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Electronic tquipment in Multi-user Data Frocessing Systems

oy

p Jacek CUchman

Introguction

In the gevelorpment of electrcrnic deta processinc (EDF) in Foland,
one can distinguish two paralle! directions: one, including the con=-
struction of modern FDP centers with their eguipment, and the other,
includinn the creation of computer systems, tailored to the needs of
management of naticona) economy.

With the construction of large ang complex systems the nesg arcse
fcr the stuoies of organization of the data transmissicn in multi-user
sysStems. Kt tne same time the evelopment work ccntinues tcwards more
etficient utilization of electronic equipment in the face of rising cemand
for eJP services.

According to the experience in FPpland, the basic means to satisfy
these demands is to centralize the computing pouer bv installing the
larce computers in EDF centers servino the larce institutions. The
broacenina of services can be achieved by formina the subscriber systems
t for the problem-oriented remote datea preocessing.

The multiuser systems have the advantage of simultaneous and direct

utilizatien of machinme comnuting power feor a large number of users, but only

if the system is properly orgenized. This is why the multiple entry
creates many problems in the area of system organization, anc especially
in the cryanization uf digital system,

The cost-effectiveness of the multi-user system is determined

basically by three fectors:
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- determination of the correct use profile,
- proper choice of computer and its configuration,
- choice of reliable data trancmissicn devices. !
The solution of these nprcblems can be i1lustratec on the example
of few selected, presently operating multi-user FDF systems in Fo}and.

One of the typical multi-user systems is known zs FOLRAX-2 !

)
developec and operated by the Center for “lectronic Computation Technology
(Z570) in Wroclaw. The project of building the multi-user PLLRAX-2
systen continueé since 1971, as a part of the major Government
effort tu develop a stanoard multi-user system besed on ODRA-13.U series
computerl.

The system conficuration is based on requirements submitted by the
direct users ano cn numerocus consultations with the menagement of in-
terested companies. The system profile, ie.interaction with the environ-
ment, or the user communication with the system, was 8lso based on
planned expansion of ZFETC capabilities.

The goal of FPOLRAX-2 system was to ='low the computer access and
utilizaticn of its computing cower by a wide rancoe of users.

To determine the range of utilizatien, the anelysis of user profile

was made, by creating the list on which the following information was con-

tained:
. - general users descripticn anc its I0,
- usels location anu telecommunicstion needs, g
‘ - present anu plenned usege.
[’f The choice cf application range was ewpecially difficult, since

et s et

3 ZETU is a service orgenization conly. Without & doubt, the proper prediction

e i

]) RAX - from English for random access
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of profile chance directien is one of the main factors deciding the success
in the dzta preccessinog market.

Thz limitations avopted by knowino the EDF service merket, Govarnment
policy on gprouuction anu'impurtacicn of ¢0OF equipment, ano manpower capapilities,
wnicn were determined oy the mocelling, made the finz)l determinaticn of
elements anu structure of PUL&!&-Z systems.

in gesigning the system, the present experience was useo in ogevelop-
ment of softwere and spplicestions programs for ZETO ano its clients,
assuring easy adaptaticn of existing own programs, anc the cesign was
adaptec allowing the expzneicon *hrough mare effective utilization of

hardware and computing cep=bility. The limitaticrn of this peper doesn't

allow for more detailec descrinticn of these subjects.

Cornuter Tonfinuration Jdescription for PCLRAX-2
!

_ ha
The system is based on ke “clish-made (DRA-1305 cempeder and Britisk-

made ICL cats transmissicn equipment.

The choice was determinec by practicel consicerations, in particular:
- use ut uumestically-mace computer simplifies the development anao
instellation of multi-user computer systens without adoitional training;

- egasy cuplication in the count y, ie. e-se of installina the system

in other areas of the country,

- lowering the orasnization and gzgizt§a$4oa costs,

The decicion to use rDQA-13ﬁ5 CPU decideo the choice of telecommunica-

tior ecuipment.

The use of 10L telecomrunication enulpment is the result of two

nasic reasons:

- lack of manufacturers of this type of eaquipment in Socialist
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countries,

= full ccmpaticility of ICL 1%Ju and UDKA- 1300 series computers.

Ine cunfiguration of CORA-1Z2u% computer for POLRAX-2 system is shown
in Fig 1, For tne efficient cperation of remote multi-user POLRAX-/
system, the CPU shculd have 2t least 12bK words of memory. There is
a p ssibility fer expen=zicn toc 296K words.

The devices lieted in Table ) are ccnnected to the CPU chaznnels,

The further exnension of opereticnal memcry ( up to 192K ) is planned,
and in the future, the expansiorn of direct access memory.

The confiouration of telecemmunicaticn eguipment is shown in Fig 2,
and it includes the messacge buffer system. This type of ecuipment is
used in hesvy treffic EDF networks.

The LURA-15uD CPU is freed freom the teletransmission control function,
wnicn allows for greceter utilication cf computing power. The communice-
ticn equipment consists of :

- ICL 7902/U communication processor, that includes F 1313 multi-~
channel unit as a interprocessor buffer,

= 7930/9 scanning selector,

- 7930/ universal scanner,

- 7920/3 universal scann?r,

- 7920/0 scanner control units.

The following telecommunication units are connectea to the scanner
channels:

- 200 oaﬁq GH ]151 A=11 mpoaems,

- 12u0/240U Baud GH 2054 A-16 modems,

- 79¢4/¢ uisplay with 7924/0 controller,

- 7922/¢ line terminators with 7922/0 controller.

<o stwnw
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The system serves the focllowing subscriber terminals:

- 7071/2 Yccal teletypes L units
- 7071 /7 remote teletypes 9 units
- ICL 7503 terminals 3 units
- ICLVYDY 71=1/2 CRT display 1 unit
- Datepoint 2200 terminal 2 units
- RC 3600 terminal 3 units

Oescription of the communication eguipnent

1oL /5u3/U processor - connected between the CPU and scanning ce-

vice, performs tne fcllouwing functions:

- contrcls the cata transmission uncer the progrem control., Change
of the number of remcte terminals in this system doesn't recuire any
hardware changes,

- recelves ancd formets the cheracters from the scanninc selector
and tranemits the complete messages toc the CFU,

- due to the standardizaticn cof nessages formatted by the users
preorams, the program procedures in the CPU are simplified, anao the
remote periphers) devices are served by & relatively small number of
CPU programs,

- it conteins the ouffer memory &llowing for "remembering" of the
mesSsage.

tecause of that, the cata transmissicn speec is not Timited by the
USers prourems.

The 7902 telecormunicstion processor has 24K words of operaticna)
memory. The words have the byte structure. Ffach worcd consists of 16

bits, ie two 8=bit bytes. The processor frame contains the interprocessor

module coneisting of buffer and code converter. The buffer has one

word c=#pacitv and 1= placed between two synchronously working processors.

o o Rl meran o bt
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The converter translates the 8-bit code into 6-bit code used in CPU.

7930/9 scanning processor allows for connecting a large number of
scanners to the single Standard Interface of 7903 processor. It also
converts the signal levels used in the 7900 series devices to the
requirements of CPU.

7930/1 and 7930/3 universal scanners are the participating in receiv-
ing the information from the telecommunication lines to the tele-
communication processor and reverse. Single bits of information col-
lected from the modem interfaces are formed into characters, in the
character buffers, separate for each line, and then transmitted to the
processor. In addition, the scanners perform such function as: con-
version of internal ICL 1900 code and 8-bit transmission code, recogni-
tion of the ECMA/ISO control characters and the additional nonstandard
characters, character parity control.

GH 1151 A-11 and GH 2054 A-16 modems provide the data transmission
through telephone or telegraph lines. The line termination units
enable the signal conversion between the telegraph interface and the
scanner interface. These modems convert the signals from the 1900
equipment to the form suitable for the telephone line transmission

and reverse. The GH 1151 A-1l1 modems allow for the full duplex opera-
tionl) on one or two-channel links with 200 b/s speed, while modem

GH 2054 A-16 permits a rate of 1200 or 2400 b/s. Both modems can
operate with the telephone receivers, the line-telephone switch can be

controlled automatically or manually.

7924/2 display with 7924/0 control unit and the 7922/2 line termina-
tion with 7922/0 control unit are the group allowing the data
transmission through the telephone or telegraph lines.

1)
tion requiring wire links

Full-duplex operation-simultaneous two-directional exchange of informa-

ahe




The line terminpators convert the signals between the telegraph line
interface anu scanner interface.

the system uses twou types of teletypes local 7071/3 anc remote
70/1/7. Ine remote teletypes utilize the telegraph lines anc mocems.
The local teletypes sre connected through the teleoraph lines to the line
termination units (LTU) which conoiticn the telegrsph line signals to
the CCITT interface requirements ( scenner channel input ). Both types
of teletype have the same functional parameters. These devices can
receive the variable lenath records. The maximum speed is § ch/sec. The

outrut data are oeneratea in TCL transmission code.

7.7) tzletype is equirpec with @ ksyboerd anc the tape reader for the
data input, anc the printer enu perforator fer data output. Ihe teletypes
can uvork in lccal eno on-line moce. In the first cese, the user can pre-
pere the uwata in the following comcinations: kgyboaxc - printer - perforator,
tape reader - printer - perforator, that is, using th: scurce devices

output the dgete on any cutput device, or both &t once. In the on-line

mode, the teletype is connected to the system and allows for data input

or output in the conversational manner. The information transmission is
done usina the start-stop system, that is, each cheracter contains stert and
stop bits, The transmitted information zre coded accordinc to ICO - 7

code, which was determined by the CCITT. The teletype keyboard has an
assortment of character keys, consisting of 2lphanumerics anoc centrol
characters. The teletypes dc nct have the cevices for the automatic

error detection. The retranemission of error containing message can be

requesteo by an operator throcugh the appropriate message.

e
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ICL 75u3 remote terminal together with the 7503/1 processor ( minicomputer )

@llows for the connection of several peripheral devices, such as: card
reacer, line printers, VDU ccnsole, or teletype, casette units etc. A
standard installation contains a2t least one nacnetic cassette rezder for
nroorem lpadino and the coperators console for the proccess control.

The termina) can be used in the on-line system, connected to ancther
terminel, or to anotter processor directly or through the telephcone line.
"t can alcc be "rogrammed for the leocal data copyinc or fer the date
editing. The processor memory is from 16 to 64K bytes anc it can be in-

creased by s K bytes by adding auditional memory modules. In the POLRAX=2
system the uUevice weorks under the scftware lcaced emulator, which controls
all tne wuata transmissicn prucesses anc the choice of peripherel devices.
Ihe terminal worxs uncer the loeded system sent to the remote ICL 7020

station. The data can be sent with a speed of 600 to LEOO b/sec.

VDU 7161/2 CRT menitor. In the POLRAX-2 system it is desionated for the

conversational crperaticn. The equicrment concsists of a alphanumeric key-

board with 92 characters and the display with 20C0 cheracter capacity. !
The information is displayed in a format of 25 13nes with ¢0 characters

each., The moniteor has a buffer. The messages entereu from the keyboard

are held in the buffer, anu written on the screen. The formatting and '
edicting of messages can take place without the communication with pro- .
cessor, unless there is a need for a text transmission. The monitor

allows for the oate trensmission with speeds up to 4800 b/sec. In oroer

tu outain a haru copy of the cisplayec text,one can connect a teletype

or a line printer. The message formatting and the retransmission of errors

takes place under the processor control.

Datapoint 2200 minicomputer
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l. Harduware. The Datepecint 2200 minicomputer, purchased by ZETO from
A/S RECNECENTRALEN, consists of the following units:

-CFY with the operaticnal menmcory

- CRT monitor

- card reacder

- matrix lip2 printer

- two cassette storage units

- Keyboard ; b 5
obFsinind g ZETO

¢. aoftware. The PaCbL#ej/SDf-ward consistea of:

- Cperating system ( CTUS )

- ASSEMbLER 4 processcr

- EOITOR program

- DATABUS 1langquage

- 7020 emulater

- diagnostics

- demonstration pregrems.

3. !'!'sege. The D-TAPCINT 2200 configuration allows both, local operation
and rercte, as a CDPA - 13C5 terminal. As a terminal usinc the tele-
communic=tion Yines anc the cata transmission cevices, it works as a data
processor emulating JCL 7020.

The UATABUS language allows for the data processing in 2 closed
lucel system. Aooitional numerical progreams and ease of programming &llous
the use of DATAPOINT 22Uu for the APZ type of calculations.

In the POLRAX-2 the RC 3600 type of terminations were acded tc the
system. A typical terminal configuration ccnsists of the following
devices: line printer, card reeder/punch, paper tape reeder/ punch. The
termina! memory, containing the softwere 7020 emulator, wil) perforn all

the contro' functions of data tranemissicon to 2nd from the system,
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Tn the cose of remote preccessinc throcuoh the telephone lines, the
7020 device must be connecteo with its equipment. The remote 7020/4 pro-
cessin, stetion contains the half-guplex cummunicetion terrinal, werking
with & speeo of <LUu b/sec, to which the following cevices can be con-
NneCtud:

- 7ucb/l paper tape rescer ( 250 ch/sec),

- 7020/1 peper tepe gunch ( 110 ch/sec ),

- 7022/1 carc reacer ( 320 card min ),

- 702 /4 Yine printer ( 612 1/m),

- 7023/3 monitor ( 10 ch/s ).

The remcte processing staticn a’leows for the trznsfer of a large
nurber of data between the CHI) ang the rercte termina)l equinped with
reriphera) devices.

The remote job entry tc the installaticn under the GECSGE operating
system, allows the transmission of: source anc object progroms, date and
the jecb control. In addition, it allows for the local operation between
the 1/0 gevices ( copying, listing).

The expansion of the conmunication equipment wil) be performed from
tne viewpoint of acding more sutscriberg. That will imply the adeition

of more terminels.

Sheort cheracteristics of POLRAX-2 softuare

Te realize the POLRAY - ¥ eyster, the thirc gemeration oigital system
with the OFORTE-3 ( Gerners' (roganizaticnal fnvirenment ) operating system
wae adopted. Thi- system allows for preqgrammed loca! processing ano for
programmed remote anc interactive processing, where the cormmunication with

the system tekes place through the terminels.
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lhe chioice ot GoURGE-Z cperating cysten was uictastec by a rieea for
mesL effective utilization of GORA =1305 ceomputing power. Incepencently,
the systen allows for thne multi-user operaticn, which st the present '
moment nas @ great siunificanca.

The GEURGE-3 in the POLRAX-Z system accomplishes besically seven
mein tasks:

- assures parellel noninterferinog cperation of 27 peripheral devices
ancd increases their fhroﬁqhtut hy an appreopriate 1/0 techniques;

- increase the effectivenegs of wutilizinag the computer capabilities
such as: computaticns, operaticnal! memory, CCHTUHiCéfiCn equipment,
peripheral cdevices, softwars, etc.;

- allows for time-sharing by many users anc provicing satisfactory
response Lime for the cn-line users;

- autgmatically executes the program written in thigher level language
anu reports the preccessin.g progress;

- autumatically charges the computer user;

- protects against the unauthorizeo acess aid‘prptecta the user from
the consecuences of system feilure;

- allowe for aoudino new functions and mew users, which allrwe for the
svetem exrangicn depending on need.

jumming a'' the=e, the CGFORGS -3 manzgee the entire comocier installa-
tion.

“very acaition of @ new user to the POLRAX-Z systen involves the space
assigrment in the oirect connection cf external dévices tc the program,
apace for the uUevice Table, spasce for the gata storaye, assignment of
time and cherge accocunt. The GLEORGE=32 in the PULRAK—Z system allouws for

planning the allowed usege of the system resources.
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Before the start of ary job, the budgets are automatically checked, which

! constitutes one of the conditions fer the job acceptance, and after the
job termination the zccount is charged accerdingly. In the FOLRAX-2
N system, a multi-entry system}i\this is especially significant, since the
budnet contro) is otherwise impossible due to the neture of the renmote
entry.,

The multiple entry user jocbs have a8 pricrity cver the computing
center batch jobs. For this purpose, a part of GECRGE for the multiple
entry was usec, knoun as MOFP ( multiple on-line proyramming ), which allows
the simultaneous jou execution for a certein number of users, while the
batch jobs executeu in the beckyround.

The ability of dialocg between the user and the processor in the MCF
system is provided by the operating system commanc languages. OCne cean
also use the following conversaticnal 'anguages:

- JFAN - simple lanousoe for the arithmetic and lonica) expressions,
used mest often for the construction ergineering calculetions;

- ARSIC - a3 1=nquane similar to FORTRAN with the simplifications
in 1/0 and matrix calculations, is also used for ali kinds of engineering

and scientific calculaticns;

- FURCULN - system for the FURTRAN language, used similarly to BASIC. 3

Ihe operaticon in‘multip]e entry system using the conversational |
1 lanyusges is pased on the transmissicn by the terminal user, the simple

conmanas and deta, and on receiving the finzl results from the machine. %

- The adventages of conversational cpereation in POLRAX-2 system are:
b - aimp]icity of operation, -

- ease of terminal uaa,'
: - hiagh speed of data input,
% - quick response time, |
% - free access to the computer.

| —
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The TECRGE-3 operating system used in FCLRAX enasbled the customers
tc create ‘heir own pregrams throuagh simple anc effective compilers of
the tollowing languages: FLAN, CLBOL, FULRTHAN ana ALGUL .

The user of FULLRAX-Z system cen control from terminal the execution
of nis programs, stait and terminate his oun batch jobs. The instructions
entereu Dy the users are cirectly compiled anoc executed, allowing for
reel-time error correction, which to a great extent shortens the pro-

gramming cycle ano computaticn tesks.

Frinciples of the POLRAX-2 system use.

Tn order to coordinate the work relsted to the FOLRAX-2 usage, the
PCLRAX-2 users counci! was formed. The duties of the users council
include:

- control over the proper system function,

- cooraination of all system profile modifications.

There are three users groups within POLRAX system:

@) cata processing users,

L) scientific anc technical computaticn users,

c) the users who both process the data and conduct the scientific
and technics)l calculations. 2

Fig 3 shows tre activity structure of PDLFAqusers. and Table 2
shows the topics of their work.

Within these groups, iFTC coordinates the work of each user. the in-
formation flow, trains and provides the consultations.

Presently, ZETE'quarantees the operation of multi-entry system during
their nermal working hours, but alsc guarantees the computing time for
all users in the amount of 1250 hours per month,

The basis of users acceptance is the application for the system

use incluaing the following:
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- name of the institution,
- aucress,
- bank &ccount,
| - type of use,
‘ - deta on the contract administrator,

- reason for the order ( customers letter, contract, etc)

On the basis of aprplication and the ZFTO capabilities, the cecision
is made to aproint the user. Tn the case cof acceptance the following
is determined: users name in the system file directory, expiration time
and the budaoet.

The aocve infornations are tronsmitted toc thz management of the -
system that appoints the user. The user's auministrator receives thz cone
firmation ot tne acceptance anc the users code name.

To determine the users for the jobs run by organizaticne) units of
£eTU, the section directory is used accurding tc the current ZETO
girective.

The entire instzllation resources are shared by the users, utilizing
the MANAGER users table. If the user transfers pert of hics budget to his
subordinates, then this part is subtracted from his budget.

There are three kinds of budneting: storege, time and the amount to
be paid for the services.

Storage budcet is the space allocation in the system and is measured
for example in amount of magnetic tape or memory words.

Time budget refers to the amount of CPU time ana is the time
r/ allocation for the jobs in different priorigies.

Monetary oucdget is the amount of money or other units allocated to

the user as a payment for the ZETO services.

In the GEOURGE-3 operating system there is a program which automatically

calculates the charges for the executed jobs. Using this program the

P i O S i M
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charoes for the used memory, CPU time and peripheral use ar- calculated
for each user.

The service of data transmissicn network and the subscribers sets,

The FOLRAX-2 system is based exclusively on the telephone links.
Tonsiderinn the pcor gualitv of the country's telephone network,the leased
lines are used, which allow for the data transmission at 12G0/2400 b/sec
speea. The data transmission network is basea on the existing telecommunica-
tion network owneu py the Polish Fost Uffice, Telephone and Telegraph
(PPTiT). The responsipbility for the proper link preparation, operation
within the perameters set by CCITT, and repair service rests with the
PPTiT.

The maintainance anc the service of the computer equipment presents
no problems and is performed by ZETC. However, the need arose for the
proper service of usesrs eouipment. The creation of FPCLRAX-2 system caused
the creation of subscribers eguipment service, which maintzins and repairs
the system's communication eouipment.

The service is responsible =1so for identifying the malfunctions in
the communication links. Recause of that, the terminel service is in-
terested in the proper equipment functioning, starting at the scanner

channgl up toc the user.

Final remarks.
The article presents the results of & study in the area of POLRAX-2
operation, which was orgenizec by ZETO in UWreoclaw. '
On the besis of this study, one has to state that the creation of

data tranemission network in Poland still encounters many difficulties,
especially:

- insufficient rumber of appreopriate eauipment which would allow for
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creating a large number of multiple entry systems;

- lack of free caole pairs in the local or trunk cables;

- organicational wifficulties in the area of link allocaticn and other
Gata tramission equipment,

- lack of properly trained manpower.

Uespite these difficulties on the performed studies it was determined
that the exploitetion of POLRAX-2 system provices many advantages, some
cf which are:

- ability of th+ system for collecting the deta from gecgraphically
gistant locatione anag the ability of laroe veolume data processing;

- atility of fast transaction receording and the ability of perform-
ino the transaction at large distences;

- ability of complex data anslysis, ana fast turn-around time;

- apility of simultenecus service of many users;

- niyh speed of reaction to any irregularities teking place in the
contrclled processes, or the possipility of contpo] of many parameters.

In summary, one can state that the implementaticn ana cperetion. of
POLRAX-2 system based on the equipment cescribed here, implies many
acvantages, the most importent of which is the lowerinoc of date processing

costs ano satisfyvino the needs cof ozta processirg market.
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Fig 1. UORA-15u5 computer configuration for the POLRAX-2 system. 1-
cperator's conscle, ¢- ODRA-13uU5 CPU, 3- communication equipment, G4-
description, 5= line printer, 6- cerd resder, 7- tape reader, o= paper

tape punch, 9-contrel unit, 10-magnetic tepe unit, 11- disc unit.
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Fia 2. Communication enuipment confiouration for the PCLRAX-2 system.

1- teletype, 2- telecommunication processor, 3- tape reaqer. L-gcanning
selector, 5- sc=nner, 6- te'eprone lines, 7- caessette tape unit,

k- card reader, 9- operator's cunqbgle, 10- printer, 11- disk unit,

12- matrix printer, 13- CRT mcnitor, 14~ magnetic tape unit.
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Fig 5. PULRAX=Z svstem users.

l- Hugnea Mine, - EOP Center of LiPD, 3- Anthropology Section of PAN,

4= Technical Cypbernetics Institute of Wroclaw Polytechnics, 6- description,
7; 7671 teletype, b= 7503 RJIE station, S- Datapoint 2200 minicomputer,
10- RC 360 minicomputer, 11- VDU - 718&) C?T moniter, 12- RC 8626

CRT monitor. &= EDP center of Highway PCpt.
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QO gzytnik tasmy — CT-304-1 1 sztukg @

(> perforator tasmy = "PT-304-1 1 sztuka @ }

(@ czytnik kart — CK-304-2 2 sztuki@®

@ drukarka wierszowa - DW-304-1 2 sztuki®)

@ adapter pamieci tasmowej (do adaptera 1
podlgczone sy 4 jednostki tasmowe typu 1
PT-3) — MTS-304-1 2 sztuki@

@ jednostki pamieci dyskowej ICL 2082 —_ B jednostki sterujgce EDS 8 ]

o jednostki pamieci dyskowej EC/ 5052 (do @
wszystkich jednostek sterujacych podlaczo- .

~nych jest 10 dyskow o lgcznej liczbie okolo
236 mln sléow pojemnosci — 1 jednostka sterujaca PDS 325
® monitor operatora typu FACIT - Qé? "1 sztuka
4
A
|
-Tanle 1s
l- tepe reader, 2- tepe punch, 3- card reader, Uu- line printer,
5~ magnetic tape controller ( with 2 units of PT-3 tape drives),
6~ ]CL-ZogaFuisk units, 7- EC-5052 disk units ( 10 disk crives can be

connected to a contrec)l'er with a tota! shortage of 236 M words )

8« FACTT operator's meniter, - unit, 10~ control unit.
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Taule ¢. [ype of usesye 1n the FULRAX=-¢ system.

l- User, ¢- terminal type, - usage profile, G- Institute of Anthro-

pulogy, S- Technicsl Lybernetics Institute, €- EOF Center cf the Hich-

way Dept., 7- Rucna Mine,

t=- EDF

center of fForestry Dept., 9- S0P

Institute, 10- Wroclew University, 11- Frocrenm develocment, New system

testing, Mszinten=nce of the multicle entry system, 12- Fnacineering

ca'culaticns, 13- Inventecry anc Literature search, 1L- Statistical

analysis, 15- Frooram development, 1f- fayre!l, 17- “7CM T manage-

ment svater, 18- material

manacement. man cwer inventory, 19- processing

for the Ministry of Higher fducation, Science ana Technolcgy, <Z2u- EOP

training, conversational languaces, 2Z1- Minicomputer applicaticn for

multiple entry systens,
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