(w)-wQ(w)

R R N







