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lNTED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION 

ICROELECTRONICS 
ONITOR . · · 

Ro. 19 July-Septellber 1986 

Dear Reader, 

Ve have r~ported in earlier issues oa the Latin American a.tgional 
Microelectronic• Network (REMLAC) which was established with the help of UlllDO at a 

_. .'llHJ:ing held in Venezuela in 1985. A preparatory assistance project financed by 
~~ united Rations Development Progr._. bas now been agreed upon between ECLAC, 
the UR Economic C..ission for Latin Americ·a and the Caribbean, ·and UllIDO. 
Internati>nal experts together with experts from REiii.AC lll!llber countries will visit 
national focal points and discuss with Govern11ents concerned their interest and 
actual participation in the REMLAC project. An effort will be .. de, in close 
co-operation with ECLAC, the Govenments, agencies, enterprises, academic 
institutions and coimunications -.!dia to 1ROve to the for11Ulation of the final 
pr-.r._. 

UllIDO has also been assisting the Fundaci6n Instituto de Ingenierla in 
Venezuela in upgrading their capabilities in aicroelectronics applications and 
strengthening their links with national and regional industry. At the request of 
the Governaent of Trinidad and Tobago ve will assist in organizing a national 
workshop on aicroelectronics early in 1987. 

A three-year ef f~rt of the URIDO secretariat in building up software 
capabilities in developing countries has nov reached a stage where international 
co-operation can be pr0110ted. Software production in developing countries will be 
eaphasi~ed since it has heca11e an industry that is an essential factor in the 
growth of the economies of developing countries. 

I wish to thank again all readers who have reacted to our aailing list survey 
by c01111enting on the content and foraat of the Monitor; please be assured that 
each co..ent is considered and, if pos1ible, taken into account, even if ve cannot 
reply individually to our reader1. One co.plaint we receive frequently i1 that the 
print is n0v too small; havever, since ve depend on the joint printing facilities 
of the Vienna International Centre and 111 docU11ent1 are now created in the saae 
foraat,this is beyond our control. One 1eriou• coaplaint is that th.s Monitor 
arrives with sreat delay at IOlle oveneas de.cinations since it is uiled by 
eurface.post. We will be lookin1, therefore, into the possibility of subscribers 
who vish to do so, aakins a contri~ution to pay for airmail and handlins chars••· 
We vauld be grateful for an.early 1nclication of interest frOll thoH visbina to 
participate.in any such scheme. 

·'· 
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A •econd reaiader -iling lbt 4(Ue•tionnaire is attached to this is-.; 
addre .. ees who are not coafir.ed.vill hne to be re.ove41 fro. the -iliag li•t. 

.. Si11ee this iHue will ieach JOU at the cum of the year 11 let me coaclude by 
1ti•hi11g yo8 and yoar fami.U.e• a Happy llev Year .. 

It. YeU.taraun 
Senior Tecbaical ·a.tYiRr 

Departllent for lailuett-ial PrG1110tion., 
Consultation• anil Techaology 
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s,.po.i- - caui9 .... teclmoloSiH 

n. loari - Scieace ... Teclleolon (IOSTID) of 
t .. U.S. •tioaal C-il of a. .. an:la (Ac.._, of 
Scie11ee) oraaaiaed the thiri ... tiaa ia the aerie• of 
ayllpOai• - llicroc..,..tera for •ewelopiaa co•triea 
h• firat tao -n heh! ia Sri l.aab ia 1914 a .. 
llesico in l9S5, re•pec:tiwelJ). 11aia :rear'• .,.....,_ 
-• hel• ia Liallaa, Portiaaal, JO Sept .... r -
] Octoller 1916 _. foca•n oa cattiaa .. P 
teclmoloSiH ncla •• artificial iatellipac:e, •a,ert 
myat- and pr!fn•• ia laarivare. 

The a,.,a•i- -•well aUniled: partici,.ata 
fr- •cwelopiaa c-triea repreanted aruil, I .. ia, 
lledco, Portaaal, Sri Leab, 'llaail ..... -n aa 
Zi ... .._. Biall-l•wel eapert• f roa aach pre•tiai ..... 
iaatitatea aa 1111', •ti1111&l Inatitate of llealth, 
U..iweraity of C.liforaia, Hichipa State Dai,,.raity, 
U..heraity of Califoraia, ._tar Colle&• ... 
WortheHtera U..iweraitJ lectured - lateat 
..,,_l.,...ta ia tlte fiel•. IMIDO -• alao 
na:.-eaeat .. 1IJ a ataff ..... r of the Tr-fer of 
Tecllllolon Diwiai-. 

Iateraatioaal 117!f!•i .. of fifth aeaerati- C!!f!ter 
9•t-

'Ille C-iuee oa Scieace ... TechaoloU ia 
Dewelapiaa C:-triea (COstlll), ....... rtera at the 
Iadiaa Iaatitvte of Toecbolog, lladraa ... vith 
reai-1 aecretariau ia Kaaya, •iaeria, Yemavela 
_. Trinidad vill oraaaiu tbe aboft .,.,..a .. ta 
be held ia Hadra:c. oa 25-27 Pebrvar,. 1917. 'Ille 
caafernce vill be precHed bf tvo-da,. tvtoriab 
ia npert •1•t- rabotiu aa 23-24 Pabrvar,. 1917. 
It ia plaaaed ta iDYite Prafeaaor E. Yeiaeabaam of 
Staaford U..beraity, the '1re1 -inn.-•' ia 
rallotica reaaaa:ch, to 'be the keJaata apaabr. 
Farther iafa199tioa _,.be obtai.n froa 
Hr. T.Y ... tarajaa, eo..e-r - 5G, 1 Pirat Croa• 
Streat, a-kri•haa •aar, Hadraa, 600 021, 
Tel. 416 ]]], cable•: BITBit. 

Iataraat\aaal Iafor.atica Ace••• '17 Coafereaca 

Thb iateraati-1 c-fereace b •c...,.aled to be 
hel' ia Dalla•, TalUla, USA oa 17-20 ll&rch 1917. It 
viii prowide a forvia for palic19111kara, techaical 
people and aetworkar• to aach•aa• id~a• ... dawalop 
plaa• of actioa for farthari;aa iafon1atic• ace•••· 
Precni•& ... foll-iaa the caafaraaca the 
participeat• vill 'be accaeeible wia aa iataraatioaal 
alactron~c aetwork - ICOllET, oa vbich the llollitor ha• 
report" ia earlier iHuaa. The focva of the 
conference vill not be tltaoratical bat practicel. 
People fr .. dawalopiaa couatrie• caa ••rect to learn 
fr- the nparieace of othcre hov to ado accaH to 
electr-ica aetvork• •a.I databaaa•, •ad technical 
npart• can eapact to lean tloe ..... of currnt aad 
potential vnre la daweloti•a c-triH. 'Illa •i• 
•paakar~ vill addr••• foar area•: the idea of 
iaforllDrice, iateraatioaal policia•, techaic•l 
c-•n• a .. uaara' coa1i .. ratiaae. It i• plaanad to 
Hlect 50 dalqata• Cfr• the poller are1; the 
tachaical area; alld the "8twork a1er area). riftf 
par cnt of ttia .. leptH will be ch- fr• 
dawalopiaa covatri••· 'lhera will be .. ~eaietratiaa 
faa but .. la1ata1 viii 'be ••l•ctad baaed °" their 
••craa of actiwit7 ind k!K>Vlaclae ia the fie~• of 
iaf0sm8tlce. ror ...... cailacl iafor11Dtfot1 write to 
S.,lor hHarch r ..... tioa, J500 t:e.coa, D•llH, 
Te .. 1, 75246, UIA. 

Tile Iateraatioaal federatioa of lafor.atioa 
ProceHiaa (IPIP) lael• the t-tla Vor .. C:O..-ter 
Caear•••• a tri ... ial .,,..t, at TriaitJ Colleae, 
Dablia, lrelaDll oa 1-5 Sept .... r 1'16. the ti.- of 
tlai• JD•r'• coaare•• ... •1afor.atic• - & ... 
AlrareteH". 'Ille teclmical proar- coatai•• f"r 
•jor etre-: •Jat- daaip, c_,_.t •eei.p, 
applicati ... , aM iaformtic• for •nelopiaa 
c-triea, cowerina tea techaical ere.a. ttaa HHioa 
oa iafonatice ia • ff9elopiaa -ri• •iacu•ft the 
(ollowiaa topic•: tlw iaformtic• •ector ia 
dewelopiaa c-triee; iafor.ati- tecliaoleu polirJ 
ia-• ia the •nelopia& c-trie•: i-ati­
•pplicatioaa ia a.,,.rt of ••-lopiaa c-tria•; 
-· -dt ... c°""'"teriuti-; ca •nelopiaa 
coaatrie• ca.pet• ia iaformtioa teclaaol!IJ' ... 
--Latin _. -•l ...... tic •cripu. 

The proceediaa• of the caeanH vill h 
...lined bJ Worth Boll ... , P.O. 11oa 19'1, 
1000 1Z jm•tar'-, Ille •therl ..... 

IFIP CoaareH •iacuaaa CBI 

c:a.paaie1 _.. • tlleory of c...,.ter-iatearat .. 
-factvriaa (CBI) lletore theJ en u.,1-t it. 
ht with ecedeaice fram laropa, Japaa ... the US 
falliq oat onr -.t CBI ie, nch • tlleor,. - • 
di•t .. t proapect. 

Cvltaral bi•• cra,t iato the dafiaitioaa of CI.II 
aiwaa duriaa ..... i_ .. «;aatrower•i•• ia C..,..tar 
Iataaratad lluufacturiaa at IPIP 16, ia Dablia. 

The prapatic US •i- ... eapreHed bJ ProfeHor 
tlaeodore Villi- of Purd• U..iwereit7, wbo •ee• CBI 
•• • collectioa of flexible .. oafacturiaa •J•t .... 
The Japaae•• Yiev, eapraHed bf Riro,.ki Yo1lailiava of 
Toli:Jo Daiwer•itJ, ie that CBI i• a •trat•&J• !tore 
e•oteric•llJ, &abjora lolata'8• of Troadlaeim 
U.iweraitJ, BorvaJ, belie••• CIH h a pbiloaophJ. 
Deapit~ tlai• diweraeace, the •peaker• ell aaren 
that, althoaah CIH •r•tema ehoald be fvllr eut ... tad, 
theJ had to include •- pr-ial.oa for •irect h-• 
iaYOlw .... t or iatarweatioa. 

"&atabli1hi•1 rale• for CIH i• couater-
prodact in," Hid Yo•hiltavu. "T•> .. .,. ralH vill 
•ka -factariaa •J•t- iafleaibla. lf 7oa build 
a •1.i .. around too U:1J proc .. vrH aad rala•, 7oa 
caa't cha•&• it qaickl1.• Yo•hikava al•o aa11aate4 
that •- Hpacta of uaufactvriaa coald not ba 
camputarind. •ror exa8ple, draviaa• bJ ti.-ahH 
are theoretically ieeaf f iciaat - operator• aeed to be 
able to ... areta .. the de•iaaer'• thia1ti111 to 
u.,1 ... at their deeipe,• he coate ..... Thil .... 
that tr•na•ittiaa da1ip iaformatioa electroaicallr 
could i.,..a the iaform1tioa flow. "Ia thi• raapact 
CIH iawolwa1 the aatOll8tiaa of fri ... •hip,• aaplai ... 
Yo•hia:.-. 

Villi ... clai ... that, vbila acad .. ica cootiaued 
tP debeta the 'c.nc:ept, CIH vaa alreadJ ia vida•praad 
vr.e, particalarlJ ia procH• i .. votriaa Uka 1ta•l 
p1odactioa ... patrar .... icale. le araan that nary 
CU! •r•ta• -ld have to be tunib11 •11.c- vill 
be ca•t-iaad to .,articular product~ aad pl8Dtl lluc 
tbef trill be cu1caind chroup the eoftvera.• Thi• 
llOal• cat dova Che traiaiaa reqvir .... t1 pf 
~:..plnaawti•& CIH •J•t-• 

lol•tad•• di•agreed that CUI 110ald aiwa rin to 
i•flaaibiliCJ. r'tlle v'lola poi•t aaout CIN 111t .. 1 i• 



they will lCNer thP ccat of aoina to ... 11er batch 
aisea lty increaaina flexibility of 11a11Ufactariag 
•Y•t-. If you accept CDI aa a philosophy, you 
ahoal••'t loae aay flesibi!ity." Be ia alao aaai .. t 
tlle tanltey approach to iaatallina CDI fa...,..red by 
Villi.... -Ctll ahoeld be iatroclaced atep by atep; 
JOO a'""81• atart to iatearate vith the eqai,...t 
you've aot." 

f'i .. iaa allilln -11.-r -• a -jor harile in 
every c-try, aai• Villi.... lloat US -facturinc 
coapa11iea •l• llOt hawe the etOSineeriaa ataff tc 10 it 
al- - CDI iaatellati-a. Sllilb allortqea -a•t 
CUI -1• not benefit ... ner cOllp8aiea ac the 
.....at, aai• Yoahillava. "Uaera vill .,... hiah lewel 
akilla, ... then will be a lNriea - ... ner 
COllp8aiea ia attracti .. ataff to .. iataia the 
ay•t-." 

:Jet loht .. aa aai• r-triea like llorvay c-1• 
-t affori to so alooa vith thia •iev. "In •rva, 
67 per cut of coaopaaie" haYe leaa than 20 eaplOJee•, 
... they aeed to apply 1.:111 to ata1 cC111pCtiti-. Aa 
... 11 c...,.aiea caaaot afford tarakey ayate11a, they 
have to •• esiatiaa reaoarcea a ... tle•elop the ayatea 
arffully. !f ,_ •o i:hat, thea trainina b 110t auch 
• prablea." Vil'i- aqnetl that t.,ia type of 
eYOlati-ry approach vaa vrona becnee prcbl ... 
-1• -ly allow theaaelvea whea the ayatea vaa 
ca.plate. (Co!p!ter V..lt~. 1fl Sept.-.r 1916) 

1lllO - C!!!p!ter training for DC'• acie~tiata 

llicroproceaaor techaoloay ia rapidly c~ina 
the ec-iea of the indaatrialized nations; it -
play• the baaic role that ateel and cheaicala 
techaolo11 •id in briaaina about the indaat1ial 
re•olation nf the laat ceatary. lat atate-of-the-art 
technoloay in thia field ia bei~a de•eloped only 1a a 
fev indaatrialised coontriea - a fact that threatens 
to "lock -t" the Third Vorld enn farLher fr• the 
be•fiu of the aicroelectronic rnolatio11. The 
United latioca Uni•eraity (UIU) ic atteaptina to 
an.ver thia cha!lease Yith apecial traini~g for 
•cieatiata fro. deYelopiag covntrioa in applicacioaa 
of aicroproceaaor tachllOlQ&y at centre• of excellence 
la •arioaa part• of the vorld. 0- aach cantra ia at 
Triaity C~llage in lr•land. 

Ireland, which ande~at iu °"" poat-
i ... ,.tllleaca esperieace -ly a fev dacadaa before 
_ .. of the Third Vorld did ao, claiu a apacial 
affiaity vith tile probl ... of ••••lopiaa covatriaa. 
The fiaaacial aapport vllich the lriah Con..-at h 
ai•ina the ""'1-Tr:nity Collage project rapraaeaca a 
aiaaificaat component of that uti-'• total anaual 
dnel.,...t aid llv<taet. 

la the •iev of Profeeeor r. c. foater, chail'11811 
of the IJet- DffelopM11t Progr- at Trinity 
Coll•a• and prcject co-ordinator of the UIU traiai111 
effort there, "i11formtion h th• life-blood of tu 
aodern lllduetrialised atata. The ayat ... •~pportina 
80dern eoclety are iacreaelnaly c-..tar-ba•"· and 
thl• i• affecti111 the •ay• i11 vllich aociaty ia 
nol•l•a"• 

There ••• therefore, urae11t ..... for the Third 
Vo~ld co build up it• °"" cepabiliti•• in thi• field 
a ... , in the proc•••, to help ••••lop a iaore 
plurali1tlc II••• for 1cieace and tech110logy aero•• 
the 1lobf'. DeYeloping c~uatriee i11 particular need 
to OY•rc..a the pr.,,elant opinion that only lara•­
•c•I•, ceatraliaed .. i11fr ... c_,..tar1 call •~ the job. 

Collputer technology ha• 1e11erelly bean 
treneferred a1 "black"°"''"• c.-plata packltg•• vith 
their 1ecreta int•ct. The eppllcation of 
•icroproceHor technology i h_,,er, al I.,.,• • iaore ' 

- 2 -

aeaaeoted trnlfer throaah -•tery ~f the an4erlyina 
scientific priaciplea, and thia ...,.eratalldiag can he 
built oo throuah es;ierieace vith both harivare and 
aoftvare. 1he coacept of .._aterilll" ia 
fand-n~al; it doea llOt -an "pash-lt•tt-• traiaiq 
for aaera of •icroc..,..tera but, rather, rai•iaa 
acieGtific and techllOloaicel capabilities to the 
le'ftl neceaaary for llDderata .. ing the technr1loSJ, 
a•iaa it, a .. iD110Yatiaa vith it. 

Thia ia vhat the •icroproceaaor training project 
at trinity College and other ai•ilar UIU actiYitiea 
in this field are tryiq to do. Ob,.ioaaly, before 
llDderatanding of the lateat adwaacea in 
co..uaicatioea and information proceaaiaa can 
pe~ate the acieoti~ic eatr.bliabmeat of the Third 
Vorld, it vill r-.aire laqe-acale •ia-c.,...try" 
traiaiaa to _.t proje;:ted needs. The l'llU baa choeen 
to pvt priority on "trainiaa the trainers" by 
educatiaa the potential leaders ... iaao•ators fr• 
denlopina c-triea; it ia alao in•eaticatiq the 
beat -thoda of prOYidiaa aao:h traiaina ao tben vill 
be a •aoaltiplier effect" • 

1ha Trinity Collea~ pr~r .... ia oae iaportant 
c011pODSat of the UIU'a aicroproceaeor traiaiaa 
acti•itiea allll almo uf the joint ef forta to eatabliah 
~ ai~~oproceaaor aapport aait at A.t•ia Ababa 
Uainraity. Another iaportant COllpOllent ia the 
co-operati- vith the lateraa~ioaaJ Centre for 
Theoretical Physic• in Trieste, Italy, vhich has 
adpport froo the Italian Cowe~nt. Thil 
co-operation iaclmlea the organiutioe of ragioaal 
trainiaa colleaea in the Third World. Three ha,,. 
been held ao far: one in ColCll9bo, Sri Lanka (19M), 
another ia logoti, Colaabia (1915), and a thir• in 
Beifei, China (Septeaber !9116). Further caabinecl 
training and capacity-buildina acti•itiea lua•e been 
initiated vith uai•era~~iea in Africa and Latin 
America and an ad•aaced joint reaearch project in the 
aae of aicro.;-..ter techaoloay haa been orcaaised 
vith ti,. Uainnity of llalayaia and the Tunlw Abclal 
Rahman College in luala i...,ur, Kalayaia. 
(Denlop!!at Forim, October 1!16) 

... deYelO(:!!Gta in VLSI chipt 

Philip• and its aubaidiary Sigoetica introduced 
• ranae of nev deYelo,..at1 in tha faaily of 91.Sl 
aub1y11: .. chip• at the Philip1/Signatic• 68000 •esian 
a .. iaar held ra~eatly in Dublin. 

Thi• lateet ••••lopaanc introduce• a f .. ily of 
chip• ~ich are ao1a c.-pl•• tluln the CPU itaalf. 
S..a of the chipa c-tain aore than 100,000 
tranaiatore, and range fr• data c~nicatione, 
-ry .... 1-nt aniu, direct -ry accaaa, di11t 
controller• a ... VJll eyetea ioterf•ce chipe. All are 
de1igned to aact fatura raquir ... nta in electr-ic 
data procaeain1 0 telec011B1111icatinaa and data 
c011111111icatioae, industrial and proce•• coatrol, 
coa•-r products and ailitary equi,..n:. 

111 .. ditio~ to 16IOGO peripheral ehipa, 
Philip1/Si1netic1 pr0Yida1 •ierocootrollara, CIT chip 
1et1 and VII! board l•••l producte •••• (llectroaice 
leport (Ireland), October 1916) 

Perellel r~oc•••ia1 

lt ••••• the 19801 ere to be knovn a• th• decede 
of tbe parallal coaputer. ~•jor a4vanee• in both 
cbip and computer tach·iolo17 h••• opaad the door to 
parall~li•• fnr parforaaaca et a aodeet coat in • 
wida rans• of e011putin1 •ysc.... lefora con1iderin1 
the veriou~ tachniqu•• uee~ lat u1 firat uadar.cand 
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""1: for if, a• i• 1enerall1 aanect, procr-iq 
cooc•rre•t •J•tema ia ... re complex thaa proar ... ing 
••....-tial •J•tema, the proar .... r certainlJ doea eot 
.... it. So vho doea? 

Syatem.1 deai&Dll!r• eeecl paralleli .. to i..,rowe 
ayat... ~rfonoaece in an era where the ha•ic circuit 
technoloay •peed can no loeser ciwe the iecreaae ia 
perfo1'1181'1Ce ewery fiwe 1eara that the ••er expecta. 
Techeoloai•t• hawe ran up aaaia•t aome fuad ... atal 
phyaical liaitatioes, which -•n that only 
diainiahiag retuma in apeed of operation -Y be 
expected from aev aeaeratioaa of iatearatecl circ•ita. 

For exaaple, coa•ider the iaproweaeat• in ha•ic 
clocit apeed for a range of aiailar architecture• 
4Hi&"" by Se,-.r Cray. The CDC 7600 in the late 
19609 had a clock of 27.5 nano•econda, but the 
follovin& 1eneratioa• of .. chine• (Cray 1 and Cray 2, 
in 1975 and 1915 rHpectiwety) hawe failed •-• to 
double thia clock rate eYery fiwe ,ear•, •• can he 
aeea with tlta Cra1 2, ""ich h clocked vith a four 
naDOaecond cycle - about the tiae it take• for li&ht 
to trawel fr- oae end of your dealt to the other. 

Dependi"I on the traa:noiHion aedi-, electrical 
aiaaal• do rather vor•e. Althou&h the trend ha• been 
to "°" co.pact iapleaentationa, and uncleratandably 
ao, there are alao other phyaical and practical 
constraints, which liait thia ahrinkiag proceaa, in 
are•• such aa fine liae definition and power 
diaaipatioa. The aolutioa ha• been to uae rPlatiwely 
•lov but deaae Very Larae Scale lntqration lYLSI) 
chip• and to increase perfo .... ace by proceHin& in 
breadth. Thi• u•e of fa•t •on chip" procea•in& 
caalliaed vith 1reat breadth, doe• lead to probleaa. 
In particular th~re i• a lo•• of c ...... ication 
bandwidth between diat-t procaHoca. 

VLSI chip deaiaaera alao neecl paralleli .. , to 
efficiently exploit the -••iYe coaplexi~y that i• to 
be found in these circuits. The sate, traditionally 
the aeaaure of coaplexity of a ayatea, is baia& 
replaced in VLSI circuit• by the vire, which is 
addin& both delay aftd area to intearated circuits. 
Paralleli•• prowidea aoaa aolutioa• t~ the probleaa 
facin& •ilicon •~•ianera, by introducia1 raaularity 
of atructure •~~ of interconnect. 

Current VLSI circuit• -y coatain around one 
aillioa artefact and, in the near future, l•r&• 
hi&hly parallel •yatema aay veil be con•tructecl 
en~irely in larae rinale 1111110lithic circuita. The•• 
circuit• 981 veil contain OYar one billion artefact, 
aaci without reaular atructura would be i'llpO••ibla to 
deaian. 

There •r• only tvo fuad ... ntal tech~iqua• for 
axpl~itin1 parallali... It i• alao lil.ely that 110lt 
parallel c011pQter deeian• viii exploit both. 
8-wer, what dataraiM• the dlffarencea batwea 
parallel •y•t ... ia the nature aad iapl ... ntatioa of 
the coatrol atructora of a 1i••• •y•t... Vithia the 
li•ited ecope of thie article, .,. can oaly .. ptora 
tho•• concept• briefly. (Mora infor..tioa caa be 
found In Parallel ~Cera by ~knay aad J~••hope, 
publ bhad 5j M• I IH • j 

If It cakea one -n 10 de)• to build • hooH, llow 
loa1 -Id it take 10 '"" to build the •- hMHT 
The naiH •n-r of on• day h an analOIJ of the uH 
of ~•plication la hardware. ..,.,.,,.r, •• vith thla 
esa.pla, the ideal aay be i.,oe,ibla to achiaYe. To 
illu1trat• thie, follc.v the aaalGIJ furrhar aad 
cl»aaider what happen• lf the JO """ ares • 
bricklayer, • plaetarar, a car,.nt•r, • pluabar, an 
alactricl•n, a painter and eo on. Althoush eoaa 
cOnc:urrelt':y of 0J4ntion .. Y be poHibla, dapendanclea 
tr.lly li•it eoae t•••• to be perfgraad in •t~ict 
•iequanca. To COllPl•t• th• analoay, &'oaeider """llhac 
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ha,.eaa if the 10 are r~irO!d to coaplete 10 bou•••· 
It ·- -Huly that tba 100 daya c-ld -t be 
raducecl to 10 • 

To •-.ariae, replic•tioa ia vbare .. 1tipla 
bardvare unit• are applied to the taalt. Tbea:c .. , be 
identical -ita vorkiag on dif feraat partitioaa of 
t"e problea, or apeciali•ed unita ahariaa tbe varioua 
operati- vhich ..... up the taak. 

The aaae aaalOIJ caa illuatrate the principle of 
pi .. liaiaa. Coaaider the •trict a~ace of taak• of 
buildiq valla, pl••teriq and then paiatina thea, 
vith three apecialiat•. The folloviq ia an opti .. 1 
vay of proc...Siaa; the bricklayer builda the vall• 
of tbe firat bouaa. While the plHterer ia renderina 
the•e the bricklayer caa proceed to houae auaber 
tvo. Siailarly • while the painter ia dr.:oratina 
bou•• nuaber oae, the bricklayer can •tart bou•e 
auaber three. la thia vay, after aa initial atart-up 
period, the three •paciali•ta caa -rk on three 
bouaea coacwrrently. 

'lhi• principle i• widely uaed ia aaay areaa of 
.. ... facture, iacludias ¥LSI chipa. It can be UHd 
vbare relatively co.plea oparationa can be brokala 
dova into a aequeac:e of aiaplec oparationa. For 
eKaaple, floating poiat oper•tioaa are often 
decoapoaad iato their c.,.,_..t paru aad pipelined. 
lt ie thia technique vhich ha1 been eirploited ia tbe 
currant 1eaeration of wector aupercoapotera, auch •• 
the Cray I, the Cray DIP aad Cray 2, and CDC 
Cyber 205. thHe aachiaea u•e pipeliaia1 for fut 
throuabput ia floatias point f1a1Cti011 -ica. 

Data baadvidth ia obtained uaiaa the aaae 
techaique• oa -ry acceH, toaather with l•rsa 
ra1i•tar ••ta (f-r 256 ltbytaa). 

In a pipelined proce••or, the -jor requiraaeat• 
are that all aub-operationa which .... •P a pipeli• 
auat talte arouad aa equal time and that partial or 
interaediate ra•ulta auat be buffered in pipaliaa 
reai•tara. The .. jor charactariatic i• that there 
i• an initial •tart-up period ia vhich ao raaulta 
are produced. Once the firat rHult ia prodacad, 
the pipeline i• aaid co be fwll aad eub....-at 
reaulu are produced -h aora q111ickly. fly 
Dr. Chri• JeHhope, a lecturer ia the Dapart-t of 
El~ctroaic• and Inforaatioa Eaaiaaarina, Southallptoa 
Uaivaraity, publiahad ia Co!putar Weakly, 
18 Saptabar 1916) 

Practical :JH of parallel rrocaHiS c_,.cer 

'llliDkiDI llachiaa of Cha U.S., wbiclt h 
davalopia1 artificial iatalliaeac• (Al), baa 
dcvalopaJ a lar1a-acala parallel procaa•ins coapatar 
called a coaaactiOll aac:ltiaa. la tlti• coap11tar, ...._t 
65,000 coapotar ..,,ice• arc C01111aCta4 in parallel to 
be .... to parfon operati• at..lca..ely. It b 
capable of parfoni• 7 IJillioe c-•• par HcOlld. 
'Ille -.de .. coapuy baa daliva-:ad the firet nit of 
thi• coapotar to the u.1. O.,.rt-t of Def-. 'Iha 
c..,...,. i• pleaai .. to dall••r thi• coapotar aleo co 
Cha "8HaclllWMCU lnetitwt• of TacllaoloU (lllT) wlaich 
baa l"S hal c loM ralationa wltlt it. 

In thl• coap11tar, 65,5:J6 of coapoter daYicaa 
tlllich llaH • 4 kblt Maory capacity Helt •• 11- n 
oparatiow proc•••ias f1111Ctl1111 •r• cOlllNCted la 
parallel; ~heH dnlcH are c•trolla4 IJy aaother 
coaputar. Thu•, hip-1pen operati• h .chined. 
16,000 data baH ...,_.... ratri•••l i• ,...i~l• l• 
oaly 30 •illiHcoad. The COllpGter will be affectiYe 
Hpecially for 1-.e procHal .. , dedp of YUi •M 
fluid calculati09. 

Thlakln1 Machine will dali•er the 1acoad uni~ 
also to the Dapart•at of Dafeaaa. r.rthenore, it 



will nppl7 twe •ita to lllT. - to Yale Uaiwenit1 
... - to Pedtia-£1-r. aa electroaic ..chi• 
..,...factarer. A parallel procea•iac ca.pater • .,.ich 
naellltlea the aertt calla of the braia, ia expected 
lo lead to the dewelo,.eat of articifical 
iatelli.anca. (Chemical le~ ' Eaai-ris 
!!!!.!!· ....... .._ 1916) 

The •icro that thiaka it'• a .. iafr..,. 

A aev 1e11eratioe of deaktop c .... tera ia about 
to hit tt. .. net. .._. oe latel '• 80316 
•icroprocea.;1or, they will ...,,. aDo.t 22 timea the 
proceaaiaa ~r of today'• 1111 re. that ia •aoaah 
to raa a ... 11 office, create caaiplicated eaaiaeeriaa 
1rapltica or craalt throuah the tortaoa11 reaaoaiaa of 
artificial iatelliaeaca. It ia more po11er thaa 
c .... ter ..Ura ~ what to do with. 

•arl7 e ... ry Caaip&DJ that - .Uea aa llllt­
caaipatible .. •ktop coaputar a...a to be dewelopiaa a 
- •chiae .. iaa the 80316 chip. llallJ' i .. aatry 
vetchera thialt that c:c.p.• will be fint to •net. 
lml, aa -1. will proltabl7 tae ita - -•t time 
ia aetti .. to .. net - leniaa caaipetitora -itis 
MCY9ealJ to ... what aev, proprietor, tviat• li1 
ai- ,.u iato the teclmolCllJ. lut tlle -i• probl­
faciaa caaip•lea llalldiaa 80316 -hi•• ia to f i .. 
•ff• for all tlle ,_r then will lie '" their 
110,000 peckaaea. 

The MV chip ahould ~. able to nae all the 
proar ... vrittea for caaiputara ••iaa latel'a IOl6 or 
80216 •icroproceHon, ... ich iacl .. e the 1111 PC ... 
compatible .achiDR• - bat it viii do •o a111eh faatar. 
It caa ..n throap w iaatractioaa a HCoad, roaahl7 
.. •111 .. Diaital 1!4a•i,...t'• YAX 8600 
•iaicaaip.ter. The 80316 caa uH ..ch more -rr 
thaa todar' • PCa. 'llleae -rk vi th - -1••1t• of 
-rr ia chuab of •p to 64 kiloltJtea; the aav chip 
will tl!Ddt with op to 4,000 -aabrtea. 

Althoaah a ha .. ful of ....-.r-cnmc:hiaa 
applicatioaa •iaht r .. uire tha chip'• full atteatioa, 
moat of lta ,...r voull aimplJ be vaated oa aa office 
-n.r tappif'I aver at hla -r• proceaaor or 
aaal1aiaa acc-u oa hla apreadahaat. Oae oltwiou• 
,,.., to aae the .-r of caaiputera kilt arouacl tha 
- chip la to ahare it out -a aeweral proar- or 
••Yaral aaera. lat that r•••irea •• oparatina •J•t .. 
that en keep track of the Yariou• piroar ... the . 
maclliaa h -Olea oa at .. , 1lYaa time, aad their 
data. "Vi.._,., tha lateat eabaac-t offered bJ 
•icro1oft to the DOS oparatiaa •r•t .. ataadard for 
l~caaipatlble caaiputara, allova ••rr limited 
'"•lti-taakiaa". lut DOI caa uaa oal1 640 kilob7tea 
of -rr; the - cllip deaenea a aev opeiratias 
•r•t-. 

Tllare an t- caadidat.11 for tlla jolt. Yariou• 
c..,..iaa are c011Yartia1 AT,T'• Uai• oparatiaa •r•t .. 
t1 .... Oii the 80316. lut tlle cle•er -1 h oa 
M1croaoft, wllicll prOlli .. • to UDYeil earl7 la 1987 • 
bcafa4-op, .. lti-t••kiaa •eraioa of DOS th•t 1hould 
atill allow o•eir1 to rue •II of toda11'a popular 
•roar.... Althouab Uai• pro.iaea to be mar• powerful 
- partical•rl1 i• de•li•a with 8Ultiplo uaera of the 
.... aiaclli .. a - :ea• aoftvare Ila• baea written for it. 

A -lti-taakiaa I0316 .achi .. caa be the focua 
of a aet-rti of ,.ra_I COllpUtan, •ctina aa 
... iai1tr•tor or ••t• li•rarian for the I••• povarful 
colle•aae•· 'Ille .. rllet for auch '"-rk-1roup" 
c__,.cara i• forac••t to be oae of the f eata•t-
1rovl111 areaa i• kd•H c011pDti111. lut c08paaiH 
h.,,. alao 1pott .. two othar fa11-1rovlaa .. rllet• 
wlllch ro41Uire Cha ..., chip'• powi1r: 1rapllic1 end 
artificial i•tolliaatiee• ' 
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Graphica proar ... , like thoae .... ia 
caaiputer-aided deaip, ere IHmarr for proceHiaa 
power aad -rr to •r- aad .. aipulete the Ii•• 
theJ put - the acreea. Altllovgll a111eh of thi• 
•r-iaa -rk will ia fatare be •- b7 epecial 
1raphica chipa, eaai-n are lo .. iaa other job• -
to araphic• vcrkatatioaa - like calculatiaa whether 
or aot aev product• will atanll up to the eaai-riaa 
atre•••• placed .,_ tlle8. 

Caaipetitioa ia tlae 1raphica -rk-•tatioa .. rtat 
ia fierce. The JODD& caaipaaiea that - do.iaate the 
.. net, auch aa Su• aad &poll .. , hHe juat •-ed 
low-coat 115,000 waraioaa of their proclucta. Aaoll 
Apple la alao -rkiaa • a hip-powered weraioa of 
it• llaciatoah caaiputer (to lie powered bJ llotorol•'• 
68020 chip) vllich will caaipete for eaaiaeeriaa 
-rkatati• aalee. 

'lllere ie leu eatnmched caaipetitioa ia 
artificial-iatelliaeace vorltatatioaa. loatoa'• 
S,.itolica aella c .... tera tailored to raa Liep, 
Aaierica•a leadiaa artificial-iatelliaeace 1 ........ 
... lrerox offera • lorcoat Yenioa. lat there 
ia mo •t ... ard - eitller for Liap or for tlla machiDea 
da•ia-ad t~ raa it. Aad few caaipaaiea aae the Liap 
machi••· A receat aaner "1 Schubert Aaeociate• 
of ao.toa f _ _. that oal1 - ia 40 caaipaaiea 
experimeatiaa vitll artificial iatalliaeace plaaa 
to deliYar ita proar ... to ca•t08era oa a Liap 
machi•. 

Gold lill. aa .._ricaa caaipaa7 which aella Liap 
for •icrocaaip.tere, Ilea C:.•aloped aa 10ll6 board 
co•tiaa 17,000 which c .. ff pluued iato coa•eatioaal 
PCe. It hopee to •pur tha de•do,_..t of 
artificial-iatelliaeace piroar ... a1iaa it• aoftvare. 
lot, bOt1a•er popular the aev chip aiaht prG~• to be 
.... , aoftvare da•elopar1, thaJ .. ta up a ... 11 
.. rket. Aad there are too few artificial 
iatalliaaaca proar ... in uae to creat 811Cb ...... for 
tlle .-rful hardvara the7 raa oa. Uatil aucb 
pover-tauaarr proar- do bee- popular, 
80386-caaipatar• viii ~ ... ia ahaad of their .. rket, if 
aot of tlleir tima. (Tlla !c-iat, Z3 All&ut 1916) 

Differeacea are ahrialtiaa 

The differeacaa batwea the acat powtrful of the 
32-bit aiaico.puter raaa•• anll c .. atral unite of the 
.. iafr ... t7pe are di•iaiabiaa vitll the iaciraa1e in 
parformaace ... ator•a• capacitr of tba former due •• 
8UCh to techaoloaical facton aa to iacraa .. d 
c-rcid ...... • 'lllia, the ••er araater 
iatearatioa of iatearated circuit• aad th« 
utilisati- of apecialisad Cluaea that caa tra ... it 
tea• aad •••• • huadred •illioa character• per 
••coed, -k•• it poari•le to aati1f7 the •••r lliaher 
aip1 (aillioaa of iaatractioa• par 1acoad) ...... of 
• rliaatale vhicb la ••iaa .ore ... more iatearal 
office 1utC11111tioa aad diatrillat .. procea1i111 
•pplicati••· 

lomathiaa that illuatratea tllia tre .. ••rr well 
i1 that ia 1977 lml'• faateat .... 1, the 3033, vaa 
•-tlliaa like four tlm• more powerful thaa tlla 
YAX 11/7IO, whereat et prHeat the llM 3090/ZOO ii 
oalI three ti .. • •• faac •• th• YAX llOO. <11111&11 
lkal etia ... f9, 14 Jul1 1916) 

A aav kl .. of chaaiatry i1 out to dathiroae 
1ilicon H kiaa of the C09P"ter chip •ad put carlloll 
ia lea place. It'• called molecul•r alectr011ica, •11411 
it 8! .. to Ule or19aic molec~laa, iacludin& pia-nta, 
protein• ... pol,.ara, to carer out the t11k1 th•t 
allicoa •ad .. cal - parfom. luccaH, ahould it k 
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aclli•""• .., take 30 or -re yeara, but tlle aalH to 
tlle c.._ical i9d••try coul• top llO billion a ...... ally 
by 2020. Saye lobert a. aiqe, ""° heHa tlle .:eater 
for llolec•lar 11.-:troeica at CarM&irllellon 
Uni-raity (CllU), Pitta .. qh: •1t'a oaly a -tter of 
ti•. uri wrk aM ·- l.clt before -lee.tar 
electreaica vill laawe a .oticeabl~ impact.• 

llolec•lar electroaica t~• ita - from ita 
aae of oqnic -•ef'•lH to act •• the wirea ... 
avitcllea t ... t -It• 11p tlle aicroelectntaic c-i--ata 
of c_,.ter c:hipa. ..., altlloaah tlle i•ea of •ai .. 
-•~lea for a11ell ,.rpoaea .. y a ... farfetclled, 
nat•n •oe• it effry '8y. la fact, pllotoayatlleaia 
... electr011 traaaport, t1IO of aatare'a -•t 
importnt eaersy c-raioa •J•t-, •aJa 
Phil Sei•••• .. aaaer of -•ecalar aci-.ce at 
lateruti-1 laai .... Haclli-• \lml), Yorlttowa 
•iahta, •.Y., an "real-wrld ........ of ..._t -'re 
tryiaa to •o.• 

Twa factor• •ri•iaa aolecalar electroeica are 
tlle .... for aore ape ..... tlle reality t ... t apace ia 
rapi•ly becomi .. leas aYailable. 

Laat 7ear, for eA11ple, eqi-r• at lml -•• 
hiatory wflea they hilt the -aaltyte chip, a -ry 
chip with eaouan traaalatora to 5tore 1 •illioa bytH 
of iafor.atioa. lt'a llltelJ that, •-t'- vithia 
the ae11t •ec .. e, a 16-.eaallyte chip vill be 
.. YelopH. ht l6 -sabytH .., be the alti•te 
capacity for a ailiclMI chip. Por at that point, 
eYerJ .. able bit of ailicoa vill be coffred vith 
•icroacopic traaaiator•, rectifier• anll virea. ADJ 
further crovdi .. of c....-.u -•• abort-circuit 
thee. 

That.'• vhea oqaaic c..._iatry -Y play a role 
... carboa.., bee- the el-t of coaiputera, 
replaci•K the iaor1aaic ... icoaductora ailicoa 
a .. 1alliua araeaide. Nemr>ry chip•, aaya 
Scott &. Riekert, head of tha Pol,_r "icroclpice 
Laboratory at Caae Veatera aeaerYe Uai•eraitJ 
(Clewelaaol), _, be dPeloped that atore -..illioaa of 
bytea of infor.atioa,• aaol C1191'Vter1 that ara 
•thou• .... • of ti.ma• feater.• 

&fta if aolecalar electr,,.ica doe• -t 
reYolatioaiia COllpater deai111, the reaearch viii 
1urely paJ di•;dend• ln oqaaic clMaiatry. The 
cowcapt viii prHeat "•ary challeaaiaa iatellecc .. 1 
probt ... t ... t coal• lead to r ... rllably iatereati111 
aolation1,• ••Y• Jonathan s. Linolaey, aaaiataat 
profeHor of chcahtry at QIJ. LindNJ ... de, 
aoreower, that ahould the wllole att ... t fail, 
raaearchera viii •atill haY• 1 ....... a r ... rltable 
-t •""t ors•ic c..,....• a .. their pllyaical 
fnteracti .. a.• 

l•H•nhen are alre .. , plowi .. - ar_... for 
inataP.ce, Li .. .., i• defflopi1t1 - •t-t .. 97.c­
far ayatlleaiai• coapln orpaic c..,....a - a .. the 
c"-iauy to ao alona vicll it. 'Illa ayat-, he Hye, 
will lta _,....,. to tlloH - awaU•I• for ,.,cide 
... llllCleotiile ayat....... '°' ea .. Veater•'• lic .. rt 
la .. i .. tachaolasJ ..,,. • .,.. for •lecwlar 
dectr•ic .,,ucatloa• to _.. aa• .... or• tut •r• 
• tllCNH .. tiaa• faater _. -• _,,, .. ,.._ 
c-.ci-1-n. 

'Ille c .... ical i ... atry ....... •lao .... fie. 
Technical laaipt• (fort Laf!, •.J.) ..,.a tMt 
•• ,,1,1 .. •Leriala tut •Ila ., tlM - c011pWtar 
clti,. vfll retelt i• •i1 ,.,off•. 1"e c..,.., 
foracaau tllac by tlM ,aar 20SO, ,..,.... u earlJ .. 
2020, aalH of •lecelar elect,.•ic "9icaa <•Da> 
•ii 1 acc-t for 10 ,.,. c .. c el 1tlM coul c..,.,.,. 
...... ,. Tllot troaala&oa iato a •ll'tlalt In a11C•H of 
IJO HI Haa/yHI' for '8Yieoa ..,_ tritll larao -ta 
of ors--ic cllelticola. 
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S.- coapaaiea are -11 aware ot that 
poteati~l. QIU'a Cettter for llolecula~ =tectroaica 
ha• receiYeol •8'l'eral •illioo dollar• ia fanolias from 
Iml, Veatiashoa•e. h•t-• lludalt. Barria Coapater aad Baa•• Aircraft. And im a 1tacly iHaed laat J••r. 
Cortaaa lateraalional eatimatea that reaearch fandiaa 
for aolecalar electroaica, curreatl7 altcM;t 
1100 aillioo year, could reach ll billioa/year 
.., 1990 •••• 

Yet, reaearcller• of -lecalar electronic• do aot 
eapecl to replace ailic:on ... other iaorsaaic 
... icolllfactor• tot.lly vitb IEDa. -..,lecalar 
elec:trooica vill aot -h ailicoa technolOQ' 
ot:aolate, • ••J• aiu• • aiqe. lie doe• expect that 
IEDa will replace ... y de•icea nov ...Se with ailicaa 
•ad that the c...,iaation of tbe tw l~cbaoloeiea 
•a1toald reYOlationiae c011pVter .. •isa aad fuactioa.• 
(Ch-ical Week, 23 July 1916) 

laildiq board• 

llhea printed circuit board• (PCaa) firat 
appeared o•er thirty 7ear1 aso, they •aatly chanaed 
the electrooin wrld. llov, aev ltiaola of circuit 
board• are poiaecl to -p the iaolaatry oac:e a1aia. 
the aev hoard•, called -111ec1 circuit hoard• (~a) 
aaol extruole4 circuit boaria (ECSa), haft _., of the 
•- adYaatage.J over oriiury rc:aa that PCS• haft 
ewer hand viriaa •thoola. HCSa aad &Cl• an prowi .. 
to be aore r~liable aad haYC aaperior electrical aad 
aechanical propertiea. la ... , c••ea, the aev board• 
are leaa expea1i•• •• vell. 

"81tiag a PCll ia a relatiwel7 ti..e-coaa ... iaa aad 
l•bor iataasi•e taalt. A typical Loard cOQi•t• of a 
•-iaated compoaitea of fiber&lH• aad lheraoaettiac 
reain. The board itaelf fora• a aubatrate that 11e•t 
be plated, etched, drilled, aad cat. Each of the•• 
~aalta entails •e•ecal atepa or operatioaa. 

Oace a atandard board i• COllplete, retailll!r 
clip•, H•:lteta, aod atandoffu -at be added. The 
added ate,• aacl paru iacreaH the fiul coat. 

l'Cla ... ~. another diaadwaatase: their 
production ~reatea ph7•ical and cheaical vaate•. 
Drillins •r:.d catting operation• create plaatic 
tail iq• that ca-t be reuaed. AM etchina the 
hoard• pr .. uc•• ... d etchaat coatai•iaa lar1• aaouata 
of copper, vhich -at either be recOYered or aafel7 
diapoaed. I• coatrHt, llCI f1bricatioa ha• onl7 tw 
!.aaic atepa: aoldiaa and plati... Taite, llolea, 
at•~off•. poc:lteta, aod other fe•terea ere aolded 
t!liractly i•to the ltoar•, redaciaa c..,_.t coat. la 
aoae caaea, the circait• c .. be aolded directlJ iato 
a pr .. uct Hclna•r•, elieiutia1 t ... ....t for a 
.. ,.rata circ•it boar• or viri ... 

llCI• •• a •lffcreat t,pe of plaatlc thaa 
•taaolar• ........ eon ...... ,.,, ,..., produce •••• 
vaatc llec•H their acrap plHlt ic cu be rn .... 
Copper l,a .. tied to MCI rather tlw.I awatract .. 
(etc .... ) rr- ilt, creatias r-r c.._ical vane 
proH-. 

&atr..t.4 lloard• ... .,. aora ..... factari., ace,. 
tha• aolllod -•· llut ni!I llawe "••tap• owar 
l•i .. ted lloerda. loar• fatlricaci .. i• alaiplifi.,. 
ltaca ... l•rao ahaelta of rteatic are •U.,IJ foraad ... 
, .... cet co aiz-o. laateaol of •rilli•1 llol•• la the 
.... r•, ..... factaren oftn ... a pu11ell to,..,_. 
coeu. Planic acrap fr- ICI• e11• alao lie rau..,., 
... clle lll>oarJa i.a.. 8\ioPSrlor electrical aad aacllaaical 
pr.,.rt'-• c_,.re• tot"°" of l•i .. t .. .,..,, •• 

tlle •nufacceri"ll ad•aatapa of llCI• ... &Cle 
tr11Dalate iato l••• ••,..•i•• lloerda. .,.._ ...,.facterer 
pradicu chat bare_,._. board• will be 20 co 
JO per c .. ~ clleaper t"" -la4 c-lti-1 Pela. 



lesioles beiaa le•• e"l'f!••i"• llCll• •lso haft 
better diml!nsioaal accaraciea thaa stanolard boards. 
Role locatioa in -•t PCB• can 'IFary lly O.OOl ia. • •at 
the steel -lds used in llCI fabricati- •ll­
tolerances of ~.001 in. Molded ho~es th-dfts 
are also superior to drill...S hole• he--aase there is 
no chance of drilling debc~• beco-i"I entrap0 ed in 
the hole. Io contra•t. de•rh can preffnt hol•• frcm 
platiaa properly in ordinary PClla. 

llCS• •ad ECll• ha'IFe alao •ol'IFed a problea that 
plaaaes l•iaat...S boards; conducti'IFe anodic fil-nt 
(CAF) growth. CAF ~. the forw.tioa of a conducti­
copper campoaaol between the r~sia and alaH or paper 
l•inatea foaacl in standard boarda. CAf cause• a 
•reakd-. in hoard insulation. lloveftr. both -lded 
and eatnaded lloards are b-aeae°"a and. thua. 
'IFirtually i.....ae to the p~le.. 

llCla and EClls are -re re•istaat to conetaat 
ele'IFated teisperatare• and some hoatile chemical• tbaa 
coaftati ..... 1 boards. For example. some aaaufactarera 
are ••ins the boards ia eaaine co.part-au. vllare 
tetmperatares can reach •• high aa 150°c, and there 
is constant eapo•ure to aasoline and oil •olftnts. 
Ia addition. the plaatica used have a high 
resisti'IFity to electrical leakage, aad are a loorlo•• 
dielectric at llF and aicr-a•e frequencie•. 

MCI• also facilitate the uae of aurface -.at 
technology. Surfsc.--uated dewice• (StlDs) are 
~!niature cmsponeatc that do not u•e trsditioaal 
through-hole leada. 5"D leada aolder ~irectly to the 
circuit trace. Often, glue or reain holds the StlD on 
the •osrd until •olderiag ia c011plete. lut oa a 
con•entional PCI, the Sit!) re•t• ae•eral t~ousand~ of 
an inch aboYe the •ub•trate. The g•~ result• ia poor 
gluia1 and c...-eat lo••· 

MCI .. nufacturer• •olve thi• problea bJ -ldiog 
receHed pad• in the board for SHD teraination•. As 
a reault, the StlD i• closer to tne board and glue 
bond• are •troager. MCI• al•o offer fine trace 
width• and separation• deaaaded by Sltlls. Moat 
aaaufacturera can ea•ily produce board• vith 0.01 in. 
trace• and apace•; •ome proce1•e• have even finer 
re•olutioaa. And uaing a -lded board for an SMT 
circuit u1uall7 .. an• far fever bad bosrd1 becau•• 
the .old• guarantee high accurancy aad 
repeatabilit7. (Machine Deaian, 21 August 1916) 

MaaufsctorabilitJ of G.A• IC• iapro,,ea 

A atady done at Cigalit Logic Inc., reveala that 
galliua ar•aaida .. aufacturinc techaolo~J now clo•ely 
parallel• that of 1ilicoa fabrication. 

The atudy, carried out on lar1e lot• of CllAa ICa 
aa11afactuered by Gigalit, .. 11ured uaiioraity of 
Schottky 11te la111tha, pinchoff •olta1a1, threahold 
YOlta1e1, traaacoaductaace, •peed diatributioa, yield 
aad reliabilitJ A d.,,icu. 

The ltudy revealed that .. nufa~tura of Gat.1 IC1 
i1 llecoaing atable, reproducible proce11. Wafer 101t 
yield• froa IC lot• aanuf actured by Gi11lit vera 
reported t~ h8"a approached tho•• of 1ilicon 
.. nufactari• technoloay. "What - haYe •h- i1 
that ve h .. a a 1tabla prnca11 that i1 .. nufccturabla 
alld vill produce 1ufficieat yield• to aake the 
product• va are plannin1 for the future", 1aid 
lryar.r Velcl1, wi.:e preddant of aam1facturin1 for 
Gigatic. 

U1ing cha ra1ulta obtain1d through tvo ya•r• of 
cC11111Srcl1l ••parlance, Welch, Dr. Dawid Jel1on and 
fie-0.r lllea of Ca111h authored a paper titled "GaAI 
lntagrat1d Circuit Technoloay C:0..1 of Aae", which 
.. , pra .. acad by Walch at ll!! Cu1toa lnta1r•t•d 
Clrcuiu Conference la May 1916. Jellon, aanagar of 
da•ica techacloay f0r Gl111it, believe• cha 1tHulu 
prowa Chat the door 1ia .,.. for 1f1uture iaprow-nu 
in the dHip of ~" IC1. , , , 
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Ia the paper pre•eated at tile Caet- Iatqrated 
Circuit• Coaferaace. the author• poiat oat that early 
efforta at GMa IC -factariaa tecllaology coald not 
be aeasured aa•i••t tr .. itional 1ilicoa ~taedarde. 
"C.A1 .. fer proceniaa -1-• vere liaoited Hcr20 
vafere/veek), y:eld• vere ..apredicatable, reliability 
•l•oclarda did -t exiet aDol iDoluatry etaDolad 
--factariaa .. thollologiea vere -t anlicable• • tl>e 
author• vrote. •siace CaAa -teria!I. proceHea ... 
l.P • deeir.n nle• vere -like ailicoo, earl.t 
dewel....-at effort• did llOt capitalise oa early 
ailicoa IC approachea.• 

•i.- pointed to tbe jaap to l ~ •• GaA• vafen 
aa - of the -•t iaportaat dewelopaeata to aid 
--facturiaa tecb!IOlOIJ• •s.,,.ral yean aao, you 
~ only 2 ia. GM1 vafen• • he aaid. ...,oo jaat 
caa't lauy aodera equipaeat aa,-re co baDolle 2 ia. 
vafera. So, one of the •iueat probl ... ia tbe 
.._eaeat of Gale -factaria& tecbaology ba• been 
-.ipaeat. As •- •• ve -re able to daaip oar 
•t-oceaaea around 3 ia. wafer equipaeat. ve -re ia 
-h better abape.• 

Traditionally, c.Aa IC .. aufactoria1 technology 
baa bad to deal vith aeYeral uaiqae prc•1 ... aaoaa 
tbea, a repeata•le capping tech-loSY rad a lack of 
ia--depth uaderataDoliaa of the eeai-iaaalatiaa 
-terial. 

Ci&•lit'• cappiaa technology iawol~e• a this 
1puttered SiJ114 fil• depo•ited i..adiately afte~ 
cleaaiaa, etch:ag aocl d~elactric depo1itioo. The 
~•P •erTea three purpoae1: (1) it pr~•~nt• 
decoapo1itioa of Gat.1 dariag aanealiaa C&SO°C); 
(2) it pre,,ent1 forw.tioa of free eurface 1tate1 ia 
the channel betveea the gate aacl draia or 1ource; 
Cl) it prewent1 perforeaDC& degradation ower long 
~riod1 of ti•. Shea, -aaaer of proceH 
eaaioeeriaa for Ci&alit, atate1 that tlle capping 
technology va1 a key dawelopaeat i~ obtainiag a 
repeata•l• proce••· 

Early oa, material probl ... al10 bed created 
di!ficultie1 and engineer• o1ere at • lo•• to 
4eteraioe whether liaited dewice yield• vere due to 
.. terial or proceaa problc... Shea aoted tbat 
en&inaer• at Gigalit vork clo1al7 vilh D1terial 
vendor•, pro•iding ci .. ly feedback oa VIUlt i• 
acceptable quelity aDol what aatarial1 are critical to 
da'IFica perforaaace. 

Aaotber cf the probl... eac°"ntered in 
dewalopaaat of a repeatable C.A1 IC aaaufacturiag 
proc.z11 vaa, ••ry aiaply, the luraiag curie. 
lacaaae c-f'ial GaA1 IC1 ware fir1t introduced in 
'984, and bacauae fabrication techaiqoe1 -r• often 
wa1tly different froa tho1e of 1ilicoa. the 
techaoloay ••• 1ti\l YOIAll and uadawalopad. 

Gi1alit'1 report atata1 that practical 
c011Darcial productioa ba1 ••ea realised through tna 
u1a of hi1h quality 3 ia. CaAa wafera, ca11atte-to­
ca11ette proca•• equipaant, direct 1tap vafer 
photolitbogr•phJ 1ysc ... , dfJ proca11i•1 tecbaiqua1, 
par ... cric te•t equipaaat, autoaatic packa&iag 
aquipaaal ... CUICCID CaA• hiah •pa•d ta1ti•1 
1y1toaa. The author• report th•t •• day-to-day 
wol- production of llSI circuiu MOO 1aCH) 
reached lewel1 of greater thaa 100 wafar1/vaak, tha 
procea1 1tabilissd aad 7ield1 iaprow•d· 

CaA1 device yield•, •• reported by tha Ci1alic 
engiaear1, ha•• bean 1urpri1ia&lY clo•• to tho1e of 
1flicon dcwic••· Oa de•ica1 approai .. :ely 
28'>0 ail2 in aLea, v1far •ore 7iald1 up to 
73 par ceat tNre cxparieacad, vlth OI par caftt yiald1 
on the ~••t wafer. Yield• vera owar SO par caat oa 
lar11r, aora 1ophi1ticatad C.200 1ataa) lnalc 
da•ic••· Although tho•• fi1ura1 •r• ltalov tho1e of 
•ilicon, the author; point out th•t 1illcoa IC 7leld1 
ue often blHd Oft Z·~· 1•-triH for .. cure 
fabrication tachnoloale1. 

• 



• 

"For the •tarity of the ted•-Jou. ue •re 
doiq wery vell" • expleined Welch. '"Ve are fer ehead 
of tlbere ailicon de•icea were at a comparable time. 
Of coarae. •- of that ia •- to the eqaipment that 
ia a•ailable today. •• oppo•ed to uhat vae a•ailable 
for eilicon ten yeara •&0· lat •• ve .. tare. l'\lr 
•ielda vill continue to improwe an.: ve already hawe 
yielda in ~xceea of vhat moat people eapectecl.• 
(Reprinted vith per.i•aion from Seaiconclvctor 
Internatioaal 1ta1aziae 0 (Joly 1916). COpyriaht 191~ 
by Cahaera PubHahiaa Co •• Deo nainea. 11. USA) 

lev techniqae for 1alliU11 araenide oiagle cryatal 
prollucuon 

Toahiba Corporetion has dewelopcd • ncv 
techni~ to produce high-P"rity homogeaeoua gellioa 
•raeaide oiaale cryatal• (l iach in diameter). Thia 
proceaa .. kea it poa•ible to di•pcn•e with the 
eddition of i~di .. by liftiaa cryatal• fra. a 8elting 
faraace while applying in~enae .. gaetic forca of 
l 0 400 g•u••· In the conwentioael proce••• iadiU11 ha• 
been added in order to reduce uac.e-.eH in 
ca.poai::fon. IJ the dewelopme11t of ::be aev 
techaiqae 0 it ha• bee- poHible to i.,rowc the 
yield of 1allioa •r•enide •iBKle cry•t•l• •ad to 
.. _.facture 50-60 wdera fra. a l ltg aingle ci ··•tal. 
lt haa ..tie poHible ..... production of galH • 
•raenide0 which i• a pra.i•ing .. terial for 
nezt-geeeratioa high-apeed tea. (Ch-ical 
Ec!DC119f 6 EngiaeeriDJ Rniev. (Japan), June 1916) 

ProareH of the IOlt compact diak 

ileapite the alow take-off of both profeaaional 
and home ••le•, the popularity of the CD-ROH (read 
only ..,..ry) C011pact di•k, c•pable of digitellJ 
recording •ourad, data and i .. gee, appear• ••sured. 
There has been great progre•• in its •tandardiz•tion, 
IllM accept . ., the atandard• and has annouaced the 
forthca.ing relea•e of a re2der that viii co•t 
US$l 0 600. It i• already pos•ible to u•e the a-.e 
re•drr connected to audio and infor.atic• •J•tP.81•· 
Moreower, •uch reeder• ere • gooci elternatiwe for 
locally di•tributed detabe•e•, a• opposed to tho•e 
acce••elf by telecom11Unication• network•. 

Standardization of the CD-ll(;M involve• both the 
equi,...nt •nd the org•nization of the infor.ation it 
contain•. which .. an• that aicrocoaputer• with 
different operating 17atea• can 01e a cClllllOll reader. 
Within the High Sierre group, a con•ortiva created in 
October 1985 which group• the 13 .. ;or firu iDYol•ed 
in CD-ICM• (-g vha. Apple, DEC, Hitachi, 
Microaoft, Philip•, Sony and lit), an agreeaent ha• 
been reached to •tandard\se the di•lt'• "index" 
forwat, the •trvcturc of the file• and their 
di•tribvtion on the di•k. The re1ult1 have been 
aubaittcd to the pertinent ataodardization boclica for 
approYal. 

Hitachi ia already •elling Iara• nUllbcr• of a 
cuapatible reader for ~audio and CD-KOii. Philipa, 
the innntor (!If CD-KOii, and Sony arc preparing a nev 
aencration ~f ~interactive reader• equipped with 
intelligent •J•teaa with a Motorola 68000 
aicroprocc1aor, vhoae operating •1•t .. i1 contained 
in a aOtt and with apecial audio and video procanon 
that can be connected to the tclcwiaion act or to a 
high-fidelity au•ic chain. 

ruur h~ndred different product• are now being 
offered in the USA aupportcd on CD-KOlla: 
enCJClopaedia•• bibliOJraphie•, 8800 frae COllputer 
proar ..... on a aingle dir~ and, datab•••• thac offer 
the u••r aore COllplcta suidins .. nu• than thoaa 
conaulte~ wia telccctalllr.'licationa and vith better 
ra•pon•L tiac•. The price• of auch reader• do not 10 
H hish aa ust2,ooo. HOVffcr th• Hctor' • bottleneck 
conti-• to l>e the l11sh produc-:ion coat per dhk 
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which ia atill .. king acce•• to thia focm of 
di•tribution difficult for the modeat purwe1ora of 
data: US$l 0 400 to US$14,000 to prepare the data 
US$4 0 400 to produce the uster copy and. US$2.5 per 
copy priating co•t• vith a •iai .... i11ue of 
100 copie•. (IIIPRESS Bulletin Ro. 95, 
Z5 Aquat 1916 

US •-iconductar .. rket will pick up in 1917 

US .. ritec b'IOltings far •-icoodoctors juaped 
-re than 70 per cent between October 1985 and 
April 19860 gettina the current induetry rcccwcry off 
to a atroac start. Unfortunately, this rise was 
interrupted thi• •pring when veakneas in the overall 
US ecODOllJ, and e•pecially in the capital equipaen~ 
urkeu. cauaed buyer• to ree•aluate their purcha•e 
reqt1irementa. losiaeas i• expected to reaaia 
relati.ely flat throuah the •....er. before 
accelerating again'in the fourth quarter. llovewer, 
US •eaiconductor •ale• are e:qtected to po•t an 
OYerall gain of 6.Z per cent to $1.6 billion for 
1916, a velc- iaprov..,.nt from la•t year'~ 
lO.l per cent decline. the urket will clillb 
1teadil7 in 1917, for a foll~p gain of 
19.7 per cent, •nd then grow nearly JO per cent in 
1981. 

atip prices continue to clillb 

A price freefall in 1915 haa giYen vay to 
firming or ri•ing price• in uny aegacnta of the 
•-icondu~tor industry thia year. Upward price 
pre••ure• began to dewelop laRt fall when custa.e~ 
.. rketa •tepped up their purcha•e activity in order 
to repleni1h depleted inventorie•. Although deaand 
•lackened 109ewflat in aid-1916, order• 1hould start 
to pick up again thia fall and ri•e •teadily during 
1917. That will pl•ce additional upward preaaure on 
price•. For •••.,le, digital bipol•r IC price•, 
which have risen 6.9 per cent aince apring 1985, are 
expected to ~~iab 15-20 per cent aore during the neat 
12 aontha. Price• for digital MOS lCs, which 
bottoaed out la•t Deceaber, have ri1en 8 per cent to 
date and ahould hold f ira for the next aeYeral 
quarter1. Linear IC prices hawe juat reached a low 
and are forec••t to increHe 7 per cent during tte 
neat 12 aontha. (Keprinted vith peraia1ion f roa 
Semiconductor International Magazine, Auguat 1986, 
(c) 198~ by Cahner• Publi•hing Co., De• Plaine•, 
II., USA) 

In the l•t~•t 1urwe7 of CAD/CAM, CAE •J•te•• and 
vendor• by Dari.tech, !nc. (Caabridse, MaHachuaetta, 
USA), the urket research coapany atatea that 
vorldvide uaage of CAD/CllH, CAZ, driven principally 
by peraonal cciatutcr-baaed unit• co•ting aa litr.la •~ 
$5,000, ia growing at an aatoundina rate of 10,000 
unit• per month. 

Rovewer, ateeplJ declining unit price• and 
cautiou• capital apendins, particularly for Iara• 
•J•tea confisurationa, have alovcd 1986 indu•try 
revanuea, nov foreca-t by Daratcch to reach 
t4.3 bitlion, a srovth of 22 per cent down Ira. 
24.6 per Lent in 1915 and 55.6 per cent in 1914. 

11.natcch aoe• on to HJ that, "H sale• of 
lov-co't CAD continua to akyrockar, and more and aor• 
uaera find le advancaaeoua to co-nrdin~te aajor 
CAD/CllH, CA& •J•t .. porch•••• with requir.aente of 
their peraonal coaputer in•tallacion•, le•oin1 CAD 
vendor• are aeeing their buainc11e• increaainslJ 
influenced by requir ... nt• of per•on•l coaputer-baacd 
ayat .. • aupplied by third parciea. Ulci .. t•IJ, if 



tlai• tnod contimaea, pera-1 c..,.ter CAD .oftvan 
nppliera coal .. fiacl tbemehea ic control of a .. jor 
••peat of the .. rltet.• (laduatrial World, 
&.pat 1916) 

(Financial ti-•, 17 April 1916) 

Autoeatioa iad1at9 facH a ahriakina .. rut 

General Moton Corp. ia pulliac back fr- its 
pre•iou•ly •11re1ai•e autoeatioa procr...e, and thi• 
i• rockiac an incluatry that at be•t va• only 
ata11erin1 toward profitability. The retrenchina at 
CH ia expected to affect Yirtually all the player• in 
the iacluatry. Companie• that are cloHly tied to 
autoeaker• vill be hit harde•t, but tho•e vboae .. in 
bu•ine•• c-.a fr09 other iaduatrie• vill be affected 
in the lone ten. 

The -at pr-iaent victiD to date ia Qlfaauc 
aobotic• Corv., Tr.,,. ~ich. After loainc $88 Dillion 
in CM buailMI•• it had expe~ted to •hip ia 1986 and 
1987, the c-.•ny announced thia DODth that it 
intend• to cut back it• workforce by one-third by the 
encl of the year. CMraauc ia • joint ffnt"re of QI 
awl Fanuc Ltd of Japan. 

A nUDber of ce111paniea alDD•t certainly vill co 
out of buaineH. In the .. chine-vhf.on Hpeot "' 
the induatry, for ex..,le, •ODe 100 CODpanie• are 
cha•inc bu1ine11 that vill be vorth about 
tllO Dillion thi1 year. ly 1 January 1987, there 
vill be only fl'Ur or five pure •i•ion coepanie1 that 
are in any poaitioa to do bu1ine•• for 1987. 

The need for ~·:hnolocical procre•c i• 
under•eored by the rea•."111 for CH'• pullback: 
•pparently, automation tLrned out to be a lot Dare 
difficult then the a"t-ker expected. Thouah CM 
vill ••Y only th•t "our plan• on the r•te of 
i.,1 ... niation are not •• a11re•1l•a e• they once 
vere", other aource• ••y the coapany took on too 
auch, too •oot1."CM creatly undera•ti .. ted the aDOunt 
of red ink, tiDe and per•ia1ence required to .. It• 
autoaation •y•t .. a vork", ••y• one executive vllo1e 
COllp•ny ha• worked clo1ely vith Cit •••• 

Moreover, Cho1e 1y1t ... that have been 
iapl ... nted ha•e not paid off •• v.11 •• expected. 
The co•t differenti•l between ~I •ad J•pane•• 
.. nuf1ctu~1ra doea not appear to ba reduced by 
aut-tion. 

Diaappoinc .. nt vith the 1y1c... th .. 1el•e• i1 
not the only factor in GM'• pullback. llusciah 
.. r1tet1 and • c•ner•l cutback in c•pital 1pendin1 
al10 played a p•rt. TJia bulk of theaa cutback• ~re 
in the era• of •1 Diltlon-plu• contract• for aew 
Y1nturH. LeH aapena'i•e projecu haH not been 'hit 

- 8 -

aa laan - tM •rbt for retrof itti• prod.ctioa 
line• vitla qiai,...t coatiag tuo,ooo to *400,000 ba• 
reaai ... fairly ate .. y. (aepriated froa Electronic• 
v.elt, 21 Aaguat 1916, (c) 1916, llcCraw •ill tac., all 
npu naened) 

Cravtla atall i• US robotic• i ... •tri 

(Electronic•, 21 Auauat 1916) 

lurore'• di.ta 

The top 25 CODpaDiea in the European .. rket laat 
year bad rH.-a tot•lins t34.5 billion, up 
21 per ceat in dollar• OYer the year before. 

Aa Hual, the rne- ranee betveen the firat­
and laat-place fine i• nry broad. Top-raaked 1111 
pulled in a na11erins tu.• billioa, vllile 
botl~Ulll Atl40tic Co.putera chalked up 
•219.5 Dillion la 198~ European c~ter ••lea. Aa 
val the c .. e in our 1914 •u"ey, Iii lloe'• Europe•• 
dp Hlea reprHeated 39 per ceat of the c_.,ined 
rneaue total. 

The Eoropean dp Dlrket, vhicb baa alvaya 
experienced ..,r. -4e•t but •teadier crovth thin the 
US, auffared much lea• ia 1985 frOll the ao-called 
dump in the COllpUter budneH, Thia b reflected in 
the healthy 21 per ceal j1111p in c_.,ined rn-• of 
the top 25 c011P41niea. llecaat D1rltet au"eJ' indicate 
that the European dp bueineaa crew by aore tbaa 
IS per cat lHt year to vell OYer t4o billion~ the 
cODbinad re••-• of the top luropeaa 25 account for 
16 per ceat of tba &urope•• COllpUter buaine•~· 

0::: area that did e•pecially vell vaa eoftvare 
and ••rvicea. Accordinc to the &uropeaa Co.puter 
lerYiCH AHociatioll (ICM), tile &uropean COllpUter 
•erYice• and •oftvare boainea• ia 1985 vaa vortb 
$15.lt bilU.oo, up 22 per ceat oYer tile previoua 
year. Breaking thia dova, paclta&ed 1oftvare 1otred 
32 per cent, cuatOll aoftvna alld coaaultaacy arev 
23 per cant, •lld proceali111 HrYW• laclaed up a 
llOdeat 10 per cent. 

Tha federal llapubh: of Genaay apaat the moat 
on data proca•ain1 duria1 1985, followed by tile other 
D1jor .. rltete ia the UK, Jraace aad Italy. 

The atron1 urket in rha federal a.public of 
Ger.any helped the country'• 11adia1 dp COllpeDJ, 



.. 

• 

Si-, bol• - to tM 1111•er two ... iti- ia tM 
lft5 raalii-a, witll ~•of 12.I •illi•. At tile 
bott- of tile cllart, the -• of tM ..... r• my 
...... c .......... t tile 1219.5 •illi- .._ 
tlln•llol• for --.nllip ia tile top 25 ct• •t.,.t 
al ... t tlle .... a• ia 19114. 

l.eHi9 l.anpeea •p c!!!IP!!ie• 

1 Si-a• N; 
2 Iaa.C.Olifttti 

' Co. S.P.A. 
3 Gr..,. .. n 
4 •••• Plailip• 
5 lidorf Ca!pater IS 

6 SIC plc 
1 L.N. l.ric••-
1 c:o.,.aaie Cfafrale 

d'Electricitf 
9 lriti•h Telec• plc 

10 9o1U-1ea At: 

11 lecal Electl"6Dic• plc 
12 BASF 
13 ..... _.. N; 

14 Ferr•ati plc 
15 lank lern 

16 Ple••e)' Co. pie 
17 C.p C:..ini saseti 
11 Atlantic eo.,ater• pie 
19 lor•k Deta AS 
20 loki• Corp. 

eo..at2 

Italy 
Fraace 
letllerl••• 
nc 

Ult 
s-.ie• 

Ult 
Freace 
Ult 
lorv•y 
Fial•• 

Vorlll­
wi•e 

DP rew 
<t •ill) 

3 265.0 

2 637.7 
1 794.5 
1 365.6 
1 339.9 

1 330.I 
1 232.1 

479.0 
455.1 
452.9 

310.1 
357.1 
35~.7 
212.1 
270.0 

250.0 
245.1 
224.4 
219.1 
217.6 

IIK l11r!!!'• -jor -rkeu 

1985 Locel 
total z later-co. ••l•• 

rew cheaae tr•ader re• 
Count2 <t aiU in ace• <I ailJ (fail) 

Fnnce 4 1113.4 13 1 920.2 2 263.2 
nc 4 500.0 17 l 693.5 2 ll06.5 
u.i, 2 241.5 17 707.0 1 534.5 
letherlend• l 032.5 26 356.3 676.2 
lpein l 1211.9 31 519.9 609.0 
lveden 1146.4 25 354.1 492.3 
OE 3 901.3 30 2 0211.2 l 173.l 

I CS 
act••l 
accta. 
carr. 

20.1 

42.4 
11.5 
13.4 
20.5 

10.0 
14.l 

10.3 
IA 

19.7 

-14.7 
23.5 

7.0 
10.3 
13.4 

10.3 
22.2 
94.4 
311.11 
24.2 

19115 
net 

inc-
<I ail) 

322.1 
2119.11 
250.3 
100.6 
121.11 
66.2 

394.9 

All fisure• include t1pewriter •••••• which hawe bean 
deducted fr• Det-tioa luropaail 2'i curt. 

• Actual .ccountins currency. 

(loprinted with perai11ioa of Dat ... tion 
,,.aasiae, l A111u1t 1916, (c) hJ techaicai Publi•hins 
C..paftJ, A. Dunn and lrad1troet c:a.p.ftJ, 811 ri1ht1 
rHenH) 

llothodol017 

for thh 1urwey, Europe f.acludH Au1tria, 
lol1i1111, Det1D11rk, Finland, France, fedaral lepublic 
of c. .... ft)', GrHce, lrallnd, u.1,, Lux.-...r,, the 
letherlalld1, lorueJ, Portupl, lp•in, lwd•n and th• 
Ult. 
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Dp-rolat .. re- ia •fi ... u a-nl ,_,... 
•r piroAcU .... •nice• a-rat .. '7 - or _.. of 
the follori91 cat ... ri .. of -.i,...t: •iaf-•, 
aialc...,.ten, office.,,.~, .. ta c-i.cat1-, 
peri.-rala ... temi-la, •ofc:-re _. •nicea, _. 
•i•t-e ... repair. !Kl.._. are .. te 
tru-b•i- or "loa.•ic• .. rwice• ~• frea 
apecieli ... c- carrien, et .... l_ electreaic 
... -a cen typewl'iton ... •taaolal- eiectnalc 
cub roai•ten, 1-t~tati-, •mcam61cton, 
priat .. circait ... n•, .. t_t .. teat ... ifaeat, ... •r a.,.u .. , wit• ti.. acepti- of ..... de ... b foor 
'l•k ... tape •rhwa. All peripMnle t!aat attadt to 
a 8J'8t- ar. iacl..... For c..,.te~ 
-fectorias •Y•t-, ._. •• c..,.ter-coatroll .. 
aaclli• t .. la, oaly c..,.tar ... lirncopJ .. t,.t 
..wicea are iacl ....... DK tllo t .. i. t...._\ ..... 

All reft- aad earaiaa• fipre• ......... 
.. j .. t .. to cal ... ar :pear calcalati.aa8. All loropeaa 
c...-, fipraa -rec-rt .. to us .. nan, •i-a 
OECD eJIChaaae ratea. 

ATE-Al partnenhip 

Artificiel iatelliaeace ia ui ... i91 ita role ia 
tile -rld of teetiaa. a-factaren of aat-tic 
te•t eq.i,...t ere -iaa ...,.,_ ••• fint et.,. .. 
the eatabliallaeDt of i.-ledse -. ..... aad tlley are 
- fuhioai11g practical a•t-tic teat ... i,..... 
(ATE) a_,.rt ~y•t .... 

Al faacti- •acb .. deaipiaa •• llaildiaa 
teatability iato wery larae-1cal• intosrat .. 
circaita, eatebli•hiaa espert •y•t ... •• 11aiaa Chea 
to piapoint feult•, ead creatiaa dbaaaaric routiae• 
to •oiff out failure• ia te•t eqai,...~ are beiaa 
esp••- •ad refined far lleyoM their fint 
iacaraatioa• in tHties eqaipaeaL. Jleu applicatioaa, 
aaoaa thea autaaatic•llJ coafisurioa te•t •J•t ... Lo 
~rfora •pecHic tHka, are beioa deweloped. AM 
•-of the aev appiroachea are aettiaa Ht to_,,. 
out of the lab and into tile -rketplace. 
C&lectroaic•, 4 Scpt .... r 1916) 

lipolar c-• •Ii•• •1•ia 

Bipolar tochnoloSJ' ia oa the .owe a1•in, 
adwanciaa rapidly iato 9LSI aou that it ha• owerc­
_., of the •caliaa proitl- tbat coati- to bedewil 
MOS. Gae sood i•icator of the iacrea1ias _, .. 
i• the __..r of aau procHHI boias _,, .. to 
pr•uctioa. 

Another •aaare of thia re.uraeace h the 
reaurrer.tioa of th• lipolair Circuit• a• Tecbaolo11 
lloetin1, a 1•tlM!rin1 of bi"IOlar technical •peciali•t• 
that baa boea •iHias fros the calendar dace tile 
aid-19608. 1,...ored '1 the Iaatitota of llectrical 
aad Electronic• lasi .. era, it uaa held i• Mi .... poli1 
io lept.-.r. 

Tile iaaowati.OD• and eolutiona that re1ea"her1 
will d••~ribe are tba IM"V 1uidepo1t1 for tile 
LechaoloaJ, which ia iacroa1in1l1 fiadias it• 
1reata1t ..-.r of applicatioo1 in tha hip-4nlitJ, 
hip-perfonaace end of the •rket: precllioo -loa 
•ftd ••CJ higb-1pead diaital circuit•. AINI thi• 
•treaatb ia buil•laa ... n •• •ipolar'• •hara of tlMi 
total intearated circuit -rket •iaiai1hea. 

Accordias to conferaace ~haira.n Jrha Shier, 
dowice ••ineerlna •aaaar at 9'i'C I11e., a1-1.,toa, 
Mina., "Owerall, bipolar i• a •hrillklns fra.;ti.OD of 
ell IC: 1hi,..at1, dropplq fr• 44 per cent of tha IC: 
total la 1915 to about 35 per coat ia 1990. Bat 



wi .... llf itMlf0 •ipolar ia • bllilatr, wit• 
ta.4 •U!im la - _,a c111• rt -1 aRlllP 
rate •f lZ.J per c.a.• 'niia ar-r• -1• lie 
bipnaaiw, .. ..,.. llf a1-t _, atallAd nce,c 
tllat et die .. •rat. •ic• ia iac-i .. 11f 
22 ,.r cat a ,..r •••• (lepri•t .. fra. IUectnaica 
-.~ 4 s..t ..... r 1"60 (c) 19116. llcCr.- •ill LIC. • 
ilrripta -"6. 
·-..... -ftwue: a tn:•is •rbt 

Tiie ~er aoftware ,_....... i.._t'IJ ia 
fla.rl .. U.. _. it• ~ ia tile pnof diet ... ,_a_ nil .... to -~te ·.u .. • "'8J8 of 
--'ti•• - •tter ._ •i.- t11eJ hliew t"-ebea 
to lie. If. daat ia0 die -1ca are ria•t • .._. 
competen wen laqe. aaloen- ... ..,...i _ _. 
tlierefore __. -ly ., die laraer corporatiaa. 0 tlloae 
ccimpaDin ilail aoftwan vrittea to .. it tlleir everJ 
little •id. &a a •t ... of Hvelapi ..... i_a 
aofrw.~. it re .. lt .. ia ntiafiel cat-n 
<-t•lly). ht at a •• coat llootll la cuh ... 
tiart. 

A.a the coat of .. dotan fell vi~ tlle 
iatroiwcti- of ai•icaapaten - clle-..r • aiapler 
ht vit• aaaJ of tile capabilitiea of .. iafr ... • -
it 11ec ... olwi- t .. t tM ec~c• of aoftware 
prod11Cti- -1• .. .,. to chap. Tiie •iai itaelf 
•i .. t coat £100,000 or le1a; • caat--"-ilt 
prear .. aaite of aoae caapleaity •i&lat eaaily coat 
tlle-. 

So tllen waa .. irnaiatible loaic i• crear:ias 
aeaeralised aoftvare proar ... tllaich coal• be applied 
to a lnllllles of differeat coaipaaiea for taallta •-=• aa 
pa:JrOll, ace-ta receiYable aad ao oa vir:b -ly a 
•iai .... of alterar:ioa to aait tbe qairka of tlle 
iadividul coaipaaJ. Vith tlle iatroductioa of tbe 
1....-c:Olt ... iae•• •icrocamputer, the paellas• caee 
iato it• owa. There we• 1iaply ao loaic ia ..... iq 
$10 0 000 to have writtPD a apecific piece of •oftvare 
wllea, produced H a paellas• aod 801d to baadr .. • of 
caatoaer10 the aaee aoftvare •i1ht coat oaly $500. 

Today, three c•te1oriea of 1oftvare paellas• are 
aeaera\ly diariapaialled. firat, a7teaa aad 
atilitiea. 1heae ;>ackaae• iaclade operatias •y•te.a 
(the co.,les proar1111 which direct tbe iareraal 
worlliaa• of a caaputer ... deterai11e it• relatioaabip 
vith the oataide world) a .. caapilen aDd aHalllen 
(proar ... which traaalate betveea hi&h leYel or 
la1liah-like laaaua1e• \lllller•tood by proar ..... ra aDd 
the atarll patteraa of pvlte• of electricitJ 
aadernood bJ tu c01LpUter). 

Sec ... applicatioa1, toolt, aoftvare. Tbit 
iacl .. •• all tltoH proar- llhich .. k• ft poHible 
for tlle c..,.ter to .. Ddle applicati ... effectivel7 -
••t• _... .... t aoft.,.re, for ez..,1 •• 

Thir•, •PFlicatioa 1oftvar1, proar ... which 
car'IJ oat tlle taak - or - of ltbe tatka - for W.ich 
tlle c .. t_r "°""'t the c..,.tar. 

Packap• of all lthrte kiDdt are hilt by 
h•r•wara .... ractar•r•, bJ •1•t ... hou••• and bJ 
aoftware ........ 'lhe1 are .. ilt for all aiset of 
-hiaaa. A •ior fiu11eial pacu1• for • "ii 
coapallJ to rw " • •i•fr ... •i .. t coat $100,000. 

A pacllap writt•• to n11 " the I., PenOMl 
Coapater or - of itt "cl-•" ( .. ti .... aDd .. ut 
., -tiler -facturer to rw tlle •- proar- •• 
tlle 1111 ori1luJ) will al .. •t certaial7 coat l••• 
, .... t500. 

I• Vettem larope, fl,ure• fr• the coaaultaac1 
laterutiOll8l Data Corporation '1"'' thtt the 
...... t for packapd aoftwaH ltH S.2 btt in 1995 aDd 
that h vi ll ll'OV bJ ._,.,... 21 aDd :JO per cnt nary 
r••r ., to 1991 ..... itt total ••1 .. viii be 
S24 ... • • • (fi-ial Tim•, 21 June 1'16) 
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'Ille pKllapti aof twan .. n.c ., camtry 
witll _,_. ia .. 

C:O-C!z: IMS , ...... "" 
!'edenl ..,..lie of 
ea~ 1 157 22 5 492 

rr- IEO 16 3 769 

• l 142 u 4 769 
ltal7 579 l1 2 10I 
Westen hnpe S U4 24 ll7 

!!!!!!.: DIC 

(fiaaacial Tiarta, 27 J,... 1916) 

Japan !J!t t• le., i• 4-..auit -!J claif! 

l ... a:. 

23 
16 
ze 
l1 

Alt ...... ..,1e •hi,_.u of 1--aahit -rJ 
cbip• ._.,. .. 1y j .. r ....... J..-ae -'c...-Ctor 
atken an already jocbJiaa for p01iti• i• t-
4-.ea••it ....,ataliea. Tiie coapetitioa ia ttif f ... 
the race i• cloae: •411 t• Ha .!apaaeae .... n an 
at aboat the •aee lCftl techeoloaicallf", HJ• 
Shiro 8ori11ehi 0 •irector of llataaahit• Electric'• 
Advaac .. Dnicea Laboratory. Probably the oal7 clear 
viarrer ia thia iate ... riwalry vill be .... rJ '9yer• 
a• pric•t for .. 1abit chip• t'!lllllle ia the face of 
fierce caapetitioa. 

llach ~f the tecbaoloay ...... for 4-tlb dyaaaic 
raada9-acceat aeaoriea (DmAlla) it already lcaova ao 
1ucce11 vill ... , likely coae fr- r.efiaiaa uiatiaa 
deai1u a., iaprowiaa productioa prf>Ceaaea. 'Iwo 
Japaaeae coaipaaiea, IEC ... Toalliba, .... alr ... y 
bailt esperiaeata\ de•icea aad preaeat .. papera oa 
tbea at the 1986 lateraatioaal Solid-State Circuit• 
Coaferexe. Tbe reat are not coacediaa •DJtbiaa. 
t"-Ch: • ...., time the othen atart prodaciaa 4-tlli> 
chip•, we'll be r ... y to •t•rt", aay• llatanahit•'• 
lori11ehi. 

lloaetheleH, the techaolOIJ of the 4-llb DmAlla it 
ttill far froa roatiae. l'loat critical it tbe 
capacitor uaed ia the .... ry cell• to ator• the 
el•ctric chars•• repreaeatiaa bits of data. The 
flat, or "plaaar9, capacitor.a ia early, lov-deuity 
iat•1r•ted-circait .... ri•• required • •~b•t•atiel 
1110V11t of tu chip'• aurface area. Aa the aualler of 
aeiaory cell• i~r .. ted, capacitor aise aad circuit 
liae vidth had to ._ decreat... 0.. probl- vith 
1tlli1 approach vat t .. t .. tu upaciton ahr.U, 1tuy 
..re ao loaaer able to atore auff icieat char&•· And 
11 circuit Uaet bee- .. rr-r, tu7 bec­
iacrea1i91l7 •if f i~~!t to etch oa the claip turface. 

Oae aolutioa, · ,..,r .. ., fujitau. ia to create 
capaciton i• ailic- ·.ayeH depoait .. " top of •­
of the curreat-carryiaa liae•, rather 1tbaa - the 
chip'• turfacc. TheH "ttacke41" capac:iton do •t 
c..,.t• •i,11etl7 for apaca with the circuitry, 1•t 
theJ are "'' -a1a to atore the Mc .... 'IJ cllaqa. 

Ia the Hcoad approacb, favoured i,7 .C, tiDJ 
holet, or "treacu••, • fev •illioatba of u iacb 
•••P are •t~lled i•to tu ailic .. 19"atrate, ,..._ 
filled with aaotller ailic .. la7er. The area of 
coatact ._,.,... aut.atcate •Dd depoaited la7er -
which it where tlle ttosed t: .. r1• aatllen - la 
thu• iMrN ... wlllil• the .hip aarfac• .... r-iaa 
-u . 

Thuuah the treach capacitor viii uw4oubt .. l7 
offer the hiaha•t denaic7, •- •••il"Cr• quaati" 
the aeed for it. "Ve .... • prototJPC '"""" chip 
uti•1 tr•nch capacitor•"• ••1• Hitachi C.•tral 
'Allloratory' 1 Rideo su ... i, - of the pi-rt of the 
technique, "but when • lar1•t chip aise ••• propo•••• 
ve fouDd ve did•'t .... it". litachi'• protoL7pe va• 
ba ..... • 16-pin pack•I•• bat the induttry ttalldu• 



• 

.. 

-• -t.ellJ Mt at 11 pi• to pnait - estra ... "8. li•. 'ftlla tile c....-, toolt t .. -nati­
~· _. at.,.. ttitla pl-r capeciton. Toalai ..... 
.. t...-.ite en alH .. ills tile pl-r enc-• at tlaia 
1 ... 1; me f.a tile -1; c...-, to ._ ..._...,.. • 
tralldl tne 1-1111> ..-.tee. 

ht tnocla capeciton Ifill ~lJ lie -••-rJ 
at tile ._.. leftl. ..:•a trototne 4..., - -• • 
-i.- at-nctne ia ..,icla t .. claarp ia •tor.I - tile 
i .. itle of tile tnada retlaer t.... ia tile .... trate, 
t._ ~i• .. 1.milit1 to ao-call• .. fl 
enon. 'llaeae raMa9 erron an c_.. "1 U.-Ct• 
fnm laia"--qy al ... ,.niclea ia tile eartL • • ._..r..- railiati•, wllicll c- claaqe ... leti- ia 
tile ..U..C.le -rJ calb. 

Tile otlaer -jor tecllaical claall .. e, tlaat of 
etcll1.• ........ iti• -rnwr lime - tile cllip' • 
nrface, ia al .. hi-a ... nHn ia • ••rietJ of 
WOJ•· tor 1..., cllipo, li.•• •• -now •• l.2 me­
an ...._., ... il• tile 4_.. -ri•tJ ~ift8 
O.a-.ic- li••· .. t ~cna •iau.ea ... ,. to 
.,.roac11 tile -1 .. tll of lipt, .. pnciH coetnl 
of li• wi•t• "--• ~ai'le witla ~i-1 
lit .... qpic tacllai.-•· 

A ,..aiHe .. twtioa ie to •• lipt with • 
alaorter OM\ clnatla or •inct-writi-a elect- 1oe­
.. 1ai••· Tile electna •- teclaai.- offen far 
._. preciai•. ht tlat eatire Hrface of tile chip 
c.-t lie eapo.n at oece. laat...S, the .. rrww .._ 
-t "write• llat ,.ttera oa the aurfHe li• "1 
li•0 pi ... ., 8 Campllttr. ~ •t .... ia aoiaa 
to lie too •low for _ .. pr•.ctioa, • clain 
lla• ... laita• • llori11ehi. Electna .._ -•i•• an 
••M, howiner, to .. ke phot-•ka - tbt ori1iul 
patteru, correapoadiaa to • photoaraphic -ani-, 
t .. t ere etchtll oa coat" al••• or 4198rts ... tllta 
project .. oa the chip'• nrfece ~i .. tlat prod.ctioa 
proc•••· 

X-ray lithoara,laJ hold• .. re poteatiel for .... 
prolluctioa, aiaca it offer• fiae li- reaolorioa ... 
permit• •• ntira wafer to be expoaed at oece. 
Special phot-.ak•, with ,.tteraa for.d of .. tori•l• 
each •• sold, are aec••••ry, aDI a:rachroaoua orbital 
H•-ac• (SOit) -hiae• are btiaa boilt to produce 
the p-rfoI r .. i&tioa ....... OM of the .. n 
p.-oaiai .. aev techaiq••• dectr- cyclotr.., 
rea-.e, allowa ion• to etch •t lover t...,.rator•• 
• .,. pHHore•. redociq the effect oa aurr .... i• 
are••· lot the equipeent ia e:speaaiYe: "A• SOit 
-laiM b 10 ti•a tbe CHt of &DI-be- -•i-", •&J• llat•o•hit•"• loriochi. 

ThaH ..., -facturiaa •thod• will 
ai .. ificeatly raiae fabricatioa coat• for c .. iaa 
a-rati- of -rJ chip•. 1hua, whetl Bh:achi Ht 
up att ultra larae-ecale inte1ratioa lab virhia it• 
C:..tral BHeaRh Laboratory Mar Tokyo, •• illpreHi•• 
taraat vaa ...... to 1•t -aaa-at appro•al of t ... 
.... ,,,. W1et ra,..b .. , accordiaa to •-i. Tile 
taraet thef choH vaa i .. raHiY• indeed: the 
creati .. of • 64--aabit DUii. (Bi&la Teclulolop, 
JulJ ltt6) 

Two atlDOOllC .... t• .. re .... a f ev •aye •10 that 
fall vithia the fr-rk of the npaaai• policJ 
hiaa foll_. latelJ "1 t ... Genn 11-. OM 
c-•ru ,.,. •ptiatloa• ia proaraH with the Dutch 
"'iUpi1 _, t.,. rr .. h n-oa ia ,.,. elacu .. ic 
c..,....ta n.i• .... the oi:her the al:tack l_ .... 
"1 ,.,. Gen. sroap ow cha lritbla e..,.tar •rkat. 

Ii .... • 81111 it• rr .. h ... Dutch part .. r• are 
coaficl .. t thai:, thraap pooled fiaandaa, thaf.., 
arrift all: t.,. creation of a &er.,.•• c-orti .. ta 
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41nelop "8earcll ia tile aicnelectnmi.:a aect•r • 
Sacla -tiritJ ia i• feet ~ .,,.r - ..,_.,_ 
... tllenfon _. _. - •lffi.calt f- i•i..W..l 
firm to ..... ia. n.. it la --rf• •• -r 
•fen. for ...,._ 1nape to call ... r•t• ia oder 
to lie .. le to c•f-t tile '--iasly 311ftHi" 
attacka "1 8S _. .J..-- firm. Ve recall tlaat 
si- Ila• -tai_. -i.lenltle f 1-ial ef fert• 
ia nce9t Jt•n ia tile i•tearat• circ•ita aecto..-. ia 
,.nicalar i• tile n-rcll _. -..1.,...c of cldpa 
llaYiaa f- - to fear ..... it -du. 

SU... laaa alao 1 r1ae• tllat it illteMa to 
"-c- tile f-nll naltias cemp1ter ...,uer • tile 
Briti .. -n.t witltU. fear ,._.. It laaa tlte:efon 
Mcitlell to 1-ll a caapeip ia Coat lritaU. for tile 
-le of caapatera c._ri-a tile eatin E'811&9o fnm 
-iafrw (p~., tile J., ..... raji) ... to 

tile •in• ..... ~··· sa- .... alao j .. t 
~ a - .. ftaare .._l.,...t caitn .... ia ia 
Brltaia ... icla, ntltia the Mat t- :rura, ia to 
... 1., 220 pe~, iacl .. i-a eagimen _. apert• 
of tile aector • 

ror tb f•tan tile c.- snap ia •Di-a at 
"-c..U. c..,ctiti- at i•tell'98t'-al 1-1 ia 
-tora c-i•nol to M of primary u..-n.-., -" 
u: telec icati-. p~tiaa •C-tiaa, 
office •C-ti• ... aicraelecr:naica • 

lta t'*-r of tlat lriti• aortlatra 
Ttlec-icati-.... icll oca 1iH itaelf ttit• 
tel.,._ ... i,_.t ... partic..tlarlJ nth PUlta 
(pri-te aat ... tic •reach esc .... e), early t•i• year, 
i• to .. ••n ia thia lipt. •~r. tile c.­
hooae .... a proponl a ,_ •&J• qo for tile 
ac'19iati- of t ... Fnacla a:cr. •• • luropua 
couater-propoaal to tile ITT •i• to •••orll CG&. 
Ulln&SS lolletia ao. '°• 21 J•lJ 1916) 

raircllil• chip! i• 

rairchild S-ic-'uctor ia .. the -rs• of 
..u .. chip• i• bot• Ja,.. ... !anpo u wll •• ia 
the US, accorii• to &obert ••l•••ik, t ... compaay'• 
- &.ropeea .. rbtilla --..r for microproceHon. 

.. aai• that a wafer fabrication pleat at 
••auaki ia Ja,.• wee alat .. to c- oa liae •­
tim ia ltl1 ia tlllf' a•Hace of a furtlatr d-ton ia 
the -diet. It -1• be -.kiaa 6 ia. wafer• t ... t •• 
CllOS tecb-loay wit• 2_,. • •r- li•• vllich Ila- •• 
effecthe vHtb of l.~ .. 

"Ve'YO hed ao •••eably ... teat facility ia 
••a•aaki for Hveral yeara. 'Illa buildi• i• boilt 
aad the facility ia coapletd; they baYO .... 
r1DDia1 vafen, bot •ri•iaa tlae full liae ia i• 
.. ,.....t oa boaiaeaa c_.itioa•"• aaid .. laaaik. 
nae &.ropea• fab b at Vaeaarbur1 - 1 .. ia tlae 
r .. erel la .... lic of Ge-.y. (llectr .. ice V..kly, 
10 ... t .... r ltM) 

Rotorola'• lataat J:S-.it proceeaor 

'Ille aacceaaor to oac of t... bri&ht••t atara of 
the J2-tlit •icroproc•••or vorl• i• ~• tllao a yaar 
evay froa ,,.._ pr~tioa, bot Motorola lac. b 
r ... y to diaclHa .. t•il• of ita upcoa! .. llC6IOJO. 
All -••ac• look r.-ala tut tlae clafp ..... will ad4 
ave• faatUH• a• ... t. CKH ... -~hip -l'J 
-a-•t t .. t Ifill at laaat doullla t ... padol9DC• 
of tH uiac:i .. 61020. 

Parallel fut1eti0da are aleo beiae ..,. .... to 
help .,. .. op the c..,.•1'• lataa& cllip. U.. 
f-tio .. i11elwa twia parallel llllH• for ..-Mar• 
••t• awd 1 .. cructi.,. cacllaa, c:lle c~pa•ility ot 
fUUaa tH cache• with 4ata fr• uc:erael -l'J aa 
the central proca••i• uait aimillc ... oualy eaec•t•• 



l•tr.eti-. _. die ~ilit:r of .... , ..... n•M• 
to a 11 .. ~ .n~ to ..._,. -n:•i .. 
ut-1 ~ ... u. dl9 ..... ~· oa-"°9111 
cae11e ... 

'll'la 121-pla QllJS cllip - •le• trill h f•ll:r 
~---- -t"l• witli tlaa U010 - .... 1. h 
-.er-tl-1 late ia tN fizwt .-ctu '>I 1,.7. 
s-pla nw •lat .. fw nrl:r -t -r. villi -1- pnnctl• ... , .... •EIRIM Oc:t ... r. ,.._ 
61130 i• t.qe1: .. aot •l:r al: t19Ci-rl• -' 
•t.ti- ~ abo at die ,.r_l c~er W'drat 1 a 
n.....-w of lahl Corp."• iAn 16 pnca•- fml1 
•lace 191 c-.. •lec:tee die - for ite Pe~l 
~r. 

lllttazol• b alH p1-i• to iatft!I.- •at ;r.ar 
a - U-.ia HaatU.-..i11t Pi11CUMC'1 •-'pat .. tM 
Jl:Ua2. U. 20-lma ~TIICftHI' will h pirfo ...... i• 
campati•l• wi1:• die ul•ti• ..:61111 1 ~ ite 
ah .. ,.nllel acdtitectwn b ...-ct .. to .... I: 
pezf•w• two to fwr tiaa. (Eaerpt .. fna 
!lectnaic•. 11 s.,c .... r 1"6) 

&n.T t- witll ..,..11 

...,..11 ... ABT •n t-i• .. la die US 1:o 

pcowUe bitqnt .. -:r-t- to c.-tntl c-n:ial 
.. U•i••· 'Ille aar•-•t c•ll• for eacll c....-:r to 
c.cl ... -..rate coatract• witll. -~re. ht t!lay 
will ..n taptller to prwi .. • iatqral: .. 
Hldl-. ....,_n ....... nriYi .. ro -ny iu 
•till• la c-..ten _. -1-tal coutrol .,.t­
to pc-.te die IMa of latelllpmt .. n•i••· 

For •ell ..,ucati- it will .,. ui• the Pr-'- Dbtrlhti• S:r.t- ..... 1 .... "1 &'RT to 
npport ... ice. uta, ar.,.iu ... wHeo c-icatioa 
tw..p a •lftrHl -11 jall. ....,_u • • 
iatearat .... il•i .. •n:•itact.n ~ziaa• toaathez 
.... J•t- •ic• c-tntl ... ti .. , ,..titatiaa, air 
c ... iti•i ... liptiaa. fire _. aacwity -.ai,...t. 
(ll~tnt9ic• Weakly, lJ .._..t 1916) 

US-J!p!!!!M camloi• plw a ioi•t ,..tUT• i• cllip• 

l::uc•tiwea of • US •br of clllp Hte for 191 PC cl-• •era ac ..... 1 .. to .... for Japaa oa La~r Dq 
to •il .... ••tall• of • part•r•llip witll .. of 
Ja,..•a l•ra••t aoftwar• c.., .. i••· Tlla two firaa, 
Clalp• • TacllDoloai•• lac. of Rilpit••• Calif ..... 
Aacii Corp. of Tokyo, ace potti• toaatllar a c..,.., 
to nter - -rlolvHa .... Aat•. pardcolarly la 
c ..... icati- protocol• aucll •• tlloae for tlle 
l•taarat .. ••rwic•• •iaital .. 1: ... rk. r1 ... •r• •till 
tntatift - tlle - fin .... aot .,,_ ..._ • -
yet - .. t tlla Haa ie to ... C.ip• • TacllaoloaiH" 
c..,.tarai .. •-... 1-riq -:r•t• for •alp "°"' _. 
ll&Ya tlle prOlhlcta -factu .. "1 -jot' Japa .. ee 
c•l,..llaro "°"'• at •ilicoa f ..... ri••· TN ttlO 
c..,..i•• will aacll .. l• aa ...-1 ... ..., oft ... 
•Jodty iataren la tM - ... twa. NinodtJ 
i ... •tor• will iacl ... , .... ,.1 tradiaa c..,.., Nit••i 
...... , c...-et ... aq•£,...t -facto,ar ltJocara, 
... ,.n.,. ol:llaro, iacl .. l .. •lwaroifi•• 
-faerwer •iJpoa C.11111. (IUactrooica, • ..,t .... C' 1'16) 

J2-1Jit WC' Rn9 !! 

•ltaclll l• preperl111 to laoacll it• owa J2-lllt 
olcroproc•••or followlaa the fall•r• to ollt•l• •• 
aar.-t wit• Rotorol• to •ac ... -re• iu 6'020 
J2-llit tdcr9'roceaNr. 

•itoclli'• - J2•"ic olcroprocaaaor ... ice will 
M •-.... -t JHI •• will M competilllc with 
Rot..,ol•'• llOO oicropvoc•••or arc•lcact•r•· 
l ... atr,r aoorcH report that che doHar erchitccturo 
.., la .. to • •iepota Mt,,... •ltachl ... Motorola 
lllle tM •lapot• hewn lllC ... lwtal ..,., •ll•aa• 
•icroc ... CopJrlsht lwfrlw ..... c. 
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tit_.l pcubc ... .nUi& .... 1 .. of iu U-.it 
.U.cr .. ftc .. ..r ia hcealier HM. At t• tiaa Pe 
aapaay .. u it ... - •l- f- ~rcial 
prM.:ti• •f t .. -.lco _. -• nill ...... to 
aMlala • _ ... - aa-c f- llDhntla' • MON 
aicnp-. 

llitadai la • •.ior _ _. -..ca for die l._.it 
llol:orola 6laOO .U.cz-.nce .. .:· ... will -'- t• 
prM.:e die ...U.. 'Ille c....-z io -'<lea ... • wi .. 
....... of ..... ct ell&.- for lt• - J2 ... it uip t .. t 
iacl ... • -1'7 a-t -it1 a flaatiaa peiat 
.Ut. _. a &nflllc• precee-r. 

llotorob ... p.-.. .i, ..._ CSF pellliHi­
to -facton t• "'20. 'Dia c...-, ... .._ 
laateti .. tlaat lt alltaia --' -..ca rfPt• to 
comparaltle wrtll pn61cte hfoire it will anat otller 
aec.- ~· .... u. 

llou.allita 1tlectrical 1.._trial Co .... 
•iKl_.. die .._i.,...t of • J2-llit aicnproc­
_. will •tart Mlliaa it hf_. tM ... of tllio 
jUro (lllectnaic• 1'llOll:ly, 9 J.l;r l•) 

OSI fine t- !! 

!ti.pt of die 12 ..... ,. of t• &.z-.e- IC'Ollp of 
c..,..ia• ... icat .. to the •~i- of .... e:r-t­
i11tarc-t (OS1) 1 iacl .. iaa ICl.1 Mft Mt .. a 
c-zcial c....., ta pn61ce OSI YalU.tioa 
... i,.nt. 

'Ille Sballaria l'r-.ti- _. Anlicati- Gr-. -
SPAG a4 it b l .. iaalJ .._ - - Mt ., ia lHJ to 
proaote OSI _. c-ter tlie Mai-• of t• la 
.. ~r11 ataailad syac.- .. ~rk &n:•itactwe (SllA). 
'Ille u c..,.., •• iaftl ........ .:EC, ICI.. PlHHJ. 
loll, az, ni-o.1 AK1 •ldorf, Si-. Oli-tti, 
i'lll:T ... Plailip•-

Tiie - c.....,, SfAG krwicH, will aot itlc:l ... 
PlaH•f• GIC, .IZC or az. TN c..,.., ia joiatlJ 
fiaaac .. "1 t .. otller aipt fir. .... ia 
lla ..... rter .. i• lmHh. It will .. no al-a t!I.! 
li•• of .. onlNCJ c-rciel c..,.., - •lib srAG 
iualf, wicll la j•t • YOl•ta~ ;zoopiaa. 
(llec:tcoaica Veeltlz. I Oc:tahr It") 

Eaperiaeata _. at .. i•• oa the poaaibilitia• of 
iatr .. ociaa tlM - iaforaatlco tacllaoloai•• iato tlla 
tntile oactor"• pr .. occloo cycle are .. i .. carrie4 
-tall ... , rlM place, lw Japaa, Pr-•, c.__,,, 
ltalt ... t• USA. 'l1lef raaaa froo tlM traiaiaa of 
•uaaro to c..,.ur-.. aietd creatioa ... to clla 
fiaal Mwi .. of die .... l. 

& project llH .... •tart .. i• Japa• •icll call• 
for tlM ,.nncrl .. Mfor• tlM ... of ltlt of a 
.. t_t .. _,...., for die ""illl of aoiu _. 
aaranta. Tllo ....,., of c.., .. , •• ,. Ca~ tut 
pr.-Ca aaclll•r:r for tlle testil• i .. uarry _. tllat 
IW'l••t ••rs• ..... ca of caplcal l• re .. arcll _. 
..,,•lopaa•r f~r aut ... tioo la iacreeai•&• Aleo i• 
ltoly 1111911zouo i•itiati••• la tlli• •iractloa are 
ltei•a tallatl ~ l .. bH .. l c..,..1... la aonllen 
italy, c-rMa ne Mi• hel• l• co-.,.ratioo •itll 
tlla Uwi•ar•ltJ of ..., Torti for proar ... l•, 
pr .. octlow ...... iwlatratioo .... pn of tntil• 
fine i• oz••r to prowl•• t .... with •• .,.., .. 
plctora of the poaalbilltl•• of~erel to clla aactor •J' 
CM - iaformatico tacllaoloai••· 

I 

&c aaother localitJ i• aorlllcrn ltalJ cllat la 
•••P~f lW'lol•a• la tlla fnalliOll .. ctor, l...,,eti•• 
cechnoloai•• ba .. • oo i•fonatica, alectrowico and 
robotic• are ••r:r ahortlf to llie1lafr .. uced ia or .. r 

• 

• 



• 

te -,_ ,.na ~ti-... rtinlarl1 t .. t f­
•twnl eilk, tlle 41Je:..S pnteeH, --'•• etc. 
.._r, lecal ...Uaietraci- ... pri-te ceapaaiee 
an ta .. li.d:el "1 a tel-tic• eyet- fer ,......... 
of bepi .. Mc:• tlle ._i __ of tlle eecter _. 
local a-r •• bf ..... - tlle naioa". teatile 
air-ti-

la ... itl-, die DC - ta M eat~lJ' 
lat_t .. ia ... net,. for co ... ratiao ia a praject 
.._l..,.. "1 a ....._ of i .... triea ia tlie •iciaitJ 
ef 8necia UtalJ). 'llte la:ter an uU. a eyet­
'- u t..-cla fer , .. pr.._ti- ef .... 1 •• fer 
die ceap.Uri-4 c.ttims ef .. ita, tlle ·~ af nt• 
... tlie olnip - ..... tftlli•l• •f - •ltJ'le• ... 
f ... i_ •'-· cmnzss •Uetia •· H. 
na.a-t1,.> 

lriti .. •d!J faima an W..C-i.!f c!1!f!t!ri_. 

& - •rYi~ calld - !leiryf- ... Mell •t 
.. fer mlk praihcen la Easl ...... Val••· 'Ille 
.,..t ....... 1 .... ..,. Pnatel. ai-• mllt fas.en ia 
tlieae he na•- ~ opport-it,. of ._.. •irect 
accea t• a iaf-tioa •rrice ceaceniaa tlieir •rbt. 

11J - of ~b .,..t_. a fas.er •J' •inctlJ 
eater all t• iafoirmatioa - •ia •illt prochocti .. , 
awcll aa -ipt, price, .. tpot. etc. t'n. tltia 
iaf_ti ... t .. .,..t_ ia altle to tell law laia 
ait•ti- a-.liatel1. M it a• - t .. t ..., or for 
tlie -tin Jear. 'lllia mltea it poHiltle for •w to 
.Ue •••-u. ~ri-. etc. la tltia..,. t .. 
fermr ia ..... to olttaia • ,..,_ of tlie wllole .. It .. 
na•lta of aillt pr .. ecti .. i• laia euin nai- or 

- - ot11er na•-· 
.. ir,.f .. ie a Yaritaltle iafoimati .. Mr.ice 

.. ic• ell ... fas.era .. t OtllJ' to c .... lt it ht alao 
to poM .-•ti-. to .... -•aaae• ... .- to .-1 
aot erlara. 

'Ille iatqrat .. -r,. t .. c ..... ter .... •lte• it 
poaailtl• ~o • ._ iof-tioa .... tlae c .... ter ia 
liac~t .... If t .. •Hr .. airea • .. per COPJ'o a 
priater ..,. .. iacorporet .. iato tlaa mt. 

'llae iatnl9ctioa of tlae - •J•t- aifta the 
fas.er tlae opportooitJ to lie more efficieat aad to 
U.,r.,.,. lti• pr .. acti•itJ "1 aYOi•i111 certaio pro1t1 ... 
tltroaalt tlae poaailtilitJ of ltei111S able to •i•l .... 
ioterectiYlllJ ... to olttai• iafOIWlatioa f .. t. 

la ... iti .. to HYi•1• io tW. ... ....,.. •irect 
ace••• to tltia eer.ice let• ltim obtaia otlaer 
iof..,..tioa coaceroioa lti• aector or oat. a11ela •• 
fi .. oclal iofoirmatioa ... tlao lateet rea•lt• of 
l•ltoratory teat• .... °" cattle, •~c. UllPllSS 
hlletia •· tS0 2S a.p.t 1'16) 

Doctera call 1111 c..,..tera to ail tlac •iHbl .. 

Tre•C8eat of ,..,1. witla api .. I iajuriea 
i-.hea ., to a ,. .. r i• ""pita&. ht YelfJ' oftea cite 
lar1eat h.r•I• t .. t li.Ulri ,..,1. face ia tM 
•t1111al• to fi .. worti oace tlMir iair!al •t8J' i• 
""rital ie oter. for cite ,..t tltr .. r•ar• 
J•lia lclaofiel•. llerHlf ltll .. , ... f1llow cow1u&t .. c 
lill htler0 lane wrlld oa a proj•ct at clle ILoke 
lfa...,,ille ... CWecoci. laoapital• {UK) to •nelor 
c..,.ter •111- titer laelp ,.cieacill to .. j•lt to 
tlleir i•j•ri••· 1lae c..,.t ... a al•o ••irY• •• t•aclti111 
all• for - •llllh. lo far, •H tltn 100 people 
llaft le•rot llow to •H tlle llar..,.H ... Nftwr. 
4nelopd "1 lchofiel•'• c..,_,, Julia lcllollel• 
c:o. .. 1cnu. lchofiel• ... latler Ii• tllelr -" 
whll tlae •ii of neo.ooo ,. ar ... u fr• the &IC ... 
clle hpartmot of Tr .. • ... 1 ... .c1r7. fortJ of , ... 
people wllo wrltel witll Cite hardware ... •oftw•r• 
••ti"I iu dnel.,..at - hne fvll-r'8a joll•, fr• 

-n-

~a ... acc-rioa to ~iaa • aa~ c .. cn. O.lJ -
pa~ .... a- iato c..,.ti111 • 

&t tlae st-. llaollewille ... OIJ•tod· ..... itah. 
•i ... l .... tieata an offern tlae c!aalKe to lean 
.... t c..,..tera at.oat a• •- aa ,..,. an altle to 
-a .. l•t• tlae .... i,.etat. ti.e .... crne Perlt Boepital 
la •rtlaena lnl ... alao prowi•• .. tieeu vitla t .. 
coap1tera, wlticll prOYitle parapleaic patieat• witlt • 
ltaai• fer occ.pmti-l tlier•n· ScMfieU laaa 
........ a 1aatrJ cleYice for .&crocamp .. ter• wiclt 
.. a.a cite ecreco8 ... IU}rlloan• O'ler tlte patinu• hi•. 1lte ac_. are 10-.Vlt _.tels. ""icll •re 
-fer to ... rate C-... tlae ---1 240-.rolt warietJ • 

Pati-t• -'tie to ... rate a co.porter lteJ!toad 
c-rol tlaeir ca.petera vitll a _,., aticll ""iclt 
~rt• t .. ir ,.Hi111 ... ncltias iato ca.peter 
~.. Pncr- for eta. ca.putera an Itel• .. 
n.,.,. •i•b. ht Sc"3£iel• ...... to -itcla to ...... 
had •i•b wlticla .. .ot M9e to be ,...... iato dot• 

ia tlie ~·-·· 
laitiallJ ... tieata, vlao are oft- .nalr altl• to 

-tclt telniai•, oa• tlaeir .aclti•• to pl•J 1-• 
<- •eai .... to laelp t"- learo a...,_t tlae tnatmnt 
of tlaeir iojeriea) ... to fi .. -t a...,_t c-..1:ias. 
Lacer, ScllofieU Cou•lt .. u will ae..-le a pacltqe 
of Mft"Wn for eacla patieat •icla can be .... for 
-rlt. 1lae c-•ltaecr baa • liltrary -,f •-
200 proar-. mar cf •ich •re c-rcial plfOlr-• 
~l Mn 1ti:• t.-.:ltitla el-ta aJle<I to t .... 

C:O.,.tera ltaft all-' - people to c"ti­
ia tlaeir ol• jc-b•. Othen. 1aclt aa tlae ._ildiaa 
appEeatice vlao •tarted •• ••ll:imatiac ear.ice for 
beildera ... pluallera, ..._ lea..:at - akilh. the 
""-• pi-rd all: the firat t- lao•pi11:ala 0 haa -
..... take• •P •1 fi•• otlacra ia lrit•ia. Sclaofiald 
laaa el•o -rltel ia Aostrali&, when ahe !18J'• ,.,. ia 
ltetter "- tlaaa laen. lut fWlll• dry up ia hc .... r 
... tlae fet•r• of th• project ia ia lloubt. 

So f•r, tlae Depart.eat of Bealtlls aad Social 
SeceritJ (DllSS) baa Hcliaecl to bvJ ••J of the 
purpoae-hil t 1aatrie•. '"ne DllSS c-ld be -re 
acti•e•, ••J• Schofield. Altbou&ll people leawiaa 
.... ,ital caa 1•t 1rnta of up to £6,000 fr .. tlte 
....,_r S.r.icH C:-iaaiOtl for e11ui,_.c to •M i• 
tileir -rlt, laoapitah lane to rdJ ow C:lte ltealtll 
1er.ic• for ftlllda. ('111i• firat appeared ia "­
Scintiat, a....oo, 24 J•IJ' 1916, the -ur miew nf 
acince ... tecta-lon) 

._.eac .. imaae rroc•••i!f •11ta.& for r•H•scla •1111 
practical •nlicaci-

A t .. ilJ of adYaaced '8a1e proc•••i•1 •1•t ... , 
........ teclaaolon de•eloped ••ri•s 10 JHn of 
r• .. arclt at the IB•ticute of TechaoloaJ ia Lillllipiaa, 
hw4H 0 "'' lte•• iatr .. ioc:•• oato the •rut "1 
Coatnnhioo &I of tlae •- citJ. 

'111• c....-,. •HcribH iu •Jet ... aa offeriaa a 
- •tlMMI of lta .. liac c .. testual ... ecrvctural 
Hpecta of ima1• procr ••i•I• btller tbaa procaHiDI 
,ictorial iafor.ttioo i• tlae form of i1ol•t .. 
infof118tioa poi•t•, tlte Coate•C•i•ioo ,,,, ... cootai• 
1 •P11cial •l1orit .. ic •tructure vllicla ha .. l•• .,....1 
... •rata• properti•• •i .. lt•aa-•IJ 4uriaa 
n•puuti•, ao that the i-1• ell: each poi•t caa 
_.ifJ am lte _.ifi .. bJ iu cootast. t"'• •thcld -Ila• po••iltl• the rapid cla••ificatioa of l•raa 
•r•a• without -••i•• ••t• proce••·•I• It al•o 
..able• th• •Jlt .. to ••tact •Cruccur•• that •re 
practicallJ inwiaibl• to the nailed •J• aa well •• to 
other i-1• procea1in1 •r•t .... the coap••J ••J•• 

Th• •r•t .. • •re •pplicable for a n.l.bat of 
•if fere•t u•e• within the ere•• of i-1e ~reatiott •114 , 
ha~lin1. Th8J' •r• a•eilable wich ... •'!C•• 1rapllic~ 



_. .__at .... Ina c..-city. lteratbe proceed .. 
fur i-.. i .. ~t ie for iut-• • -f•I t-1 
ia fi ... rpriat i<letltificetioa. la urtoaraflaY. t .. 
91et ... cea ...... t~ rapi•ly i ... tify etl'llCt•ral 
featnee ncla u i.-i .. an ... ~ or iater­
ncti- .. -u •• for imqe clarifir.ati- ... 
lallelli ... ,. • .,roceHi .. of x-r., ... •icroecope i-..• i• _.ical •Ua-ie ... lti.....,.ical neearda 
ie • ana to •icll t .. eyet- an partinlarly -n 
nit ... eccorii• to tlltc c.....,. '!l.e a.ea• ••ta 
c ... rneioe teclllli.-e• iacorporat .. ia t .. 8f8t-
c- M _.. for efficieat iaap tr--1Hi- m 
•tonp. 

A Ht of ai .. le a-ral u.p procHei• 
operati- an ...,. •• •iHi• ltlocb i• • aywtem 
nnct.n .._n ~ hanvan, the C..ral O,.nter 
Proceeeor (GOP)• i• apecifically •••i._. to 
mpl-t tllia et111Ctan. 'Ille ayat- i .. 1-re 
operati- vitllia • [ .. r-te11el llierarcltical 
•tnct.n. All operati- with a particalar •ize 
•ig ... uccl ad p~•• • trmf~ i.aa• 8llt t .. 
••t 1 ... 1. A f.rther operati- -• tlti• 
tr-fo~ i.qe to pnol.ce a ltqllar 1..,.1 
tr_f_ .... aooa. 

Tile •y•t- en be prasr--' ia • Paecal­
lib c..,.ter 1....-1•. ltat also otfer tile •in 
of ieterecthe traieiq. Areas or objecu u ~a 
cetegoriaetl an poiated oat ia the •hpley .. 
i-1• ... the eyat- itulf •ter.iae• tile cberecter­
i1tic1 perticalar to t-.. Accuriliog to the ca.paoy. 
thi• treiaiag proc .. are .. a• it poHillle to heodle 
c09plex object •••criptioa• vbich woal• be i.po••ible 
tu i11eorporate iat.., c-ftetioaal progr-•. 

Coatext•i•ion offer• thr .. •iffereat proce••ieg 
•y•t ...... a raage of optioa• .... •cce•aory aait•. 
The mo•t "••aced •y•t-, the COP-lOO, va• iatrodacN 
io 191S. •1111 i• carreatly ia use at the ltarolio1ka 
la•titate ia Stockhol• .... the Lialliipiog ••aioa&l 
Ro•pital. Contestwieioa al•o offer• • ••riety of 
Nac•tioael and •upport Hnices. (Scieace • 
·recheol017. s .... a.h lateroatioad Pr••• lareaa, 
Sept.-.r 1916. 

Meae1in& eaer11 electroaically 

Vith the iacr•••• in energy co•t• oYer the pa•t 
dec ... e c- the recogaitioa that •• • r- uteriel 
re•oarce, energy v•• •• •u•ceptible •• other factor• 
to mollem --1-nt techaique•. la oriler to 
coatrol, it i• aec••••ry to ... itor. lloOM•er, •• 
eaergy u•• i• generally •o vide•pr•" aad di•er••• 
until receatly oae could ..,.itor ..... aaure it• 
con•1191ptioa ecOllOl9icelly oaly tlbere ... va• 
cOll':eatrat .. , •ach •• in h••YJ proc••• iaduetry. 
Today, the 8Yeilability of relatiYely cheep aad 
reliable tr•n•ducer• ..... that it i• po••ibla to 
-••are ... r&J ••'- ecOll09icall7 •ad eccorately. 

Nlcroc08p'~t•r• allow the wac••••ry analy•l• of 
c111t11191ptioa •ad .onitoriaa of aqai,..at to be 
achie ... ln • .. nner epproachlog th• 11-plicity of 
!900ltoring ju•t one ler~e i .. u•trlal proc•••· 11ov. 
- factory or indaed •ay o_..r of f&etoriH, 
kc-• unegeabla i• enr11 term. 

ly moeitorioa eaer1y coa1..,tiow eod by raletlaa 
it• ••• to certala key par ... t•r• - for • ...,1 •• 
floor area, llUllber of it- producad, dearae d910 -
it i• po11ible to deteraina tlle afflciaacJ of a .. rgy 
u•• i• • factory, to pl•n for futur• ... rgy taraet•, 
.... to -itor the progreu of ... r., o8Yi• 
progr-• c111ttb!UOt1•ly •o tut ... ray vanina faults 
can M idontiflad quickly. S.aatuellJ the laYal of 
a .. rgy ... fell•. 

The full potantial of •ach • 1yat .. l• aot 
•i.,ly li•itad to eneray u••· Cotlbiaina fi1e .... 
i11truder ala'89 vhlt • •y•t•'• a11er11 •aaa-ot 
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hectit!U le tedlaically pueeible. I-... ltail•ba 
•t-ti- 'J•t-. iutell .. ..,reed, oftea i~d ... 
ltotL -ru ... -..rity hKti-. 111enfon, tlli• 
atre c.,...ility .... l• be ai..a eft'i-
-i .. nti- at - early atqe: iacl .. iaa 
... iti-l -qy r-cti- •ill arutly ....ace 
die -f•l•H of tile eyn ... lay Mki .. it • total 
- & t w-tioa .,.t .... u •• tile iaclaia• 
oi tlteee eatra f.acti ... ie likely to ...,,,. little 
impact oa tile -r•ll coat of ~ ,.roject •H• 
lllaort .. i11& it• effectift payltaclt periD!t ... 
iacnaabg ita fiaeKial ettracti-•· 

Olla c• •htiopiela tvo -jor type• of -ray ·-t ayet-: 

DHieat .. •rt-. Suell a •J1t- • •iton/ 
-=-trob i-t - e•qy nrYice or f.actioe ..cit •• 
li&htiaa, •pee• lteatiea or electrical -i.m ._... 
ceetrol. It ia -lacoue to • ... icat .. ltarglar 
•lar. eyat-. 

~nlteaeift ••1'17 ~-t !J•te8. 'Dail 
-it;Q c-trob a race OiDeqy fuoctJ.-. Abo, 
it .... ny c• -lyae eaergy c ... u .. tioo off-liae 
•loaa vitlt ••ru nlat .. enau ... elar. 
c08dit1-. na .. it c- produce ..... -t nporta 
oe ... qy ....... vitlt tile iacl .. iOll of -ru 
fuactioa•, prOYide the nportiag aec••••ry for • 
total hil•iaa -a-t iaforutioe .,.t-. 

A coopre!aeDlift •y•t- c- be ceatreli ... or 
dietrillut ... 

Vith • ceatraliaetl •y•t ... all ea .. otial 
COllpOtiea operatioa• are cerri .. oat at • ceatral 
•tatioa vbich i~ u1aally hard vir .. or at leaet be• 
coatioaoa• coanec:tioa to it• aoa-iatelligeat 
oat1teti.... The °"t•tatioa• take all coetrol 
iD1tractioa1 fr011 the ceatrel proce11iag aoit. 

lo • di1trillut .. Htap, hove.er, the oat­
•tatioa• are likely to be r..otely po•itioaed ... 
are. therefore, aot io coati-• coatect vith the 
ceatral atatioa. lute .. , they periodically 
C09CUDicete •••eatial ..... rie• of iaforutioa at 
certaia fiaetl iatenale aad, perhep•, aler. 
coaditioa• •• they ari1e through, fur eKeCple, 
•uto-di•ll•r• vorltio1 ioto the public avitchN 
t.lephoaa aetvork. 

The ouutatiou• ere iatelligeat; they caa •tore 
iaforutioa feaclback fr011 their locally poaitioaed 
treaHucan, rah• •• al•m if aecanery, ead proYiH 
11-ple coatrol routine• 1ach H .. xa.- ._.,. 
coatrol or heatiaa optt.iaatioa. lffecti•ely they 
•r• •taadeloae uait•• ....... r, all off-line 
coopvtiag •ad di1pley of curraai coaditiOD9 OD VDU 
at.ice ... uug-t raf"rtia& vill atill ltc ._et 
tile c-tral •tatioa. 

Tiie •rtlet h Y-S• Vhile tlle tecllllo:,., h 
baaicelly •i•il•r to tel ... try monitoriaa/r.oatrol 
equi,...c, it• appllcatlow to eaeray ......... t oaly 
•tartad properly ia the la•t 10 year•. lu1ldreda of 
c_,.al .. vorldvitle - clai.8 to .. pply -rgy -•-c •y•t-. 

lo the Ult, .. ., dietributacl •yet- 11 ... beea 
ia•tellad io or••• •• di•ar .. •• 1upermr1'at1, 
ho•piteb, hotal•• c-rcial office .. l1'iaa• ... 
factoriH. 

llacrToaic ewaray •ae...-ot •J•t... aad 
techoique• are wll daYaloped -· The decliala., 
r .. 1 con of tr .... ucan, •lcroproceHor •ad coaputar 
taclleoloaJ, c•ine• vitll loart•n iacr .... • fa 
•Mr&y coeu ac •liptly .,..r J ,.r ceat ,.r a..­
•til the nd of the cntor, vill ulle 1y1t-
iacre••i!llly attrecti••· (tacllaol"4J lrelead, 
..., 1"6) I 

• 



• 
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V..tn: - .ieM for ... rollot• 

If nllot• •re talti• ower ~ - oace ~ 
(a• .. 1. le ... r• fear)• daea ••nl:r t• - .,... .U. 
t .. nlliot• -t M .. lac pool "-land 'l1le7 
aree•t. la8te .. of bia nlH, tile -'ti•• U-. 
claalb' .. bia lo..,... c:r..tla ia tlle imericea rokt 
-n.t ... .i.-. to a ••il•• pace. Colllpaaie• an 
•till •tl'llSlliac to fU.. tile foEmDla tlaat vill 
treed- toUJ•• • naty tia - iato 11..U., 
bipu. Latest to tr, i• Japsa' a T08hiba. wlliclo 
t•b ~ d~ a nllot--rbtiaa joiat ftat.re vit• 
rs•• llR•Mnclllri.tt-lilbrllollm (MU). 

lqer to ""nlfJ fn. iU root• ia aero•pace. 
1118 vill -r1cet To•in•• robot• ia tM Pcderal 
hpablic of c:e~. lhritserl_. _. &atria. 
Ja,._u nl»ot. hrwe a- ._ n:latiwel7 -n ia 
nc• .... l-riac lanatr, ... , .. '""., antmll 
50 per ceat lut )'Ur0 to 541 U11el .. i• t .. 
-.nsr-ble plclt-aM-place ~•l-• .. ic• -1,. 
Japaaeu •tatl•tlci ... coaat a• robot•>· a.t 
c_,.tltl• for roloot ule• ewerphen la t ...... 
e•peclal17 la the laqe ._ric- r ... t -r1cet llhere a 
lot ttf ..,.natly .. n-lai• plm laawe nceatl)' ao­
Htlly """&· 

la 1915. Ameri., ... •peat •"-t t595m 1111 rotiou 
a .. t .. Hftvan ...... to -ke t"- -rlt - allout 
half aa 1111e• aaaia a• the)' •peat ia 19114. Thia 7ear. 
noctbrobra Pncleatial lacM expect robot aalH to 
ares ':r 111117 about 5 per cemt. to *625-. llecauae 
.. .,. robot c_,..i.. ..re Hf farina ewe• 4uriaa lut 
)'Hr'• "-• t .. alCMI- vill hurt. 

s- of the •a4•e•t face• are at the electrical 
1iaat Veniapouae. la 1913. Ve•tiapoaH paid tl07a 
for Uai .. tioa, then the -ri•• .:1 le .. in& robot -ker. 
Uni.atioa ha• 4i•intearat" ia Veatiaallou•e•• h• .. •· 
tu •hare of the Americaa i:ollot .. rut ha• •hruak 
fr09 aearl7 • thir4 ia 1912 to le•• thaa one-tenth 
today. allll it• place ia the American robot-..ur'a 
leaaue h•• •lippecl fr09 f irat to fourth. 
VHtiaahouae ha• in .... nn he .. Uy to beef up the 
Uniaatiaa r ... u. bat •o far it Ila• little to •how 
for it• effort a .. 11111187• 

Geaeral &lectric ha• farn little better. Ia 
1980, CE prnicte• t ... t, ':r 1990, it -14 hold 
around a fifth of a tactory-aut-.tioa .. rket vorth 
t25 billion a 7ear. ln•t•••, it ha• chalkn up 
lo•••• of OYer tl20., ... it •till 4ne• not •••• rank 
_,America•• top ten r ... t companie•. 

-.....r of indu•trial robot• ••• 

···'•' 
Japan 
Unit .. ltatH 
nc 
Prance 
tuly 
lritaia ...... 
lelai• 
Can ... 
Spain 

end 1914 

67.JOO 
14,500 
6,600 
J.JIO 
2,700 
2,623 
2,400 

IS9 
700 
516 

.!!!!!!• Ja,_ l .. u•trial lollot AHociatlon 

Moat ... arraaalna of all, •ucce•• in robot 
.. rtieca Ila• pra.n little lllOI'• profitable th•• 
failure. The .. cond-rankin1 ... thir4-rankin1 fi'99 
in the American robot Mrut - .. chine-tool •leer 
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Ciaci-tl llilacroa ... 5'1dea•a AIU - are aot -.ch 
ric'er for all U..ir :rt•r• of robot prool11eti1111. 11le 
fira - -ki• -t ~ -t of t .. Americ- robot 
-diet. i• QIP ~ica. a joiat Yeat•n k~ t .. 
-.den car.Har C-ral lloton ... tlle •ia Japaaeae 
nllot C-.nf F-. AM QIP -~le. .... only tlO. 
- .. 1 .. of 1111'1 ia 1915. Aro.mil two-~in" of 
t._. Hlu _.t to QI itHlf0 ... thi• year QI ... 
c-•llH .._t llOrvorth of it• robot onera. 

l'be robet -an• probl- i• that Hlli11& 
•t-ta b •t aa •iapl• a• vi•ina t._ up i• t• 
.. rai-s aaol ..-iq tkem -t to do a real person•• 
won. ,.., re<(Cire coapleK •oftvare to •o efta t .. 
aiapleat teaks. AM robot• -t lite ta:1pt to 
c-icat• vith the otller 11Khi-• ..niuc beai4e 
thea on t• ahop n-r. Creatina that aoftvan •• 
th08e c.-icatioe liaka h e.,..•in. So are the 
HrYice people ......,. to euan that nay keep 
worlti ... 

SO far• car.eken laawe beea bJ f•r tM be8t 
buyer• of iaduatrial robot•. For t .... the co•t of 
robot• fu~ oaly a ... 11 part of the price of a new 
prooi..:tioa li•. lecauae the whole Ii- i• •-Uy 
built •t -e. car fir.e ..._ u euier job euuri11& 
that the robot• vill talk to their fellov 11Khine• 
thaa c....-iea that hawe to inte1r•t• the creature• 
vitlt exiatiaa equir-at. Paiatina, wl4iuc ... all 
the other job• oa car productioa liae• ca• ..,1., a 
lot of robot•. CK alone plaaa to inatall •- 200 000 
by 1990. lut the really 1ti1 -rket• for roboU 
•houl4 lie elaevhere: in •a•a .... 1y• ta~k• like 
puttina circuit boar•• iat~ computers, a••ellblina 
electric .. tor• or packiaa chocolate• in boxes • 
Until-· •-- for aucb Haemblrrobou ha• lage4 
veil behind robot ..ura• upectationa. 

Oae of the ••..-n oa •-ad for aHniltlrrot.ou 
h - beia1 lifted. Led by Cll, robot con•-n h .. e 
create• st ... ar4 c....,..icatioa• protocol•, calle4 
llAP, which •hould e .. ure that any .. aufacturer'• 
robot• can vork •i4e-ltrai4e ~ith any ~Cher'•· lut 
equally aalli~ probl ... r-i•. llarket analy•t• ha4 
expect" the firat bis vaYe of •••niltlrrob~t order• 
to c- fr .. the electronic• induatry - lllh•ch h•• 
lot• of the repctitiYe kind of work that robot• caa 
do, and ea:MJSh technical expertiae to teach the 
.. chiae• hov to 4o il. lut ataanatioa in electroaic• 
aad computer .. rket• ha• force• .. nuf•cturera to cut 
their preYioua i••e•t .. at plaaa. Allcl IIH, which ha• 
been in•tallia1 robot• re1•r•I•••• has beea llail4ina 
it• ova. (The &conomi•t, 26 J~ly 1916) 

(Tlla lcoaomlat, 26 July 1916) 



""lie •riti.., R°'1ot A••ociatioe'• ... 119i• of 
~ .,.1icatioes for 191S ...ae•t• that •••r91lly ia 
... a.. of tlle faatest-sreoriwc applicatioe are•• for 
~.. Of die ~ aa..,..ly r°'1ota - in oae ia 
t .. as, a"-t 100 .,.re iutalle4 last year • .Uf.ms 
•• .... lJ' MC ... oely to iojecti---a•i• ooclai-
1 ... iwc .. the mo•t ,.,...1ar -itplicatioe for ... 
~- io l91S. 

7•·o -i• factor• ca.trot tile pece of rollotic 
... .... ,. .,.~ ........... t;; roloilta ........ 
-a.he riaioe. C.-ral llol:ora astimatH t .. t .,. 
1900 it will '-" 14,000 rollot•, ... alloat llalf of 
t .. ae will .._ •i•ioe. Luca• l.._triH laa• a 
coeti-iwc pnsr- to oet-ta tH ua.-ly of 
-n pert•, _. ia - lookiwc at die roliotic 
••--ly of ......... ::. a fluiltla ayst- •idl will 
cope witll an.M 12 pr .. Kt •ariaata. Siaca a 
-..1.., ia a -tic it- u ... n aa a i-ti-1 
Pft'l-t, it ia likely :to llaft •ite a alMrt prohct 
life, ao a flaai•la aa .... ly ayat.. ia a _.t. 

Vitll Imperial Collea•, die a.cu 1e ... n::ll c..tre 
-·lei oe a Proa~ to h .. oet -.tiler riaioe 
coel• • .... to uain ..... ,.., ua ... ly. ftle 
pnsr-•• renlta .. re preseat .. Llet year at -
ID coafere.ce .... ta ... Aat_t .. "-factore. 'Ille 
•iaioe ayst- ..... at Lacaa compri ... a Yidcoa 
cloa..-Cin::oit telerisioe c-r• witll -itor, -
lltime i_... III •iaital fr ... •tore, ... • 
•icroc.,...ter witlt - n...,. diac •rift ... 
256 lt.,.t .. of Ult. If perfone4 nccnaf•llJ' oe 
trial, taachiwc Lacaa aoclt alloat how to .. aiaa a 
•iaioe ayat .. ••le to cope with airtr-.ly reflectift 
•arfacea. A aiailar •i•ioa •:r•t- will lie u ... to 
clteclt that tile conect -i• c~u - "°41y, 
..... 1.., •• leu - are lleiaa fe4 to Lac••' 11e..a1-.. 
••• ... ly cell, whiclt ia ..,., aader da.al..,_..t. 

ht ...... vitls reli••le Yisioe ayst-, there b 
•till • .... to piclt tlle rialst robot for aaaeallly 
worlt. Ri&ll accoracy ... repeataltility, ... the 
••il ity to coetrol tlla -t of 'Pita hea...,, l ... •. 
caa allow an ••• ... ly rollot to coapete with ... ic•'" 
aot-tic •y•t ... or -•ual laltoor for 11oaa 

~llaaical ... electronic• ••..-ly ta•lta. 

At Gae leaearcls in Leiceater, a ..., type of 
roltot Ilea .... ._.el.,.. vbicll allool• lie more 
accorate, eaaier to control •• •tiffer tllaa 
coa•aatioeal •••is .. , .. 1tina it •oitabla for faat, 
preche oparatioaa like prodoct aH.-ly. Call .. tlla 
Tau ''°t (for tetralladral rollot), tlla ..., dasip ia 
.... ., of • cntral liall, positi-4 ia •pac• .,. 
tllrn li•ar actuaton. TheH fora a truly 
tri ... alatad •troctare vllich, ••y• Gae, i• lialtt ... 
•tiff, •o allowias the r ... t to aclli••• hiah 
acceleration rate•. A three ••i• vriat uait ai•a• 
the Tetra'°t a total of ab daarea• of free•-· ••• 

The flexibility that eYell adYaaced ••• ... ly 
roltou offer to •- .. nufactariaa pl"OcHHa coald lte 
re•trict .. , ia the case of 1....-eolaae production 
raaa, by the'''"!! ;.., nop •• proar- tlle aaclsiaa 
for each ar1 t••k •• it ari•••· llall)' r ... t 
io•tallar~on• are oow expected to operate oe a 
thrae-•llift •••i• to .. co•t-effecti,,., •• t ... ra are 
thrn factor• ... ich are likely to lte Yitai if 
••• ... ly rollot• are to lte kept t110rlti• af ficintlyi 

- Proar ... iaa lanau•a•• vblcls are iateracti•• 
... all- fan, accarata proar• p•ratioa: 

- leco.ery 1trate,ie• to aiaiaiH doww-tiaa 
ofter, for ....,1., io correct llao4liaa or 
iaaert•on operation•; •• 

- Off-lioe proar ... ina, to cut out 
ti..-caaa .. in1 robot teachias ••••ioe•. 

- ?6 -

Cotneati ... 1 teach ... repeat -tao.la can occusy 
-~ of tile robot'• tiae. espe.cially if it is 
aHeal>lias a r-.. of norc:-raa prod.eta. It ia Jaere 
tllat aff-li• Pro&~• c-• ioto it• -. lhat if 
tlli• c• be •- tlsr.,.h the c-.-,' • c-..ter-ai ... 
... ip (CAP) ayat .. , tile proilactica eqi- c• 
re-nae tlla 1-'ric: iafoiraatioa •-t tlla prot.ct 
•icll t.ea alra9'J .._. dafiaM by tile deaipa:-, 
•-iaa oa :..tis time _. emirs, _. lfriwciwc ..._t 
prodactiYity aai .. aa Isiah .. lS:l. 

••ills V.i-tioa anci Caopateroriaioe prodocta, a 
.._l.,...C cell vaa Ht ap miclt Ila• •-trat .. 
aaay of th .. Yaatagu to be a•i_. h• t .. 
tecllai~. 1'hes .. cacllllle better r9'oC call ••ip 
-iaa •-latfoa tadllll..-, aa wll u die futer 
_. - •c-te pna~ of nloota. 

Oae Wport-t factor likely to liait tlla 
apfliccti• of CAD ia off-liae rallot pnsr-U., 
.__r, ia die belt of at .... d roliot J.aaau&a•· 
Vitlloet a at .... R ......... e&D ......_. will _, M 
..le to ... ip Mftware to ... loit all die raMc' • 
facilitiaa. 

la tM loaaar tara, _,. of tlla a.,licat~ for 
•iu rotiota aey -'-lly tie .... will lia oot•iM 
tlla c-troll .. -i~1t of die factory. 
Slti,..il•iaa, aiaiaa. c-tnctioe, _. ..-ciali ... 
acP'.riti•• like die ~Hiooiac of -leer 
rL...:ton are all areaa -.n a rollot •icls cool• 
trmport itHlf ... r ""'Ill at rfac••• or ...... clim 
ataira, co.I• .. a ••l ... le ~actioo t-1. 

&ltllcN&ll tracltad or .-.1.. ,,...icl•• coel• •o 
•- of tlsi• t110rlt, tllare b ..ell to M Hi• ia f-r 
of a -bi• •icll coeld -Ur;, ropi111 vitll •ifficult 
terrain.,. feeliaa iu ~..,only tr-ferriaa iu 
.. iJlat .... it 11u te•'" iu r-tiwc. u .._.. ... 
-iaal• ... A t- at Port-tis Polytacllaic, led b7 
profaaaor cf robotic• Jolla lilliaaaley, ia deqlopiac 
-1s a .. 1uaa -11i-. olaicll will oae .--.i::ic 
poNr to •ri•• lta ab lep. Pr•ri- anr-lla• to 
-lkiaa aaclsi-•. •a:r• tile Port-..tls t ... , ....... 
•nroacW tlla proltl-.,. deYisiwc laqe, .-rra:. 
aaclsi•• ... icls, at ..., point ia tlleir atd .. , fora a 
ri1i• etroctore ...,tiaa • •t~le ,..itioe •• it 
raata a tn ••dace. 'Ille Port-tll ..,r_k will 
.. to aH a coapliaat, .. apti•e aacllaai- of joint .. 
Ii ... ,_r .. lty coapr .. aad air to achina a -tis, 
flwi• •tioa OYar - tarraia. l1ov -Id -" a 
aaclsi• act-llJ' aowet 

11'.ar• are ...... ral 4if fernt .. it• tlla aaclliae 
coald .... t. tlla •i-.la•t of •icll is a 'prowl'• 
wlwra tlia aaclsi•'• cntre of 1ra•ity is aot allrwd 
to - oet of tH area -10 ... .,. tile poiau at 
... icls ita r .. t toac:ls tlla arOtlllll. I• tlli• _... the 
aaclliae alloold lte aowf.aa dovly eaoar" to stop at ...,, 
poiat ia a •tabla atate. The ... t, a .. ali&lltly 
futar, adt is a 'Karry' wlMH tile Cantre Of 
srnity ia still witlsia the ar .... coetact area, bat 
tlle aachiae ai&llt _.. - or •re pacH to c- to • 
lsalt. Ia '°'Is tlleH 1aiu, tH ... Y ca -
llBllOtlsly i• • llori ... t•! li .. , witlloot any aaaular 
-•t. 

P•ater 1•lta _.t all- tlle centre of 1ra•ity to 
-· t_,.rarlly, oetaW. tile l•a ..... Tiie 
_.t of tH foot relatiY• to tlte l!ody will •eci4a 
llov 11ac:ll Yartical, lloriaoatal or rotational ~t 
i• prOllac... Illa reaalti .. pita -1• lte a 
'uater' • vltll •- rotational -•t of the ... y, 
a 'lope', 1&.ilar to a......_ walk, ... a 'trot• • 

riaally, the rollot coold 'pllop' ia 
..,raaaciaa. la tllb caae, tlla fNt -•• .,... -" 
of tllair CJ'cl• tfaa off tlle ar ..... _. tlle -1si .. 
-•• __. 17rotcopH co •t•lliliH tlle '°"Y .. ri•a 
tile•• faater -•t•. 'Illar• are a •ariety of vay• 
of Haeri• ••II a aaclsf. .. , iacl .. i• laqtllaai .. or 

• 
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111ion-i• it• etrift• ... aotati• tlle lea• ia • 
eiailar _, to tlle eteeri• -..le • a car. 
(S,i-ri9 .... lJIA.-t 1"6) 

htwtH.._.li9 

llatedah .... li .. ace-ta for .. ~ JO _. 
70 J.ar ceat of ~tioa coete ia • -factari .. 
c ..... iee. 'Ille - of ..,,_ ...... li .. •Jet-• 
..,. a - IEDO ftllOrt. • c• pnMI- -ei­
.,.._ti- ia t11e .. fiawe• vitll areat iap~u 
i• pn.l.ctinty .. a nnlt. 

u..t Ul.ooo ailli .. b ti ..... 117 m 
-fectwi• iaihultry ia tile fOhl of i-•tory. 
acconli-. to a ncnt ••timmte 117 lrear8e7 
C-.lt-te. 0- .., to c.t tllia fipn ie to 
i•roac. .nae ...... li .. •J•t- (MS) -
_..._ical .._.li .... man coatnll .. 117 
c...-tere. n... 8J8t- c• ...... .., of _t_.; .. 
pi ... -'ticln (ACY.)• c-,or•. er-•• ... 
-.twtd etonp _. ntriewal 8J9lW. 

A ftllOl't • tillie whole .-ject. eati~:.• 
"-.. ••Hi!& ss- -brloil:i .. -"• 
Eftltiee. _ ........ nceadJ "'Ft• •ti-1 
-c Du.l.,_.t Office (-) • .... If of tile 

llecllaaical ._.li .. Ee-Sc hftl.,_. c:-ittee. 
'Ille nport NJ• tMt tile Kope for bipr-i-. ._.liaa 
cff icie111:7 la i .... try i• ....,.,.... llaterial• 
.... li... it clai.a. ia a -jor upeaH for 
c ..... i ... ecc-tiaa for JO to 70 per cnt •f 
prohcti• coeta. De .. ite tllia. it ie - of tile 
l•Ht c-i•nd faacti- ia tlle -joritJ of ... 1....... 'Ille •iffie11ltiea t ... t ariee ia .. teriale 
..... li .. are oft- - u ieolat .. pr .. 1..- of etoclt 
c .. trol or pr .. .ctioe ec..._liaa. ratller t"- •• 
.,..t_ of poor -tariala n- - acsat. .. • 

Tiit l!DO report c_l ... • tllat vorldvi .. 
i ... er.nt ia AllS will ar- bJ 12 to U per c-t 
a-llJ froa the £1,400 ailli .. of t- 1eara •P to n.,.. ailli• bJ 1990. ao....r. tile ua: .. n.t, 
eltlloll&ll relatiwelJ ... er•eTet.,... ia e.,...iaa at 
•• ewea feater rate •-' ia eapect.. to raecb • wal .. 
of -r l250 aillioa i• 1990. • .,,.rqe -• 
arwth rate of 20 par caat. 

llDO aho ••J• that ujor opport•itie• eaiet 
for UK •en of ABS to biprna tbeir coapetiti• ...... 
if tbeJ iin-eet ·• •tor•&• aad var~hoalliaa - a 
••et•atial .. rut vorldvi .. but - ia which the A 
Ila• .... el- to .... r tbe leteat techcoloaJ• 
Ant_t .. haMliaa ia .. aafecturlaa ....... , aho .... 
auch to of fer ia eector• vith reae ... ~le woluae 
throuahptlte, eepeciellJ alectr..-..c .. aical , ..... 
c--r pr .. .ct• ... CClllput-.ra. 

'llM! report rec~• that all cC19P&nie• •llould 
Carl'J out •• ..,.it of tbeir ..... Ii•& cHt• and ..... 
... t ... t tbeJ ehoal4 ...,t AU to -•re t .. ir 
loaa-tene fwtwra ia tense of: 

- lacrea ... coatrol -•r .. terial• flov throuah 
tlla ... , .... •• • wllole; 

- More afflcieat ••• of lallour; 

- ...... capital ..,,., .. H a ranlt of 1-r 
i.,,..COl'J; 

- lacrea ... pr .. ..ct ~11aUt1; _. 

- ... uc .. le .. tiae• ... araatar fleaibi;lt,. 

- l7 -

'-titer iaportaat rec• ...... ti .. ia tile report 
ia t ... t claief enc.th•• .._,. a"°i•t a .-ri.1 
tecllaical -ice at ... ~ leql - a atntqic tllilllrer 
vith ia-aptll eaperi- of _.era pn4.cci ..... 
.. eip tecllaoloaiea. It ia aleo napet .. tlat 
tecllaical ataff ..._l• nceiwe tni.U.S at tile 
•ti-1 llatariala .... liaa c..tn. Ciraafiel• _./or 
a l.c:l miweraiey. tadlaiul collep or ,.lJt-'-ic. 

A •troaa rec--.ti.. for tile C....~t ia 
t .. t it ..._l• ~ a t.rtller .... taatial --•• 
c .... ip ._.. • a mi.ti" anruecll to c...-..u.. 
•t-lti... Aleo. tllat it ..._l. _..rt ... a .. jor 
rewi- of tecllaical traiai.aa facilitie• for am .... 
tllat tllen ..._ •• h •incr:,rm.t npport ia cracial 
pn4.ct *-1..-nt ~-nu. tile C-ruaeat ..-ie• 
c .. i. .~.. t•ir ..... rt ., aiwiaa pnf•ft9Ct to 
.... lier• all'aMJ •he AllS. · 

La•tlJ • tile report _..rae• tile aettiaa .. of a 
-ui ... n-iallJ _. t..:haicallJ atnac 
oq .. iatiaa to .,,.. all tile prr!st _. -rbt 
areaa of &115. witll tlle .. jecti'fta of rr-tbi& tllle 
__. for opti9aa a.t-ti ..... eliolliaa .._ AllS c.a 
lllelp adlia- ita pale .... (l!siwr9. 
... ,,, ..... t 1'16) 

•a f- para aao. tile fectt":J of t... f•tllft -
vitlt rollota ... other .. toaet .. BilClliaer, 
effortlHe11 turaiaa out pr .. .cta from A to Z -
.._. to .. j ... t arouaol tile coner. ToolaJ - b.Gv 
Mttar. Flad~!e -fact•ri• •J•t-, wiclt are 
fleai~le oalJ vitllia liait•. are ... "iaa ia•tallad 
-re tllou&litfull7, - •tep at a time. IP"• rokit .... 
tr.... it• ..... tiaer atatu• for a etroaa e..,.rtiaa 
role. AM factory -icuti- etallllan• like 
C:.aeral lloton' *"• e•-tial for ~ operatioa. 
an fiaellJ -rs'•·• 

""Foraarl1 bail .. a• a paaacaa for the ilh cf 
America• i ..... tr, - ... preKriW ia heaYJ ..... -
flaai.He u•fecturiaa i• ... "'• Kai .. •-· 
lecauee hishly llOpllieticut .. .,.c ... ore .....-i­
... oftea iecoapatible vitll a c......,,•. otllar 
.. aufactuiq operatiou, -ra of Uedllle 
autoaati .. baYe MSUD t•ki• a ete~•tep ... roach, 
etartiq with ~Hie ... iHi"I block• tbat ua 
aYeatuall7 .. Ii .... iato laraer •J•t .... 

"'Thie aev c-n•ti• ie a itacltlHlt qaiut the 
rapi• pueh for llOpllieticat .... t-tioe ia the 1970. 
.. .. ear11 ueo.. ~ ... Mt-• .. turiaa .. n.u 
... 1--pricff forelp coapatitl'111. bade aetal-aood• 
producen lib ••t-'tlle • aacltiaery • ... fane 
•-.ui,...t CC19P&9ie• ••&•rlJ ... rac:.. f laaible 
•toaatioa Ito iapr-• efficiaacJ ... cult coete. lat 
a coaltlaati• of poor pl-i•&• aealect of koic 
•hop-floor -a-c .... -rulbtlc apectelt~ 
ecotc .... ..., of the .. effort•.• 

Ille 0-. i• •uot.. fr• tile iauo4uctor,. 
paraarapll• of • IMll-r••••~hn article ~J 
J. Z,..ot1t, H•ior •itor of '!S Teclt•lop. ia 
whiclt .. looh alt pad- pr-iMa of rlll 
k ... oa eaoaplH of Amricaa i ..... tl'J. le c_l ... • 
that: 

'"aecopbiaa that ••facturen area' It villi .. 
to .. J too ltlp • price. •t-tloa wellHr• are .. iclt 
to poirt out ltltalt ,.. b aot tlla ,._ .. it ... -• 
hel• Ito ... latllar thaa aoiaa for all-out 
fleai~llitJ ..... ara ,..•hies •a.,roprlate 
fl .. l~ilit,... 7or a C:.rman ault-lter ""1i•& a 
aachlal•f Ii .. for four-cyll .. er aaal .. e, approprlalt• 
n .. l'11 CJ•••• lthe opltloa to ... • lacla to 
... l..-•lock helpt if fvture Mrllata .__. laraer 



... i-. OtllecwiM 0 tM - liM is a coaW'ftti-1 
f'-1 918~ 

"Pb.I <-nexU1le) -t-ti• will ~i• -
&i,onmt upect of f•tue -fectari ... llwewer. 
- _. ... icatel li•• - -.0 c_.i_. witll a 
~iato COlllti .. ti .. of -fect•ri .. c•ll• ... 
.... i• .... 1. pleat - will -taell7 pnYiile 
f1-i'1e pnohctioa,; c..,.ter-iatqrat_. 
-fectari• will tie toaetiler •ie1 .... of 
mt-ti .. • .... r a ei-sl•. cro ... i•ti .. c..,.tar 
dtat - efficieatl7 ._,le pr .. uct .,.rieti-. let 
- • flexi'1e -t-tioa upnll• ... U.-•· 
-feet.ran will -i• c-ti-. • <!!&!! 
Tec: ... l!lf, Oct•r 1916) 

'Dine JUrtl 8&C"o t• •ati-1 Acailn!J of 
... i-.ri.. ia tile US •iec_...r_. a ,.,..1iarit7. 
Larp ~ie• i_l,,.. ia __ , p~tioa an -n 
li .. 17 to ~-It• tltorir factorie• ~ ... 11 
c....-in proohci• Ntc•• of 50 ,.n. or f-r et a 
time. n. pnlt1-. t• ~ •iec.,..reA. u tut 
.. tell -fectann t ... -.t to iatqrate c.,....t•n 
iato t•lr fectorie• • - it cMte too ..ell to 
pa~ -'ii•• frim •iffernt _. .... to 
er-operate witll .. ell otller. Ii& ... u... en aff.R 
to ti.il• .. t_t_. fectorie• froa ecratcll 81111 to 
cuta.iM ...:lliM• .... c..,.tan of •iffernt ......... 

Ii& :..,.aiee •ucll •• C:.•ral llotore or loei .. 
ca affo ... to •••eallle a aev factor, lillle • hi-fi 
•7et.- or to cut .. iee eftrJ -Iii• to c-icate 
ia tile - va7. lat .,,... C:..ral lloton i• etill 
C!"-li .. : oaly 15 per cnt of iu 40 0 000 
proar .... ~l• .. •ic•• caa c...,..icate oatai .. their 
- proc••H•. leaolwi .. tNt aec._ical 
•iuCllropJ. accor•ins to the cheira81! of Ceaeral 
llotor•. tab• ., at.on helf the caapasy'• buola•t for 
-t-tioa. 

latch -fectoren ad4 ...-i,_.t - or two 
piecoa at • time. 'lllcy aee• to buJ fraa •if fereat 
aappliere ._It they caaaot afford to tailor oech 
-hi•'• software ... har•ware. let theH coapaai .. • 
__. tk -t flesiltl• fora of aut-tioa, •• they 
fr-...tly avitcll ... •ltiaa - -11 lot of part• 
ti' •-t!ler. TM prnl• b -re thu ec .. •ic. 
Alloot 90 per c .. t, or 100,000, of the compaaiea ia 
tile US tllat aalle parts for other coap••i•• are ktcll 
.... fect•r•r•. Diecreto ,.rt• ecc..,.t for eltoot 
75 per cut .,f the tr .. • ia -factor" ,.... ia tlle 
us. If ltia cor.paaia• are the oaly -• tllat C'aa 
affor• to nt-te, they will e-.eat-117 avellov op 
tile -n o,eratora. 'Ihle i• wlly, ia 1911, tlle 
lati-1 lareao of Stalldarda (DS), i• Kar, la .. , •et 
out to .. eip .. nt_t.. -.a-. ahop "•• ... y to 
llook toaether .. a "- -eic a,•t• ... 

TM 11S i• • 1111ietl7 i .. oatrioae reeearch 
cntra, na 1ty the aon..-t, that -at people tlliu 
juet •••nr•• thiaaa. .._ • ce .. of altoat 
l:JO RHarcllera at the ltureao llae fft .., a aparklia& NW-"• ellop call•• the Aut-t•• "-fxtorias 
leHan:la facility (Mllf). fttilip laasetta, tlle 
-ser, poiau out tllat the Mllf ia aot • prototJpe 
factOrJ or •U.,ly • aource oC illft09atiwe equi.-•t. 
It la • lalloratory for nperi ... u. Aa ec-ic 
-lyeie lor tlle llS, 1ty the ltaaea-nt CoUaltonti•• 
Cr09P, calc.late4 thee cha Nfll' • work coall 
..,..t .. lly r .. oc• -hi•i111 CHU 1ty 25 per cnt. 
Till• r•pr•"•t• a• allllUlll eawi .. of C••• of ltillioaw 
Of .. llara i• Cha DI.' lo fer, 19 uaiweraiCiea hawe 
Hiit HHarcllen to •t .. 7 ac tlla 111111, ... altout 
J5 • ..,.., •• ac:tiwel7

1 
parcicip•t• ia it1 YOrtl 1ty 

off•ri• ,.ople, equl,_.c or caeh. 
I 

c:c.p.car wclenciac1 end onainaara 1it et the 
, te1Wi .. 1e an..,tin1 ~o aub1 the -ht.new ... their 

ro"-CI l•CO •• , ..... 11Ut-Ce4 ••CltJ tla•C produce• 

- 11 -

r•rt•. hea~lly, tlleJ ...... to ac:coapli .. two .-i.. TM fint ie to ..,,, .. - waJ• to -•iae 
,.rt• ao preciaely tllat tlleJ coaf- to .. ti-1 
et ... ede of .... ..-It. Tlleir HC:oM S-1 i• to 
pre9i .. .__. iafo-tioa to •Hip a 1t .... d 
iaterfoce for i .... trial .-clli•EY· En•t-117, tlae 
as win ... tile AmF to ••welop -rectariac 
ayatem tllat iacorporate artificial iatelli&tace. 

..._ tlle AleF Ila• aclai .... ita ~iate pele0 

it will lllaft ._.. • .,.. .Ut ia ~ ae-rically • 
c_,..ter-i•tqrat_. -.ibctariaa (CIJI). A CDI 
eyet-. ileei .. • wrt.i .. -t-lled 1ty .._. ....... 
-t .. flu1'1e .....P to re ..... ._.iatdy to 
cllaa&e• i• tile urbt-plece. &a aaai-r -t .. 
altle to tllros a alteratioa or - •eaip iato tlle 
c..,.ter at tile top of • CDI eyat• ... lllaft iu 
-lai• toab cat • ..iifi_. or - ,.rt 
._.iately. 

Dae mas aim to create aa electroaic lliereclty 
tllat ehare• lai.o.r -It, writ•• a c- .. take• ... 
Ht• ralea to ~i .. how ~i•i- _.t .. ..... 'Ille 
.._.. _ _.t alao ~i- ... t i•f-tioa yoa _.. to 
nm • factor, nil laow to pt it. Thie explaiu it• 
pnocc ... tioa witll -•· The aim at tile,,,., i• 
to Mt a .. ta lt .... ri tlaalt c- •aal vitll __.U, 
•ucll •• tile -tioa of a rclMt'• an, aa tlley llappea. 
lllP0 oa tlle otlller llaml, i. c:oaceraed with etatic 
..... u. a.ch .... li,,.riaa • tally of part• for 
clieata. 'Ille ns Ifill a;.t write tt.e - •t .... rd for 
-factori .. i .... try, that job lteloaa• to .. 
i .. .,...Seat ...,y, the Iatenatioeal St .... ri• 
OquiHtioa (ISO). llllat Simpaoa i• tr,ins to •o i• 
to write the electroaic: eqoiw&lnt of • lteU:er latr 
... thea to perauaole the ISO to eaforce it ia the 
1-l•H la .. of c-...ten. ('tbia first appearft ia 
kw Scieatiat. Loacloa, 4 S.pt.-.r 1916, t"te '"ftltl7 
r.-.iw of ecince _. tecllaolO&Y.) 

Sowiet factoriea are lteiaa nt ... tft 

A coapoteriUll 1r7at- worth US*6 •illioa for the 
eot-tioa of the pr .. ac>;ioa pro.:ea• of • factor, 
ltlaat pr .. uc•• t ... l•rs••t a••rlloxe• for ll•rwe•tiaa 
NChiae• ie altoat to 1te coaplet.. 1tJ • lritiall fin 
aad ant to tllr. Scwiet Daioa. 

After the aev •y•t• ha• k•• applie• the 
factor, will 1te able to pr .. uce • oait e-.er, 
49 Hcoada. 1he pert• to 1te aa..-lft will M 
cORYCJ•• ltJ llObile platfol'll8 throuall 15 atatioaa 
coatrolle4 1ty coaputer. the aaaiaeera •••i .... to 
pr .. uct control will 1te altle to obt•i• OD & .creea, 
alter -kioa aolectioaa rr .. amaa for tM pvrpoee, 
all the iafor.atioa re1n•ins tbe pr .. oct at tlte 
i .. iwi•-• etatiou of tlle prodoctioa c7cle, H -11 
.. • •i•ar- pr09Wiaa • coaplet• 09enriw .,f 
prodactioa. 

ly ••l•ctiaa a particoler workatati:ns, tlaey will 
lie •ltl• •• well to take i .. iwi•ual -lliae•, or parts 
of tlle •-· iato .... inatloa ... to obtai• 
iafor.atioa c-iaa frOll •i•lllO•tic .ot1itoriaa •awlca• 
eppli .. to tlle -hi••· 

I••• if the •y•t• will aot H c..,letel7 
eot-ted, th• pr .. uctioa liae will aot ia fact M 
controlled totall7 1ty tlle coaputer iuMIUCll H the 
parts will 1te load .. 1..S oalff41ed -aually, it 
..... rcllclea• repl'H'"•t• - of tlle -•t adwaDC .. 
eut ... tioa 1yatem pre•••t i• factoriea i• tit• 
S...iet U•loa. 'Ille ntira project, vllich took ewer 
20 _., ... to ..,, •• .,. b upec·•• to ao into 
operatioa et Teaa11r0& at tile eao of the curn 'It 
7•ar· (IllPUll lkllletia lo. '2, 4 Aupet 1916) 

rectory of the futare 

The faccory 'f the,future will M eucceaafol if 
••••i•a •••ice• caa effacti•al7 pre•ict tool 
failure. U1er• ... plaanar1 of -hiaiaa call• ... 
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llJ'llt- Mft M»Onl tlult ~- .. tect k ........ _. 
toob. A pnm•U. Mftl.,...C ia tool ~iti .. 
-i ......... ._.tnt .. ., S.-tal. lt• 
Tool C.-liti- S.-r Syet- f- t11rai .. ~i•• -
.. tect .... a c.tti .. tool •re9ke ... et ... tlle 
epi~le ia l••• dlaa a •hale rewiitl•ti- of t .. 
90dlpiece. 1'1e r.•t-'• openti .. ia .._. .,.. tlle 
•beet --t of rooliot, .. iol, ... r...-tial 
forcee tllMlt an -~ ia a epecial tool •lock ... 
proc:H• i• a .,ecial CC111p01ter. Ae a rH•lt, tlle 
•Jet- ie '- to tloe 6 c- tool -ar 
..cllMlai-: crater -ar, flaalt -ar, c•i"iac of tlle 
i-rt or c.rti ....... ..,tit-of-cat aotc•i .. , 
aicroecopic •naltap, ... t .. ..-1 -f-ti .. of tlle 
iaeert. l!l -eer re_.n:ll effort•, DS ... .... 1.,.. a lat.oratory mool•l• of - '•ltr..-1' 
pr ... to a•toaiaticelly 11Daitor tlle aurface fiai .. of 
a part ••riaa -clti•i•· De proh .. a .... 
eucce••f•ll7 teat .. oa .. tit flat a .. C1i1 .... 

atatioaary .. ject• orit• aweraa• ••rface rooala••• 
-1-• of 25-1,000 aicroiaclwe. Um Ap, 
u a.pat 1"6) 

l[aiaer Al_i_ ... CIMeical Vora, locatH ia 
Erie, .._.,,l,,,..ia, USA, b aalti• aa iapreHift ..... 
t-rd W.t it ltaa teiwri Coapoater-latqratn 
OqJaai&atioaal Aat-tioa. 

Tile Erie Vorlr.a, a• the plaat ie call .. , 
epecialina ia the _ ... facture of al_i_ fol"liaa 
diea. loth the corporatioa aad the plaat realiz .. 
that aodenais.ation waa required to r .. t1e• coat• aacl 
lllad tiaea, iaprcwe acc•racJ aad repeatability, aad, 
tltrouah theae ad•aacea, iacreaae coapetiti~eae•• aad 
the chance for .. rYi•al. 

Tile _.enaitatioa 1te1n vi th a atudJ of CAD/QM 
ia 1979, culainatiac with a 1914 iaatallatioa of a 
•Jet .. froa tlc0-11 Douglaa ruDDiDI OD Data Ceaeral 
hardware. ..st, ia February 191S, laiaer/!rie added 
three a....baadi (Ital1) •~rtical CllC aachiae tool• for 
die aacltinias. 1o r .. t1ee data ••tlrJ ti•• at the 
CllCa, a Kaaterliak DllC •J•tea to c-ct the -chiae 
toola to the CAD/CAl'I •J•t .. (yia aa iater.ediate Data 
c:. .. ral coaputer) wa• iaatalle4. 

In a parallel acti•it7, the Irie Vorka iaatalled 
a Data Ceaeral "-"LIPS! KY/1000 to cff-load caaputer 
iaforaatioa fcoa the corjlOcate aetwork at the fira' • 
headquarten ia Oakland, California. Vltea fullJ 
iapl4!9eated thia a ..... r, the eyat .. will haadle all 
the accouatia1, purchaaias, work-ia-proc••• trackia1 0 

,.,.-roll, ,,, ahop-floor-coatrol requir-t• of the 
plaat. TJ• •• QSether all the •arioua prasr~ble 
de•icea at the Irie Vorka ia a llAP-caapatible 
broadbaad COllmlUOicatioaa aetworlr. froa Coacord Data 
SJ•t-. Called Tok.enl•t, the aetworli waa iaatalled 
ia Aus-at .~IS, aad iacludea aoaa 36 iatarface 
aodulea - plaaa are to iaatall ewer 150 ••••tuall: • 
'" c~t 16 diffarnt de•ice• tbroushout the 
26-IMlildit11 co..,le11. ( I_.uatrial World, &oauat 1916) 

ClM raaaarch ia the F••aral ••rublic of C:.r.uy 

At the l&TAY '16 l11hibition ia Duaaeldorf iii 
JulM, the i11POrtnca of CIM a .. of - ••i-ri• 
-tariah to CH -11 ... aiUle ahd ltdHU)' wa 
•trOt11l7 nphaalHd. lhla h oae of the H.,.n 
ahow i• Che -tal-.orkiaa lllduacry ia Z.r ... ... 
iacl.._. a total of 941 a11~ibitore f roa 26 c ... tri••· 

Oae of the -i• faaturaa of the eidli•itioa waa 
the .,.cfal •"°"9 for - ... i .. arlaa .. cariala and 
for c..,.tar iataarated .. aufaccurias, raflacthia 
cl•arlJ the two laportant araaa tlllera iaduatriallJ 
ai111if ic .. t I 6 D ia taklaa place. 
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'lllie article at~• to •ialiliaM die aaia 
featana of t .. .,-ial Clll ..., _. to ~-
- of tlle -t aipif icaat ..._l.,...C• ia tlle nr: 
ia nceat ti.H _. ia .. rticolar aiaca tlle 

llD•&dli'itiaa ia --..r laat ~---· 

1- Cllt-apecial ..._ _..,. .... • ana of -r 
l,._ .Z. l'be of tlle I ... i .. c.- C1ll a 6 9 
ioatitotea ia coaj..ctioa wit• c..,.ter ... 
proolactioa ... i ... rha idoatriea _,. .. <liaplaJ. A 
_..r of t .. .,.at- edla.it .. ialaM aolat~ to 
tlle pl'Ml- of CDI. 'Ille ·~ .,.ct~ of prototype 
8Glotiooa i .. icate clearly tlle ceaple.&ity of tt.e 
praltl- e•-iat .. witb tlle Mftl.,...t of C111 
.,a~ for -u to _..,_ aU.. bil.atry. 

Caui•erabla n~H are "iaa ,..... iato 
pl'Olhctioa pl-i .. , ... ipiaa, vorlt pnparatioa ... 
-fectuiaa tecbaolCllJ 1tJ Ml:k Ge- i .. onry ... 
naun:b f ..... tioaa. 'Ille effecta of tlaia cooH "8 
- at the a,.cial Cbl nov -.re tlle u-... 
lier-a tM •ariooa .. ,.n-ca of a c..,..,. -
"iac ._tntn ... -.,. apecialiata wre 
••ailable to •i-a the .. taild praltl- -iat• 
wit• iaterface ..,,.1.,...t. 

1'le llacbiae Tool 'Laboratory of the Riper 
Ut1eatioa laatitute at Aacltea •-trat .. a ceaplete 
iafo~tioa flow •1•tea f roa the deai1a depa~t 
ript tbraualt ro -factorias uifta a cmc:-aawi-a aad 
turaiaa cell to produce rotatioaall7 .,....crical 
compoaeata. tlae Tra.b caapaDJ waa abowiaa ita fullJ 
nt-tic flexible t11raiaa ceatre, TBA 4IO-FHS2, 
vbicb with the aid of a fluible -teriah haadlit11 
•••ice had tbe facility of c ..... iac tbe workpiece, 
cuttiaa toola aad chuck j..,. folly aut-ticall7. 
Lialr.ad to tile tunaiac cell .,.a a •-iac centre 
SSZ 140 k froa the l[aato coapaaJ. The \:me circular 
aav ns 140 -• aupplied with bar fr- tbc 
aultiprasr- -saziae. An 9C aortiaa •J•t- waa 
capable of •ortiaa •- worlr.piecea iato the 
reapecti•• biaa. for the data tra ... iaaioa, a Prim 
coaputer iaatallatioa vllicb waa capable of 
uadertakias tbe fuactioaa of prodactioa plaDDiDC 
(PS-•J•te..chaik) the •••isa (Priae-tleduea) &ad the 
9C-prasr- asaeratioa (Priae-GK) c-1• be ..... 

A aoat iatereatias preaeatatioa of CUI c- froa 
the IHtilate of Productioa SJ•t- aad Deaia• 
TecblloloSJ of larlia ia coajuacti- witb Diaital aad 
llaho. la a 40 ai .. :i:e ._tratioa tbe 
..,.ueatioaable auitabilitJ of CUI ia tbe ... 11 to 
_..iua aiae -11Ufacturia1 plaot llbere a •eraatile 
pro4uct r..,• ia ._.. .. vaa aia-. 

la •-.Id factol'J, tbe coapaaJ •"-" tbe 
•i•itor tlla atatlda... r ... e of pr~ta ~117 
a•aila•le, •elect_. a ... ,t a .. aakd bi.a/bar to 
•uaaeat a aodificatioa to ... of tbe .. aic it ... oa 
tbe pr .. act •nu. The nth• procMuH fr• c .. t_r 
order of • etaadard part airll aodificatioa (a tJPical 
caH ia tbe -11/aodi• ai ... -factoriaa plaac> 
ript the WJ tllroasb eacb ..,.re.at of tbe f actof)' 
... t ... ._.tratod. 

1'le o .... r wu nter .. oa c..,.tar, al•n - Drier 
....._ _. a •rial .. acriptioa of tlle _.U.lcatioll. 
'Ihle iaf_ri .. vaa ,.. ... vi~ t .. ai• of •laccr .. ic 
poat to tbe .. aia• ..,.n.nc. 'Ille ti.ui ... r callad ., 
the pafff.calar lt• fr• the allU ... ,,......, to 
aodify , ... itaa aa ,., iaatnicti.oa. I• • reaarkalllJ 
allon ct.., ... aalll .. ...., of die act.ID ..,.r.ea, be 
.:..,111tM cite _.iUcatt.... After cllackl .. cut it 
•• i• act..-..Ce ntb apecificr cl.ea, Ila ,...._ .. -
alao with CIM a" of ;be llCLIO .,.er.ea • a • ..,1ac1 
IC-proar• for c...-..c -facture of tlla CIC 
-•i•i• cntr• _. tit.!• clieclllM cllla ,woar• •'• 
tbe ar.,..ic• aiaolati.ea f.acllit7. 



n. .. t• ..n t..._ tnafern4. •aai• "1 
electnaic poat 1 to tlle prad11eti- pl-i• ... 
~nl a .. u •• to tlle jolt abop acMalilll 
.... n.nta. TM jolt-Mop ...... u .. packqe ia 
tile Ci.5trip ._.trat .. - hi111 ..... 1 .... 11J 
tlle haolaliofer lc•tit•te for Prolhoc:tioa S· at­
... heip Teehw.1o0 (IPK) 1 lerlia. Ia the 
paperleas activi~y tile .. ta -ere ewalaat .. ~icltly 
"' ........ n-.t ... clear-e &ift• to ao ...... 
with -factan. Tiie cC111pleted it- va1 ... .._. 
to tloe •cat-r1 • aloaa wit• tbe aeceaaary .__ti. 

TM laatit•t• of Prodt11:tioa Sy1t ...... 
&at-ti- UP&) of St•tttaart, -rltiaa with 
Jt~tlaa ..._me. ·~ • c..,.teri1n aol•ti­
for tlle anaa of prad11Cti- pl-iq, .aclai-
1 ... 1 ... •iaaaoatic tec .. i.-e1, -factariaa coatrol 
... c•t -1y1b. Two •iffereat •tat- .. re beiaa 
._.tnt ... - ui• tile rollot aa a ..chi• tool 
ia a ~pt- _. tile aecaaii no.iaa a fleailtl• qc 
cell. 

llldti11& ... of off-Ii• proar-1q. it vaa • .._. 
that tlte - of rollots •• .aelli- toole ca lie 
_..rtaltea - dficieatly. 'Ille aiai-c...,.ter play• 
a ftrJ U.,Ort .. t role 1-~•. 0. - .._..it -y lie 
.... ia tile CAD/CA.~ •t•'!:~ ... for rollotic c~rol; 
oa t• otller. it ca lte .s•eo to zealiee relatively 
tm , .. .,...eat, ..-critical paeral f-ti-
.. icll are aecasaary for .aay rollot applicatioaa. 

'Ille aoftware syat ... carreatly lteiaa .. vel .... 
"7 tlle IP& ia Stutta•rt. ai8ri -illly •t tile 
... i,.latiGO of toola uiaa rollou, laaft tile 
follOlriaa t.acti008: 

- Deer proar .... ltle iaterpol•tioa, 

- The 1eneratioa of progr- vitlaout coatrol of 
tile i ... atrial rolloc. 

- Off-Ii• part-progr .. correctioo, 

- Pleailtle doc .... t•tioa •Ml stor•a•. 

- aacordi• of proar ... for differeat rollot 
tna• ... 

'Ille wiater .... acer, 1916/17, ct tile laatitute 
of lla-factarl• TeclaaolOlf aa.t llachiM Toola of 
tile Taclllalcal UaiftraitJ, lluoYar, will au tlaa 
atart-wp of a - Cnt-laltor.cor,, the lint o~ iu 
u .. dell.... f01· ad.c•ti-1 ,.rpoaa• in tlaa na. 
The •-.. t .,.. ._tree.I at tile tslAY '16 •"-• 

'Ille ayac .. c..,r1 ... • CAD worlt station for 
.. ,, ..... ~,..oar• 1• .. ratlH. A PC aatwrlt for 
tlle "r•t •-ar-e of c .. llC-proar• (DIC) _. 
C:.C-hi .. tool• for CH -factare of tlla c..,.ter 
... , .... c..,_.u. 

Oii t ... otiler late1rat.. PC1 the CAD-10ftwre 
fr• tile -I'll atatioa c• lta .... ia 2-D fon, haYias 
• - •Rhitect•H l ... tlcd to t"'t of tlla work 
1cetioll. 'Illa re-CAD !loftwre ll aa1' to Its very 
"h•le for tM .._ati-1 -1r-t. A c..,.tar 
...... wn ••-las 'ftt• CA 90PUll) •• lea lial&al' 
to tH C:.-S,at• la ... itiow to• c..,.car 
co.cretl .. tool ... 11111at •J•C .. are al•• Ital .. ,_l.,.. et ._..r. 

'Ille fifth 1 .. clt•t• ...... trotias c~ .,., ... 
•• tlle ._lear leHanh C:..tre of KaalslnlM. le 
'-aerie .. • C:...._..l ., .... ,,factor, with• 
flnlHe ..... ,, call .. , .. • i•acrial , roHt 
- 1' fnm tk leis eo.,..,. & CJPlHl ,., .. trial 
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c...,-nt lteiaa •• ..-1.. ... diaaaaealtl .. vaa -
•-tratioe. Coupl.. to ~ile aa.a..itly cell .aa a 
real tiaa PPS-1111:- frcm tile lerller c:o.paay. the 
PPS-Sr-ot- ..... u •-trat .. lty tile ue of aix 
teni•la for tlte differeat •epart9etlta iacl•i• 
aalea, deaip/calcalati-. -rlt preparati- ... 
aateriala ecOllOllics. 

1111e wrtti,.. eavir-at of all per-I aot 
•irectlJ coaceraetl with controtli•a taak• c•• lte 
Hparat.,. (ram tba actvat prodacti- proceH •• to 
iafoimatiow -twDrlt• ia c~tiow w!th data It••" 
.....-.t •y•t-. aiaptifiH ...--chi• 
c...,..icatioaa ... iatelliseat c..,..car operati-•. 

Coaaideraltle dewelopaeat ba1 taltea place ia tile 
11 .... 1.,...t of prototype Cllt-ayat ... ia the- •IG over 
tile laat year. lt i• evideat fra. these protot~ 
ay1t ... that CIK haa S111Ch to offer to the .-11 to 
.edi- 1iae -factariaa c...,.lllJ. Bovaver, tlaere 
an 8'llf teathi• probl ... •••ociatecl with tile 
..... 1.,..at aad iaatallatioa of iadaatrial :tJ•t-. 
TltaH lie aaialy ia the follOlfia& araaa: 

- laterface dewelo,.eat. 

- Puac:tion aad ay1t .. iate1ration, 

- Kac:lai- iatelli1eace, 

- Deceatralis .. cloaed loop coatrols, 

- Diaanoatic •1•t... ... 

- Staff qaalificatioa. 

Seit., botla iaduatrialiata aa.t educ1tionali1ta 
have ao choire ltoc to llecome iavolved with CIK aad to 
develop 1trate1iea for the evaluation of •J•C ... oa 
offer. Althouah SlllCh has hea achie• .. , there is no 
liait to the ..... c o( l 6 D .... ed hfora fallJ 
aatoaated .. ouhctariaa caa lte ruliaed. (Techaolop 
.!!!..!.!!!!!• Septnller 1916) 

The retooli!ll of Americ• 

flexible .. k.-anythin1 factoriea •r• lteainaia1 
to sprout acroH America, ltriaaiaa !tacit jolts that had 
1lippad offshore. 

Americaa coapaaiea be1at1 pouriaa 1ti1 llOD&J into 
hi1h-tach .. nufacturi111 arouad 1980. All told, f iraa 
ia the Uaited State• spent la•• thaD t7 billion tlaat 
1ur on computerian autoaatiow. TodaJ theJ ara 
1paa.tin1 aaauallJ tl6 ltillioa, aoatly on aore 
aophiaticatad Clll equipaact. ly 1990, iav11taeat ia 
coaputer-iat11rata4 .. aufacturia1 vii! have doultled 
to tJO billion or aore, foracaata Dataquaat of 
Saa Joa6, Califorala. 

CaMral Motor" haa apaat DO lHa thaa 
~O billion over the paat five J••r• oa factories of 
tile futare. Even ita supplier• ara ltain1 hooked into 
GK'• Hat computariaed iafo .... tioa ut, allovi111 th• 
to ""' data with tba 1iaat 110tor .. tar •• • firat 
step tOlf•r•• i11t•1ratiaa tlaam vllollJ within its CIM 
... ,r ..... at. llK ha• ltaaa spalldin1 tJ billiow • yaar 
oa computari1i111 it• .. ..,facturia1 proc•••••· la 10 
doias, it h•• ltaaa able to bria1 nuaerou• jobs, 
pr .. ioual1 •- offahor!!, ltact; into the 
U•it .. States. Ple•••• vich the r11ult• ao far, 1111 
llaa raiad lu iavHtaa•t la CIM to aa -1 
*4 ltilllon. 

'Ille heart of • CIM pl•at la • flexible 
.. aufacturias •hop which can rua 24 hour• a ••J, ltut 
wlticlo ll capaltle of kiaa retooled ia aiautH nthar 
tllaa ~•y•, sad altla ~o Cura out hundred• of dif,araat 
pr .. ucu iaataad of Ital .. dadicat .. to just -
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u-. 'Ille •Ufencce Ml- tM Met of tr .. iti-1 
•t-ti ..... tM M•t of - atyle Cbl pl•t• ia 
t .. t the former •t-t .. ju8t tlte flw of -teriel 
till...._. tlte fectol}'. -"il• tllla letter -t-tH tlae 
totel flw of iafoimetioa ...... for ..... , .. tllle 
.. terpriH - fnm orarh& tlle -teriate to P8fh& 
tllle -ae• ..... ,,.,,.. the fiaiHM ..... oat of the 
fnat M4r. 

The •im of Cllt ia -t si11p1J to mace tlte 
-t of dnct 1-...r inolttd ia 9D"2fect•ri .. • 
prodw.t < .. 1,. 5-15 per cnt of the con). n.. reel 
.... i ... c- iute .. fnm epplJie& •trict compater 
... c ..... icati ... coetrol• to •l••• tllle ...... t of 
-et• (t)'pican., lO per ceat of tllle c•t> tln· ... 111 
baYi• op-to-t.....,i-te infonatioe aa tool -r • 
wile •i•iai•i• tllle 11a .. u ... .....-t ... 
.......... c .. rpa <ranlJ' le•• t._ 40 per ceftt) lly 
'-i• pnciHly .-re it- en at aay iuth': 
••ri .. t• •aofect•ri• proc•••· 'Ille aet reeolt ie 
t .. t a CJ11 fector, ... a -la 1-r lllrealt • .,.. .. iat 
tlaao • llli&lll)' _t_t .. c_.ti-1 pleat. The 
-jority of the CUI pl .. u - - atn- ia die 
Unit" State• lllrult efta et laalf tile le-1 of a 
COllYellti ... l pl .. t (typically 6S-70 per cent of foll 
capacity). AM 11ec- it••• •t ..._to operate 
flat oat fr- tllle •tart to Ille efficient. • CDI plat 
.. tea it Hrier ... c...,_r to 1-111 - prM.cte. 
'nlat •pell• •lllorter life cycle• - ... Ilene• .. re 
fr .. -t (allll .,... attrecti-) model .,.•tea. 

Pneeore freo otlller parta of Vaalti•toa ia alao 
llelpina to •••r llliab-teclt -nfactoriaa into 
A.eric- fact,,riea. To aow.i~t &•na9 lib 
Dr. lr.ce Merrifield, tile ettrectioa of tlteH 
flexilllla .... fect•ri•1 pleat• i• tlaat tllleJ are i._•l 
not i••t for i .. oatriel &ienta like c:. .. rel Electric, 
Weati .. laooae or I•, .. t ne• .,... so for tile teu of 
tboa•allll• of tiny -rlt•bop• ecroH tile c-tl'J. 
While Japan he• two-tltir•• of iu illduatriel .. tpat 
within tile are•p of ltroerba• .. lleiret .. 
--fectorina &rou;t•· American i. doatry lly contrHt 
he• •l••J• reli .. ~nil)' oa it• 10.: .ooo or ao 
i .. epnclent •ulllcoatractiaa firoa. la .... t.i -rkina, 
for iutaace, 75 per ceat of tile part• awe in tile 
United State• •r• .a11Ufact•red by _.11 i,dependent 
-rbbopa i~ ltetclte• of 50 or leH. 

The American C-rce hpertmat aeH -
aatitroat rea .... fty ... 11er f irt98 ahoold aot llleDll 
toaet ... r to altare • flesible uaufacturiaa centre, 
ukias apiDlll•• for ••alai~4 oechi .. • oae aiaute, 
wheal llleariaa• ti.. .. at, tltea avitchiq to prechi­
.... t• for • •icro•cope .. Iker, cranlltltaft• for die .. 1 
en1i••• •icr_...e cnitiH for r ... r eqoipment, 
aoae-cOM• for •hlllH and IO oa. Tltb -Id reduce 
the inHC-t rbk for tltc iDlli•idaal fh•, while 
pr4"'idias • hi1her retul'll for the Cill plant aa a 
whole. It could also help rebuild -h of CH 
i .. u•trial ba .. of roatlllovl America. (The Eco-in, 
23 A.pat 1916) 

CIM f~r the ... 11er !,!!!! 

Computer lntearate• Manufacture ia ... of tho•• 
pbr•••• tllat •pell• trowble for a lot of 1n1ineeria1 
c-..•i••· lather th•• llleiq the pr•i•ed laal it 
la Mn •• tile l_. of ltrokea pr•iH•. Produu..a 
coap .. iH •H c•tiout - ... riptl1 IO. lut vith 
dece•t comrut•r •J•t... for .. nufacturina coopeni•• 
coati•& ., to 1250,000, a fiae11ei1I or qualit)' return 
aiapl1 •at k sot. With 1ood ........ nt, e 
aaallatlc budset ... • euitaltle •upplier that return 
ia poHlllle. 

CCIOll ........ nt •J•C .. • are the ffr•t •t•P• lt 
h•• 1.., .... clear thee the fir•t ltuil•ins block of 
c...-carlaacloa .... t be in piece loas lilefor• •DJ' 
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COllpOter laa~re c-• into tile production ••,.rtaeat. Dal••• tllle i..11i••• oper•t•• ia -
iatearetH -Y vitlt &OOll ,.,.~rt •Jet-. a 
c_,.ter vill j .. t M • f•rtlaer IJartlea - • 
•i-raeni• .. naff. eo.p.tari .. tioa of.._. 
-•a t ay•t- teed• to -re clllaoa ... -n coata. 

kc ... • of tbe impect it c- ban - eny 
..,.i-riaa haineH, prod.ctioo control ia .... u,. 
tllle firet part of tile •-facturiq onaa-t •y•t­
to Ille c..,.teri.... The potential ia -rmooa. ht 
it•r•i .. pot-tiel iato perfonaan i• the lteJ 
eleoeat. llaere ia ao ai.,le pl..-ia aolotiae. 
Sipiaa a £200,000 c...,._ to ::111 Ltd. _. upectiaa a 
lllox ••li-rn tlaat coatroh prod.ctioa i• •i.aply not 
realiatic. & typical _.i_ aind lriala -..illftrina 
ca.pallJ' c•• aspect to •pend t- or tbree Je•r• 
pttias tlllr ayat- up, ruanias aad romi .. well. It 
i• aotlaias !••• tlaaa • toaab •l~ requiri• totel 
---a-at c-itoeat, a .Saciplined epproecll ... 
clearly defi ... ollljectivea. llbere fail•re occur• 
(aad tlaere ... ,,. beea pleat)') end reaulta do aot -t 
upecteti-, it i• .. uall)' -re to .. vitla 
-aaa-t -lme•• tlaell eny illllerent •J•t- feult. 

la lnlaDll •ad tile n:, betch produced pEoducu 
..._ •• a .. r•a• lea• time of eialtt ...i... Yet the 
enraae time •peat .U.iaa tllle prod.ct i• oel7 eipt 
ia..u. lt t•ke• little '-ai .. tioa to •- tlaat •il• 
faater oeclaiae tool• cc~ cut dOVD tile eialat boura, 
tbe'f .U.e - impact oa tile eialat -k le .. tU.. 
Tlaia le .. ti~ ia oal)' red.c .. Illy ...cit better c-trol 
of tile production re-re••· le•OVRH ia tlai• cHe 
are at'M:k, .ac:biaea, people aacl t1lti-te17 -J· 
Good •J•t ... , •ad tbea &ood co..,.~teri• .. •J•t ... ere, 
all abftt aettiaa the beat aH -t of the reaouRH 
you lane. ••• 

U•e of C:O.,.ten ia UK &qiaeeriq Coapaaiea 

I of Co• uai~1 
tlli• .... 1. 

Stock Control 
Jolll Co.ci• 
Purchaee Orderini 
Metarial• aequireoeat• Plall!liD& 
lla•tar Production Scltaduliq 
C.pecity Pb!'llliaa 

lJI 
30% 
241 
20% 
UI 
13% 

Total s..,1e: 18,206 

s .. rce: Zyineeria1 Co!puter Suney, Ult, 
114"'..tiirl985. 

Unlike -DJ' other aecton viler• caoputer• are 
uaed, prodactioa control •J•t- raak H - of the 
oo•t •t•ble ere••· ... 11 aicro b••" •J•t ... with 
lisit" cap•bility are •••ilable to help •t• ... r• 
production • •C-upa, fr- 15,000 up. Yer, few 
eaaioeeriaa coapaai .. of o .. r 100 e.plOJM• ~r 
vill &•t lty vich le•• th•• a •ini computer ba .. d 
17at .. runnin& a wall d ... loped iaterecti•• aoite of 
•oftvera ... ul••· Such a •1•t .. can •••ilJ coat 
H0,000 by th• tiae it h ectuall)' ia full un. ror 
lar1ar c..,aniea requirin1 cuat .. deai ..... aore .. ra 
to .. tea their apecific production ay1t ... , tlle bill 
CH top '250,000. Suell a •y•t .. -Id u•uellf hll .. 
a ,...rCul •iai coaputer euch •• a DIC YAI 750 vith 
..., ahopfloor t«rmi .. i. feediq laco it. 

Unlike aome of the other nev ~.chaolo&i••• 
COllpUtnhed p1oductioa control h - Hr)' wll 
.. celtliahed with a•nuiae financial, qualitJ aM 
deli••l'J benefit• -ki .. •J•t ... •iabla .... i• quite 
... n operatloaa. 



The •creco" progr~ in Prance 

OYer 30 te- vith a t'>U 1 of 250 rHean:hen 
dedicated to filling the gap in currently awailable 
software are in opuatioo under the direction of 
ProfH-r Cori of the Uniwereity of lor<leaux. Thie 
is the re.ult of a year of Greco progr-iag work. 
Greco is the joint project of CllRS (Centre •tiooal 
de lecherche Scientifique) with uniweraitiea. 
inatitntea and groups of French industrialist•• 
including lml. France, the country ac"-vledged 
internationally as being the cradle of the Ada 
language adopted by the US Defense department for the 
standardization of traditional progr ... ing 
applications, as vell aa the Proloa language adopted 
bf Japan to nucleate its fifth generation, ia .. 1tiag 
an important effort to expand thi1 creative effort in 
software, one of the by aspects of the future in 
informatics. 

TLe Greco research theme• include artificial 
intelligence, databases, adwance progr ... ing 
hardware, .. n-..chine interface•, relationships of 
infonoatica vith .. thematics and linguiati~•. 
co-operation, cc.petition and c-ication. Greco 
is being ai.ed at aeweral ...,itioua objectiwea, frae 
{_,rowing re•earcher ltaovledge to lifting proar ... iag 
aboYe its artiaaaal level by preparing the 
theoretical basis for ita elevation to industrial 
le'll!l, going by W8J of the creation of aoftvatc 
prototypes, the training of profeaaioaal aoftware 
per•on• and the transfer of the reault• and ltnovhov 
amoag the teaD• and to industry. 

Greco, open to co-operation vith the centres of 
.. ny countrir· (Berkeley, Edinburgh, York, MIT, 
Sunford), ha·. prowl.led acceH, through European and 
American •cientific data netvorka, to ita research 
and product• to anyone intereated. (IBIPRESS 
Bulletin llo. 96, 1 Septl!llber 1986) 

Fourth generation languages 

The rate of developllf!at of fourth generation 
languase• ahov• no evidence of alovini dovn. If 
anything, the rate of change i• increaaiag. Kev 
product9 are emerging, and exiating product• are 
being enhanced in •icro, •ini and .. infra .. 
eavironaienta. Thi• kind of air~ation vill alvay1 
po1e the que•tion, do ve inve•t nov or do we w•it for 
IOlll!thing better to caee along? Thi• que•tion haa 
cauaed •leeple•• ni&ht• for .. ny .. aagera, not leaat 
in the world of data proce11ing. 

Have fourth generation language• been • 1ucce•• 
or have they f1iled to deliver what they have 
prOlliacd? rir•tly, let'• di••i•• the clai•• by •o.e 
Lhat fourth generation language• are a •alea hype put 
about by 1oftware ~endor•. If that were re1lly true, 
the data procaa1ing .. nager• of the world hive all 
been taken in by 1.ooth talking •oftware aaleamen. A 
clai• that i• patantly untrue and al•o offen1ive to 
•~ftw1re veadora. Secondly, the vol1198 of 1ale• of 
product• cl•i•ing to be fourth seneration l•n1u•1•• 
ha1 been en out1t1nding •uc~e••· 

It'• not •••y to define preci1ely -hat • fourth 
1ener1tion l1ngu~1e i1. Thi• it p1rtly bacau•• it i• 
1n evolvins product are•, and alao bec1uae the libel 
i1 attached to a wide r1nge of product• which hive 
differing orfgina. Howver, it doH help to look 
b1ck at the origina of the•• product•• 

The 1tory 1t~rted in the ti .. 1harin1 iadu1try, 
with product• frOD Tr-thare, Geitco, ADP, C:0.1h1r1, 
llCSS, etc. T11ete product• found • niche in the 
.. rket pl•ce to ~rovide co.aputing f1cilitie1 lor 
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c~ny .. nasera whD coald DOt wait for the data 
proceaeiag depa-t to write sy•t- far th•, and 
wbo -re DOt prapared to bee- •progr-r1•. the1e 
C~Diea of fared prodactl that - all DOW recoaaise, 
auch H Focu1, 9-d ..a a..11. All of theae 
products haft bee9 awailable liaice Ue aid-1970.. 

lat it va1 oaly in the late 1970., and early 
19IOI that theae product• bee: ....... rally awailable 
for in-hoaae ayet-, a• aoftnre frcm lM, •uch •• 
TSO ... 'Vll/QCS, bee- DOA viHly ..... 

l•itially, theae pre.tacts -re report 
1eaeraton, with liaited file 11 ... lill& capability, 
byl)oard data entry, etc. Al they be&•• to 1pread 
into in-tu.a1e 1itea, the d..... for feature• •ucll a• 
greater file handli91 facililiea ... .creen baaed 
transaction proce11i .. capability gawe the. 1re1ter 
walue to dat• proce1aiag profea1ional1 a• de,,..le1p9eat 
toola. laitially, thia va• for aiaiple ay•t-, but 
increaaiagly tlleH tool• are beiq ued for c...,lu 
full "production• applicati01111. 

Viii le fourth 1-ration laaauage1 -re 
developi:ag primirily for the ead uaer, application 
dewelop.eat products, lib UIO and Mantia, .. re 
extending their f-tionality by tryiaa to be more 
u1er friendly. Tbia save riae to product• 1uch as 
Katural •• Oa-Liae laalbh. 

Later, but ea1entialiy folloviag tlle .... 
proce••, the per1oaal c...,.ter world began to deliwer 
u1er f rieadly product• such •• dlaae 11 and Lotua 
1-2-3, uaing tlle excellent "iaatant• mcreen 
facilitiea of tlli1 type of hardware. la tura, the 
1upplien of tlli1 tne of hardware are - attempting 
to mov-e their product• up the hardware range, while: 
the 1upplier1 of .. infr811C 1oftware are doing tlle 
reverae. Integration i1 1110 beca.iag increa1ingly 
i.,ortaat, 10 that lialt8 between uiafr ... , •ini aad 
personal computer hardware, wia 1oftware provided by 
the fourth generatioa wendor1, i1 1nother element of 
their offering•• The con1equence of the outburst of 
develop.eats is a 1pectnm of productl ranging frae 
the "frieadlie1t• of uaer friendly 171tea1 cc1tin1 a 
few pound• to "heaYJ" Cobol application generators 
coating hundred• of tbouHllOI, with all ca.binatioaa 
in bet-en. 

Thi1 historical per1pective i• import1nt aince 
fourth generation 11nauag•• ere •••n by different 
people to do different thins•• Saeeti .. 1 they are 
1een •• reporL gener1tor1, 1aeeti .. • •• iafor.ation 
centre product•, 1oeetimea •• application develop.eat 
tooh, and •-ti•• •• prototning tool1. Thit 
coafu1ing i .. ge has allowed other product• to clai• 
to be fourth generation lan~uage• even though they 
fail to ... c .01t of the objective t11t1 th1t define 
thP. 

So hive fourth generation taaguage1 been a 
1ucce11 or failure? 

Tbeir objective i1 quite 1iaple - it i• to 
increase t'"- productivity of u1er1 of d1t• proce11iaa 
facilitie1. A1 1 by-procluct, fourth ge111r1tion 
language• will replace Cobol. There are • number of 
rocu1 1ite1 that only have rocu1 aad fortr1n 
in1t1lled 11 laaguag••· 

But hH thb ''productivity increaM" taun pl1ee1 

Fourth generation lan1u•1•• ha•• pri .. rilJ hid 
an 1.,1ct on,the "progr .... r" and hardly 1ny i.,act 
in the are•• of dat• analy1i1, datab••• de•lan, etc. 
The next ph••• of fourth g1ner1tion language• i1 tha 
1rriv1l of expert 1y•t.... Th••• will ... bl• non-DP 
naff to do ~heir - deta 1nalyah and d1t1ba11 
de1ign, u1in1 Che expartiae ~uilt into •ueh 



• 

•oflt1Mn. s.c• a:rn-, while tlMJ llne a laiab 
..-tr•ti- i•to _., l•rae corporati-•. appear to 
be prmril:r •"' for ewalaati• their pot•tial vitb 
the oqniaati-. It i• •libl:r tbat tlMJ will lie 
widel:r edoptetl ntil t1ell iato the 19'09. 'Illa 
htan, I ..,...., ia t-n• fifth a-r•ti­
l•111Gap•. 

At pn ... t, I c•• ... i•-at tbe•e •• tbe 
co.bi .. ti- of ta.ta:r'• f~la peeratioa l ....... a 
with aapart a:r•t .. capabilitiea, aYailable oa a wide 
r ... e of haO-n, •itb fall traaapare11e7. fte aaer 
or the deftloper .... aot be -n of whicla hard .. n 
ayn .. tlle:r an or will be ••iaa, or where the data 
naide•. Clearl:r t•b 11cenario wHl ret19ire 
eipifica•t 111.,,.1..,..ata ia the areaa of operatiaa 
ay•t- ... c-icati-. (l:r Peter Sc-•· 
..... i .. director of laformatiClll Builder• (Ult) Ltd., .-u ..... ia ea.pater Veekly) 

Profe••or Biro:raki Yoabi~ of Tok:ro Uai•er•it:r 
in a iateniw aaaart• that •- the -t .... ac .. 
CAD ay•t- are atill reall:r little 110re thae 
draaalati11C aida. 

All de•iper• are faailiar witb the •top-atart 
tbialtiaa pattaraa of creati•e work ••• tbe train of 
tboagbt whicb i• fraitfal ... t which aaddeal:r c-• to 
a •top, for ltO apparent reaaoa. And tbea, the 
eqaall:r iaesplicable .-at at which a aolatioa to 
the probl- •lllideal:r and -:rateri-•l:r 'appean', and 
creatiYit:r atart• to flaw •&•in. 

llatl ha• iDYeat.. Yarioa• labeh for then 
pattera1, •ach •• 'brain vaYe', or 'breakthroash', or 
'block', or 'bans-up', bat baa little if aay 
..... rataadill& of the actaal proceHH i-olY ... 

It i• a detail .. esaainstioa of ..... thoa1ht 
procea1ea which Profe11or Yoahikav• - one of the 
sura• initiall:r leading Japan'• ........... 
.. nafactarins' reaearch project (NJM) - i1 aav 
vorkiq oa and which he belinaa to be eennti•l if 
CAD (ca.puter-aided deeisn} ii to DOYe forward froa 
it• pre1eat. po1itiua a• a aophi1ticatad draushtias 
aid to th1 point where it can be of senaiae 
a11iataace to .... , craati•• and inno•atiYa deaisa 
poteatiah. 

Yo1hikava •u11e1t that one of the 110•t cracial 
f1cto11 in ... •, ability for creati•e de1i1n i• hi• 
intaiti•e uader•taadin& of the importance of 
'fanctioa', bf which ii aeaat the 'intantioa' he ha• 
in •inll vhsa he ••t• oat to create any aev product. 
lnd .. d, function i1 inYa1iably the 1tartiq point for 
any d41isn exerci1e, and it• corallar:r 'fitae11 for 
parpo .. • i1 asi ... tic for all daaisaer1. 

Tiie pre1aat &•aeration of CAD 1y1t-, Yo1hikava 
aay1, are al1101t esclu1iYely coacernad vith 
.. nipalatins '•h•pe•'• acti•ity at which they are 
axcaptioaall:r coapetant. lut their •hortcoains i1 
that the:r do not incorporate aay uader1tandi~1 of 
function, or fitnc11 for purpo1a, 10 cannot &i•• the 
daaisncr llelp in thoH •ital areH. If a CAD •:r•taa 
could coaprehend the intention of the de•isner, then 
it could probably al10 carr:r that underst•nding 
!orvard to CAM (coaputer-aided .. 1111factare). 

Yo•hikava •••• the vork of tho•• currently 
ensas•• oa •rcificial intwlli1ence (AI) •• prob•blJ 
the key which will e•entually anlock ihe door to the 
next 1cneration of CAD, •ad intasrated CAD/Clill 
•:rat-. 

To c•ptur1 de1i1ner•' esperi1nce in en Al •y•t .. 
i• Yalu1bl1, but 11 not in it•alf 1nou1h, Yo1hikava 
belieYe1. The proca1111 in•olvad in 'intuition' mu1t 
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aho .. ...aent.-. YoAita.. propo1e1 tut tile 
firat 1tep ..._14 ... to e1taltli11t •- aai ... for the 
proceH c-f de1i.p, •• froa tbem to dnuce •­
tbeo~. 'Ille latter -111• then be -•ran to -
if aa:r pattaraa an pnaeat. 

Yo1biu.. aleo told llacbi-ry that .Japan' 1 
ncti-1 reaeercb project iiii (--...... -factariaa 
•:ret->, ha• M<ell cloa .. d-. 'Ille first et .. of 
the project reached tM coapleted hard .. n point ... 
•- -rkiq triah Oil c...-•u for ,_. .... for 
qricaltaral .achi-r:r t1ere •-ceHhll:r c-.leted. 
The aecCIM •tep -• obYi-l:r a .. jor ...... 1t -
dnelopia& further tlte eoft .. re reqaired. 

laadillC bett1eea the li••• it appeara tbat llM 
ve1 1impl:r OY&rtaba lt:r eYeatl. The .achi• tool 
iada1tr:r in Japan, in colleboration vith it• 
ca•t-r11 ba1 ta.ea (and 1till i1) 10 •iaoroa1 in the 
deYelo,..Dt and application of flexible -factarins 
cell•, a:r•t- and •iai-ll:r and -•aed ay•t- in 
1encrel, that 'pri~ate enterpri1e' in fact sot 
farther, faater aad ·r.,r real', qaicller , ....... and 
it• coamittee-appr~~cb coald ......-. 

lat there i1 no qaeati- .. rt oYer •apport for 
.Japan'• Iaetitate for a lw Ceaerati- of eo.,.ter 
Tecbaol0&1, which i• charan with deY&lopiq the 
c-tr:r' 1 fifth generation of .ac:hiaH. St•rt .. in 
1911, the project i• plaDD&d a• • 10- to 12-year 
eurciee. 'Ille fint phaH VH coapleted in 191S and 
itl fraiu are - lleiq applied, in the 1ecoad 
j)baH I to -chine tooh and CAD/CMI. the sroa• 
vorkins on tbi1 project c..,ri1e• repreaeacat1e>a froa 
.achiae tc<>l and C09pllt&r iadaatriH. 

'The fifth seaeratioa computer•,' Yo1hikava told 
Machiae!f • 'vill be Yery different fcom tho1e ve baYe 
today, with much i.,ro•ed concept• of architectare 
and profitins froa the .. ••ncH already .... by 
-rker1 in the fi~ld of artificial intelligence.' 
(Machinery aad prodactioa e!Jineerin&, 1 October 1916) 

CditU'Ull &llUCA'IIOll 

Morocco: •icrOCC!!pUten in 1cbool 

lhi1 article i1 the paper read at Toalou•e hy 
Mr. lachid lellllOlthtar Benabdellch, it treat• an 
analy•i• of an esperiaent in the promotion of human 
re1ouree1 by the introduction of th• •icroc..,ucer1 
into teachiq •~t~bli1hlleat1 in the lingdom of 
Morocco. -a the te:r factors in Morocco'• 
•ocioeconomic 1itaatioa iaYolYed b:r the proje:t, it 
i1 vell to mention edac•tioa. lhi• i1 a 1abject of 
coaet•nt pr&C.Ct''-'?atioa which deter.inc• the couatr:r'• 
1ocioeconomic futare add which, in •iev of it• co1t, 
i1 a ?&rf important effort beiq made by tha 1tste. 

lafor.atic1 in edacatioa ••• limited at the 
be&iaaiq of the project al1101t to the uaiYer1it:r 
alone and to the coll•&•• of uaiver1ity leYel •ach •• 
tho•• for easiaeerin1 which bad aYailabl• eqaip11&11t 
u•ed for both re .. arcb and iafor.atic• trainins, aad 
to a ......,.r of t4chnical teacbina e1tabli1lllleat1 
( .. inly accountins). On the other hand, info'98tfc1 
va• abaent in el ... atar:r aad ••coadar:r edacatica. 
Thh b llh:r the "ini1tr:r of ldacatioa, aware of the 
probable i.,act of iafor.atic• in the educatiOll 
field, 1poa1ored the fir•t aational •aaiaar on 
iafo111atic1 and edacatioa io 1911. 

The ••inar .... it poHible to deteninc tba 
11tatu1 of th• idea• and to •x-ine tha asperi ... u 
ude in the Veit aad •"abU1hed the .. in ..... , for 
rcf l1ctioa1 on the •ubject. Thie latar lad to tbtt 
... r1ence of at lea•t thrae project•, .... 1y the 
introdaction of •icrocoaput•r• into technical 
1chool1, a Loso-u1ins esperi~nt in •• 11 .... car:r 



ecllo9l _.die l•a of a lwm• n-EP rr-ti­
project "1 die illtroolactl- of •lc.....-tan ia 
tHclal• nt.a.li~w. 'Ille laat project, laltiatd 
"1 Aa-latl- llancai- .. Proapecti- (AllP). 
okal_. die ~ of t• llialatQ of Uacati- ... 
of die latn-Cowe~tal hna9 f- lllf-tlca, 
•ldl .. ~ to f'-e it. 

It b u.,.rtat to otnH t• project"• 
c .. roctadatico hu9ae ti., nTUl ita -iahalltF: 

- 'Ille project ia i•f-1 i.e., ~n i• -
oqai_. compaterioaMli• or rrosr-UC .. , .. 
t .... t. • cllllpater-uoiot .. teechi .. - opecific 
aoftwan. A aicn-ccmp.ter lau -relJ Ilona .... 
a-il•le ia • .,.. opece at t• •ia,...1 of 
ot .... ta. teaclaera, ... iaiatratiwe per-1 ... 8117 
iatenat.,. pare.to; 

- Tile eaYi~t aro..4 tile caapt1ter lau .... 
oqai ... t...U to tile traiai .. of _..ratora 
•elect .. --.i tile eotabli...._t 'IOl-teer teac•n 
... aoftwan .- eq11i,_.t -iateaaace teclaaic'-9; 

- Tile project ia i...,..._t ia tile - that 
• pro;ect c-attn wich iacl ... • tlaoae ia claaqe of 
"wc•ti- fn. HI _. fnm AllP b claaqei with ita 
foll....., ... eYal .. tioa; 

- Fiaaeciaa of tile project ia Houre4, a• far 
aa tile eq.i,_.t b c-eracd, "1 - Ill 1-. a• aa 
far ao tile operatioa i• c-er-4. 1ltJ tile lliaiotr, of 
Uacatiaa. 

lwal .. tioe of the project ia ..... at four l ... la: 

- At atucleat le•el, to be noted 1eaeral17 
•peakiec io •• improwe.eat ia pa~ticipatiaa aad ia a 
opirit of iaaoYatioa; aev relatioaabip• vith 
teaclaera; a aev attitude to tecbaoloSJ vith fever 
.,th• aad ccaplesea; curioaitJ a• a coaatructiYe 
attitude; 

- At teaclaer le•el, attit .. ea ba•e •aried fra. 
rejectioa to enthral .. ot; • atr~ns d ... ad f~r 
iafor.atioa and trainins aro1e; intereatins 
diacu1aioaa oe proar .. ade•uacJ •ad tbe DCV tool• 
11ec: ... e1tabliahed; 

- At education polic7 le•el, infor.atic• vill 
heocefoi·th be coaaidered H deaerYios of 
coaaideratioa ia ••J future edacatioa •J•t••: 

- At the aocioeco-ic leYel, • number of 
practical applicatioaa ha•• •••• the liaht ia the 
achoob • -as which •- that 10 be7oad tbe ochool 
•••iro..aent - nev iaitiati••• bave beeft tallro "1 the 
lliniatr, of lclucatioa <•acatioa c_, •• 
•icroinfor.atiu), 1ltJ AHociat!oa llarocaiae de 
Proapective ~creatioa of 7oun1 ecieoce club• aaoaa 
hiah ochool atudenu). foundiaa of priwate ocboob 
oriented t-rde the trainina of JOU':ll people •• tbe 
devel.,..nt of reaearcb aad in tbe field of the 
tvo-alphallet ca.puter. 

On tlM whole the project Ila• bean - earichi•a 
••parlance in a •-•iti•• field, it repra ... ce • 
different approac.'h frOll thoea a•ad in 11U1111rou1 
dnelopad coaatriai;, in the 1nH that &ta ala le to 
laar11 i• order to batter perceive •• i•t•1r•l 
education poller oa •anauard toclnloloal••· 

la view of tbe ro•ulta it l• aov po11i11tla to 
anb ... tlla project' a ntaolioa. 'Iha project 
c-lttn, after hnias ... ,_. the fine raaulta, 
llaa rec--.. tlla astaaeiot. of the project u 
'60 ecllool• ia ei• 7aer1. 1lli1 rapra1nt1 tba 
porchaH of J,500 •icrocoapatan •• tbo tr•i•i• of 
1,000 -.racore, 700 1r.., la .. are, J4 taacllare _. 
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HJ -iac- tedaaiciame. 'Ille ,:eject"• 
apecificati- lane .._ •- ., ... lta ii-lea 
ia carnatlJ .... r ahty. (UUllSS .. uetia, 
... 100. 1 Oct8'er 1•> 

lit • laolat .. rillap far ..... c• Antic 
Circle, • ,.... llKUD hteatlJ ac.li•• • caapater 
ac- nu .. widi .... part of a .. ,_raitF of 
Al .... (M) ... iana - •li-m 9Kiral7 "1 
•i..... - ... fialnu die le-. die •blileat 
ltaha • tat Dot ia -nil witlaia aec .... "1 • 
c...,.cer 1,000 mlea ..., ia Aacllor.... .... ... 
__.. to .. likarJ ~Ria .... tuM to • 
electroalc can cataloa - -rns die M lil>nEJ"• 
..tin -llectlOll - ta fial .. 1111 oder die ........ 
-.... ... at.o ha eccH• to t• latdt io-• of 
profda'-91 ... s-ral-iatereat -aaaa-. •u..­
•i• _....,. t•l•t..C, ... to ..i.cat'-91 aoftware 
-t to die lecal acllool 0 • Apple 11 Yi.a lw ; a •nol 
n 1ipala. 

!hat'•~ Yiai- elaapiaa., for ...._nllub•, 
tile -r1•·· -t tedlaic•llJ ... __. ... 
1 ... n,llkall7 est-i- electroaic nwcati-1 
11•t-. •1 the timo ... ar .... tn. tllia at .... t will 
un a ... ne ia ... a.... fna VA wiu.o.t -r 
le•Yi• her c-itF. _. llipt thn •taJ - to 
... i•iater Iler •illaae'• fiaacial iatereata. 
.&.other •t.._t •iaht atudJ to h • •rR""" 
prectiti-r, ltri•iaa .-.re _.ici• to tho Yilbp 
for die fint time. 

Aloes with huMm• of other hi.ah ochool .., 
collese at .... ta ill remote •illaa•• acattered ewer a 
tanitory • fiftb t• aiu of tile .. tire •1-r 41,• 
tbe7 vill tab -at of tbeir courHa wia iaterectiYe 
•ideotea aad teleplloae coafereoce calla, ..,,1_t ... 
"1 oae-vo7 tele•iai• lecture• aad cl••• diac .. aioaa 
.reu .. r ... 1tJ aatellit• fr• -....na1aau• ,• .bdloraa• 
studio. 

loa joiatlJ 1ltJ UA aad tbe atate Departaeat of 
!clucatioa, "LearoAluu• ia • reapoeae to tbe 
cball••a• of educetins • •c•ttered rural ,..,.1acioa. 
llhile at.oat 90 ~r coat of Alaau• • 400,oon 
re•ide•t• live in the Aocboraae-raidla-"--' ...... 
triaaatc, tbe nae, -tlJ ladiau aad &altiao•, lb• 
i• 365 c ..... itiea acattered ower 516,000 .... re 
•ilea of ruaa•d teneia. Allout 15 per ceot of tbeH 
c ..... itie• are reachable oalJ 11tJ veter or air - acd 
theJ are ia Dftd of .. ree-practioaioaere, .... i••• 
-aapra, ... other profHoi-h. 

"WanAlHka'o• heart ia tlaa world'• laqaat 
talec .. fernci•a •twn; •uriec the 1914-15 ocbool 
J .. r, it halldl ... 5,712 coafereoca call• inwolvi .. a 
total of 31,400 ... n. 11aJ of then call• wra 
cl•••••• ltvt tlaeJ aleo i11el...,. llllaiaiatratiYe 
... c~aa•. a atatavi•• el .... tar,-ochool coateet 
reuallli .. n•, Collep lowl, • oriaiul r .. io-tJpa 
plaJ witll at .... t acton ( ... tbe audinca) locatd 
::at a warietJ of lit••• ... labor •aotiat'-9 llet­
the atata ... wiRIJ acattarod •'-· 

Vitia 4,500 Apple Ile ia claear ....... tlla 
.. cioa'• hiaba•t perceac.,. of c..,.car• to 
at .... tl, Alaka i• illtaaolJ iater .. tff ia 
•i ... ta, t•l•tnt ... eofc .. ro tal ... li••rJ• 
Yi'eotn, wllicll vill operate ewer toar•bc­
tal•,.._ li•• llet- tlle r-t• eita• ... 
"Laanilaalla'•• llHt ...,.car, ia Mai•i• to 
4alivwr iatoroctiYa tniai., _...... IA official• 
•11PKt •Mle3ta to .. icltlJ lilac- • iapon•C 
.aj-t to tlla "Laam1 .. u• •J•ca., provi•i• 
c-.lata coun•• _. ..,,1-tal •tarial, 
olactr•ic tnthafla, ... iacaractiva ca.cl• fot' 
-re•• ca.pc via _.lo e011f•-i•· 

• 



Teletut ... tele4eli,,er7 ef a&fr:-re, .. idl pe 
tlleir •tart witlll "Lear.I.la ... • two ,.ean .... an 
-i• more .i-17. lotlll pniar- - tile -rtical 
•lalllti• iatal"ral (Yal) - tile •laall .. r traa99itt .. 
hr- fr-• of c-tio.al TY •ia-b - to .... 
.. t. -r t ...... ti-• n -~. Tile teletnt 
... teldell-ry aia-b are --. -iti- te -i• 
tlaaa are replar n pictwre aipab, ao eaclll of tile 
atate'• relill .... caat atatioe• ... t .. te•t ..... 
.. j.atel ..,.ntel7 to •H-r ~ properlJ. 

la apite o>f tl•eae pE'Wl-, "Laara&luu• 
~iu iatere•te4 ia Mtlll .,.at-, lllec-e tlileJ 
pr-in i•speui- cha-l• for___, 4eli-ry of 
larae -t• of iafon1&tioe. Operati- -aer 
Clllarle• S. lie .... •aJ• se,,.rat ... iti ... propoa•l• 
Hell u the UA can catatoa - wbicb will lie - of 
t .. laqeat teletext projecU e-r ,...ertaba ia 
ter .. of 4ata 4eli,,.r..t - ..._ alreati}' llleea a.._itte4 
to tlle atate lqialatare for f .... i.. la tw 
-nt&., t• 'nl bu loeea ad to 4eli-r teletext 
"iti- of ..,..1ar aaaaziaH ... NaplH of 
a49c:atioaal .. ftvar. to a.-ral ..... ta aita• ia tile 
"Laara&laalka• •tvorft. 

"Laara&laau• .i .... ke• i.e.,,, ... of t-
electraaic .. n 8}'•t-: - i• ...... at the 
Uai,,.raitJ of Uaat&, ... tM otller, na lllJ tile 
Departaeat of Llacati .. , c~ta tile atata'a 
52 achool •iatricta. Tbaae aet-rlka .. ,,. al808t 
ce.pletelJ rapl•c..t ,,.ice teleplloaa for 
a._iciatrati,,. c....,..icatioaa, .. ialy lllec•••• tllleir 
atore-a .. -forvanl capa•ilitJ all..,. aaara to racoi,,. 
a.. aead -••a1•• at their cClll1rellieace - a "ital 
faatare ia a •tate that apau toar ti. -a. (Ri.Jb 
Ta-:haolop, JalJ 1916) 

lafon1&tic• ia sraoi•h ancl Portaaae•• achoola 

Jaat a• ~roaa other E~ropaaa couatrie• where 
iaforwetica •J•t ... are 1r••uallJ bein1 iutall .. ia 
achoola, Spain aad Porto.al, who racaatlJ joined the 
!oropeaa C:O..U.itJ, ..,,. alao taken a tara ia tbia 
•irectioa. 

A• far a• Spaia h cO!ICer_..., the iatrooluctioa 
of iafonmatica ia achoola fall• ai•va1 llletveen tbe 
Cerama ancl Preach ...S.I•. The Spaaiab .... 1 recall• 
the Ceramn •J•t .. lllJ the •ecentraliaatioo of cartaia 
of it• project•, that are llleiaa carri .. oat at 
ra1ional leHl. Ona coald aeatioa -• th .. tbe 
Cataloniaa ra1ioa which •icaad a coatcact vitb aall 
... n.-on for the parchaH of 1,000 aa---t-rlka 
for Hc..Oary .. acation, a .. waicll h alao 
na1otiatiaa with rra11eb .. itor• for tbe traaaf•r of 
aoftwa .... 

The Sp•ni•h Mini•tl'J of Llucatioa aad SciaGc••• 
after the Preach aoHl, laat JHr launcbed the Ateaaa 
project, H HpariMatal pl .. for tba iatr .. uctioa of 
aav iafon1&tioa tecbaoloaiH ia pri .. l'J ... aa.:oadary 
achool•. Drava ap to cOYer • fl,,• J••r period, thi• 
project alra .. J c.,.en JO priurJ and JO Hcoadas,. 
acboola aad S6 caatraa vh•r• taach•r• are lteiDS 
trai.... Pi .. par .... 1 c011p9tera with re•pacti•e 
colour ... itor and 2 •i•k dri•e• ...,,. bean iaatall .. 
ia each of thaaa eata•lia ... nta. 

for 'ha .....at, th• craatioa and diatributioo of 
••ucatioaal proer-• and taaclti .. anita, H callad 
for lllJ tha Atanaa project, ha•• lte•n bait .. lllJ cha 
hi1h coat of quality proar .... pr .. uctioa ... lllJ the 
drawback• cOlltlact .. with the tranalation of the 
HiatiDS pr91r9111a9a. 

Aa for Portapl, • llUlll>er of i-ation• Ila•• 
.,,,. ..... Thia c-ts,., which hH a tradlfioa of 
aatioaal plaa.e i• 9'lrh aY•l'JChiaa i• cantrali ... , 
~•• lte'811 tha iapl ... ntation of it• iaformilt,ca 
project• ia acbool• with c..,letaly .. ce•trali1ed 
'roar-•. 'Ille iatroducfiOD of i11f-ti~• iato 
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-i-nity teaclllias haa, ..til -. p;,m f-r.a 
..- ~ iaitiati- of fi,,. .. i,,.raitiea. .t.fter a 
•iac-i• pari .. t .. t lut .. t- ,.ean, coacrete 
pl- -re _.. ia HIS to •taia re-lu ia 1,.., 
.,,.. if tllen h u ,.et - •efiaithe aa~ wit.Ill 
naad to ........ t. 11tiliaati- atr•tau ... t--r 
tniaU.. uauass 1enetia. •· H, 
l Sapt_...r iMJ 

'l'lla aclMlol aicro ait~ti- la Eu!p! 

Acconias to extn.lJ' pai-taki .. atatiatical 
at .. ie• carrie4 oet "1 latellfaeet !lectroaic !orope, 
tllte iaatall .. aicroc .... ter .... lati- ia 1:...,._ 
..,_ati- •Jet- (primary, HC_..l'J ... _i,,.nit,.) 
.-u to a~ a aillioa .. ita. tbe iatroolati• 
of iafor..tica iato tile acbool lllaa .._ 4-
4iffereatl7 ia uclll co.at~. 

C:Oiaa "1 tlllia at-,, rr-• .... a tllla liat witlll 
27.6 of tllla total, foll...,.. "1 Creat aritaia (25.J), 
tlllea "1 fS UJ.a>, Italy, Spaia, etc. TM fotecaata 
for 1'90 are Oat tlllare will tltaa .. appnamtalJ 
tlllrea ailli- .. ita. 

Great aritaia pioaaera4 tile iatreol.ctioa of 
c_,.tera i• acboola. three cCllUOC1ICi .. pl- were 
.... i•u .. ie Hll, lHJ ... HM lilJ tllla .... rtant 
of Tralle _. l.._tl'J (Ml) to 011C•rap aclloola to 
...,.ip tlll..ael,,.a. la ieaclll plu, each acbool -
•tboriaa4 to cbooM ita .,..i,_.t f raa tlllat of fer .. 
"1 tlllrea aritiab .... fact111rera. 

la fact, the uia prollll .. H•ociat..t witlt tbeH 
plau na prttbelJ tM choice of tile •-atic 
prodact. I• aa en.ri~t of rapi• teclllaol91ical 
e,,.latioa thi• ~ipaeat HSJ' •- lllec ... oltaolata ao 
that, t ... J, it ia "•rJ expaa•i,,. to rapleca tllli• 
apparat .. , coaaideri"I tbe -rou• i.we•-t• 
alrc .. J .... vi.tlll reaan to aoft-re, •taorU aad 
tsaiaiaa. 

b France, on the other ..... tbe iafon1&tica 
plaa for~launcbed al tha ... of J-rJ HIS, 
wbich cal&a for the .. li"•r'J of 120,000 aicro­
coapatara lo achoo la, hiah acboola ... collcaar ia 
fraace, -• carri .. oat witbia a one-yHr pari ..... 
110,000 teacher• ha•• 1'caa trd_..., -raOYar, tbe 
acbool or aDi•er•itJ r .... ia vbicb the iafos.9tica 
aqnipaeat ia iutall .. are accaa•i~la to all ... lta; 
S0,000 infonmatica abopa h••• 1radoall1 Ileen .,._. 
to the pullllic. llaYart .. leaa, cartaia pr .. l ... baH 
ari•aa with raaar• to •oftvara .. cauaa of tile liaita~ 
choice of Hftvara a"ailula at the ciM tba pl- va• 
launcbed. 

la tbe ra•eral aeru•lic of Genmaay. 
coapatarisati .. 1.,,.1. "arf froa real ... to re1ioa 
IH!cnH the e•ucati-1 •Jet• i• Hl'J 
'8caatrali.... la fact, there i• no f ... ral plaa or 
'"'41pt for ••ucatioa, each of the Linder ia free to 
•r• ap iu - iafonatlc• pl... Siac• ltlO, tile 
teac!liaa of iafonatica h llleiaa iatr .. ac .. iato uclt 
1... ia "ari•• fona and a •t• .. •rd iafonmatic• 
-iaatloa va• eata•li•bed ia 1911. (HIPIUI 
lellaria, •· t4, 11 Aoa .. t ltl6) 

roraa oa artificial ietelli&!!!Ce 

AllouC S0,000 paop1• Ha ... led i• Ju• ltl6 at 
- of the larpl!t coafarncea aYar hcl• to diKoH 
artifidel iacellip••· AHat 40,000 •eleptee fr .. 
the UI ... 10,000 froa lurope wre u-.. "1 
aatdlite for what waa daacri._. aa tile firet 
tr ... atlaatic lacellit• .,.,..i~. 

lpoaaor.. "1 tile US chip •kar Tau• 
l••Cl'111898t•, it Ii ... • i.p arciflcial iacelli1911C• 



H_._. - "-• dH• ef tM &tl.atic. lfelllln9 
ml .... u •·~· from Stmed hi..nit7. 
,,... ... ~t. fr.. t11e c.rmai• en.. .... 
~ T-c. ef T- 1-tt~•· 

'Ille r..u.llle list ef .,..._. _. die .._r 
•i• ef die ....t .... 1, Uilicah die bifertmce -
at~ t• artificial iatelli.a-ct. lbpert llJllt-
will .. Mp - die ....... 'Ille .-u. ef ca,tarillc 
die.__ *ill•_. ._l .... ia a c..,.ter 918t-. 
twaiaa it i.Ke a •t ef nlH ... ~iaa it te 
w ..,.rte i• • attrectciwe -· 

0-r die ,..t r:- ,..n dlen ....... a .._ ia ..._1.,.._ t•l• r ... i.. fna pnprmary •.-11.• 
t• •ta.lad pns~ a...,.... c ... ilen ~iaaa' 
f- artificial iat•llipace a,.licat'-9. 'Di•._ _.et tllat a let ef ..._l.,..at ectiwit:Y b Ukillc 
place. 

T- U.t_.• .. 1' • Eolr.,......._. 
.. tellite c.afer911ee e& ertificiel iatelli.a-ct l••t 
....... r ..... it ••••JM die Hlqatee te ...._. 
...., -• -..1.,_.r ecti•it7 dlere i•. l'r• l.000 
~u .. it f .... tliat 47 per c-t •f die •lea•t••· 
fna ecnee U....try _, c-rc•. iateMc4 to .,. .. 
_,. - • artificial iatellipace -..1..-au. 
lbpen 11J11t- Mn t._ .wc4 eat of die n-rc• 
l.ahntery _. iate tlile ml worl•. 

tlie .as c-rcial c..,.ter -factwnn 
•ecla~ tlleir co.aitmear to •rtificial iatelliseac• 
_. ..,.rt ~·'- 1 .. t •-r .-. Jup .-.re ef 
pr°'9ct• .. re--· ler-• ._lett Pac .. n. 
Telttnaia. DEC, Data CeMral. Teaa• lut~u. 
ken_, c-.lore all 1-W Li~ la...-s• 
c ... ilen to work wit• t .. ir c..,.ten Ian ,.ar. 
Li•p i• die f_r .. l ...... • ia tlle US for llail•bs 
artificial iatelliaeac• applicati ...... • 
"'9i~t for US o.,.rrant of Deface projects i• 
•rtificial iatelliaeece. S.Cb project• fiaare 
•treitalJ ia tbe c..,.ter part of ,.. Strateaic 
Defeace laitiatiwe reeearc• effort bf tlile US ailitmr). 

1 .. aleo ,.t it• fir•t artificial iatelliaeace 
pr .. ucu oa to , .. aarbt 1 .. 1: •-r. It• 
c-it-t to - •incti ... , bJ -ioa pr .. ucu. 
oftea 11ec: .... a refereace ,.iat ia tlle futare: it• 
-" iato tlle ... iaeH c .... ter aarbt ia tlle ear11 
1'6h vitll tlle __ , of tlle 1111 J60. it• 
•--t of tlle IM ,.n ... 1 CCJllPUl:ar ia 1911 _. 
tlle rec .. t _. iato !ocal area •twortt... la tlile 
pan 1ear I• Ila• ... a danificaat ..,.rt a,11:-
pr .. uct allllOllllC-t•, •asl••tias tllat t•i• •r•a of 
.... 1.,...t i• Ht to eapa ... TbaH •-11e-u 
colaiaat .. i• April t•h J•at vbe1l 191 •-" •• 
..,art •J•t• .. •iaad for it• iaport .. t .. iaf r ... 
coat ... r•· 

'Illar• ••• •leo be- proar••• la applJi .. eapert 
•1•1: ... la , .. ca.pater i-••l:CJ itnlf ... 
.... ractur•r• are w•l .. t ... co .. lp faalt •ias-oai• 
i• c_,.t•r •J•t .... 

Taa.• lutraamat•, for eaampl•• •H• •• ea,.rt 
•1•t .. for fi .. laa f .. lc• ia circwit ltoar•• ... oae 
of Ill'• eli .. ta ia the l•••r911Ca ltu~i .. •• l• u•ia1 
•• •>pert •1•1: .. to ... , to fi .. fault• l• • computer 
.. cworti. DIC Ila• k•• •-'DI .. a,.rc •J.C .. to .. Ip 
c011fi1are iu c..,.cer •J•t... for .... , .. n. 1heH 
• .,1ic•tioaa are relatiwalJ •••J to bull• becnn 
ia eY•CJ c••• t .. r• la • •troa1 bMJ of foraal 
••"I"&•• lo tlle rulH ...... to •di .. , .. 
•--.•rti ...... re .. 11-eataltli• .. •· l•-.l•• of 
1111pert •J•t ... la ••• ia c .... rc•, llflDr• tlle 
"-l•llp .... 9d to ltul H • •JH .. i• aot •• 
.. 11-.. rl ... , •r• •till rare, ....,.war. 

P•rti.pa the "'°"' •ianificaat r•cent ••••l.,..nt 
ha• ltman tlte i11elueioa of artificial lat•lllaeaca 
Cach•i1111D• la popular eoftwara pro4u.:te. All•• 
loft¥Dr•'• faradow ••t•b••• .... cha Q •"' A ••t•lt••• 
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fr.. S,-tec en ~ ~ta ai8c4 at die Je!.-l 
c...-er -fc-n .-bt .. ic• ..._ ~- t!laa. 
.,,_._ ...... ~ p~c •• Mtll ......... ia die 
n ......... artificial iatellia-• u... to .... . 
_.. l:Ma -i•r to -· s,...tec. f- ..... 1 .. ... 
.. uc • -..Coral• 1......- fnac-.M to 1.u .. UllaH 
pnohct. 'De !Arp __..r of ,.~1 c-.-t•n -
ia - ~ ... ~ ... a nroas .utiet f- £MM 
pnihcu. It i• al• tlle are. ... n ,..,1. •n 
libl~ to pt dleir fi.nt 1lW.- of ..,.rt llJlll:­
ia pnctice. (l'~ial Timn. JO J.- 1•> 

&l WEU .... tM bloorat!!7 '-r 

'De •r~ l~• Oat .. iae • &I an f~ 
a1-t acl•i-11 - ~rcial ..,.n 11J9t-. ..t 
aa importaat c-'t7 of ._. &l •11fJ8rt• ia llWHa 
fem ,..lie •i-. 'Dein ia die ••l._ ~_. 
wod• of &I rw-rc• • ...,R die tecliaol911 oa .. ic• 
tlile fiat•"• fotore ....... ia - Mi-a -..1.,.. • 
.... DRll effert• .... t .. l ... Hl:OCJ Hor - ia ltq 
areaa lib ..,.rt .,at .. '-lc4&e ~naeatatiaa _. 
prolll .. Mhi•• c-tioaiet ~·t-. _. aatd'al 
........ - vill •tesalae ... tller C-Rial &I ... a 
fotwn or ...,diet _,.rt 11J9t- will .ult die _. of 
&I •naa.. 

&cconi• to ~ ..... c .... tt.- laatitote of 
TecliaoloSJ"• Patrick Viaatoa. a le .. ias 8'Yac•te of 
&I tec.._1..,. -r...,•. eapert •J•t- an iUot 
•-te - their "-l ... e b ft"J t•ia. • llotll , .. 
~it:r ... •~t• of tbe iaforaatioa Oat c• M 
., .. "' i• - eap«rt .,., .... ._1 .... baH i• 
liaitd. eoa....-tlJ, nMarcllen an ,.,i .. 
illCna ... attntioa to tlle proltl- of ..., to 
nprH .. t "-vlft&• ... proar• it iato "-l"p 
""•· 

To ••t•, aearlJ •11 eapert •J•t- laave 
ett..,t .. to Hive proltl- .. i .. tbe nalrbu .. 
appsMCb. Tbat'• ltecnae it'• •till aot ea•J to pi• 
._ a lift eapert. c-rt •i• or bar ...-.rias 
lli•c-rHa iato •pechic if-tllea rule• .... a•t it 
all •ll' ... ..-iq oa a Lbp -•i•. ht it"• 
•Hiraltle to reac• .., ... nlH ltecnn. accordiq to 
Viutoa, •1c'a oftn die caae tllat ia order to lleal 
oitll a proltl- ,_ lane to look at it froa •iffereat 
,.r•pectin•.• So remearcller• are •lao pl ... ias to 
... a warietJ of probl .. •olwins •treceai•• to lllllle 
it ,.••iltle for expert •>•ta.a to tackle aore 
.. rplni• pa&&lH. 

Giiio State UaiweraitJ Prof•••or 
I. Clla .. raM .. raa b oae Al rHaarcber ..._ ... 
att..,c .. to def i .. the aoltituH of aolutioa 
tecbai••• tllat c..,ln: proltl- require. Getleric 
tH•• i• tlle tam .. hH coi ... for ,..... tMJ 
iacluH clanificatioa, .,,.ca..:~i.• ltaildiaa, ... 
pr~-.il .. pro1t1 .. •olwiaa pJ ·~•· Cl•••ificatloa, 
lie •a,•, b ,.n.pa tlle aoet aaiwen•llJ appli .. 
19Mrlc t•••· IJ cl~••ifJi .. , •• eapert relate• a 
-'••• dtutioa to • l•ra•r sr-p of lillla caH• • 

.., ... aiaple claa•lflc•tioa c- cla••ificatioD 
hiararchl••· & cla••if icatioa hi•r•rc•1 un• • 
tree-lillla pruaias proc••• to build , .. it:o,.tlle•i• 
tllat ket ..... , .. tlle pro1t1... Larae sroap• of 
probable aolvti ... are tllalttl .. dova to ... ll•r Ht•, 
... nntuall1 to , .. i•i•ual e1-au. ore .. , 
tllouP. HYeral •Ufar••t hJ,.t ... Ha •J r .. alt, with 
eac~ ••tl•i•i•I a •lffer .. t ,.rcioa of , .. probl ... 
Aaot•ar aeMric t•••• call .. aWuctiwa rueoaiaa bf 
Ch• .. raaekaraa, atteapU to •rs• tha •UfarHt 
poe1iltl1itl•• i•to a •ia&la, c_,o•it• hJpot ... •i•. 

A prec..,iled pro1t1 .. •olwia& plea l• aaoth .. r 
cOllmllftlJ •H• tactic. lere, the aspert be&l•• wit• • 
•road pl•n of attac•. Oaca iato the proltlea, the 
•olatioa atrat .. J i• refine( aloaa th• W•J, •• ,.r 
the peeallariti•• of the •ifferent eompoaeat• ot tha 
•ltuatloa. Cllandraa41karan built • aedical dia&noeia 
••,.rt •J•t .. call•• tlDI to "9lp refine hi• i•••o oa 
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cl .. aificati .. •ieraR•i••· lie ia c.creetlJ at ~ 
- - 2. ftia npert •t•e ........ will Mnt 
.. a teatiac anoom for a-ric ta.rt re_ft .. -
re-i• _. prec ... il .. ~·- -IYiaa pl... &a 
- -.. ..... ., f.n'-". t~ ...... manta -
ta ~Rial apart •t-. 

0. tM rr.-1~ ..... fnat. reaeaRller 
r.-..ce s. Len-its. at tlle •iweni~ ef 
... aac .... tt• • .._rat. ia - ef t._. .,-fn•i-la 
tryiaa t• maa .et11oi1 t• tlle c.rreau1 ...__. rnce•• •f .. u•i ..... .,."', .. t• _ .. •f 
.._U.-.pecific iaf-ti .. - a~ for._ ..... 
NH - at...a al-. wit• ucll apart ayat•. Te t•ia 
............ ilt a prol:~ -teller fer ._ ..... 
-.iaiti ... C:.rn•tlJ. -t ._,.._.Mn• are 
.. ilt "r iatenini .. apart•. -lpi .. writtn 
t~ripta ef tt.ae iateni- ... att...,ti .. ta 
fna nlea, ... t.._. tryi .. to proaraa t ... • nlea 
i•to tM •t-. 'Len.vita"• &Jat• i9 a att-.t to 
.. Ip f-liae t•i• aeat-of-t--.-t• ..,.._ •• 
•(ltl aticrta wit• t .. aame aeaeral aceaarie ef a 
._ia apart tryi .. to pt iaf-ti .. iato tM 
.,.t. un.p - iateneliary ....... , ~tu 
t .. iatn.ftiary.• .. N7•· 

..... 1.,i• -• at .... n _t ..... Ioai•• _, h a 
•tart t-ri• cncki11& tlle toac• p~l• of .. il•i• 
~·· ._1.... ....... •iPt -· rr.-1•1• ...... 
are lib tlle cuta-fittetl mc•i•• .... ia tM urlJ 
• .,. of tlle i .... trial reYOl•ti... Alt .... • aa 
nisti.. '-l"p NH •ialtt c-r t .. •-ia of aa 
e:spert .,st• .... r cooatr.cti ... t .. t rr.-l"ae NH 
is so 41etplJ iatertvi_. witlt itt ltoet tltat it ia 
i.,..aible to •iaeataaale ...i tr ... fer ... r.1 
iaforuti- -r to tlle - •J•t•. i.-.er si•ilar 
it •ia•t ... 1 ... abilit1 viii .. c ... partic•larlJ 
&.,ortat •• t .. a1'• relatiwelJ ... 11 espert IJ•te.a 
a .. rr.-1 .. ae baaea ar-. Lefkoviu:'• •teller -rlt• 
ia t•ree atepa. 11te oaer geaeratea • roualt fo~l 
repreHatati .. of tH iaforuti .. tltat h to .. 
iacorporatetl iato the kDDVledae baae. 'Ille -teller 
take• the iaforutioa coatai...a ia tltat 
repreaeatatioa aad ... 1,aea it. arouriaa it iato 
•iffereat cate1oriea. The •teller tltea compare• it 
aaaiaat tlle aaiatiaa rr.-1..t1e baae a .. , ... rate• 
expectatioaa. 

Tith expec:tatioa , ... ratioa ia tile rr.., to tbe 
•teller'• atilitJ. 11te expectatioaa - ao called 
NcnH tlteJ are piecea of rr.-le41• tltat tile •teller 
expected to f iad vithia the repreaeatatioa ba•ed oa 
it• anal1•i• - are o•ed to alert tH expert •J•t• 
.. •ip1er to the •i••i• detail• aee4e4 to fill oat 
the.._ •• ,. ban. 

la npert •Y•teu -re tha• i• _, other Al 
re•earch area, the di•idiaa liae betweea tH 
la .. ratory ... tlte •rket place i• oftea blurred. 
Larae corporatioaa lootiaa for ltelp rith c..,la 
.... ractoriaa •ad d••ia• prolll ... are f ... iaa expert 
•J•t ... dewelopiaewt project•. Oftea, the•• project• 
lead to ad•aac•• ia 0D!lerl1in1 expert •J•t ... 
techHIDU• Mark roa, a Cameaie-Melloa Oai•erait1 
p:-ofHsor ... co-fooader of tlte Caraesi• Croup, a 
c .... rcial axpert 11•t ... hoa••, i• one reaean:her 
vitlt a foot la comaarcial eapert •1•t ... deYet.,..at. 

To !!alp .. alp an expert •J•S:• for 
Veati"ll'.oa••• roa, who i• director of 
Canieaie-llelloa'• Iatellia••t IJ•t ... Laboratory, 
wwt vich QIU reaearchen into factoriH to o11 .. n• 
... nalJH •- Kltedulen oa the job. ?hare thaJ 
•t .. i•• tlte .... •tic• of ..... racturins ia an att..,t 
to .... 1 the actlYiciH that 10 oa in a ... factari•a 
-ir-t. 

"111at led to the jupler theory of .._ h-
•c ... ul1r1 .. rr.a 4-ci•ioa•," •a1• rox. "rhe1 wre oa 
tha phoM all •OJ, •pe•killl to people in different 
paru of t .. factOl'J•" n.e cOt1Yenatlon1 wre to 
cc;ollact lapuu fr• plaanlaa, •rllatlaa. tooU.q, and 
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pnncti• ..,.rc.ewt. l'oa'a ohenatl- , .. t• u. 
t ... ry •f ~tra~irect .. rea-US. It ia .... 
tu ~ -t -rrr. n-, to ... a. tM i .... trial 
_,... tltet caa n-lt l.f part• ... rtaae• .... u~ 
.. fecta, ... n* oriera •iarmpt a -factniaa 
apenti•. fte tMery -• ... Im ia -nl apart 
8Jat ... , atarti .. vi~ 1111 ...... ia HIO. tM 
btellipmt ScM61li .. _. bferMti- S,.t. ... 
aiece ben .. Ii,...... tu V.atl .......... -ceaaf11llJ 
.... ta ~· _.., n- at a blrltm -'•t9riaa 
plat. Qlf al" .,.u .. tM tlieory to Calliato. I'_... "r •iaital ~ Cocp., ~ia a,ert .,.tam 
ac .... 1 ..... --ae• t .. actbitiea ~iaa 
c-.mter ... ip pcojecta. 

ht .... tnl1 iatell~ •1at ... arrbe, tMJ 
pnlodolJ -· t nm .. t .. u.•1.-pnceHor caepatera 
tltet an ._ to -t af t-.,• a priaitiw Al 
expert•. lute .. , re ... R .. n are loolti .. t-n 
•Hiwe parall•li- to •i•Ue op pnlll ...... c...-r 
tlle ·~ial c-.mtiaa boctl-k. ,..., •• 
... aiYWlJ parallel - tlliD.• ... • ef p~-c•• .. r• - Al 
....... niat -tlJ b tM .a... of t .. ir cnaton 
a• c.-c:ti..&at .,n-. C.-Cti .. ht llY8'- ia 
aa U.Ortaat "t a~ ... little rr.- Al re-~ 
area, ....... to _,..., .. tltet t .. -ltiple 
c-icati- li.rr.a he- proceanra ara die rr.., 
to tMir c..,.cias .-r •••• 

Vit• tlteir .,ri .. ••nae patlta, c-ti•iat 
•J•t_. are of tea Ii..._.. to tile ....._ braia ... 
-rnua •1at-. tlaie ... latelJ bee ... a 1aacrr...rn 
a .. loSY - - - reallJ "-8 -11 aboot ..., tM 
llraia c..,.tea. lat tltat'• - of tlte t•l•• 
reaearcltera are llopiq to leara -re alloot bf 
at .. 1i• tllia. tile ltraia'• electr-ic cooaterpart. 

Di•i•ioa of la .. r is tile rr.., tC't ._ 
coaaectioai•t -t-rka c..,.te. 'llteJ eaecute 
a11orit ... tltat ltaYe tltoa•a .. • of •iaote, apec:ialiaed 
faactioaa. Eac:ll faectioa raa• ia • separate 
proc•••or; the proce•aor• c._...icate vitlt eaclt 
otlter o•er tl:e •••t -t-rk. Takea •• • Wole, tlte 
cClllbiaed actioa of tile•• tltoaa•ad• of iadi•idaal 
proc••••• reault• ia leaniaa aad other iatelliaeat 
acti•ity. 

~ (coaaec:tioai•tl •J•t ... are eatr ... 11 
aaifora aad h-a-•• There is joat - Iliad of 
aait tltat c-icatea vitlt otlter tiad1 of lllliU i• • 
••ry •t•r•otJped fa•ltion - it i••'t •• if JOtt ba•• 
lot• of •pecial ca•••," ••1• &icllard Suttoa, • 
re•earclter at CT& Laboratoriea, Valtbaa, llaH. "So 
1oa cH tllillk ap leaniaa •t ... • that vill applJ to 
tllat - aait aad the•, "-••r tU,'re 
lrelc-ctn, vltataHr t..,•re doiq, tbas: one role 
will l•tilll applJ. 

lpecificallJ, Sattoa ia ttJi•a to leana llov to 
iapleaeat leanias role• ia c_,.ten. (-ieanaiq 
rule•" ia a sabaet of, aot a .,...,. for, iatellise•t 
acti•itJ.) A• part of ltl• ra .. arclt, lte 11-lated a 
•i.,le •J•t• that trin to leana llov to ltalaace a 
•1-latad broomatf ~~ oa a a1-late4 ...... 

At the 0.iYeraitJ of loclteater, Pel ... • aad 
c..,••J are pvr1oiaa a aliahtlJ differeat tack i• 
...eli•& •J•t ... vitlt iatalli10•t foactioa. U.lita 
lattoa'• ..,tJ •eaula, Fal ... a'a 8J•t ... etart out 
with lot• of •tractura or • 5riori lafol'lllltioa. For ....,1., a fol ... • •eraioa o tlii ltrOOll""ltalaaciaa 
experi ... c •i&ht 1i•• CH COllPUt•r iaf0111atioa allout 
.... ..,, .... t• , .. caat•r• of 1r••itJ. lw practica, 
thh ..... •trocture all-• t._ to acca.pc to 
1i .. 1aca intelliae•t acti•itiJ ia •ituatioaa of 
areatar comploait7 t .. 11 Hit .. baadl .. wit• S.ttoa' 9 

approac•. 

Tata Uni••r•iCJ rrof•••or loaar le~ i• alao 
•tudJiaa llov •..an• leara, looti•a at wltac lie call• • 
"theory of creativitJ." lclta .. d8Y1l.,.. , ... i••• of 
eaplanacioa pattara•. Lika a IC ... ald acripc, •• ' 



espl ... ti .. ,.tten i• a raflea-lille re•po1111• that 
--. te fit a n- t• • _.t. ..t -time• 
at~ ... ia..ti ... - ••I•• .... t: a car"• f .... r 
ia c~; ... i...ti .. ; it"• ..._ ia • ecci ... t -_.t ... 

Al ... witla lli• tlaeo1:7 0 Schak haa vrittn • -1- .... u ... lai-r proar- for• campater. 
It -• a et .... n Mt of • .,1 ... ti .. patter.- ... 
tri•• te ... lJ t..._ ltO •ari... eit .. ti.... the llDpe 
i• tllat tile pncrmi. lilre a creml:i- "--· will 
... lJ tile ..,1 ... ti- ia V8F• that c•• t .. 
.. tic&,.t ........ of time. 

.. r.ia lliMlty, - of tile f_.i .. fatlaen of 
Al, - l .... r canin -t .... rianlte, Mt -rt:• ae a 
ltreff1a-.la tlliabr i-ta... LatelJ Ile ha• ltna 
tlli•kl• no.t t'- SocietJ of Iii.I .,n-. a 
tlaeoretical attempt to c ... trwct a geaeral 
i•t•llia-e. It ie abo ....... -••i-
panll•li-. n. Soci•tJ q•t- lillb toptlaer 
-nl tlaaH_. ..,.n. Ha tile fora •f 
p:.c .. ._.). a.t -lib c..-ti ... l c..,.tar 
proar..a, tlaeF c-icate witla eech other •ia ... 
naalta, ntlaer tllaa --i~ -t iate~iate .. ta ... c__. •. 

A• _..aei-.1, each proceHor npreenta a 
4iffernt ..,.n. (11ae clearest -•oU b to thialt 
of eecla ..,.n u aa .... n .,n... lat, the term 
•..,.n SF8t_.. i• eec..._. ftF Al ac .. eaiu ltec­
of iu ueociati• witll t .. ., •• priaiti- nl__..... 
c .... rcial offeriaae.) All ..... 1• .. looeelJ 
c_t .. witll - ._ther • witll iaten.,ert 
c-icati ... co-oni_t .. ftF a lllaclt llos t ... t bowe 
Wat --" ..,.rt b .... at, ltat .... a• t ~ or can 

._ uda -'""·· 

1lae .. ia prolll .. ia raaliziac a practical 
Soci•tJ of Iii .. •Jet- liH ia •nelopiq thi• "vealt" 
the0t::7 of c-icatioa to lillk the procH.on, •q• 
lliuli:F. • lldi.,,.a t ... t a prototF.- ia at leut 
10 J•an off. 

While the SocietJ of Mi_. i• clo•elJ li""-'I with 
c-ti•iet nHuch, llia•lty •a,• that, •trictlJ 
apeaki ... it• part of tlam AI n•earch ar•• call..& 
cOlllllDll •--• r••• .. i... llinaltJ i• DOV fiai•hiq • 
ltoolt, call .. The Soci•t:u:f Iii ... detailiq Iii• 
theoriH. Ut viii .. lillW ftF Siaoa • Schuner 
later thi• year.) 

If t .. •J'• Al epplicatioae ara •••r to 1•i• 
wida•pre .. acceptaace in the vorlt8'•J -rld, they 
-•t .,..11: a la .... 1e their uHH en aadenta ... 
The .. joritJ of tho•• •••r• will not Ila aacinaar• ... 
proar-n; they're not 1oiD1 to lean 
coapataraH. IHte .. , the Al applicatioae -at lHn 
la1li•h. to thi• .... natural laoaua1• r••••rchar1 
•re tryiac to 4Halop RJI for ucllina1 to aadanta .. 
1poltn ... wittn i.,.t. 

A loarffUlht 1oal b to ltuild • •J•tea that 
viii 1ta able to re .. te11t, COllYert it ioto a datalt••• 
fi II.. vith iofo19atloo about that teat, ... oae th• 
datall•H to ..... r ... atiooa aod write ••••J• about 
lt. •(tudayl .. cu do it io th« -11, ht it'll N 
• 1 ... ti.- ltafore thoae are raallJ practical 
•Jlt ... ," aaya loilert r. Si-a, a la .. in1 oatural 
1 ... ..,. raaearcher allll profeeeor of c..,.ter e('iat1ee 
... •9JChol01J at the UoiHreitJ of tnaa at AGeti•. 

Altllouah li11M111a ref•••• co •peculate oo ••actlJ 
how IOOI tllat .. J be, hi• •ffort1 illu1trata th• 
eatraordioary c..,leaitJ of the Ullllertakilll• "I'•• 
ban wrlliq oa that for eltout 2S, :JO JHH, with 
-11 •roaraH," he •a,•. lur oHr that ••artar­
ceotu1:7, cha cClllllinad effort• of natural l••aua1• 
HIHfCMH like Ii-• ..... aot .... lo .. , •• 
their -rlt ha• ,,..,, .. , a 101id f....,.atioa for the 
field. 

-H-

$~ ·~ .. tlaal: NH for hie latHt 
project. for t::i. peat fwr yean, Ile llH ..._ 
..rlti.. to set Ilia .,.t .. to .... rat... a •i•le of 
eorta. •i• lloolt, ..__r, ia n. llaMltaolt of 
Anificial l•t•llip!c• (tlane -1-•, .. it .. ftF 
Colae9 ... re~; Villi• Saur- Im:.• lH2). 
Tlli• •i&lalJ tec.,.ical t... i• wi .. lJ rec:oaaiari •• 
tla9 •fimti,,. pi• to ertificial iatellipan. 

a.c .... of ita .. t ..... tical lteat, s~ felt 
it .... 1• "' i•al u a te•t teat for Iii• aataral 
le..,... eoftwara. .. i• tryiaa to npreMDt that 
t .. t ia loaic. to write ar-n that will tr-l•t• 
tile tea~ iato that l11&ic, ... to pt the •Jet- to 
-r .-ni ..... tile text. -SO far, - ...,,. • 
s~r tlaat i• -rJ -u ..... ...,. for about 20 pap• 
of that teat. &.I - ..._ .-nioa--rilt& 
capalliliti••• ltat io tile •••ti- that it caa 
-r •. it":11: •t ft'"J .-rr.l (todaJI.• Ile NJ•· 
S~ coati-• to a.,r.- hi• upoeitory tut 
pnce••ia& ayet-, ..__r. 

la coatrHt to tile i__.epth ... erat ... iaa 
approsla of s~. Yale U.iftnitJ" • Schaalt ltoilt 
,...__ n.. •••t leadiaa _. hdentaadilt& "-rJ 
ProSr• took etori•• off tile UPI --irea, •lta.-d 
t~ .... prodwc .. a ltrid •-rJ of the Irey 
tNPi•tl. ..._ -.t -·re 4oiq i• r-rkiaa IFlllllPI 
to reed - ... prod11e• ••atioa• - to c ... ., with 
hJPOtheae• •"-t whJ thiaa• an ha,,...i... the •J 
tlleJ''n ... ,,..i,.., ... uH thoH hJPOtheH• to 10 
iato futara atoriea,• •aJ• Scllaalt. 

A -jor li..itati- of t .. •J' • aatural i....-1• 
•J•t- ia that theJ -" lle•t ..... haadlioa • •iasl• 
d-i• or field. Acconiaa to Schaalt, "'Iba proltl­
that J- ... ,,. ia oataral laacuas• i• - of -ltipl• 
d-i... So if JOU aalt • proar• to read the 
-paper J- han thou••ad• of d-i••· Yoa haYe to 
put •• avfal lot of iafor.atioa ia there - that'• 
••1:7 hard. 1lae probl .. lvithl aonarioa ... atioae 
... ..,...riac iau't directlJ • pro1t1 .. of oatural 
laaa ... e, ita • probl- of the oature of th-aht ... 
~riq. that proltl .. r-ina to lie aohed, ... b 
certaialJ •iaaif icaatlJ pare of the nataral la....,. 
probl .. io priaciple.• 

Tllat aolution rroc•••· •ccordin1 to th« 
Uoi•eraitJ of , .... 1 li .... a, will be •• iotereatio1 
•• the prolltl .. itaelf. •0ae of the ltaautiful thiqa 
that .... c- oat of -r coacer11 with artificial 
iotelliaaoc• ... oatural l••1ua1• ia coaputer •cieace 
ii that the P•JCholoaiata •ra looltio1 at leanioa 
differntlJ, theJ're looltiq at laa1••1• differ .. tlJ." 

lut • .., .. aa •ci•ac• incrHH• it• uaderat• .. ioa 
of iatellil«DC•, the ••fioitioo of eaactlJ wltat 
iatelli1a11ee ia will liltelJ r-i• • 11C1Yio1 t•raet. 
•1 ••• it (iatelliaeacel •• the ••J• va .ol" 
prolll- that w doo't uod•ntaod Jet. kcau1a oaca 
JIN know bow to 101Ye a probl ... JOU doa•t reprd it 
•• r••uiria1 iotelliaeace,• ••J• KIT'• Ki .. ltJ. 
(leprioted with peraiaaioo of DATAKATIOI .. ,azioe, 
I Au1uat 1916, copJrisht ftF tachoical Pultliahioa 
C:O.,.nJ, A. Dallll aod lr .. atrnt C:-,.OJ, - all ripta 
rH•ned.) 

Al reHarch i• the m 

Artificial iatelli1nc• i• ..., of •uch oatiooal 
•trate1ic ... ec .... ic ••lue that the free •11Chaaa• 
of id••• ..ooa •claatiet1 le ltaiaa ra1trictad. t1te 
daa1n h that the UK, alra .. J la11in1 1'ahia4 the UI 
io dev•lopio1 artiflrial lntalliaeoce, will Ila 
excluded fr- the latHt HHarch aad fill 
lrretri.,,ablJ ltahiad la the race to exploit the 
tachnoloU• 

Prof••••r •oa•r •••dh .. , head of the Catlllrida• 
UnlYareitJ Collputar t..ltorat~ry, ••1• that barrier• 
are C09ia1 d ... oo fr•• trade in ac .... ic raeearch ia 



• 

tlle ... jtct. • cl•m t .. t fell- a .. e.iu ia tlle 
US an 80 1-a ao fortllc:-illa a._t tlleir son 
-- of it• atrateaic i ... rtuce. ......_, -. 
ar&-• tt..t tlle m: -at h -re aelf-reliaat i• 
artificial iatelliaeace, •a• ...._ i .. tnlml'atal i• 
aettiaa ap a naearc• ceatre i• c-llri<lp. 'Ille 
ceatn will M rm lly - of tlle -rH' a le .. iaa 
eiiperta, tlle 115 firm SU Iatenati-1. 

n.. c-llri•ae centre, •ic• u• 118cli• fr.. 
•ritin Aeroapec:e, ariti ... Telec-... lett:-Pacb~. 
ICL, Olhoatti, ftilip• _. Dell haean:•, •• -ll aa 
tlle • Al..y proer- for ailwaac:ed iafonati• 
tec'-lasJ rnearc•, will h ._...,. "1 Al'• 
... lloore, - a..ric-, ... HY8 tut •il• 
natrictioaa - _..i .. espertiae acroa• aatioaal 
...... riea ... •t .... - effect - lltaaic reeearc• 
,et, tlle ..... r ia tbat rill •-· 

11le ceatre rill lie ••le to •r- - tbe eirpertiae 
of su. •ich ia Hi• to npl07 a fif~ of all US 
artificial iatellf.aeace acieatiat. 'Iha ceatre vill 
vorlt cl .. •IJ trit• ita i .... try collallor•tora, aacto of 
-i~ vill c-.::ri .. te £75,000. Sal •irector 
c:o~ Saal ... hline• t .. t tba .-lit1 of aoftvara 
vill effect the perfo~e of aati-1 ec-iea: 
•artificial iatalliaeace ia ~~i"S a .. jor 
atrategic rea .. rce .. ic• -·t h tratle4 8CrM• 
fr.-tiera. It ia, tllerefore, •ital to ~ laadilla 
edp naaarc• ia llaro,e.• 

'Ille centre'• fint l'rojf!ct vill h ia astaral 
Ja...-.e proceHilll (m.r), with tN aia of proclaciaa 
a core aataral Ia..-.• ... i •• ?lte naiae vill .. 
••4d to create iaterf acea to iataractiYe c_,..ter 
a,•t-. ..taral 1....-ae proceaaiq abea a 
c_,..tar tlle a•ility to aaderataad ~•• •J•t .. aad 
1r .... r of Eaali•• 1......-.e. 

UK iadaatry haa hell •a1- aad relactaat• to 
faad 111.P reaaarch, aa1• Da•il Shorter, •irector of 
Al•e1'• Intelli1ent lteowled&e Baaed S1at.-. 
proar-. There ia ftry little acadeaic reaearch in 
this area: a receat aar,,., foaad oalJ 
30 iadutry-ltHed llLI' rHearchera in the UK coapared 
vith .,.,.r IOO iadaatrial la .. ratoriea ia tbe US. llLP 
b alao the oc1•--r-t ia the AheJ proar-. All 
other areaa of reHarch an 70 par cant fand'!d •1 
iadaatry, .. t in llLP oDlJ 30 per cent of the -ae1 
haa c- fr- iadaatry. Shorter aay• thie •ana 
there ia little proepect of •DJ tech-loSJ traaafer 
ia 111.r, .. apite iu ec-ic poteatial. TODJ Vea•er, 
of Philipa, -. vill chair the llLP project ar-., 
•&J• that the opportunity to try .. t real code 
••••lopetl .. part of the proar- vill sin the 
iadvetrial partaera •a .. jor ••&• ia ter.9 of ti .. •. 
The llLP project viii tale three year•. Moore ••y• 
the ai• ie to produce a core aatvral laa1va1• en1iae 
that caa Ille •••• to create interf acee to aDJ 
iateractlwe COllpUter •J•t ... 

The potential of artificial intelli1eace i• 
•ataoet friahteniaa", &!Id coap8aiea vhich ianore or 
re•i•t thie poteatial do 10 at their ova ri•k. Thi• 
vuaiaa v111 ,_...... bf Brye• •ichohon, chair.9n of 
tha Maapover Ser.lea• C:O..ieaiOD, apealina at the 
Al - l .. u•trlal aad Collilercial Applicatioaa 
Collfera11ee in Loadoa recntlJ. lie tol• ••l•aatH 
that "it viii .. •••1 to set left .. hiad" in the ru•h 
to c0111erriali1e ertificial intelli1e11ee reaearch. 
<eo.p.ter Weekly, 25 lept.-.r 1986) 

Pro ... coatr• LIIP 

LllP expert •r•t... are aore uaef ul* 

Lhp conti-• to .. tha baauaa• of cl!oic:e for 
1rtificiel•latelliaeace re .. arch. lut the quaetioa 
l1, •hovl• Li1p proar ... Ille tranalat•• into 
c-•tioaal l•&HP• for the c-rciel worldT 

* If I. P. Ge~rlel, ori1inator of C- Lbp. 
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n.e •-r ia ai.aple: •· the path frca the 
laboratory to tlaa fial• ia -theet llhea both -rH• 
aaa tM - proer-iaa 1.......-. 

Liep has -iqve feature• that are not ODllP' 
diffiult to •e,,.lop aad ue ia other l•aaua1ee • ._t 
that are f...._atal to vritiac eapert eyet .... 
Expert •J•t- ia Liap c .. be -re fvacti-1, 
fluillltle, aad -hl thaa vlaat cu 'be ac•ieYed ••inc 
other 1......-a. 

A Liap •J•t- can eatead itealf by vriti .. , 
coapiliaa, ea.I •,-icallJ lia1ti111 cMe. Aaother 
featare i• that fomcti- {procr-> can he creatM, 
,..,.,d •• •q-t., aad retvraad a• •••••· A thid 
featare, .,...ic etora1e allocatioa, -aae the 
pro1r-r .. e4 not •irectlJ aaaa1• -ry allocatiOD 
aad deallocatioo ... lie ie not liaited to atack-lilte 
alloc•ti- eci.-a. 

lccau•e of theaa features, a Lis.,-~stied eapert 
eyet- call lllte fleaillltle aod reepoad to tba aituati• 
ia tile fial•, eYe• recoafiavri• iuelf to ... t 
chaaciaa aeeda. Traaalatiac aa Al applicatiOD fr­
Liap to -t!Nr 1 ... vqe for ••linry to a taqete4 
.. n.et ca-t he jvatifia4 if tbe Liap YeraiOD ia 
faat eaouah, iataar•t .. vith the coaaoercial 
enYiroameat, avd ... 11 eaowa• tn fit OD the caapoatera 
that are to 'be aaetl. 

Oae •ieperc~ptiOD of Liep ia that it ia 
inherently sl- 'becavee it i• eiaply ae interpreted 
laaava1•· But ia fmct, all Liap ayat ... ia eerioa• 
use aiace 1959 ha•• had ca.pilere. 

Aaotber •iaperception ia that Liep -•t •• type 
checkin1 at rua ti•. Aaaia, for •e•eral 1eara, Liap 
•:rat-• ha•e laad declaratioa facilitiee that eaable a 
proaraaaer to •irect the coapiler to aYoi• ran-ti.a 
type checkiac. 

Yet aacther notion clou•in1 Liep'• repatatiOD ia 
th•t 1arlllta1e collectioo muet be •one during the 
eaecation of any applicatioa proar... Thi• ia not 
aeceaearilJ ao. Explicit -r,-.. aaa-nt 
techaiquee can be a .. frequcatly are used. 

C ie occaaionallJ -atione• a1 ea alteraati•• to 
Liap for eapert-•y•t- delivery, and ita perfor.ance 
i• cit•• aa a .. jor attractioa. lut Liep i• not 
aec•••arilJ 1l<M1er thaa c. Liap aad C ha•~ aiailac 
performance• on probl ... for which both laa1ua1e• are 
appro~:iate. leachaarl• for three •uch probl ... 
rate• Liap fr .. 20 per cent alover than C to JO per 
ceat fearer. Thea• henc .... rk• do not reprHeDt a 
vi .. raaa• of applicatioa.e. 

Expert •J•t ..... at el10 iatearate with 
c-rcial co.puti•&· Current C:O..On Li1p eyateaa 
interact vith other 1y1t... by iavokia& non-Liep 
code. Ia .. n, 1yat ... , the foreian cod• can •Ito 
rill Liep code aa if it were a •ubroutiae. Protocol• 
for foreian f~nctiot1 call~ have •ini .. lly ••equate 
fuactiOD&litJ at preeent l»ut ara certain to illprove 
rapidlJ• 

Ilse i• another aajor factor in tha ••livery of 
e11pert 1yet.... ·.hp-bHed expert •y•t•• hHe .. ay 
•aabyt~• of code ead data, with a aianificant 
proportioa b•in& 1he uaderlyina Li•p •y•te•· lapert 
•y•t ... ••li•ered oa run-ti .. Liep •J•t ... that 
illC'lulle juet thoae fU11clioa1 ..... , for •1pl0J9&Dt 
are gftaa ... 11 eaouatt. 

Before ••rJ Iona, evan pereooal c1111puter• will 
be 1111• anou1h and .-rful eaouah to rn today'• 
coapl•• ••part ey1t ... eaeilJ. And then, bitter 
expert •Y•t .. • - one• uein& the full power of Li•p 
da•elc,..at 1nviro1111e11r. - can be ••liver•• oa 
per1oaal c_,ur.ere. 

Al i• a fleld vho1e fruir.1 c•n .. ke a 
•ianificant conrril»ution ta the efficie•cy end 



uef•l-H of c..,.ten ia the "•iH ..... 
c-rci•l -rH. Ae vitla U1f •cielltific riel• t.Ht 
ta.. prectic•l •pplic•ti.,. •• • c09ti....,.. fl.,,. of 
teclaai••• froa the nHarcla laMratorie• iato tile 
-rci•l -ri• b ~ritical to tile lleatla of ~k tile 
•ci-tific field a ... tile c-rcial eaterpd•u tlaat 
caa •-fit froa tile teclalti.-•. 

'lllen b si,..ly - aoool nHct1 to •liftr Al ia 
a~tlai .. "t it• aat•ral laaavaae - Liap. 

Tile c-rcialiuti- of e1tpert 97.t- ""9in• 
t ... t tile teclllllllloSY Ile deliftred ia tr .. iti ... l 
procedural 1..-ae•· Tiie i ... rtuce of l~• 
ottaer t"- Li8P for deliwery of Hpert 97•t- n­
fraa • ..-..r of a-rcH • - of ..taicla b tile fact 
t ... t tlleH 97•t- will na -re efficie•tly (~ire 
le•• llelaOry and na f••ter) i• tlle•e laaavaae• t ... a 
tlaey rill ia Li8P wlaea i .. talled .,. -innn­
c..,.ter.. 

laa-ti- eff icie11ey i• f ....... atal to tile 
ecOllCll9ic deployaeat of ca.poter applicati..... It i• 
..... , ...... , for thia naaoa al .... , to pro•itle 
espert-•y•t .. teclaaoloay in traditi098l la...,..gea •• 
- of the primary atep• t-ri• c-rcializati0ot. 

lt1tpert-•;n .. teclaaoloSJ i• ,.c1ta1ed and uaed in 
the foina of aoftvare tool•, •..:la •• lafereace'• 
Aut ... ted lea•-ias Tool (AIT), t ... t •re de•i1aed to 
aupport tne inter•ctiwe proce•• of kaovled1e 
eaaiaeeriaa and to pra.ide tbe inferencing ca,.bility 
at tlle lae•rt of •acce••ful e1tpert •y•t.,... llo•t of 
tlaeae tool• ha•e been, and c ... ti- to be, written in 
Li•p - •ad rightfully •o, •ioce Li•p i• the laaau.ge 
of choice for •rtificial-intelligeace reHarch •ad 
de•elopMnt. 

8-•er, tho•e vho u•e the•e toob to build 
ezpert 8Y•teaa are deYelopina application•, not 
perfoniina AI HD. For theae people, the lan1u1e of 
choice is the particular tool tta.t they use to build 
their •pplic•tion. The•e tool• are not tied to 
Lisp; their unclerlyin& Al technoloay can be 
deli•ered in traditioa.l lan1u•1e• without lo•• of 
fanctioaality, robuataeaa, or ,....r. 

llo one ha• yet cre•te.<i a •er•ion of Li•p th•t 
haa it• fall r«n1e of benefit• •• • de•elopment 
laa1ua1e withcut aufferin& •i&nificantly de1raded 
efficiency at run ti•. lecauH the p-r and 
flesibility of Liap for exploratory de•elopaent i• 
not needed when u•in& expert-•y•t .. de•elopaent 
tool•, it• co•t in run-ti .. efficiency can therefore 
be a•oid~d by not u•in& Li•p. 

Moreover, 1arba1e collection, which i• •o 
•aluable in exploratory deYelo,..at, can be 
particularly burden•oaa at run ti .. for a practical 
applic•tion. latch 1arba1e collection lead• to 
randoaly occarrin1, oftenti-• len1thy pau••• in the 
operation of an application at run ti... The 
•lternati•e, iacr ... atal 1arba1e collection, a•oid• 
.. ny of the•• P••••• but lead• to a 1eaer•l reduction 
in nm-tma efficiency. 

Traditional lan1ua1u, on the other hand, haH 
la•• of the J10V9r and flexibility of Li•p for 
de•elop11ent, but are optiaized to ruft •oftware 
efficiently. MoreOYer, ... t a•i•tin& •oftw•re 
•pplic•tion• are written in traditional proer ... ina 
lan1ua1••· Therefore, it i• ea•ier and aore 
ef fieient to interface espert tytt ... written in 
no..-Li•p lan1u•1e• to ••i•tin& applic•tioa• •oftware. 

Finally, there are •ituatlone in vhieh it ..,. 
not be per•i••lble to deliver •n espert •y•t .. in 
Li•P• The ao•t obYiou• •• .. ple• are defen•• 
inat•llatiOt11 that require Ilda. 

• IJ A. D. J•cob•on, Pre•ident, Inference, 
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tlae c-ni- of a tool lib MT to • 
tr .. iti ... 1 1--auqe c- .,. .a- viti.o.t l•• of A.I 
f.acti-lity _. will neither .. nabiliu tile 
prod.ct .. r bar ita -r• fra9 proar-1.. tile 
proc: .. •ral part of tlaeir eapert ayatea ia Liap if 
they claooae t>l do ao. llec8- all -jor -ni- of 
Li•p - or •- will •llppOrt cdli• to ... fna 
otber procedur•l 1......-•. Tlae .. .,,..taae• of 
rue-time efficiency, &.terfac ... ility, 
proar-iaa-1...-p lloctri .. , a .. c ..... ti ... l 
accept .. ility •ictate tlaat ••• toob ... ••li-r .. le 
ia --Lbp lalll'l8P• to tab ... •tap of -la 
importaat h-fiu. Gi'ffa theH c-iMr .. le 
..S-t•H of .. liftri .. eapert sy•t- i~ --Li8P 
l......-•, tlaen ia no c...-niaa ~ mot to .. •o. 

All of tbe foreeoias •eli•n .. the nae,,.iaa 
belaillll lafereec:e'• deci•i09 to nnort ..-Li .. 
weni- of iu product. Put •L,..ly. it nWicea to 
tbi•: --Liap 1....-ae i .. leaentati- •li-n 
f•ll-.-r espert-•y•t .. tecllnoloSJ ia tbe 
traditi.Jaal c-rci•l form t ... t ... i .. a ... 
i ... u•try ..... c- to eJtpeCt. (leprilll .. fna 
ltlectroeiu Week, 1 _,..t 1916 (c) 1986, llkGr- •ill 
lac., all ri&lat• reeenwd) 

Brazil 

Bow lrazil cornered it• - wll-c!l!(!!t•r -n.t 

Edaoa Fre1ai •ad Poli9b-Hn .Jescf llaaanenki 
are tlle SteYe Jalle and SteYen Voaaiak of Brasil. 
.Job• and Vo&niak founded Apple C:O.,..ter l11e. in a 
Saa .Jo•e (California) 1•raae. Fregni _. llaaater•ki 
atarted ilcop1111 Tecaoloaia i• a little houH -ar tlle 
Uainnity of S•o Paulo. Oil a cNllc:y &10,000 
inYe•lt8ent • decade .... die wll coaputer-4eai&ll 
company ha• bee- lnzil'• third-luaHt 
-auf•cturar and -rtteter of •icro•, peripher•h. and 
•oftware, witla ...... 1 .. lea of &75 aillioa. What'• 
-re, the t ... n-, .. ,-old eaaiaeer• h••e bec­
leader• in lra,il'• aa~ioaali•tic dri•e to COllpCte in 
coapeter techDoloSY• 

Huch of ~~· .r •DC":ca•• i• ~he re•ult of Brazil'• 
"ieforaatice• la~, vhich i• •traini•& relatiooa 
betve .. tile u.s. and Brasil. tlae lw rHtrir.t• 
U.Ott• iat asazi l of •icro• •ad •inicoaputen and 
.. vaaced i ... •trial eqaipaeat. It •l•o reaalate• 
joiat ••nturea with forei1a coapaaie•. That'• laov 
lr1wft'aa coapanie• in effect ha•e roped off for 
~l•H • COllpUter -n.t -rtla tl.l billioa and 
p-c •Uta fHt. 

The &OYer-nt and lnail' • coaputer -ken Hy 
the law i• e•••atl•l to ecoao11ic deYelopaent and 
a8tioaal •ecurity. lut iacraa•ia&lJ, •••• lr•zil'• 
-aufacturtr• coapl•in th•t the policy pre•eat• tlle9 
fro. llOderahin& fHt eaou&h bee.a .. it liaita 
choice• ia technol0&J• 

llaa8•teraki coacedu that without th8 
inforw8tlu polii::f, Scopa• -ulda't be where it i• 
today: "lt wH aood tbiia& c ... t we atartd out ..... n 
the i .. H of the policy wre 1eraia8tin1." l•ery 
.oath, tbe publicly held coap•ny'• l,300 ..,101••• 
churn out 1,000 llllt-coapetible 16-ltit .. •u• 2600 
c011pt1tar• •ad ... 11er Appla-cOllp8tible l.-Ctrull8 at a 
new lao Paulo plant. 

Ia ~ll, the lw h•• helped epava II .. tional 
coaputer -ken, 80 to 90 peripheral producen, •nd 
ISO or •o ••r•ic• eoapani•• th•t offer jolf• to .... 
6,000 coaputer •naiaeer•. Add• fre1ai1 "la • couple 
of 1••r• there •hould be a pool of .... 20,000 
•peci•li•t• in th• eoaputer field ia lr•1il," 

Soaa f~rei1n coap•nie• juet aria •nd be•r it. 
Cener•I Clectric Co. recently •araed to • deal that 
peraita • local eoap••J to .. n.t Cl C09pUter-aidd 
de•i&• t•chaoloey •"'' •y•t .... 

• 
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latenati-1 ... i•H llclaime• Corp. _. 
hn119&h Corp. c- .. 11 -i.r~ •• a 
&l.J •illi--a-year -n.t. ht t!MJ c~ c-..ta 
at all• -ll•r -•i••· lee- of tlaat 0 

"""-Pa ... .._t .._ pnilcti• of aicrM _. ... 
...._... its operati- ia Snail '1 -. t._ laalf ia 
receat rear•. 

Sreail rill pro•a1t11 opea., -n for fonip 
camprter -.kero •11 .... it• -rfti- appetite for 
aro.t• ._... - i-•tmeat. la t• --t-. 
l'npi _. ...... tenlti rill keep tr,i• to ... licate 
Anl•"• ..cceH 0 Snailin •t:yl•. < ... a-.. Veek 0 

11 bpat lMU 
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1!!!f!!11 IC •tr•t!17 lj!t• l•rrit looo•t 

llicroelectr.iu i• to pt a u-· .... n of t• 
Esprit II &n.. ..,cat. PropoAla iacl_.. pl ... for a 
·-t• dlic•• project for tlw rapi• H•ip _. 
prototni• of plli- an-i•. laipolar _. QIOS 
••icH. n. iat-ti• i• to -U Earope Qaiuat ia 
t• applicati• apecific JC (ASIC) -rbt. Aco:oniloc 
to J...-llarie C..i-. •inctor for lafo199ti• 
Teclllloloai•• witlaia a.,rit 0 t• am i• to .... le to 
•Hip _. protot,.. - aillioe tr-inor 
c..,laait:y clai,. wit•i• - 8Dl!tla '1 tile earl1 
1"°9 - a proceH t .. t • aai• - tab• 0-t -
,.ar. 

C..i- •ea• - - ca.paDJ .,r c-trr ._it.:&,. a 
-n.t le... lie feela it b a ... i•H Earope caa 
•-iaate •• 1-a a• it •eYelop• tile laadc proceHi• 
capa•ilitie•• C..i- •ai• tlaat the C-iHi• 
.. linn t ... t ASIC. vill •cc-t for JO per ceat of 
tile t1Jt•l IC -rket ia tile llellt •ecaH. Oftrall, Ile 
...... llicroelectroaic• vill be •r__. - thir• of 
tile l•prit n ...... Althoap fin deci•i- Oii 

l•prit II u.. rat to be 1:.ua. tile belief i• t ... t 
•-tiler J0,000 ~an of effort are ...... to 
achieYe the oriciaal 10-,ear aia, of Earope 
deYelopiaa tile eaabliaa tecla-loeiea, which vill _ ... 
it i .. ••triall1 c..,.titi•e ia the 19908. 

la the aicroelectroaic• areaa, Cadiou atr••• .. 
that vith leH aad lea• aac ... aource liceacH oa 
•icro-proceaaor deYice• beiac craat .. , it i• 
•••eatial that Europe &•t• ab•olute coatrol of it• 
ova aicroproc•••or ind .. tcy. 

Propoaal• to 10 before the Council of lliaiatera 
•tate the work ia the •icroelectr•ica •actor ahould 
include: hi&h deaaitJ iatecrated circuit• - the 
prni1ioa of raaol- lqic IC• vith up to f-r •illioa 
aatea; aad hich-apeed intearated circ~i~• for 
real-time applicatioaa aoch aa telec ... fr•t-and 
procaaaora. 

The tarcet perfonanca hara vill be op-.~ati• 
betvaea 5Glls aad lOGlls clock fraquenc1 or sate del•1• 
le•• than 50 picoaacoad• ... coaplaxitJ ar••ter than 
10,000 aatea. TOV8rda thia aad, the .. ia acti•itiaa 
viii be the •••elop11111t of faat proc••• technoloai•• 
in aillc• bipolar aad CaA• rrr tachnoloeisa, and 
deYalor-at of apecial CAD tool• to opti•i•• circuit 
•peed, and .... 10,..at of •racial pacltaaina 
tecllai41•H. (llactr•in Weakly, I October 1916) 

laprit II i• the la•t 

~re will lie no leprit III. Althouah plane are 
curr .. t11 oa the tabla for tt.e Hcond phaH of the 
European 10-,aar proar .... , leprit lnfonatioa 
Tach .. loala• director, Jaaa-lleria c .. iou 1aid la1t 
wait: "There vill aot be an l1prit Ill, ao lllhst w 
11ehl.,,. w 11Vtt achi .. 1 in the 1acoad ph•••·" lut 
eYen in l1prit J!, thara i• , ... contention nar bo~h 
financ1na and the dafi"itioa of lllhat can and can't be 
call .. pre-coapetiti••· 

- Jl -

Draft pl- for tile -tin Earope- hi.ala-
tec ... lOllJ fr-rk prosr- (of '*iclt ltaprit ia 
jat ... part) propoM ,_.iac le..,.la of 7.J»a ltCU1, 
.. t it ia ~ t .. t - -ior ...t.er eutea an 
aoiaa for • •-r fipra. (&lectroaica llnkly. 
I Octoller 1H6) 

Frwe - ltal7 

Calli- armeai .. ia Frwe ..,. Italy 

llae aati ... 1 aicroelectr.ic1 proer--. ia Italy 
... tllle la .. ratos:iee of ,.ilip• of Boll ... ia Frwe 
an canyiac oat nHarcla - t• •-1..-.1: of 
... ic.-...Ctor• ia ... ic~ aalli- ar ... i .. replace• 
•ilicoa. 

Ia - of t• fi'ft au.,rojecta -kiaa up tbe 
Italia• .. tional aicnttlectr.ic• procr...e, t.._ -
.. •liac vitlt .. teriala a .. •eYicea for aicr-'fta ... 
opt-lectroaica, t• ltip ..... oft• free cuqea 
ia CaA• ... il• lipt-eaittia& properties are .... to 
ca-rate tr .... ia•i- ... receptioas of aipala ia 
t• frotq9811CJ ballll• of aicr_..a, iafra~ --• ... 
•iailtla !ipt. 

Ia Fraace, ,.iii,.' electr-ica a&d appli .. 
pla1•in la .. ratc>riH ban _ .. tile fortltc-iaa 
Ala of iatearat..S circuit• ... e of tlaia .. tarial. 
la practice, the fiai1laiaa touche• are beinc eade to 
tile c...-.u of t ... future Crarl aupercoaputer 
puT•-•t to the teraa of a contract .... vith the 
Gray n .. arcla fin ia 1915. 

'Ille -rket for •-icoaductor• deriwed froa c.A9 
-tad in 19114 to oaly USiJ6 ailli.... IU faater 
arovth tUn the reat of the •-iacoaductor iaduatry 
le .. • to tbe forecaat that ia 1990 it vill reach 
us&J 0000 ail ti- of which _.r UQl,000 •illioa 
refer to Europe. 

the laboratorie• of the Pleaaey fin in 
Greet lritaia, thoae of lhoaaon in Fraace and tho .. 
of Sieaeaa in the nc are denlopiq •••icea 
incorporati£& thi• technolOIJ. laprit, for it• part, 
ia denlopinc it• application in a project d .. icated 
to the de•alo,..nt of faat circuit• a• part of that 
Earopeaa reaearch proar--.. 

Thia techaoloey i• beinc atuclied ia the raat of 
the -r• ! H wll. la Japan the ,.·blic 
talec...,..ication• operator fin, lippoa Talephoae 
... Talearapla 0 h vorkiaa on a 16kbit ra• -ry. la 
cha USA, the llcDoaael Doualaa fire hH de•eloped, 
teated aocl .. nufacturad a 4-bit aicroproceaaor and i• 
aov vorkiaa in the final atac•• of da•alopina oaa 
vith J2-bit capacitJ. 

Despite all thi• proar••• over a 1ufficiantl1 
lona ti .. 1pan, the ec--ic capect• continue to 
fa•our the ailicon tachaoloay. lta production ia 
c ... apcr aocl the coa•araion coat• of axiatiaa 
int•aratad production iaatallatioa1, not fullJ 
aaortisad, vould be axceaai•~· Technical factor• 
al10 exi1t lllhicb fa•our the atiliaatioa of ailicon. 
A rerort by lell Laboratoriaa indicataa that aa the 
leveta of int•aratioa of CaA• iataaratad circwit• 
iacraa•••, .,. •• deer••••• and viad• up by beina the 
.... or inferior to that of coapoaant• ba1ed on 
1ilicon. It thu• appear• that the u1e of CaA1 _, 
r-in foc:u .. • on producu of 1- and Mdiue acala 
intaaratioa, (lllPlt'll Bulletin ... 93, 
11 Auaun 1916) 

.!!!!!! 
Calliue pilot plant 1oaa inco produ~ 

Th• pilot plant for the produetion of aalliue, 
••t•bli•had bJ 11 .. r•• Aluainiua CoapanJ at Hetcur 
ba .. d on t~a Central llactroc .... ical ••••arch 

I 



I .. tit..tr (CZCJll). -e9t i•to prod..cti .. i• 
April 1"6. 'Ille iates.etallic c ........ a of 1alli .. 
vith·arae•ic ... ••ti.lloay fi., oaefol applicati .. i• 
aeaiicoeoloctor ...... lowolt&ic oiewicea. Soper faat 
c..,.tera ...,... .. 1alli .. i•tes.etallica. 

C:.lli .. ia preaemt i• ...,,ite to the exte•f of 
~ alt-. I• tN al..i•i .. i.._atriea. ltaoxite 
ia le• ... i• c-t.ic .... to lift tlae Sayer u..-r. 
nol lllietl al .. i•i- •,.inxi•e ia precipitat~ oet. the 
~i•i"I aoloti .. c .. tai .. 1alli,.. with 
c..ceatrat l. .. ra91i111 fr.. 100 to 250 ,,_ 

aclll •-lcpe<I a tecllooloay for the proiocti .. 
of 1•lli .. fr- layer u.-r fr- al ... i•i .. 
i .... triea i• the c ... try ... eatablialoe4 a .. it 
of capacity 50 a/•ay. at CECU. 'Ille -t•l pr .. ..c6 
., CICU -• -lyxe-l ., tlile II.clear F-1 Cclllplex. 
llJHr ....... f__. to he accept .. le for forther 
porificati .. to electromic 1raH. Vith a wi- to 
collecti-a ... iti-l .. ta ... asaeHi .. tlae 
feaaibility of tlae tec'-olOIJ• the Malraa Al..iai ... 
c:ea,..,. joi•tly with t• •ti-I haearch 
11e ... 1.,_.t Corpor•ri .. of l .. ia. haa pat ., a pilot 
pl ... t al llett•r (capacity 100 1/•ay). 'Ille reaolta of 
teat ~-re ••-raai111. n.e experiemce i• the 
oper•tioa of pilot pl .. t ... tlile ••t• obtai9" vaol• 
help i• eatabliahinc 1•lli,.. prod..ctioa oaita at 
other at .. i•i,.. Coapa1tiea i• l .. ia .i... 1'he -tal 
kaa IOM export pote .. tial aa wll. (CSH ll•lAI 
!!!!· ]O J- 1916) 

la111alore becwa I .. ia' a Silic .. Yalley 

Lille .....,. Silicoa Yalley ""ia kida. •~ftvare 
deaicner v.c. llaYi .. raa •rea.ed of atriki., oat .. 

l:.ia --

Bat inate .. of aettins ap ahop aoath of 
San Franciaco where he ••• -rkin1, Mr. bwiadl"aa 
retal"nH to hia aatift Iadia. la 1974. he aettled ia 
••nsalore, a city thew k...,.. pl"i.al"ily fol" ita aild 
cliaat~ aad eaay-1oin1 citiaeaa. 1hl"ee yeal"a latel". 
"'"· Rawi .. l"aa, who holda a Ph • .;.. fl" .. Califonaia'a 
Staofol"d Uniwel"aity, .. ~ .. kias c,,.,..tel"a. "Io tboae 
daya, there wre oo c.,.,..tel" .. aafactarera hel"e.• be 
S"ecalla. 

Row ti-• hawe chao1ed. Ao iacreHi•& nuabel" of 
Indiaaa llllo hawe been -l"kias io Califol"Dia'a Silic .. 
Valley are l"etul"ning hoae - a .. in .. oy caaea al"e 
cbooain1 to liwe in •••&•lore. llov, hi&lt-tech 
1r .. uatea here hawe doaena of coapaniea f roa which to 
cbooae. lanaal~re haa not only attl"acted doaeatic 
COllpC-ter and electl'ooica •nufactaHn, Ital Europe .. 
... U.S.-baaed aultinati-la, too. 

Texaa Inat~ot• Inc:. later thia ... th will 
be1io exponin1 c,,.,..ter aoft••re .. aafactarn ia the 
city. An Indian coapany here will brain to 
.. nafactar11 Hewlett-Packard Co. c,,.,..tel"a oeat yeal". 
And • nuaber of forei1• coapaaie• are avaitins 
•••Delhi'• •Prrowal to tat up in lan1alor.-ba•ed 
operatioae. 

Accordin1 to the Karnatak• State Electronic• 
Depart .. ot Corp. <••na•lore i• the capital of 
K•raataka), the follovia1 coapaai•• •r• vaitias for 
1ower-nt t!le•r••• to operate ia l•nsalore: the 
U.S.'• D•ta Genanl Corp. to .. 1ie coaputara, 
•.v. Pllilip• of the !letherl•ad• to •••ellble •ideo 
recor•ere, ..,..e11'• Telafoa Al L.M. Ericaaoa to 
.. aat.ctura tele,.._•, ... J•P8•' • Yolloaa•• Hokuehin 
llectric Corp. to .. kc iaduetrial ioetrumaata. 

•••1•lor• ia lndi•'• fa•t••t 1rovia1 aajor city, 
vith • popul•tioa of •llout J.5 aillioa. ly the 
year 2000 it viii ha•e •i• aillion people accordio1 
to ••tiaate• by d990&ra,eiara at the laaplor.-b•••d 
lnatitute of loci•l ... 1c .... ic at•n,.. 

- ]2 -

•"rt ... leaa, it iaa't a -rpriH tlYt .... alon 
aa.o.14 kooae lallia•a Silic.. Walley. 1lie I .. i .. 
laatitote of Scie11ee ... baell widely coaaidel"H tile 
c .... try'a premier mcie.tific .. iweraity for decadea. 
llaraataka atate alao .... ta -re thaa • thin of the 
coaatry'• ... iaeeri .. collaat•· ••• (Vall Street 
~. 9 Sept..a..r 1916) 

~ 

AaaociatH vith coapoter inte1rate4 .. _factare 
(CDI) are Iara- llaaka of coatly, capitd qoi,..at. 
Yet ... t lar&ely •iati~iahea hi .. •oality 
pronctioa ..-i,..ot i• the ... lity o~ tile aoft-re 
lllaicll •rifta it. &ad tllia (actora &i'lea lriah 
reaearc ... ra villa relatiwely coaatrai8H .,..,eta a 
fi .. ti .. claaace ia the aev field of coaputerieH 
f•tory operati09o 

Dr. Jia •~ of tile Departaaat of IUectromic 
E•iaeeri111 at hi,,.rrity of Cork (llCC) uplai .. that 
iaweati111 ia etate-of-tbrart roltotic·• •-1.,_.t 
laboratoriea ia aot a wiable propoaitioo for lriall 
iutitati-. The capital outlay vaol• lie 
proltibitiwe - jaat ...... lity roltotic ayateai c .. 
coat ap to 140,000. For reaean:ller!J, each •'lVi.-•t 
haa a limtd life. Sari-•, coapetiti,.. w:eaean:ll 
..... 1. ~ire replace.eat• at oae or two ye•r 
iaterYala - 81•i• a~ h•• coat. llowwer, fuell .. lly 
i .. aatrial apoaaonhip aad ESPRIT coatracta, UCC hu 
eata•lia_. a CIM S"eaearch ceatre, lllaich carreatly 
aaplOJ• 12 r~archara. 

'Iha UCC ceatre c..ceatratea oo aoft-re and tba 
cewel.,_at of coaputeriaed deai10 t-la for 1·lle 
factory of the future. 1ha ceatre feature• a fully 
coofipr .. vu ll/780 ayet- with 16"1 of core -l'J 
aad a doua col-r 1raphica tenainale, preaeat.. by 
DEC, for which tha ce'1tre ccl"riea oat -
eubataotial joint reaearch. 

llli• ~ul"ca ha9 er- ower tile P8•t f iwe 
yeara. DI". Ir..,.. acknovled&•• that without aupport 
of ESPRIT, .-cl the backias of Iriah based 
.. aafacturera - eepecially DEC - the curreot leYal of 
-rk "°"ld aot haft ...._ poHibla. 

1llii• f irat !SPllT pro;act i• ••lued •t 
112 aillioo aad iawolwea 92 ... yeara of reaearch, 
10 yean or which ue llei•& curied -t •t UCC ower • 
fi•• year p~ciocl. 1hc project, ESPRIT Bo. 623, fall• 
into thraa porti .... 

- 1.,1icit roltotic progr ... ing - • _,...,. 
whereby a robot i• proar .... d for coap•rati•ely 
bro .. , taek-orieated c ...... • which it will •aalyae 
... break into iadiwidual aoYeaienta. Thia le a high 
Jeni, n i ficial iotelli1eace baeed fora of 
pcogr-ar., . 

- r: : t robotic pro1r ... in1 - harre tba 
prosr-r a..• ~o ,..cify preciaely each --•t 
that • rolHlc u • l .Ue .. it carriea oat • job. The 
..chi .. ba• t1·tla koovln1• of tbe eawir .... at. 

- Teet • .isical pl81111i~& - tod•y'• robot• •re 
alftllretati - 9Khi .. a. but •• they bec-
11Ulti-etatioa uaita, ... ich ia eeaeatial for t•••• 
lilla ...... 1,, tile bu•lnaea of deelsaias factoriea 
aad productioo Ji- . , goi .. to kc- fu •re 
coaplex. Easi .. era viii b••• to coacer• t ...... l•e• 
with iHuaa •• a.asic H preYanti• r-.u 1r-
collidin1 with each otller ... aiaei .. fe ... re. 
Production lioa1 will haw to be dHi .... vith • 
prachioa -ceHuy for h-• _,.,.,., Thh •••• 
that the tachaologinl plnoar viii haft to procasa 
a •Ht -t of ••ta, ... viii aced the eupport of 
a c..,.t•r eyat ... 

• 



• 
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It b i• t• area of ttt ... loaical pl-i111 tlllat 
UCC io .. u .. ito co ':ri .. ti•. n. CUI leMardlo 
•it io ...,.lopi• a ..,.rt oyn- (oofin.n .. _. 
• artifical i•telliaeace priaciplee) for pl-i• 
fleai•le ....... , .,.t.... It io ..... "1 ito 
ac~. ISH'AS. 

Teclir.olaaical plmiaa ia a diecrete part• • 
.. tc• -fact11ri• i ... •tr, iinol,,.• tr-latiaa 
, .... act 4eoip epecificeti- froa .. -.i-ri• 
•ravi111 iato -fact•riac or a• .... IJ' operation 
i .. tracti-. Pl-ro •e eu.t-al- oyn- i• 
larae c ..... ieo -• the aU. b to iatesrate t•oe 
facilitie• iato ..... rail Clll .... i~t. 

ESPFAS coeceatrate• .. aeee.1117. 'Aaee.llly i• 
a• an rather thea a ecieace', eaplai .. .Jia 1..-. 
Unlike, eay, aachiniaa. tiller• is little ban 
scieatific iafo111ati .. ""ic• can be aae<I to IOYenl 
it. So ESPFAS ••e• .. artificial i•telliaeace rather 
thaa a c..,,..ti-1prasr-i•1 ..... p. 

ESPFAS takes aa artificial intellipace 
approach. capt•ri .. lllloorle<lae froa people already 
••i• the j .. , •ay• .Jia •~. Tbe idea i• that a 
aaer preacats the oystem vith a hill of aaterials, a 
list of asseoiblJ tools (rohota, 1ripper• etc.) alld 
other data. 'lhe •1•tea then •aaa••t• a •~nee of 
aaseahly operatiot111 asina rohotics alld other aaseably 
techniques (it points oot vhich johs ca-t he d­
hy rohotic .. ans). It asks qaeatioaa - act• as • 
checklist - and vill ..,.Sify it• proposals, coai"I ap 
vith alternatives if required. The re•earchera are 
already •tudyiaa a variety of products froa local 
aanafactarera, ... iacorporatina thia kaovled1e into 
the •ystea. 

'We're not artificial intelli1eace eaparta -
we're eaaineen vho aae Al. It'• aiaply a tool; 
we're c..,..tar aaero', in•i•t• Dr. lrovae. 

The eyatea is deaianed to abov a feaeihle but 
oot necesaarily optiaua vay of aaae.lllina a pr<lduct. 
Poatgradaate reaearchera are vorkiaa oa a coaputer 
aodel uaiag aiaulatioa techaiquea to predict hov 
ESPFAS output vould work in practice, thua alloviaa 
planner• to fine hone a propoaed aolatioa. 
CTechaoloar lrelalld, Sept_.,er 1916) 

ll6D eapanditare 'thisd' 

The juat releaaed fourth edition of Japane .. 
Electronics 1611 Cantara raaka Japan third, after the 
US and the DSSI, in total llD eapanditure. The 
raakia1 ia baaed on a 1915 aurvey of 112,100 private 
coapaniee, 1,300 aoo-profit and puhlic lahoratoriea 
and 2,000 aaiveraitiea, all ia Japaa. Accordias to 
the data coapilad in the survey, tH total .Japaae .. 
HD Hpanditure fur 1914 hbe fbcal year ellldi111 
]l Karch 1915) ••• t43.I billion. Thia aaouat io 
9.9 par c .. c 1reater tlaaa tlaat a,..t ia 1913. 

The ourvay abo revealed thee ia Japaa, the 
private aector (opa11dla1 65.1 par ceat of the total 
16D dollars) vao aora a11re••iva thaa the public 
oacror (34.9 par c .. t). 'fop UD epaadaro ware ia the 
telec01111U1ticacioao and •l•ccroalca lad .. triao - a 
eubtotal of over *6.1 billl011 • 

.r.,. .... llectrcndn • .., Cnton ouru ... tlM 
ujor MD c .. coro, ia Japan, dot.ill•1 IUD badaeca, 
., .. of lallloratorie1, ...._r of reoaarcl!ero, fialde 
of activity end t .. rHulca of racnc IUD. rroe tlla 
report, • ...,1ao ,,, tha -et •lcrMlectr .. ice l6D 
effort• la Japan lncl ... , 

I 

- The Ket•uobita llectric lllduotrial 
I011lcoad~tor 1e.,arch Lalloratory in O•oka 
,lane to racrvlt ra .. archer• froe Ja,an anti 
°"•r•••• in • .. jor effort into YI.II 
dnelo,...t. 

- J] -

- .. t .... ita•• Kreto leoeard1 Lalloratory, 
eot .. li .... ia IMS, i• ...._lopi• •.-Una 
,roceaai• ... cemp.ter ai ... tlaaip 
tac .. i.-o. n. 110 .,...., for l•S -
t10.s .aui-. 

- Saayo Electric•• T ........ _rdlo Coater io 
c..-Cti• lllD of r.twe llicll tecmoloai.e• 
OKia ao tllne-4~i-l devicaa, -
.. terialo ... -.iacllipa•. (lapriat .. witll 
,.niHi.. f roa s..ic.....,tor loteraati .. l 
~'-· ... 1y liii. c:.p,ript lW "1 

... re ... li .. ills Co., Dn HaU..., 11. 11SA) 

.ra,..•. 1-caz re.ta to !!f!Rllip! 

Ja,...•• caapaaiea an t•ni• tllair reaearch 
effort• to - ..,.. of .. ti• aicroci.i,. .. tlllat carry 
aoay -re c..,_.ta t .... •o t ... J''• cllipa. S-
ti- vitlaia the ... t f- yearo, the optical .,..i,_..t 
tlllat .. afactare ... to tr-fer circait patterao 
oato vafera ia aoiaa to nacll ita phJoical lU.ita. 
new -factare:ra will laave to -itch to otller, 
proltallly I-cay "°"• ..-i,_.t. 

1 be tiaiaa of thi• claaqe 4epaada oa llov -b 
farti.er optical techaoloaJ caa be p•JSbed. Tiie 
qaeotioa i• of particular iaportaace to tile 
Ja,._H. lleaor, cbip•, the typa of cbip vhere the 
apace betweaa coapoaaata io abriakiaa faate•t• 
acc-t for -re tlaan l&alf of tl&a .Japaaeae 
... icOllllactor indaatr,'a total production. 

Currently, circuit patterns are tracaaferred to 
vafera hy two different type• of aachiaea, aliaaera 
or ateppara. An aliaaer acaao a alit of liabt acrooa 
tbe pattern aaak. vlaich io a oteacil that defiaea tile 
poaitioa of c.,,_nta on the claip. The reoalt ia 
t~at an iuae, which ia tlle •- oiza •• the uak, ia 
projected oato the vafer. 

A stepper works by abiaing • li&ht froa aa 
ultraviolet oource tbrouah aa enlar1ed aectioa of a 
pattern aaak catlzd a reticle. The ealaraed pattern 
ia projected th~oaah a leao, which reduce• it ia 
•iza, onto the vafer'• ••rface. After espooure, tho 
table oa which the vafor 1it1 ia aechaaicallJ aoved 
"atepped" - to the neat aite oa the vafer, and the 
procedure ia repaatod aatil the entire vafer ia ......... 

Aliaaer• are faoter, ateppar• offer batter 
raaolutioa. Moot chipoakera uH a coabiaatioa of the 
tvo, vitll •liaaen eapooina the 1-r layers where 
rHolatioa is aot •o iaportaat, •tappara the mre 
preciae appar layero. 

la -rr chipa, •tepparo prad•iaate, bacauae 
liaa vidtll• batva" co.r-au are oo urrow. In tha 
lateot aeaeretioa, ... aoaabit chipa, coaponaat 
Hparatioa is 1.2 aicr-trea. la the Hat 
1oaaratioa, four aoaabit chip•, llhich viii •tart 
appaariq t-rdo tho ... of ... c ,.aar, it vill be 
ju•t 0.1 aicr-trao. 

A few yean a10, enainoon tl&oapc it va• 
i•poHillll• that optical tecllaoloa1 cuu14 ao that 
far. ?ha i4ea wao c ... t eloctroa-haa MClaiMo, llhlcll 
could vrita patton• UM "1 Hao diroct11 oato the 
wafer, -•• ta .. °"or fr• etappen. 'lltb hae aot 
...,,...., for -ral roa-•· ror all tlleir 
pracioioa olectrorh- aro 11Jow, capable at baet of 
prac•Hi• a ..... wfen • .._r, t..,.r .. witll • 
n.,,.r• • 60, or •• allpar' • 120. 1'IMJ' are al .. •• 
-11 •• fl•• Cimo _... ••,..""• tab., loco of •rac• ... Me4 •pecial r••l•t•• , .. .,, 
aloctr....._ are .. 1a11 .... to ....... u rotller 
cllaa clllpa. 

Optical lit .... r.,.., ltaa llapt paco witlt tM 
-1cow4wtor lM .. tr,'• ...... 1• partinlar, 
loDHt for ice,,... aocltine• ere of t111Clt hiallor 
... ut,. 11,,.. ....._·•...,..,bettor~ "1 



lt• llrmll -· ti.ba - •b• .ot •11 iu -
1-... •l• ite - slue. 111ie ie - n­
.., die c....., c.rftatl7 --..tea t'ie J.,._M 
~t. wit• a ... ire of IO ,.r net. •ippoa lre&•b'a 
-t ncnt atepper ... a 1- win c• neol-
0.1 llicnmtna: -.tMr, capaHe of 0.6 
Ilic-tree, will .. -ilaltle -

Ir t .. lftOa, ...._ .. .&croc•ipa - -It aa 
l.__...,it -d•• - trill ~ire • c-.-at 
..,.nti• of u little u '· 5 mc~trea. AltltcNcb 
optical tecltllol&11 ia tlteoreticallJ c.,.bte of tile 
~im rnolati- - i-t - t .. n an "'.iral 
n•-..., it trill .ot .. ••itole for .,.,ucati­
to die pnihcti• Ii•. 

o. ie t .. t ..ni., at t .. limit l••-• .. t: :al 
--=•a-. DO •qia for error• c_ .. 117 Ii.pt 
•iffracti ..... ecatteria&. A _ _. ie t .. t aa t .. 
-inst• of tile l~pt -re• Hcnaa••· nuitiYit7 
to ... t _. .. fecu ia tlle ••Ir. i•n-• •Retll7. 
At 0.5-.ic~trea nparatioa, t .. limit oa perticle 
ain will '1e O.OS •icr-tn•, or 10 ti.ea tiaier 
~ tbe cwrreat liait ia cJ- ~. 

a.pl•cina ultraYiolet liaht vith I-ray• •ol••• 
both these plrHl-. Sllort-vanlenctb l-ra1• produce 
the rcqaind n•olatioa. 111• vaYelen&tll of l-ra1• ia 
too -11 to H diffra=ted •-' •cattered by daat 
perticlH. Tlten an three vay• to •b chip• vith 
X-ir.,.. 'Ille fin: one a c-ati-1 X-ray •-re• 
•oclt •• a rotar:- anode. St•rP&n equipped vitb •uch 
•oarc•• are alread7 •••il•ble. lippoo lo&aka ba• 
aold tltree to lippoa Tel .. raph • Telephoae (ITT). 

Tile tr....,!e vith cooYeatioael I-ray aoarce•, 
b-Yeir, ie tbat they an not ••rJ pc.veirfal. Thi• 
•aaa eapoeare ti-• -ee be loaa, wbiclt ia tura 
..... tltat the prodoctioo rate -·· " 1-. r1a­
eoarc•• offer • brishter alter-a.tin, but re1earcbara 
baYe not yet beea able to Mk• t.._ reliable. 

Tile tltird aDd aoat pr-i•ina •tbod ia to au 
be- produced bJ a •J'Kllrotroa, • racetrack-•baped 
rl111 ia vhich alee.tr~ are accelerated by .. , .. t• to 
epeed• clon to tbat of li&llt. X-ray• froa a 
•y11c:brotroa are •• -• •• • thou•aad ti .. • aore 
.-rfal tltaa tboae froa a cooYntioaal .-ne. 

Tile fir•t COllPallJ to att..,t to .. 11.. chipa vith 
a •J'Khrotroa v•• lat, at lrookha•ea a.•e•rch 
Lebontori .. , la 1910. The follwiac yeer, ITT 
etarted eaMriMau with a be• et tha Photon factory 
at the laatitate for li11t-1tier111 fhy•ic1 ia T•ukuba. 

Jal ..._ •ace•• ... in producina d..,lc•• with 
coapo11e11t• ..,arat .. bJ 0.5 •icrGMtr••· 1a 
kpt-.r ltlJ, irrr •-ed that it ht4 recli-.. 
liae width to 0.2 •icrGMtra•, ia theory, aafficieat 
to prodac• • 64 ..... elllit -·~. IMouraaed bJ thh 
aucce••, tbe c..,_, i• "°" coaatracti .. a 
aywcllrotroa of it• .... •t it• At•usi l•ltorato11. 
11le aywcllrotroa la ec ..... ld to beai• operatioa i• 
1911. lta riaa viii coat UI •illioa ... Ila•• • 
•i ... cer of 15 .. traa. 

'lllia price I• too lllall for laraa c .... rcial 
amcoMactor ....... to coat..,late. 111e •'- h 
cllerefore Co Mil• clle.,.r, -• c..,_t 
.,.cllrotr-. 1"e firat, _.. 117 u nr: c..,_, 
call .. COii lllcro Tee, .... I• k oat .. •net bf 
1911. It viii coot -..& II •ilUoa ... vlll •rl•e 
elpt •t.,pen. 

'Ille llialacry of lateraacioaal Tr ... • ladaatry 
h "'8rYhl• tw aywcllrotroa projecu. The .. i• 
•l.!•r-• lllec .... , .... i• tltat - uH• ordinary 
..... u ta acceleraca tlle elactroaa, tlle other, a 
..,. .. c ..... ter. 

-,. -
A ~ird project _, tan oat ia the l""I na to 

be the -t •i&aific-t, bca .. e it i• • c-ortb:m 
coaaiet;• of lJ cllip ..a -.si,...t-.atiaa 
c...-i••· It vUl na for 10 yean. (Thia fint ..,..rd ia .. Sci-tht, ....._, 19 '- 1916, the -u,. mi- of aciwe _. tecbaf.lou) 

Co!p!t•r ac- ia !eat• 

'Ille c...,.ter .. rtetplece for the tr ... itioaal 
•1.i ..... iatr- c..,.ten i• doaiutcd ia lela1• by 
fift -i• c..,.ter _ ... n, t•, llCI, ICL, CAL (Va .. ) 
... lllL (Oli-tti). 'lbere i• a eotable •bee11c:e of 
- of tlle bi&-• ia the -rl• .. rbt vbo, for 
etratqic ... otlller rea-, be•• adopted • 1-
prof ile ia tlle laat Afric- •rbtpl•c•; -• aach 
a• DBC, .. lett-Pacbrd, a-,-11 ....S Prime are 
rare, or C011Pl•tel7 ..... t. 

..... the .... on curnatly coapetiaa for 
b=aai .. H then i• • aeaeral17 iacreHiq avareaeH of 
tH .... to proYi .. for the ........ of • rapidly 
cba•i., .. r1r.et. l•reaainaly, .. feat denlopina 
CG8p0lter techeolOIJ' erode• tbe old .. iaCir ... /•iai/ 
•icro di•ti11c:tioca aad proce••iaa power ia •l••hecl ia 
price, Yelldor• ia Eaot Afric• •ire •eina forced to 
r.-.u.i• •rketina product atratesi••· 

Computer• are cl•••ificd ia ••riou• V8J'•· 
Probably the ... c c?lllllDlllJ' ••ed cl•••ification i• 
•icro-c..,.cer <•icro), •iaic_,.ater (aiai) aad 
•i•fr-. Coaceptaally, theH .. chine• peirfon 
ideatical iateraal computer fuactioa•, but oa 
•iffereat ac•l••· Peripher•l equipaeat •uch a• ~i•k 
d..,ice•, printer• aDd Yideo •creea• are al•o 
C011Ceptaall7 the .... Dietinctioae -a •airioua 
•ina of i.,..t/output operation aad •ol- of 
trauactioaa, ei:u of filH, •ophiaticatioa of 
•oftvare, eDYirOllllellt requir.-ata (for eaaaple, air 
coaditioaina), poirtabilit7, M80rJ •ise - both 
iateraal aad eatera.l, aad ••&r•a•tioa of dutie• 
(operator, proar ... ina aDd a••r fuactioa• are oCtea 
c08bi~ i• ... 11er •J•t .. • but are uaually .. ,.rate 
ia •iafr ... c08pUter eDYiroa.eata). 

laaically, the- bi11er .. chiae• caa do aore ta•b 
fa•ter, ..... ar••t•r depth of •aufactur• •upport 
aad , .... rally caa ecc.....Sate • larier number o: 
a•en at th• .... time. llicrocoaputera have leH 
capacit) aad are relatiYelJ iaaape111i••· The ,_r 
aad price of •i•i• fall •OMVhere betve1111 that of 
•icroa •Dd •iafr..... 1he border betveea hish-ead 
aicroc..,..ter• aDd l~ead ainicomputer• i• blurr .. , 
•• ia the borter lletveea the more powerful ainil 
and .. iafr.-a. The border• pt1111i•• to bec08I 
.... 80H blurred, aDd the -r1in1 techaololJ 
.. c••••rJ to liak varioua •i••• of COllPUt•r• 
proaiNa to bri•& .., •• aore •r-tic chaa1•• to tha 
c011pUter laad•cape. 

Of tbe 17 or •o Kenyan •eadou, all of vboe> 
repre•ea: at l•a•t oa• OY•nea• 1upplier, fi•• co1•ld 
H ••id to occupy priacip•lly the .. lnfr_. cat•aor'!', 
four the •i•i cat•aory, aad aipt the third 
cataaory. All the •endor• ••11 ia the •icro c•t•1ory 
to oae eate•t or eaotbar, aad all ia the .. iafr ... 
cacaaory al•o aell ia the •i•i cat•&ol'J• Tha .. ~piag 
of •eador' to CGllPUt•r ai .. catasoriaa i•, therefore, 
diffuHd l»ecauH of a broad 1pectrn of product 
ofiarina•· 

The .. rket i1 808t cle•rl7 defined ac th~ Cop 
•ad - the .. iafr ... /l•ra• •ini •1•t .. a. Thare •ra ••rJ few true .. iafr ... •1•t .. • in l••J•• altNoush • 
llUlllNr of auppli•r• h••• in•tallation• vith l1raar 
llUlllNr• of u1er•. Th• biaac•t of the•• i• che Vena 
.,n .. at UIA1D, with 120 daYicH attached. ' 
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At the lover e ... the eppoiatad •!cro weador• 
c..,ete with a chaa&iaa fi<tl• of "ioffidel weadon 0 

•ad tllo! .. net c- -1y be epproaiutely defined 
lteceae of the ebeer ei&e of ~ micro .. rttet • aGi 
also ltecme of tbe YOl- of l:.i .. n traffic. For 
ewery •icro cupoter aol• al!ll iutal lad by leay• 
weadon 0 there are aa e1ti .. t .. three •icro-coapater• 
•ici. .._ eatere<4 the c-try ...,,iaa lleea •irectly 
ac .. ired ow.raeaa. 

The i..,act of the •icro-coapater - the public 
and priYate eecto~ haa alre.., ben coeai•erable. 
'!Joe ... 11 baeiaee-..c •ee• it •• a relatiwely quick. 
cheap .. , of briaciac the beaef iu of ••t-tioo to 
hi• firm; tbe larger oqaaisati- i• elloviaa the 
prolifereti- of aicro-coapater1 (whether plaaaed or 
_,1uae1> aa ea aati•ote to the oftn poor eenice 
fr- tbe ceetrel DP •epartaeat or •iaply •• aa 
eateui- of off ice aatoaatioa eenice•. Some 
oqaaisatiou are takiag a -re co-oniaatl!ll approach 
by pl•-iac aetvorlts of •icro-c:oapaten withia aa 
all-etlbraci .. iaformatioa proce••iaa •trate.,. 

The choice of coapater 0 .. iafr-. •iai or 
•icro0 is iap;irtaat •• well •• price. Ia leaya. tile 
bren-• - wrketalioa co•U betweea •t•llli-•l­
•icro• and ceatrali1 .. •iai• occur• at about four 
-rbtati-•. i.e. if f-r thaa four wrltetatfoae 
er.! required. •icro• are cheaper aad 0 if -re thaa 
four -rlt•tatiooe are required. a mai or aaiafr­
ie claeaper. 

Leediq the aarket ia aaiafra.e 0 •iai and 
•icrocoapvt•r .. rket •ale• ia CAL (c:c.puter 
Applicatioae Limited). Ia tJte early 80• it• •iai 
product fillri a Yr.- ia the aarltetplace end &aiaH 
a 1tr~. iaetallad b••c. While it ... tarceted 1t 
•aail to ml!llica-ei&ed bu1iae1•e1 0 more receatly ••lea 
of the 'Super-.iai' VS ranee hH ellOWPCI Cl;. to 
penetrate the larcer a•er iaatallatioae. 

Of the lie Fiwe ia leny•. CAL. al.,.& with llllL0 

nperetea •• a repreaeatatiYe of the hardware 
aaaufacturer (Vans Laboratori-•I r~ther thaa a braach 
or aabeidiary. this relatioaahip i• part of Vaac'• 
iaternatioaal .. r1tetin1 •trateay. •lloviaa CAL much 
creater bu•iae•• fleaibility than it• le111aa 
coapetitor1 vbo are eub1idiarie1. 

FiYe year• aao IIH hed • 1tron; lenyen 
1ub•i"i•ry - •inca then the-; t.eve been iacreaaiaaly 
1111 •11re••iY• end haYa been 1hridin1 par~• of their 
bu1ine•1 - ty,.....riter product• to tllC (Moder~ 
lu•iae•• CCllll9lmicati001•). ICS 1ppoiatad a1 their 
authori1ad aicro dealer aad aov al10 to haaclle tha•r 
aaia 1y•t ... aarkatlaa. 

FiYa year• •&~. ICL ~ere -~• 'oainant, but vban 
the a&rket went for •icrol ind •iai1 0 they ha•e 
bee- 1111 well placed. 111.,. hue retained much o' 
their ia1tnllad b•••• but they havea•t aaaaaad to 
aapaad aiaaificantly GOit of t~at. ?ha e>na1 tlho haYa 
beaa -•t coa•tant are "" ... • a Ya.., aure11ive 
1ub1idiary and with aa important aarkat pr1•enca. 

Apple are repra1aatad by ~rite, a 
vall·a•tabli1had Ji1tributor, and have done vary 11&11 
- a v.11-kaowa brand at low co1t 0 ideal for aaay 
people fa thi1 .. rkat. Olivatti are rapra1antad by 
IML. They ere Hry active ia the .. rkat place at 
•icr~ la•el; and there are one or t- other •iaor 
pl ., ..... 

oaa th1a1 taat h•• chanced i• the co1t of 
COllpllCara coaperad to the da,.alo!"d world. lhh i1 
bacau11 of the decline of the value of the 
I. 1hillln1 co.pared vith the currancia• fr .. wh•r• 
laaya importa. , 
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Alao 0 the ••tr aad Hlee ta hawe cu .... 
dr-ticallJ. Daty i• - IO par c"t _. tllie .. le• 
tu wlaich i• iapoaad oe t•• •atiad -t •riwia tllie 
total to 143 per cnt. 'llli1 puce tlM coet to a1-t 
tllree time• aa ..ell•• i• tile deftl..,.. c~rlea. 

Oae field vlaich va1 -•iatnt fiwe yea.-. a::o 
.. , wori-proceHba. llulti .. ti-.la like tllia •· 
World Saak, USAID ... 10 -. eapectad to han -" 
facilitie• in i..,a. People cot to .... about 
-n-procaHi•• llbich vaa .. ialy pi-red t.y a few 
local oqaaiMti- aad •••idiariee of -lti­
aati-11 like Calta: aad rfiser0 pertie11larly 
Amadcaa 1ab1idieriH. Piaal17 0 W.. -r.1 proceHi• 
111ec ... aYailable on •icro c...,.ter1 0 the field bacaae 
..ch brCNder0 people a-rally ltec- ..ch -re -re 
of coapater1 0 much -re coafi•-t aad tlterefora 
rel.and. 

At eo-~at lenl 0 there ia coacera eapra1eed 
about the c--a-nce of coapatere oa aaployaeet - do 
coapater1 "!le1tftt)' joba? llike 1.ldoa0 CAL'a "-Ii• 
Director. feel• the coaputer it a tool to help aaaace 
re-oce1 0 particularly --a-at re1u...ce1. '"oae 
of the c~ncH will be to hP• aa iapact on 
job1 0 bat it i1 for an iodiYidaal aaployer to plaa 
... aaan hiuelf .... hi• employee• qaia1t poe•ible 
necatiYe c-.equeacee. Coapater• u1e4 correctly 
create aa efficient or1aai1atioa and aaploy aora 
people.• 

, the c_,ater iadu1try i1 hichly coapetitin vbea 
it i• baildiac • . ., to multi-.illioa 1billiaa decieiou 
at boerd le.el. Coapvtarc in leaya. like al1evbara, 
vilil continue to 1prud aad projectl do taad to 
1nc

1

ceed. 

' leaya i• a ... u country• aot Yery rich 0 but 
eYeryoae i• c_,ateriaiag. The ice .. ~ i• chaqiaa 10 
rapidly and 10 dr-tically0 nev th .. r are bec-iaa 
Yi.ble and aho eai1tia1 u•en 0 a• L. i bac­
coafident with what they haYe 0 aate• the uff they 
aa¥ of coaputere. 

' there i• coatinuiaa dr-tic techr.oloaical 
de.alopaeat ia coaputer1 0 becau•• it i• FOISibla; 
becau1e of tba benefit• accruiaa froa em.>loyaent; 
bec'au1e of the 1ti ... lu1 to do •o• and bacauee of the 
aataat of the coapetitioa. 

KENYA BUSINESS MICROCOMPUTER MARKET 
1 

ESTIUATED INSTALLED BASE 

I ICL 1.7:i 

KAVPRO 4.9" 

MARKET SHARE BY VALUE Kshs 

OTHCR 11.31 

1.6" 



KENYA MAINFRAME/MINI MARKET 
ESTIMATED INSTALLED DASE 

MARKET SHARE BY VALUE Kshs 

AIJlOUATEO SYS JX 

DATA EOU!P 2.6" 

(Africaa Technical lrwiev, September 1916) 

Latia America 

OVerco.iag inc-nicaclo in Latin America 

One of the 110at aeriooJa obetaclea to the 
developeeat of aetvorka a.o1111 ... 11 and .eclium-aiaed 
orgaaiaatiOll8 in Latin America i• the lack of 
reliable information on the real coat• of 
telecommunication on the continent. Thia coacluaion 
ia the openin1 line of a review, reported by the 
Bulletin Contact-cero, on the aeainar held ia 
Rio de Janeiro in May to evalute the Interdoc project 
of the -rid c-11icatlona netvorka between lllGOa 
(aoa-1ovenimental orsaniaationa). 

Fro. an analy1ia of practical experiencr in 
contractia1 telephooe eerwice• in the Argentine, 
Brasil, Chile, Mexico and Peru, it reeulta ~hat gre•t 
tariff and co•~ diff•rencea exiet among theae 
countriea. Mexico ie i'ldicated aa bein1 the 110at 
favourable fr1111 thi1 point of view o1.110n1 the five 
analysed 4ith re1ard to the inatallation of 
C011191111ication network node• while waiting for a 110re 
thoroush analy1i1 that alao include• Bolivia, 
ColOlll>ia, Uru1uay and Veneauela. 

The •ini11Um in1tallatiou co1t1 of a line 
(includi111 taxa1 arKI, if it be the ca1e, a 1uaranty 
depo1it) do not e~i•t in the Ar1entina and Br1sil. 
In Mexico they 10 at hi&h at USt24 (twice that for 
COll9arcial or1aniaation1) and increa1a threefold in 
Chila and 1ixfold in Peru. The rental of a 300-biud 
tela1raph line in Maxico 1oaa no hi1her than 
UStl.S par 180nth, vhereaa it 1oea aa hi1h aa US$28 in 
Chile and UStS2 in Per• (raapactivaly ust38 and 
08$103 over alov 1200-baud data lina1). 

The nria .\e co1U differ even 110ra. In !lexico 
an hour of trar.a.-iuion &OH H hi&h H OStlO, 
1o.avh1t hi1har in Chila (USt14) and the Ar1antina 
(UStlS) rite• to ost23 in Peru and coat• a vhoppin1 
usts3 in Brasil. At far •• YOl .... i• COllC'ernad, the 
1,000 characten of the "avara1e P•1•" co.t usto.1 in 
Mexico, 10ll&Vh1t 110r1 !a the Ar1antina (Ust0.17) and 
in Chile <usto.22), than 10 a• hish aa usto.7 in Peru 
and asain co1t a whoppins US$1.4S in Brasil. 

TheH ttucliH by l.11tr tdoc, the world llGO 
network, precede th1t body'• in1tallacion of • 
facility for cha louth-Jouth aachanse of .. •••1•• 
(i.a. without pa11lns :~rou1h indu1trialiaad 
councriae). Supported by the exietlns public 
talaphona co.paniaa in the wariou• countria1, 1nd 
which put• an ond to cha lack of c111m11nication a110Ds 
cOUtltria• of the third world, a1pacially &llOlll tho•• 
of Latin A.-rlca. (lBl,.gss lullatin •o. 97, 
7 laptlllb4r 1916) 
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United lin&d-

Uaivar•it7 chip deaiaa 

Oniwenity reae•rcher• ia Britain wbo -•t cbipa 
made up H part of their projecu will have to look 
to induatry in future r•tber than to their payma•ter. 
tbe Science and Enaf-rina leeearch c:-ncil (SEIC). 
The SEIC baa decided that ita two cbip f•bricati­
centrea, at Soatb8mptoa and Edinbuql- -iversitie•, 
vi 11 - loaaer produce cbip• aade by etandard 
.. maf•cturina proceHea. Tile centre• coat tbe SEIC 
£75,000 per yen to na. In future, reae•rcben ullo 
vaat de1iana turned into •ilicoa by at•nd•rd 
proce•••• will b ... to 10 to eo-called ailicon 
brottera, wo take ordera for cbipa and place tbe9 
vitb co.paniH tbat have epare capadty on tbeir 
fabrication Unea. Uaivaraity -rlt•ra wbo vaat to 
try out aev cai,....kina techniquea will atill be 
catered fo~· at Edinbuqb and Soatb .... toa. In future. 
tbe centre• will .ab cbi .. oaly in one• rather than 
a batcb at a time. 

The decieioa to coacentr•te oa apeci•liet cbipa 
-• uun b7 the mac•. r;naineerina Board d11rina a 
receat review of it• chip activitiee. •It ia 
iatendad tbat the -re etandard type• of eilicoa 
proceHina abould be undertake• by iaduatry, takina 
advanta1e of tbe coat-ebarias benefit• awailable 
under the brokerase ecb ... of the Alwey iaitiative,• 
the SE~ eay1. The Alvey brokera1e •cbeae ia au 
att.-pt to aive -re re•earcher• accea• to 
fabricatioa facilitie1 by ueina broker• to eeek out 
fir.a vitb under-uaed production linee. lllperial 
Colles•, London, for eaa.ple, b•• a deal with a 
broker called Micro Circuit t;naiaeerins wbicb enable• 
under-1raduate• to aee their circuit daaisa. take 
for. in eilicon. 

The SEllC, -anvhile, bH paHed the buck oa an 
ambitioue ache.a to eet up a fabricatioa line capable 
of copins with all etas•• in tbe production proce11. 
The SElC'• preaent facilitie1 can handle only part• 
of the ca.plea chi,-.akia1 procedure. In lelsi•, 
the Uniweraity of Leowea ha• eet up a plant that can 
hand\e all the require.eat• of electronic• 
reaearcher• in Bel1ian uaiver•itiea. But the SEIC 
h•• rejected propoeale for a 1iailar typ• of centre 
ia Britain on the sound• of coat. The idea ha• been 
pa1eed on to Sir Au•tin Bede'• Alvey 82 C09111ittee, 
which ia lookins into the future of the Alvey 
reaearch project. (Thi• f iret appeared in •ev 
Scientiat, London, the weekly review of ecienca and 
techaolo11) 

Alvey launchef Analr•t A••i•t 

The Alvey Directorate ha• unveiled one af tba 
bisgeet eoftvara aa1iaaarin1 project• yet to be 
funded under the Alvay acb.... The lZ. Analy1t 
A••i•t pro1r .... (which ie fully funded under Alvey I 
and thu• ••f• froa the va1ariee of "After AlvaJ") 
iovolve• Data Losic, Scicoa, the Uniwer1ity of 
Kancheeter ln1titute of Science and Tachnolo1y, 
Michael J1ckaca Syet ... , and the Adairalty la1aarcb 
f;atabliehllent (All) at Portedovn. 

The con1orti1111 aia• to davalop tool• that 
laprove decieion• taken durin1 raquir ... nt• tta1e. 
Accordins ~o Sclcon, up to 80 per cant of reported 
1oftvara ftultt ara caGaad by error• .. de durins tha 
analy•i• 1nd •pacification pha•• of a eyetaa'• 
davdopmant. 

"The trickia•t proc••• i• &•ttins an 
underttandins of what the ueer really vante. The 
~0011 viii help ey1t ... aaaly•C• to elicit 
infon1.1tion froa u1are on what th•) vaat and viii 
than be ut1d to build apacificationt for paop:a 
vritlns th• 1oftvare." 

"lt viii alto faedb1ck to the uaer• to en1ura va 
have sot it risht," explained l'clcon ,aoftvua 
ansineerins .. na1ar, lrian Andrew•. Ila eaid that the 



• 

• 

project -• particulerly -••l ia heYiaa both 
c-n:ial ... lfefHce appliceti-. Y- eYaJ. .. ton 
will M br«Mlaht ia oo tlle fiaal pheee of tlle 
prototype 4-nlopent - tlM au .... -jor 
c-n:ial campaay. 

Boet vonetati- for the eoftvare are curr.atly 
under ewal1111tioo. with the -ia coot~:llllen beiaa Sun 
and ertificial iatelliseuce -n:etatioae blleed oo 
either S:pii»olic•' or Liep llachiaee' iateraatiOlalll 
uai••· 

A•r- eai• that all part .. r1 will laaYe equal 
eaploitatioo ri&ht• to the reeult• of the three-year 
prosr-. 1he project le .. en, Scicoa _. Data 
Losic. iate .. to both eell the tool• •• a procluct aad 
H the keil of aa i.-bouee HrYice. (Electroaie1 
Veeklz. 1 October 1916) 

Ult ta .. • lca•ina upert role 

three vorld-le .. iaa applicati.,.. of ezpert 
•z•t- en to be •eweloped ia the Ult ia • 
n.5 aillioa prosr-,..,... by the ·-~t ... 
the c•putiaa i .. uetl'f. 

the proer .... ie •e1cribed •• •treoeellllou1ly 
1ipificaat• by the project leaden. vho poiat oat 
that the •c"- rill uot oaly reeult quickly ia 
productl with iateraatiooal -nel potential, .. t 
abo eaable the Hpportiaa campaaie1 to pia 
esperieace of •Helopiaa e..pert •y•t-. The 
project• are all beiaa led by II& compatiaa HrYice1 
firu. 

Each project viii be back .. by it1 oua •club• of 
15 to 20 fir.a. The clab1 are - beiq Ht up by 
the Depart•at of Tr .. e aad I .. utry folloviaa 
vell-eapport .... atiaa• vith campaaia1 to praeeat the 
projecu. 

Club ....,_re will pay aroaad ll0.090 each. The 
depart .. at i1 puttiaa up aroaad t200.ooo for each 
proje~t aad the ••••l.,,...t c1111paaie• vill faad the 
reet •••• (llectroaice Vaaklz. 11 Sept...._r 1916) 

~ 

Pitt1bu!Jh to 1et aatiooal euperc1111ft!ti!!f ceater 

The US lational Scieace Pouadatioa ha• appro• .. 
• araat of aearly t4o •illioa io the 1telloa-Pitt­
Cara11ie Corporatioa - a partaerehip of the 
Uaiwereity of Pitt1bur1h aad Carneaie-llelloa 
Uaiweraity - to e•tabliah a oational 1uparcomputia1 
ceater ia Pittaburah. nae ceater vill eerwe :he 
aatiooal cC11mUDity aa well ae local reaearch efforta. 

The ceater vill parch••• • $22 •illioa Cray 
l-MP/41 euperc011pUter •acl other relaLed equi,..nt, 
.. kiaa the Pitt1bur1h facility the uo1t adwaace• of 
the fiwe aatioaal 1uparcomputin1 ceater• eatabliahe• 
i,y the 1n. 

To be k- aa the Phteburah Ceatar for 
MYlaced Computiaa ia l111iaeari111 aad ti:• Sci1ace1, 
it vill be operated by a coaaorti• of Cllll, Pitt •ad 
the Veatlaahouae ll1ctric Corporation. In eddltion 
to the llr arant, other fundiaa for the c .. tar vill 
c11111 fr .. coaaorti• ...._r,, the 1tat• of 
Paaaayl•enie, tha •t•t•'• lea Preaklin Partaar•hip, 
Crey le•eerch, Inc., and other indu1trlal 
1uppoTter•. Pa1111•ylvania Cowernor Dick Thornburah 
ha1 elre .. y rec .... nded that Cha •tete le1ialatur1 
approve a tS.25 •illiOD epproprietion for the fir1t 
three yeer• of the center'• operation •• part of the 
•tat•'• 1upport for'the reaioaal ecOD011ic develo,..nt 
plan. 
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Vitia today'• •-ac-t, Pitubuqh joiu four 
uniweraity-ba ... eupercompatiaa ceater1 eetabliellletl 
lalt year by the 1151' at Cornell Uainnity, Priucetoa 
Uaiwer1it7. the Uaiwer1ity of Illiaoie. aad the 
lllliwero.ity of Califomia at Saa Dieco. Lall J-. 
1151' officiele aauouoced the7 voul• traufer a Cray 
l-S aaperc-..ter fr- the .. tioaal Aeroaaatie1 ... 
Space Adaiaietratiou•e Levi• le•earch Ceater ia 
Cle•elaad to the Pitt1llurah uniwer•itiP• •• e 
preli•iaary •t•p to •••iaaatiaa tbe locel 1cbool• •• 
a •uperc09pUtiq ceater. 8-wer, the Cray 1-S 
traufer vae uot .... .i.ea it vae determiaed that 
Pitt ud QIU -1• hne the opportuaity to pt ti... 
uore pow.rial aad eophi1ticat .. Cray J:-llP/48. 

Officea for the eapercompater ceater vill be 
located ia the llelloa Iutitute ia Oak.lead mile the 
Cray J:-111'/41 it•elf vill be locat .. at the 
Ve•tiaahouee Eaerar Sy1t... Co.pater Ceater i• 
MoaroeYille under tN directioa of J-• Ka .. orf. 
The eupercompater vil be lialtd to the campuee• by 
hiah-epeed c-icatiou liae• aad vill eaable 
re1urcher1 at QIU aad Pitt to dewelop aad pur1ue aev 
reeearch pr~ject•. primerily ia ecieace ... 
eaai-riaa. StudeaU vill be traiaed ia 
eupercomputiaa techaiques aad aupercomputera vill be 
iatearat .. iato coarH• at both Pitt ... QIU. 

All fbe aatiooal auperc...,.tiaa ceaten will be 
liaked toaether by a ISP aet-rk. leeearcher• vill 
be able to acce11 the aetvon et tbe aearelt 
1apen:ompati111 1ite aad c1111m1111icate vith •111 of tbe 
other eupercompater1. Por eaa11ple, a reeearcher •t 
the Uaivenity of Uilcoaaia who vut .. to -rk OG tbe 
Pitt•burah •upercompater •iaht ace••• the aetvork 
throa&h the Uliooie 1apen:omputer. Ia ... itioa. the 
Pitt1burah facility will be acce•1ible to re•earcher• 
fr- around the c-trr throuab ... Y .. jor aatioaal 
c1111m1111icatioo MtV'>d:e. (Ullll Di1e1t, lllarch 1916) 

The cCl!PUter iadutrz cC1111a oa kez 

latioaaliaation vill be the vatchvor• for the 
c...,.ter iadu1try ower the aext f iwe ye•r• or ao. 
Althouab ...... far e11eee•1 1upply the total 
Zi.bebvean .. n.t ii •imlllt ooc capable of ab•orbina 
ell Zillbabve'• hardware .. aufacturera - curreacly 
about 20. 

Vhile there i1 • 1rovia1 d ... ad for computer• la 
both the public aad priwate aectora - the •iai1try of 
••ucetion h•• receatly eaaouaced pl1n1 to computeriae 
it• ... iniatratiou - the rate et which hardware caa 
be ia1talle• i• lbiited by the a.ouat of foreiaa 
curraacy •••ilable. lluch of whet i1 curraatly beiaa 
in1talle• Lead• to c- ia on the back of c_.it7 
aid proar-1. De1pite opti•h• about the c-trr' • 
er.GDOmic perCormaace - laat year'• arovtb rete va1 
uore thaa the 5 per ceat forecalt - there ..... 
little pro1pect thet the aower ... at vill be alll• co 
.... up eaouah on foreip excbaaa• c:011trol to •Ila a 
..rked differeace to the _, of -Y aY1U8le 
for har•vara purchaHI. 

A aubatantial body of opiaioca ia the i .. u•tfJ 
belie••• it vill aitiply oot .. ke c-rcial .... a fo: 
111111 .. nufacturan to pueh their Zillb•• oparatioa. 
"There'• oo 11ue1tioa about h - va are owenr...., at 
the -•t. I'd be ••rr 1urprhd if there vara , ... 
.... au.bar of wenclor1 la fiwe or 10 yaer• ,, ... . 
••id • la .. iaa Barera •i•tribucor. Otlc r•• ... for 
tt.• lara• •tmbar of .... on ve• that t ... •rMC va1 
vide op1a at iadepeadonco, which c- "fter U yoen 
of Hactioa., llllefl wtlatawer c- i•to the c-Cry 
c- la the back •oor. Thee there ahoul• IN -
1ettllaa •ovn •• .., plauoible. 



.. t •- tbon who ·~ ia fa-r of 
c-..titi• be~ a laqe ....,.r of -factaren 
feel that •-thiaa -:r llaft to be •- to ~trol 
ata-.,..a -c tlle aapport CC118p81liH tllat haw 
•Pr.ma ap. -U..re'• aothiaa vr-a rith competiti• 
"t •-thiac coal• be ._ altoat a lot of the 
Hnice fi~. llallJ .,f them are - operatiOfta 
aDd it ia •ifficalt to kaow tlBat ti.e:r a.-. a"°'8t,• 
••t• aa official at llCa. 

S- i .. a•tr:r official• ltelieft pft~at, too, 
i• c-er.d alloat tM poor Nc:k-ap aenice recei,,.. 
froa •- C08!pllaie•, .. rticalarl:r the ... 11er -•· 
They are aho ap .. natl:r worriH afloat the tllreat of 
obaolete ha~-re beiq ....... if the -net b aot 
c•troll .. ad •:r c_i .. r cattiac •- tM lin of 
proll11eta ...... fit far import licence approYal. 

Dick lavliq•, .. aagina director of the 
c-•ultaac:r C081p81lJ Ca.pater A-reae••, argue• that 
vhile govenwiieat i• right to be vigilaat about the 
iatrodactioa of inferior prodact•, it b -h -re 
•ifficult to defiae what coa•titute• •umpiq. •1ame 
of the co.pater• that are aow t'll the .. rket are 
•i8PlJ aot good -hiae•. If gowe~nt follovri the 
gai•eliae• offerH by the i .. a•tr:r - the Zimbabwe 
c:c..-ter Society for e....,te - the•e .chiae• woald 
aot get in," he ••i•. "The question of vhat i• an 
ob•?lete .. chiae i• difficalt. Ve do aot alva:r• aeed 
•tate-of-the-art mtuff. If these iuchiae• c .. be 
•vailable cheap, vith no foreign currency probt ... , 
then 1 •oa't ••e that •• a bad thing - a• long •• it 
i• not being •old a• •-thing it is not. 1be ••ager 
vith old .. chines i• not th•t they •re bad one• but 
that :roo need the part•. If there i• a •evea-year 
guarantee oa part•, that'• fine." 

Rawling• points out that thia i• the time aov to 
tune the iaduatry, offering incentive• for 
espaa•ion: "The va:r thing• are going in South Africa 
ve have every chance of bec-ing an exporting centre 
to the region. Look at lot•vaaa - 80 per ceat of the 
in•tall•tioa• there are ex-Johanae•burg. That could 
be ours. lie could offer the vhole thing, from 
hardv•re to •oftvare experti•e." Already he ha• 
•peat a lot of ti .. on coa•ultanc:r vork ia Zaoibia -
vhere he vorked on the c-.uterisatinn of the central 
bank - Malawi ancl lot•vaaa. !or the•• countrie•, 
getting •kill• fra. Zimbabwe i• • l~t cheaper thaa 
flying in an expert from Londoa. 

Whatever happen• to the rationali•ation proce••• 
the .. rket viii r ... in open to the vell-e1tabli1hed 
.. nufacturer• - Data General, ICL, llCR, DEC, Wang, 
Perkin Al .. r 881DDg other•, - and tho•e local 
•i1tributor1 vho do not •epead entirely o:i hardvare 
•ale• for their operating ioc..-. For tho•• left in, 
the 810tt buoyant .. rket• •r• likely to be in tho•• 
1ector1 which fit into the govern.eat'• economic 
plan• over the nest five :reart. Ia•u•tr:r •aurc•• 
believe for•ign currency reque1t• fr011 .. aufacturina, 
•laing and other export-oriented inclu1trie1 viii be 
con•idered favourably while tho•• from the retail 
••ctor viii tend to las behind, Total annual talea 
viii r-i11 about the •-; it baa be•11 betveea 
USIZ ailllOll .... USl4 •illion over the laat few 
:r••r•. Aid ac ..... • will c011ti11Ue to be • ••cidina 
factor. 

For•i&• exchanae c011atraint• ••id.I, the 
aove..-..t Ila• b•cked the i11troducti011 of c09pUtere 
in the public .... private uctoras "Si11ee 
, ... ,...e11ee tMre haa i. ... • lturat of activitr, not 
leaat bee•- 1ove..-11t llaa Collen • ••r:r poaltive 
attic.... Tiiey 11a .. reaiated tlle c..,cation to 
c..,are tM coat of • c..,.ter apiut the n.-.n of 
tHcton or •para part• for illd••UJ thllc coald H 
1'r..Pt in, TM:r have .... it •• .. i11 .. 1c.nc i11 
infroatructln'a, like r ... •," •a:r• All•t•i• 
Vateneyer, !lead of cite Zillltallw C:..,.tar lociet:r• 
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Vater .. yer Mline• tM c...-iaa i .... tr:r en 
c1111tri1Nte to Ziolle .... '• ..,art eorni .. a: •1•• like 
to •ee tM c-tr:r bee- a c-tre of excel le11ee for 
nftwn, nrvi .. tlM na'•· 'Ille .-..n •n 810t 
goiaa to .. •i•-Mali .. - _, .. ud750,000 ia n­
:rear•' tm - 1Nt tut ia Mttar tllaa •t•ina·· 
Certainly then •- to M •- poteatial. Al.....S:r 
- or two compaaiea llaft pe•trat .. Soatla Alric•, • 
lliglll:r competitift aoftwan -rket. T•lle:r 
Aa•ociatea, t1ae la'qUlt aoftvare taoa.e i• the 
c-tTJ, villi U-t 40 profeHi-1 .. ta-prace .. i .. 
staff om iu llooka, i• clluina ..,art o~en villi a 
n-i.i pmcltage it ia dawelopina. <~. 
..... t lta6) 

n ... - techaolOJi•a* 

llaay people belie•• that tbe impact of the -
nicroelectroaic techaoloaiea ..... there will be oalf 
a liaited .....,.r of job• ia the fatan ... that, •• a 
re•ult, for aocial n .. oaa tllia dviDllliaa au.bar of 
job• ahoul• M •hared out aa fairly •• poasible. 

Thia defe•ti- •ed• to be challenaed directly, 
bectuae the reality ia that the feater ve ao[apt 
oar•elv•• to tbe tkill• aad opportanitiee of 
tecb.,ologicd chanae, the ~e likely - are to be 
·~~e to achieve a hiaher level of ..,1.,..at in 
future. 

1be uaderlriag problea ia not a &roving abort•&• 
of job• but a •eriau• ahort&ge of akilled people able 
to fill the job• being created, ia • ...., co•e• very 
rapidly, in the aicroelectroaic iaduatriea. 

Lan :rear the Coven.eat'• IT Uafor.atioa 
Technology) Skill• Shortase Comllittee ••ti .. tccl a 
tbortage of 5,000 engineer• vitb IT •kill• by 
1987/1. Thia -• al11ctat c•rtainl:r ao unclereatiaate. 
On the ba•i• of • recent turvey, which tbe .. tiooal 
Collputing Centre (llCC) conclucte• •--a ita 2,000 
aeaber com.-niea, there i• an ad•itioaal •hort•&• of 
at lea•t 1,000 high-level akilled •upport ataff, 

What nee•• to be •one to iacreaH the level of 
•kill• and eaplOJllllDl ia our electroAica iaduatri•a? 

Fir•tly, ve auat .. 1te uraent chaaae• to our 
•r•t .. of aecondary educatioa end traini•&· lritiab 
education !Mitt bacOllA le•• aracialiaed •ad le•• 
bi•••• •1•inat applie• ac!•nC• and tecboology • 

Aa • alert, the Youth Traini111 Sch ... (\TS) 
•hould be traoafor.ed iato a compreheoaive vocational 
and educatioaal progr- for 16-19-year-oH•. 
Greater public and private aector aupport for the 
info1"911tion tecbnoloa:r centre• (ITECS) would help to 
place a lar&ar number of :rouna people from 
ditadvantaged background• in pe1"911aeot job• io tho 
aev i .. uttdea. 

Ve oeed ro .ova forward to • •:r•t .. of •kill 
trai11ia1 which i• ba1ed Oii ataadarda acbie•ed ratber 
tbaa ti• aened, which ia _.ular •IMS whicb ia open 
to adult• •• well aa 1ellool-lea•er1. Thi• abould be 
•eeo •• a11 l11Ye1tmeat aa4 r941uiria1 eatra retourc••• 
if .,. are to 1uppl:r aa apprentlceabip aad crainiD1 
•:rtt .. oa • par vith that of oar pdacipal &uroa.u• 
co.peti~ora. 

Collpaniu au•t be encoarapd co tau on •re 
tral ... a. Ve .... to l11troduce • rlllli•••~l• t•• 

• l:r Dr. D•wi• Owea, le ... r 'of tbo Social 
Democratic Part:r 

.. 

.. 



a 

• 

.. 

•r•t-. _..r _.icll e8Cll c....., or fint _.ich apeat 
.ore tll• the at .... n ,.raatap f- iu i .... trr • 
tniabc ia tile - tecllaol .. iea -1• llne all ita 
estn ...... it.n rellat .. free ,_lie hMs .... u • 
.., c....., tllat .,..t leH tllaa thia ,.re-tap 
-1.r lllave to ,., a t- ..-1 to it• .-en,...i ... 

1'°" all. the pn•-t prowi•i- of plmcea i• 
- U.i.enitiea. Polrtecllaic•. a .. eon .... of 
l'.rtller Eoltlcati- ..... to .. ..,....... i.at ,.ar 
tile a-..-t aw_ .. a f..-,.ar laci-i .. • 
Tecllaol:in Pncr- coati .. - l4lll ... ich -•• 
create. it •• claa-£. -r 4.000 -tea plmcea for 
acllool-le ... n i• tile hlcller .-Cati- ay•t-. 'llllia 
-• -1c- -· let .... \:" prea .. n frea t .. 
.. innitlea .._..r. -t of thia _, llu .._ 
.... to create -tn plmcea • niati• c•roea. 

Tiie probl- ia that ..., edati .. c .. nea -
ori-tat.. to the ..... of tile a.,.lier i .. •atrr -
:..- a acieatific ... /or -ai-rillc 'iu ... ~ire 
, ... 'A' lenl .... lificatioaa ie .. t ..... tica ... 
"7•ica aa pre-r.,..iaitea for eatr,. 

let tile reot•im ...-r of nch aclloolchil•rea 
an aimplJ llOt pn ... t ia tile aixth for.a of .. r 
aec..._rr achoola .... aoch i• the •ifficoltJ in 
recniti ...... phfaica teacllera, there ia little 
chMlce of thia ...... r i11erea•i• i• t .. fonaeeable 
fotore - a .. ia fact it ..... certaia to ~1; ... 
llaetlJ. thia aeYerelJ threateoa tile proapecta of tile 
proai8'!CI 4,000 ntra ar .. oatea actaallJ .. terialiaie1 
ia the future. 

The aolutioa, I beliew., ia to redirect 
,..,eni.ent fuadina t...,.r4• the eatabliai..ent of a 
... 11 ...... r - •aJ• tvo or three - ceatrea of 
excelleace vith a aufficieat critical .... of 
•tllldeat• to become acclaimed internationallJ aad 
operatina ia all the .. i• area• of uailer1r .. oate 
teachiaa, re•earch, coa•ult&19CJ, •oftvare 
denl.,..at. anll prO'lJiaioa of c-rcial cour•••· 

The•• centres vould aie to bri•s• the &•P 
between iadaatrr aad hi&ber educatioo. not lean in 
produci .. a laraer aumlter of atllldenU equipped vitb 
the •kilh which iDdaatr, aceda ia the -
techaoloaiea. 

The IT Inatituta eatabli•bed bf the UniYer•itJ 
of Salford, the llCC, aad a rans• of Iara• •upplier 
c..,.~i••• vith '•tart-vpi &OY•11111eat fiaaacial 
•upport. b a dsaificant - in the ript education. 

Lillavi••• the Opell Tech proar .... , ia 
coajU11Ctioa vith tha Craafie1• In•titata of 
Techaoloa1. ilH •- YalaaHa work ia prodaci• 
4iataaca learaiaa •r•t ... for technical 
qualiflcatioaa, .. ial1 at •ub-••ar .. le.,.l, aad vill 
aaad .. equate rHourcaa la future to -t the nee• 
for coatiwi .. adacatioa aad the op-ar .. iac of akilh 
for the popalatloa •• a whola. 

lklll abort•&••• raaultin1 lo job abort•&••, 
•1111••t that lrltaia la fallias to .. apt to the aav 
•icroalactroalc tachaoloaiH. lat • ralactaaca to 
adapt viii deatr01 fer 90ra jolt• i• the looser nna 
thall .. aptiac to t .... vill. 

Tit• Jap~aa•• IT Miniatrr (MITI) r•c••tlJ 
•••cribed their countrr •• "• aatioa li•i•& bf ita 
technical airparti1a". lefora tlle lorth lea Oil 
rffr.taH run out lricain too ••t bec- ·~ aadoa 
li•ina 1'J ita technical .. ,.rtiaa". 

To have the Hpartiaa ••aa taclllina tha 
ahortaae of akilla. lf "" doa't, aot oal1 will we be 
unable ro biprna our ata .. ar•• of li•ias, "" vill 
have • ••rr hard fl&ht aY•• to •intain it. 
~llactronic• Ve•k!I, I October 1916) 
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Microcoile conript 

Clo 22 Sept.-.r 1,... Villi- laar-, a l'eoleral 
Diatrict Coort ...... ia Saa Joaf. (USA) nl .. tllat 
the •e•iaoer• ....... ractarera of •icroproceaaora 
cool• cunriaht the hilt-i• microcode that ..... 
tt.- r.a. SpecificallJ. laar ... .,,.rt .. l•t•l'a 
ccot-tioa t~t IEC Nd illeaallr copi .. latel' • 
... ic••· laarw acc.,t .. latel'a aq-•t tllat the 
c .. e -• • eofr.an pracr .. _.ject to the CopJritht 
protecti- alnMJ affon. other eofr.an. 

If laar .. • • •eciai- at ... a, me .. , eYeDtull1 
haft to peJ ....... to latel. llore importaat. if 
Jaar .. •• roli .. bee-• a precedetlt• it c-1• 
i•fl..ace tlae •troct•re of ~he chip ... c..,.ter 
i .. oatriea for ,ear• to c-. 

l'or e...,le, 1111 - vith the ai• of partiallr 
..... latel - c-1• 4aaiao • - f .. ilJ of ,.raoaal 
c..,.ter• baaed apoa a proprietar, llicroproceaaor 
vith a conriahted code. lt -1• be illeaal to aall 
"cl-•" of tlloaa .achi ... vithoot 1111'• liceaa .. 
permiaaioa. While it i• poaaible to deaisa code to 
falfil other fuactioaa of a cooputer - auch •• 11111'• 
1105 chip - oae caaaot prooiae aoftvare coapatibilitJ 
oa a oiachiae aaiaa a •icruproceaeor vith a •ifferaat 
de•ip. (IOlobal IUectroaica • Sept.-.r 1916) 

Tbe !aJlo-SUDD Trojua-Earopeaa hone for M.A.P. 

Backed by a faad of Us$12 •illioa and by 60 USA 
aad Earopean iaforoatica 1ianta (Japan not included), 
the lrithb Miniatr, of Trade aad laduatr, vill be 
••tabli•bina ClMAP, the fir•t laqe theoretical aacl 
practical •.,....•tratioa in Europe of oaaufacturiaa 
autoaation protocol (tlll'). 11ae inte~tion i• to 
.. 1ie llAP the iadaatrial c-icatioaa staadard. 
lfAP re•t• lar1el1 oa 1e.rea hierarchical level• 
of interconaectioa of production unit• in the 
ope~ ay•tem• intercoanectioa (OSJ) .odel for 
the Iateraatioaal Staadarda Oraaniaatioa (ISO). 

Vithia the Eoropean c ..... nity'• E•prit 
proar .... , Yarioua reaearch centrea, uai•eraitie• 
aad •• ... , •• 17 l1r1e infor.atic• aad tele-
c ..... n1catioaa oaaufacturera (iacludiaa 11111'• 
Euro-Afro-Aaiatic 4iYiaioa throuah ita FIG 
aubaidiar,) h••e been de•elopin1 the A8ica 
eo..uaicatioaa Protocol for llaaufacturiaa which, 
aince it• oriain, baa beea aadar1oia1 a probable 
aquee&e batvec •. ~be America• MP'• c-rci.al 
potential aad it• technical effort• to talla .. •ant•&• 
of Ge-••'• 150 ataodard. 

The Ult ClKAP •-•tratioa could be • hatd 
bl- to the Eur.,. .. A8ice protocol at a -nt 
of the Eaprit proar-'• coa••r•ioa. T'lia proar .. 
nov fl .. a itadf betvaaa the UDClHr CoapatitiOD 
vith the Eureka project •*' the fiaaacial aad 
tachftical raorsaaisatioa of the aacODll Eaprit 
pha•• (1917-19), vith a aipiflcaat 1roupin1 into a 
aia&l• block of tba formerlJ •if ferantiated area• 
of office aut ... tloa a .. computar-iataaratad 
••ufacture (CDI). (1111'1!11 lallatia lo. 92, 
4 Auau•t 1916) 

A c..... ataadard for turope 

Th~ .. jor Euro,••• COllplltar producen, lull• 
ICL, li .. orf. Oli•etti, Philipa aad 11 ...... bf .... , 
of a recant •aclaratioa, ha•• aubilittad a raqaaat to 
the 1..,ar-•U of luropaaa c-uiu for 11 c­
atandart for the con .. ctioa of ale~tronic comput•r• 
to be da•elopad. tha ,• ... C011Paniaa ha•• alao put 
forvar• raqaaata co the a .. iniatratioaa of their 
rHpacti•a covntriaa to inteneaa with tha 
authoritiH ha•i•& jur1iadictioa ia cha VIA ud Japaa 



for tr• - tlle .._i• of ncipncitJ to M 
fecilit•t... OalJ ia tlli• way. tlle le ... n of tlle 
propoai111 c-tri•• nitent ... will .._.._ 
i.._triH lane tlle opport•itJ of llec..U. 
c-.etitiwe •t i~era.tU...l 1 ... 1. 

Tiie ~·t for t~ill& •t ... • ...... -
reciprocity prieciple•, ec:coni111 to tlle ........ of 
tlle lt.npeaa c...,..i••• b .. ill& ... n .... -ialJ to 
tlle DS&. W.n a •-.., Americ-· act la ia force .. icll 
c-trob tecllaology .... rt.. la feet. tlli• l• 
protecta tlle "-•tic -n.t of US fi~ .. u. tlle 
- firm htwfit frem free ec:ceH to tlle foni.p 
-diet• to .. icll ecc••• i• all_. lay wari-
a-.--t•. 

la oner to .,,... tlle -.olJ of i. de fecto 
at .... n• .. •ict•ted 1tJ tloe large US -ltiaati-l• 
.._ ue coMiti-ioa tlle Ewropea -n.t. tlle 
prodacen - tlle oH coeti-t are al .... 11i-a 
i .. i.,i• .. t goyeraaeat• to ... n .. tlleir .. rclllu .. 
t-n• pr<'411et• .. icll otilin osl (Opea s,.t_ 
Iatenoeaectioe) •h9ilana. 

a.rope ua .._ -illC ia tltia •irectioe for 
""it• a •ile. It h to M recall .. llera tllat tlle 
Eoropeaa at ... an p~ti- ... applicati- groop ua 
already aclli..,.. .... naolu, eccor•illC to 
-factorer•. llovewer, tlle pace -•t t.e ac:ceh1rat .. 
to Hoid foraiag the tail ... of the techaological 
deftl .... at traio, of the Hfta lewch OB wich 051 
i• baHd, leH tha half llan aa ,et .... 
Htablialled. •ac• -11 r ... ioa to t.e dooe. 

'floe ••t•bliallaeot of coaaaa •t• .. •rd• opea to 
all .... factarera ...,..ld .. i.a c..,.titioe witll ~l 
opportaeitiea po••ible for all Europe .. campaaiea a .. 
...,..1. si•• tllea • cbaace to fr•• ti.e..el••• froa tile 
coDditioeiog of .. rut •t•ndan•. It ia aot .._.,.r 
tile i!lteati- for aact. rett•at• to take oe 
protectioaiac c-t•tioaa ... t, oa the coetrar,, opeo 
op -r• .. rlkeu. Aa proof of this, atre•• llaa .._ 
placed oa the i.,ortaac• of alao I•'• Hllereaca to 
tile project. (IIIPIESS lalletin ... 93. 
11 Aogaat 1916) 

ilSO-CISll!T: •• Afrinn oetuork of inforaati­
centre• on atanilArd1aat1oe 

The Af ricao ••sioaal St•ndardiaatioa 
Ors••iaatioa (Oran-Arao) ha• cr•atcd • •ectorial 
resioaal ioforaatioe •ratca groaping Africao 
c11t1ntrica for the better otiliaatioo of at ... ard•, 
techoic•l resulatioa•, .. troloaJ doc..,...ta, 
certificatioa and quality coatrol. 

It• reaaonin1 i• ba••• oo the .. i••r•al 
••ailability of doc .... •t• cooceraiog ataQdar••• a 
coacept dCYaloped ltJ the ioteroatio.al 
•tandardiutioo orgaoiaatioa oet-rk (I~). The 
ioforaation 11etiYiti•• take plac• both aaaaally ... •1 coaputer, dependiog oa tile ,..•ibilitiaa of tlla 
particip.1tias ceatr••· 

AllSO-DlllllT i• an inforaatioa ayatra coaatit•t .. 
~ a cntral 1111it (~DIS) ... utioaal !ocal 
poiata diolribated io AalO •••hr c-triH. It 
repr••••t• the re1iott11l poi•t of iafor..cioa oe 
ata .. •rda alld the •J•t-'• c.,...r•iutioa .. ic. It l• 
the depoaitor, of ata .. ar4a ... relat ........ ot• 
pr .. uc .. bJ ARIO-aeaffr atatH ... Alric .. rqiooal , 
ors•niaatioaa, cor.atitutiag the ata .. ainla part of the 
Peaafricaa Doc .... atatloa ... laforaatioa '1•t- of ' 
cha Vnit .. latloe~ Economic C:.....ity for Africa 
(PDJIUlllCA). tu taak le elH co adYiN the 
c-trlH hlonsins to ARIO oa Mttias .... tlooal 
lafor..tioa cetttr•• oa ata .. ainla. 

AISO--DIS will r ... i~ a light atn.ctlft'• 
••••ntlallJ orleata4 tower•• •..,i .. r, ... trai•i•s 
tHk• H wll H t.,.,arda tile procaaal .. of 
•oc.-e11tar, pr .. .cu ... the •b-iutioa of 
i11fon1Ci1J11, 
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All far u the -. .. watiwoi focal poiau an 
coece~ ... an ...-las ..._t tlle iaf-ti­
ceatre8 of .. ti-l at.-.niuti ...... i... the 
latter .. iag office• of lliaiatde• or of p9lic 
Ht•li ...... t•. 'lllen an ao pdYat• ata.lani.&ati­
._., •• i• Africa. uauass hlletia •· 92, 
4 ...... t lll6) -

n eta •nia f!!!!! at tor of tile du• 

laf-ti• tediaolllCJ ia dlaai-a llle _, tllat 
baai-H ia .._ lay aalr.illC tlle •rabr-f-r of ...,1.,... tlle •i-al• -t ap,rtat nawrce ia a 
• ......,, ecconias to PnfHHr Sir Doealu ...... 
cllai- of tlle lc..-ic ... Social laHarcll 
c:o.acu <•> • 

nae pace of cllap will .... faat ia tlle fot•n 
tllat c-.ethi- htwea riYal firaa will M - lay 
tlle - ....... t wicll i8 -t -re of tlle latHt 
ffftl..-ata ... llow to - t._. ....lar ntraiaillC 
for --ser• will 11ec- a 'Yitai part of r-iaiag 
coapetiti- ... ~ jat -t•illC wicll ia ... ir .. le 
if t11e ti• c .. lie f .... , aai• Sir Doealu. 

'lllia will C ...... the -J tllat baai•H 
-s-t i• t ..... t ... .., le .. to a oev _. 
c-.etiti- i .... try ia pr-i•ias tlle -., traiaias 
coaraea tllat coapaaiH will and; ... lleace c ...... 
tlle -J tllat buai•H Klloola ta8Ck. 

Sir Doaal•• alao "li•ff• that tlleae ell.age• ia 
teachi"S practice will ~eat .. lly apread into otber 
typH of .. ucatioo _. 1 ... to a f_._tal c ..... • 
ia tlle _, tllat aoi-raitiH ... pol7techoica operato. 

•10 the fatare, pr .. uct life c7cl•• viii .. 
extr ... ly allort ... yoar COllpCtitor• coal• t.e ia 
tllen within -b. It'• aot lib tbe ol• • .,. of 
baildi ..... ipa -.. it took 7un to cetcla up with 
tM coapetioo•. he aaie. 

Thb waaa tut wnas•n will ..... to .. 
cooti-lly trai.... "Tour traioias llec-• • 
c..,atiti•e wwapoo. Dal••• JOO traio 7oor people to 
keep tbeir braio• up to tlie coapetitioe. Chea JOO 
will loH" ...... , •• 

'!here trill .... to .. a greater coll•boratioa 
.. twee• .. iYrr•itiea, polytecllnic• aod baai .. ••••· 
ludoeH•• alloold help dcaip tbe type of courae tbat 
•r• taualat to •t ... nt• while .. i ... eraiti•• viii set 
dr.- ioto buai .. •M• to llelp pl•a tbeir trai•i ... 
"A .. i•foraatioa tecllooloSJ itaelf viii help to ..U 
:hat ad11Catioe .. re effectiwe•. he aai•. 

lut pr .. ucin1 theM .. ac.ti-1 packapa vill 
bee- a - ... c..,.titi•• Wuatl'.J'. ...._i••• ... 
hai•H KllOoh vill kai• to c..,.ta to H•ip 
dfectin uaiai .. packagaa. S- ... i•H peopl• 
vill pr .... • -.-t trai•illa proar-• aioce 
tHJ caa .. tH - dli .. • .. tlla baai.MH ac1tooh•, 
he .. u. 

•1 claiak tllat tllara will Ila • lot of fra11elaiai .. 
of C ... H C09r9Ho Gaea a peckajta U8 Mell ..... , ..... 
otllar ..-ti• ... N tr•l_. to ,r .... t le ... co al•• 
tatoriala", aal• Sir Dousl••• 

lut tlN cllaap• in tlle Vf1J tllat "•ineH .... .-t b ,_,., vi 11 .. picked .. I• ot ... r 
aubject•, accor4iag to Sir Doeal1a. 'Ille .. twra of 
ceachl•1 viii c ...... ao tllat •l•aHitJ ... 
po;7cech•ic teacher• viii .,... I••• t'-e 1l•i11& 
their - leccwra• aa4 wr• ti1119 si•i .. •"·:orlala 
..... ar .... a c•rH tltat llaa Mell ..... , la. 

AIMI tha• i•fo ... tioa C•c'"'-loS1 will ~raak the 
....,.,, that •inulti•• lane had onr Uai•l111 ... 
llulovl••sai cw 1"tal•H of prolrl•i .. traialag will 

• 

• 

,. 



• 

it•lf he- a cem,etitiwe ianat~. hckqc• will 
M tH•wc .... icla ...... - ~en .... i-1-l 
pnaa.tati- _. ,..._1 tlltoriala. 

-..iwenitiff U... a -.oly •f kaiu •idl 
will N •raba lly tllia - tec: ... loU" • aai• 
Sir ..... laa. • tlli ... tlaat - tlle mweraitie:a• 
-..11 -r ... ne:a will 0- _. _. tlaat it will 
a..c- ,..al•l• to aet a ... lificati- Ira. tlle 
·c~ eon-..• or tlle ... r.a- hbeni~'. 
(&lec:tnaic• Ve:e:ltly, l Ott ... r 1916) 

& •t.,dat for tlle - • 1 e1bnt 

lo HIJ. leak leroa tlia ..... of - of ita 
c-tral ....._ prGflertie• • .._n ...... c1 .... 1_. 
Street. •icla .... ..._.. 62 staff. 'llab ..... 
llJJ,000 per year lo ~ta, .... ti• _. otbe:r 
... -.... 'l'llia c•I• k .._ a..c- of die ..... 
office ataff, ..._...,opt .. to~ .. u__,1.,.. 
u '•~n•, ..odti• at •-. _. .. ui-a tlleir llUYi-• "8ck to tllP ~-

A ........ liaW lut -.t•, •twor1ti. ia 
Oqniaati-, •uri .. • tlle c.ti..i• ..,.riMat 
atart .. io 1911 "1 S.- lens. the -..rial 
J•tificati- ... to n*:e -ne:.1a. Aa -.1.,.. 
c•tna ll0,000 ..... a.dle:r uo.ooo ia office .... 
... facilities, ... £7,000 for atata .... fit• _. 
otller _ .. ta. Tile" c•H INt noW.. if tlle 
-.tiw w i.-pe .... t _. ..n.& Ina ..... 

So, ti. coat j-tificati- ... tllen. lat tllen 
-·• alao rielte. V..H tlle -~ner ~io l07al to 
tM c...-yt Or -1• .. INiH .. lab --lens 
._i•aa to tlM poiat ... re lab coatracta vitla Ianni: 
••ffe~t • aia!at atart ODrki• for c .... titora. 

lo fact, tlle -.1..,ee -.loyer l07alty ... 
r .. Jac .. "1 a diffe:r-t -. tlle IOJ•l~ of a -u 
... iMaa to a oajor acc-t clieat. 'Ille Mtvorken 
... lalllt leroa itaelf clai• that thb b .. lua a 
l01alt7. It h ....._ .. •1 incl .. ba tlM Mtvorken 
io c .... ay tele:pllooe •irec:toriea _. ill9iti• t ... to 
tlM c..,aay'a Clariac.aa partiea. 

!he prot»lee of a-.itift iofonatioa b c..,.r .. 
by• coofid•atial •iacl-re .. r-t, aipe:d by the 
•t-rlrer al ... witla tib lint Mt..rt:il• 
c-trect. ••• 

lee-• tlae oe~nera an paid for outpot, .. t 
for lloara att ..... , the taak to N .._ Ilea ta be 
apecifi" nd c .. t .. -• prec:iael7. !Ilia oakea it 
eaaier to •eel .. whether tlaa teak ....... lie .... at 
all. leaior aaecocl .. • oft .. ••It tllelr a.llo1•loat•• 
for • •rlef or report .... 1•t !Jack aa Oftr-refi ... 
50-pqe -•1•la. kc_ .. t1ae .... nloac• ... ta to 
... joatlce to tlle ... ject'. If a •t-rker vaa 
aaW to .. le, lie-•• ..-t• Clle real price for 
-·. jolt, .. , U,000 ...... fipn olpc •ka CM 
""'"'-•ti" 1:1tlu cvlca elloot .... t to Ilia_,. 
lane ._. • '•iaple r..-at' alt tlle l:ioe - lie -•• 
alt le .. 11: lane co refiM tlle r..-n. ?lab .... rpar 
••fl•hioa of r .. u c• • .,,. ., to JO par cnl: of 
tlleir coat •••• 

ni. oecwnan oot MIJ pr .. oc• .... , clleir work 
c• lie .. tter. 'nib la•- they •ne a vl .. r 
,,, .. of tlle wrl• aouW. tlle or.-lutloa. 'llleh 
., ... are-· r ... ily •Ci•lat .. '7 - ideaa. Aa 
tlle •twne ... c- fr• t11e -mtl .. , n-., 
par-I ... -a-t Mnica• f-d-, t .. lr 
vorclt ..,..... ao tlaa - i•lpu &ltoy ca• •rl• to a 
larp oraeal .. tiea llltoH hlldncy ia •1"7• to -.. 
1-n-1 .. u ... 

C:O.W.rMly, claalr ~la4 .. of 1:1te ol'p•iaacioa 
,,,,., , .. •tvorller• tlte .... .,,.r c..,1ecal7 
.. c ... 11111 coaaolc .. ta. 7laey _. laae ki•fl• to 
•t•rC wiclt, ... their aoloti ... ara -• llkalJ co 
c .. fon to clle c..,.., ec11oe. • •• 

- .. -
'Ille -~n ....,. to M ncr.,-.. -. 

~ to "ii• a fall-tioe ._iae••• atarti-a vi~ tlae 
apri___._n of a cootnct lllaidl will ocean op to 
50 per ceat of tlaeir tioe. 'llloee oot fti~le rill 
N dMtM _li .. 17 to cope witll tile Unta reality of 
-11 haiaua. 

&ad of coarae, jeh .. ido ~in c.t'­
i......._ pre-.. like ncef'tiaaiata, 11-'t caalli.en 
or tlloH li• au• ... ..., die ~o-Uy ~ 
ticki• -r, ne mot fti~le fw -~· It ia 
aipificaoc: tllat .Uy 6 per cat of ..... ire-• a ..... 
office •taff an ~tly •twrkhs. _. tMy .. 
~ -a .... we tllaa IS per c..c •twcbn la tile 
t.tore. ••• 

Koployone ia •la c...-i•• ._ .. 1, .... •~ 
for 200 yean. Office• oen laqe, .... offi~ 
- -• _. t .... ,_ '7 -iaf~a. lat oe an 
- ia tlle ep of die frKtl-1 lionepaoer electric 
motor electric motor_. t .. oicroc..,•ter. 

'llle1e ia • real naaoa wily tlle upauiwe city 
ceotn office ltlocb .... 1' coati- to uiat. la 
effect, leak Jr.ens laaa 1i- a Haepriat for MUi-a 
., _. ..... , .... alteroatiwe aq of _.i-a la tlle 
dactnoic cottap. <c..,.ti!s n. ......... 
20 •Ria 1916) 

c-rcera cl- tlae w .. toen ridl ... poor 

llaD)' of tire poonc- part• of tile -r1• an 
c-i11ee' tut vitltoot i•f-ti.oo teclloolao. tM 
&•If lie~ lint ... tllin -r1• c~riu c-t 
lie clo .... 

laforoattioa tecllool~, accorii• to 
... ii larfoac~ fr.. Syria • Scieatific St .. iea _. 
leHarch Celltre. vill •play • cracial role io tlae 
effort• of tlle •nelopi• c-tria• to oarr- tlae 
tec:llOoloaJ 1•P .., rdoc• Clleir teci..olaslcal 

•...--c··· 
S- 65 per cnt of , .... try i• tlae poorer parta 

of Che -rH viii .. affect .. lly teclaaical ..,,ucu 
taki•1 place el ....... re, •rf-h tol• ulept•• at 
the rec:eat lt'IP c-fer-• llel• ia Dollli•. Apart 
froo i .. oatry, aocial ... -rklaa c_.ici-, too, 
will feel tlle iopact of tlle - tocltoolao, aal• · 
•rf-la. 

'"The -ac iaporcaat •iqle lH .. la iafonatioa 
techDolOD for ..,..1.,...t ia to formulate a clear 
oati-1 pl•• wltla -11 .. fl ... ot»jecth•• for 
•irecti .. thia Cec:lalloloSJ t..,.r•• .. afal pr..S.Cto ... 
reaolta lo fi•I•• c-u.r .. co M crucial for 
._1.,...c•, lie aau. 

.... couacria• laaYa alr..,7 .. op, .. policie• 
.. al&-' to foHer tllelr - c..,.car l•oatri•• •ad 
to ••aora !that l-pproprlate eiii•i,...t i• .. t ,..,.. 
oa 1:1Mo. ladia ... •raaU, for euople, ~II llaYs 
toop •- .-.. at protecd111 tlleir "-&l'­
l•oatry. 

l• , .. , •• forelaa c..,.al•• era fore .. to 10 
l•to part•r•llip vltla locel f il'llf, a ra•trictloa 
wlliclt pr_,c .. t• to laeYa tlla c-cry. I• 
..,ltloa, ..,1.,.ra ltaYe co a .. k tlle c .... •t of tlaelr 
-'ifosce llafora tltoy caa .,.~, for •• iaport lie-• 
for foralaa ••i,...t. !Ila--• ia ,....., to 
pl'otOCC J•• 

..... , •Jat- i•trodoc .. i• CM lffOe ..... aol• 
.. tlM 1r...,• c ... t tltoy r.._ .. ateffs clti• lo 
tot•llJ irral ... aat lo a c-cry Ilka oor.-, ._., •• 
Pr• Gopca, ...... .....,. CllC took.,,.~ claa Mni•i• 
of IM'• c..,.caro .._ tlaa c.apaOJ ,.it l .. ia. 

OIC, -4 by tlle l .. laa 1na..-•C, '·a• 
rac .. tlJ c..,lac .. the firac ...... of • p1.jecc co 
cC111pOcarlaa tickec office• oa tlae llldi•• r•ilWOJ•• a 



jW tllat c.pta claa-. _ .. ...,,. Mell lleJoad a 
f-.lp c~. ~re are - 20 •iffenat claana 
of ticbt - tM I .. in rail ayat- hicea •ary • 
for ........ ~i .. to t• re.ta t ... t tba traia 
tab9 to ita .. otiaati-. 

At •Illi. t• lint atati- to ao oali•. the 
-r-aa -iti .. ti.a at ..... i .. office• ... rnllC .. 
f- .. ~ - _. mo liloora to 20 ai•t••· 1lla 
tm __. ia tM -.i•al-t to t10 ailli~rtll of 
l•t .. rttba ..._. o,_t ..... ilia __.. tlle atati .. 
accodba to c:..ta. 

lnail ltu ....... tba i.aport of aiai-c ..... tan 
... -ll•r ... ~l c_,.tara. by u.,ort~ 
oof~ .... at .-~ c..,.tar aitaa Ila to Ila 
naiatam witla tlla Secntaria hpacial .. 
laf-tica, tM a-~t ...-y .. icll o:o-oriiaataa 
t• c-try•a llip-teclmolau policy. 'Illa nnlt of 
lnsil'a ata11ea ia tltat kalf of tM c ..... tar ayat ... 
(90rtll tl.S ltillioa) i .. tall .. ia tlla c .... try t1en 
_.. 11J tlla 1S c ..... tar firaa tllat .,.rate tMn. 

sbaapon. t ....... Htulia._. a •ti-1 
C.,.tar loan witll a aiHi- to impr.n tlla 
c-rsy•a ooft- prMt.Kta-. 

r- ..,,_lopba c~riaa. with tile uceptioa of 
tllooe ia tlla far laat, c• affori t• •-•ta.at 
_.... to p~llCe llarilran. lat ...,. an .... fol 
tut tlla:r en caapata ia aoftvan. witll ita nfhaaia - ,...1. ratller tllaa aaclli••· I .. ia ltopea to eara 
tJOO aillioa a year fl'Ola ita proar...aea acti•itiea. 
A .. te of -raiea • .._...r ........... by 
larwcll aas. • profeaaor at Tel A•i• U.iwaraity. •1ia 
ca.pater c..,..iea ._.,t waat aa to aalie aaater 
proar- (aoft-n for coatrollina ayat->•, ile 
Hi•, •ao tM U- to So for applicati- aoftware. 
Tile tr ... la ia tM are -t cl- to oar •rbta a .. -
ltna Ufficalt:r •fi•i• tile proltl- we an tryi .. 
to .. 1 ... witll ooftvan.• 

Trai•i• ---alt .,.cialiata ia alao a prolll- ia 
c-triaa witll a allaky ducatioa aymt-. To keep 
••raaat of teci.oloaical tr ... a, tlaftlopillC c-triaa 
an fore .. to ..... hard-unecl fonip carreoc:r 
.... Us at .... ta ••r ... to trai~. the troa•le ia, 
oaca tllere, tlla traiaeea are loath to retara home to 
aalariaa a ,...rtar tba du of tboa• ia tH Vaat. 

S- ia tile ._.loped .. rld an .. t bapp:r with 
tile effort• of t• ltaTraota to bap up ia 
iafor.atioa tecbaoloa:r. "lie are faelillS tile pinch 
froa ..,,_lopiDI cooatriea•, aaid Sta9Wll Yaj .. froa 
tile Data procaaai .. ..._a-t &aoociatioa, tlla 
p~ofaaaioaal ltod:r of Al8aricas co.,ater --•aera. 
Vajda call .. for a dialoaaa with deYelopiaa c...criaa 
aiaad at r-i• Nrriera tG A18aric• trade. 

"?ha real 11U9atioa•, aai• oaa 1peakar. i1 bow 
d.,,elopiaa couatriea are aoiaa to ... iaforaatioa 
tacllaoloSJ to 101•• tlloir real proltl... ratllor tlaaa 
r:llah Nlaaca of r:r ... prolll .... " (!hie firer: 
•near .. ia lew lciaatiat, ....._, 11 S.pt .... r, 1916 
tllo -•l:r re•lft of adallC'O ... tecllftolOIJ) 

Tllo Clu of ~ _, tlle fotore of illlllaatrial 
lal-tlCi 

Dwd• tN lialfo Fon. lleld at 1111111 Ull'a 
lateraati ... l Ia1tir:ote fen' , .. •atrial lafo ... tice) 
ia ••I-la, 111m11 olltdMd u n-:1 .. iw iar:aniaw 
fr-oa Mr. Al.....,.r aa ... PraeU..r: of tlta Cloll of 
•- _. Pre1i ... t of tile lataraatioaal M•ucd 
ltadlaa r ... rar:ioa, ... aaotller froa llr. A4• lcuff, 
Protaaoor of Political lei-ea, Iatairaatiocal 
C:O-aeller ia locial lei-• ... _..r of r:lle CJ .. 

ot •-· 
I 

lllPUH: Ve •ra ae the t1'rHllol4 of ao ... 
••riaa llhiclt .. ellall an the appuraaca of roltou 
capalltle of aeai• aM fe•li•• Do JIN think aachlMa 
will help la i.,rnl• tlila 41Mlt.tJ of ••' ~ lifaT 

-u-

KT. 4. ICi•: At tlM - rollota an .... to 
aaaiat ia tile -t-ti- of certeia aectora of tile 
i ... atrial precaaa. It i1 a taak tltaJ •o t1ell ... 
wicb sift• -dtar• • cbuce to afti• ..... re.a. 
•irt:r ... repatiti- tub. 

tile rotiot paarati- to foll- will inol­
..tin ..... trial •:rat- am, t!y •oiq ·~. the 
oqaaiuti-1 eat.re of iMntriaa will lta 
tnaafo~. ne .. cu.aaa •ill 10 aa far a~ die 
_.. of operati- a.I will au. iafl•11e• :.e 
....-r. •icll will - ~ta ...._ra rc<lllC ... 'lllera 
i•. tllenfora, tlta liul!..lloM of 'fceiaa die 1'irtb of 
a - type of coar-111. & - :oort of i .... try or, if 
c ...... ia reaiat... to -• tile aitaatioa of -rbra 
-re •iffie11lt atill .. ila at tlta - tiaa 
ceceidar .. ly iacnasilla --.1.,_.r:. 

litller of tile r.. ori .. tati- aa:r lta c1io ... 
...t. ia llJ opiaioa. it ia aecaaaary aa of - for 
people, witt.D.t owerlooki:la aowa..-ata. to realize 
tile .... •r• tbaJ aa:r --ter al-. tba _,. ... ..r 
oaly c-i6er die U,.Ctl tltat lllol• up die 
poaei1'illt:r of ...... tM riae of a ...., oociat:r tbat 
offeu - -re lei- ... all- Ilia t.o ..,,_lop hia 
paraoaal c .... ilitiaa. All tlli• r&4'11ina a •iffar .. t 
aort of -rlt •iatri ... tioa, •-thillC tbat ia far fl'Ola 
aaay. O.r preaeat .,.roac1ta1 to aoweraaaata caa h 
-f•l pni•i ... tile latter theaaab-ea llna llHa 
~at.. or •roaa'lt. to face tile type of dif f icaltiaa 
I h.,,. j .. t -ti_.. 

'Ille rasalta .. coal• ollt&ia would h ao 
aanell- for the fat•re of aaaki .. tbat no 
c ... tr:r -1• lta able to nfue to ea•iaaae a11eh aa 
approacb. 

Mr. A. Scltaff: rollota vill iaprOTa tile 4'aality 
of aa•'• life 1tac ... e it ia ia fact prafara•l• for 
- to OTOid dradpry or alao office .. r1t to dedicate 
hiaaalf to cnatiYa taalta vllich aake it poaai•l• for 
aia to deYalop Ilia par .... lity. 

lat thins• could 1aa,,.. differaatl:r. it ia alao 
poaai•l• to iaaaiaa • tarrif:rina aociaty ia llbi~h aaa 
ia totally aliaaatad, with aatoaat- aad ftry little 
c-icati- -aa para-. Tile latter -ld ... 
their li•ea a•idad "1 rollota. !hia ia .. , •re 
ecie11ee fictioa. neae thiaa• cCNld Jaappaa if paopl• 
•re aot •iailaat. 

IYarJthiD& d ..... a 08 aaa. VbatHar Jae doaa 
will ltaYe a• brpac:t oa hie futon. If w chaaa• 
eociat:r'• 1tractara we .. ,t adapt :1ar aocial 
-lla•i- to tile aav aitutioa. (IIIl'l&SS lallatia 
•· 95, 25 Aapat 1916) 

1ba ii!lP.Ci:t effaclta of aicroalectroaic• ia tba Ult 
.. ..,, ca aec or 

'Jbia •oc .... t vaa prepared bJ Julia lwaaa of tile 
Taclmical C:.ap C:.11tre, Loadoa •• a .. rki• paper 
.... ir tile Vorl• ... lo:r-at •roar- ..,..r tba 
-•icaa of no. Tba atu4J i• tlla flrat ia a aariH 
of atu4ie• oa tile ..,1.,_.t affacta of 
aicroalectroaica ia officae and aerTica i .. aatri••· 
l11Teati .. tioaa "9re ..,..rtakaa at thr .. dif fereat 
la.ala: firatlJ at tile ••rYica-aactor l.,,al; 
-.c ... 11 at tllo iadaatsy leYel (uiaa f-r aalact., 
a~aactora - Hllkilla, iaaar-•, acc-taac:r aad 
local IDY•..-ad; _. tllinl:r ac tile caaa atadJ 
la.al. 

Aa iaportnc fact -rai•a froa tba 1cu41 h 
that i• the l910a ..,1.,..at la offic--'• ... aenicea 
la •t•i• riaiaa ataadilJ, •••plte cite recaaaioe •ad 
tha ..:ra••i•I uaa of If - eapaciall:r ia fiaaacial 
ltuei1Maa aarYica1. lel'Ylce ..,l.,..at ha• i~r••••d 
llecauH of the auetalud d_ .. for1 aenicH aad, l .. 
particular, 'or .. tter 41uality aar.~c••· 

• 
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Tiie ••t .. t to .. icla IT •e-akilla j .. a - or 
affect• t ... ~lit:r of -rlt life - n- -re fn. 
t.._ -rlt orsaiuti- ia eala i .. i•i ... l caae. ratk•n 
t~ fram -:r i-.re.t .-lit:r of t.,. -
t•cl•oloa:r. ~ aa tT ca h ..., to ai• 
tleceatralisati-. it pnH•te ..,.rt•itiH to -b 
jok -re i•tqrate<I a .. ~niq. l'•rtt.r .,optioe 
of IT a:rat- a.._H .. eac•r.,. rather t~ foam 
ia a •••••Iii• office aector. ..t .. tit -aaa-at 
..... i ... ...._I• he_.. .... re of t.,. •eaira•ilit:r of 
•eaipi• - j .. a _. creati-a - oqaiuti-1 
atrs~• i• oner to - tt. - toc ... loa:r to 
t•ir -t..l ..,,••taae. (Awaila•le fram 
1.t-ti-1 La.._r Office. Ceana. llP 161). 

Microc..,.tera a., tbeir apPlicati ... for .... lori!a 
c-triea 

11iia tiook ia a• a.erwiev of •icroc..,..tor 
applicati ... ia 'eYelopiq coaatrie• a .. tbe iaa11ea 
aaaociat .. vitla their ... ... ...... lt laoka iato 
applicatioaa in aarinltue. llilealtla0 -ra:r ... 
-icipal -a-at ... ia ..... primaril:r oa tile 
•eli .. rati ... of tile firat IOSilD a:rapoai- -
•icroc..,.ttr ~licati_. ia ,_..lopi .. co.atrioa 0 

laeH ia Col_... Sri ........ ...._r 1914 C•w 
Microolectroaica lloaitor •· IS). Tiie report Ila• 
.._ preparn b:r .. ., laoc ... iaor:r ..-1 of tbe 
,...iaor:r C:-ittoe oii""T-""lmoloSY 1-ati-. loartl oa 
Scieace ... Teclaaoloa for lateraati ... 1 Dewel..,_.t 
(IOSTID) 0 Office of laton.atioaal •ffaira, .. tioaal 
leaearcb C-il ... -• ,..u ..... ., Veatwiev 
Preaa/loulder0 Color ... .., LoMoa 
(15111 o-113l-72S2-6). 

Tile impact of iad .. rrial rokta oa the worl-: of -rk 

Tl!ia article proper., ., s:.H. EMl of the 
latera.tioaal LalHlur Office appeared ia the 
laten.atioaal La'-r leYiev, 'fol. 125, •· 1, 
Ja.,..rrl'ekur:r 1916. ('llae laten.atioaal Labour 
leYiev ia ,..lialaed ais ti ... ~ a :rear ... carriea 
articloa - ecOllD9ic a .. aocial topic• of 
iateraatioaal iatorest affactiaa labour. r•••~rch 
aotH, aoticea of NV loooka rocoiwed bJ the ILO). la 
hie article 1:.1. E .. l loolta at the diffuaioa of 
i .. oatrial rol>ota; tile offocta of rol>otbati- oa 
npl.,....t; impact oa worltiaa coaditioaa; aad 
iaolaatrial relatittaa. 

I-ract of NV aad -rains techaoloaiH - tr"• aad ..... .,...t 
Thia rewiev of the UllCTAD'a 1ecretariat'a 

raaaarch fiaclinaa (YD/l/C.6/136) waa pra,.ra• for 
the Sixth SHaion of the C:-ittn oa Traaafer of 
TachaolOIJ' •ich -t ia Ceoc•• ia OctoNr 1916. 
It c-• to tha coaclueioa that vith reaar• to 
the affect• of •icroalectroaica techaoloai•• oa 
..._lopi•1 c-tr:r esporta of ... fKLoroa, no 
clear tr'ltld can ... diati•suialaed i• tha diractioa 
or 1anoral .. tore of tlaa of facto of •icroalactr .. ica 
taclntoloai .. oa ... a1opia1 c-tr:r a•porta of 
-•fKturaa. If - wro to coafi .. -·• 
atL .. cioa to t ... -roac-ic aaal:roia of t.ao -•t 
rsca•t tra4a atatiotica (paroa. 47-SO), - would 
cowcludo that nait .. r •icroalacrr .. ica aor orlaar 
fona of toech-lo1~cal chase 11 ... pr .. eatad 
..,,olopins c-tri .. - f.11eludi11S Nth tho I•"'"' 
••porter• .., otllero - fr08 iacr~••i•s tlao 1rowtll or 
tlaoir nporta .., .... ra11:r olarai• tlleir .. n.t 
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aharea ia total dowelopod -rk•t-ec--:r coatriea' 
biporta of a laqo ruse of aa•fact•r••· tlae reaa­
for tbe coatradictioa vitll earlier pre<lictioaa - i.e. 
that tile t:iff .. ioa of tile•• teclwloloaie1 -Id haft 
dire coaa..-.coa for ,.welopi111 c-triea' eaport• -
ia not ohioaa. Vlaat ia -•t liul:r, •• a-ae•tod ':r 
...... tlaora, ia tlaat •icrooloctroaica applicatioaa, 
iacl.,i• iaformatioa tocllaoloeieo, laaYa not diffae<I 
aa rapidl:r ia tile i .. ••triea of tile hrtb •• vaa 
prnicte<I oa the itaait. of tlaa •reM vith wich auch 
dift.•i- took place ia tile electroaica aector itaelf. 

laforaatioa toclaaol:f for •ewelar-at - -
Htoraat1.wl ioaraa 

I.a reporte<I ia earlier i••••• of tbe lloaitor tha 
UK Cou.ocil for c:a.p.tiaa De•elor-at lUXCCD) 
,..liabea aa lateraatioaal Jouraal featuriaa paper• 
deacribi111 practical applicatioaa of iaforaation 
techaoloa in •ewelopiaa coaatriea .... alao tlao•e 
tlhich deal vith the aocial, political or iDlluatrial 
illplicatioaa of IT dewet.,..at, or vllich are 
co.:ornad with trainina i•-•· Two iaauaa of the 
.Joaraal hawe ..._ ... lialaed ao far. Coatributioaa 
fr08 autlaora in dewelopiaa couatriaa vill .. 
eopeciall:r velc_.. a .. our ro .. era are herebJ ia,it .. 
to c-tri .. te to tlle Joor.al. Pleaae coatact 
Ill' • .J. lo&°'• Director. ua:cu. 13 Manafield Street, 
Loadoa VIM OIP. EaalaDll. 

llev jouraal to cower C!!p!terizod traaolatioa 

A oev interoational jouraal, !:j;•tna aad 
Tranalatioa (CAT), ia to appear ia~ froa Piradip 
heH, lac. 1110 publioher plana to COYer auch topica 
aa: aoftvare ia traaalatins and lan1••1• 
proceaoins; hardware to proc••• lansua1e; relewant 
reoearcb ia iia:uistica, artificial iatelli&•nc•. 
databa•e coaatnactioa. inforaatioa acience aaol 
teraiaoloaJi and the aocial coaaequeaces of 
coaputerised tranalatioa for oociet:r in 1eneral aad 
for tbe tranalatiag profeaaioa. 

llldiwidual subocriptiono (paid •:r penoaal 
check) coat USD 35.00. Surface .. il to Caaada aacl 
Mosico ia aa additiooal USD S.00; el1evhera outaide 
t~• United State•, USD 6.00. Air.ail ratea oa 
roqueat froa: Paradis- Praaa, lox 1057, Oapre:r 
Fl. 33559-1057, USA (TP + 1 813/922-7666). Para•iaa 
Preaa alao P"•liobea SCOPI, C:O.,utero 6 tha 
8-nitiea, aacl Coaputera aad the Social Sciencao. 
(ACCIS llevaletter 4(2), Jol:r 1986) 

the UniwaraitJ of leaneo. Franco publiaheo 
"Cahiora", a journal which c-• out twice a :rear and 
foc:uoaa oa &lobal aapacta of i!:ldu1trial dewelo,..nt 
vith particular oaphaoia oa electr-ic• iaduatr:r aaol 
toloc ..... icatioao. 'Iha ... , recant iaaua, Cahiar 
lo. 1-2, Jaauar:r-J- 1986, r.ontaiaa a.o. a report on 
"Strata1i•• la alactroaica iaoluotr:r aad iaduotrial 
de•alo,..nt ia lrasil" •• well •• an aaal:roia of aov 
coaditiOfta of daYolo.-•t of tlao alactronico induat:r:r 
ia South Ea1t Aaia with an iataraatin1 justapoaition 
of ,owor ... at policioo in laclia, tha lapu•lic of 
ltoraa oad linsapora vith that of lrasil. ror .ora 
iafonaation pl•••• vrica to "°'c R.,..art, eoa,re •• 
O..al.,,....t, racultf dao lcioacH konoaiquaa, 
7, PlKa Rocha, 35000 •-•, rraaca. Tha Cobian 
are pu•liahad La Preach. -
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Second 

aEMlllDEI. 

UlltED llATIORS UDUSnIAL llEYEJ.OPHEllT ORGAllIUTIOB 
Vienna International Centre, P.O. lox lOO, A-1400 Vienna. Austria 

Microelectronics Monitor 
leader Survey 

The Microelectronics Monitor has nov been published for four years. Although it• 
aailin1 list i1 continuou1ly updated as aev request1 for inclusion are received and 
chan1e• of address are aade a1 1oon a• notifications of 1uch changes are received, 
I vould be 1rateful if readers could reconfira their interest in receiving this 
nev1letter. ~indly, therefore, ca~ver the question• belov and aail thie fora to: 
The Editor 1 Microelectronics Mouitor, UMIDO Technology Progr ... e at the above 
addreH. 

Coaputer access number of .. iling list (see address label): 

lla•: 

Position/title: 

Address: 

Do you vi1h to continue receivinc issues of the Microelectronic• Monitor? 

Is the present address •• indicated on the address label correct? 

Hov ,any 1aaues of this newsletter have you read? 

Optional 

'lhich section in the Monitor is of particular interest to you? 

Which additional subjects vould you suggest be included? 

Would you like to see any sections deleted? 

I Have you ace••• to 1ome/mo1t of the journal• from which the infor .. tion contained' 
in the Monitor is drawn? 

• 
ls your copy of the Hinitor pa•~•d on to friends/coll••sues etc? 

Please .aka any other cC111111Cnt1 or 1u1111cion1 for iaprovins the quality and 
uHful'neH of thh nevsletter. 
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FOR NEW SUBSCRIBERS ONLY UNITED NA1"10NS @) NATIONS UNIES Issue Ho. 19 
Code SOZ 

UNIDO MAILING LIST QUESTIONNAIRE 

The Hicroel.tctronics Monitor 1• sent free of ct..rge to an approved list of read~rs. To be 
considered for 1ncJus1on 1n the .alling list, please coaplete questionnaire and return t.,: 

NAME I......._ flftlily-1 ---- ----
TITLE OR POSITION 

ORGANIZATION ---
STACEY AND No. for P.O. lo•I 

QTY AND STATE OR PROVINCE 

COUNTRY 

U.DOMAl&. .. un.~..._,,_.CllOll. 

-

P.O. llOX ......... ,,....... AUl1'mA 
. 

Typear.,... dllrly(-i.tw SIS bosl INlle_ 1.,......__,._.. 

-· - -
__ ,__ ,..._ 

__ ,_ -- r- --r-- ·-
I 
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