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FOREWORD

Among the responsibili ties assigned to the Office of the Manager ,
Nationa l Communications System , is the management of the Federal Tele—
communication Standards Program which is an element of the overall GSA
Federal Standardization Program. Under this program , the NCS , wi th
the assis tance of the Federal Telecommunica t ion Standards Commi ttee ,
identifies , develops , and coordina te s proposed Fede ral Standa rds which
ei ther contribute to the interoperability of functionall y similar  Federal
telecomm unica t ion sys tems or to the achieve ment o f a compa t ible and
efficien t interface between computer and telecommunication systems .
In developing and coordinating these standards a cons iderable amount
of effor t is expended in initiating and pursuing joint standards develop-
ment efforts with appropriate technical committees of the Electronic
Industries Association , the American National Standards Institute , the
International Organization for Standardization , and the International
Telegraph and Telephone Consultative Committee of the International
Telecommunication Union . This Technical Information Bulletin presents
an overview of an effort which is contributing to the development of
compa t ible Federal , na t ional , and interna t ional standards in the area
of digital facsimile standards. It has been prepared to inform interested
Federal activi ties of the progress of these efforts. Any comments , inputs
or statements of requirements which could assist in the advancement of this
work are welcome and should be addressed to:

Office of the Manager
National Communications Sys tem
ATTN: NCS-TS
Washington, D.C. 20305
(202) 692—2124
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1 .0 INT~~DUCTION

Several organisations have submitted contributions to the CCITT

(see References 1, 2, 3, Is, and 5) describing two-dimensional coding

techniques for selection of a standar d compression algorithm for advanced

digital facsimile systems . At the December 1978 meeting in Geneva, a work-

ing party of CCITT Stu~ r Group XIV adopted specific procedures to measure

compression and error sensitivity so that candidate coding techniques may

be compared on a meaningful basis . These definitions and procedures are

outlined in references 6 and 7. The National Communications System of the

U. S. Government has issued two contracts to Delta Information Systems , Inc.

to compare these candidate two—dimensional coding techniques using the

criteria recommended by the CCITT . The first contract (Purchase Order

No. DCA 100—7941-0105) has been completed and the work accomplished is

sinamarized within this document . The objective of this contract was the

development of a computer program to measure the compression and error sen-

sitivity of Facsimile coding techniques. The second contract, vhich is

dae to be completed in September 1979 , wl.fl. use this computer program to

actually measure the compression and error sensitivity of candidate two-

dimensional coding algorithms . The Modified—Hnf fman code, recommended

as a one-dimensional standard for Group 3 machines , has been used in this

first program as a vehicle to check the validity of the computer program.

The Modified-Hu.ffman code is described in Appendix A.

The remainder of this report is organized into four sections ithich

are listed below.

• 2.0 Measurement Parameters - In this section the various parameters

involved in the measurement of compression and error sensitivity are
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si~~ arized. These parameters include test documents, resolution, minimum

scan line time, transmission bit rate, measurement of compression,

transmission error pattern, error phase, error correction .

• 3.0 Description of the Computer Program - In this section, the computer

program written on the contract is described. Th. procedure for

insertion of input parameters is described along with a review of the

general system flow chart . Appendices D and N provide more detailed

flow charts and actual program code respectively.

• ls.O Measurement Results - The computer model described in Section 3.0

was used to measure th. compression and error sensitivity of the

liodified-Rtffaan code. This section summarizes the results of this

test program. Compression data , error sensitivity data , and output

error corrupted images are described. The computer program was found

to operate satisfactorily in afl. respects .

• References - the last section lists key reference documents .

Delta Information Systems wishes to acknowledge the Contracting

Officer ’s Technical Representative, Dennis Bodson, for his continuous

support during the course of this contract . The assistance of Maria Thomas

and Sandra Murphy from the DCEC computer facility is also greatly appreciated.

Finally, we wish to thank the I~ 1 Corporation for the printing of the test

documents in this report . The assistance of Joan Mitchell, from IBM, is

particularly appreciated for all her support and valuable comments.
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2.0 Measurement Parameters

In this section, th. various parameters involved in the measurement

of compression and error sensitivity will be summarized. In general, Study

Group XIV of the CCITT agreed upon these measurements parameters at the

general meeting held in Geneva in December 1 978 (see Reference 7).

2. 1 Test Documents

The test documents were chosen from the eight CCITT test doc~~~nts

(see Figure 2-1 ) since they have been widely used by data compression

experimenters in the past. Documents numbered 1 , is, 5, and 7 (see Figures

2-2 , 2-3, 2-is, and 2-5 respectivel.y) were selected as the standard test

images since these were considered most representative of documents to be

trans~1tted .

The French ?!‘T Administration baa scanned the eight CCITT documents

at the high resolution specified for Group 3 machines--?.? lines/sm.

They have also quantized each p.1 to be either black or whit, and stored

the resultant image on magnetic tape. This tape was used in the measure-

ment program described herein , and Appendix B describes the format of the

test ~~cument magnetic tape supplied by the French ~~T.

2.2 ResolutIon

It was agreed that measurements would be performed at both standar d

resolution (3.85 lines/rn.) and high resolution (7.7 limes/sm.). In the

high resolution case, all lines on the Input test documents shall be used.

In standard resolution t•.t~ , every odd scan lime should be need. Figure 2-6

2— 1
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THE SLEREXE COMP ANY LIMITED
SAPORS LANE HOOLE DORSET - BH 2~ 8 ER

i~is,iio~s ~x i~ t 945 U) ~!6r TeLEX I 234~~

Our R e f .  350/PJC/EAC 18th January , 1 9 7 2 .

Dr. P.N. Cundall ,
Mining Surveys Ltd.,
Hoiroyd Road ,
Reading .
Berks.

Dear Pete ,

Permit me to introduc,~ you t~ t h u  f a c i l i t y  ci  f a c s i m i l e
t r a n s m i s s i o n .

In facsimile a photocell is caused to perform a raster scan over
the subject copy . The variations pri flt densit y on the document
cause the p nctccell to cen€r .jte an .~- .~1cgous electrical video si gnal.
This si~ n’~ is used to m o d u i a t e  a c a r r ’. e r , vh i c h  is t r a n s m i t t e d  to a
reno~ e d eSt u~~at ~~~orI cve r  a radio or cable c,’rmlur .ications link .

At the remote  ~~ i~~al , demodu~ .i’~ion r&~constructs the video
sign al , whLch i s used to rn.~~ulate the densit y of pri nt produced by a
pr inting d evice. This device is scanning in a raster scan synchronised
c i th  t hat at the r a n sm i~~r i n ~ ~et ~~~~a l .  As a result , a f acs i mi le
copy of the sub jec t Jocu:.~.n~ is p r c i u c t c .

Probab y you have uses ~c r t h i s  fac i lity in your organisation .

Yours sincerely,

(Jj .
P . J .  CROSS
Group Leader — Facsimile Research

Figur e ~‘-2 CCITT rest Document No. 1
— 

s.~~.,. .., , E . . ’  I ~
~~~~~~~~~~~~~ ccc ~~. dO V . - .. L..n.. Itford. F... ..
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L.’ordr . di lancem.nt it di r êali .ation di. applicat ion.  (sit 1 ob)et di dCcii ion s au plus aut
alvesu di Is Dtrectlon G~ nêra li  des TC1#communication., Li n e s t  cer t ea  pa. question di
costit ru ire es sy.t~ me integr e “ en bloc mat .  b ien au contr ai re  di proc Cder par *tape s , par
palter. succe.sLfs. Certaines applications . don t la r en t ab i l i t C  ne pourra Stri assurCe . Tm
seron t pa. .nt r.prt. es. Actue llement . sur t rente  app l ica t io ns qut ont pu Ctr e globalement
deftn t.s , six en son t au .tad e di 1’ ex p lo ita ti on . six autres se sont vu donrier Ia priorite pour
l.ur rCalisatton .
Chaqu. app1~cation cit conu lee a un ‘chef de projet ” , res pon s able succe ss ivement de as
conception , di son anslyse-programmation it di sa misc en oeuvre dan. une r Cgton .p t l o te .
La g d’n êralis at ion ulterteure di l application rCalt .c’e dan . cette region-pilote dCpend di.
r C.u lt sts obt enu s it (sit l objet d une decision de la Direction GenCrale . NCanmoi.n.. 1.
chef di proj.c do it  des le depart constd*rer que son activitC a une vocation nation a.le donc
rstus. r tout particulartame regional. II est aide d un e equipe d anal y .tes-pr ogrammeur s
it entour~ d un  ‘grou p. di concept ion ” charge de rediger 1. document de “definition di.
objictifs globaui” put. 1. “cahier des charges ” di l’ appllcation , qut  sont adressés pour avts
4 tou s is. servi ces ut l .l iaateurs potent iel .  et aux che fs  de pro3e t des autres applications.
La group. di conception comprend  6 .5 tO personnes r e p rcs e n t an t lea se rvices  les plus
divers  concernCs par le pr o ;et ,et compor te  o b l i g a t o i r e m e n t  tin bon an alyste a t t a c h e  ~ l ap-
plication

II - L ’IMPL .ANTAT ION GEOGRA PUI QU E D U N  R E S E A U  ENFO R M A T I QUE PERFORMANT

L’organhsatlon di l’entreprs.e !rançaise des t e lecon ”mun icatx on s repose sur l existen ce  di
30 rCgion s . Des cal oulatiur . ont etC im p lantes dan s le pcsse au mo m s dan a tou t es  le. plus
important .s. On trouve ain s~ des machines Bull Gamma 30 a Lv ,n  et Marseifle . des G E 425
I Lille. Bordeau x . Toulouse it Montpellier , un GE 437 a Mas.y ,  enfin quel qu es machines
Bull 300 TI I programmes cSblC. Cta l ent r Cc emment  ou sont encore en serv ice  dan e u s
regton. d. Nancy, Nante . . Limoge s , Poitiers ci Rouen . ce parc eat essentiel lement  ut i l i sC
pour Ia comptabilit e tClCphonique .
A i ’ tvenir , st ia plupart des ft ch.er s  nCcesaasrti a~u.. appitc att on s dCcr i tes  plus h aut  peuvent
it re gérCe in temp. d i.ffCr C . Un certain nombre  d’ entre eux devront  n Ccessairement  8tre ac-
cissibles . v oire mis 8 jour en t emp.  ree l ps rmi ces dern ie r s  le f i ch i e r  commerc ia l  des
abonnCm , 1. f ich ie r  des ren se ignern ents , Ic f i c h i e r  des c i r c u i t s . le f ichie r t echn ique  des
abo nnCs cont iendront des -~u a f l t i t C s  cons iderab l e s  d’ into r mat i ons .
L. volume total di ca rac t è r ~es a gCrer  en phase f inale sur un ord in a t eur  a v a n t  en charge
qu siques 500 000 abonnês a etc e s t i m C  ~i un m i l l i a r d  de c a r ac t è r e s  au mo m s Au mom s le
tier. di. donn ées seront concernCe s par des t r a i t e m e n t s  en temps rCel .
A u cun di. calculateurs Cnum ér és  plus hau l  ne p e r m e t t a i t  d ’ er -t v i sa ger de te ls t r a i t e m e n t s .
L’thtegration progressi~e de toutes les app lications suppose la cr.~’ation d un support commun
pour toute s le~ inf or ma t ic ’n s . une vc r i t a h l e  Bant ~ue le donn~es” - r cpa r t i e  sur des moyens
de t r a i t em en t  na t ionaux it r cg ionaux , it ~u i  t ev r a r e s t e r  a i L r n e n t L ’e . misc  ~I j ou r en perma-
nence , 4 par t i r di la base di l’ en t r ~ pr~se c ’est -  i -d ire  Ics ch a n t i e r s , les ma gas ins . les
guichet s di. services d’ abon n ement , les servi es de personnel etc
L Ctude des d i f f Cr en t s  f ich i e r s  ~ co n st i t u e r  a donc er m t s  de i c f t h ir  lea p r inc ipa l e s  carac-
tC r is t iques  du rC seau d ord ina teurs  nou~ eau~ i m e t t r e  en p l.tce pour aborder  la r e a l m s a t i o n
du sy stCme i n f o r m a t i ( . L ’ ob l iga t i o n de f a i r e  appe l .i des ‘r h n a t e u r s  de t r o i s i~ me t’n c ra t i on ,
t rCs pui ssants  et dotes de vo lu mtne ’use s  m O m o i r e S  ,le masse , a c ondu i t  a en r e d ut r e  substan-
t ie l lem ent  Ic nombre .
L’ imp isnta t i on  di sept c e n t r e s  de ca l cu l  i n t e r r t ’g i o n a u\  c) e s~~t u er a  un co mp r o m i s  en t re  =
d une part ii dcs tr  de r é du i r e  le co Ot oconomique de l’ e n s e mt ’h  - de f a c i l i t e r  la coo r d i n a t i o n
des equip.. d mn ho r n i a t i c i en s :  et d ’ au t r e  pa rt  le r e lus  de c reer  des cent res  t r o p  tc :’ortant s
diff ici l e s a gCr er  Ct 8 diriger .et posan t des pro h lm ~mes dc l i c at s de sccur ~t c  Le re~ r oupe .
me nt des t r a i t e m e n t S  r e i at i f s  a p lu sieur s  r~~ ton s sur e t ia cu n  de ces sept c en t r e s  p e r m e t t r a
di leur donner une l a th e r e l a t i vemen t  h omogen e . Cha~ ue ce n t r e  “ g&re r a ’ env m r o n un mu-
lion d abonnCs 8 la f-st du V~ Cme Plan
La misc en place de ces centres a d~ b ut è  au debut  de l’ ann t~e 197 1 us, o r d in a t e u r  IR I S  ~O de
is Compagnie  Inte rn at iona le  pour l i n f o r m a t i q u e  a et C in s t a 1 l t ~ .1 To ulouse en i - t r i e r  , la
mimi machine vui nt d’itre m u se  en service au cent re  de ca~cul i n t e r r e g iona l  de B orde aux .

FIgure 2-3 CCITT Test Document No. Z~
Photo ri° 1 - Document trè s dense let t re  1, 5mm de haut -

Rest i tu t io n photo n° 9
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Ccl. eat d autant plus va lable que T 1sf eat plus telle ligne 8 retard eat donnée par

~ ‘and. A cit Cgard Is figure 2 reprCsenie Ia vra ie courbe
donnant 1 (J) I en fonct ion defpour lea va lcurs numC-
riqucs indiquécs page precedente , — 2rr j 7 5 df

1 . 1  L 1sfJ 1sf
T a ’ .io Et cette phase eat bien l’opposé de I#(I), 

- 
~

---- 
a un dephasage constant prCs (sans importance)
et un retard T0 prCs (inevitable).
Un signal utile S(:) traversant un tel filtr e adspt C

donne a Ia sortie (a un retard T0 prCs ci 8 un dCpha-
F - 2 I sage prCs de Ia porteuse) un signal dont Ia transforméc

de Four icr eat rCelle , constante entre J~, ci J~ + 1s/
et nulle de part et d’autre de J0 et de fo +41 c’est-
8-dire un signal de frCquence porteuse fo + 1sJ72 ci

Dana cc cas. le fih tre adapte pourra Ctre const itu C , dont I’enveloppe a ha forme ind iquCc 8 a figure 5,
conformCmeni 8 Ia fi gure 3, par Ia cascade : oü I o n  a repr CsenlC simultanCment Ic signal S(t)

Ct he signal S1(t) correspondant obtenu 8 Ia son ic
— d’un filtre passe-bande de transfert unite pour du fibre adaptC . On comprend Ic nom de recepteur

Jo ~ f ~ Jo 
+ .~ I et de iransfert quasi nul pour 8 compression d’impulsion donnC 8 cc genre de

I < J~ et f >  f0 + .~~ I, fibre ne modi fiant pas ha phase fih tr e adapte Ia e hargeur s (8 3 dB) du signal corn-
des composants he traver sant prime Ct ant Cgahe 8 111sf, Ic rapport de compression

est de ._L
1/ 1sf 

_ _ _  

sin

FIG. 3 - f t p ,

— $5’ )

— fibre su ivi d une hi gne a retard ~LAR) diaper- £ . ~~~ ~. ~~~sive ayant un teinps de propagation de groupc T5 /dévroissant l inCairemen t avec Ia frCquenc e I suivant -

l’expression : — ____________________________________
1 10 1100)

T0 +(f0 —f )  _L (avec T0 > T) T. •

4 1 . 5 M W .

(voir fig. 4) 
T .12  o~

Ta
Flu. 5

On saisit physiquement Ic phenomene de corn-
pression en rCalisa nc que lorsque Ic signal S(t) entre 

..____ ._ dans ha ligne A retard (LAR) Is frCquence qui en tre
ha premiere A l’ ins tant 0 cat I. frCquence basse I,,,

• —t. 
~~~~~ 

qui met un tenips 7’0 pour travers er. La frCquence f

— entre A l’instant : — i f—J0 ) .L ~t elk met un tampa
Fic. 4

T0 (f Jo) .L pour traverser , cc qu’ ha fait reasortir
I I instan t T Ceslcm ent A,n~i donc. Ii ~ienaI .S4’s’~

Figure 2-Li CCITT Test Docustent No.
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is a copy of the French P1’T Test Document No . L~ scanned with 7.7 lInes/me.
resolution. Figure 2-? is a copy of the Sante document where the even scan
lines have been replaced with the line above . Therefore, this represents
a document in which the vertj ca].L resolution is 3.8~ lines/me.

2.3 $jj~j~~~ Scan Line Tine (MSL~~
The standard 1~ LT to be used In the measurement program will be 5,

10, and 20 ma • with EL-code and 0 as • without EL-code. It was later
clarified in a memo from the chairman of the Working C~~~Ittee (see Reference
9) that if , for reasons of test econ~~ ’, only one value of 1~ LT can be used
In the test program, that value shall be 20 as.

2.1k Transmission Bit Rate

The standard transmission bit rate is laSCO bits/sec.

2.5 Measurement of Compression

Two standard measures of compression have been established-- ( 1) number
of coded bits (2) Compression Factor . The number of coded bits is the
n-umber of bits required to transmit a document, including all overhead
bite such as End of Line (EL) and Fill bits. The Compression Factor is
computed by dividing the total number of picture elements (pela) per
test document by the number of coded bite • It was further agreed that the
Compression Factor and coded bits should be computed for two different
conditions--with overhead and without overhead. The measurement with
overhead applies to the Group 3 situation while the measurement without
overhead applies to the Group ii case.
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I. ‘.~srdrp ii~ ianctment et de rCsfl sation dci applications (alt l’ obje t de decisions su plus haut
i~ vesu I. a t)tre etlon GAnArale des TClécon-imunicat ions. 11 n est certe s pa. question de
constru Ire cc systèm e tntCgrC “en bloc ” mats blest au contr aire de procéder par Ctapes, par
Daflers succeisifa . Certain.. applications . dont la rentabilite ne pourra Ctr e aasurée, se
.eri~int psi entrepri ses. Actueliement. oar treat . applications qui ont Pu Stre globalement
14(1—te a . sixen sort au stade de l’exploitat lon . six autres se aont vu doraner Is priorite pour
)eur r CaIiuat ion .
Chaque applicati on eat con! lee A un “chef de proj et ” . reaponeable successivemeflt de sa
conception , de son analy.e-programmatton et de Ba misc en oeuvre dana une rCgion-piote .
L.a general.tsation ultCrleure de l’applicatioui rCalisée dan. cette rCgion-p iote depend des
rCsul tats obtenus et (sit I’objet d’une decision de Ia Direction Géndrale . NCanmothe. Ic
citet de proje t dolt des le depart considCrer que son activitC a une vocation national. donc
refuser tou t psrt icularl. me regional . 11 eat aide d’une équipe d’analyates-programmeur.
et entourC d’un ‘grou p. de conception ” char gé de rediger le document de “definition des
obj ectifa globaux” puis le “cshier des charges ” de 1’ .ppl.tcation. qui sont adre ssCs pour avis
a tons lee services utilisateurs potentlels et aux chefs de proj et des autre a applicatio n..
Le group. de concept ion comprend 5 0 10 per sonnes repr Csenta nt les services lee plus
divers concernCs par It projet ,et comporte obligatoirement un boa analysts attaché 0 l’ap-
plicatton.

II - L’1MPL.M~TATION GEOGRAPIIIQUE D’UN RESEAU INFORMA TIQUE PERFORMAN T

L’orgsnhsation de I’entrepr is. française des telecommunications repose mar l’existence de
20 r*gions . Des esiculateur, cot etC implantCs dana le passé an moths dams toutes 1.. plus
importantes. On trouve sinai d.i machines Bull Gamma 30 0 Lyon et Marseille. des GE 425
1 1411., Bordeaux , Toulouse it Montpeliier , Wa GE 437 1 Massy, enfth quelques machines
Bull 300 TI I programme s ciblas Cta.tent récemment ou soot encore en service dane lea
rCgicas de Nancy. Nant... Limogea , Poitier s et Rouen ; cc parc cit essentiellement utilise
pour 1* coanpt*bll.ite teI4Eaceilque.
A1’avsnir . .11* plsapsrt d.c fichier s nCc.ssaire s sun applicati ons dCcrite . plus haut peuvent
•ti”* gére. en temp. différC, un certain nombz-e d’entre eux devron t nécessa.u’ement Ctre ac-
cesuib les, voire mis C jour en temp . reel parini cc. derniers le fichier commercial des
abonnCs. 1. fichte r des rears eignements . Ic fichier des circuits , le fichier technique des
abonnCs contie,droct dci quantifCs constdCa-ables d’informat lons.
La volum e total de carac tèzbes C gerer en phase finale mar un ord inateur ayant en charge
quelqu.s 500 000 abcinnés a etA estimC I un znUflard de caractCrea au moths. Au moan s Ic
tiers des damnée s seront concez-néea par des tr aitements en temp . reel .
Aucun des calculateurs énumOrés plus haut ne perme ttait d’envisager de tels traitement . .
L’intCgrs tion progres sive de toutes lee applications suppo se Ia creatio n d’un support commun
pour toutes lea information.. une veritable “Banque de donnée.”, rCpartie mar des moyens
de tr aitentent nation sux et rCgionauL et qui devr a rester aliment ee , misc A jour en perma-
nince. A psrtlr de is ba se de l’entr epr iae , c’est-I-dire lee chanti.rs, lea magasln s, lea
guichets des services d’abonnement . lee services de personnel etc .
L’Ctu de des diffCrents fichier s C constitue r a done permis 4. dCfinir lea pr incipales cat-ac-
teristique. do rCsesu d’ordinat eur s nouveauz 0 mettre en place pour aborde r l.a réali sat lon
du système inform atlf . L’obllgatiori de faire appel A des ordi nateur s de trois lème generation .
trés puissants et dotes de volurnineuses mCmoires de masse , a condu it a en rédui re substan-
tiellement le nombre .
L’Imnpl*ntation de sept centres de calcul lnter rCgionau x constituera un comn pr omis entre
d’une part!. désir de r #duire Ic coO t #~onomlq ue de I ’ensemble . de faciliter is coordin ation
des équtpes d’infor~nattctens~ et d’sutre part 1. refu s de ct-Oc r des centres trop imnportants
difficiles I g rer et I dlriger,et posant des prob lemes delicat e de sCcurit C . Le regroupe-
ment des tr altement a relatifs I plusieurs regions sur chacu n de cea sept centres permet tr a
de leur donner une talile relativemevt t homogene . Cha que centre “get-era ” environ un mil-
lion d’ abonnC. & Ia fin do VlOme Plan .
La miss en place de cii centres a dCbuté au debut de l’ann ée 191 1 *na ordinatew- IRIS 50 de
Is Compagni. Intern*tionale pour 1’Informatique a etC insta llé A Toulouse en février la
nims machine vient d’ttre mis. en service an centre de calcul interr Cgional de Bordeau x.
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L’ord re de Lsncement et de rCsl.t.ation des application . fait l’objet de decisions au plus haut
niveau de 2* Direct ion OdiCral. des TClCcommun icat lons . U n est certe s pas question di
constru ire cc système IntCgr C “en bloc ” mats b u n  au contraire de proc Cder par Ctape s, par
pallet-s .ucc..stf. . Cert ain s applications . dont Is rentabilité ne pour ra øtr e as~uré, , it
set-cot psi entreprises. Aetuellem.nt, mar trente applications qui cot pu Stre globalement
definla s. six en soot an stads de I’ exploit atlOfl. six autres se soot vu donner Is priorite pour
lent- rCallsaticn .
Chaqu. appl ication eat coot tee a un “chef de projet” , reeponsable euccessivement de is
conceptico. de son analyse-programmation St tie sa misc en oeuvre dens use region-pllote.
L.a génCralisatlon uutCrteur. de l’application rCali.és dan. cett e region-pilate depend des
rOcu ltat s obtenus et fait l’objet d’une decision di is Direct ion GdnC rale . NCaninoine. Is
chef d. projet dolt dl. 1. depart co~ .idCre r que son activité a use vocat ion nat ionale done
refuser taut psrticulari.me rcgional. U est aide d’une equipe d’analystae-programmeur.
it entouré d’un “group. di conception” charge d. rédig.r 1. document de “definition des
objectus globsux” puts I. “cahier des char ges” di l’applicat.ton. qut soot adre ssCs pour avis
I tons es uIt-vices uti.liaa teurs potentials St sun chefs de proj et des sutres applicatio ns.
La groupe de conception comprsn d 6 0 10 personne . repr Csentant les service s u s  plus
divers concernCs par is projet,et comporte obligatoirement tin boo analysts att*ché I l ap-
plicatlon .

II - L’IMPLAIITATION GEOGRA PHIQIJE D’UN RESEAU INFORMA TIQUE PE RFORMA I~T

L urgasisatbam di l’entr.pria. frança.ia. des tClCcommunications repose sot- l’existence de
20 region.. Des calculateur s cot etC impl.sntes dens le passé au moths d&ns tout es lee plus
import antes. (~ a trouve sinsi di. mach ines Bull Gamma 30 & Lyon et Marsellle. des GE 425
a L111e, Bordeaux, Toulouse et Montpeliier . tin GE 437 a Ma ssy. cmliii queiquss machines
Bull 300 TI C programmes c$blés Ctaient r écemment on soot encore en service dan S lea
rCgicms de Nancy, Nantas . Limogs., Poit ler . it Ration ; Ce parc est essentieLiement ut ilisC
pour Ia oomptabfl.itC telépliomique.
Al’avenfr , sila plup.rt des fichiers nécessair. . sun applica tions dCcrite s plus baut peuvent
etri get-cs en tenaps différ C, tin certa in nomb re d’entre sun dev-ront nêcersnlrement I tt-s ac-
cessibiss, vain mis C jour en tsnips reel parmi ces dir tier . 1. fichier commerci al des
ab~~m4a , Is ficbilr des r.nse ignemsnts . le fichier des cIrcuits , le fida.ier techn ique des
abonnC. contiendront des quantitSc considerable . d’lziformationa.
L.a volume total di caractl#e. & gCrer en phase finale mar tin ordunateu r ayant en charge
qusiquss 500 000 abt ~més a etC estimC I Un millard de caractCres an moth s. Au moha s le
tiers des donn ée. set-ant concernées par des tra.i tem.nt , en temps reel.
Aucun des oalculateur s enumeres plus haut n. permettait d’ .nvisager de tels tra itsrns nts .
L’integratioua progressive di tonics lee applications suppose 1* creation d’un supp ort commun
pour toutss iss information.. une veritable “Banque de donnOc s”. rCpart ie stir des moyens
de tr aite ment natiouta ux et rCgionaux, it qut d.vr a rester slimentC. , misc C jour en perma-
nence, A pat-tb’ de 1* base di i’.ntr.pr tso . e ’eet-A-d ire lee chantier s . lea magaeina . lea
gulchet. des services d’aboonement . its services de personnel etc .
L’étude des different . tichisrs I conatituer a donc portia do dCfinir lee pr incipa les cat-ac-
tér istiques do rOcea u d’ordinateurs nouveaux C mett re en place pour aborder La rCal.teatlon
du système inforzna ti.t. L’obllgstian de fa Iae app al I dee ord inateu r s do t ro isiCme gCoC ratio n ,
trt s puisssnt. .t dot Cs de volum(neuse s mCmoir es de masse , a conduit len  r édutre substan-
tiellem.nt Ie nombre .
L’jmplantatjon de sept centres de calcul tnterregionsux conatituera un compromis entre
d une part le désir di réduire 1. coO t economique de l’enaemble , di faciliter Is coordination
d es êquipes d’hnta rmst1clen.~ et d’autre part it i-e(u s de ct-err des centres trop importants
dUficU.s I gCrer et I dt r iger , et posant des pro bilmes dClicat a do sécur ité . IA regroupe-
ment des traite ments relat ifs I pluuleur s regions stir chacun de eec sept centre s permettra
d. l.ur danner was tail]. re lat lvement homogCne. Chaque centre “gorer a ” environ tin mil-
lion d’abonnCs & Is fin do Vieme Plan .
La miss en place dc ces centres a dCbut C au debut de l’année 197 1 wi ordt nate ur IRIS SO ds
is Comp agni. Intern atIonals pour i’Int orm at ique a #tC instaliC A Toulouse en fOyrie r ; la
mime machine vient d’Stre miss en service au centre de calcu l inter régtonal di Bordeau x.
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2.6 0b~ective Measure of Error Sensitivity

Th. obj ective measure of error sensiti vity is obtain.d by encoding the
teat documents with the proposed technique. (all overhead bits must b.
included) , subjecting the resulting bit stream to transmission errors,
decoding the transmission to obtain the received image, and comparing
th. original image with the received image to determine the number of pals

in error . Tb. Error Sensitivity Factor (ES?) is calculated as the total
nmeber of document pale in error divided by the total number of transmission
bite that are in error, In this way, tho ES? repres ents the average dis-

turbance to the output image by a transmission error .

2.6.1 Trans—1sej on Error Pattern

It was agreed that a record of actual bit errors incurred over

telephone lines will be used In the error sensitivity test • The Federal
Rsp~b1ic of Oermax~y (me. Reference 10) has obtained a record of such error s

by trans—4 tting a ~~ovn pseudo-random sequence at Z1800 bits/see, using a

Y27 ter mode. over a switched t.l.phon. network. The resultant error

pattern has been recorded on magnetic tape and made availabl, to experi-
seuit.rs. Appendix C describes the format of the transmission error
magnetic tap.. This tap. was used in the measurement of error sensitivity
d.ecrlb.d in this report .

2.6 ,2 Error Phase.

On. concern with the ES? measurement is the high degree of sensitivity

to those few errors which may affect the end of line code and can cause an

2-10
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Inordinate number of Incorrect pals. If the error pattern happened to

fall in an unfortunate phase relative to the encoded bit., a large number

of pals could be affected. On the other hand, the rror pattern could

fall fortuitously and affect a relatively few n~~~er of p.1.. To Insure
• experimenters can achieve an adequate level of statistical validity, th.

concept of error phases has been Introduced. In th. basic sero phase,
lb. first bit of the error record is aligned with the first bit of the

encoded trsn~~~s.1cn . In the case of Thas~ 1 , the transmitted bit Informa-

tion is delayed by 1 ,021s bits relative to the previous run . The transmission

bit information is delayed by 2,O~s8 bits for Phase 2. ~~perimenters would

have a higher confidence level in th. average of the three phases canpared

to any one~~~~~taken alone.

2.6.3 Error Correction

In order to precisely measure the error sensitivity, both th. encoding

techniqu. and lb. decoding algorithm must be completely defined. If more

than onC decoding algorithm is proposed (for .xa~~1e, to achieve differing

levels of err or control) , each must be tested separately . Collective

Letter Wo. 87 fran the CCI’IT (See Reference 9) outlines an error correction

procedure to be used for simulating two-dimensional algorithms wher. an

error correction procedure has not been otherwise specified. In thi s

procedure, the erroneous line is replaced by the previous line and following

lines ar. replaced by whit, lines until a one-dimensional coding line I.

correctly decoded.

- 
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2.7 Subjective )Isaams of Error Sensitivity

Thi error .i~.iti ~tt7 of a candidati coding tScbniqu. will be esti-

mated subjectively by observer. evaluating actual hard copy images which

have been corrupted by transmiss ion errors • The obs.~-~-5~-e may deter mine

!~ow noticeabl, the errors are, how objectionable th~~ are, and/or render

an overall jnd g ent of Image quality.
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3.0 DESCRIPTION OF THE CONPVTEa P*ORAN

Figure 3-1 Ia a functi onal diagram Illus trat ing the Interrelationship
between the major subroutine, developed on the subject contract . The main
program which performs all of the processing functions is called ~T~~~~R

• and 1. described in subsection 3.2 which follovi . There are two data ipput.
to the ~T~~~~RN program which ori ginate on magnetic tape. One tape, supplied
by the Fr ench PTT Adeinietration, contain, all sight of the CCITT test
documents ( See Appendix 3 for description of th, tape format) . The other
tape , supplied by the Federal Republic of Germany, contains transmission

error data from actual switched telepho ne circu it. • A subroutine called
‘R~~?AP was prepared to read the data from the Input document tape while
the error tap. is read directly into the “TWOR’ program. Data from the
two input tapes are placed on disc in the computer system to be accessed
by 1T~~~O R .  A separat. file ii estab lished for each of the test docanents .
The transmission error tape is divided into four file., on. for each of

four different circuit error conditions. Preli~(iia~y guidance suggests
that it is important to perform separate measnr~~~~ts for each of the four
error file, since they represent totally different error patterns .

To run the cc.pnt. r program, the ~~~eriwenter aust specify the

measurement parameters. Subsection 3.1 describes the.. parameters and the
proeedur for their definition.

One major output is an image writt.n on magnetic tape In a format suitable

for printing in hard copy for.. The WRITAP subroutine converts the data

from the NT~~~ R~ program so that it is written on tape In exactly the same

format aa the input test dooan nt tap.. Another major output of the c~~~uter
program ii th, computation of the various measures of systen performance
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such as Compression Factor and Error Sensitivity Factor .

3.1 Input Parameters

To initiat, the computer program, the operator must type in a set of

Input parameters. The Insirtion of the input parameters is accomplished on

an Interactive basis with prompting. A typical interactive sequence with

responses ii listed below.

1. PAR&J~Er~~~ : INPUT ( ‘I) , OR ~~ AULT (‘b)? I

2. flLI~ IOS’fIC PRINTOUT? (T OR N) .  N

3. SITES XAEI!UX NUP~~~ OF P~~S PES LINE s 1728

li. ~~TIR VE~~ICAL 3A1~PLIN0: 1

~~. ~~T~ 5t KB1~ R PATT~~~ PIUSI $ 0

6. ~ lT~~ ~~ND~UN ~ )NPR~~S~~ LINE L~~OTHs 96

7. IWI~~~ OF SCAN LINES TO BE P~~CESSID • ? 10

8. ER~~R 1I~DI~~~? (N -PC *NuAL , T - T A P I , $ - W O ES~~BS) I

9. ~~~~~ DINT P~ . DATA Ff l2 WAllEt

10. ~~IT~~t Oirrlvr Pr.. DaTA FflIE HAll:

The first entry determines whether the operator select. the default

mode or chooses to Input the data for each parame t.r . Table 3.1 list .

the default value for each parameter as well a.s minimum and maximum value

which will be accepted by the program.
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MIWIIUM lufligil Dr.’AULT

I • Number of P.1./Line 1 1728 1728

2. Vertical Sampling 1 10 2

3. Error Pattern Than. 0 3 0
4.

14. Minimum C~~~reesed 0 1728 148

Line Length

~~. No. scan linee to be 1 3000 ALL

processed

Table 3—1 Input Paramehere

The second parameter gives the user a choice of a diagnostic printout .

Tb. vertical sampling parameter select. every nth line, starting with the

first . In this ease, the default value of 2 correeponde to 3.8S lines/ma.

for the French PI’T tapes.

The sirth parameter--minimum compressed line length (NCLL)-- deserves

a c~~~ent. This parameter combines two other system parameters--tb. minimum

scan line time (~~~.T) and the transmission bit rate. The MCI.!.. (in bits) is

the product of the M&.T and the transmission bit rate. For Rr ii.mple, the

default value of the MCLL (148 bits) 1. the product of 10 as. and 14800 bits/s.c.

Th. eighth parameter--error mode--also deserves a c~~~ent . In this case

the operator may choose to manually insert errors at particular location.

In the image. He eq choose a file of error data such as that supplied by the

German tape, or he may choose to insert no errors.

3—Is
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3.2 Main Program “TZ~~DR”

The basic functional eloments of the ~~~5i~uRw program are illustrated
in Figu re 3-1 . The first step in the process is the “~~Q)DE” function .

This subroutine measures run length. in the input data and searches a code
table for the appropriate run length code word . Tb. actual run length
code is fed to the error corrupt unit, while the number of code bits is
accumulat ed with fill and *)L codes to provide the output total number

of data bit., to compute C?3, and CF14. As mentioned earlier , the compres-
sion algorithm which was simulated on this program is the Modified-Ruffman
ibm Length Code (see Appendix A) .  However, this algorithm is merely a
vehicle to check cut the system. The program is also written to simulate
two-d1~ ensjona]. coding tectmiques on a follow-on contract .

The error corrupt ion step combines the transmission error data with the
encoded data . At each point in the image where in error occurs , the
correspo nding bit in th. encoded signal is rsversed and fed to the decode
function . The decoder basically performs the inverse functio n of the encoder,
generating a series of lin a of image p.1.. Ther e are two parts of the
decoding function which ar e not obvious and require clarification (1) what
the decoder does when an error occurs (2) what the decoder does when a line

is missing. The operation of the decoder under these two conditions is
described in the following paragraphs.

Error Processing

Tb. definition of tb. one-dimensional Modified-Hoffman algorithm does

not specify the procedure to be used in decoding when transmission errors

are detected. The following procedure was used in the simulation to handle
situations where •rrors were detected.

— ~~~~~~~ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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The Modified-Hof fman algorith m requires that the runs encoded for each

lin, add up to ~~~ctly 1 728 pole. Therefore th . following errors can be
detected ,

(1) An 1L was received before 1 728 p.1. were decoded.

(2) Moe’e than 1728 p.3.. were decoded before an I)L was received.

(3) The code bits at some point did not match a~~ code word in the

appropriate code table .

The procedure in case (1 ) was to write the pels decoded before the

premature ~~L, fill out th. remainder of the Line with whit. pels, and pro-
cede to the next line. The proc edure in case (2) was to writ e the first
1728 p.1. decod.d, discard the r~~~4n1ng pels, and then search for the next

~~L. Th. procedure in case (3) was to write the p.ls decoded up to the bite
that could not be decoded, fill out the rema inder of the line with white

pels, and then search for the next E)L.

Procedure for Missing Line,

Bscause of tran~~~ssion errors, some of the original image lines may
be missing in the output, or additiomal lines eq be in the output that

were not in the original image. In order that a missing or extra line not

have an undue influenc. on the ~~?, it is important that the original and

received images not get permanently out of line alignment when they are

compared to determine the number of pel errors. To this end, each of the

line. in the origins], image is assigned a serial line number, and this n~~~er
continues to be associated with the same line in the received image. If a
tr~~~~4tted line is th opped, due to the loss of an ~~L, then its line number
will be missing in the output. On the other hand, if a line is broken into
two or more lines in the received i g e , due to false R)L’a, than it. line

3—6
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number will appear more than once in the output.

If no lines are dropped or added, the line numbers of the original and

received lines that are compared to detect p.1 errors will be equal. When

a line is added or deleted, the line numbers of the compared lines will

become unequal. When this occurs for the first time, the two lines with

different him, numbers are compared to determine the number of p.1 errors,

which is added to the pal error total. Then, instead of proceeding to the

next line in both the origin..]. and receive d images, the next line is used

in only one of the images, with the previous line being used in the other

image. The line is advanced only in that image that has the smaller line

number, so as to tend to make the line numbers of the two images more equal.

This continues until the line numbers are equal, after which the next line

is used in both images, until another inequality is detected.

This procedure provides a proper penalty for a missing or added line,

but prevents this type of error from causing p.1 errors over the entire

image below the place where it occurred.

The output of the decode subroutine feeds the “WRITAP” function for

printing the error corrupted image Oti magnetic tap.. It is also fed to a

subtraction function which compares the decoded image with the origins].

image. Pels which are in error are fed to the “~~~~~~S” subroutine which

counts all the pels in the image which are in error. This subroutine also

counts the number of tr~tnRmi.esion error bits which corrupted the encode

signal . Finally, the N~~fl~(~3fl subroutin, computes the ~~7 by dividing the

number of incorrect p.1. by the number of trh,l~.4tt.d bits in error.

Figure 3-1 shows that the ~TWOR program provides a printout of .11
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the competed p.rf.rmence data as veil as a s~~~ary tahelation .1 the input

Per mere details cit the NT~~~~1~ pa ogr, th. reader is referred to

Appendix D which contains a detailed f low chart of this usia progrem.

In addition, Appendix K is a listing of the program cods for the rwuft’

program as well as several other key subroutines .

The reader should note that most of the computer program prepared

under this contract is suitabl. for simulating any ocuupression algorithm.

Th. only subroutine which must be written specifically for a particular

coding technique is the encode and decode subrontine .

3—8
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Lo MKASUR~~I~T RKSULTS

Table Z4-i is a tabu lation of the test para meters and results which

were obtained from a series of 13 computer run s . The progra m was run at

the Hybrid Computer Facility at the Defense Ccomuni cations &~gine.r ing

Center , Reston , Virginia. AU tests were per form ed at a tran smission bit

rate of li800 bits/sec. The only measurement parameter which may require

clarification is the “Transmission Kri-or File. ” As mentioned in Section 3.0 ,

the Transmission Krror tape supplied by the Federa l Republic of Oer uany

conta ins four files each representing a different error rate condition of

switche d telephone circuits • Th. file numbe r in Table lj-i represents the

location on the magnetic tape . All other measure ment parameter. have been

previously defined in Section 2.0. One objective of the 13 test runs was

to fully exercise the computer program over th, full, range of the measure-

ment parameters . Toward this end , a]1 four test documents , all four sri-or

files, both resolutions , and all three error phases were run . Th. minimum

scan line time para meter was run at 10 mc • and 20 as.

The romainder of the discussion of test results is divided into tim

parts - (1) compres sion and (2) error sensitivity.

l~.1 Compression

Referring to Tabl e Is-i , the test results tab ulated in columt s 7 , 12 ,

13 , 1 j, and 1 ~ contain data related to the measurement of compression . As

indicated ..i-li.i-, C7~ (col~~~ 13) equals the number of document pels°

°Righ Resolution - 2,376 lines x 1728 pels/Llne - l~,tO~ ,728 p.ls
Standard Resoluticit - 1 ,188 lines x 1728 p.1./line - 2,0~2,86~,i pole

-
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divided by the number of coded data bits (coliuni u s ) , while CF3 (colu~~ 12)

equals the number of document pals divided by the total number of coded

bits including fill and ~)L (col~~~ 7). Scme experimenter, have measured

compression by su~~~ng the data bits with only the E)L signals . Coli 1 ~
is included to provide thi s data for comparison. The compression test results

were found to be in agr .~~~nt with other experi menter ,, thereby helping to

validate the operation of the computer prog ram.

L2 Krror Sensitivity

There are two different typee of test result. related to error sensi-

tivity - (1) object ive data tabulated in Table Is-i (2) subjective data

comprising 8 error-corrupted output documents . (Figures Is-i through ~-8) .

These two categories of test results are di scussed in section. Is .2 • and

1s.2.2 respectively.

h 2.1 Obje ctive Test Result.

The bit error rate (co1~~~ 9) is computed by dividing the number of

transmitted bit errors (column 8) by the total n~~~.r of coded bits (col~~~
7). The Krror Sensitivity Factor (col~~~t I i )  i. computed by dividing the

number of incorrect pels (column 10) by the number of tr .’~~ itted bits in

error.

Six test runs wr focused on the perfor mance at the three differen t

error phases . Tests b88 , 1s88A and 1&88B were run for test document Is under

identical conditions except for th. three different error phases. The ~~7

for these three runs us very close, the worst-case &~F falling within

1 .S% of the average VP’. Test runs ~88A, ~88B, and ~88C were run for test

Is- 3
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• document S under identical conditions except for the thre. error phases .

In this case , the ES? measurements fell. over a wider range ; the worst ease

measurement fell within 9 .I~% of the average . Although these two rims are

not adeq uat. to draw firm conclusion., the indication is that fewer than

thr e. phases may be adequate for the measurement procedure .

• Another series of Is teats - Is88C, Is88E, Is88F, and 1s680 - is focused on

the measured performance at th . four different error files. In this case ,

the peak variations from the avera ge was 31i% which is far greater than the

variability for the three error phases. This suggest. that it is important

to run all. four transmission error files doe to high degre. of variability

of thu parameter.

Returning to the measurement at multiple phases, it may be appropriate

to employ multi ple phases only when two competing coding techniques have

Error Sensitivity Factor. which are so close that the confidence level in

making a choice between the two is low. Additional measurements at

additional error phases could then be run to incr ease the confidence level

to an acceptable point

It should be not d that transmission error file number ‘2 appears to

be moat rapr.e.ntative of the group of four files • The number of transmitted

bit. in error (510) differ. by 11 % from the aver age of the four files ( 1*85.5) ;

the ES? for nil. 2 (19.2291~) differs by only 6.7% from the avera ge ~~~ of

the four files (20.6265). Consequently, if for reasons of t.,t eeon~~~,

only one error file can be run, it appears that error file 2 may be most

representative. It should by pointed cut , however, that more data may be

n.ce.asry before this can be verified.

is-Is
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L2.2 Subjective Test Results

Error-corrupted output image tapes iere pr epared for afl 13 computer

run e listed in Table 1*-i. The first 8 images listed in the table (Runs 1*88

through l~88O) were converted to hard copy form by the I~~ Corporation

facility at Yox1rto~m Height., Rev York . Copies of these images are

included as Figures Li-i through h-8 respective ly.

Oom of the main pur pose. of this conversi on was to prove that the out-

put image tapes can be processed at the I~~I facility . 0bviou~ly, this has

been proven sati sfactorily.

It is interesting to compare the vertical location of errors in

Figure. 1k-i , ls-2, and Zs-3 since the.. differ only in the error phase .

Since the coded bits are delayed by 1021~ bits relative to the error on

adjacent phas es, the location of the errors differ. by only two or three

lines on consecutive images. A particular burst of errors seems to caus e

a somewhat similar degree of distortion for an. phases.

The four images corrupted by the four different error files are

interesting to evaluate relat ive to the various measured error rates .

For &~~~ple, the error rate in Figures I*-7 is apprn~4~*tely one half of that

in Figure Is— 8 .

Finally , the reader stil note in Figure Is-S that the distortion

streaks have a finer texture due to the high resolution and are less

noticeable than corresponding streaks in a standard resolution image .

Is-c
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nence , A psi-tin tie La bass 6. l’entre pr lsc, c’.at-I-di re lea cha~tiera . lea magasinc . les
guicheti des service. d’abonnement lea cervices tie personnel etc.
L’Ctude dec different. fichiera I constituer a donc perinis de dCfinir lea pr incipales carac-
tCristiquss du rCseau d’ord inateur s nouveaux a mettre en place pour aborda r Is réai.lsation
du systCme inlormatlf. L’obli gatlon d. fair e  app al S des or dinsteur . de t ro isiCme gCnC rat ion ,
tiC s pui..ants .t dotes de volumineusea mCmoires tie masse , a conduit S en réduire subatan-
tiellem.nt Is sombre .
L’imp lantation tie sept centre s de calcul inte rregi onaux cona ti tuer s un compromi s entre
d’une part l. désir d. rCduir, 1. coOt Cconomlque tie l’eneembl e. de faciiter Is coordination
tie. equip.. d’lnform&tictens ; et d’autre part le refu . de créer des centres tr op importants
difficiLas & gCrer et I dtr ige r,et posc.nt des probl Cm.s delicate tie sCcur ité . Lc regroup.-
meat des tr aitement s relatifc S plustiurs rCgion. cur chacu n de cc. sept centre s perme it ra
di Isur dou ser one ta il. re lat ivement homogtne . Cheque c.ntr e “ genera ” enviro n on mu-
Uon d~~bo,~ 4. S a tie êu VlS,,.e Pie.. .
La mice en place tie cia centres a dcbutC-au debut tic S~annCc i-C? F -

~~~~ ordinateur-!~tl~ -~~ 
.
..~~

-

Ia Compegnie ntsrnatbonsit~ pour t Lnf ormedqu. a et# tn ,i,,,ii. A Tnlilnjtsa en ~I&v”~~r :
mum, machine vient d’etre misc en service ati centre do calcul Interrégional d. Borde aux ,
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L’ord rs de lancement et de rCslisatton des applications fait l’obj et do decision . au plus haut
niveau tie Is Direction Gàiér.l. u~~. Tv1’w~uwii.unica&iun., U n’c.L ,vi pa. ~~ tiufl di
con.trut.re cc système int iarC “en bloc” male blen au conlraJ~~ dt .pzoceder par étap es. ar
pallire succes.tfe . Certaui.. appllcaUcrn~. d~~t 1* rinisointe n~ puul’r* i~re a~~ urW , fT
•erost t pus entreprises. Actudfle ment , cur trente appl ications qui out pu Ctre globa loment
dCfthl eu . six es sent an stade tie l’ixploitatioti . eta autres so scat vu douser Ia prioritS pour
lear r slisation .
Chaq us application set coat iCe S us “chef do proj et” , reeponsabis eucc.ssivtm ent tie sa
Conception . de son analyse-programmaticn it tie ca misc on oeuvre dana use r oii.piiote -
La geuiCrelisation ultérl.ur. de l’appl.tcation rCalisis dan. cette region-p h oto dCpend des
rCsultats obtenu. et taft l’objet d une d cisien de 1* DirectIon GCnCrale . NCanmoine. 10
chit di projst dolt des 1. deps.rt ccinsidCre r qua son activitd a use vocation nation als done
refuser tout p~rtj cuJ.arisme rCgjon al. U eat aid C d’une Cquipe d’analyites-programmeur s
it intow C tI ’un “groupe do concepi inn” cher g~ d. r~dl gPw ~~ j c~eumpn~itp “itCtfnii$.ae dee
ob~scWs glabsux” puSs is “c.M.r di. charges” do i’appUcatioa , qui coat adrea sés pour avis
I tons lii service s ut ilicateu r s potontiel. at aux chefc de proj et dec au tre s application s.
La groups do c~~~~~’. c~~~~~o~d -8- 5 i’.’ ~~~~~o’~see -r rC entan~--! eer”h’~eq !ee ~,!.‘

divers cvncernCs par is proje t ,et comporte obligatoirement us boo ana lysts attaché S l’ap-
plication .

11 - L’IMFL ,AN TATION GEOCRA PIUQUE D’U?i RESEAU INFORMA TIQUE PERFORMANT

L’organlsatiou tie l’antr.prlc. fran çaise des telecommunications repose cur l’exi.tsnce di
30 regions. Des calculateurs out etC implantol dana is p.ss~~su moms dine tout ss lee plus
importentes. Ch~trcu-re sinai ties machine: Bull Cam2na ~O I Lyon Ct Maracilic . dc~ CE 425
S Liii. , Bordeaux , Toulouse at Montpefl.ier , on CE 43’? a Missy, •nf in quelques -mr .chinee- -

Bull 300 Ti I pm rae ...c$hlaa,.AtataoLréce ,ut~nu ...eaoi a’~cor. en .ssintj~~~ ~pna 1ft~~ -- -r*gions-dS-Nancy - -Ngrn.c~- i~iwoges , -~~~une’ e~~ r~tue~r wpsr~ usc s~t~x&uc~eiuuii, uii.u.e
pour Ia oompt.bllit4 tClCphonique.
Al’avenir . si la piupprt tie. fichiars n*cessaire e aux applications dEcr ites plus hau l peuvent
lu. géri s en limps diflir4, us certain sombre d’entrs sax devi ant nécissairement stre ac-
cisstblas, voire mis S Jaw in temp. rCel : parmi ci. dernier s le tickler commercial dcc
sbamCa , 1. tickler di. reir.eigsem.nts , 1. flchiu r des cIrcuits , le tickler technique des
abenne. coatlendront dee quantites cousidCrsbies d’informatione .
L.a volume total tie carac tI z°.s S gCrer en phase finale stir on ordinateur ayant en charge
quiiqses 500 000 abonnes a etC estimC I us milUard tie ca ractCres so mains. Au moins le -.

tiers des dounCes seront concernéc s par tee tra.itiments en temp. rCel.
Aucwi 6.. oalculateur s Caumé rds plus haut ne permitt ait d’.nvicage r de tel. tr aitem ents .
L intCgr ation psogrescive di toutes lee app lications suppose 1* creation d’un support commun
pour toutes lea information ., use ver itable “Basque tie donn*es” . repartie stir des moyenc
di traitement nati onaux at rCgioncux , at qut davi s rester alimentCe . miss S jour en perma-
nence , A pertLy di l.a base tie l’snt repr tse , c ’est-A-d lre lee chantiera . lea maga siam . lee
guichet. des s.rvtces d’aboimement , tea services tie personnel etc .
L’Ctude ties diftdrenta fichi.rs I conet ituer a donc permi s do dCfinir lea pr incipa le a carac-
tCri stiques dii rCsaa u d’ordi nateur s nouv eaux a mett re en place pour abord. r la res.lisat ton
du eyst ime lnformat if . L’obligati ou ds faire app ei S doe ord inateur a tie troi slCme generation.
tr s  psissants at dote, tie voluminause s memoj re s de masse , a condu it A en r#duar e subetan-
tiellemint 1. sombr e .
L’implantation do sept centre . di calcul interreglonaux constituera on compromis entne
d une part le désir d. r 5du ire ii coOt economiquo do l’ensemble , do faciliter is coordination
des equipa s d’thfo r mat tctens~ at d’autre part Ic refus do créer dos centr es trap importants
diffieiles I geT-er at I dir igsr , et posan t des probl èmes delicat e do sCcuri tC. Le regroup ..
meat des traitements relatif . S phusteurs regions t i r  chacun de ces sept centre s permet ira
de liar douser us. talus relatlvement homogtn e . Chaque centre ‘gener a” environ us mil-
lion d abonnCs I ia firrtiu vii?vte nan .
L.a miss sn place tie ci: cent re . a dC butC jO .iCbut tie l’asi-i4e 19? 1 . ui. ~c a.~iu1Lr 1R13 3C .1.
La Compagni. Lnt.rnatloual s pour . L’Lu(orinaUqus a *1k Ln~taU4 A Totiiouie ~~~‘ ~~~r :or ;
mime mach ine vient d’ltre misc en service ati centre de calcu l interrd gional d. Bordo,un” .
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L’ordre de lanceinent .1 di rC.l1~~~ttnn gl.i snn l tr . t tnn .  f~ ,t t ’ r,h t.i tie elu’nn s au plus ha ul
niveau tie in Directi on G*nCra .le dee Téhicommunicattone . Li n est certea pa. questiOn 1.
oosi.trui.i. 0. système intigro “ an bloe” mats bl.n su costrair. 4. proc4d.r par ~~ e..

palier e successifs . Corta.in s app lications . dont is rentab ihité no pour s Sire aeeu rée , r~
.eron t pee entreprises. Actuefl.ment . cu r t r ente appltc*tions qut oat ~*a SIr e globa lement
dCfij ttes . six es soot au slide do l’exploitation . Si.a suites so coot vu donner L.a pr ioritti pour
hear rial.is.th.E.
Chaqu. applic ation eel conflie I us “chel do~ proj et” . reaponsabla cuccualvemont ‘ic on
conception, tie son ans.iyse~programmat ion it tie ci mise en oeuvre dan i use r*gion-piloto .
La gin*raltcatlun ultCrtaur, tie l’applicatlon re~lisSe dan. catte reglon-pilote depend des
r*uultata obtenus et f sit l’obJ et d une decision tie 1. Directi on G CnCraie . NCanmoins, le
chef di proj et dolt des 1. depart coneidCr er qua son sct.tvité a use vocation natton alo don e
refus.r tou t particuls.risme regional. Ti eet ii ~dC d’une Cqutpe d’ sn*lystee-programnieur s
et •ntour4 d’un “group, tie conception” ch*rgC di ridtgsr ~o uocomant ~1e ”tiitbdUuu Jca -

obj ectife giobaux ” pu t s I. ‘echier tie, charge s ’ do l’ applicatson . qui soot idras sé. pour avi s
£ tan s es services utilicateur s potentiels at aux chef c di prolet ties euttea aunitca t io~ s
La group. tie conception comprend 6 5 10 personne. reprisentant le~ ae rvtc s5 as plus
divers concern *s par to pr o3s t ,it camporte obligatoireinent us boo an atyit s att ach é S l ap-
plicatlat .

II - L’TMPLANTATION GE CRA PIIIQI’F L) ’U?i RE SEA T? TNFORMATIQLJF PFRFORMANT

L’orgsni.atlou di l’.ntrepri.s française des tClécommun icat lon s repo se sir l’ existsncc di
30 r egions. Dee calculateur s one etC impiuntCo done le pn::~ ~~z rr~oth~ ~i~oa t~~~~ 34es plue- —

important... (~ Iroove sinet tie. m3ehinse 8UU Comma 30 A L yon at Mar scii2.s, do, CE 125- -

I Life , Bordea ux , T ’~1l.’u ,.. et M- rt~,eJ.Ltor.. t:’ _E~Lk !~~~~~~~st5i~ J’~’~~ ~~~~~~. -

Bull 3~)u FL I programnies cables *tTkiehi ocaminein - u~ 
• soot encortr en serv ue cane les

rCgtansds Nancy. Nant.s , Limope , Polti.r. .1 Rotten ce parc set eccentiellement utthsé
pour in comptabulit~ t’I~~9,ou~que .
Al’ av’enir . silt plup.rt di. flchinrs nCcessair e s aux .pplicat.tons dCc r ltes plus haut peuvent
Sire gores in temp. dLffSr e , on cert ain nombre d’entre mix devront n&esiair •m.ri t St re ac
ce.stbh.s, voire mis I j our in temp. rC. l parmt cis dsrniers lo (Ictiler commercial des
abonsCi , 1 flchi er ties retr..ignem.nts, La flcht.r die circuits , to ticKler technique des
aboonC. condendront dee qu.nt ites consid*r abl es d’infor maflon s.
Li volum, total di ca r aet Ite s S gSre r en tha se finale stir us ord inateur a) ant en charge
quslqui . 500 000 sbonnes a •te est imC I us millard tie ca ract Sre s au mom s. Au main . is
tiers des do1mies ceran t concernée s par ti es traitement s an t emp. r#,1.
Aucun des calcul.steurs ~ tum Cr ós plus haul tie permeitalt d’snvlsager de tels t rai tem ents .
L’int*gration progressive tie tonics 1.. app lleatt one suppose is cre at ion d’un support common
pour tattl es 1.. information., one vC r it able “ Basque do donn ées” , rCpart ie stt r des moyrns
de t r ai t ement natiosi sux it r *gionaux . at qut d.vr a rest. r a lt ma n tt te , miss A jour .n perma-
nence . I pe.rtir di la ba.q tie l’ entr iprt ee . c a st- S-di re los c’hantter., tee maga sins . lea
guichit. des serv ices d’.boime ment lea services tie personnel etc
t . ’Ctude lee d iff*r.nts Ctchi.rs I conet ituer a done permis tie dCfinir tea principales carac-
tC r istiques dii rSsesu d’ord lnateurs nouvesux a met t r e en place pour aborder Is r&hts att on
du système lniormat tf. L’ obiigatton de f e lt ,  a ppal S des ordins te u r s tie tro ia iéme genE ration .
tr *s peissants at dotE. ti. votumineuso . mCm oir es do masse , a condu it S en r du tre aub stan -
ti.llim.nt 1. sombre .
f . ’Implantat ion do copi centre, tie ealcul t n te rr égtona ux con ati t u er a us cornpr ctmis ~ntie
d~une pert 1e dCsir di r Sduire a coOt Ceon omiqu e do i’on~embl e . do t aciltter Is coordination
des Squlpe s d ’t nfo r ma t 1ct en.~ at d’ autre part Ic re fu . tie cr éer des centre s tr op import an ts
dttftctLe s I gCrer i t  I dlriger ,et possne ties problem.. duh t eats  ci. sCcur it C . Lc regl oupe-
meat des tr. itememt s retatil s S plv.tenrs r#gion. sir tha . d* ce. eep~~c’emr?’t. prrmettra
di heir douse r us. latflw tel*ttv~ ment homogEne . c~.tque centre - , .‘i~eri  e - ’~rcn on m~i. -

Lion d’abonnis I la 1 VlSmarian~~ . __________________

L.a miss en place do te e cent res a dC but C at ’ dEbut tie l’ azmEe t 97 I us ordt na t eur IRIS 30 de
La C~.npagulr~ fl5.’?ITO i~~~ai’, ~~~~~~~~ .. .~~ a.. ;~~~ .i -r~~ ~~~~~~~~ . ~~~~~~~~~~~~~ “.• .o , s  ,~~~. n-
mime machine vient d’itre mice en .e-vt~ o an r o n t r e  te c.a 1~.t t l  mn te r r e gional 1. Borde.tuz .
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L’ordrade lancement et do rOaJisation des applicatIon. tail l’obj et tie dOclsimis au p u s  hauL
niveau tie La Direction GinSra le dee TClOcommunications. U n est certes pa. question de
construire ci eyatbint integre “en bloc” m*i. bien au contrai r e de procéder par Ctape s. par
paliers succe.eUc . Certa in.. applications , dont La rentab ilité ne pourra itre assurCe . Er
s.ront psi entrepri.e s. Actu ollsment, sir trente app licat ions qui ont pu Ctre globsiement
dOfinisi . six en soot su stade de l’explott ation . six autres ee sont vu donner 1* prio r itC pour
leiar rEcli ssUon.
Cha que application act conf lee I us “chef do projet” , re.pot~.~hle euccecaivement_ de en
conception , de son analyse - programmation et tie ca mice en oeuvre dan. use region - pilote .
La gOnCralisation ultOrteur e de l’application rSalisOe dan. cotta region-pilote dEpend des
rEenlists obtenue at taft l’objet dkme dEcision do la Direct on -G~ndrnle. Nlanmoins. le - -- -

chef di projs t dolt dEs 1. dEpart- nsidécec , *or .ftcW4L& 31nP~’cACaiinr ~~ --- -

r.fus.r tou t particulsrlsme regional. fl est aidE d’une Equip. d’axialystee-progr axnmeur c
ci entour C d’un “groupe do conception” char gé tie rOdtge r 1. document tie “definit ion des
obj scttfs globsux” puts la “cahier des charges” tie l’application . qu.i soot ad ressOs paul avis
£ tons en services utilisateur s potontieli ci au.x chef s de projet des autre a application s.
La group. tie conception comprend 6 1 10 personnee reprEsentant icc services les plus
divers concernS. par is projet ,et comporte obligato ir ement tnt boo analyate attaché A l’ap-
plicatlon.

U - L’IMPLANTATION GEOG RA PHIQUE D’UN RESEAIJ LNFORMATIQlTE PERFORMANT

L’organisatiou di i’entrepriie fr ança.i.e dec telEcom munications repose cur l’exi.tence de
20 region.. Dee calculateur. ant EtC implantEs dens 1. passé au moins dens toutes les plus
tinportantes, C~t trouve sinai ties machines Bull Gamma 30 1 Lyon at Marselile , ties GE 425
I I Dle. Bardeaux~ Toulouse at MontpeUler , us CE 437 1 Ma .sy, enfin que]quec machines
Bull 300 TI I prugramman ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ eurorn ea:en~~~cr dunn lea- = 

-

rEgions tie Nancy, Nan ice, Li oges~ Po1tier~ et R~uen ; cc p~r~ e t  es~citt cmc ii~taE- ~ 
- -

pour La cotuptabilitE telepbanique.
Al’aveatr,, ci ]., plupszt die fichiers nEciesaires aux applications 4Ecrl,tes plus h.aut peuvant -

S~~e gores en temp. dlffCr C , in certain sombre d’entr e cix devr ont nEce.sal.rement itre ac-
ceesthie.. vofr . mis & j our en temops rEel parmi eec dernier s le fichier commercial des
abonsC. . 1. tlchiar tie. relrseignements. le fichier des circuits , is fi chier technique des
abonnE. conti.ndront des quantitCs considErable. d nfnrmattnna . . - -

La Volume- total. e~~~~er’*I~~._I g~~~r en.pbase . ~~~~~~~~~ u” j t t a u n _ a~tant su~ -tm~-~ v- -~ 
-

qnelqnss 500 000 abonné. a ~~é estim~ ~ un millard tl~ caz-*etCiw au moui. Au utoin s ii
tiers des d~~ tEes seront cancern Ee. par dee tr aitements en temp. rEel.
Aucun tie. cslcuiateur. EnumErés plus haut no per muattait d’envlsage r de tels tr aitements .
L.’IntEgration progreu.ive do toutes lee application s suppose La creation d’un support commun
pour tout.. he. information., use veritable “Basque de donnEc s”, rCpartie cur de~ moyena. -
tie trattsznent nauonaux at rSgionnux . at qut devra reste r aliment Ec , mice A jour en perma-
nence , A ps_rtir tie la bas. tie l’antr epria e , c’est -A-dir e Ic. chan tier a , lea magasins. Ic.
guichete des services d’ abonnement , lee services de personnel etc .
L’Etude des diftErents fieLders a constit ue r a donc permis do d efin ir lee prtncipales carac-
teri.tlques di rEseau d’ordmnateure nouveaux I mnettre en place pour abord ir in rCal .taa tion
du système informa l !, L’obligatiot de faire appel I des ord inateur s de t r oistEme gEneration ,
tr és puissant. at dotEs de voluni ineuses mEmoires de masse , a conduit I en rE du ire substan-
tiellem.nt to sombre .
L’implantation tie sept centres de calcul InterrEgionaux constituera us comprom is ent re
d’una psrt le dEsi.r de r Eduire le coOt Economique tie I ’ensemb le , de faciiter is coordination
dii Equip.. d’lnlorm atlciens; et d’autre part 1. retus tie crEer des centres trap importasts
dUflcfle s S gErer it I dirig.r,et posant des prob lEmes dElicate de sScurit E . La regroupe-
mint des tr aitement s rel.atifc £ plusieurs regions stir chacun de cci sept centres permettr a
do leur donner in. taille reLativement homogEne . Chaque centre “ gerer a” environ in mil-
lion d’abozmd. S 1, fIn dii VlCnte Plan .
La mice en place tie cia centres a dEbut E ci debut do i’crtnde ~9? I iz~ ordir.atcur-IRI~ S~ de
ha Compsgnie Interna ticxtale pour I’Inlormatique a etC installC I Toulouse en fEvri er is
mime mach ine vient d itre mice en service au centre do calcul interrEgional de Bordeaux .
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L’ordrs de Lancem nt pt Is r~s1 sji,js~ ~~~~~~~~~~~~~~~~~ u~~~~~~~~~~~~~~~~~~ a1utflr j,I~L ~~~~~
nivenu tie in Direction GEnErals dcc TElEcornmuntc at ton a . U n est cer te s  pa. qu est ion de
conat ru ire cc système integr E “en bloc” mals b u n  su cOntra i e la proc Ede r par Etape s. par
pallers .uccessifs . Cert ain.. application. , don t ha r en t ab tlttE no pourrs et re assur éc , rr
aeront pee entre prj ses, Actueflement , cu r trente appi~ca t ion a qui out ~~ St re g1obsIen’~.ntdEfi nies , ali en soot an stade de l’ ezploitat ion , si.~ autr et cc sof t vu donner is pr ior it O pour
leur rE ali.atton ,
Cheque app lication est conflEe I un “chef de proj ek t ” , reaponeable succ.scive ment tie sa
con ception , tie son ana,lyse-pro gr ammatio n at tie an mtse en oeuv re d ens tine rEgion-ptiote.
La ginEralisation ultErtaure tie l’appl icattcst realiece dan. cette rEgion-pilote depend ti es
rEitiltate obtenu. et (,it l’obje t d une dEcision tie la I)lrectlon GEnErals . NEanmoI.ne , he
chef tie ,roj et dolt dEs I. depart co~ sldEre r qua son acUvitE a une vocation nations-is done
r ef user tou t ptrticularismr e regional . U cit aid E d’une Equipe d’analystee-programmeure
et •ntour l d’un “ groupi di conception ” char ge de rEd iger I. document de “dEfinition des
obje ctU. globau x” pole he “ cah.ier dos charg e s” do l appUcst~on , qu~ cost adr e.aE. pour avi s
I tons as services utilicateurs potentlels at aix chefs de pr ojet ties au t res app lication s
Le groupe tie conception comnprend 6 1 10 personnes reprEsentant ~es serviCes lee plus
diver. concernEs par I.e pr o3et ,et compo r te obltga tou-ement in bon analysts attach é I Pap-
phicatbon.

Ii - L’tMrtJ~NTATTci~ r ~~~~~~~~~~~~~ ~~~~~~~~~~ c,rr ~~~~~~~~~~~~~~~~~~~~~~ r~~~_.- .-.
L’orgsnlsa tlon tie l’entr.Dri,e. fran~a.it. ties tElEcommunications roonse £ i ir P 5 .~~.t*.r.r .• ,4a
30~ r.~Igj. t~.I ~~~~ ~~~I 1~l t.ur~ ~~~t MA 1.~.iie. ~~~~~~ p - ~aó- -“- ““ ‘-e -4~~ ~~‘~~lf ~~~-“ ~~“ — -

~~p~rt~st5c~ ~~~~~ ~~~~ ‘-ticc ~~c~~~~~~~ u~2 ~~~~~~~ ~. .. ~~~~~~. 
.
~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~ :~~~
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1 1411., Bordeaux , Toulouse et Mon tpellier , us GE 437 ~ Ma ssy an tis quciques mach ine.
h u h  300 Ti A programmes cAblE. Ets-tent rEcemment ou soot encore en service dan a lea
regions di Nancy, N,ntes , Limoge., Foit ier. it Rouen cc parc cci essentie liement utthsC
pour in comptab ilhtE tElEpbonique .
Al ’*ve&r , sI l& plups.rt de. fichiers ndce.aa,,tres nix app lication s dEcrite . plus haut peuvent
etre gErEs en temps diffEr S, in certain nombr e d’entr s aux devront rt~ce.sairoment Cire ac-
cesstbli s voi.re ml. I jour en temp . rEe l parmi cue dernie r s he fichier commercial des
abonnEs , 1. fic hier dos renseignemente , Ic flcht.r die cir cuits , he fj ch.ier technique dec
s-boonE. cont.iendront des quantitE s considSr able c d’inform at ions .
La volume total di cara ctEr ~ss A gErer en pluis. final e sir .i~. ~~t~~Ui ,~ya~~l ~ii ~~~~ 

- - -

quelquss 500 000 sbonnEs a Ste estimS & tin millard tie car act Ere s s-u mom s . Au moin. ic
tier , do. doonees scr am concera Ce e par ties tra itements en temp. rEel .
Aucun des calculateur s En umEr4 s plu. haut ne permettait d ’er ivicager tie tel. trsit .ments .
L’intSgrstion pi-ogresaive da tout eslesapp licaft one suppose la creation d’un support commun
pour toutes lea information. . une veritable ‘Banquc de donitEes ” , rEpartie cur des moyons
de traitement nst.ionaux at rEgionaux , at qut devra rester aiirr..nt#e, misc A j our en perma-
nence . I ps.r ~ir di la base de l’ent r epri ae e est-A-dire lea chant iers , lea magasin s , he.
gutchet. dee services d’abo nnement, lea ae~~~~ cs tie personnel etc .
L Ctude ties diffErent , ftchlere A cona t i t uer  ~ don c permi a tie défjnhr t’s principalea carac-
tE rict iquis di reseau d’ord inat eur s nouveau x I rnettre en place pour aborder is- rCa .lisatton
du syet Sm o informat i!, L’obhi gct ion di faht ’e appe l e des ord inat eur s de tr oisiE me gEnEration ,
tr tspuis.snt set dot Cs de volumineuse, mE tnoire s tie masse , a conduit a en rCdu ire substa.n-
ti ellam ent Se nombr e .
L’ini plantation tie sept centres tie calcul lnterr#g lon *ux cona t it uera in compromis  entre
d’une pert ii dEstr de rSd uire Ii coOt Ceonomique de l’ en a emb h e . tie f-i c cliter Ia coordination
des equlpe e d ’thf or mat ictens~ at d’ autre part Ic refus de crEe r ties centres t i-op irnport ant s
dlff tctlei & gerer et I dlr ige r ,et posent des ~rob l*mes d Clica t s de sC~.ur it5. Le regroup e-
ment ties traite ments re lat ifs I phuate ur s region s our chacun tie Ce. sept centres  p erm et t r a
de laur donner use taille reiat lvement ho m ogtne . Chaque centre “gOrer a ” environ in mil-
lion d abonnCs & ha fin tin ViEme Plan ,
La misi en place do eec csnt re s a debut S nu dEbut de l’ann Ee 197 1 : us ordinateur IRIS 50 do
Ia Compa gnie Internationals pour l ’ln(ormatiqu. a ~tE install E ~ Tou oitce en fEv r ie r ; ha
mi me machine vient d’itre miii en service au centre do caicul interrEgiona ’ de Bordeaux

?tgnre h-6 Test ~ m }~88~
Photo n° 1 - Document trè a dense lettre 1 , 5mm de hilut -

Restitution photo n° 9
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L’ordr e de Lanceme nt at di rEalisation dee applicat ion. tajt l’ot4et de decision s s-u plus haul
niveau tie in Dire ction GEnErals des TElEcommunicatIons . ii n est cert es pas que st ion de
ccnstru ir* ce système integre “en blcc” mcli bias au cont raire tie procdder par Atapes , par
paliers .uccsssifs . Certaine s applications , dont is rentabilitS no pourra Sire assurEs , X~
•ercu ~t pa. entreprise i . Actueflement , rut trente *pplications qui o~ t pu Stre globalement
dEnnis. . six on soot au static 4. l’expioltation . six autres se cant vu donner La prtor ttE pour
Icur rEalis atiort .
Cheque applicati on set confiSe I us “chef do projet” , reeponeable euccesrlvemcnt de sa
conception , do son analy.e-progratnmatbon it de as mice en oeuvre ds-n m use rEgion-pi lots .
La glnCraltsatton -uitArteur a da l’appllcation rSs-li:~e dan e cv tt e regina -pilate dtpend~ dec
rS.uitate obtenus at f ail l’objei d une dEcision tie in Direction GEntrale. NEanmoins . 1.
chef di proj at dolt dEs ii dEpart conaldErer qui son sctivitE a use vocati on nationale done
r.tus.r toot psrticuic.r”tsme regional. 11 est aide d un. Equip. d analystes-programmeur.
it •ntourd d’un “group. clu conception” charge di rEdi ger 1. document de “dEfinition ties
obj sctifs globaux” pals 1. “ceh.ier des charges” de l’appllcatboo, quA soøt adre.aE. pour svis
& tons is. services utilisateurs potent iel. at aux chefs de projet dec autres applicatio ns.
La groups do conception compr.nd 6 1 10 personnel repr Esentant las services lee plus
divers concernEe par i.e pro~et ,et comporte obligatoirement in bon analysts attach é & l’cp-
pLtcatbon.

11 - L’TMFLAZ4TATION GEoC RA PrnQU~ D ’UN RESEA U £NFORMATIQU~ PERFORMANT

L’organieation tie l’.ntrepe’i.a françai.. die ttlEcommunication, repose cur l’exiet snce tie
20 rEgi ons. Dee calculateura ant etC implantS. dana le passé su mobis dan s toute s las plus
importantie. C~t trouv. ainsi des machines Bull Gamma 30 £ Lyon et Marseihl e , des GE 425
& Life Bordeaux , Toulouse at MontpeU.ter , us GE 437 1 Missy, ant is quelqu.. machines
Bull 300 TI & programmes ciblEs Stalest rEcemment ou soot encore en service tans lea
rCgtaui.de Nancy, Nests ., Limoges , Pojtiers et Rouen cc parc est eccentieliement utthse
pour is oompt abilite t4lSphoaique .
Al’svenir , ci ii plspsrt die fichtsr . nEcesani re . aux applications dScrite s plus haut peuvont
itre gErEs ~~ tampa dUfSrE us certain sombre d’entre sun dsvront nEceasairement Pins xc -
cessthlss, voi”e isis I Jour en teixpa ~‘ôxi ~

- ~~‘teL onz ‘Sercic~• la tt-eh4o~’ -no “elui -d4~*-- -
ab~ mSa. I. ftchisr die r.Ir. .ignement ., le fichier dee circuits , he ticKL e r technique des
abas E. cccttendront des quantitEs considEr sble c d’lnformations.

F Li volume total di cara ctEte s I gErer en pha se f &..cu&un ~~~1 t a ur ,. a~n&’t-.sn- -3har,~e~ - -qusiques 500 000 sb~ mCs a EtC estim C I us mLllha.rd de caractEres su mains. Au mains Ic
tler~ des doenEes seront concernEe. par des trc.itements en temp. rEel.
Aucwt dc-s caiculateur’s- éium4r#s plus- haut iie parm. :tait ti~eiwt ezgs c-de l ra~Ke~~snta’— ------
L’thtEgration pro gressiv, do tout.. is. applies-tine suppo .v la er iatton d’un support eom,~~~~-- -

pour touts. lee inform ation ., use vEritable “Basque do donnEes” , rEpartle cur des moyens
di traitemont nstlon.sun at Van’~ux. *Lqu.( ~~vra. rgsfer sLtm*rtEn. ~niA* A JcuLe en p arm*- - - —-

nines. A pertir d lx base--tie- 1’eoI epetc —c ’ec*--.~-d4rc e~~~~~~ i~rs , -l:~ -~ - i~tr-,--lc~- -_

guichets dee services d’abonnement , lee services tie per sonnel etc .

L 

L’Etu de des diffErents ftch.ter. I constituer a done parmis tie ciEfinir has principalea carac-
tEr ietiques di rEseau d’ordL (cur. nouveaux I metire en place pour aborte r Is rEalication
di systEme Inhormatif. L’obllgation ds (alt’s appa l I des ord inateur s tie troisiSme gEnEration ,
irE. puissant . it dotEs tie vohumineuse. mEmoir s-s tie masse , a ~~ -,du t a en . r ~dui i:s nib~r,iao.ti~Uement le sombre ,
L’implantation de sept centre s Es calcul interregioztsux constituera us compromis .ntre -

d une peri l. dEsir de r Eduirs 1. coO t Seonomique tie l’ensemble . tie faciliter Is coordination
des Equips. d’th for mat iciena~ st d’.utre part he refus do crEst ties centres trop importants
difficLi. . & gEr. r et I dir ige r , et posast ties pro blEmes delicate de sEcurite. Le regroup.-
mint des tr ai tement. re lat lfs I plu.I.ure rEgions aur cha cun tie Ce. .ept centre s permetfl-a
tie leur doener m e  sills re lat ivement homogene . Ghaq~~ ee~ tPc “g~ P ~“-e~ ’ :re ~lion d’abostE s I ha (In di VIEm e Plan .
La mice en place tie ces centres a debut~ su d~bu4 - dc l~’-aiu~*e i~0 ’f l- : us or thnate ur IRIS- ~iG di
1.. Compagnl. Lnternstlcstale pour l’Intormatiqu. a StE insta llS ~ Toulouse en ft ~vr ier ha
nime machine vient d’Str’e ml.e en service au centre do calcu l interrdgional ds Bordesuic .

Figure li-7 Test Rim ~88?
Pho ton ’ 1 - Docum ent tr~ s d.~nsn let~r~ i , Smm ~ ø ~~sijt -

1~~’stit”tV~n phC~tC~ !*° ~
t&-1 2

L:~~~~~~~~~~~~~~~~~~~ i,~_ 
-~~~~~~~~~~~

_
~~~~~~ 
,

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



L’ordre de l.ancement et di rEalluation doe app licat ions (ait l’obJet tie dt~c1sion s su plu s haul
fives-u tie La Direction GEnErals dee T4lEco,mnunicatiorns, 11 n ea t certe e ~a c question ~ie
conat ruire cc système intEgr E “en bloc ” mat s bien s-u contrair e -Ic proc éder par Etape e , par
pajiers successif.. Certain,, application s, dcm t is rentabilitE ne pourra Sire assurEs , re
seront pa. entrepr ise., Actueliemeni . cur t ren te ~ppISc~ t1ons- q ui ont pu St re globalement
dEfintes . six es cen t au stade de l’axp loitation . Pl.x autre s se aon t vu donner Is prior itti pour
leur rE alisati on,
Cheque application est conf lEe I us “chef do projet ” . responsible auccessivement de sa
conception , tie son analyse-programmation ci de sa mice en oeuvre den s use rCgion-pilote.
La genEra liastion ultErisur. tie l’applicatton resiisSe dan. cette regtcrn-pilote depend des
rEsults-ti obtenu s et fait l’oblet d une dEcision tie Ia Direction GEntrale . NEaninoins, La
chef di prä)et dolt dEc 1. dEpart cun.LdErer qus son activitE a use vocation naticn e,L e donc
refuse r tou t par ticulzrisme rEgional . U eat aidE d’une Equip . d’analy.tea-programmenrs-
et •ntourE d’un “group . tie conception ” chargE tie rEdiger I. document tie “dEfinition des
objcc tif~ globaux” puin ic ‘cahicr de: &~~ g~ e” ~tr ~~~~~~~~~~~~ ;~~ ~~~ ~ccc~: v~... ’ ~~~‘ .?

• I tons lee service a utii,taattur-i po’enUeif ~e± v.c.~ - ch.ia .-de .-w&kr .ee- ,u-~ation e~~~ -

La groupe de conception comprend 6 1 10 personnea reprEsentant he . a.rvIce~ lee plus
diver. concernSs par In proje t ,et comporte obligatoir ecuent us bon analyste attaché I l’ ap
plicat.ton.

11 - L’IMPLANTATION GEOG RA PHIQLIE D ‘UN - RESLA Lr NFOI MA11QUE PE RFOR14Jc.N~I

L.’organis.tlan tie l’entreprls. (rascals. des tElecommunicati ons repo se cur l’exist.nce di
20 regionu. Des calculateurs ant Et C impj, an tes dane le passé s-u m o m , dine toutee lee plus
iinport.ntes. C~ttronve .J.n si ties machine. Bull Gamma 30 A Lyon et Mar. ei.Ue, des GE 425
I Liii. Bordeaux , Toulouse et Montpe l,lier , us GE 437 1 Messy, entln qusiqu.. machines
Bull 300 TI I programmee cAblEs Etaiant rEca mm.nt ou sent encore en service tan s lee
rEgions tie Nancy, Mantis , I$Jnoges, Pett ier ’s st Rouen ce parc oct escentieflement ut ilisS
pour is comptabiLitE tElSphonique .
Al ’avsnir , sila pinpurt des fichier. nEce.uire. sun applications dEcrite. plus bait peuvent
Pin. geres en temp. duffErE, us certain Sombre d’entr e sun devron t nEcessat rement etre cc-
cessiblea , voire mis I j our en temp . rich parmi cis d.rniers le fichier commercial des
aboimEe , I. fichier des renxeigni n~snts , 1. ft chier dee circuits , he ticKLer tech nique des
.bonnEe contlendront dec quanti tEs coneidEr ab les d’informationa .
Li volume total tie caract Ei1.s I gerer en phase (m ale cur in ord t.nateur syant en charge
qusiqus. 500 000 s-bounCe a EtC est imC & un mUliard tie caractkres s-u mom s . Au noise is
tiers des dounSee ser ont concer nEss par ties tre.itements en temp. rEa l .
Aucun des c*lculaleurs &numErEe plus b*ut nO permettait d’snvissg.r tie tel. tr a item ants .
L’intEgrs-tion progre.slve tie toutes lee appli.’attene ~uppoe~ Is- .~r~ttIon. ‘-1 ‘~~n eu~port ~‘ornm ’,~pour touts! he. inf~rmalIon e. ~n e ’. rltcb!e ’Pun2~uc ~~ ti . — -“

~~~~ - - - —

de traitement nations-un at rEglonaux , at qul devra rester ailmentS., ml.. I j our en perma-
nence, I partir te Is- base tie l’,ntreprl’~q._ .~‘~!~-&-4Ir4’ ~~ ~-han$ler° ~~ “~agae”~. l~~guichets ties service. d’abonnement . lee services de personnel etc .
t ’Etu de des diffErents fichiers I conatit uer a done permis dc dEfinir lea prlncipalea car s-c-
tEr i ctiquss di rEse au d’ord lna teur s nouveaux I rnettre en place pour abordsr 1* rea lisat ion
Eu système Informatll . L’ obligation ds fahas pp e l A des or dinateur s de troieiEme gEnEration ,
t rEe puissant . etd ot Es tie volumineuse. mE moires tie masse , a conduit len  rEd ut r e substen-
tiellement Is nombr e ,
L’Im plan ta tion de sept centres de celcul interrEglonaux conatituera us compromis entre -

d’une pc.rtl. dEstr tie rEduirs 1. coO t Sconomique tie I ’ensemble . de faciliter la coordination
ties equipe. d ’tn for ms-t icien s; et d’ aut re part he re fu s de cr Est des centre s crop importants
difficilss I gere r St I diriger,et posan t des problEmes dClicat s de a*curitE . Le regroupe .
ment dec tr aitemente relatif s I phust eur s rEgion s sir chac un de cc. sept centre s permett ra• de heur douser une s-ills re Lat ivement tcomogtn e . Cheque centre “~ Ore r a ” environ un mil-
Lion d’ abnnnEs & La fin du ViEme Plan
La miss en place d.c -c4.~ c~~ re-.. ~~~~~~ ~~~~~~~~ .., . ~~~~~~~~ ~~~~~~~~~ ~~~~ iv uQ
Is r e. -tflti!’t*ttflnCIs p~s~’ t’!nf- ’rmc ~caqci .  a i~ cc~~~~ua~ ci I~~vr~ c-r h.
mime machine --vient d’E tre miss en ser ’,tcw .~u csntre 4e -caicul i~ t*Tr~ g1On.1 de crdoau ~.
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Appendix A

?R)DIFIED-HUFFMA1I, RUN-L~ IGTH CODE

The one-dimensional rim length encoding scheme recoanended for Group 3

apparatus known as the Modifled-Huffman Code is described below.

o DATA

A line of DATA is composed of a series of variable length

code words . Each code word represent. a run length of either

all white or all black • White runs and black rune alternate.

A total of 1728 picture elements represent - one horizontal

scanning line of the document of standard Alt size • In order

to insure that the receiver maintains color synchronization,

all E&~A lines will begin with a white run length code word.

If the actual scanning line begins with a black run, a white

run length of zero will be sent. slack or white run lengths,

up to a ~a’ri~ um length of one scan’ttng line (1728 picture

elements or pels) are defined by the code words in Tables

A-i and 1-2 • The code words are of two types: Terminating

Code words and Make Up Code words . Each run lengtb is

represented by either one Terminating Code word or one Make

lip Code word followed by a Terminating Code word.

Run lengths in the range of 0 to 63 pela are encoded with their

appropriate Terminating Code word • Note that there is a dif-

ferent list of code words for black and white run lengths.

Run lengths in the range of 61j to 1728 p.la are encoded first

by the Make Up Code word representing the run length which is

equal to or shorter than that required. Thu is then followed

A-i

-—



r 

-

by the Terminating Code word representing the difference

between the required run length and the run length represented

by the Make Up Code .

0 ~ ID 0? LINE (EL)

This code word follows each line of DATA. It is a unique

code word that can never be found within a valid line of

DATA; there! ore, r.eynchrouisation after an error burst is

possible.

In addition , this signal will occur prior to the first

DATA Un. of a page .

For mat : 000000000001

o 7I11~

£ pause may hi placed in the message flair by- transmitting

FILL. ?flL may be inserted between a line of DATA and an

~)L, but never within a line of DATA. FILL writ be added

to insure that each u n .  of D&T~~ FILL and R)L exceeds the

ainimom tran~~(esion time of a total sca?mIng Un. .,tabliehed

in the pre-aessage control procedere. Th. maximum length for

a single lin, of PILL is S seconds, after which the receiver

may disconnect

Format : variable length string of 0’ s.

1-2
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o~~~1D OF M~~5A0E

Th. end of a codweent transmission is In dicated by sending six
- consecutive R)L ’s.

Format : 00000000000 1 000000000001
(total of 6 tim..)

— -
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Table 1 % — I
T.~~ ina: i~~ Codes

Slack R-~~Lan~ th Cod. ¶.ord L.r~~:~ Cod. ~.o~-c

0 ~OllO1O1 0 0000110111
1 000111 1 010
2 0111 - 2 11
3 1000 - 3 10
4 1011 4 011
5 1100 S 0011.
6 1110 6 0010
7 1111 7 0001 1
8 10011 8 00013:
9 10100 9 000130

10 00111 10 0300130
11 01000 11 ococ :o~12 001000 12 0033111
13 000011 13 00003 133
14 110100 14 00000111
15 110101 15 0030 1:300
16 101010 16 0000010111
17 101011 17 0000011300
18 0100111 15 CC0003:000
19 0001100 19
20 0001000 20 00031101.000
21 0010111 2]. 00001 .01100
22 0000011 22 00000110111
23 0000100 23 00003 .0l000

0101000 24 00000C:0l11
25 0101011 25 00000311300
26 0010011 26 0000 L 100L CIO
27 0100100 27 00001:001311
28 0011000 28 000011001100
29 00000010 29 00001:Oollcl
30 00000011 30 00000:10:000
31 00011010 31 0000011010C1.
32 00011011 32 000~011O1010
33 00010010 33 00000lLOlOli..
34 00010011 34 00001131001:
35 00010100 35 0000113100:1
36 00010101 36 000011010100
37 00010110 37 O000ll O1013~.
38 00010111 38 000011013110
39 00101003 39 0000113101:
40 00101001 40 003001l01~~~ 0

41 00101010 41 00000L10113
42 0C101011 42 00001101.1010
43 00101100 43 00001:01:c::
44 00101101 44 3000010.3.3 C
45 00000100 45 000001310 3
46 00000101 46 000001010110
47 00001013 47 000001010111
48 00001011 48 00000:130130
49 01010010 49 00000 1130 01
50 01010011 50 000001310C13
51 01010100 5]. 000001010011
52 01010101 52 000000100130
53 00100100 53 000000110111
54 00100101 54 000000II1CCO
55 01011000 55 00000010011
56 01011001 56 000000101300
57 0’.C110 0 57 000001.311000
58 01 1 0[’.
59 5~60 o::o~ ::: o _ ~ :; .0.
6] . 0 ; ’ o ~~ :
62 o:
63

A-h

~~~



Table ~ —Z -

Make t’p Codes

White Run Black Run
Lengths Code Word 

- 
Lengths Code Word

64 11011 64 0000001111
128 10010 128 000011001000
192 010111 192 000 01100 100 1
256 - 0110111 256 00000iOllOl i
320 00110110 320 000000110011
384 00110111 364 000000110100
448 01100100 448 000000110101
512 01100101 512 0000001101100
576 01101000 576 0000001101101
640 01100111 640 0000001001010
704 011001100 704 00J0001001011
768 011001101 768 0000001001100
832 011010010 832 000000100 1101
896 011010011 896 0000001110013
960 011010100 960 0000001110011
1024 011010101 1024 0000001110100
1088 011010110 1088 0000001110101
1152 011010111 1152 0000001110110
1216 011011000 1215 0000001110111
1280 011011001 1280 0000001010010
1344 011011010 1344 0000001010011
1408 011011011 1408 000000 1010100
14 72 010011000 1472 0000001010101
1336 010011001 1536 0000001011010
1600 - 010011010 1600 00000010 11011
1664 011000 1664 0000001100100
172 8 0100 11011 1728 00 00001100101

A-S
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APPI DII B

• ~~~~~~ OF THE T~~T ~ )C1B(~~T )U~~tTIC TAPE

• Appendix B describ es th. forma t of the t..t document aa~~etic taps

suiçli.d by the French PT? Adeinistratico. Tb. tape contains eight

files, oni for each of tb. eight CCITT teat documents. Tb. data ii struc-

tured in an umforaatt d, s.qnsntial manner • Each record contains the

record number, number of p u s per lins, and the picture data (1 bit p.r

picture elesent). Because the documents were recorded with 1680 pels/

ic~n1 f-ne it iras agreed that ill testing would be carried out on 1728

pule/scmii’ Inc by adding h48 pels (whit.) to the ri ght hand side of every

scanlins. Each document ii recorded at high resolution (8.0 lines/ma.)

with 2376 lines .

Pages 8-2 through 8-5 are copies of a pri ntout by the Frenc h PT?

Adeiniatration, annotated in French, with Eaglish translation.

8-1
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APP~~DIX C

FORMAT OF TB! TRANSMISSION RR~)R MA~~!TIC TAPE

Appendix C describes the format of the transmission error ‘g!’etic

tap. supplied by the Federal Republic of Germany. The data was recorded at

i~8oO bits/sec. using a V.27 tar modem operating over switched telephone

ctrcnits. Figures 1 through 6 illustrate - the general measurement proce-

dure and tape format • There are four separate files on the tape, each

representing a different error characteristic of the switche d telephone

network . The data in each fil, t. structured in a formatted, sequential

manner.

Pages C-S thr ough C- 18 are copies of a computer printout of the de-

tailed error data for all four file.. Th. data reads left to right, top

to botto, where each number represents the distance from the previous

error measur ed in bits .

C_i -

_ _ _ _•

~~~~~~~~~~~ 

________



— —~ — —--— ---------a- -~~~ - • 1 :

Recordinq of the s t ruc tu re  of
t ransmiss ion  b i t  errors on telephone l ines

channel _________ ___________

511—bit I -

F modem 
~

—

~~

- - - - - -J-—-] modem computer

sequence~ I I ___________

M o A~~~#’1 ~~~~~~~~ 
L1~~OO 8P~S _ _ _ _ _ _

Fig. 1: Measurement of transmission bit errors

( t ransmission
____________________________________________________

) bi t sequence

~ f $ transmission
I bit errors

— 4 • 8 • *~-i -.1— 3— ~ recorded run
lengths be tween
t ransmission
bit errors

Fig . 2: Recording of transmissi on bit errors

sign

1311 a- - I I . . . .  I 
byte 3 byte 2 byte 1 byte 0

F~g. 3: Format of recorded run lengths between transmission
bit errors in 32—bit—notation

C— 2
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~1

FILE NO. 1 EOF F I L E  NO. 2 EOF FILE NO. 3

BLOCK NO. 1 BLOCK NO. 2 [ BLOCK N0 N EOF

RUN RUN 
- / RUN r RUN I RUN 

-

LENGTH LENGTH ~ LENGTH ~ LENGTH 1 LENGTH EOT EOT
NO. 1 NO. 2 N O . 1 2 8  J NO. 1 0 . 1 2 6

BYTE o BYTE 1 BYTE 2 BYTE 3

Fig. 4: Tape format of recorded run lengths between
transmission bit errors

C—3
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BYTE 3 BYTE 2 BYTE 1 BYTE 0

lo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l j i  1 1 1 1 1 1 1~~1 1 1 1 1 1 l~~ j

_______ 
E n d — o f — t r a n s m i s s i o n  EOT

1/2  INCH
9 TRACK -

• Boo EPI

IBM— COMPATIBLE

Fig. 6: General tape format
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Appendix I i. a copy of the printout of th. listing of the cods for 4-

all the eajor conputer progrs . The conputer prograas ubich a~re included ,

along vith their f~~ction and page n~~~er , are liet.d b.]a-ow.

P~~ORA11 N AI(3 PIINCTIO1I

R~~~’AP 32 . .  Read input inags tap 1—2

W~~TAP 32 .Writ. output iAage tape 1.3

TWOR . . . . i~ain Progren (incods, Irror corrupt , Decode) . .Z-l~

Subroutine EI~ )D3 . . . .Recode subrout ine of ea.in progran 1-9

Subroutine OODILIII. . . Line code subroutine of Recode subroutine  • .1-1 1

mock Data Initialisee c~~ on -variables and arrays .  . 1-12

Subroutine 1RRM~~ . . . ~ ‘ror Rel.EUY~~~efla-t subroutine 1-15

Subroutine 21123 . . . . Packing subrout ine 1-17

Integer unction i1,B . . Unpacicing su~routine 1-18
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a-  
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C OA TA =Q
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130 ON T I NUE-
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) a - 2 3  C A L L  C 4-J D E LN ( 0 , 3 ,C D EL C T ,CD D I ,TA )
)024  130 C CN T I M ) E

GO TC 440
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-
~~~~~ o si -a-— 
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1 CHEa-I K C O O E D  LU’E LENGTH a- 
-
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a-j 3a-2 F [ L L =C M ’ MA X a - — ( C D S L C T — O O)

- 
irla- F ILL ) 4 a-~~~~~~~~2~~a-} —

C O D E  L I NE TCO Sla-IORT ; FILL IT TO CMP a-4 AX
250 C~~~~T 1a-wt-oo :300 I 1,F ILL

C A a - L kiI2~~() ,c DOuF .c ) ELz T +1 .1J
CJEL CT CDELCT+1

CJ~~~ - 
300  CeN T INU E

-

~~~~~ C A C C U M U L A T E  STA Ta-1ST Z CS AN ) ERROR CGRI~UPT
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~ C3 ’ ~ 
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4a - a - 0 .L T 1TN V~~ -
I F I :F c a -a- IOD.E o.N ra -1) GO T O  390

C
C ERROR CD~~R U P T
- 

350 ONT1N,a-i~
ERIUIT=ERROR S(ERRPt-.T )--CRROFF—TCDEL a-
IF (ER .~a -OIT.LE .0) GO TO 3s )

U a -JD ’4 
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I r a -  t 4 k J 1  I a - a - , I  •cUtLLI — a - a - IJ La-U a - U  J’ )U
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C

O O E O  36C CC NT INia-J E
1 - 3 - 7 0  ! R R P N T = EF R P NT + 1

Q 3 7 3  - 1F(E1I HT..LE -.a- E~~r2L IM-}- CO TO 35~C
C
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a--
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‘a - ’ CO O E=O
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MLEN G~~a-3
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~
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~rt L t I T c J c ~~~~~~~~~ L AL L  L X I I
~~~

a-a- I O  - 1 F ( P LL A E ~.EQ.O) (a-C TO 5)

t F ( L E N~~ T 4-- .LC . 1a - , 3 )  .U T O  i C
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‘C 1 3 MCODE C O C E( 3 , I NDt X , P t J L A R )
2)1 4 4 - C C ~U F ( t . I N D E X PCLA iI )
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- F. (~ J A Ia-JLJ 4 - U  LUL?L L I  Nt -C
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302E : RETURN
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C.~’-14 CN/ I v44-~/ P:L ’a-a- - \ x ,V ~ -i a-~S ,  L~’hAG .~~, CMPl’ -~ a- a-a- , E P k’~~~~~ I, a- • L I I M a - \
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1 3014 DAT A ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0018 - - DAT A O IA G / . F AL S E ./
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~~~ .f l . L L U t C 2 .  ~J . I l . LLU L C i .  ‘4.flf S. l O . L~~ IJ1i~~D A T A 0 0 0 E ( 1 , 1 D , 1 ) . C C E ( 2 , 1o , 1 ) . c o o a - : ( : . 1 o . 1 ) / 5. 1 1 .Z 0 0 3 4 /
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(‘003 
-- - COMMON/I E~IT/ I B IT (3 2)

C
Ia-a-~LT~ IGNBIT .NBFE,JLIBIT,2,3Ca-.32/

C
C**~~**~~* M IIE I EXECLITE * a-kI**~
C

a-~0O5 , - IFa-
a- Ia-L B a-a- JB + ~

-L1 a - a-

0006 NBT = NB
000’ JRE = a- IRHB/NBFa-E + I
-3008 JREI = ~1Otl Jr~HB,NBFa-U) + 1

NINO(N[ -T ,J REa - )
LVAL =

- J I M  = JLIBIT - pa-4 [a-r,-

0012 JIta- JRB + IGNBIT
C

OC -1 3 L RE = M Ot ’ ( I 1 a - .~ ( J R E ) , I B I T ( J I t a - i )  + I B IT (J It ’ ) * M L J E I(LVA L , I B I T(J I M))
L V AL = LVAL/IBIT(JIM )
N B T = ~4Ea- T - JFa-B

C

0016 1~’9 IF <NBT ) 300.390,200
C 

a
-

200 IBA (JRC ) = LRE 
— -

a-iRE = JRa-E - 1
LR E = LVAL

‘2 12 ) LVAL = 0
NBa-I = NBT - Nta-PE 

- - —

GO TO 199
C

0023 300 JIM = IGNDIT - N B T
LRE = LR-E + (IBA(JRE ) -- ~OD (IBA (JRE ),IBIT (JIM )h)

390 Ira-A ’JRE ’a- LRE
.1a-ia-2±a- RETUTa-a-N
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a - T~~a-~~ - INTEGER FUNCTIO I~ 14t: IBA,jB,NB a- 

— - -

0002 INTEGER IEa-A (2 ),JB,Ht:
- C

- a -- C******* r4r ~ RETURNS ~N IN TE G E R V, LUE FOR THE ta-iT STRING STARTING
C AT THE JE:—TH ta-IT OF IDA AN D COt4SISTIHG OF NI: BITS
C

0003 COMMON/IDIT/ IBIT(32) -

C

0004 DATA IGNBIT,NBFE,JL IBZT/2 ,30,32/
C
C******* 1414 EXECUTE ~******
C

000~ JRHD = JB a-I NB -- 2 ________ _____ - -
0006 NBT = MINO(NBtNBFa-C) 

a- - -—_______ _____

0007 JRE = JRHB/NBFa-E + 1
0008 JRB = MOD (JRHB,NBFE) + 1
000? NBR = MINO(NEa-T ,JRB )
0010 JIM = JLIE4IT — NBR
0011 

_____ 
JILl = JRB + XGNBIT 

_____ __________________  __________a- C
0012 1414 = MO D( IBA (J RE)/ IBIT (J It ’ ) , IBIT (J IM) )

C
0013 NBR = 14141 - 141CR
0014 IF (141CR .LE. 0) RETURN

C 
______ ______

0015 JILl = J L I B I T  — 141CR
0016 1414 = 14B + IBIT (J IM)* MOt ’( IBA(J RE—l) , IBIT (J ID))
0017 RETURN

C
0018 E N Li
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Appendix F

COP~(fliT ON CCITT CONTRIBUTION NO. 66

“CRITERIA FOR TEE EVALUATION OF T~~-DIM~~SIONAL CODING TECHNIQUES
~)R USE IN DIGITAL FACSIMILE TERMiNALS

(Reference No. 6)

The purpose of this appendix I.e to clarify the equation for the

standard deviation of the estimat. of the average ES?, on page S of the

subj ect CCITT contribution. The validity of this equation has been ques-

tioned by pointing out that an unbia sed estimat e of the variance shoul d

have n-i in the denominator, rather than rz . For large ri this does riot

make riuch difference , but we are using n-2 or 3. If we were computing

the variance of the Individual measurements of ES?, the foUowing

equation would apply:
I,

C,— [.((Es Fi.)_

Kowever, the formulas given in the contribution are for the stan dard

de~r~ation of the average of n measurements. The variance of the

is less than the var iance of the individual samples by a factor of n.

Therefore the standard deviation of the average is given by:

= I ~~L J
This is the same as the equations given in the contribution. The basic

probl em appears to be that it was not understoo d that the equations
.4

p-i



represented the stezidsa d d viat icn of the ~~~~~~~~ of zi measurements, rather

than th. standard deviation of the measurements themselves.

F..2

- ~~~~
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