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AcclI.uhtor Itcomruter regis,ter where'the ro.s1llts 

, __ , __ -,_,_' _~_~ ___ • ___ , .... - 0, • •• ~. • 

-. -of--in--arrthci:ltic operation are left' 

ic~usticCoupl.r 

Appl h:atlon"s 
Prolra •• e ' 
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APT 
'0 
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"'1 .--, 

,I 

", 

, . 

-

, ' .' 
at the ena of the operation. 

Aniriexpens~vc for.ot.od~. that 
, '~ , 

•• ploys ,~ordinary tel~phone h.ad s.t. : 

Inreferenc~ t~'a display device~ it 
, -

d.fines a ~isplay capa'li of writine 
," 

alphabef~,c s:hau!=tcTS, and, nu.be,rs. 

This is the level of pr~er ••• 'nt at • 

which a systea, Is developed tJrat !,pplies 
, , 

• e.neral,~oftvare Syst.~.to a sp.cific 
, " 

appIl cat ion. 

~dto •• ~ic.IIY Proer •••• d Tools. APT 
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is • lar:ee co._put~r proer~. -th.t', re.ds' 

a "p.rt' proer .... wri tton- in' the ,la~lu.ee 

Of'~PT and ,enera,t.-s' .ibfile of co.ordinate 
, '~~ ~ 

o 

lnfor.aUon for ·th .. · •• dlino tool controller. 
- '-

, 'An.ab ler ",anl".I. 

-. /> 
! . 
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-, , ; 
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This is .. lanl.ualoof aneaonic ropresent"a-
.' :. '- .,' , . 
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t-ion. of t-h. ,octal (or- bliuiry) •• chine 
'. .'. . 
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, lanlu,·le. It is po.~rful,.s' t..h, •• ctual 
, " 

a.~hln. ~ .. nIU.e·e for tbe contrO"i of .11 
I . ",. : • 

'roc!'A.sorfunctions. " On.', ,.II ... ~lIic 
f" . 

,,,nstiucUoII loneraUiI olle .achlne ' 
'. .' ~.;~., -'. -. .: '" ~ .. 
lanlua'iiJ instruction. 'rhe ..... bler 
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hnln,e il- •• nufacturer,'4epend.n~ .,' 
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Bit~ 'of inIor.ation per second: 
I . 

'st~nclard coaaunication-s tera t.o depict 

-. the fre~uen~y ofcharacte'r t rallui 55 10n 
, . 

. between .co.puter and tcirainal.. 

Binary-Coded-Deciul.. Statld,Jd 6 bit· 
rv 

. .code for charac.t or repres!)nt·a:t i on. 

Usuall~ eaplored' for ~asnetic~t~pe or 
:. # • 

,.disc storase .for d~ta. files.; 

'Saallest ~esaent of 'co~puter word. 
, " 

A bit· is a b i n,a.ry di sit. 1- 0 r 0.::, 
, . 

An area of. coaputeT aeaory" t.hat . is set 

aside for the teaporary. storale of inforaa-· 
.': ' 

Hon •. Usually iajJl ie, service when the 
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recipient device deaands aore. da.ta •. 
• 

·A ITOUpof binary b'its reqpirea to c'ode 
',' 

... cb~~acter foreoaaunication~ 

• 1ft. luphles ihis is the display of a 

port-ion of the' display fi 10 nO~.aliy . " 
. / 

'at 7{ se~l;eon t.hedi~p,laY"device and' 

the reaoval of that' portion' of the' ,.;...,.. 
'41ft ... ""'" . . • . .-.: 

. diip)'iy 'that 1 ie. ou~s·i.de 
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.. deviee. boundaTh~~ 

the ~isplay . , .. ~ .~' 
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- ,. Co.pu.ter Nu.eric.l ,Control. Th~ . use of" 
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,. co.puu,r. t.o perfor. the functlonllj of. 
c . "~. ' 

'~DUrpOla\tioll throulh ioftw.re. 
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.Core '. 
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- : '.no.a,neUe .• &tertii! that. CaD be 
~ ;,' ' " 

polarhed'to p'roduce tllO binar,. .tates. 
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C.thoae'Ria y Tube. '. Thi,~ois' •. c\isplay 
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-. Dialt.l to an.llllue ·conv.rters .trlinslate·' 
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. 'V,ei diaital represenuHon·.of. ·v.iu<p . '. 
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, ,(, .CIIAPTER 1 

INTRODUCTrON 
I:' 

• I, •• 

/, 
1.1. General • 

Since th~~dlictionof lllr,e scale co.putin,' 

syst'e.s to en,ineerin, applic'atlo.ns. t~ere hasb'een a, 

considerable inte~.5t in th~ develop.ont of al,orith.s for 
.U ". 

• • 

. . J . 

th~ opt~.al"'4es i,n of st,ructurlis. _ In ,eneral. the approach . '. ... - . . 

has been'to establish a E:r1>ter1on for opti.al,iiy. and develop 

ano~jeC'tive' fiinction tlia~' expresses the influence of a, 
". ' 

o ~ I I 

set of, structurai ,desl,n var~ables u{1on th,.t, cl'i urion. 
" '- .... . .. ' J. ' . -, ~ 

. '.- . I . . . 

AU or part of th.ese desi,n variables: are,aenerally subjett 
- - . - - - - • ; :0---

to a set of :constraln~s. , There has been a.,pre.lih 'Of' .ethods 
. ~ .'. "', '" :'. ,'. . - -, " .. - . . .. ,..". .." 

developed to deal, vith 's~.e'.spect 9£ this proble ... 
. , 

In 'spit. !It tlleacU v 1 ty;!n tti1 ~ area. "there &re 
'-

r •• ar1cably fev,recorded ,ca,es in the l'itCll':ature vhichchron:i.~ 
, " . './"" .''''': 
ct. a .successfu,l app,1icaUonof thelia auto.ated prpcedure, 

~-. ' J' 
lP . .' 

The dlfficulties encountered, to r.at struc~uralprobte.s. , , '. , ' 

by the. e,"atn ... ! in the appUcatlonof' aUjt~"tcid techniques, 

centerabout, the proble. of ade~UatelY""4ciflnln, all' aspects 

. 0: 

• 11" • • • • • • .,....,...,'.,. _~ _ •• _ •• , _ 
.' , 

of optl.allty loft,Uras .,~f tbe r4lstricied nu.ber of desl,n 

Y&riabl~s"C'o."uUt.ionanyp.raIjsible ill ,eve a , the I.r,tist 
, . : .. 
• 

co.puter syst ••• ~ 
. . ~ t 

. 
.... 

" , Tbis, . coupled .... ' ... ,:' '. . wlth the .ra!"e of, t..chDique. each 

of. vhlchha' a do.alD o.!' applicability, ofie,a produces a 
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ond i d°,Dn of sufficient' coJiPleXity'.ltO liD rrant • ·systo. 
• r . 

hat .llows. tho .onlinecir to exllrcise his ludae.ent in tho 
• •• • Il 

evcl~pDent of an initi.l confiaur.tiod"by the an.lysls of 
< . , 

.sev·'er.\'i:drial dosiln~. At'th.e~co.p1eti6'n '.pf thlsstllBo, .. .' . '. "', ., 

~he ut~~i:'=atlo~ Of'.PPll~.b~~ lluto •• ~,COduu,~~eco.es: . 

2 

• ore C..sible .5 • rosult, ()f· the roduction in the no.bor of 
" ... 

des i In variablos to .co.put.iion.lly •• n.leab 10 level. 

. TiIo, bro.dest dOfinftion of th~ reqUh'eJilClDt .. of "an 
,I. -, ••• t "" . '. '. a, _ . .', ~ - -. _ 

onJln .• rlnR ~tl'ucturecan. bo st.tod .5' (hoso. elo.ent·,. required 
'., .' - . . 

for the offlcient trannission of .. ·l-oa4vpctor .to ,. foun~.· 
. -.., -

tion •. Thl'. defin! tion in the .. con.toxt .. of· .achine strucur,.~ 

b.s to be ~bro.doned .to 'i,ncorporat.e tho .dditioilalconslde;a.' . - . . . 

;tion~ of di.ensio~al ~~n~tr&irts, .05th'odc;·con~tralntl5, . 

, .. ~er·i~l,.cons~rai~~s, 'fnq~e~~ '~'osJions~ .consu.aillts.1Id .' 
,:', 

thor .. l defor •• ~ion ~ons.irflnis~ Tho;,hpositlon ~f 'the first' 

clas', of consnai-nu within ;he 1i.ftatlo~s,.ofbatch· proces.~ 
. . - ,.' \", . . - , 

· inl h an a-rduous task. The-re aro sevlira,l. exaaples 'quoted ' 

ill the Uutatu-rit that,: JUust1'llt:. the co.pttiltiond.co.plexlty 
~ .... '.: . . .,'.,. . . . .',.". .'. - ',:. .' ... .. 

that occurs <vhen leo •• trieal variable. are lDuoduced intQ 

."~ th •. OPt,l.iUt~·o~' p-r·~c~du.re.>'Refer.nce. (ll ,cius anoxa.p,ie 

· v,h~l'.,t~. batch Pt~C,.I~JnI.n~I)"~' o~a ~~iap1., !~ .. n'~o, of ~ '( 

pr.lluT •.•• ~.et" .. 'a task of'sev.ral.weeki'· ~un~ion •. F1IU1'e! 

1.1 a~.d 1;i:.re pl'-o~olr.p'b. ~f .• tUbl _e1iili... 1 c i. clear 
. ,,;--. '\- ", , . ,. :' .: \ '..- ' ',,: ,', , .. . 

· that: "Che 1Dciullon of-.leoli.u~cd-Y.r1ables ndthe.· .stab~iih"'· 
'. ~ " "'.'., .: . :-. .; , " . " '. . . . " .: '. . _.' . . - ,' . 

. ' .ut· ~f:~o.Or"·bt. ;OJlthe, •• val'iabl •• ~· thedesl.nofa basic ' . ,." .:. ' : '.,'. . " . ' .. ;" " . ~', " :' .' . .' - '. .. .":, '. ~"" .. ':. \., ... ~ . - ' ., " ": " .:. . , .'. ' " .. ... ;, , 

It·ructui •. for: a •• chbe to parl~-r" •. ".nnal '.u. hi" operation 

:. :.:::::.::~,:::' ,:,:.::.::::::' .:::::::':::".L.::: .. 
reference listed Ilt ,lhe .nd"of·thh thosh., .., 

. . --r 
r·, .' 
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cal'abl.~ of ,fficien'tiy handling the data aueablal. 'of 
".. ., ... r 
. " . .' .' ~.. ... .' 

in,.forftlltlon 10' doscribe. the ;tr.ueture, d.i5pla~",~h. re5;I!lts 
. . i...,~. '. '. ~." '., .. 

In an o~si1y Interpretable 'for. and allow rapid aodl,fieation 
I . • . 'iJ. ..... •. _. 

oi.4os£:k~ para.o.t'Op. A sYI~ell.enco.paS5ing th.ese cap,,-' . . 
abqitios all'o'wsthe designe~ to devoio p a".co'a,ne approxi-' 

. (.' , 

•• t.ion to' ~he'roquireaents of'hls proille. a~d through, 
.. --.-

several i-tera,tionsdireei the ref.l,nea.nt .of bisdosign .. ' 
'-

" . . ~ 

thrOUgh/DCrC1lents't~at are 

It .is. theprnise 

not coaputa~icinallY pro~'ibi'ti,v.e.· 

~fthi~ w~rk that, i~.part, the. 
, " 

~ppllca~io~ ~f a ~alanced approach bet~.en software and' 

,liui,n 'os:lentoc1 hardware in anint.oractlv.. coapu~.r 
o . . . . 

onvi.roDaent offet',a r.ea.1isticsolution to those .problea,. 
-~. .; '.:.' , 

,-This thosis presents ' .. 'new .pproach,'''bi~h r.ther~h~'n· 

. ,. 

\. 

.. . , 

s· . 

.'.: 

, . ' 

-J . 
0,.:"0.·" 

. ' .,,' , ". 
.~':, . . . .~ 

ilia'f't lri' conyo~t 10nal .anal ys honto the coaputer. 'f;U.1·1.y 
',' '-. 

'.. :. e. .... ,......., ~ . " _."., " . " 

into,rato~ ,tho' u~er and tho eo.pulor baS'ed on th .. ; rO'1l~lreaonts 
: . .... ... :' 

, .. 

~f tbe desi~nprocess~ 
,e 

"" '.OiI .. ", 

" 
, 

The '40vo'1op •• nt of"a systo. to aChieve.Joheso aO~15 
. I'. '. ': ,'" .' ..,.... '. ," :' '. ',. .'roO . 

". , 

. has befli dl.vi4ed.ill'to tbr .. e ,.para~.~sections • 
" " '. " • ,~,' ". .' " '. 0 .'. . 

I.)" A'iul~~ble bar4v.r~ system was devolo-p;ed 
\" ..: '" " 

., 

. 
.. . 

that ful£i'lH.~bo _tatee! .p~ob.1.e.rcqU'irC1l~n~s anI! acets the 
., '.?, " ,~ , ~ 

ad41Uonal :require.onts' ~ffo,,~ost ·an4 leDeral applieablqty 
, ,', . .", .. ~ ..,' \ . . i. 

to a b!'oa.4· ran,. 'of enlineerinl d.Si,n, prob 1 cas.· 
• " . '~t1 " . • , • ,,' • , . 

,'.";' 

, .. ' 

~/. 
, /~ 

2 •. ) An' Interactive' software ,syste._was ,developed' 
, ,'~. , I'" , "'.,'. - .' " J t. '. .. " . 

that,itl.eol'porat~~,tb. ,eli:.ral~u4· lof~war~d4e,vel op04 for 

.I .. 
" , . 

. . the <>t'era1nal "'1S1:e.. Thlssoltwaro strl.lc.ture bu' been .' .... 
,'!l' .,', 

!' ~0I1.lne4- to"ucl1heful1y b.oth the .lnput..;ou'tput ,capilbl atlo~' , ' . ..,:' , .' '.' >.' ., . 
I. ", 

l 'Oi",the urialnalsyst.e.:, al 
, '. I.' I' ." 

. .. 
• . ' ,.' .' . --;-- . 

.. " 
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copllb.i'l it Ies of tho' host 

" .. ,," .. ,. 

(·t. " , , 

, 
J' •. '.". . 

tiDoshoring, ~ystom. 
! . '. 

, . ": " - ,. ,". . . '," .. 
, 3.},'A 5Ub-OrTl~al ,n-'fgorit!\1!1 hn.s, bocn" e'r.!plo~'od 

, .'. ,'. ~ I ". , • 1 . 0 • 

• nd t~stod~n a !tandardi:e~ mll1\nR.fta~hine'struc~ur~ 
. . J '. • . .' . .' 

~o de,onstrato tho fon~ibi li,ty' ofth·.Q apv'roach' devcl~pod 
.. : .,," . ~ ; -.. . .'. • 1 "" .' 

, !~ rart~ Oj~ Bnd Tw~~ 
,'-.' ."'j" . 

- , .. ' 

, " ,'r', " 

'6 

c, 

" 

synthesis,' 'the aOf!.bral_ 8ppl1.cabi li iy ·of. 'both tho "software, " 

and' h.rd~a~o s~s t'~.s h~~,bee~ de~cins tt;Btcd in tho'de:'~~ op~ . 
~. : ' , , ," , .", 

'.ont: 0.£ a "S1st u to. au,tollo te .bottle ~Q 1d des i gns ror: .a 

. 
" 

( 

0 

. . . " ~ . -. ". i ~ ,.' .• ' .• 

•• ... .;. I . '. ."... 

· rcal probleD that exis~s in the alas5'II~nufacturinl,indu5try. · ~.. , , , . 
~ . 

. ,:~ In thl~app'ii,c"tlon, ~tho .fea5illtli~i _h~~ b.~on inY05tlaat'ed 
• _ .' ' • ~ .. 1~ €' .' ". . .. I, '\I . ~ '. ~ ." 

of usina -t-hil type o'f ter.llllnal,,' 5yS'UD, a5 'tho Int-cl"D,,,diato 
" " # . -. , • •.•• • . , . 

",'link-in ~ hh.rarc:hical- co.puter,5y~tell for ,the, dual ro~e5 
· '. . . .' . .. .. ;.. . . IS\.. , ~. . . ..•. • . '-, ' 

- ·of c:o.ptihr-aided-dos-ign IIIndco.put«:r-ia'idcd-D4,nu~acturing." 

" . 

, 

co ' oj 

(C~D/CA"j. 
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scale 
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EDIT Svli'te.· , :r 
.. { 

-, Alth'ou'ah'~bnh'.rinJ'· sy5t~D~ juPPOTtO'r ~yhr&o,' 
C:ODPU~O"~~' ha~'~: bee~ 'av~'nable'-~;O~ at lent,':.- aecade~ . 
has b~e~ .~ s ll~l f\C~~t 1ial,ln . the.'~Plj.~a·~io;-':O'f' tlDe 
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;indUS~ry. it fall~ to explain co.~~!tely the lack,of 

:-al'plications in desian engine"rina. .I" 

. ~n f"unda·.e.n)lll ·to the problea of tboshariiia 

h~s. been the input/output devices av~ilabl~ to the user 

!~as the 1n·tertac. betveen· th~ .an, and the co.puter. ·Until 

recently ~hllSe ~er.lnals have typically been lo,v speed 

teletypevriters .01' alphanu.eric CRT toOr.inals.· Inherent to .. : 
' ... -

th~ nature of struckural deslan probi •• s is ihe heed to input 

la,t,e , •• ~unts 'of data to des.crib. _ strUCture' a1ld to output 

equally larle aaounts of dau for·:'.nalY~.is o'f tho, perfo~aance 

of '. ~tiucturo.· ,The OUtput pr~bie.· is "f:u.rther co'.pounded, .. 
. ~~. '..' . 

:by the need to analy:. th.,s~ructur.l lIerforaance over a 
';' .: 

.' ~'. 

. . 
ranle ofvaluos·of.each desiln variable. 

. " 

~ . ..' ~ . 

Thein.troducti,on of· 10"jCost "r~phics ter~inds. has. 
. . ~ . 

in. part. r.oHeveis th~s situation. Hovever it' has yet to . 
•• 1 I " '. . " ~,'..' . . .' 

4.al·.4.q~&t.~y "ith the to-tal 'roquire~ents of the'eniineoer 
• , •.•• .' • ..}' I .:' 

-4es1Iner •. Chapter 2, ~ciion 2.1. of this thesis d~~cribe; . . . .... . 

thO activity hlthellterature that is bolns 
~ ... " .. " .' 

~)I. dllnlopaent, of .systeast~ hid,. th~ ,~p 
. '\. . 

4l.~iinor.ts.requhaaonts 'of • co.pu~n. systea 

conducted in 

bot"eeD:tho 

as', d·oserib'od 
. , 

"",' It '-: 

In. tho pr."lo~s, .oct l,~n' and. the procossinl po"O!' of a 1,a1'ao 
, 

., . 
. ~calo co.puter. 

. ' . 
.. . '. :' . Chapter l describes, ill dauB .aterabal syst·e • 

, -

donlop,d iil .the, course. Of~'hls project.\ Tho 'dosiln criteria 

';;,acllier • .i to. iat"ls·develop •• Dtcallbo',statecl .s~fOH01!.: 
,. " '." , 

. 1.)'." Low c'~It' - the t.otal torainal.'coltaust be . ' 

[., ,; 
Ii ' .. 
'''iibiD . tbe', budletill, 'lhiitatioDS of an on.luoi<ln, des,1ln ;·' , 

. i' ,',' " '. -. .' .' . .:.: .. :0", .~.' '. 

~ , p '. 

i ..../; 1, .. ":.,,, 

.... -
' . 

\ 

, . 
" ' 

" 

.. . . 

:., 
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office •. 

. ' 2,;) Ease ofoperat,l,-O.n' - the terainals operation 

a~st be ablo,to be handled by an analystvith a kriovloda e .', 

of FORTR~N and Il~inbal faa~Hlll'ity vith t~e, ti,ae­

'sharina facility beina used. 

3.) Lo~al c'o 11 oCtion of data -. the ,teraina I 

'> ' aust h~"e the cap'ability to as,seable 'data while operatina 
\ 1, 

in a stand-alono' aode •. -, . . . 

, . 
Data oditiri'l - the user aust be libl' to edit· 

, " 
• • b 

,data 10C;.l1y at tho t~~!~fl ~~ thou~. thenoed of the- larae' 
. . J " ." 

/. 

s·.) Veriflcat10n of input data -, ,~he' terainal 

,aust be .bieto e~~IOY, a ara~~i~\ d,ispla y ~,o verHy the ' 

asseabled data file. ' 

6.) Data stora,o andreaote accoss - the (~cilit' , 

t~ .t~r •. off-l1n', clat~ files artd sub.~~u~ntlY dire~t 

'~CCO~I toth ••• £il.i ~la directiv.s ,enerated.by the host 
, .' . '. 

, .coapu te~l.oft"aro sy~tcia.' "-,~" ' ' " 

" " 7. f 'Off- Hne review ~f ,raphic~,llY, ,~res,ented ,a~pe,ctl 
..., .. ~ 

, :of a cle,i,n~, . " ' 

'.~) Loc~l teaene1"atiDrt:~~ repea~ed,di.play , 
• #. • • r 0'· . ~ • . . t. 

fuact 10DI ~',;' 

... "~):ADa~o,u.t,O, cll~lialcoft.vor~on fO,1" the 

• 
" 

''\e • " : ~., ~~ . '. .:, . " ' • 

recluulon of ,rlipJitca,l clata or'l1CS,n-11i1on.lo!'al clnwlnls ' , 

'to'. fO,raatluhablef.pr JIII'~."lD" by the. ho.t~paputer.;. . 

, " ': .'. ,; '. ~h~CO.~l~t~ desfp, o~t~l' sy.toa. the EDIT'(I!~I,~n.'ei-, 
, .. , ~ .. . . . 

\ 

·r 
" 

in,D •• i,D lat'.11i~,nt,nra..11ial) .Yst.II~· includod, tho, appropriatlcin 
, . 

," ..... , , 

." " . ' 
" 

a ; 

... .", 
~ . . 

. 'f' 
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of tasks beHleen the ,systea proceslor~; the developaent, 
, 

of the in-toralnal rroce~sor 9peratlna sy,tea; the develop-
.' 

Dent of a co~aunl~~tlon strategy'betw~en pro~~ssors;'and 

flnall.y,t,hegenerat i on of Ii software SystOR that' Tes i de~ in . ~ . . 

the lIo,st co.ru~er. This software is r~~uired' to allolf • 

9 

r •• Ote user to-eaploy the full ,capabilities of th~"terain.i's 
<.: 

periphor~1s •• 1,11 .,ddipon,the developaen,tof this systea 
, , 

i ndulled' ,the des 1'ln of it n~aber of hardware interfaces., ' . . . . ' . 
, . 

. - . - ~ . 

The tefainal'ly;to~ deveioped in this wor~ h.l~ 

be_II desilned; around the l noedlof, enlino'nini du'illn, as it . .' ., .. 
relates to the s.ub'ject' -area;' ~fa.C:hlne '~Ff.t€te d~lil~, 

" 

f .r. ~ 

\ 

and coftputer-a'ided-aianufac:iuring. It has sho"n' that 'tho' , ~.' . 
- .. . 

1l0n-lnt.lllleJlt ~o~ainal~ls ill~dequ.te to .erve coaplatal,' 
. , . . . '. ~ 

these needs whi 10 at th~rsa •• t iao' ~,., c:oaputer "over-Iti 11:' . .-
, , 

of the satellita systea:i a.rk.t~d c:oaaerc:ially .,nd develop-ad 
.' ' . 

• ,lSoVbere do not' .nhanco the proc:ess suffiC:ieMlytowahant 
:"'. , 

, the,h-addi tional' cost. ,In,,fa~t. soia.' very expensi~e Sf'sta.S 
• 0 

havo b'eea c: •. ~e.fully ,develop~d to se~ve a Halt.d'- , 
- ~ 

appllc:ati,on and aT.aueh .1!ss ,flnible' than the SysteD 

,-deYe!o'ped, ..... T.. '\. 
.' . . . 

l 

i .3. 

" 
.' • • " • _ 0 , • • • 

·CONSTRUCT -'A 50(tware ,5ystea for the 
','SYllthesh: of Mac:hhct., Struc:tures 9 

• ", J", 

. . :-~::.' '. , 

,llure.l,.3 is '. "iHa,raaaiiC: pres.nta~ion' of 
. • f . . 

the 

reladoDship tbat, exhu' betweeD the· .~paraie sort~are, :,./ 

,p.C:h',e~t"~.t·:~~e\;.'.p·10Y'dl~ it tot.ai.srst~"fO; t~~ 's'~thosi'S , 
, '. ., . , . . ," . 

, of .~:."if.~~,t? ...... riO.':b:U:d' ~ •• ~T'.CT ' 

.' 
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/ 
i ndorpo r;1t 0.5 the of ~hc desiR~ process as'it pertains 

"diroctlr to the'. specific ta~l: of· structur.al ,deSign. The 

section labelled Terminal Supp~rt Software (T5S) iln:.1udes. 
\ . ' ' . 

• .'. 

. 
the &rDphiC~ package. the. data e{lcoder/de~coder I' routlnes, 

, 
priato tor.inal peripheral. The thi~d systeD is· housed in the ... 
torainal processor. 

, . . 

c.hap~or',2, .~n 2.3 r·ev~ews. tho. titerature'as 
. . . 

i.tpo\"filns. to the. develop.ent of systeDs for the design of 
• ", .' I.. ~ I,. . 

10~or'"ti:Od~str~ctures •. 'Chapter' .. isa .de~ai lep'ducrip'tion 

• of~'thc .yatea that has be"en devoloped in th'o co~rse of· this 
'. .~-' 

vOTt. ' -
o 

• 
• 

In gene·ral. tho approach folloved in th!svorlt , 
has been tO~I .. ~nt;'thototal p:rocess into c:g~t rOlaUd.~ . 

soc'tion's oach of vhich is. dependent upon the data· generatod 

by 10ve"1' o"rder soctlons. but w"Ichcan fUll-ction 'independently 
_ t . . -

vrthrna slllgle'coapuur run •. lJiforaation is e~c:hanged 

·"et~lI.n sect ion. vi a. a reaote s·torage dev I ce. Thti appeilaa,.e 

of 

of 

, .~acro. 
. , 

This provJslon a110vs tl!e user to enter ·the desi,n. . . . '. . 
.',' . 

proce.s 'at . allY stage and terahulte ·at any sta,,, 'wfthout 

, lou of Infonailo.ri • 
. :' 

,. 

'1,.4 • BOTTLE: ASyst-elt~o AutoaateBon Ie ~ )\oi'd Des lalt 

..... Although thisvork h.sprincip~lly been diTected 
. \ . 

tbe'ereationof a systea f~r ~he s,nth.~1s of tovard-
.. :.,,;;;.~ 

",' . 
'. 

• 

. . 

.' . 

, .\ 

... 
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.' ~ . . . . . ~. 

Rachine structul'e~, 

" 

la,T,go ,sect ions o!?f the work arc 
. ~. . ~ . 

general in n~tuTe and,are thus appli~D~l~ to 0 r~~~e of 
,~ 

app 1 lea t inns. ,~h i s sec~(ion :._~csc r i ~:d,in 'deta i 1 in~ __ 1' ~ 
Chapter ~ o( thi~ thesis, d~~on5trates the applicati~n of 

t h C" r!J! T ~ ~. :\ : '! r.' a' .I...h.~ c ~:1 :'!' ;\ 1 c! (' t'l C :1 r i:'t a hie r !l r ~ h i c"n 1 '-' , . ! . ~, . 
distributed coaputing s~'ste,D, (or cOClpu,t'er-aidod-:llan'ufacturing.' 

Tboro isconsiderabl~"siail~rity betve~nthe nceds . , 
o( a siste~ to, automAte',numerical ~ontrol part prpgr~lIl1ing 

, , , 

as,'it ~oiatcis' to c'oaput~r-Ai,ded-lliinufactlJ_ring and a'sylstem 

f~~" the cODputer-aHl!d-Ciesign of en.iineeri~'g~.sy~tHis;', 

80th a'reas, in ieneral, requireth" input of large data 
-' 

basos, benefh froa' grapllic5 presentation of the results,. . . .-, . 
and require, a large sc:ale, c~aputer for process!n!! 'the data. 

-- , r , 

.. 

:' .. 

USER 

! 

• , 

, ' 

", 
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, , 
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Terminal 
5uppon 
Softvare.- , 

_Devic:e handlers 
, -,Gr~phlc5 
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I 

" ~" , . , 
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.' 
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Ganr:r.l t 

, , 

• 

~' 

~' 
'I] 

, , 
, , 

This chapter has' \leen subdivid,ed into four sections 

in accordance with ~ha saparate secti~ns of tho thesis. The ' 

first, section rela~C's the recorded ac,t'ivity lrithe development' 

of variou!l, cOlilputer-aided-design 'hardware, systells. 'The", 

second s«!ction then doars with tho topic' of graphics s!l~twara 

devcllapm.nt. The'third section surveys the existinisyste~s', 
, , 

appro'llchos to the coaputer-aidod-design of structures. The 

fourth and final secilon, of tbis chapter is ~Oncerned vltb 
, , , 

th'e:' applicatlono£- this technology ,to die aroa of coaputer:.. 
. '.' ',. 

, -, 
~~ 
-:;'~.'. 

-:,' 
Computer-Aided-Design' Hardware Sisteas 

In a survey' pap/or on 'the developing role of 

'co_unications arid its effect on ,oc,iet~;. 'Fano (3f colicll!.~es 

that'Aurln, til-a l:ast ',decade one of the' (lost. difficult lessons 
.' . .' - . . , .. '"' .' ..- . 

... .' <) • ", I . 

that c~aputer s~eci~llsts ,hav~ ~lscovered is that "it is 

inappropriate to desiin or evalu'ate coaputer 'eq,utpaent' ou't 
, ". 

of the cont'ext of' the 'sohitare that provides tho interface 
. _ .. .')". . .. e .: 

to ti" u~br"", '~e,further ,uggests that the,reasonis 
. -. ! . 

. \ ~". 
si.plo: ,"the ooulpaetntcharacurlstic, U.liin a .al,or,'vaY 

, '/ ' 

'tho, interfae. charllcterlstics, thllt cari, he ,ob'tained".' 

12 . , " ' ... ,', ,- " 

j " . 

• 

, , 
~ 



, 
• • 

" I 3 

u .. er~, it· would ~ceD congruent that, o\"er ~h,e pn.~t few years, 

:h-J!"c h".'~. h.c~f.l a ct~n>id.r;:ra'!l.c effort cx!cnJcd to rrs-vi-oJ,; a' 
• • 

v:lrie'ty of equip.ent characteristics "ithin the terJlli.nnl 
. . .. . , 

This would s.eD to he the JIIO~t suitable loca- .. 
~ ~ . \ 

tion to_J.,ranslllte processing power into' a user's indiv,id\lnl. 
[ ·.ft.. ." .... .• 
... }.. I 

requ i l' ellen;-5 • '.:'''''5. a t&b:a I c~ro I :l~rl' of ~ he above' .obs,e~va t ion 

it wou~ d boexpectof thl!< t .:1 pro lifera t 1-on of. spec,~':lli zed· • 
....... --_._- .. 

. 'ter!linal~ dcdica\ed to specific', a's.sisnJllent: would develop. 

Th.h, \:or'ollar), has not, for· the Plost part, been vali~ated.' 
~ .. , .. .' . . 

• 

Thcr'e,are a vAri¢ty~! roasons"h)'~th'is has not.occu~red, .' .' '.,. I 
.IlO~,st whicb t!.le princ'ipal o~c bllS been the pro'hibit{v!i'co'st 

JJ' 

.. . ''',.. , .'~. ". . . 
involved. '. ~ltbouab the 'introdu~tion 0{ 'lSI anc! LSI.sefti-, 

. . . "" '. ' . 
cOriducqH' 'IOllc has produced 'a drallat ic Nductlon intli~ 

. :,",,' '~. - . ." I • ""'..,- • 

c:apital· '~nyeS'tllllnt required for c.o.putor har'd~are, tho cost of 

.. 
CUstOIl buiit·~ysteDs, which ~equire developlllent'of both'hardware 

. . .~ 

an~ sofiwaro,. to~ds to ~o beyond the 1"$ac~ of all'~utt~o 
, :.' ., 

" larlostcorporati'ons ... Tho i ntroduct ion :lnd deve i'opaent' of . 
• • . I .• ,. 

" . 
'~hito 11 i ,ent .touina1s. with ,.tho flex,ih.illty to hedlrecto'd 

via ~oftw.ro to p~ffor. a .~ltlpl.1cltf of t~s~~ - ha~ to salle 

dOlr .. e provided a feaSible solution for tho s.aOo'r user. ' 
. . ~ . " 

This approach l·s~thowityer., vlt~out ,p'it"italh - SODe of. which 
', .. ,' -'". ,- . " .' " .' 

will be, • labor.tod in, lion dota II in subsoql,l0llt sections .. 
. . ' . ..:: 

of this .thesis. . . 
'. 

;' 

.( 

. , . 
" 
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I • review of ter.in~15. divid~~,tho 

,ltllTahlals ~s5entlal1y intosh, cnegories b.sed on b,oth hard­.. 
v.re c.p.bilities.nd application re~Uir~ents. These 

·c.telor1.es are~. y" .'. 

I 

~ ". 
1.) .. keyboard/pri~~Dr torai~als~ 

. . ",.. . 
.', 

2.) . CRT terain.lsi .' 

3.) 're",'ote-batc:h -ter.ain.lSi 

4.)·,re.l . ..,tlae d.t .• ~.cquisit:ion .nd.con'tr.ol terain.is; . 

. " 
S.) tr.nsactlon· .nd pa'fnt-of-s. le terainals.·. " . . ~ i . 
6) .aan ·t·erai n.1 s •. ,,~.~ 

'It h not-the int.nfiop~ of. this section to present 

an elaborate coap.atison: .. onl5t eachor'these,:'fi,railial types • 

/- ~ \ 

. -

• 
Hov.v~r. ~'biief de.cripti~n ~f thea.jor differences foilo~s~· ". . . . ,.:). .. ~ ". ( ~ 

Terainals o'f the ,fil-lIt.type·.- the keybo.rd/printe,r,'J 

dthoulh ~l:ov. hav~the d~cided .dv~ntale of produ~~n~ 
. ~ " . ~,,' . <". '. .. . . • ~. '. 

ha rd' copy /?f the 1 nfo~1It iO~.,·,b~th t.~Piitted .~o 'aDd ncdved' froa 

the ti ••• harinl .yste. As 1I0bbs indicates •. there are hundr~'ds . . '. . 
.' 

of thou.ands.of these·ter.in.1S·in.us •• ··Tbis class of 

t"rainal rail, •• )n pr~.c. fro •. less than 1 ... 000 dol·1a'rI ·to . 
. . .. . . . 

approxlaately. 6. 000 dollar •• . . .' - . , 

The CRT ter'lilnals are fU'l"ther subd hid.cd into tvO 

. cla.se •. : () alphan'uaericnrainalsvlthsufflc:1ent h.rdvar~ 

lo,lc to opT ,'Ji e'.racur.' on the CRT and, (b) 'Ir~~bic .' 
. . 

can prod;'~e char~c;ter. and draw. cl b ... 'The . . 
'alphanuaeri'uraillal has' theadva.rlta, •• vljon coaparedt'o 

the 'eleettoaeehaalcai .teletypewrlter~.· of opera tine over. 
, . '. 

, . . 
.broader ilpe.iI ';;iI,e •• ~d·tb. advent.,e of ope rat In& q~i:etly. 

. - .. 
'. .;: . . .•. 

, 

' . 
-. 

.. 

: . 

... 

, . 

. . 

, -

" 

. : 

..1 
. . 
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A,di,nd\'antago involves tho lack oC-hond cory,.without an 

Addition~r device~ 
, . 

These 'terminals range in price froCl 

2,000 dol13rsto IS,ociO·dollnrs. 
" -: 

In·i\ddltion, there are ria\tistatio'n 'systel:ls ·thn.t 
'. . . 

!,1~r:C::1..1n thrc~.e:h),·1.:,'~:1' .:on~"::·!",l:or:-;' Tl':i5. appr~cac!: ~:l:i"thc 
• : ".' '. ,l.",' 1:.> • '. ~ .' , 1 

advantage that ~~'I..{t>:lilc. requlrod hy individual ttlrninals . 
. .' D . f. .;·'c,' .' . •. 

i~ reduc04 while cO==~~j~~~4on ~ith the~\arg~ scalesyste~ 

is enha.nced. 
.' . . 

:Craphics CRT's can be further s.~bdivided into' two 

.(a) . re,fr'csh tor=innls ' and .. 
(h) storage teralnnl~. :The first 

~ulf~r~{scalco~ductor .~.ory) .that 

typ'e ot.di'splay has II ,lo:cal 
. •• J . 

h used t.o. con'tinuou'sll' ' 

regenor~to'thodiapl~y on the'CRT.· This fo~.at hns tho 

. advantage that. ii ls pOSSible ~~ produce so~e, dYna~ic~isplay . 

features by .odifying th.e buf.fer,store behieori or dllring' 
, . 

,refresh cycles •. ihis .necessarlly ,requiros high.speed,C:o~=.unica-
" 

tlon systeas.Tho disadvant~ge of 'these ~isr18vs is tho 
'. ' , . /,,"",'" ". . 

lliaited buffer store "hich j:8n rest,Tict the dis<pjIlV~:<limsity 
. ..' . .'~' 

and thO f1 iclt'er that is . prod"uced "I!e~ t'he 'refreSh~~1e ra,to . 

• 
is riot 'adequatci ,tQ support tho' nua\>er ;pf dlstPlnyed voctors~ .' . 

The stora,o taralnal e'njoys the advantages of havin, - ", - ". .. ' 

"~~"i - ..•. 
,1DQ.,S·t, unllilitod' d.lsplay density ,capAcity.. It has tho diS-. ~ . ~ . ' . 
• d·Yan'~·al.·' ~hat it l~ .. necossary· i~ .cra'so·th:e .on.tircdisplay.. ..~ 
to'aodlfy. portiono£. ,It,·'.Jn·ihe.past fo~ .. o!'ths Tek'tronix'(~) 

. , . 
'. '. has ·z.·l~.loda nOli' iar,. scroon torainal that lias both' stor!!-io. 

I ' _" '. . • '.. 
" 

'. 

, .. 

an~ rofr~lh op~~atl~, .9d~s •. Tho rofresh aodc is supported .':' 

b" decr.asln •. tho::"rlt1n, bOAII intonsi'~y b~lo" the icvel' ~ 
T.equlTe4fo lilualnato tho phosphors 'on tho face of the CRT· •.. 

. j 
,c:w 

. ....", ... 
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... 
, The S 0 g r n I' h i c ~ t" r:'r:d n Ills ran ~ c i' n pr ice fro III 5, 000 do! ~ a r s 

, I, 

,... II", to:! 5 • no 0 do 1'1 a r s • 

" ' .' 

,In addition to tha convontionnl CRT t,r~innl there 
, . " .. 
hns haen developDon~ work dono on plasma panel' displ~ys (6), 

,', 

- Hobbs notes. ~hC!sC!' displays h.avo n'ot had a signi ficant 
" • 

'Inpact on tha Dar~et; 

RC!.ota blltcl1 tarllJnals art! essentially-';'3n assemblage 
" f .' • . • • . • 

of ,stAndArd coaputor input/output p.riphar~ls such :as card 
, , . 

p 

readers. line printars. curd aunches ~nd .agnat lctapa 'unhs .,' ' , ' 

':These t,~r.lnll)s provide full, batch processing <;3P3,b11itie'5 
, ' ' 
at an aitornato input ~tation to the central c~mputing fac~lity. . " 

• • c.! ' 

Tho CO,5t (If the~a, terlii'n;alsrangoJ\ botveen 7,SOOdollars' and 

'- , 

17~,OOO ·dollars., ----~~----~--
. I .' . . • . • • I .. 

ROD1-th,~aacqui'~ition ,Dnd control ,to'rllinals 

aro i,nstallatlons ,that collect data froa instrumentation' and 

control systell$ and gan:erate thf: necessary signals, £o'~ 

COftt ro 111nl. tho proceSS' (7); (sL (9), (10). 
, . ' Thls typa of 

torainal h one in vhich ~usto. "ur.ainal dosign is unavoidab,lo. 
, . .';' I' . 

Furth~~ discussion about thos. s,s~c.s.is includod 'In a 

subsoquontsectlon dcaHngvlth, a distributed coaputlngjcoap~ter-
" . ... , 

'alded-.anufacturlnjt 51st,;n. 
\ 

" 'Pl!.!.n.t":,of-Sllle. and Transaction toralna'ls aro those 
. 

's1lJtCtlU vh.leh' .havo ,beo'" developed for .arhting~ysto.s ; 

to rocol'd .ales, dolHt ,'·In:llonto1'1. b.ook ho~els or'airlino 
'0 ',' - , 

r( 

Sl!'an to,ninals. or i11toiligo·ntt~r.lna1s (-figu.re 2.1j 
'. '.' ... , . "'-, -.-,.~-~--. 

inco.Tporate .• ' , •• 1Ie co.putor l,n~o tho' ler.i "al luol r: 
. ". '. 

, 
.- 1 

" i 
! ' 

• 

.... , . ",:, ,~',: /' ,,~. 
, , 
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• .. -
. ' t(' LINK ,TO , . DISPLAY _ 

MAINFRAME . LOC!,~PU • DISPLAY, -
, 

CONTROL , / ..... 
" "') 

/ 

" 
. ,.. 

I 

, 
\ . 

. ' 
BULK ;. . LOCAl. 

, 
, .. , 

STORAGE , 
.. . . PERIPHERALS 

, " \. - . '\"" ". 

~. 
Fiau r'e-2.1 

i 
• ! 

" 

General'conflauration of an 
intelliaent ter.ln.l~ 

Ia .ddlt,lon. to qualify .as· an lnUlliaent· ter';'lnal the 'co.putlna 

'capability of ·the.inl-coi.puter .ust be. available to the user 

'In, a way th.t por.its hi. to, pr9ara. it toperfor.·.part of his . 
• 

unique appHcatl'on. 

'. ' The char.cteristlcs that- pertain, to thiS class" of , . ~. . 

ier.inal are: 

1. ) 

2.) 

s.) 

I·olf-cont.ined stor •••. ; 
, ' . . ' 4' . . 

u' •. r lat·.r.ction .. "vi th 01 ther,the 'ter.inal or tho . - ,. .' • 
, contral co.putor;' 

'. r - . , .. ~ . -', 

stor.~ prot-ra.;' 

" / 

• .,.<) 

4., ) "art of"' Jlro.coss in.' acco.p-li Ih.ed 1 n the ter.l nd; 
, ~ 

•. -~....... . or .... ". 

.­
" 

" 

1'. 

. , 

, 

\ 



• 

S.) 

6. ) 

, 7.) 

o 
, C> 

// ),' 
/ / 

, / ,', 

on-lin~ via com~unlcntion~'linc with larg~ c~nt~al 
, ',/ ' 

/' 
cOlllput'~r and d3ta ba5t;.--1 

, / 
hUR3n (problcI:I,) 'o:>Y'ted input; 

huonn (probl~"') Oriented output. 

18 , 

A~~O\ln'l"d" ,d,th the tc.~JOiinal. th~ central eo=puting " 

facilityausth3ve;' 
. / 
//,. /,' 

:.: ',-

'2.) perl.phor:al 'equi"p,J;lont' suit e f~~ handling thos~ 
'"1 

t.~ks not ieadily han~ d py tho tor~lnal; 
.:. 

Alaost without oxception, any 'di~cussion in t.h.c. 
t 

Il,torllturo of 'i,ntell i&ont torllli'nn15 in\'Dlv~s -the 'questi'on, ,,' 

of hOll a~ch int~ll)g~nCCf- i~ sufficIent 'in~~lliconce (4),' (11) 

(12)1. Tbcro ,is'no c~a~on agreeJ;len. on the answer to this., ....... . , , 
proh~e. in'th.~light of tho expocted . ',", 

require.ents, of an indi'VidullI appt'ication, can resuft' ,in,what . . . ~ 

-, -
COUI,~ b~st be tor.~ coaputer "over-k,ill", Thi,S phon'o_D~non ;' 

is D05t~likoly to ~ccur when the 50lut~on is devoloped 

ind~pondontl;of the probleR or independentlY of thoso DOSt 

howh,dlUb)o in tho area of' ~heproposod ~pp) icaUon (13)~, 

Hobbs, in ~is concluding reaarks on-tho subject'~f 
. '. . . 

~ -' . .. .. . '. 

5oD,art torllinals, subdl.vtdes': tho'-e-xpected devolopDont of such 
• •• J 

, 
sl'S'te.s into ,two clltnorios basod on, oxpoctedl:ost," , 

. .' ',' .. ' ", .' .' .. .. ... 
r "Whhtllo ~urr,l'nt tTends ',in ,technology" it , is,' roa50n- ,-

'" 
able to e~p.~~ a"Dart ~c~binal s~l,llngfor 7,SOO,doll~r5to ~ 

'35,,000 -dollars- hi thc',future to hlclude: 

, . 
- ' 

! 

• 

, ' 



. , , , 

:". \ 

I!J 

,', 
I..) a 4,OOO",to-16,OOO k'ord. "derc- (or "'ini-cini) :compute;r; 

. ", ., ')' 
~ . Il 300 to I,:?OO haud r.odern; 

3.) Il kcrbonr<l; 
" \ , , 

4.) 11 ch~ractcr serial printer; 

,6. V an Opt lonal CRT; 

7.) an ojtionn1 light pen." 

lie' predicts 'a, second further 'I1r~l1 of developMent 

in the creation of ,5l1aft' tero'inah in the 50,000 to 20'0,000 
, . 

I 
,dollar,prJicc rang.e. "The typ'~c:a) insfalt"ation of this type' 

., , 

~ 

,' .. , 

, . 
1.) 

" I.' . 1 . .' . 

a' 32',.000 to '64,000 word ",'ini-computer,; 

2.1 'a 9,600 haud 

3.) • ~eyboard; 

, , 
S. ). '';I!gnotic ,upe 

" 6.) a, graphic; CRT 

7.) a I.lght p.,n;', 

noden; 
, .. . ., 

,ca5sett'lI,s; 

d.ispla~· ;. 
, ,-' 

~. 

8.) optionalfunct~o~ 'k~y~; 
, .' 

9.). ol','tlonal disc's;' 
w.' , • 

, , 

, . 

10. ) o~tlon'l cOlllpati~le Daanetic tap*-u~lt5~ 
. . ..... -.... rru-

~ '.. : • 'f 

an op~ional line:printer.~. , '11.) 

.' 

'" 

" , 

.. 

" 

" , 

. .. ...." ," ' 

~hil l~.i div151~n is dlroctlf co~p3rable:t6 a s~.nd-

Po~ the p~rpd5e~ ~f thi5the~i5~ ibo 
a ".' I '. • 

.',. " ".)'. . . .: .. , 

tenitnab :i:n the Bru, ,dlvision ,are terood in..~elli·gent . . . . ".- . . '. -:: "'. ," '. :--:- .. : 

",tcrDtnAls. '.-nd 'tllo,a in. tboseconddiv.hion aro tor.ed intolligont .. 
I: . 

, 1 
" " 

, . ' 
, ,0 

. .... : " 
• WIIII/.;.:" . 

• 
" 

,-, 

, 
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~.,\toll1tcs. '1, 

\'"n Dni:: 
.' . \ .; 

o t.n L (II) 'd e fin e. tJIi!\ d.i!;t~n"t.ion. as· 
"'j "."". 

co~tnins nMlni:. mic~o fo 1 lows':· .. , ",(,~nt 1 ~ tho.·torDinal 
. " . . 
or 'nicroprogrnl:u"nblc ·.coMputer "'hic~ .'~un5 n 5.tnndar.<! p'rogrn~" . () ; . , - ," . 

prognas, the,ttir.alnal·ha.s n fixed ·.funct1Qn nnd' is· still just 

t. ;an Inul·Pgel!t t.erninal. 

&enor~1-purpoIO 'colllputer 
(' ,<> 

. . :" 

'.' ~rdinary us.or 'for lin.>.: ·~u.l7pose a 

en~he device cdntllJns.n 
i' ., --.~. 

easily acces·s.ible.to. thc 

prograa o~ hi; choic.e' do o 

. , 
.va pr.olllote the .t'orlllina! .to~n i telligent s~tellite"" 

This dcfiniti~n is lo~. ptecise ~han:th~ ~cfiniti~i 

presentod on tho ,bll"S'is 'of 'Hobbs' separation of ·classcs.· " 
..' ..f! '." • . , .. . ..- ' . . ... ,'. .-' -' 

A 'popular ,concept·, whlc.h has clllorged over the. last . '. . ~. 

, " ~ , , ", " 

£Ow vwan,··is>"thci· IIpp1.i~·ation'of distribut'cd~oaput'lng 
.~~ , '"'. 0 • ~ , , " 

. , . . , • . . . .. 't 

. ·sy~·toas: •. 'Thes~ are SrSt'D5 orcaapu.ters whicli are I·inked· in" _. 
1 .. . ' ' . . .' • ~ -'. ~ .. . . . . . . 
a hlorarchl,l:af fashi~n .Such thllt each 1 in~ contains sufficient 

' .. . . " ' c' .. . , 

lottc (hardwarii ;anif softllll'ro) to perforlll thosc functions that 
-'. ..' . 1 . '. ~ ~'. '. •• I . . ;. . 

A1!o··.·0·'t·o~~.icl~ntly·a1l0c~t~Od tOitvh~loat.~~ s.alllo tiae~' 

. " ... 

, 

.~ : 

..... ' . 
I 
" . . , 

, • "",. . oJ,'.'" 

it directs al.1 .othor processin&, .f\lactlons to ·t·h'c.aost appropriate' 
~ .~, 

"":de:'!Ic..... The. problu." o.f"rfiden.t diyis!on of.lab.our. ill a 
~. 

'. ., .. '. . 
ct 11'£1 cUl iy .vhi ch has .yet ,to boo rosoh-ed" The .I':roposod . 

" 1" ··f . " 

.> 
,,~ . ",i" .:- _ \ , .. :-'. '. ", 

··:'Strat,e&i"'~, ranJo·.frb stanr·alone srst,oas, 'tnat. utilho a .lar,·p.! 
',; I 

sc.'" .''ltpI:ltor • • s • peripheral, 'to ·syste~s· that Ilre'la.Tlely depond- : 

~n .. ~ u~P.iqC~~S~D' J'~v.~, of' .th_~,fUll ,cale' co.pu~~r, a~d . /i;. !. 
udtiuth~ in-ui.i1tall'rO,coissor ;to··.erlta tho local perlphor.ls' 
., • ~""." ~ , •. • .. o. • I. I . 

t ," 
, .... !.' 

-,'('11) /. (1~)'~ :(~,S) ".:-{~6).. r· As well, thotcirliln~I's . , . . . 
, ~ . . .' . '." _ -! . _ . ' r • .' 

·"PIf~c1t~j~ir·.'t~ ~socli~< .• dlt, Hor~ ·andll.isp1Il:t·dat'a files" (-17), . " '. 

' .. ' -

.'; 

..... - '. .. . ' .. 

." 
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.r 

.' / . .. 
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(18). '(19). 

. I", 

• "11 '" 
"".-

, , 

.. ' 

" 

.advanta,es .offered by usin& the'basic 
I '.' r. ;) . concepts of local. pro- ~ 

~,I!ISi"l~ pover. These advllntasos hllve boen enu.erated, 

.,'ucclll'ctly by. Va'n Oa •• 
I , • • 

'I.). 
1 

I .. ' i , , 2~)) 
[. i' 

L~~~l ,dllt. asseablale .~d editint. 

.. 

I " ; 

A :red'.letion in ihc scope of, the areas' of c.onf-lict 

'that invllriabiyarise betveen i~e.l ~~ersof'~he , ' .! T ,. 

! 

I' • 
I 

'. ' , . 

rani. of .ervices '. central facuity' should 'pr~Yide'. 

l~ r ,Co~sor,~ati~n of effortthllt results fro., th' 
....... 

,'-.. " -, <I; 
' .. ,' 

verUi~atlon of a, sse. bled data prior to:·:t'ranslifss)on, , . i . 

, I 
" i 
I 

. ' " " ' . _.... ". " .~ . 

~ ~ ,'to the central ,sit. for proeessina. ' 
.' .. . . t . . ~ ~ . ',,", 

4.1". "Conservation of' resourcu, th.~ re,sult fro. ,~lI. 
I, , 

reducilo'n in the ,n.u.ber .of uier intoraetlonsvith the 
.' . 

" 
, S.l The al!llityto·perfor •• ' dde ~~nie of taslts" locally' " 

.:- • '. p .. I. " 4 ...-

,in t,he ar.a~ ofdatac"on;e,is,io~ a,~~;fH ••• niplJlat"io:ri. 

6;)' Tiie'a"bU Ity ~o 'ini,i at~.oT~,priiii'tive 
~.)', PI.x1\1illty,.in eusto.' prolu •• inl'the . . ',~.' 

syste.s.", '." 
.. '.......". 

t'or.inal.' ' 
" 

" 
, 

" C" 
'"E!!ually, a.onlst an authors" the,TO:i., a eo •• on· 

~ " ...... r , '. . 

,aeeep~\ne .. of tho'liro •• 'o_f dUf"ieul ty, that 'are exp,V'l.eneed in 

" 

',····:~,~::::.~:.:T:':::~::· .::::::::' .::'::::: TO, . <. 

:' coneept: appi~ctt~ th'. i.r.ina1 101le are ,fransp'ortabl.e to'the­

r' , d..,.a~p.~!'t of: .1st ••• · wi ~hs i.IIar e.;ia,bli-1ty:'~ Hov •. ~.r . tho.,' 
" .", "'. , :: - ". - "", '-" - .. ' ., ' . . ",'~. .' '. '. .... ...... 
e~.plotoadoptlon, ,or one sin ... • ssoftvan sYlh. anclappl1eado.n. 

'_10 anothor'he'D.pl'le~t~cl·b·ya an.Jdol, int~rvoven pro~le.s. ' 
'.' ' ..... 

, . .., . - .. -,. 

,. 
• 

, . , . 

, 

," ~ . 

. , 
, 

o . ' 
.':.~ , 

. ' .. 
'~"'" 

", ''',", -.' . ", ., ,~: 

" ' 
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. ::)/. 2}),,~. ThI.'problU. of interfacing eli ffa~ren,t'. D,a~~,fa~tU<:::r1" 
h.rdviI"e::~1nto a colluive srstelli.. As Van Pa. n~tes;" ihls 

. V' . 

,difr1~~-1~iy ie.d, to ~eloursY5iu' vorks, it aUst:be 'their 
: '" ',.- .. 

• . ., t 

~ys~e.' syndro.e. 'Th~s p'r~b~e. is'~cciapounded ·,by. a.anufacturers . 
", . 

vho refuse to service their product if . .it has been 'taapered, 
(0 0 ... ;\. • • 

vith! 1n thehl:st.ll'ation~" 

3.) C'h&nling: t.akhnol·oS;·; •. The devclo~.ent of a usuble.· 
n' • 1 .• , 

. systea nlcessari ly proceeds ~fir't vitlvthe developaent" of 'the' 
. ' .' . 

li,a r 4"ue and then ,secondly,·vi til' the 'developaentof the ,oftvar.e· 

, suppo~. 
. ' . ..:". Iflthout'the"infuslon of largo a.ounts of capital 

. '" .' ... I .' . . . . 
and ~.npower .tlle .luheront dae 1aa created. can produc·. 'a work~na: . 

Syst •• ~h"i ls e.l!loy Ina' antlqua,t,ld hardware. that, ·1ia~ co,~ as 
. .' :. 

, - . 
• uch, "~In .ti~e, 1 U curTent replace.tlnt vatu •• 

~ . . " ." . . " .. . - ~ \, 

:4.) ',Co_unlcation sr,(e.,. ' Thlre is a ,ubstantial cost 
"--.. " . , " . . " ,"" . 

Incr .... nt. t1 .. t'.occurs f, 01' ,co •• u~nic~tlo. n rau., .lnoexce.~s· Of,. . .:,'.;'\. 

300 baud ~o.u .. ti: coupler) an~ a~alnforra,U' ab~e ~,2~~ I' ') 

baud du.to leas.d lines' and' expenlive :aode.s. These COI~ 
" , . , \ 

con.ld.r.a.tlOnl •. for the •• all' facility, have a direCt effect, 
. • . J." . ' .• 

'~ft't'111 op.utinl s;ste. deslln. 

• 5.), 
• Software support. 

I _ I 

IH thi.na . 5'111',1. syste. there are . , 

-thr"~ reQulred·Jew.ls· olsupport. .. , 
',. 

'.arMahilr •• e .~~vic.ero'u'dlles - the ••. conlt.ituu 'tbe 

pro'r .... tba1: proyide the illurface bet~~~n tbl .uslJr_' s .pplicat1O~ 
. . . ... ' '.' . .' ..... :--: .' .. 

pro,ra.~lIlcJ 1:hltu'-inal ~cleYlcohaDdliDa. ro~th05' tlln dlrec:t 
. -:.~..:' "t't:o 

... , :' • .,',' -,,:' ~! ...... : ;' .. : '. 

thlcoa.Qnlcation. channel'fordat •• 1icodin,. ·The .... 1' •• ost 
'".' r '. '. .• ".' . .'~,,:" . 

likely.,to be. '"'~t1~.ia bOno of,tbe hllher level ~anluales and 
, ., 

.~,.A 

.; . 

. :0: 
" ; ; . . , 

. ;,' 

J 

{ ......... '.,.. 
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b) Intra-device routines - thes~.e.body tho .ainfraae's 

operlttinR srs-te.s co •• unication h.ndle!; tha't struC1:ure .nd .. -
for •• t the output"data ~locksfor·trans.ission betwee'l\ " ,", 

, . 
the cent~~1 c~.puter .nd, the ter.'nal syste.~ ~heso proara.s 

" \., ' 

aro .os,t often, "ritten In tho 'individual ,computer, ayate~a'" -
• a5semblor I.nau.le. The'.odification (~iDor or otherwise) 

n ~ . . 

,of tho",proj'ra.s, t~ .void what is often.' co.pl1~atod task 
, " 

, at, tho ter.inal" requi re~ the uDdor5t~nd-ina ofa sf.pathetic" 
. • .. ~ ," . . ". .'.'. :.,. ~ . '0 .. 

•• infr.mo .analor and a s\ i lie!,! syste.s proara .... r. ',This . . \ .. . 
- , , 

~o.biD.tIoDil r.re even within the university environ.ent. 

c) Torainal operatlna system ~' The support,requirod" 
• •• ; P "', •• ~. <-..'.-: ' 

for tho·· •• inten.nce .nd .odi£ic.t~on~f tlie t'e,l';'i~&l::S'-~~.~ 
, , 

tinl IYltea is • ,(unction of theto~r.inal' s si zo.- thiL ~onsldor.-' 
tiOIl is doal.t "lth ·iII'lr •• ter detaii below, in • discussion of 

i 

I 

,the colic.pt of critic.l she •. POl' the s.teIHtos~e., 

'"bich c.n suppo;, hilher IOV~~ lanluaae~ (FOR~RAN, PL/l), 

.odification of'the operatina syste •. is 
-

loss difficult thari 
...I. 

" : 

! 

i 
I 

for the 's.aller tor.ln.l 

, lysua.Wltbthe sa.~Ie~ t~r.inal pr~cusor. 'it,lS( usuau:: ' 

i" n,.cess.ry to a.xlai:o 'the ,.ffic1oncy of theoporatisil systea, 
i ,. -. i' ~ wrUInl It in all, .ppended for. of the .anuf.cturer's asse.blor 

I 1a~IU.I". UIlI.ss tllh systea i. 'w'ell, clocu.en~e ... J andull~ess 
I 'it, has. aodul.r construction, t"..o .ppend.,e of .~d 
/" C:P.bil,ltl~' en be .;d1fflCUlt-~~~, 

Thu .• , It b.c~ •• s cle.r thac tho ,OIl.ral, .dDt.nanc. 
,", ". ' , , f . . • ' " , 

'of oll.syst .... nquil' •• faaUlarity wlth three laveli.of .. ',' " , ' . 
'prOII' •• "iDl 'for .11:1 fUU.uPPCll't ;&1Id, ~evo1op.!lftt;, This is • 

:.- . " r", ! 

-
" 

, ' ..... 

• 

,I ':-: 

, 
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, ' 

prol'lee that'cnn partl:-- heToli~\'od h~' the' 'hi-ncl: box' approach . ' ' 

to tho .lcsien ,of the tereinnl's operating 'system, 
, ' 

Vnn, Dam iniro~ucc5 th~'c~ncept of critical, intell,igence, 

vhieh 'i~ A,,'I-OlIIovhnt inprociso definition of tho level of . . , . 

critical lovel"of' processine povet and" in addition,"if tho 
". " 

satellite doC!ls not have,reasona~ly' fnst secondary storage. 

suHldont local De~ory; and a powerfuCinstruction "~ot, ,it 

"iDp\)" Day n~t_ b~ able 'to ,do,enoU:gh pro,cossin& fast enoue!) 

to aAkotho division of lnbour worthw~ile", 

In contrast with ,the coricopt· ot critic.i iritoll~&onc:e 
,.----- .. .' .. 

,Is the conc:ept of, critical sla ,(or 'porh;!ps criti~al cost), 
, . 

which calf, bo ,statod siapty 11,5:, 'There ,is a ,level of intell i&ence 

in' a 'tenlna1 vh~C:h~ if ~'xc:eo~fd:'"c"-ontt'{but;s i'ii;ufficient 
. ~ ~ 

rotuins to warrant the substantial Increase (n~ost, when 
, ' , 

j udiOd by tho ~oeds of tho intended range of app 11 c:at i.ons. 

This cost constraint iaposed by' the decroasinl returns , ' 

" OXpo1'\t,onc:od l.n th~' enhancoDont 'of the appli.cllt,i on' of these ," 

'Syst~ the enainoerina d,o'~,l~n p'r~cess' weakens Van Oila' 5 

concluslori thatth~ satellite systea t~s hi dev~lopcld) ,is 
~. ) . .. 

, 

. , 

the "opt 111111' appro,ach when considor!n& "11 rango of 5Y~1:i5 bet'ween 
. I .' • 

IID'plo ,dlsphy, tci~DinA15~nd full sUnd.alono 
. : ~ ... .. 

&rapliics 
• 

procossors. \ (, " 

Thei-e lire 

of proe05s1Da,powor 

~vor·.1' suat'~g~es ,retat'ed to the divisi;'n 

In a aultlprocos,sor gZ:::BPhics 515'tO •• , 
. ..: .. . 

~ 

O'ne su"h s~ raul1 is tho 'blaek box '.JPPlollch. Undtlz:' th is 

aodo '0£ 0pllrration tho systoa isdesilln.0d sueh, that all hardware 

, , 

, 
• '.. .. 

v 

. , 

" 

~,.' 
~ .... 
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, , 

, , 

detailS of thritprnln~l are hidden to the user. The terainal',s 

opcrniing ~ystc~ perfor~, the t~~k5 of display til~ mana~c~ 

z:e~lt, pc:ri.Ph~rft serviclnl:,"and data retri~v31 'and m~nagc:nent. 
, ' ,- J 

Thl'sO servlcos arc: used in conjunction wt'th softwllre routines, 
" 

rc: ... !t!'!::n~ j·n .'1 ·It.hT'.ir~· :.,f 

" 
coz:puter. Thl~ Dppro~ch 

,',':rn,,:!nc>in .t11r.- 1.'r;!,c ,~;'.C,· 

~liows the pser the full flexibility 
, . ' ,. 

of a terDln'\al iha~ can 'be configured to his appliclltioJls' by" 
. ~ . .. 

the s'laple' directive o"f a hiRher--J-evel .language call to. a 
• 

supplledprograa. ,Van·oaa i~' cr(titlll of thi. approach on 
" \ 

tho hasis that it leads to t,1,ndo.r-uti~i;atlon of, ,tho torainal's 

capahllit'ies, ,Tho approac'h, proposed hy YD'n Pam re'luires tho 

" 
. 

..' . . '. , ~ 

be cog"ltlve .of'. both the t,erminal's opor'llting systea , , 

as veil' as!t':~at;' of the host, proccs~~r. 'Th is. approach 'has th~ 
,advantage fha.t it .provldes a' dynillilic approp,riation ofproces6~ 
lriR p~wer-between the systom procossors,' ,It has'tho very . . '. 
serious,nmitation' ,of"req~irin,g,'a' deRree 'of sys;~elis 

',faDlllarit;.o that pOBiloly vill exceildtlfe"-IIpl\lfca:tlon 
. . \ ~. " . .. . - .' 

" ' 

oriented 

usc,,' s threshold leveL of acceptanc o. Expori onc'o w.ith various 
" 

foru' o,r computlngsy.steJIs ~\HC:',llIster UnIversIty 'h~s'indi,~'ated 

that. thero Ii' a'level ofc:oaploxity·"abovo· whic:h the pot'ontial 

unr viII retreat to the ;afe. ~at'bours of hllteh processing • . ,-
Thiss,ltuu'ion }eIlV05 liS tha: ta~llinal'5 prln~cp.al us'ers, 

those d~dlc.tod"f"o'" "hohn; beon ~nsir,uiaental in the dcivelop-
,-

.ant of thosyst-eli;, 
'~, A ' . 

_The EDIT system' deval.oped'in th'h proJe~t utllhos ' 

, • balanced approach 1>etvun sophis'ticDtei! 

useY', (1n .C:olip~tor sonsa) hr ·re~o.rving II 

, . 

and ,unsoph:L'st!cDtod , , . 
1>loc~ '0'( core 

• 

-, 

, 

6' 

, 0 

. , 

" . 
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' .. 

'thAt i$ coincidont v~thAnd'adjncent'to the buffer ~toraae '. 
aroa·. Tho"opernting systea'$ polnto"r c.an be directed to the 

I first add~ess of this 'hiock by a call to a higher level ( -... ~ .~~:. 

:routine In:the.lIost ~y5te •. This block of·ter.inalcore ca.n , . 
:.bo . overI'aid '! acce$S~n8 theteTlllinal library ·proITa ••. The 

'u~er th~n. 
. ~ 

~, 

s --rhe abU i ty to pTograathe ter.inal to p~rfora 

tasks' un que' to his particular application vhile' still fundion-. ." ,.- . . 

ing v In and hdepeneLent' of bo'th the te'r.ilrar'~ and the host's 

oporatillR ,s.rs~... :rho final in5truc~'ionsin the_uier's 

. \ 

proara. is Ii sl.p1e return ju.p to. aspecifi.d addr.ss in anoth.r 

proan. block i.n the ·5YSt... This feature is d.scrib04 ill 

.orod.tail in .Chapt.r· 3' of this thesil. . .' . 
, 

'.: Thor. il a definitenoed for t~e devel~p.en~ of 

10noral1:te'd hardvare sysu.svhich aro flexi~leelloulh to 
" 

porfor~' a ~.varietl" of tasks rel .. tpd to: co.puter-ald~d-d~'siln 

· and' co"rutor-al'd.d-aanufact~rina.. Th-e.so 5yste.S liust bo" 
· . . '. , 
·COlllltl.o of' the de.ianprocess and. a,o such.co.pl· ••• ntth.t 
· .'.' . 
proeo" in .... nn,..or that' hoa.ily •• ployedbythttellliae.r 

, 
vho'I.:re1uetanttobeco.e !l coaputer, spedaUu., Thls task, 

~ .. . " 

.u.t be.ceo.plhhe'~ vltliin a co;t 'th'at is rdlisUc.,.-for ,a 
.~ . 

• ',' ,. r 

, •• 11 . to. ,.odiu. Ii,zed onaineerina.desi.lll office.' . 

Th eo.plou )d~liill of .n inte'lliaellt tenlnal 
. " 

co~a1IU o.f tho dodln of '~vo 10ftvaresyne.I •. the s~l.ctiOIl 

of tllo poripho-rall attaeh.d to the tei-ainal and thOeCla.,uniea'::·. 
r·.. . ~. . ' '. '. . , .' :.., 

:'-tTodlltraioIY ".~~.'D. eo.puurs·~ ,Th~~' ~ds.ti all.~nfifti t~ .•.. ,';", 

i 'lIu.ber of possible eOllfliuratiolls.Toa lara.·d.ar ... · tho . 
I.· . u . ' < 

f litoratun' doah 'd,t~ .IP.eeUi,e ,~iC" in la .p.eifi.e, .n'(lroUaen\. 
-. 

• 

• 

r... - .. ,. """ 
1 .. / 

, .. ~ '.,;' 

. . 

. ,: .' 

'. 

, , 
• 

L , 
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,', ~ 

" 
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Th';~. r,:\ther th:\n pre~l!lIt.~ geneTal review of the literatuT{' 
, . . 

on ~()!\sib'ie p .. ril'horal ~~~fir.urations. thi~ thasis will 

d;" .. crlhO' Ii 'particular conf,ir,jrat ion. ,Ii. til a descril',th'c 

conTarison of p05sihle: nltern:aiv,o per.il'hc,raJ co'nfigurations 

2.2 Graphics Soft~aro Oevelopcent 

.2,7 

, Tho ,deyolOpl:lent- of n successful system for cozaputer-.. ~. 
• ~~'! 

alded-deslen IscoDpri sed of t'wo sepoJ'llte funcdons;' the . , -
, , , .' 

',creation of a sUltD!)le h3~dwnro s)'s,tem that hasthophysicDl 

CApAh; 1 i ~ los r~qu.il"otl to 0'1 <I ,the de's fr. n process. an~ the I 
doYel~paent of.a'softwAre SystoD 'to 'interface the ~se~ 

thS hDrdwAro 5ystO •• At the ti~e that this project'vas 

~niti.tod thOT'o'w;SdnOXi:tcnco nl!.. r.imernli:ed ap'~~;; 
to'the' s,tr,uctureof 8, crnpn,ics l'of£war,csysteL>! that vas 

.pp~iCRhleto pvido TDnge ~fdisplay d~~lc~l"arid yet con-
\ 

. , 
devlco., Throughout ,the course of this vo~k, there have ~een 

a,nu.hor oi~ysto.s 'ihat 'ha~~ hoori Jo~elo~ed a~dJdes~rlbodin 
. .. '. 

\.. . . ".' .. . '. '. J' • • 

tho Htornture" ·C.:!2);, '(2:S).- (2~), (2S). ' The nature, of all . ,~-..' . . , , , r~,' " 
progrillialncllrnRuagos' (g'rDphlcs, nnd :Olhcl'wl;!lo) is su'ch thn,t D 

• . :!I' . I, • 0 

trul'yco-:"arllt..lYO stuily of"theo rol,ativo 1l0rit5 of eDch uniquo 

approll~h h l\otraalhtlc'. Thls rosultsfrODDn"un\laited 

u~£e ofappi,lclltion posslbl,'1itiC!s'on onesl~~coul'led with II ' 

ronrlctod oporat.lDI'lIyste. cOllpati'b'ility 'on 'tho other,.' For 
. - . "., .' . . ~ , , , 

, , 

'thIs 1'o*son, thlssoctlon, oftho'lltf:,l"aturercvlcw will ho" 
. . .., ":. I 

• . • I 

renrlc;tod to .,Ioner'al 'do~crlptlon of tho grn·phic:s 5YSt'0.S' 
~' , 

. 
, , . '-, . 

• 
, . 

", 

• 
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J~~clopcd AS woll as ,3 dlscu5s)on on tl,o Dinimum ~npability 

t',ot 0 ~~'5toc nu~t possoss, 

ScwDan nnd Sproull (:::1)), (21) have, produced :J 
of \~e 'reOUi~cDe';ts of'a'gC1nc~nlized graphics Sys!e= 

~" "'J! : ' .• ~~'f"~~ 1; i pt'j c:', o:~~ .. < ,: r,\:!,r. ,,' :hl'Y p;;p'0'~c II" toP. i ng 
" ' 

genorR'1 'cmoulh in prin,s:iple. to beappli~able to' a 'wide _nge 

of ~Ii~j;la~' dC5ices 'and to fit ·,,'ithi'n cost "l:oaputer oporating 

S)'stQDS. Thoy identify ,ten distinct stages in, a gr~'phics 
" . 

\ 

sy~teD. An interpretation of t'cse stages follows~ • 
-, :'. 

l.).'lnput devices.' The hardware devices capallie of 
I ":~~~ . 

• .. c . 

,genorRtin'ginforaation to b" translllitt.ed to tho operating 
.,.. 

28 

, 

~ 

software. ~hese devices, are keyhoaTd~, light pens" digitizers,' 

t ab let s. '0 t c • 

\ ;.2.), Input h.andler5. ' Those consist of the, functional 
• 

,rou~ines i~atproc.s~ the systec interrupts, control· the 

interrupt prlo,rity, sorviee thernterruptin-g device and-provide 

SODe fONl',of received inforDation to the 'input routines. 
" ( 

. . 
1.) -illpuf routines.. The prograDsthatretriove in£orllla-

.~ • ."; .' .• : .• '1 I 

ti,on'O£roa'the Input handlers, Iln,d.convllrt that' data .. illto the 

-
appl ieatlon data base,. , 

••• ) AppllcatlOi.datllbaso. A data, file. generate. in 
.......... 

~.rtby tho Inp~t devices and (n part by.the 
). '. - . ' 

ap'p I ic," ions 

.. , ,', \ ' 

.\1, ,. progra •• 

" S.) 

;;.: 

,'Appl'lcatlons : prosr'a. •• ~,",This, 1 ~. the ,prOITa. that\';' . ' 

contaluthe ,lo'aie 'ot, tho synthesis ,~r a,nalysis srste., to 

,"which the IUph ics systoa,isal'P lied ~ 

" 

" 
, . 

• 
w' 

, .. 
. " 
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Outcut· routinos. Thcsc prograDs descrihe tho 
J • . <d. 

grarkic~ di~plav froR d~tagenQraJed ~Y the applications 

progrnlOl, and, forl:lcH non-graphical information for s:,the ' 

arIHop~iat..Jt" output devi'ce h:U'ldler. ' , 

,7.) Tra"~fornatlon "lId <:1(""in& ~outines. rrogr ~s 

that ara .nployed,f~o nanlpulate th~ display file prior ,to .. 
I \.' , 

ordering ,the p,res~~tat iOIl ,~f tho graphiCS, '~Play at th,e ';" 

ternlna!. 'J , '-' -!!!JI " 
, 

8.) D~rhY~file. ,A gen'e;ated fqe'of",display infonla-

tion coded' l'nn for.at ~uit\ab~e for a particular di,play .--- ' 

devico • 

" ,g.) Display controller. A hardware (and ~oftw~re) system 
. / 

t'hAt interprets, the display 'file and p,erforJas a correspondini , 
'hardware 

_.d' "--t---

action. ~~ \ I 

- '-. 

• 

( 

10. ) Displal or output device. This,is the hardware dovice 

Oil, ~h~,the gi.phies function h,ODplOyed., 

a pl6ttor or ~ny for. of CRT; 

This COUld, be' 

• The tor.inal hardware direct1yaffects,the structure 

of tho &rap"'(c';-"sy';~ciil In each of "thedlvls}O~s-~:.ed/ab;v.e., ,. . ' , '» 
T,ho' c,h6iee of dl'p'lar, fo'r.at, storage tuba or refresh CRT, • 

g 

affoe-ts tho fora of 5ectlons (1), :(2), (6). (7)an~(B) ~' The 

'in~.uslonof loealintelligonce and th,o'-degrca of, intelligence 

a'foets,ttie'PhYS~ea~ocation of see,tiolls'(3), (4)', (S)~'(6). 
(7) and (8,)., , \ 

The, fallura to standat:dlzoany aspect of, ~he ~v~, . ' 

"has resJJ1tod.:.i,,,, tho loneration of a hrgo'quantlty, of'r.adund-
"_. '" .' J" 

,ant'~f{~tto The·ploco.eal acq~!sltJon ~f displaydavic.5 

," 

• 
" -- • t" ,~"", 

, .", ',1 



.'~. 

.,:,~ -
ci: 
, , 

,,!thiry an' orgnni:ation':h.3.s often le,d to tha development of 

an e~~ nunbar of'softwarcsystcos. This ho~ildar\ng array 

Qf cl\.~abflltiO"~ hils Riven'graphics II baa 'reputation., nne 

un~atis.fac,tOT~ and prlnltlvcsolution to this pro'blcCl has 
~ -. , 

30 

ho,~':>, tho c.rcat'ron of :I ','frC::'tt end" for 3nv subset of, grap'h 1~5 ' 

'rlto .. s 'strch that, t,hare is 'tho appearance of d,evice- indepand!!nca 
, 

achieved. " , 
. 

The CRAPPItF. '),Hea dllvc.lopad by '8&11 ,Northern,~ . 
" . 

Re~earch (22) is ~ systeD ~h~t has attacked this ~ro~lo~ directlx. 

Tho docu.ented applieatio,s for'this,systeD attest to its , , 

succoss~ 

, - . 
Th~ first decision l'ointrcached ,in the d~ve10p~o'nt 

of a sysio. h,the ~hoi'i:e of hnguage,. 'This decisionha~' 
, , 

b,e.n .ade in.the, past. in t,,'o disthi'ct directions;. the creation 

o f.!.An.,ent \ rdy :nev langu~ge for graph I csvi'th its ov'n 

CO.pilOT. andt,he develgp.uint of a package of graphic'sfunct'lons 
, , 

.... --.~----.----- .. -' 
that.rlt supported vithin· th~ 's-tructure of 'an-cxrstlng~-lang-._._.,. 

~.ge; . ThC!·fi~st choice has.t~e adv~nta~e of C!ffici~ncy for' 

f~e g~er~t~on of diSPl~Y~. while the se~ond'has the ad~~nt~ge 
of fa.ill.rity foi- the applic,ations pro~ra.aer. 

" 

.. ', Thc'seco'nd"Dlljor' deciSion pol'nt i's the selection of 
, 'I ' 

.' I' ! . . '. .'. 

, a se: of Iraphlcsfunctions rojo,inclusioJ\ in the systea. 

Theise .functions' ATe .ssent iit 11" oftvo classos. ,prlaltives 

and uansfoT •• tiilnl •. Tite priDl~ive',functions deal vith the 

dr-.willl Ofll~.S •• bs~lut~,i.,r, or iIIcreaentally(vector). and 
" "..~ " . :- ..•. t-1:"';" _.. . Ito 

the disp!a, of strlng. or'text~ The tr,nsforaation functions 
. . 0 . ... • . ~ 

inCIud.t~funct'io'ns of scaHng, r'otn~,on ,(vitll an!, vithout 

, .. 
, , , 

" 

, 

" 

, -, 

,,' 



po.rspoctivo), cllpplni, lind' wlndowina. 

In IIddition to tbe pri.ltive,~ thoro is a hiab~r , 

level of.routlnos that are gr.phlcs functions. 'Tho~o includo 
'" .. ... . 

. ,uch I'roat~.s as contouring, graph plotti.ng, ares,.eir'Clos, 
. .~---:'~---~.-.-.- -- . .. . 

• arlds, ·etc. As a subset of the$egraphit f~netiorls thero 

should bo. a dlspl~i cod~d filo of ~ften repeatoddi~I'lay.· 

for., • , , /' 
, . . 

. ·Tho aOl,leh.L relat ionsh ipsbetwecin tho 01 o.ent s. of •. 
a araphics srsto.are·shov~ in figuro 2.2. . . 

( 

",- . t-naddi t 10n to 'display do~iee indopoD'Cleneo' tber~ ; 
, '. r • . L. 

Is the .proble •. if .aeh·ine and operuWlgsysie., indep'end.eneo,o: 

TbJl nor.al procos's for·,eireu.ventina tbis proble. is tho 
) .. , ..... 

aDcoding of the enUre syate. in .FORTR~N or a shli.hr higller , . .' 
lev'oi lang'uage., Tbis has t'he advantago of intra-.aaehine 

, Y 

tran,port.~iqty; but,'!n addition,has tbe di!.adv,antue;, of 

",Hna i~effleien~.· Tb~roaril so.e c.'6rclaJ .display: ,ys~oas. 
. ., 

that require operulo·nal. features·of 'the torainal driving 
., . 

." 

,soft"'are t~.t can only·be. iap~e.entod in the systea's 'asseabler 

level lablua,e • 

. The'. detail of the solution to each of tho . above 
'. . 

probio .. areas·.i.s . to. so~e doaree affeend b~, the liordvare"., 

'Sys\~~. An intearat'ed hardvaTe/so'ftvaro syste,!II that i_!. an 
. .' ~ ..... , 

inClxp.n .. ~vCl ·and functional solutiO'n for tbe application.of 

coapunr ,rephles to .eehanical enainen;!ng. ~u.1.n has~ .. n 
.- ~. ' . . •. ..' I ..-:. "".,. • • 

d~veloped in the course ,at ·tU. VOl'It~' ! Th!J--:"Sy,S.t .. '15 described 

in detail in Ch:apt~,!.. 3 of' this' thesia'. ' .• __ . ,~ 
. . 

·Tbere ar. tvoadditlonal'diaensions t"O a Iraphics 
. . 

'. 

" 

.' 

. . 

. , 

~
.i 

.'. ···' .. · .. i 
, , 
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TEfIIWlAL, 
·STbIUOI j 

, ' 
J 
<i • 

I 

. , 

/ 

. , 
'. '. 

~.,,:, .' , 

"INS'UT .' 
,bE¥icES . : . . 

, :-1-

INP.\J=i"" 

~ERS 

.. 
, " 

INPUT ROUTINES 

- -:--'-- - - ---
NOA, 110 ROUTlNES 

-- - --
, OUTPUT ROUTINU 

" 

, . 

I 

POST 
PROCESSOR 

:'1 

sniE" 
'COMMlIflCATlONS 
RotmN!s , 

I 

DlSJlLAY 
CoM~' 

.. 

_i" ' 

.. /.A., . '-~~ /'~ , , 

• 

, 
, . 

. ,. 

APPLIcATiONs 
- DATA BASE 

, 

J 

, 

FilUl'e 2 .. 2', ":RCI,latIOnship't>et"eltn r.nphlcs Eleaents • 

./ .. 

'-,::. 

, , 

.. 
• 

~, 

• 

.. ) 

.0 

...: .. 



'. " • 

, . 

~,·stOIll, t.hat nUH h'e ,dClIlt ,''fith in the deVelopmont of II, . " . 

. ~qrrlote ~acnity. Tho$c 'ar!! liS fo11ow·s . 
.1\ . , .., !'., . . 

I.) 'The rcsponse till!! for' thosPtc~' in.!!II':h tiL its 

33 

, " 

~ R!!ferc~cc 126) dcs~rihe~ n~ cxporim!!ntnl 
. . . . "'" " . . . 

~tudr be th~ offttc: of , . ~ . usor ! •. ro~pon~c !n d 

tion p:~~cclS"slng. task. ',",or.o frus"tl"3tlng cxnQples nre tho dolays, 

,inherent. to the systoa, ;for the centr.a'l t'roc:05sor's ·"roll-o.ut," 
. ~- .-. . . 

bC! ing 5uppo,r ted ,~~' a i xed (ba t.ch 'and ti mC!shDred) modo 'proce s sors • 
. . " 

Fo~ey' (27,) states that a clever structuring of tho 'o'rde~ of 

pr'oc:essin,''tasks can .Dinhllze t~e psYchological effect of this' 

dela~.ori ~hC! user. 

tlonbolow. 

This is relnted to t.l1e second considora~ 

" 

" 2.), Tho struc:ture of tho convorsatiou .. 1 por:tiol\l:lof 
, 

~thC! aan-Dackin;dialogue. 
" , 

, Th!!s" c!lnversations· ... :·bot·h~verbal 
, t , .. , . 

an~ graphlcal, 'Dust, bo condutte~ wiihout -, . . . 
l.~iguity~to .itho~ 

'th' aac:hino"s: interprot'er or, ,to, ~.be usC!r (28). 
" . - ... , '., . 

'. '. . " . . - .. ' 

.This.second co·ns.iderati,on ,15 the, bridge. hetvoon ,th'e 

grapht"s systoD and tho applicat.ions progr'ag.·. The. ut'ility·. , , ' 

,,' . , 

'fund·tons iJic'ludad .in tho graphics softwarC! aus~ .P9,.it t.he 
.... '.' .... : •... : ,', ........ ".,' .. ·J .... O~ 
applicat'!Dns progra.Der to c:oDaunic:at~wi'tll D potont4al user 

. ',' 

r -;.'. • .'. • . 

in an uri.;'blauous ,and ps'yclloloaicallysatis'fyiiig 'aanner. ' 
.' 

--', 

." . . . •... , . . 

" Th is' ~.n onl". bo doUi'.inoA',~y de~ ig~o.rs. work,in!: wi tli .p\)l i ca-
. . . . . 'e.. . ~ ,-' " \.. . .' 

" 

',' 

. tb.Soqu05ti~ils' ."e·-doalt~ vit~ in Ch&pte~4 of this -
• '" (\ "!I.' • Q-

th"sill vhlch doscribes CONSTRUCT •• software 5l':sto'" for 
, , 

structtii~l syste.s • 

) , 

~ \) 
. ~.;;. 

"'\ ,- , 

.: . 
n 0"'-

. ' 
'. , , . .:', , 

'of.' . 

: ... I 

:~ . ~, 'W 
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, . , 
, 

~evClr:11 

':rhe'past t~o. 
':t 

."er), I al'i:'e~'and cOlllprenensivc'systC1II5 for'the; co§puter-

,_ Cad ~'rinlysi5 'f!( all fOTI:I5 ofstruct~,res (2,9),' (30), (:S1). (32), 
. . r " • 

for the., ~ost pa!"t. 

o .. ' .. 

~h" usor coaaunrtr f~r appl icUion t~O real·structura,lproblellls. 

~heso 5~taas hav~ a~ll appro3.~h:ed"·;h·'~ subjec~ of stru,cturlll 

analisis ~ith~h. ~r?~i5e thai-the engineer should not be 

forcad .into tho' TOlc' ~r 'a' COr:lpu~lIr pro~graIl1l6r~ The ICES 

synoa and' the ~~NESYS '~yste~ "both, o~~lO'l" a ~~o~ lo~",:oTI~ntod~J .; 
i'a,ngu.~ci.,th~t 'l~ cQn~a~d~ st rll~tu;ed, (.iCE?AN . ;na\GE~'T,RA~ , 
r05pectlvely) .,The~.'.re' .lan&~ages that .aHo~ tile user t~ r 

~!lploy tt,,. 1.nl~.Re"or his o ... ~ discipline 'and nat"the l"a~&uago 
'. , 

, ...... l ", 

of' t,hec;olliputJrlg systea. This argument h.s heen repoated in . 

!l'onra lfor.:.by· .a~y authors, '(27) , (21l') :'''~(29) )i~i:urri.tiv~lY . " -., " 

.. " I 
the l'TARD¥HE sys't.a gives record. by ,.record .i,nl>f;,T'l!ctions ~o, 

.... .. . . "7.'" _, ..' ~ 1. ~ , ... ," ~'" ,I 

lulde the Usc.r through th,?' critati0nf.0'f.,a.:sta·ri~Jlrd FP.RTRA~-lih 
'v • • _.: • G' ,.:~ :-; .'. • \;.' ~. - " • • I." I. . 

data dock •. ~o~.on to each of,theS:"'5l',re~s. is,,~the Ofr·l~o 
. ... - ,. I, . 

prop,.Tation of the input data baso~ " One feature' ofiNA,STRAM 

, . 

" 
.' '" ' . . • .;., "--.. • ~. •...• - 'l' .. /-.: .' ,I, .. 

• nd ,C2NESYS that.shoul~ .bO.dOP"tod' £OT.ial; .. l .. ~~soto~:s.:' rj is,:" ~' /'. 

o,?sential to 'tho continued,gro",th of· .utoa.tifedaethOds! ~n ':. ...' ...,. " '. '.. ..... Ii:.· 

" 

o'lll'lnotiring. :hasboe~ the establishaont .of'foraall%!edJ 

procedun~: (3)' f~r'·uPd .. at[ng a~~di:'~T'ibuting-the pto,~.~ 
;rOY\"Jofls~ •• onest the u50rgTo~p'3r;;1.' ,-~ .......... ' :,'.1 ',,' " 

: . f I 
" .,.", -,- ',', . . I'" . ',. . " " '. i " 
I'll contrast to.the .ccoptanco of coaputel'i s1St • as 

... ",' 

I , 

" . .'. . . ~ ~:;' -. " . \ 

$, oPi.t~u.~stru~tural-dcSiln SXtuas h'av~ not,yet· ___ .... 

intonsivo usae •• ". Thore .r ..... a'nl"'po.SSlbici' 
.~ . . .' 

...... 
,',..0 ;: • 

. ~ . .-
. !. 

: .. ., -
o~plan.tlons'. ' 

.~ . " 

L, 

.' 

:~ I 
.' 



, 

3S 

i .' 
\ " 

for this lnck' oC accept~~~o bf.prDctltlori~rs in the' field: 
" ' 

- , 

un,fD::s!liarit\: of the proctitioiHH wi~h' aath~III~~ic'al-progr maing. 
o _;' • • • ' 

concepts, the array of alt,ern:ltivo me'thods avai la~'le', in', 
_. ' .• : :~', "0,. .'\"', .. 

~3t'hana~ic;l'l 'progril::l::zinr.. :md :h,C! 1nrr.o costs o'f opti::lua-
\.

. • t • ,,' 
, , . ' " ' 

d'O;icn analysis: Iri"',a~drtion to these considerations,. 'DOS' 
, ' . ~-. . 

forDulllt ions, in tho 1.1 t'~roturo ~'re ~gcnoratod Indcpendenti~ ... 
of the ~04e of .p~iicatl~n. and thl~ has ~~ft·the user to . . .:' '. .. . 

. . ~ '.. . 
i*ploDellt ,the, Dcid.al In dnc of "th'o ,COl\v'entional~ODputer 

" , . . "" .. ,.' . 

, environ.c'nts. In batch proeos~ing.' the user is excluded 
, • .. D • • .. • 

I .;. • • F. 

froR the I terat 1 vo design aroco'5s ana~ sub$.eQuen't ly" his 
" ,~ , ',',' ' , 

judge.ntis -~ot b~'ought to hoar,~n .1:'ho dlr~ction of 
~ 

so l'ution. The cos t .. to, conve rgo to, ,Ii II i ghly accurate sol ut ion 
.~ r· :~~\_"'~' . ..:.~ ....... .,,' ... ;-

p 

tbat violates a'ncgl.ccted or ovar~Q'tC,edconstraint (aesthetic 
• 4 • ,~ • .~ ,,-

_. 

,:'OY-IOlican 'can be 'hlgh.~Altcr:nat,i:vel'y'. the 'usor 't/lat' <.. . "-~ . ~, 
'\ • .r. 

(Dpl,eDo!,U tht' Dodelin' RJI Interactive .nvlron.en~.iscon.f1'onted 
.' .." • '. '. ~. . '. 0 . - •• . 

'vi't'h tho hilih. d'ua' ~ransfer;problells,4011, c'ri,hedin the introdu~tion 
.1:-' 

. to thls' vort.;. 

" ," , 
, . .Ii." 

" I 

~QcJ..' :ror c'ontrol'of tJ:lo STRESS (36) sys~OD. T~is-vils 
. - . .' .' . ........ '. . .., 

a p.robh:D-orient,ed hnluage CESLST'RESS. 
, ' 

accoj'p 1 i shad, us i ng 
~', ' 

"ThJbf systeia' .. w., based' on .anUa1'an~l~Si.s ,and d!d not inco,rp!lrllte 

.ny·~athoDatical' prolra •• ~~a strategy~Jn essence, the 
. ,'. ..,.' - , 

5yste. Interactivct1y assenb,led ,and' reviewed 'the'SppUeation . .'.' 
,~, .. (' . . . . '.. .'. - .... -

data bas. for tho STRES,S systeD. Evon' at this' priDitivo 
,.[1.' __. . .•• ' .-~'J: 1.. ., 

'IoYol,usin.a only a 'tel,ootype, , B~)'t'r 'va,s able, to, dellon-strate .. ',' 
.' r ..' '. 

su.bsU';tlal"s~aYinJ(s !'.vorconvent 10"al b,!"tch·p,.qeos';iri'i .ethods. 

," 
• 

... ~ '" , , 

" \ . 
\ i , 

.. ' 
, , 

, , . /' 
. 

• 
,,1!IIi.:: , 
.~~.:' 
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'. 

~ 

: When' fOrlllal optillliZllUon·tec!hni'lues are.employed f 
. . ~ . .' 

·.in th,e. solution algoritha, the computational effort is . ... . . -: -. .~ .' .. . ( 

exp~nded, to:. <!eteriline the o.ptillul=I·s'o·!u.tion in' D ,re'gion bounded 
, .' , 

tw, constraint functions· vhlch' def.fnc feasibility or no fai lure 
. . . 

. i '" . 
of th~ ~yston. T~ei~position of :he5e consty:aint function~ 

is tho,'portion of the .solu,tion that st'lll requires"the 

-' 
oxperience and intuition of t'~ deslgn~ngincer. Douty and 

Shore (37), i~ addres.i,g khis Rspectof'design, state: 

"The ability' to :!lOV$ a design subjectively in an econ'o1l1c 
p 

direction ~hil';· .alnuin.ing·· .. precise balancebot~een . .:11'" 
. , 

• r • • • • • 

· .".... ... 
cost factors in ~he ontire procedure is·not a~quired ea~ilr,' 

" ." 

an~ th~ aTt of doing so has b~en end~~ed vith c~rtain .ystical , ... ... 
'tralt,'larie'ly:atttlbutod to conditlQned intuition Nintorced' 

" " .~. . ~ 

by.y.ats·of eaperience". t 
"",' " 

T~~,de~elop.ent of'.~the.~tical. progra.ainr.at~orithas 
• • . I • 

has .beenrosporisill.1e for .the :trans.fer of· s'OI,l~ of the ".ystlc ... l'.' 
• • u. 

J 

. .. . 
aspects of design in~o • r~tlon.l pr9cess •. Howev.crr, in :spite 

o~ thisdevelop .. nt. ·thoro.has· ~een .•. Haited accoptance oi 
. - . . .. . '. '. . - . ..." \:.' 

thells, to.ohbytho practicing p'.rofessional.' This. is .-' 
· , -. . '., . . 

" . 
6ndeN~lindabl. in the .bsenc~ of a coap letel y 'gen"ral procedure " 

· ror all claues ~f 5tructu~e~ .;r.chino !itructur,es in partlcular 
.... ,.', 

abound. in aoareo, of dlfficulty for the dev~lop.ent of a 
• l' , 

. , " 
. univers,~l alloriti ••. As work continues in the developaent 

• . . " I ~., ~ . . : 't-
of no •• rical aothods.that p,roport!on 0.£ engineering d6si,gn 
.'. '. ,I 
t.liat 1ios ~U~llci. tho.~ounds of re·allstlc.quantif.ication tiB, 
dl·.illh~ "hlle ~ropott10,n that can .be appropriat,ed l 

.autoaUed t~chnlques will grov.j Wit" these: n.itat;ions on the, .. : , . " 
, ' 

• 

r-

. ,. 

.' 

i. 
!. 
i , 

i 
'J' , 

\1" 

" . 

.. \ 

" ";, 

.. 
•• 

• . a !
'i . 

r -. ..~ . 
". 

,. 

I .... '~"'i: 
---:--:-.----: . <1' 

", .",. . ~~ 



0, 

37 

, , 

presont practice Qf !I~rJuctural de~illn, 'a systclII, to be success- ~",) 

£ul, I1U!jt incorl,'orllte I'o.th tfle engin~or and matheltatical J' 
'Acthods'inte Il ha r.lllen lOU5 ' ba I nnco. /' 

Tho develep"e~t ef a ~emprohenslv~ systelll fer the 

,l\lto;2llted "ynth,"s~/annh-~\' of pachine st~l":turos. 'in addition 

to. the Irllphic5 $Y~.Ddoscrihod pr~vleusl~ cacroscopically' 

en~~llpasse'S tho fe,llowingllrens. 

1.>".,'Dosl,n of a high 

man-Illachi,,!,o It i.a1egull. 

, 
l-cvel ,language, st,rat,egy fer . ' 

.... . ... -' 

?) Incorporatiert af:, seGtien:te develop theapplica~ieri 

prelram'data bas,othrough the graphics,sv{te~.:' " . 

, 30) It. data .managODe~t systom fer ~~ef 'd'evc:iep~ 
, 

d'ata for a 'part1cu1&,r colJHgur~tlen or cataloguod data fer' 
, , ' 

I~net~l: applicat'ion. _. . ~-

, \ 

.L)~e~viC~ rregr •• sJordatll f.ile CToll';i~no 
• 

S.j A stratelY to., implement ene ~r lI'ore of the set of 

mllt~,ema!ical'prol,T8mming aljgOrithfu wbese de~ai'nef. applicatien , 

'lnterse'ctsth~, ,require.ents, of' t,he preblem. This se,ctlon weu,ld, 
o ."' • • • ' • ',' 

~ behfit 'tr~~ in aU,tell8ted' seloctlen technique.: 

6.) An .~alysi. pregram.,' 

7~) It. nrat,elY for pr:cse'1~atio" of Whole or partial 

solutlons f,or ,'review'by'the ongineer. 

, 8.) 
q. . 

°rn •• le respens. - a srst'e .. to synthosl:o a sq'uc;ture 

'<uP,der, dYD •• tc' responuc:onstra1pts~ , 

. go) Thermal response .. a 'srs't.m todosl,n a structu'l'C! 

'subj ected t,), the",m.l response constra1,nts: 
, " " '?'>', 

.. : 

, . ,. 

" . , , 

'! ~. 
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10. ) Nodulairy, structured progra .• with docuacntation.-
, " , ' 

h:e progr~a •• usf be ahl. to b. easily Illodif'1able to 1aco.rporate 
~ 

t oc'hn I cal \aprove.ent. In of 
, 

n~ the st~te the art • 

c. , . ?",,;.,. 
-' 

:The factors that _ust bl! cons1'-dered In the selection ' .. 
~f an a~propr!ato a110rith. for the o~ti.i%ation portion of • 

. ' 
the syntbesis systo. i~ thef~r. of the ~bjective '~qction~ 

~ '.'" 
the ·for.~f. t.110 cjn..iuaint relat,ions and 'tho 

, ." ,I . ", " ' 
nature of the 

dcs!lnva:dab\.,. If ~he :objectlv:e function a~d ~h~ constraint 
',' I '" 

relations 'are linear.the.n ·the· proble. Is easily resolved" 

bv lhe ·ve1h.kn,ovn .lthcids.of linear proir~ •• ing. If, the ' 

functions \ontal_n' any 'non~,1inoaritles th~ proble. of selecdnl an 

appr'opr1at~ a1lorltha is a Ir·eat deal .,ore difficult. In 

aadltion. If all the desiln ·varl.allles· are continuous over 
:_-~1. '. . ." " ", '. . '. , 

their raDle in thedu!ln. space the S9lution is lIo.r,e .readlll':. . ," .' 
, . 

o"btai'ned than if th.so ,,,ai-tables are' d~seontl'nuous, or di .• crete. 

There- is unfortunatoly no .satisfactory allorith. th~ can be 
.' I ' •• ployod for the dul,nof ~achine StTuct~res'vhlch are non-

'. 

i·l·~.ar 'and, vh1~h possess, both con'ti~uousvariables (van 

thickn.ss for cast' sections) anod discro'te varlables (plato 
, , , 

, • . ' :: ~ • r .,". " 

'for, volliod sec:t;.1ons). . ~. ,.. ~, . ' 
, ' 

Than 15 considoTable 'off'Ort.li~t~1 extended ~n the 

.. arch 

I in.ar 

for nev .~thods, to ,.sofve ttl~ difficult'les of non­

syU .... dh~reto .• nd.b.d variable 'ISt,,,;.· .. ~I . 
: .. ' Tha work' OD the :DoD-UIlaar prC)hle. doscribed!.bove 

. IS .bah, c:onduc:ted in the foUovinl ar.as:· . 

" 

, \ 

" " 

~ " 

'-.;' 

, . 
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1.) th< trAnsformation of the non-linc'or problcm into 

" ,!'rie5 of 1 in~Rr prohlcns; (3S) .• (3, , (40). ~ 

:!.) tho npplic;ation of irlldio t ,mcthods; (41 L .(42). 

(,13) • • 

t 3.) pt'n3.lt~· fun~!i"n :och, ..... ;. (H). (.\$) •. !46). 

.• 
I 

.I 
In' lid.ditlon •. thedcic.onposition of large probllllllS 

into. sorios of 'sDoller pr~blcas'h.5 been investigo~ed by 
- . " 

.sovor.l .uthors. (47). (48). , 
\ . I. 

·Tho· discr~t1l '"Varfabla opproach ,hos becm:·investiga·ted 

hy Aquil.r;· (49) and • Palcior. (SO) i'n ~'ho opplica~ion of .. dynamic '. 

progr .... ing.· Pal.e·T discroti:ed the ossigned'nodal' Domonts 

of Iro.od··struC:tliro •• nd used ·d~'na .. l'c pr.ogra •• ing to select 

_.bors b •. sed on'~ sOl.utionrestrictod to 'l~vor bound liDit 

IO.d.n.ll'.is .... TV·lsd.~O .nd~hchat)Jri·oln '(S~ used··o ~illlilar 
.." . . . . 

approach '~ndor .ore rostricti.ve auu.ptions. Dynulic progroDID-.. . . . .-, , 

". " . 
ing as 'developedby each .of·'th.se .authors is,appl.icabl,o .only·. 

to structures that, aro seri~lly decolllpo"Sable. This .othod is 

h.apered by the ,di ~Of'icu!t'y of producing a geno'ral-purpose 
_. - - • ", t_ 

. co.putor~ codo (52).' 
" ., . 

". 
.. . 

. -
appro.ch to • so lut ion' of francd lit ructures us rna· u'ppl!r bound . , ' 

li.i~ .n.lysls and zor~~ono prog~RIII.inl. techniques. Th. . . . . . . . . 
. i '. ". ..c.../.' 

largo nu.herof.·collapse Jlec.h.nis.s' in pr.ctic.l struct.ii.res .. 
". 

creates a .ass·ive pruble.· fora!Jht iO~. Ceila a~dLogcher·(S4) 
. • .0..---,.",-

• 
. 'used a branch and bound' 'tec'Knique to soh.e. frned structu~ai 

~. ". .... " 

.prohle. dravlna fro. discrete candidatetablos. Thii vas ... 

l 

, " 

" 

. 

-. 

Qi.;.. •.. 
. ~ 
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ac~oaplishodusin& the convontional elasti~ ~nalysis constrai~ts 

,;olv~d in'the ICF.5- '(29) s~,~.to=. 

Glsvold' and Hoc (55) u~ed a penalty function approach 

for'tho nixod vari~hle ~rd~lea where a subset of tho design 

:Each of the. ahove ~othods achieve~ adogree of _. . 

efficien,cy when Applied to.:.a particulaT class of problolls 
" 

.or whon appl iedto, a re.strictod subs.ot of'l'Ioro genorol ~robl!,m5. 

So a~~hod'ha~ achioved ~niversal application· status, Thus. . . .' .. 
" :'.. -". . - I ~ 

to·,cl051f~. ~n the roalworld. it is nocossarY.'to bo' able~ to 

'rAwupon theso aothods ~ithin tho framework of a' larger 

~syst"n.. Tho devolops.ent. of' 1 il1rari~s .(S:0.(S6): (57) of 

'routinos with standar~ited applicAti~n prQcoduros has .ade 

this Incorporotion 1101'0 oasily Ilchieved. ,. 

rPJerson(S8), ina ,survey p'aper on. t'he devolopaent . ~ . 

.. 

,. 

of ·~o.atod synthesis of 'structuros un'dcr dynallic 'response 

str'i-r~t" i'nelicates'tlt-at t.het·o'chl,-iquo with the broad'CJs~~ 
con-

. . . 
r;.:. 

~·',"r:applie.tion to real1stic problct.s 1s the finitc-eloIlCJ'nt lI.othod· , , 
" . o(anAly.sil directed by' a .ath:CJII~ticaI- progra,lIlIlng al.gox;ithll. 

'. This prohlo •• as with thq,static analyUs. can be cOJlputa.- ~ 
• ~ , . "'.1 . - • . I. '~ 

. t 1.0null y . vory larle ~ However. Pierso.n argues that tho- .• ethod 

is fea.sible.· i'f the.' nu~ber of desi'gnVIlToiablo.s .is k~pts.all. \ 
~~ . . 

SaU et ,a1.(JiD)delionstrate that the. tha.rllal 
~ .',. . t;, . 

analysisprobhl •• ill. addi tion. to' the ,,-Jilt ie. and dyna.ie 
,. 

analysis.' Is resOlvable by,U5inl.~ fin.lte~eluent~pproal;h •. 

The co •• on ·.pp'lic~tion ·of ,the finlte-e!el!!lont .8th,od 

to all th.no .T~a~il ,Synthcisi'~~ stll~ie. ·dyn.~iC " 
, ' .-'.',.' . - '. .' . . ' 

'&cd th.T ..... dict~t .• s that any &enera! 'systell (or the autollated 

\ " r .J , .... 
. . 

, 



• 
41 

.'t..;' 

.!,yn~~osls ofnachino structures lIIust include this capa,bilit", 
~ 

. A hri.ef description o'f, a .proprletary syne", to .. 
':" ", 

autonate the desi~n of auionO~ile frames in use by DaiQler­

'·'·I\en: f;des'~r~'bed .l~ 01 paper hy Cuedj. (66). This system 

"~l". ~~ dir.!ti:er ,.od :In ·ll~\1 ~::5C"eraph'i~" ,displa;t"ln a-$';oc'ia-

tlon ~Ith an IBM systolll l60 coeputer. Interactive modifications 
I . 

. can ~e .ado at the t~rlllinal ~hile opc~atlrig ~n-lino. The 

p~rfo'rll:lnco of tho structuro Is cOlllputed usO,ing a flni~)~ 
elolllont· p·rolr&lII. 

~, . 

.C~·rut~r-Aided-Hanufacturlni 

Chapter 5 of this th~ 
~ 

contains 'a detalle;d'-...." 

, 

. ,,~ . 

description rrl the appllcat~on of th'c hardware anct software . .' 

devoloped. in tho course of this work to an application in the 
- ~... . , ,. 

cODputor-liided-llIlriuracttire of "g1'ass' hottie lIIoids •• This 
,. .... .. " t 

sectl~~ of th~ literature.reviowis ·01 ~eneral reView-of th~ 

ba~laroundof c~D~ut~r~aid~d~aanufacturinl (~AM) systellls and 

'.-
Danu{actuTC of alass' bOtt'le: lIolds. . ~. 

CODputer-aided-.anu(acturlng as itil now estabii~h6d 

'is ,an outarovt",. of three previously separate .• reas. of 

-lntonslve study. 
'. , 

1.) 
, 

co.ruteri:~d i.ventory control 'and production .s~hedulinB. '- . . . . , . . 

. Thisinclude.s tho study of optiDal allacationof product to 
., ". ~ -,' . . .. 

producti.on facl'itty~ part classificatio~ and .data ~aso 
. . 

• anaae.ent systeas for lnfor.!ation storage and retrieval, ' . 
, . 

2.>: co.p~tor-a~cl~d-d~~iBn .. :,/._ 
. ..... ' . \.: ... ' 

.. ' . ..... 

.. 
: 

I 
I 

'. ~ 
I 
.! 

. i 

. , 

I 
, , 

.1 
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, ' 

S.,) Direc~ nu~orical control of production facilities. 

predicts thllt 'thc""an~facturint "orld Is on " 
. . .. ---.' . ' 

Oe Vrios (60) . " 
the thrcsh&ld of unproc'edell'ted a~\'uncc and thut the" full iJllP8¢t 

of·this oaerging tochn?lo~y, on the aetalw?rking industrr'. 

~;" j'.l-.t b'l;;.in 't!)h"~:'~",,"li:eJ, In ·.this pllp'cr! He Vries I 
oxaDinod the effect that this toc:hnologr .ca:~ have on. the , Z, 
s=all b~t~h durable goods'hanufacturiig industry, 110 propos os . ~. ". . . 

con~onttonal JIIanutacturing-p~ocossos.· 
.' . . 

Knvahua (61) c.onsidors th.o lnfor.ation hierac!\1' 
.'.1:, 

as it I"ola,tos. to tho DIll\agolllont .organiution. , In this sYStoll 
f • • •. '. . 

dO,volop'Jllent, the concopt of' cOlllputor-ali1ed-lIIanufacturing is c 
" . . ""., 

tho t~tal pro~ess of convortl~gtho long rango.production . . , .'. '-.. .... 

pllln, as ·de'lto fO,pltd by sonior JIIanago~on~ through tho infor.ation . . . 
'-- '.,:. ~ -".., 

5 ~'5 t 0111 . II'nd .na nil ,lIlion t 0 rgIl1l.!.:: a t i on, un t i.l -tho ,f 1'n a I ,s t'ag o. ~ , 
.' '. ' .. \;'. . . . ' , .. - . , - .' 

,~f ,onera.ting puls~ .. fort.h('. control of the pr.oductlon.facility 
. ..... 'I \, '. . -," . 

h~lI '~"'t'on reached. A 's~DUat'IY scalod sYHo.hasboenproposod'· 

f~r develop.llent by tho }-tanona.!. Engineering .Laboratories (U.K.) 

In a'papor by Floaing and .. lfhito.(62)., Inthi.s proposod systo. . , 

th.,. doscTlbo .tbo fir,st rsta~oofdovo~o.a;".nt. an _.olaborate 

di'rDct nu'aer!cD'l control ·systo •• 'An ·lIno.lIly oxists· vi th'in , ... . .. 

~h" dOY~'l~pDent.· of such Ja·ra05~.lllo approaches: to . , . .' . . 
. ' ... - . '- ..,.'. .' . . 
that th.ose l"dustths that aro, sU,lflclontly largo to afford 

.. thooconoliles of sea ... ssociiatod. with .1Ilrgo production runs.,' 

convors~lY,' tbes.all batcb,sboR 15 th~ operation to .aain 
'j-,-', 

, . 
• 

, '. 
" . , . . , 

. 

\ 

. ( 
. ' 

'\'\-

" 

, .: .. 

:. .. 

... 

.. 

' ... ',.~",., 
- . ~'. 

. .' 
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c, 

\ " 

ihcr~ is clearly a noed;to dcvel6p CAN technology 
, . , 

for the snail job ,.h0l'. 'ThIlS, l conputer-aided-l!Ianufac~urinR 

.S~'Hel'l can bo i::trle::tentod on a scale .-that parallc,'ls and 

'.lutolutes those funct ions prcse:lt i in the con\'ent ional part 

\.ro":';)<;.jtnlJ .~\'~.~t!!'t 1\' .': , \ •. __ •. ' .:- (' Po '1 :" ~ c,,'. so: t :i '0 ~,~ a c 

Tho in,1 tial stage In. the lIanufact~lrrnR of 
~ 

of that. o'pt"r;'t iO:l". 

; 
nny product is 

onel/lcorine design, '{hle,1i Is' fol'lowed b~ develop1Dent and . 
finally, tho production stat~. ,These funct~ons cnn wll be 

reali:ed. In II Sl/1ple!,hroo stage hlera'chial' computer syst!':., 

~ These $tlliles consist of the followi.ng: -
I.} targo'cnle cOllputor filr pr'oc~sslng thoso tasks 

, -
that. IIro co.putational in ·natut<e, ee. '. APT. pr'ocessing, data 

. . ~ 

bA~O e~traction, ~~o~~etl~n schedullrig. , 
" 

2.) Oeslgn/d~volopD.nJ ep~putor ~nd data retrieval SystOD. 

f;)Cori~rolco~p~t~r: 

, -
Th~s '~iir}l'liu boenconcerneil, wIth the develop:ont, o,f 

an ine~pons1voh.rdwaro" sy:nen ror· tho' Intormodiato stago-rn-

this . proposed systoll • 

. ' Thc rocent'growth in thO "dir'oct ,applicaation of mlni­

eOlllpu,tor~o_ th'o control. of .ach:i.no t~ols, hD,s "o~perhn,~od ill 

: fora of cyclic re-c:-roation,. '. This w,as descrlbodby .leY~rs . '. ~~ .. , . ' .. 

. IInd'S~therland (.63)- In'''D.dlfferen.t contextj' .as ,'tho .whoo,l o'f 
. '! . - .':'. . ~ '""-. "" '. .' " 

rein'carn,ation syndroDo'. ()neof tile f·irst ,Dpp.lh:ations of' 

direct ,co'-punr control of II&cl:.Ine~ w.Il$'done' at' Lockheod-
. ,-
'Coore i • in,th~ ~ontrol o( a ~11~1~~ ~ach~no; 'Subsequentl,; 

. thero vas considerable intorest, h ihe pralll\»tlon at this . - , . 

., 

., , 

. P,. .. ' . I 
. , ... '-

,. 

. -

I 

~
. 

" . ' . . 
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,technology. The u~o of Rcn';r~1' purpose COllll'utr;rs, in the, 
".,~... . 

~()ntrol, functi,on:hcc3"ei.J:~o"'n'"as n:-;c (direct 'nlllllericl!1 cont~ 

ThC',cr,ontion pf 'inc>;p!:'ri':;,ivc .n.!nl-conl'ut'crs with an,adequate ", , 

in"tructlon sot rcplacod:'tn~ ,Iil:'ge'r cOtlputer in tho control 

-' ..' . . 
This transition hrought ilbou~ 

a division of lahour h~tweon t~o processors in one sysioQ. 

,Th~ l:1r&o scale general purpose C OI:lP'U tor, W:lS' eDployed in 

tho proco,sslng of th~,: part progrna' \'Iacin~ of the 'hfgher 
, ' , -

,Ievol InnRu~ge~(APT.' ;tc.)' nnd suhioquontly produ~ed a . . '.. .. . ..' 
d;a.ta !ilt!, (paper tIIpe) for tht!controiler. ,'_Tho .ini-colllputer 

. , . . 

c';ntroller. ,,\orklnE froll this data file. pcrforaed tho procoss­

ini tunc:tlons of'interpol,atian'ilnd pro'llucod the pulses 1 
- control' the lI .. chi'no tool. SUb'sequent Iy. ainl-coJ:lputers 

(.\0' • . 

,~h.vo_&ro"n, In hoth 'sl-:t! and. capah:l1it~·-to th~ point' WhOTO 

usors aio againcon51~erlng t~o:iotal ,process to ho conductod 
I ' 

within ~h.·control itso1f. Coincident ~ith this dovolopaont,' 
,./ 

vork Is boln~ done on tho prOduction of aicro-procossoi . ' 

contro l's.,Th. oP,t hla r approp'r lat Ion of. taslcs, wi thln fa, aul t 1.": 

cocputor, SystOD, is: still to b'e, rosolved. 
. ". . . ~ 

Tho contlnue'd dC!ve,lopnent of ,the highor levol. 

,Iangua,os for part progralulJngis alno5t ~1tC:\}lsivolrh.ini 
-conductod in'tho'lario scale cODput,ing,systell onvironllo'nt. 

:rherels ~o' Dlnl-co.puter h,ue,d ~ 5,ystoll~that p05sessos tho 

o 

. fun C,oIlPI •• entt: of. pr,~gra.II,in, ',fu~ctioj.S ,Of' tho APT systoll. 

eo.pound ,this' probloll.the devclopaent of sculptured 

To 

. . . . 

)ur.h!=o C:,lIpabi.1ity 15 larlo,ly boing ..dono .In, uso,ciation "itll-; 

, .~: 

. ' 

, , 

~, . 

• 

, 
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• 
and he,ing integrated into. the APT proc'assor: ,Evon for tho,se 

'rstc~s that are'devcloped independently fro~ APT~ a larae 
. ". 

, 

co~puter is requl~ed, for' proccissing. Ishialltsu e,t ale (64)-. 

in m piper d~scribina th~sc~lptured 5urfacesysteau5edby 

the Toyota Motor CODpany. indicate that this systea is 

approaiaatei, three tiDOS the 5i:e of the APT 111 sys~~a _ , ,-
I 100.000 FORTRAN stateDcnt~. 
I 

, 

" Tho above dove 1 opDcnts in proaraaaina lanauaaes,., 

• a, ""II as, the iaproveDcmtl in, ti,a05ha,ring. are reasons ,to 
:., , • '.. • h ~ • " 

i 
, b,elhve'that the laraescal,e coap,uter still ,has aad vill 
I 
i ,continuo,to have a role in ,nuaerical eontrol part,proara.aing"., 
f' .,~ 

. r·._ 
The, aroas that need to bedevel~'ped I~e related "t~, the 

I . '. 
utilization of this 

" ",: ---~'~..q'".. .' .' ~ 
capabilit,y vithin an efficient, and 

i· , '!' : " . 

inexpensive cODputor-i~d~d-a.nufacturina syst~a. 

", I 
, , 

, , 
'Thci developaent'of .siand' ,aro~e aini.-coaputer: pr,ocess'-, 

ina capabili~,. f()F: all 'aspects qf the n,uacirical contrOl, part 
, , 

'proara.airl,procos s has been desc:..r ibed' by,Gott (651 and ,Guedj , 

(66). lJI the first'sy'ltea tho functi011llrequired for nuaerical 

i';: c~ntrol 'hav'e beel) , aUlaentod to a araphics systea 'GIN{;I-I' 

: developed b'y tho coaputer-Aided-Desia'n, ~enter in Caabridae 

i (United U~adoa)., This ,srstea l's proprietary and costs 1n 

I,' tho C?idn of 100.,0'00 d01~ars to i~p.loaont. ",TfIe ,arau'aent' Got't 

I' p'rop~s~'d l~ 'iuppo;t ~Iof th,iS'approach is thn the 'appropriate .. 
". ' . 

,l.evol for intearation of 'coapu.ur-:aided deshn ~"d coapu~er~ 
. . -, '. ..:~ . l :': . 

aidod .anuf.ctur.lna 'is at ,thl FORTItAN level. AD Ilrau~e.t; , 

. that ca,D be 'uled al~J..Dst thlJ l~~"l of It\i.aratlon is thai l't 
; ... ' 

19nores the pr.,en~ state ofnuao~ical contr01 proaraaaina 
, 

-
lanaua,ls .nd tbo dearee vith vhlch the,se 'l.IIIuaaes lire , ~ 

?-
t ',) , . 

,. 

,', 

• 

.''-
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" 

entrenched In practic~, Gott ind'c~te5 that thelr system 

i$ in :<n l!arl>' :<.tar.e of dc\:olo?tlont and that '\'er'ifi"c.ntion 

,Ji tho,ir :\ppr'oach stiI1,r~<!lIiro~ con~idcr:\hle wor\;'-
0, • 

tott'~ paper dcscribc~ t~o additional sfstctls that 

- The !'OL',SIJRF ' , , 

is a SystOD for~~ispc~tivcpros~ntatlon of three-ditlensional 
.... ~----. 

parts. Tho GRE~5CAlE pactage ,is-used i~ conjunc~ion vi~h' ~ , 

,J'OlYSLJRF to •. producc:".half',to,:Cl ItI!lge~ of the perspectivl! /' 

1'a r t. Ih (s fo;", ~ f ,g.raph i c ,5. a I though :-,s,: (n ~ f il' pr i I!I it ~~e 
~.rdvar~ 5t.t~,' offers 'a 'trotlondous po~ential for the 

• . .' 1<1' " , 
I· 

vL!luall:.at'ion of aanufactured 'goods for which aesthetic 
• 

values aro an iaportant feature (prior,lo the,produtt(o; of 

,a prototype) ~ 
, 

Guodj's papor describes severalapplicaiioris .in 
\ ." . .-

,'Europo: I nv!)i.ch CAD t'ech1iQue,S have"been' oap,loyed in 
, . 

Association with the nu.erical control.parts prograaain, 'pro:' 
---

eCH. G4o~r clah{s that Interllctive graphics, when~ used In 

conjunction'~vlth ~ large 'scare coai,uting sys-toll\, w~~s ,.suffic'lontiy 

oltpDnslve ~o genorate a ,n'l!Sd' fh~' a "'H~lina-al~ne C~~~~ilitY ,( , 

to' pfirfonl: tho .funetio'~'s'o'Y interactive gt;:aphics lind NC 

• Cl \' " ," • 

progrl,lDDlng. ,In,thh pap1lr he describes. sysfca configurod , ,-
aroilnd a" JB~1 1130 'v'lth a ,plottor an,dI an 18lt': 2250 graphics -

consolo. Tho HC proceSsor in, ,the syno. is NINfFAPT.. ~ This . , 

-
,proal$o fOr tho justification of:"tho stand-a,lono SystOD Is 

• ".J 

not supportod 
" , 

in tho'paper. 
. ,..'". 

papers" in, tho Hur1turo, deal 
, ,I 

directl,y with the' Two 
, . 

, . ,\ 

'........... .-.' 

" 
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" 
" 

'-.:'10 

"ppllcation 'of 'CAM technolop.~:' t'o dj,ffcr;nt :l5p~,ct5 ofllPottle 
.. 

nnl.1 do"sign ... Gardnc.f (67) 't!.c;:ribcs a c';,mmer'cia'l system thut 

~a5 de¥clopc~n~:» stund:~lon~ p.rap~ics fa~i(itr fo~ ~he 

~d'd·e~ig~ .. of 'b~ttle "'~I.!'S:: T-ht~ s~·stemuti.'li:es a 

~; t ~) t' 3 r! ~ t u h <!. -"3 ~ ~~ ~; l.~ t :t n J ;: ~ j ~ 0 t.·~ f!,. r: "t 0 t r a ~ s 1 :\ t Co, n n -a cst h C' tic 
" 

dbsign' lnt,o l' worl;,i'ng drawing for·t,he n~nual' produgtion"'of ,3 

"c I a~' pro,totype". " 
, 

FolwelJ (68) descrihcs' the., nuoericnlly controlled 

.aanuf~ctur,~ of glus "olds by :he fuily of 'parts' prograam,ing' 
" : - . -

conccp~. I~ thi's l1,~e.r' he 
" ' f, 

describes the' developoent o'f 

,fPT 'D!lcros. for ·tll,e g.cnerali~ec'pro'duction of TV picture tuh,e 

Dolds. 
., 

" . . .' 

Thcre'l's rio agreement in the lite,tature on n-cOlDlllon' . , 

defintlon of \:onputer-aided I?anufacturing. To SOIll~ authors; .. . ; . . 

"it DIi.ns 'tn~- fUrlllutomiitt'on '0: /I producrtonfil'dll.ty incl-uding 
. " J - ,. . . 

tho control of lall'''ilchlnes'and all service'functions;, 
,,~, 

To , 
other authors; it is th~ npplicationof comp4te~sto the control 

'. '''''''. - ," , • .j 

of a particular aachhioperforoinga' part i,cuiar function. 'In" 
l ':, " ,.," 

this thosis~ F~apUtor-aidcda3nufocturing 15 tok.n to lIIea~w~ho, 
,~ 

..r, ' 

O,U.tODlit ion of, the (tinct lon!\ in"volv6d in"tho des,iin. devolop--' . . ... , 
Denta~d .•• ~uf~ct~ro of ~ pr~d~ct, ~egardlcss of the np.ber 

• .... . . ...... ~ . 1", : 

of products -rrodu$e'd or,' the scnfe of the production, operation. 
'. . ," . . . 

,~ho design of' a CODput,III,r.-aided III1Pu.foctur~ng systell istlto 
. " . .' .-r ...... 

'approprla'tion o~oaputinJi, tlls,~5."!ll!'lon.,st' the elcllonts C:oDprising':, 
~ .' ' 0 

tho 51steD. Withir:'thiconcext of' this 'd~fin,lt-lon.,'a lDinhlulI 
. • .. \I ....' -~. ."cJ ~1. _ . 

'sy~ton"vouldco~pTJje ~he fqliowing elolllont5 andcapabilitios; 
, , 
1.) Sbfflclent:processin;, power t,o support a nUlDer.lcal 

. .- . 

control 'prO~ClH;OT' thllt ,Deots t!to needs (bo t,h',ac toal IIn,d ~ 
, ~ . " , '. , . , 'if: ',' 0< , ", 0 

~ .' : ~ , 

1, 
_. ---, 

'. 



.... 
.~ . 

...;. 

" '. , 

, 

. " 
'. 

thoprod'uct: . 

.• 48· 
. .' 
" .~ 

-'~IIiUarly. ~u(flcient ClI,pacity, tOl;!andl:c «JI..the engineering 
v , . .' , 

~n:ll ys.1 ~I syn'thesis uqulnd"i n t the'product des! gn. 
" 

, 

• 

---, , 
, , 

, . 

,. l' 

2.) .A dos1Insyste._ thu 'hlls ·sufficient .. 50n.~ar6 .. n_d, . " • 
, n '-.' . 
hardwaro support to allow the des.igner to exerC.1se· his 

'judl.Bont !roo 9f' any' la~.or:ious. tIIsk,s~.~· 
" . 

'. 

, .' 

3.). :.A ')1st,,, to develop .ht~ra~t1vely. thi product .in . '". .,., .. ' . - . . 
. the pr.-prototypost·I~. , . . 0 

.', . 
. •• )" A control ·')lste." to'sul'orvLso the product'ion of 

~ . . ~ . , 

,product. 
,. . , 

. . , , 

), co •• u~ic.ati~,ns 1.ln)Cbet';oon ole.onts for .diuct· . ." ""., ", " . . 
,,' 

, ~,,!-' .'. . 

transfor'botwp~n Sys'tOB cO.Bponents •. 
v' . .. -. " . . . . -tritoraation 

' .. 

,'{hes •. )unctions haVe 'bo~on intograud into 'a p·ro •.. ,. :::, ., "'Y 

., ,. \, I . \,'" 

totYP.~~;h.:,fOJ::' tho .f~U a~t~a~tl~n ~hO pr9.,dlf:ti9,".. : 

of bOt~~ aold's ·fto.··. desil,n 'sketc.~ .~hroulh.t.o nuaeric'ally 

.' !=~ntroii~d .anuhctureo( a prototypebottl~i'.Olci. This" -' 

" 

'.' .. , '. (;. 

is d.iictlbe.d l'n .isouli .. . ., .' . '. 
work in·',Cbapul.1:'S· of thls.,thesi,s. 

. :,. :.i 
" - -' oJ . , 

., 
j I 

! 

., 
. , .- I 

I 
I 

.. ' 

" -:..' .. " 

.... 
" ' ,. , 

; , , . , , 
" 

..... 
. ,. 

• 
" 

• ; \ ' 
0 

• 

C) . 

.' 
.'~ 

, .' .. ' 
, , 

'-'-

, ' 
.' 
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., 

" '. ~ " -
1.. 

" 

n ' 

. ' .. ~. 
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CIiAPTr.R 3 

,EOIT SY~Tf\! 
, . 

r 

/ 
.. 

In thal~trodu~tion to thi~ thesis, iha-rcquire~: 

:en%s of an en&in~erlngde5igncomput~r' terminal were specified , . , , 

115 foliovs. 
. • I 

I'.' Lo~ cost. T)le total terl'linlll'co;tlDust b:c within, 

.. tho budgeting Iialtatlon, of an englneering 'des.ign· oHi>ce. - '.' 
• 

2'. easo of operation'. The terminal I s operat·lo.n "l'Ius't 

b.c !iu'fficlently siapl'e to ho' handled by an'anaiyst.>vith a· 

knowledge of ,FORTRA~ and a /:Ii-niaal fa'miliarity vit.h t'he time-- , . . ... 
~h~rinl 'facility bolhIUS~d. 

• • j'" 

Tho terainal',iDus 

' . 

3. '. Local coll0s-t.lon of data. 
L. \ . 

'. 
the ~ap.bllitrto a5s~J:lbl~ ~~ta while operating In 

.... t';;.. ~ •... -:. 
stand-. 

'alono .. ode •. 

• •• Ilua edit Ing. 

locd I)' at t'he ~orajnal 

cOllputar. 

S. Verification of input' .daU . .'The ~\Jlat' .un be" 
.... ' . :" . ..'.~. \ . :..... 

. _blo to caploy Ii Irllphlcsdisplay .to \'erif'y h~ asu.blltd: , 

....... ;..",. d ~ u £.1 to .. 
" .......... . 

' .. 
.. ·(j> .... Il.ua storago andrelilot'a ac'-cess. 

i .• , • . .. ___ _ 

. -' " 

. \\. 
The 'facility to ofI-

_ •••.••• ;... • .• c 

l·lncAtor. dat._ tUe.lI .. :and subseq~ontly direct.ac:ca~s to ~h.s. 

rllo5 v~a dlr~i:tl~oS:,~~~·~·;~t~d. .. J>.~·.F· h~S,~ COlllputePs ~~ftvar. 
~yste •.• 

• - Co 

. \ . ~"'" . 

.•..••.•.. : .. 

~: ~;.,.~ •..... 



so 

'r , 

7. Off~11n~ Tevlew of STn~hlcDllr\pTC5entcdD5racts' 

ot a.~esign.· , , 
, , ,.-~. . , " " ;: - . 

8, Lit cal" 'TO go neT at I ~:!n!..;· ,~o:..:f~r:..:e:..pt:.o:.a::..::.t.::.e.:::d~d~I~5~1!:..:1~D:,yL-!.f!!u!!n!:c~t;.!i~0~n!.:!.5 • 
, 

!I •. Analogue to,digit.al convcT~ion •• , Th'i, is required 
i, 

\ 

. . . ' '.'" '. " . , 

rcduc t 10 n, ~;I,1t fa ph i,c 11:1 '~11 ta :l) r :'1on· d,iJ!len~ 1 onlll, d ral<· t>-

• ~ ,- 1 : 

a\ for.~t. "ul~ablc! £~:r processina by the .no.st coapu'tcX'. 
~ ~,' . . 

Ings to 

" , . . , . , , ' 
This chapter ~f the thosls contains' a,detail~d 

de,cript!On ,oJ the d,evolop.entof a tcrr'lIIlnal. sisto. that fulfills , . 
" , • 

tho 
, 

"bOY!:5Pe,C ~ fl ea; ions ..A til oe:lc ' d ha.ra. t.Jlat ind ie at~s , , 

, ' 

tho physiia1 'association ,of tho c:o.p~Dents t.hat c~aprisethis 
" 

,ysto., is. outlinod'.in Fjaur~ 1.1. Thi~ 'ter~inal has b~en 
/I • '.' 

&h!C:ntho ,anoaonle EOn: for: ,!,nain.ee-ring Dos.! Bl1'1ntell.,.iaent 

!erainal~' , 
"\ . 

I~ction 1.1 ,~oi.pi'ises a, brief de~eription of;' tile, 
. . \ .' - . . .' -'" 

hardware eleaonu c~pl01,od, in tho Sr5teD 

~c~t (o~ fcir':~~d~v'ieo .t.hor~ i~,. dose 

fa~e .. ch~nfl'ist'i'~,.", A.1so ,l~n'Uded~s. a 

possi"lo/.~tornato.do>vicos' that'voTC 
~ .. - , 

1 n thc{ 'Yltoa. riften'financial 
, , , 

, " 

i,cus-s}on -of' 

for.:inc1u,lon 

ic;:tatod ,tho " 

choIce 'of: hudvar.eeaployed. ~IChOJ'etbis has oc.cur-rod. a, . . . . , , ' 

',prefe.rredchofce,;has boenln.dlcned. 

boen: deacr,lbed.' 
',: 

, , I' . 
A atn,lau.' 5yste. ,has 

Seet.ion 3.2ccnltai s',. description of the t.--rainal', 
\ -, 

opouttnl sysu •• " ,Thls net on, d,e'uils the dOY!tlop.eni, of,. 
.\ -I". • . . ;' . " 

tho,opera'tln,: cd ~ed.t~.b' t'o d,"'t' h •• 4opUd phlJosOphye~p~oiod, 
in tbedovo1vpa,ent of ~ ateaies,for inuraction betveon. 

" 

. -

, , ..... 

, ' 

, ' 

..... 

'Sys~,.co,apon.'nts"h'.n,th •. urDlilalls operatlnr on- line to' 
o "'. .' • • '. -. ,. ',-' _ .: ' ,,' # '.~) ..•• 

' ..... 
i.,. . ' 

" , .. -~. 
, .. 
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..,OST 
PROC . • 

. 

" 

'. 

L 

• 

"" 

• 

'6 • ,-

.. '. 

L' 
-. .. · - Co- . , . 

.' ~ , . 
; .' . TAPI-DRIVt . ~ TAPE-DRIVE -•... . ~ D~IT.L l&mmMQVIE 

I . 
1\ .. DRUM· . CAMf;RA _ . . : ,I . • I .. 

nAT-BED', ... 
PLOTTIR' . . , . 

- ' . . OIIJITIZER Ii ' . PLOTTER, 
-' . - . 

~ ; . I I , 

.. LQW-COIT -
" 

GRAPHICS' , .. 
'1 

.' X-V RECORDER r-
TERMINAL ..... - , 

· .. . , . . ---
" 

. , , 

.... ~ · ' , , . ," . ., . . . . . ,A.S rN.CH~ SCOPE' - . , 
·i . 

. ' .. DATA "0 OUI ' . 

pop-ell' ~ ""TlR-I •••• :SCOPE' .. 
$IT. 

, 
IE IAI.. , .. : . FACE .' 

. . . 
.INTERt • .. . , . , . . - 'ACE '. ' .' r_ 

. . 
, . . , , 

. , . 

i". .' . ~. " . , 

'" 
. ' , CNC - , . 

c:o,mtoLLED . . . , 1 ' .. 
' .. . 

I...: LIGHT PEN 

:t~:E . 
, 

I' 'I CHANNELl AID, , 
I CHANHILI DIA -. : . - . . , . ,. . -

'-
..L I • I 

, ' HIGH SPEED READER \~ELE:/ .' . , CASSETTE· 
HIIHIPIID PUNCH .T'ViPI. . " TAPE-DRIVE . 

" 
,-' , 

. . , 
( 

, 
. Fi.u~e 3.),' I!nIT Systolll., , . , -

,j" 

·s 

'-

,. 

, 

"' .. -
-', 

" 
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tho' ,host tin05h.rc<1 COI!IPI~!J.r. , 
, ' 

'. ~ ,. 
,SQ~tion 3.2 also chro~iclc5 

.,.. .' 
.the dovelopoont'of a 

Irnphics/terninal support ~oft~arc ~9~tQI!I that is located in 

!n~!,,!;lC(" 

. opera t i nr. 
• 

U 5 c.r • r. pror,r~~ and thi:: 
.' 

srsleCl ... , 
, .' li \ . 

Socti'on'3.3 orlbodios a doscrlp.t,ion of the'stand-
J_._: .. ' .t. 

alone functions~~c Toinal is capa'b'lel,of ~~'pporting. 
oj i' .,. .... 

-\ 
3.1.' Hardwaro Oo~crl 

T'his scction, of th~ th~~is contains a brief des­

cription of tho iriditidual hardware elements that co.p~ise . .... , . 
th~o terminal .devolopod'in, t'ho courso of this' work. 

A.. y-
. ~ , " 

talln-teralnal co~putor 

~ 
The ElnT system hilS .been devolope,a about· a ainimal .' ' 

.' 
, , 1 ' . '. ' ' 

. rnipr,oco~sor~: a, P~P81L wi th- H, of core. One of tho critoria 

iap050dontho developaontof this tormina.l VaS that th~. 

cost. of tho tor.inal systoe.aus.t 110 kept v'ithill apric'e rango 

that would produco a c~st-'ef(ective sys'tom'suitablC' for a 
• 1'. tI. 

~Dall to. ·.odlu. shed design office. Si,lH;ot,ho' terminal's 

tot,. I cost is' aroatly influencod J{y tho cost, of tho, system 

p~,conor. o'ne of:;~he"t~!.ks, of this' work was to evaluate the 

.' 

.... 
. capablllti~s .'or ,a systom,stJ:uctuTod about ~. mlnleil,lprocossoT. 

".i::!funl:t-lonina vl~hin this conStraint; 1t h!,s bodn pos:51bl0, to 

.,' . ." .... 
~ '" 

, , 

" 

.... I 

.. 

.. -", 

,' .. 

' .. 



" \ -, S3 

" 
devis~·~n ororatinK ~trnteg~ 'that has resultcd in an efficient 

c~rloynent of,thi~ proccs~illg ,power tp produce a flexible 

cllgi'noorinl: d,c<ign loraillal.- Over the cours~ of this work 
, ' 

Ithrre'ha~ been, and continue~ to ~c, n con5lderable dev~lopmorit 

. 
~f fifoce:isine pow~r. Tho dcvelo!":len't of the' INTEL a008 1 

chip an.! th'e relcase by tho Oigital 'E"aul,plIl;!nt Corporation of , ' 
" , 

• ..• .. C' .' 

~ POP8 coapatible p~occssor based on this ,technology ie{nforces 

the loaic of, ~cvoloplilgtorlilinal syst'eCls ab~u_t this .,Cla'55 of •. 

conput~r. The 50rection'o~ a suitabl* processor is the deyo10p-, 

nents~.ge during which the 5ySto~ deSigner is lIIost likely to 
I 

su~cuDh to thb "for ~nlv a few dollar5'Clorc'v. could" (II) ., . "- ,'" . ,.' - .. 
syridroao. Anulilbor of advantag~s vere re~lized b, thoe~ploi-

Dent of thls particular ~olllputer. 
, " " 

,. ... 
I. A voalt!! of !loftware had been deveb~.JH~d whi~h WIlS 

'> 
, . 

ftooly ayallabl~ throu~h a k~ll' ostabtished independont:'usor's: , 

.group (IlE~IJS):!. This is a "hi,ddon~"fOllture of a ,colilputor,that' 

horton'oyc,rlooked at ~ho 'tia~ of seloctl,on.' . ., .' 

2. G~~d docu.entation, is 'available~ The 1[tor~t~r6 on '. . .' .. 

thJ~. P!0~uctl1ne aVllllabl~' throu~h ~he nanufaclurer and 'h~ 

u5er's,socloty V:IS 5ufficlentl!',coDprehensivo' to shlpli~y the 

" " , tIls:1: of Intorfllcodoslgn to thO' tQ,v_oI. of tfie nOll-spoclalis.t • 

. \ 
" 

, " 

, , 
, ( . 

I I~TEL'ls a:tekistored t~ade~~ark of _tho INTEL Corporatipri.' 

:!' llECUS _ niBital' .Eq~jt> .. e"t User' ;'\'Society, Maynard, "'ass. 



. - , , 

S4 
, 

II , II 

,SeverAl, di!'l3~'vantages of thi.s particular cOQPuter 
'. ~ ~ . ~ 

5~ould:Rlso be pot~d. • • G 

, 
1. Allda~a transfer between the proCessor ~nd p~ri-

, ' 
~heraJ ,doviccs i~ conducted through the co=puter's ~ingle , . , 

.' 

~~CII:;ul:Lt"r, . In tho: ,.des~r.n ~pp:,tell"tlor: 'H.i" did not ,prove' 

tob~'A Ji~itAtion. 
, 

It nay cause,t~e cOD-JIut'er to becoao 
, .~ ...., ; "p". " " ' ' 

input/out~ut ~.(lund !is tho contTllI i,nforliatlondistributor in 
. ";- .. ':" .~~'..... '," . . . . 

a l'iulticontroi'lor c'oaplrtO'r-iaidod aanufaeturi.ne sr~te ••. " . . . . , . . 

• 2. ,ThO 'conputer is n.ot, 'equipped :p th a. hardware ..!nto:r-. , 

rurt, prio,r i ty s),s-to.. This' lIlIItation. nece·ss iuting a so£i\tare 
• .. ...r. . .' . • " ~ . " 

'p.riorit.,)' s)'5tea in • nultiperlpheral en'viron.en~': results'in, 
~ " ,~.' 

a docr.aso In processfn~' efficien"y when operating:!lith the' , 

int~rrurt iacllityenllb'lecl. 
.... - • . I -3. The t\le,IYe bit' vor,d of .tho, PDP-8 is nlJ)t 'a cOllpa'tib 1 0', 

waid' 'si'zo.:The· naj'~r1ty' of .ini~ODput~rs cu'rro.ntlyprodu~ed' ... 
• '.~'_' -I' 

havo adopud ,. ,shteen blt,vord she •. 'TIlh·did,not'detract 

'~'rro~ thls $,sie~'. ,er£o~a.nce. but aa;~ave'lillitedtb~' 

.tTllnspor'tabnltyofthe develop,ed tech.nology. 

".\, Th~PD,P-8/L is the o~lr posit he 'IOllc: .1nlprocess~;r 

tohavo boen v,id.lY~ aar:keted: 'iliis TC!!lui rod~ th'e purcli.seo~ , 

, , 

/ 

, ", . , ..... ," . 
_,n, expensive lojic hvelconverte~' to ·.ap10y., current JOll~ 

~: . 

'/" ' . . . " ~ , '.-: 
,technolPIY iD ttlo. ,Sy"~te.·' s InterCa.c.,'s., . Thh cHs~,~van~a',e i S 

,,~ not apply t~· thocurront.P,>:P-8'·D",liel.son the lIa~kot. / ',," 

,.' .: . 
". ' 

, "The IIlnlcoaputor is equ'ippo,d'~ttti a aodel '33 telehllo ,,' . ' " . . 
as ~.11.' ~s a:··~'yp., PRa/Lpap.'i- 'tape "reader . a~dP~81 L. ~ape~ 

.' " '., • .' _: ,. • t 

, 
, , 

", ", 

tape ,punch ('lauu ,'3.2)~.'· • 

" -~~'~"'" 
·'.I;,'_· ... ~ 

. - .. 
.' -, 

" 

" ' 

. :",' 
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• 

(h) Il.i~pl":, CRT 

• The CRT used as the ~r3phlcs displaydoviccis _ 
. -. 

;hc tektronix 611Stor3go Scopq. (Figurc·3.ll: 1n Chapter 2 

of ',thi ~ thelli~,. n hrief conpar,r-son WR~ presented 'of the' 

;:\TIO"~ di"l'lay f,or:Ut:< nV;I!!;-a,?-lc i<),r' the I:cnlHution' of 

/ -
grnl'hi.c:s. ,The $'torago dlsl'1:I~1 has tho a"'vantagcs ·of boing 

" , 

:ahle' to support 'a gunto,r dlsplBy ~~ri~Y than an.,equivalontly 

priced rofrosh 'CRT. This distlnct.io 'bet.ween the"systeD5 
• ~ 'j 

i~ iDl'ortant in tho display of co.pl x,CuttoTyaths fOT.ihe 

vorHicat,i~n of:nuperJeal c'Ontro,1 data' ~h05., Alt~o~gh' n'ot 

oxploi'tod in-'this vork.t,JHs'sco'pe, v.ith a non-storago, . ' 
or..eratinll.ode,ofr~T.sth 'po,sibi'lity' of sUPI'Or'tiDi both , . ' '. ., . .* 
,stor!ld, ,,~d refreshed'dis,plays 5 iau~une,.u~ ~y. 

Tho princ,lpal ;'objoction,to the'stor,ago' scope is the 
".; - ',... 

.' .. ~: •. ' . t. 

InA~iHt~· ·to dynaaically ao.dify an active disph,Y.' . 1.t is 
~. ..' 

< , .':. . . . . " . '\ .' 

not possible to s~lectlvol~ or~so portions 'of ,the ~i~play 
• • 
',v,it!\outorasin, tb~ o,!\t1ill,d!.-sj:lay. ,Thls.'llisadvantaao has .. 

• ..' ..... ·0rl'" .•. .-. " . ' ':, : .~.. ".' ". . ,"",: . . .~ .. 

been alDl.1i.d bY~lIo c1oYO"loplient of a' segaente4 d isp ~ay i 
. , . .-".,. , ... ,...', .. . 

5t raU&y.fo~'tli.tez:alnal opent,1n, systea.; T~h'is described. 
-' . , " . '.~", , . , " ., ' 

I~"deh ii' j,~'f;9C,tioD3. 2 bel,ow. '.', . ,...;,..', .. 
" .... ";, 't~~~\tlt~~'co~~ c~niT~ll~~, tbe J; andY, Ii/A conY,eTters 

,h~v. l""'bitte~er,dbie COU~teTS opera;tin'.t,T~~sistor switched 

1&dllor, lIet\i~~k. ~ l'~P;<a:~Vl:d4l11l~~~~rttsS'~bl~ di''sPlay~, " 

", .--

. .;. -.. ' , ", -. ,...... '.'. ' .. ' .' '. , . ,~ . 

!' 8192'~::!'8192,.pro~~ ••• ble :ocatio$ . The s~aHest defioct'ion" 

tbus, possible w;\,thin the d,hplay' area c,orresponds ,to a' '.. '. ...... -~ .':".. ,,',' '. ' ., " .' ' ". . . ..' .., ',' . . 
0.0005 in(.OUS •• Ii) .ove •• nl.~hic;k, Hncis are produced by 

'1 • :,,~.: :"" .. ,. ~..' 

. &eneraUI1JII~l'ow-leye,l cyclic,51,nal and applYlnr . .ii" ,to tho 
, .. '. • ,'-' >' -.J '..' ",,' , 

'. , . . . 
-

./ 
,', .' ; 

, : . .' .. ... ' '-. 

;I,', ' 
." . ,," " 

.' 
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, 
Tho vld~ocontrol 

illso anpliHos tho CRT "cilia. curront</lhen II ,thick I~no 15 

',b."i'n&,:Y"awn.,' Sinco thorc it ~ lag in t,iio'llofle'ction syst:elD~:' 
. it "'a~ nocl'!i~lIr,.. to applya/n ,1lIai,lllsecond dolay to ,tlto . ~. . . 

.. 

• . ' 
, AIs'o incorp~ratod into t'ho s,copo controlloris a 

hardwaro intorpolator which allo,,~ the!~~or:to spocify 
. 

straight ,l1nos, 'coDploto ci'rc!.es,~ or cirCUlar: arcs.' It. hardwaro 

character lonorator allows', two cbaraCteT:sit.os 'IV 00.0'; o'ri-oni'a-

tion ,to bo pr~ducod.' 

" ", 

, ~ . . ~ .' -~. . 

Sinco tpo torainal's 

constructed t .. o dhtinluish tho functions of ITa phi cal. and 
.:-

convorsational cODDunicatlon, tho "total nUabo,r of ch'arac1;ors 

loncrated wi.thiri tho,r.phic5 portion ofa s,e.ssion is' not, 
' .. 

I ~ '. • • • • • ; 

,onorall,.." larso onoush .to affect tho processor's efficiolfCY· 
~. ,I ,. 

when thoso char.CtoTs.TO son,erated throulh soft~aro. ~The 
..' " ~ . 

" 

co:'aunlcatlon jt~.UI)'.doptod has tho ~apacity' ~o ,dlst;inIUish:' 
. .... ,~. 

a~ aan)"d.is~l'Oto cha~.t'tor s.izos as,.~hero a:ro nu';''beT' of' .. ' ., 
". 

char~ct.r; avallablo in the tiost '5Y~t~.'s ~h.ractor'sot~' Thi~ , ;. 
is usual!)' a jllinillluD'of 64 silos. 'Thus, ia rodosisn of -this'" 

fa'cilit)', would 'deh,U tbe ox,ponsive 'and Infloxibi~ II.Tdwaro , " 

. .' ,. • .. • . I . 

,charactor,itinoutor. 
;--

Th8- sl,nd to the ,CRT bea .. curl'Ont sour.tor. 

is Dodulated toprodu~eliardw.r:e· ,oner.ted S:esaented Hn~~;" .. " . '. '. '.' "; 

Thi~.cop"con~·'rOller h-" bee~ .... nuf.ctured b)' 'Fer-rantl ',' 
. ", '-. . .' .. ", ' . - . \ - . 

p.ckard Lt'd~ A.' to~plo~e dos~rlptl,on of thec:ont~o 11eris, ~, 
':"'-t ~. ' .. ----',. 

,. 

-, 

containea In' hfertince(69). 

,In' ~dalti9ft' to ,thci.,bo~o scope contrt;tl1er, the uraind 
. . - - . ~ " _. . 

lin .two.xis '~cop~~C:o.~hoi,whlcb is p.rt' oft-h""D.£1:
1 

standard 

, 

. 4 • , ' _,' .' I .', . . .:J :. 

1 ,til!C"\, Diihaliq~lp.~~t· corporation. , 
'. .:' ~ " . 

. :'. -', 0, ~;,i 
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AX08 Lllhoratorl'o ]lerlp~flra1. Thll ~on.trQller has a~hird .' 
• 

~ontrol channllll thDt h~s thrllle discrete Qtitpu~ volta,es that . - . . '. .'. . 
_______ n un dol" por~,r'a:i co~trQ 1. This third' channe 1 can be used 

to blank the CRT boa. or control ,th~ raisin, 0'1' 10llerln,0,£ 

th. pen on an X~Y roc'ordn.' The "AXO,8 peripheral' i-requlppe,ct , 

"I~h eight.ultip1exed analolue/dl,ltal converhrsandis 

: deal-,nedto be u.ed,for real.:ti.e,daia acquisition and control 
I 'j" 

of lAboratory expert •• nt •• 
. : . - . - - ",---:--

other per i phtlral, can b~PiOyect in-aU,OClli~iOn, with th~~-EDIT, 

5ystl.. tlollever', thlllre has been no pr!f-Yislon .ad. for the on-
i' .' . ~. . . ! 

-'~ 
lInlll (to_ the holt co.puter) d,~tii acqulsition capabilities ,of 

~', . /. '. 
thi~ peripheral. The low coa.unicatlon rate~ aviila.le, 

. . .'.;. ',' . :./ . '. 

coupled ,,1 th th~, ... Ii sin 'the ,core 'buffn oar.':'avallallle ' ' 
. . " . 

when the ~perati1l, 'yatea' i~ loa, d, .a~e tho ~~ine ,0Plrat-

inl aod. for ,(h,is peripheral idea iblo. ",J;:' 00' 

, 0 

, , 
Associatod with the display' Is a-Lak,~ 'Electron,i:c 

, '. '- i '/ 

Modllll 27Ililhi:"pen. ',tll,is 11 a ,11,ht';'pOll th"f-h~~.n specUi-

., .... :. 

0" ,- 'r/,', 
cilly' desllned to fune~,lonwit~tbO ~Jow ph~rphoT characur,tstles 

of °tho Tektronlx-,611 stoia.e scope. -Thill "r1~-thrOu'h .odft of 
" • # -- ,,' •• ~ 

th~,~ scope hal beenOeaployed to produce "a non;"s~oTb, cur SOT ' 
." . 

wlth d1sc~ete -ilatensification pulse, of 25' ale,Toseconds.' ,The 

o~t~t.PUl", 'ienf/,r.ated by thephoto.-trlnsbtol' d*hetl9-JI of 

"the scope~~.i.t boa •• i .. u~ed toaetl~ai~t1le i~l'~upiHne '-, ' " . 

of the A~OI' peripheral.:, TII8 Uaht-pOll ,hs' ~eon 'lA~er face-d, to 
" • ," . . • , ' . .' . I' 

tho PO,. by' tldal O'ne 0 of ,.ih. AXOI AiD, ~apu~ 'cbannels 1:0 the " ~', 
' .. - .. . , . '. . . 

" ... 

l1~bt":p.a~utJlut olhe,_ 'The tbre •. bol,cl 1.Yel,:~~r tr1i,uln.' 
.. ' " . ", . 

the laput.chaa'nel IIa. 'co~troile.dby • Z.n~rtlloci •• 
;. , . ': ."~ . . .... 

'"I . , p , " . 

, .. ' ," 
:. 

o . , 

. .. ' , .... 

' ..... 

. ..• 
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60 
, " -. :. 

, , ' 

[vc~,t~ou~h th. li£~t~ren's voltage a~pllfler for 
, . , 

trye'detect"li intcensificntJD,lI.,' "'as "tt~nu .. tcd 40 dn at '60 liz, 
,'. ," :.'. 

the no\~e on tho o~tput ;ign~l, "~5suffl~ient to ~roducc an 
" 

. . \ ,~ ... ~.'" 
interrupt' when. the pcn WAS acti~,3tcd ',I,n the presence ·of " 

"~!,,.'r,,~c',"rit Hzh~lns:; '~:o~. :th,e cap,lIcit i~~~ s.!!:\,~Ch, 
used to activate th,e pen, 'rel\ct~dto,the 'BClount ,oj :p.oZ:)Ipir~tion 

• . . ~,' . . .' . . .. ;' .. ;:r~·.. . . 
on the usar':; hand. The above :":0 difficuHles'ttere not 

, '\ ~., 

'sa'd'sf:actori ly rcsolVed, and funher' deY,eloplllcnt work, ,is 

re,qulre,d to :iaplellc'nt '~ls 'device. The deuq,s' of the 'hardware 

into..~~c for the fi,ht:",pen arc 'included 1ft "pp'endi~ II. 
I, 

A'1 ternatcapproache,s t'o tho: cunor ~ontrol fu'nction are' t~1! uso 
" 

,of, joysticks" fu~~tlon.button5,~nd t}lb~et5. 

(,I:) Digitizer 
, 

, ., 
, , . Thedigither, In,torfae~d to the POP8a~d' utilhed 

as tho input station, for encoding nondigl-tal' ,data, is, a 

'RUSCOD Logic \lode1.'21. This di.itizer is equip'pea w'ith'. 
,/. 

:: c:ori,trol"~An.I, koyl>o'ard, and " .. 0 dravlng st,at~ons •. Tho,~raving 
" J 

- '~: !lhtlon5 aro ,a back-lightod table with, a vorkina aroa 9£' 

U x'30 inches (FiSIl~e3A}alld ~,st'and.ITd tHt-ullle '!lith . 
a'vorliing lITO. 'of 60 x 36, Inch~:s. ,,!,h'e s.dlon d,i\,it'lzabIO:' 

incl'ODont, is 0.,010 Incluis vi th ',. 'resolution of ,0.010 ,inches, 
II ...,..' .' ., ."" .,'. :.... _ . • 

and,an ovorajl' accuracy of~, O~OIO inchos,inlO.O inchos. .'. . '. . . 
.. •. .' . • ~. ,-' '. . .. ,- . c 

Tho curro'nt cursor position is co'nt'hluousl,y'displayoc!,on a 
IP\ .. ' I . . . :", 1.:_ :. . ','. . .... . . '.. . 

• 

io~~table dlaital readout. ,Th.digltizo~ alsoisequlppOd:, 

, With' a~ Indopon,dent' aaanotic,Upo drfvo:for, record p'Ul'pO~OSOl' 

C'ff-l\n~ data P;O,C:OS;i~&.Thh~llanoti~,.~apo unlt.'s .. "rit~ 
'On_l-y drivo and is avli1lbloonl;y to' the d~,ith,er .• " 

, 

• 

. , 

, ' 

. , 

.' ," 

........ : 
I , .. , 

", ' . 
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.Reduc~io~ of thc'D~alogue dat~ to a di~itjl 'form 'is , 
"',~ .. . ~ '. \ ' .. .. .. . (.... .., .. . 

::i~'hic'vrid "ith 'an o'ptical,~ncTer::cnta'l' shaft en'coder mechanical!'v.' ,-. . -. .... . .. 
I inked. via ~i rll' to ,a c!-1r~ri'r. 

, ' . 
Th'c .shaf~ encoder outputs arc 

con'noc t e,d to an up/down coun,t er. These counters are cleared 
'" I 

hutton on the co,ntriil ·'panel. 
" , 

, .. 
The o~tput of thecotinters i. ~~ed to dri~e a dippla~ for' 
. \ • . .•••. .1 

each c,oordihate' aX,is a'nd are also fed to' a memory,.buffer. 

:"Thii buffeT is' us'ed to allow the, cursor to he llI,oved while data 
'f"" ' 

~~ bei~g pro~essed: A~thumb wheelswitch'~; used ~o'~el~ct, , .-
." bDt~.Den' datatt,nnsmission ratC's 'of .10'·char4cters/second' 

300 chara'.ctefS/second~, In 'a:d~i;tion ;ddta' .lan 'be 1~gged 
. ¢. " . "', ... 

and 
. , 
via a 

t--\ inc'reftcnt has boon '~.xcoode·d in tho- ho'ri'z'oi'ltill ~XiS~.' 

:~' T~O' inUrfaC;~.'h,~~~,~~n :~,h'~ POPS' a~d, t~e,·d·i~iti.%er.·'i~ 
, uso,d to-..receive ,iI '\lit para'lVoi BCo. ~odcd cha'r3,~tcr,s tran.s.... 

:, .. '. ", . "', '. ' .. '~ ',,' ... ' ' ... ' " / 
Ilttted 'ill sorhI, Mock,S of: up to ,10 Fharn.c,ter.s., The dJ'giti:.er ,/ 

./ , 
clock' is'usodto .. C!,oclt tllecha.i-a~ters"ou.t of:th~ digi,thcr : .. , ' 

, . 
~". a.nd sot tho, intorf~co flag. 

, , . Tho 101>4 pulsegcnerat!l;'r by the " 
.', ~ . ., ~. 

I' . • _ " ' • 

, '-CoAputcr is 'us.odio 'strobo tho chnract,!'r'i nto tho aC,CUlllaUlat'or.;' 
\ ',.' , '. ":"'_'_'_~_''I''"I··", \s':--;-' .- ,".' .' .: '.. . '. ... ',"'.' ... . 

,.,:::~:l~:'::::':'t~::g e~:~~::e:A::t,; n::::::: s'i:h:c:::::~ z:: ,,' 
a 110" seTvic'iJlI tho'dau'li ~5 umt~r t"~. i n't'cl'rupt fa~il i tl'. 

'.'The co.pl~~ode5i&n of this int~r'fac~'1Ill-5don.e'bY tho ~uth~'r 

.and is in~~~~od,in Ap~end~~ i; 
: 'J~;'~ r'iZpt io~ ~ 'i. " . " • 

. 
'lith .n dotliUed :oiorating 
. . ~. 

, , 
,.' 

'" . ,.'. t:' 

'The'rit iaTO ,t1l,O o~sen~lal roq\l·lrollonts-, f.ora-:- devico" 
, ' .' " ~' , ../ ~ " ','. - " '" . 

• to·:tr.n~latc&l'ap:t'lc·al analogue 'illf~,r.iitt.·lon into digital 

.:'. infol'.~tloD. : Fi-rst;thore _list bo' •. ~jSPJ'llY'·lIval.la~'l'O' for', tho 

, , 

" •• ' oJ ,". "\" 

; . 
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. , 
Observ~tion of the use of the·.existi~a 

, . 
',' t 

digiti:ter indic~t.es tha.t., a high propof:tion of inpu,t data 
. .,' .-

errors occur froll dupliC~te:di'githing of inforlllati·o:~., -Mo.st.·., 

·progra~s to inte~pret this da~a are not flexible eri~ugh io. 

.. 
" 

handle tohis,.type of"· er.rQr. . " . 
, '. , , .. 

,S.concl,ly,t-h'ere must be a local ~oordinate display, .. ,.' ',' 

for visua.l interaction in ·the digiihlnl process._ This is 

required, whcri dUll 10uiriItOCCU~S .ata 5pe~ifie,d interval 
. .:. 'f' . 

in one of tHe a~.s 'on th~ drawinl: This'is ihe.most ,COllmon 
I '. . 

.od.e of' digi thinl non-analytic cUl'ves for. regres~ion analY~sis 
'?' . . • . . 

. . ., ". . ~. . 

or integration.~ In the desila case for instarice, .'curvema~ 
" . " . .', . . ~ . . . 

terminate a.t a known horhontaX. coo'rdiD,ate"b l1t unspecifh~ 
. . '. . 

vertical coordinate.' the loc.ial readout' all'ow.~ the user to 
'. . 

.• xercise judge •• ntin th •. acquisi t~'on of. tli. digital. inforllation 
. '. , ,'.'- "'. 

,,;·fqr. ,this point •. These siaple deS1linerCtocisio~s .ro an, integral '.. . . . . "', .' " -

pJl'ri" of any destin systea. :The coding to circuavo'!'tthis forilll 
.:' " . . . 

. 0£ be ,coaputaiiona1,l-y c~mplu.,; . 
. .: .,"''. .' '. . .. 1-.:, 

tion to the'd$li the~ descrilied' ':bo~~, 'thero: 
. I . ' . 

is a Iraph'ies t let •. T,hh lIa device' for ,translui'nl a 
- ~ . . ... . .,: " .' . ', .. ' 

hand 'sJtnchi~to digi ta.l . d~t~.· Thi~ appears to ',have a Ireat 

deal 'ofpotllnila1 n. a~ a~.d :~~rinl' tb~probleaforlllula~ion_ .' 
sta&~-of':the~e~i~~pl'~.SS"·' T~." Hai iadona'of the tablet.. ·~ri"-

,-
~ . . ... . 

the treaendous •• ountl· of data that,cf,n .be- lenerated, for a_ 
') - ".' j, ',. ~ - ; " : • •. ;. ... 

·rltlati~el1 .iaph .~etch._ Tb.··:~Oft,vare reduc~ion of this data . 
••••• < • ". • '.' .j ..... . '. '. . .... 

asweU' .s.data iaoothin.assuIllP~iofts~appears c:oaplex. To" 

, 

.-

", , '. ":_. . '," ' ',,' ,f,.. { •..• ~ . '.' . __ " '-'.' ~ .' . 

datetbcrre has ,0AlY been. sCla.pr~l i'~~aa~rt'esting of this .ddvice •. 
. ', " ..' . -," , '. .,' ,~,'i~'.'! . '. , 'J 

and .it b 'not' ,btelrat·.d iftto . the .S1Ite •• , ,.>-' 
, . ! . . . , . " ~: .P- . 

: ;. 

.. /.. ',',! .'. 
, .... :'i,"" .. ~ . I 

, , 
. . 

i ~'.' 
, ,''' '" ' 

'" " 
-, .... . ", 

..; .. ..... """ . ' :" 
" 
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[}lo pri~·ciPH disadvantage. of. the i,"'lem,en'tation 

of those araph~cial/data'inpu~ translators, ~nutil'~e~'i~ .. 
'. , ..... ".... ,. ."" ," . 

,conjunction wlth anon-intelligent terminalsylt'Om. is the 
i , 

requi'reJIent that't,he,vork be executedon-Une. 'The in:tell'ig~nt' 

'syste.can'be used:,to stqre~ edit and ~isplay d~fgTtTzea· data" 

while. ~per~a. as astand-alo~e sys~ea. This uta. w}len' 

'in an acceptable foraat. can ',then be transmitted to· ·,the host 
. . '." . ~ . 

'computer ·for process.i'ng in the aost etficient ,mode •. ' 

, (d) 
, ' 

i 
\ , 

u 

Hard CO~Y. ~f the Graphics 

For the ,aeneration 'of· a bard copy ~f the Ilisplay 

there are three techn~ques that. can1beemployed:' ., 
. ,.'. 

1) 'siaultaneous display copying o. an electrostati~ . 

2) ,: 

3) 

, ' 
" .. 

photographbta-,U,ed.Isplay scope; 
. ,.' . .' ' " 

transmission' ~~, tbe cUlphr da.t.a 

,drum or flat-bed plotter •. 

. , 

;".." . ~., .-
... ~. 

to ac~nyentional, 

The EDIT srste. hasth lat"ter ,two capabilities.· The obvicius 

probl.~ ,wi'th'~Jl~id "OP1 de~icei hthe ,re hi lrely, slow, data . 
. ',.:' 

·'acceptance raus possib'i •. wi tb'·-.J eC'tro",.e~hanicllli deViees. 

, Th~se plottO'rs re'qulr~d .. ~a~r~tes in tbe ordn o-fon~ hundred . '. . 

and told,i up .. r ~~condfor lIoy~.ents that, ii'oi~tbe jorder. " " 

• 

,. 

, , 

,", 

,_ .. ". .... ' I " " ,'_ • ,. .', • . 

of' 3.0t of .iliU scal.: aov •• elit •. (These . figuiei.are, hsed' .• '. 
; :.';- ., ' .-' ,',. 7.:.. .. _~, . 

Oil tosUcollduc.ucl Oil .nUI3SI)(I D.t.p~o~t.r '.and~",\ .,C;"~·-· , 

Hewlett 'ack'ard 703513 X-Yr'ilco:rdorj~'Thus to.e~JliG.Jfo' ia . 

f ,: lloll-el~ci:ro.t~ticil"Ylc. ·fO;:r ~h~· Jlrociu~~~oll}~'t ': .. ' 'h"'r~c~~y : \ - .. '.'. . ", ... : . . . .' . 

i"'ce.sary to clock ,ihe' d~t~ !'~u·down . 

.... , . .. 

. '.\ ~ ':. ~. 
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'. 
and to perform dat'a interpolation for' movements g'reater than 

-'~ 

.' 3.0\ ·of f~ll-scnlc C;itT (reflections," This rest\r'i'~tion ,ob'Viousl'y. 

cli~inaics the no~-intolligen~ di~play terminal-clcct~o­

r.lcchanica.1 ,plotter c'or:lbi-na-ti"oris. since i~' would ~ necessa.ry, 

:0 ji~~inR~i5h th~ n;~uic r~OdD nnd cla:n r3t~) of the ~lotte~ 
. ~ . '," 

'data tra~smitted toeac~ device. Tho intelligent controller. . . ,. 
'. ·1' 

/' . 

caq tako -tho,CRT dis~lay dat~ ~nddispliyit at the iull _ 
I ' 

, " 

di~'rhY rati! 'allb\ted by the deflect"f'on-,amp,liflers for the, 

~CRT. while it b~ffers or stores,the.i~terpolat~d displ;y 
'. . ,. 

inf6r~atibn for t'e plotter:Thi~h~s the 3d~a~t3ge of -., 
re~~cin& tho data'disp1Dy ttlcidata transmission toa sinille 

pass. The electrostatic ,prin'te~ is no',J: lhiit~~l by the" slow 

data acceptance rate restriction; howevel'. (0 date these" . ." 

- ' 

.", , 

devices arei not cap-~ble.l'f pro,duc~lti the quali't.y cop'y nocessary .. 

for ongineoring ~nalrsis. 

Photogriphing of the ,~R~ di~play ise~cellent for' 
I? -~---,'~·.i· 

record' purpose;! bU,t suffers the folloWin'll di;lIdvantag~s:_ 

The 'c'ost',~or instant pr~cessing, of"the film ~ntagc! (I.e •• the 
,~ 

<..- 3101'20'00 se'ries proces50rcaaen) is enrelleir"nigh., The 
:~4 . . 

'dehy' involvad .lnI20,Te conve'ntioii'al proclIssing ,syst.ellls is 

,likely unacc~ptahlefor.'.~s~' e~,gi-;;~ering'app~ic~ns. Th.o 
• • . I .' . 

. : . ',..: , ,,' . .' '.' . . ".' . ~ 

uti liutlon of nagative f,.1\11,illlllgO' fen analy'5is ,requires •. 

It dhp,1ay' devi'co . which rust r-i. ets th'o' en,itlecr' s natural 
~'~, ('.' ~ , . . 

I • " '.' \.' ."~ 
,prc.dilactt'on to do"display ,l:Io4,ification wlth a' pencil. .. ~" 

This work~hll'S));Ovnth3t' ~cceptable' qunlity. draw ini~, S 
." 

clin .'bo ,p't~;ducod 
, ' .~ .::., 

:' 
onvc'ry inoxpt:nsivo ~Yre'corders byusin'a 

th CRT di'i~tal to anal~gue cqnverte:rsltiththe. local proc e sso1)< ' 

,,' 

• 

, 
'." 

'I, :~I~ 
'_':',.j-"-' 

.. 
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in~Q!pola~lng the CRT dis~lay data file ind clocking it' out 

aT a'conl'at,ib~e .rate. Drawings produced in thios. manner arc' 

~ , d f" , ' limited in si:.e ,II\swell 'as mutllo s 0, character'generation. 

·Th~ '£1D~-bed~lotte':r (Fi~U~c",3:,S;U~'~d i~ t'~e synem" 
,\ .~ i-.F- ~. 

is all ,EAt ~,sno Oat:irlottlOr. Thi~ !,!o'i::~r, although it ,is . 
',' ,rather old and; somewhat' obsolete, incorporates sevoral 

" ..," , \ r '. . 

features that ,facilitato, its uPli:ationin a timeshartng 
, I ' 

":,envirll~menL' ~bnc of the~e'fcature5· is.'a'typew;uer.head, wfth. 
..' '. I 

forty cight charactors and' s·Ylllbols. This' 'results in tho, 

plottt;lrproduciri~ 'il charac~er'on ~ one to one"bas,is with each 
. - '. . '. -

Character, transl!lit,ted. 'There is ,n6-no~.~ "fo.rsoft"llre generation 

of scriptccharact~~s. .T,his produces ei ther, a saVing to' the 
" o 

'user resulting' froa a ,.reduction in '"th'e nUlIIherof'chl!.raC'ters 
'~~ 

,'transaitte'd betwoontho h'o!!t"coDputer and the .terminal or from" 
" " 

an incroase in lo.cal" proc'oss,or ,e'fficiency., ",A second feature 

. i 5 tho uso of servo mOtors to drive the pon in .~ach'a~is • . -', . . . 
• p -, '. • 

The di~ital inpu~ is.~ecodod lntoan~logue,s~gnaLs which ~r~ 
. , . . '. .... • I .• 

'applied across t~o 'orthogon'al sHde wlr'es. The' varia~co. f~olll 

a~Ull conlir..tonon t.e ;H~e 'wire:i~used as t.he input 
. , 

5 i &nal,to thoscirvo II.l2pl i fi ors and· sul1soq'uent ly to the servo 

aotors, Thhal~ws ,tbe systoll to a~lUtclY, add~cis~nr ",. 

"For 'r~ro~at ion.ov~e,s :WI~h th~'P~..,II~ ~P.,' 
" 

pOInt' 1'n .thop.lotarea. 

thi's rcsultsln' savings .again,for the sa.e reas.o,!,_s as givon 
,,' .. . . , .... 

'ahov,e. fp • , --, 

" . -. " 

fol1ows~' 
.- "', 

.1) , 'His • oquipped ' with ~n ,eight, pen turret alloiting 
___________ ._f"'---~-- -----:--.-----~--~ ~ 

.\... . ---',c--"--'-------:--.- -~- " :-----.. ~---:-.--
/ ' 

\ 

: " ... " 
, .' 

" ' 

""'. 
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softwllro' s~loctiori 'of' \'i'rio\ls I inc wJ.~th5' ilnrl/,or, colours. 

2) The I'lottcr'\~ accuracy is ~'O.05% of fui'l sClI,le " 
, . '-

:'1 hit o.r full sCllle count., 
I""'" 

, 3) Thol'lot'tinp,speed is a funcCt,ion of the inp~ ,~ata 

tliu \~iS~3ncc bct\lc~r: 'rlottc,d par'ts. ,\ 't',vpicnl plott.-

ing rate,is"in .the/orier of one,hundred and twe'jtY'inches'".-

per ainut,e; '~'" 
I 

-' 

, , 

Thore a're 'several design fentu'res rel'ated to this 

",tYl"o,of "p~otti~g forlll~t' tlat prod'uce',an'adve~se ~f£:?~ on its 

pcrforaanc'e ,in ~,torl:linafi'envito~lIIon't. One of these i-s ,the " 
;":~" . . :-

",ttllle intot:val' between, p~otte-d points. Th,is irregular input. 
• ~ ,olo." ~ .,.. 

rate t:e'1u'lro,s '~.!Ifforing the data and ,subsequent sorvicing 
,- . '. . . 

.' ., . 
of ,tho plotter, i~~ut roquiren~nts ,via the l~(errul't facilit~. 

. 0 . , . 

Anothe,r feature is "tho, Open lOOp . .cont ro I forthei servo 1II0tors. . . . . . 
,- , ' 

, , '" ~ , 

Thorp is no feodback for corrjction,ofe~rors resulting frolll .. 
'" 

" 

allplifier dr{f:t.' This requi'r,es 'an oxtensiv.e'warll up 

:~,ti}biH:e, the).DIIPlifiers.' Th,o dosign Of ,t,he servo 
" , 

tim,'" to 

dr ;ve 
./ 

, , , aApl Hiers i'ncl~de~, two' fina I' s ~'";.ge ree~ re iaystha ~op n 
• ", G 

clrcu'it i-hotnput 'to th0501o\,0 a~pIHiers. This, was in luded 
" " ' . " , ' , f, 

,. 
,t,o allovthe'tJ'an~lent signals',in)Juced'vhen, theplottcr' 

ex~c'ut'os' a ~odc' Ching!;' to. be, passed"th'io'ugh. the: systeim wi 
. .. . '.~ .: ' - . 

" 

, ',affectill&, tho ClX'ft pC»ltion. 'Theso reed relays ca'n 
... ' •. • \ . . Ii. -

" 
,<:: , .. 

- ' 

'open '£0; ·.'s1 ong as two soc 
'. ,. ~ .,.i . .' 

.in rapld 'succossloncan-nsu.1t .in 'ii.'buffe'r overflow and 
-.. ' ' 'L " ' , " 

'suhsequenuylo'stplottor datD_whi Ie oporati,ng on,-line.' Thosit.., 
, I. ' '".,-.. , -,- '.," _.. ' ' , ," -", , 

'Ia!<t t"o' faau(ru added-to tho complexity (nnd',the expense)': 
• ' • . ' -. .' •• '. • / •• ',';\. - •• ~::-- ". • ¥ • ..' 

for tho devolop .. ortt' 'of '" suitable il\terfDc,o f'orthe plotter. 
. '. , 

n,d • 

!i, '., 

~, 
• I .• 

, , 
" " 

... '. '~"I ' 

--, 
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djc'rip~iCthis i~terf 
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clesienod hy, the ,nu~hor. is included in ~ppen ix F. 
, 

.~ sccond hn.rd7opy dcvicc,t'(FiguTc':S.6),J,s a 'Calcomp 

5(,S-.t>"~lve in~lr·d~ur.l plottor.', Thc imp.~cmc·ntndon of,this 
. , 

• • II ' \ '. 

plottor is ~t~ll 1n progross nt. th~ tine of writinR. thus no - ~:,." -
I " " . 

"S;sess.",';rit; Iof'its, actual perfon:lIl(lce,is availahlc.' Th~s,. 
. .. 

'. ploner is a type "that, has a fixed 1'10-1: increaent,which 'f. 
'. J" 

dictates the 'lnclusi,09~'Of t,he' interpo"lation' software to . be 
. . ' .. -. 

resident~n the locar,processor in the ab~encecpf Dediu .. to 

'high data coftJ:lunication rat.os; Chilracters plotted on this 

;lot~';:~Wil~b~g~'~e!aicd ~ithsoftwa~e. ' Coap'lete, dl1tl.il~ of . . 
thc interfn~e, design~d;' and developed ,1Q. this' ;'ork,betw~;en 

- the C~lcoap plotter and tho POp8 are giVen' in Appe~di~ G., 
. , 

, ,Th'!! th\rd hal':.d-cop.y device' in t~ci' Sy,stCII is ~_ lIicr,o'-
'/'1.' •. 

" fU", plotter. . ~ '. 
This picitt~\o ellploysa hl"gh rcsolupon nqn-

,storage '"CRT JIo_un~cd in a 3~ 2000 seri esprocessor ,cllmera,_ . , 

, " 

"l_ .q, . , I ' . 'c~c-, . " 

T .. ·.i~ prOduCC$'3S~illiIllQ,tcr~oga'tive images of thc;'~RT display, _ 
.. ' '. . .. \ '. . 
--: li,,_ ". ..' 

countodro-rt-a. standard 'coiaputer ,car,d (an aperture' card') •. ' 
" I .. 

'Thh ploHe'r,is 's,lavedvto'thosam. scope,c,ontro'llor.as the, 
o. 0 0 '. .., - • - •• ", 

· Toktion iit'6i ls.to~~ie tube display 'doscTibed'abii,vc. :, Tlli s 
o· • -,' ~. 0' • ~. "".- ~ _ • '. 0 ';" •• _' • • - .(;), - ,",' 

F lot tcrW-Il!l lIIanufactured by Ferranti PaCka~~' Ltd..Qhe 
• ,~ ~. 0 o. ' 0 

~ 

, ,', . . .. 0...· . " -, .... I • 

· ohv 10us ladvantalo, of·. ~hh type of s><sua i5" t'he: opciratina, , 
• ....:' .... _ 0 • 

,~s~cteaWhi~h is onlY 'limitedbyihed~splDY ~at'c or' t~e CRT • . ' 

- , .' , .' 
__ iA. disadvan,taIO' 0.£, ~his mitdiul:I, is. the need for' an- add~t.l,o!,~l. 

\ . ' 
1 ,0. • -

dhji.lCYdevlce to Y!e)lthepl~t. In.ordcrrt.o compare·this 

pl~tter'spcri~T'iia~ce v4 til' a 'co~v~ntloni'! plot' the aCFu~ac)':, 

'l~\ rofe,renced' to .alS ~tlm-C.s IUlgn if 1 cation, of the '35 QU'liJ:lotor: 

, .- ' .. 

U \ '. ,.' ~ •••• - .. 0" .... • • 

· . f!'1l~ ~el.tHo: Tllis',c-or,r,CI'Spond,s'to a drawing'- size of 23~·4xr6. s . 
. \ . o. ' . ' 

;.: 

'. 

'. 
" 

.' 

. ,.. ( 

, l' '.-. 
. I .' " .. 
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inch~s. At this siz~, over a 12 inch sq~are in the center . .: 

.' of: tro, print, the a,ccurac~' is - 0:5"0 of 'the:, distanc,:, from 

e 3.C h a xis ~. 
\-' 

O\I;e'Z;. the lItho (cc 
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j " .. ' • •• '. 

dra",rng :Irea the accuriH:Y is-(- 0.8S'o, of distance -from'the center of . .. . . . 
" 

,r' • .., print alun!!, each axis: Tho addrcssalolc' resolution is 

0.002 in~~es and ihe.lin~ ~idths ate 0.012 inch~s and 
; c,· ... 

7 .. ~ ~.., 
0.024, inchos. 'C,omple,to operating do.ta\1.'ls of tho in-terfac,e, for 

" ... 

'the lIIicroplot,torta'the PIlP8aregiven lnAppendix p. This 

interfaio was constructed by Ferrinti Packard Ltd. 

(-c) "ColIClunicat iD,ns 

'Theoper'sting systcl:1 for ~,e EDIT ter,minal has been 
, /' 

'de~igned to nllo~' comllunii::a:tio~ het:"en' the'terminliland 
.. 

,throo exter~a!' dovices.These are:' '(l) the hos,t tim'~shai-ing 

s~·st,eJ!l,. (2) anoth'cr t:eraainal (Coi:lputek 400) and'(3) n, rini,-
. "'--.' .... -.. .' { ...... , 

cOlllputer ,used toi:ontrol· a mi 11 ing P\n~hid\~-The'(~'ardw"are~' :, " . . , . 
, ' , , \ 

t~ accol3plish this is an extens,lvC:,ly Clodi fiod DEC pi0811FX 

'asynchronous interfaco. 'Thi,s interfnc,e' '.fas ~odified to allo'w 
':. ,/' . ,.' . . 

,c,olSDunieationhics'ofllO. 300, 600 il'o!l4800baud, and to 

accoa.aodat'e charactor blocks of 9.5, to and U"S .. bits., The 
• 

nonstll'ndard 9.S blt cliara'cter:formllt was~eq'uired'to,achiove 
. . ~ "'. ; 

coaJllltibl11ty,wlth the Co~tt:~l D~tca (orpora~ion cOlllmunications', . 
.' .' .' . . '; . . , - . . . .' 

handler. At the p,reso,nt ,tiDO tho te~lIIinal,.to-host, cOlllputer 

coa.unleaHon 'is ,conduC:,tc~ vinthc telophone linis at,' 

c:~'u~l'cn t ion rAtos of' 110 a~d' 300 baud. T_hose l,ow speeds" 

'; .... 

aro th~ ~nly tvo, ra~~ssu~p~~~ed by th~ £oniroJ'Onta Corporation 

. 
, ' 

, , 

~: . 

l, 

, ' , 
"," 

:-. ," ,,~ 
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The I'lodem selce'ted was an Edmund N~wh.nl1t~io,dcI 
\ .". 

,9hif~-kc)'ed acoustic couBJ-e-r for ,~oth full: a'nd 

112 frequcn-cy 

half duplex 

. .' '. - . . II'''· • 
tri!n~niss.iOn; EIA ,RS-232 compatiblo.' ,The oth'b'il q'!i.0 doviccis' 

. . . . . " ~,",: 

nrc har,d."ircd to. the. EDIT torr.1innl, op.orating 'OVeT n' rango 

~f'''P~!dS dcpend~n~:on', t.h~ :1p.plicnti~n" Sine,e the PTORBFX i's 

a ~inglo p~~:i' iote'rfnce t,hu ,nitornnte,' devi~es nTc sw'itched . . , , . . 
,- ,'into the' port as requiTed.' Complete' details of the modir'ications 

" requiTed fOT the PTOSRFX interface nrc given .in Appendix'I. 
" 

The codifie-ations wo~cdesignedby ,the nuthor • 
. 

The low tommunication Tates ofllO nnd301l b,aud 
.r .• ,', ,. .. 

, avai lablo on· the i~:-houi.e. timesharing systec had' ,tlie beneficial , 

ef~ect afforcing ,:;, .cons'l,derablc ,effort to ,.d,cvelop an officiant 
. , .... , .. "",'} " 

co'I>Clunientions str.ategy.-thnt minillized the infQrmntio,n flow 

betwee~ procossors:Thisis consistent with thodeslgn'criteri~ . } ~'." -.:,. ,,' ~ . \ 

of 10~' cost, and rorllh~, o'peration'n'l ~'n'pability. However, n mo-re, 
. "' .. ' ~. 

deS'ir'~bp .. ;yste'I'I,would 1 il:olY' result fTOm comlOlunicatio'n, 
'. \ !" " " ~. 

rates in. t'he ot-tlor of- 1200 b·aud., ,Th'is Tate is still below 

the' point where it'be·co.es 'nocessllTY to 0111'10)' .expe,nliiver 

aod~lIs and ia~~cd lin~s. ', .. 

'. 
, 

(f)' ~~ss Storage novice 

There.ine four diffeTon~, d,avice's' cOJllIll'er.~iallr D)faiiab1e 

flor tho in-ter.inal- Tetontlon' of dat~, files •. These at:e:: :. .. ~, 

(1) add it iOlra'lCO;e ,aellory, h;llyond th.c' sys:tcm' 5 proccts s i,ng. . ..~'" . . . 
re"l\uircllcnt5;· (2) discs<;>(incllJding fixed head;' cartridge· 

. . . , '. ~ . . 

, 

" 
:), . ...,', . 

~ 



-. 

, " 

'. 
, ,. 

r 

,disadvantages. 'T,he core, J1\emor~ has the fastest retrieval 

t),l'le ,hut has the hil(hiist cost' per unit of ,storage ea'pacity. 
'. . ~. . \. . ~ '. . . 
Discs arb th~ ne~t Ja5test system but have t~e hl~hest ~ap~­

... 
t~l c05t of tho systnmsdescribea. Tho usc of'industry 

"',,'"'l'atihlc,"'agnctic ta;Jc h}.~ ~he' iitlva:1t:lr.r. of (limited) 

tian,sport'abi Ii ty' blltween eooputer's)·stems,., bU~, also~has.;, th.e 

disidv~n~a2es of being,expe~iive. slo~and strictly a linear 
", .-

73 

QediuQ. Paper tapo is inexpens~ive ,but with a, irerYlow,reco.,rd­

ing d;nsity; a ~lIIall IIlIIo,unt of ,stored dauea!l produce.: a , 

great" doni 0,£ pa~'er tape. This is also a lin~nr st'orage,' 

lIediui:l. ' Cassette 'tapo uni-ts are.!nexpensive. the stornge 

eff~cienc:r ,is ... high but th~ynre mac-hlne ilependen,i. rJ'hese nte 
, . 

bQ,t'h 'linear. and rando~ I}e.ce!<s depending upon: the recording-

'formaci"of tho Danufac tur,O'r. 
.' 

In addition to core storage in .the PD~8. the 

,mass stoTa'ge device sel,ected for ~his terclnal 'is,IiSYICES .. 

,C("'IPU/tORDER' 100 'aagnetie tarC:cRs,5ettetransport. 
. . J~ . 

Thi's' 

" . 

" \ 
(.- . . 

partieulu:', sYstem cmploys' a recording str,atbgr thai makes' it" 
' . 

.. 

, ' 

'", . 

• 

o £ .anu f;u:turors,' rO,cord tho dn tIL on bot'h trilC:;ks wi'th', para 11 ei- >-
.,' "~. 

rq,dundan'c". 'on·~·'.anufaetuT:'T of£!IO~ts' the. secon,d track. , .... - .. . '." . ~ - -- .. 
c, " ' 

The jus ti Heatlonfor redundancy i ~ .improved rIO HabU'i:ty." . '\' . 
'-. _ !J 

The S,YlCE9I\y~ te~ records data on'on:o ~tr,~ck On~y:.,T~~ other 

tr!lek cont:ain, prtii"eeordcdtnpe addresses in' tl!e forlllof 

50que."U·s i:·bfnarY· nUlibers,.~s,in·g ,th~' SUPPl'i~d 'software. tho 

, '. 
( .:. 

: 

. :-
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" 

:tddrcss track may"he used to di rc'ct I, acccss these ·recorded • 
addfosSC5 and, thereby, the relative.p~s)tions·~n the ..' -

adjacent data track.; , 
o • .; " 

:rho dat.n trnck is ,recorded at 1000 bits per in'ch 
. ' 

There :!TC thO ,Laa ;r-c~CSS ::lodcs fo~' .:1. . ".~.i~6· Jlna.s~ Tl,ouula-tion. 
, ( ...... 

data retr'ic:.tta1. 
, . . 

Tho first is'~ shaft· encoder wltich'g~neratcs'" 
) • , .. .' J ,to • 

~t{ISCSt.h~·t c.c:'rre.spond .t,o 'i~c rec'or<!ed ad,dress locations on 

~a~e~ .Wi th the hoad :retra,!=t.ed tho tape is cO~Ts,e~y' 

.'. p~oned at 100 i.nchos por second hY,monit.pring the' number 
" . 

of pulses' gi,"or~t,~d byt.he sh'aft enc.oder. In the seco.~d' , 
, .. 

ac1ccss m'od~' th'e h~,lid, is' t.hoJ)'lower~dand the' ad'dr;ss t.ra~k is' 
... ' ~ . .: ... -.. ~. .: . -.:, .. . "~ ", .~.', ~.. ..' 

read and veorifie4~ 'Thus' ·'it.··.iS possiblet.o 'elllploy t.I1h unit 
. , 

in a disc-Hke fash;t-pn. ,Dl!t.3 is read'at 5 inch.es ,per second. " 

pr~du'ci,ng a datil tr'a~'sfer 'r~t~e ~i S~O~it: per' ·sec:~nd. '" 
.,' 

'. '.-:01 

The intcirfnco f~r t.p"is ~nit va-s supplied by ·t.ho '. 

nanufacturer. " 
, " 

" 

• 
Tlie cassette 1"5, !In" inexpen,sive compact medium by":' ,: • 

" which each ,tor"-inal Jsor'C:3nrc~or~d 

rotovant t~"hlspartic~~ app';ii:at'i,on. 

ret.tiove d;ta.~ile.s '. . . '. 

] n~c'aeri,t mo~ths there 

hnvo been a' nuaber, of ·;flo·ppy".dl;SC: sis.tollls' rol'a~'5'ed. Those' 

, . 

" , 

" . -... . . . " - :, . 

systolls ha,vo .o~t. of th~adilal'ltaies'of;the,':(:assette Syst~ .\ln4. ',. 

in lldditi~n.' havo tru~ randolladd,ro's~abi1ity ~ith Sl~g~t~.' .. 

• faster data access t.'illes.· . The cost 'oJ thos.e, units aro in t.h,o 
> .. - . 

same ~ango as the cassetto tr~ns~ort~' 

-.I 

(h) Addi~ional Hardware ./' " 

" 

In,addition.to the devi.ccs ci~si:ribed , 

, 

, • • t_ .' 

". 
...... ":, '. 

.. ' .... _ 4J~ "'\I"'~'-"""""" ~i.t ~':Io' 



," 
-,' . 

,7S -
• 

, 
above, :is equipPlld with eight channels ~ mui'ti(1lexlld anal,ogue 

, .. 
c to digital conve,rtc-rs;, threc .:ha.linols of iligita~' to analogue , , , 

L 

conycrters pItts a sync pUI'se· output· I in·c .• 
, This sync'pulse, 

. . . . 

has.bee~ employoi1~cidri've a Bolex 16 'mUlimete,r moi,·ic. 
1 .~ 

·":t",~T" "!'o~' ~he pr?duct i'onof COClputcr sr!:nel"iltcd aninated· 

• 

. -. 

, . 
tlo-vies (Fig\ll"e 3,7)."' .. 

T'his section has dealtwi~h'. the hard~a.~e. el'emonts 
'. 

,. 
" ~ t ". ~_ 

that 'have :been,.integl"a~.ed, into a ·computer termiilaJ ·for' the ,.,' 
•· ..... c .~,' .-_. 

• • '~'-'-J:--..:,.' '\ 
purpo;i'~ .. oicoDlpui~r~'a·ided engi'noer,ing d·os,~g'n •. " The .c,~oice ,,"" 

0'£ thllse elements, has,' heen SU~jec'tiv;lY"CO~"a~'ed~'''ith' P.oss1l;le' 
.s. .' ...'. . .. + ",. • .. I· ., .. : , ~ '; '" ~ 

l!1t.ernateco'J:lpon~nts t'ha~j, could: be -em,ployOd ,to aC}I.rI!V!! '. 
" .. ----. , , " .. '. / , .. ' 

siailar calhahi 1ities~. 'PIC su~sequon·1;:. s'e,c;tion w"~lr desctibd 
• I , • '. ( 

tho .software reqti~re'd .for th~, terJll.inal (j'esi,gn as well as . " . 

comparo. tho .. ca(iabi.liti~'s cifthiiSYsto'CI' with ;~h~r' sY~ti!4i. 
• t ' ') r... 

' .. 
.' 

de!iigns: " . '" . 
• • D' • 

, .' 
,3. :2;' Softwaro Sys tems 

.0 

(a) 

"" v 

Ter::Ll Syste:for~~n-Lineoperation. ,\ ,.' > 
'~1'.,r ,'. , " j; .' 
. •.. The "bollplote' dosi gn of. an i~te'l Uge.nt, tor~inal' 

" 

l' . • ,. , 

i ~'cli.i.des tho', d.t's i gn nnd ':'evo'l op.liten~ . ....; 
f two Intorrelated 

.. : . ,. 

~ sOftva~.~ '5'.YSt~IIS~,: Onoof those 

. ,\ng. s1atoll! for the torll{nal'.s ll~niColllputer; 
" 

' .. , . 
con t,itutes 'an o-p~rat-

~ho othersys~e. 

(1111'10 sc;al el.coJ!l'u~~r.:~ 
~ . , " 

. Tho tor.inaJ~s software siate • 
• 1 ' • .' • '.- • .' • 

consiatsof t.wo .. 
, !lOpDr'at~ 
. .. ~ 

suh.sec;~ions; thi ~n-linoop~rRting srato. and th~ 
. ~ ~ I _ 

.... 
. . ': 



• 
. , 

"" CI -.-
01 ... .. 
I: 
~ 

01 .. 
CI 

: 
.." 
0 , , ... 
> 
'0 

·X 

>< 
0 -0 ... 

.<: .. ... 
:a 
51 .... .. ... .. 
>. 
III ... 
• --... 
51 
k 
CI 
I-

... , 
• 

." .. 
k 
:s .. . . .... 

110' 

,. 

• 

. ,,.,' . 

'" '. " 

" 
oi 

<~ . , . 
\,:' ' '. . !,:" 
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" 

,tj,n<l-alon.p ,operat ~nll-sr:;telll: The on: 1 inc operat'ing s)'stc!r.l 
~ 

',''''~C5 the d:it~qo ... ar\d ,'control,s ~he j'criphera"l func'ti'ons" 

• hi 1 c t Ile",tenli nn r is work i'ng in conj un~~ ion wi th the large 
, .. . ~' 

,~:dc computer~ s1t'1~larl)'. the st~~:I:I·ohe s';stcm,'is 'used 
'/ '" , " " 

"" :"nt,o\" the inte,n,ction of"~'i,e 'pc~il':.,cral' devi~'f~s., ~ut 

old \e the terminal is' func'tioning independentlv of another' 
- \' I ' ~ , 

, , 
, "_, .f' 

" 
,J ('''''pu,t er. 

'T,he nature of the :i~rormation communicat.edbet,ween, 

co"'puters WhenO\1-line'natu~~llY divide's"intot'Wo lD~jor divi'sion~. 
\' . . ".'." ",' .. 

" 

Fi n t. conVOT5a t' lona 1 inform'at ion bO!Jno for 'the, 'user t~ ',,' 
\ . '. ----........ 

'elicit 'sOlDlI "forll ,of user response and nonconversation~l informa-
, ... 

tion bound for a poripheral devii:,e (el!:~cple: I!raph}Cal!t-ata~ 

~o~the' CRT dlspI~Y) .,' Th~eHiBent,~erminal is tii,us aHe, 

to decodcP chatact ciT 5tri nRs,i ritorpret arid di :tee ttha t,inforlDa-
• • • • •• -' :' 1" • • • • 

,t ien 'to 'the appr,oprlate device. C9nv.rsaiionat, text for the 
" t> 

. '-... i '.. " 
user is transClft.~@d to't'he teletype w~ile (for example) graph'ics 

, ." --
/1'5 displayed on the'CRT,~ On the othor hand anon-ititelligent 

; g'raphlc,~ tOT.inal ,1I'ixes'bClth'forIiS of: 'commu't\ic'!ltioil 'onTtite" 
',,_ . ~"",: . .... ..•• .', ,..Y 

sace de,vico. ,For a>'5tot:ar.e-tube'type, displayterlllinal, t"i's 

'%'O'Iu"ires that tho"o'ntlre graphics display be crase,!. in order,_ 

'to erasG and o,ver"T~U!'the' converslit'iP!"ltll'orti!lri. requiring j 
, '"" .' . " , ' \', ' , 

expons iYe'sof'twar~:Tegen~r~t..ioJi' of the .Brapl\·ic_~ up ~o the, ,'0 jl 
poi~;' o~nteTr\lpUoD' in tli,e, .'E9IT pa.ckage,' systell \ dUlino,stjS 

'-'gen,crated indep~ndenU~ of, til" uspr', s pro nail e,an th~! he, . 

, re,c~"nizod ' (as Dot' _b~inl ~f,c.he _ c~r~CI!=t, forll):,and 'irans"itt8~ • 
'. • : .. __ .: .',". '"-' "','. • • ,.'. _ '. • 1. , • '~'_.: :" • ". <l .... 

to tho uter ftiT ,(osjlon.e.>' ,the nOJ;\ .. ,int~l1ige~t. sy;~;tc,m, on. tho' 
" . . ".. : .' '--. ' . ... . , . 

. • - I ' " ' . 

other I\'and whUe operat~n'B'.fn,. agrapl\~cs !,odej"normally 
.' . ,.... .... . , , -, 

" , , 

- , 
" . 
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. h '\. ., 
, 11 t err r·e t s t· esc char act c r s t r tn Z s a s va i i d P. r-a n h'i c san d 

I,,:: e:-:p~S tCl ditp'la.y the"::!, ns sU:~l.·'T'h" intcnt o~ the ClCSSa",&\ ? , ' , 

(, u5un\1y, 10,5t 'in the ,re.sulting: gra.,'lhic~i( di51!{U)I., In t~«:. 
. ' .. ~ .. 

~onvcr5ational ~ode. the 'loca~ ?rocessor ~pp!ars transparent 
~ , ., . . 

\ . ~. .. .', 
.~~-~ ~hc usc!" .i\t the te\ctYP,ci so ~~~:l.t\ i,ot :qrpcnrs ,to t·hc user 

'. . . 

. ' 

~hat he is ConQunicntin'g,diro~'t~: w'th 'tho c'entral,computer. 
, ' 

: 
The non-conycr5ntl.onal inforroatio~exchan&cd between 

. . , . L 
CQ,"puter.s' i.lI distrihuted' t ... ·.tht; :npinopriate device"via a 

-, 0'. ... 6 . 

" data switch., T~~ASClll . FORI:' character"/" (code 1~4,8' even 
. . ;-... . . • ,. '. ". 'I" 

pilrity) is uS.,ed.asthodata .switch to trigger a JIIodfch"ang"~ 

fo'oJ" tho to~"inll'l:the next. charact~r in the 'block 'thendirects) ... 
the. software }la·inter t'o the apI\ropriate address that corresponds 

to the 'start ing' ·a.d·dr.ess for. 
~ . ~. 

~ond charac~or .. following 

the selected d~vic;,e'.~andter. 

t.he form charllcter' i~dto . . 

:The' : 

select 

peripheral options",Thus, 
.:' . ~.' ., 

. .., .. 
a~iClesharing syste~·supp~rting . 

64' cha:3,cters' can support ajl.·ecl\Ial number' Of .peripheral-s . ". ., .... . '. , 
o~ch ,vi t1\ ~p. to 64· oporat ing modes. These" ,ch'araeter assign-

..;t, lIenuvl th a :br iaf des.~r~pt .. ~'on 
TtJsponso aro~d~scrili~d bol v. 

. . ." 

of the oporati~g system. 

•• to • 

• , . 

\ 
"/~'(1'348~-St~Ti5 the CRT 'disp'lay ,and i:onduet5c-'~ll 

. . . ~ , .. ., 
incoll.ine data'tO""tlie5C:0l~ .co.ntroller vlD;1I ·b~fferareB.T·he 

. ASCli'" eharacter.s . -CAR~IAGE ItET~~N (~8) and LINE FEED (0 1~8) 
" -. a're s.trlppedfroa. theil'lpu.t dat"a.strealll, ~i~ce tbose . 

. , 

. chllracttirsvould be 'i'nterpl'~tod a's y'-:lld grapMc:5 'charactors 

... -..,' 

fol~ollm~n;~Jion Informat ion ~nt~rcha.nge. 
( . . " : ...... 

. :';.- . . , 
. ' . . ,:' . . 

. ' 

I. 

" 



• • • ", ...... -..... " .. 79' 

. ' 

"1' 

' . 
... ), the ~co'po 'control,let:.' 

,'1 (244 8 ) -S ta r t s. t ht· & raph i c s, d i sp 1 a~',and . th~·. c....,.: .. ~:: . 
\'~I c'roplott·c" .• , Thft .onl~· d1' f[~rcn"c~c-b" t "tl . d' f'·' . ,. ~ ... c ween \ 1:5 mo ,Co 0 opera.;. . ~ , · . '. . ) 

t ion and, tha,t· described "... . . 
all,ove is, thin a copy of: the, di'splay 

, 
, " 

,:!(2'77 8 t-; St.n rt 5 ~he, high speed paper tape punch. 
, ." " . , 

".Tho rec~{vcid'.dat~· st'reailf: .is··punch.cd on t,he high 'sp,~'odpunch" 
. .. . '. ~ . 

,- 1.<241 S}1- Starts, t~-; 'diSiti;~~r. Coordinat.e ,data, : . .' 
•. 1. .' I ". " '. . . 

generatodb~ t,lle digi~lz.er is',:rc:1d:'fl'olll t'he interface in BCD' 
• ••• ,.' - • I. .~. • " 

, -
Thcse char'a·c't.ers ar·e converted'to .(Finary, C:od,.e-d idechllll) code. 

, , . .' " 
• - I . " 

for transmi~540n viL,the pt08 
. , .... . . . 

~ th.e correSJl'Onding ASCII :c;o.d'e .. '.. - , "'. 

output ·ch~nno~., Si.nc~th~re ,is: a 
'", --I • '.' 

par\lil· p~ the ·digither., the input 
. '.. " .' e..' ' .. 

by,llhll' di_ither consist, of t..-otypes ,--. coordi!late 'data 

keyb.oarll· ~h 'the cci~t'TOl 
. :" I.. • . ·.f 
Clo4-es for ,data generated' " 

\i " 
't-.... 

. (b~oc.k, .o~ ·.t,,1'1 cha'racters) and hcade~r data '(blocks ofunspocifie<& 

"i'ctngth). 'Th'csC!",C''lBJ:acters' an 'read ··int,o. 'a 'buffer area in' .> " '. 
'tho lIin icolIPIl.t or uSiJli th.o intorrul1i' faC:ilitt. Aft~fr .. each 

. "', '... .' ., '. ....; .. .. . " ' 

~haracto"r''has. b8~n" p'ro~~s~ed, , th~~~'4fu~~lll.htffrs ,,~ time ,lOO'P;' ~,,:,,~,;:~, 
i (:rio~'intorrupt qccurs' dUring th'is, loop the buffer is emptied 

, • . -<;. ' 

and~~xans~ltt~dt~~tho host cOlDputer~ 

'Deanl th: ~oord{nlltl' data: is processed 
· '\ . 

To thc'u'er, this 

intact as a complete 
· ..., . " .' , ,-". . 't . ' 

bl'~~k' o'f"~\l charac't,ers ciulprised ,of 4'intcgor nUllbersfor~~ 

~-co~rdin;t.~ a space •. ,." inttii~r ~ulDhers for t,he V-coordinate 

:nd a: spaco: whil~ 'header d~~a is pro~css;~ fblOC~S o'f':~~ry-
o ~ . . 

ina length •. ' Sinco,tho character goner,tion rate of tho, 

dig~ti~o~~stand~i.lY·fasto! .'than 'th'e 10~ 'o';lIun'ic~tion 
", 

. .. ' 

-, 

ratns botweonc:oIIPuterS, the uscr ·.u'it· bo catit ous of'overflowing 
.~ .. 

• 
, , 

• " . '-.,' 
. ........ 



--

, " 

" 
' .... 

. . . , 

. " .........:. SO' 
~ 

o.!; ". ,'l '. 
• . • '. ' II 4 ,- _ .,( •• ' .•• ' • ' 

,:~,~ huffer and IO:;ing dir.it i:"d ,dat'". , .? . 

, . 
" 

, ~ ", ! ,'- :.. 
.. ~(24'6S)' Start-!;, ih~,.c.~ss~ttc transport,'in the r!>ad 

::-"dll· ~hc"i ,",cIJiC,eljnndler pos~s .r,.,oucq' ,to 'the user 'on the 
, L·,',. - '. ',\ 0 ~~_~. ' . 

tc,lctype-requc,stinr. '3 01" digit tap~ address ,for the_,data record 
" ' 

i~ sigri-i.Hed'hy 'an' '\SCJ"1,~io, (243
S

) character" as tho last 

'~~n~3'c.te~"'i'; 'the ;5t~rn'g.'T~i"S ~hBractcr is transm~tte.r to tho 
" . , .• ' ',: •• ," ".r. 1,___ . . 

'~,o,st cOl'Ip!Jter"t()~re-.. initi'a:I'ize the conversational mode.' • 
. i' 

:(2428) ~ ~,S~:tt;t's, the c~s.scne transport in the:.wri to 
'. ~ .. . 

:.;.,. 

"i node •. As ,with .~nll·rend, oill~ra~ioJ\! tho user 'specifies a 4 digit 
" "-

'taplI add,tess' at 
, , . -tpc te-Iotypc·.· AI~,.jl"ost:c9mputer activi'ty, is 

suspcndo'd\until ~ho tape position has' boen,.'locat.ed and t'he'tinit . , 
is roady t,o' b~gin to write.' Thoo loc.al procc'sscir. '~hen activates' 

dat~ trans.ission b~ t'o ~o~t co~puter • the input ~aia is . '. 

buffered into 400 "ord' bloci:s ',and is tran.sferred tb the' cass~etto 
, ,8 

tapo when tho buffe~ is fuil. Tl'an~lIIyssion of an ASCI I , 
~ , " 

char.ctet Mill causith~' r~cording of a'partia~buffor, ca~~e' 

,the tape'to 'be. ,rellound' and roturns c,ontrol,to tho minic.omputor's . .'.~; . ,- ,. 

':-, 

'orerat~ng syst~ •• 
" 

, ~(2478)'- ::Starts tho flat-bed' plotter. The' i~p~t 

data is dec:odedand.bufJ~red 
i . . ... ' ... J •• -. 

ruffering .t9r.at' is re'l'Jirod . ~..' " ",' . 

into a 'circular 'buffer. This 
" \ 

as a conse~uenc~~f'i~e IIi~ely 

variahled'a:i'a. acceptanCe ratoof thefht-bed plotter. ' While 
. 'H~ . - .t, .' 

oxeeut-lng a ;d;~~ing ,IIi th the' pen down, mov Ing thro,ugh .slld i 

i n'cro.en~s . the data '.cC:ept.an~ .rateis such that tllo ,processor 
. .... . . .'.,' ....... .. ',.. . 

can virtually tht:0ughputtho input chll,Tacter stream. However, 

• . when, the .pl/lt i'ncreJllent .. becolles lat:ge - or the plotterllode 

" <..:. .• 
- ~:. ,"'---~ ': ' 

,r 
" ' .. -

" 
, . 

J' - " 

. 
'g ... 



, ' 

o 
/ 

."' .. . , 

" , 

" 

• 
(Lc~,from printer to'pc~, or shoTt,lincto lon'R 

, . 
line) the acceptance Tat,e is drarnaticaily,,'cd,uced. Thi.s 

. ' 

a 1 

force,~ aU dat,n se'rvic:ill/ for the' plotte.r, to be .conducted under 
" ' 

th"c J.nt'~rrupt ;;ervicofncility.The circular buffer is a 

. ' 

~e~ory 1<~at!on3 with a iillin~ i)ointcr 
, 

and-an :emptying pointer; 'Thcsepointeri nra',i~cremented . ' . . " . 
,wlien the. bu"~fet: is 'serviced, and ar,o tested aga,inst eath ,other 

" .. " 

to .. prevent, buf;.fer overfi ow and, to, fl ag an 'empty Duf{er. The 

useraust be cnuti~ned agains~ structuring a grap~ics program . 
that s~hedules: a nu.ber' of plotter ,mode chlL~gesin rapId, 

suc:ces~iaD a~,th& buffer could easilvovorflo~.This sho~t-. - - .. 
cODtnR is re$~lv~d bi'employ'ing the plotter i~ ~ def~rred 

• • (J, ,', ' 

Jlode'. 'This operat'in'g for.at is e,xplaineil below,. 'The input 

ASCII ~ha~~cters are cODvertedto RCn.,(hinarycoded decillal) 
" 

before t~ans~ission to the plott~r ... -:-. ',"" 
, , , 

. • .' t ...... 

~(24S8)- This characte,r tr,ansfe,rs the contrpl"o-!' 
" , 

'the .inico.puter operating ~~;stoll,to an unused' ~lO'Ck O'f core. 

, This feature allows the usor to-'pr-oi'riliD"ji-spo-ciaTlzecI,'I:equir-e-
. ..' .' 

IICl1t fo~ a 't~T.inal application. ,The user has tvor~,quiTt;- ' 

Donts t~ ~ulfill 'in exercising this optio.. First. his -

.. , 
.- .~ 

progra •• ust trans.it aChafacter ,to the host ,system ,to 
/. " ,. ... 

, 
• ieinitiali%e data t~lrts.is;ion. and secon~. th~ last in~tructicin 

, . 
"in hi~~ progr~ •• ust be,. return jump ,to th,o' ,staT~,n,g add.l..ess 

of the operating ,s,-sto. ~2001l)' The ,host proc,essoT datA' , 

gonoratioD' aGtivities' are ~usp~nded fo~ the period of tilDe 
';" ., ,. 

I' , . 

required, £o.r tl\e loca,l processor to perform all' requi rod' 
, , , ' • I 

runct'ion~\;' This i~ ~c,co.pl1.sh~d 
j , , , 

• "' , ,t, __ • . , '1- ' 
',: , 

, ' 

, , 
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. 
in!o·.a'READ operation,for data on tho P]D8 out.put channel. 

\fthC: tiac duration'of the local pro'cessin&1 is known', 
, 

prodsely, ,'then a. lIIuch .~re effic'lent (i'n a c'olllput.er s."ense) , 
. ..... . , . '. " 

approach would be for the ~ser'.S applisat.i~n progra~'to • 

schcdul.(a r.oll-out, froa tho, ~entr~l proce-'5s'or.;ort~e required .' 
. 

t.inO period.' ( Th~: standard' optlon des~~d ahoy'e r~~uires \ 

th~-lt0st'5 .coaaunica~ions .~nr\or tb periodically pole 
! 

the,u,_r ,~. ili.Palt Ch4nnel. 

~ 0 i thetorairia"J~'s avaUa~l~to ther,er under ctln:ro~: 0,£ ,his 

o,.n proana. ~'s'U,~lfU.l progra .. es.:Jan 't~uct~re~his p,rogrns 

into dverlay seaaent, residenton,~h~ cassette systelll' " 
. '", \ '. '. • f \ 

• 
Which aro rotrieva.bIe .,,4 the synea"s library· facility. ;' Pa,e 

• . • . • \. ~ w'.,· . 

aro conat'ants, contain'in, .buffer stora-ge lIIeaory locatlons,' 

'aro .1s0add'ressab~.bYt~·yur',~.'p~o:graa. X------:-' 
, , . 'Experience wi th ,the tiaesilari n'g, systea .;t HC,Master . 

" 

. "Universi ty' has." indicaud thai. the 'assuaption of· un~"lian,ing . 
, . 

c:o.aunlcatlon' strategle" on the part of the, hO'st, 5yst'e. i's 
'. .' " • I' ...' • '. '. . • • p. 

not justified,., ,Tbe developae.'\t;'o~: ~ graph icssystea which is 
• ;.' ' . ': '6" .' j 'ob . 'I 

lochd lnto an opu.Unl 'fOJ'aat (such ~ Coaputek "400., 

Tektrbnix, .0IO •. ·.tc.) 'by hard~are c~acter'dec'oding can 

" 

.~ / 

.--'ause the usei', .,reat deal. "of inconv,lInience when there is a· a . 

\ 

r' "', , o· . 

chanKe in -the hos.tcoaputer "s,: operaUng s1stea. These, change,S /--' .. . .' 

.... 

• 
oft'en require :.*t~nsl;'e.pl'~&raaahig to dr,cuavent at the level 

of th. terainal support so~iware~reas in the EDlT 

sysuathey. are'"~'i1Y ;S:ap1eaenudwltb a ch~-;g~'in ~he 
.' ... 

torainal' ~graptil;~:' ,e"e~ator softvue. This proble'a is due 

toOth. laCk' dst.~~ariHzatio~ in Uaesharin,' systea,'. Soae' 
. .' . ~ . ." , , .," ",- . 

~'" .-- ~ 

':} 
" . . , 

, .. 

' . 

. ," .. ' - . ".: .... : ',- ". . 

I 



. 
o 

\ 

,;,~·stc::25 nr.c . . ' . capable' of full '. t . ci'f,ht <n<lnno 1 transparency on 
. . ." 

1.,)th 'Input lind,output";hiic others :Hodde onlv~' ' , , ",IX. Some 
" 

,,'steM,S sup"po,rt 128 char.hc,tc'r sots ,;hi Ie, other.s support 
, ' 

",' 

on)\' 63. 

h ~\ !" Ii \. :l -: '! 's \" S ~ !!;'I ... , 

Thus the ce~ttnl thesis of the opora~ini system 
" 

can be 5uomQri:ed as follows. 
" , 1 ' 

83 

. ' 

. .~ .. . 1: , Tho torMinal '5 operating 5~,,5,te'I!I'r!lmai~5' in one m~de 

df operation until an ASCII 'FORM character 15 detected. Control , , , 

is then rO,turned to th~ input' dllcoder T,out"ine. An error in an. 

,'oJ;pected ilata ,string ,wi 11 ret'llni con'trol ,to tho user., 
, , 

2~ ,The first character .to'fo'l-~ the data s"it,ch is 'used 
r' • -, 

by th~ inppt decoder tQ ~iroit the,~ibi~ol!lputer'ssoftware 
, ~' 

pointor to the starting address of the appropria'te device 
, . , / 

h~ndler. 
, , . • ~1:' '.', . 

3. ' Subsequent charact~rs received serve to d'i rect 
I 

,'pc:dpheral <,Ievie'ci 

dov,ice handl,!,r. 

according to 

f;\ 

the logic ,~f.,each indivi~ual 
t-: 

" 

, . 
4. Qata bound for each device that can poterttially 

operate, wi th a , lower accept"ilnce 

,COllllllun icat i~n r~to i5 bu'ffered. 

~ , " 

rate ,than the lilterproces,sor 

s. 
intorrupt 

. ' 

'Buffored input'dOvicesare se~vi.ce'd using the 
~ 

lac"i 1 i~Y'. 
" 

- .. 
"'In orihlT to provi.de the user vith the" capacity to, 

" '. 
,'co,ntrolib.- ~~'co,sini, ot:~lnfoTllatioti·locallY~. a softl!lare ,', 

. ,,~. ~ . . 

" " 

i nt e,rrupt, priori tysystfia vas o stab 11 shod~ 'In tho" conversational 
" , - t 

" ' , . 
. I • ~ . , , 

..' . 

/', 



84 . ~: 

.xe,ution in the onler 'of' p'riority are: .~' .. 

[I), PT08 rctoivo chan~cl 
j,o • ,/ -

, (2) t cl c t ~'P" I:eyboard 
, 

(3) t'eletypr pr i'n t er 

, " 

In the no#Conve.r~.n't.·io'n .. .\ ,mud'". 

interru.pting are: 

, 

(1) 

(2) , 

(3)' 

, (4) 

(5) 

(Ii) 

Jccyl>oard 

h i,~h' s,pecd punch 
< 

CRT - / graphics 

digiti:::er ~ 

fl'at-bed p,lotter 
i '. ': 

, 

" 

, , 

--". 

the' dc~icC5' capable' of 

.' " 

" 
" 

" 

" 

" ' 

'\ .' l... 

, .... , 
(7) , , drum'~lotter "(undcr dcvcl~pmentJ 

\ \ 

RUs't ,he vHhin\ the ,tr 

hal'f bit',at the,cotlp'letio 
, , . 

f~~'the stop hi~ plus ono 
~' 

~ bi~ c~aracter. 

If <theproll~n faih to, r'cspond' ~ithin this, time a character . 
• I . " . ' 

is 'las,t. Thispriorl~Y' interrupt ,stru,ctureallows.the, uS,er 

t'o teriairiaie, the eu,rrent ac~'i vity by prossi nil Il'key, :on'th~" \-.: 

tel 1 etype. A 'subseQuent entry of the CARRIAGE RETURN characte'r \ 
u, 
will plaC?e the ope'ra-ting, synen into the conversational mod'e " '. , 
(Le •• tchtyp!' ,to ttiluharinll 

IInscheduhd local sysuilha1ts , , 

, , ... ~ .. , /.. 

system and Yic~ v~rs~). . ", . 
. - - ..' . 

(~ra5hes) can be recov~red 

, , 

t·:· " 

.~,..: 

" 

", 

• 
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, ' , 

, .'" 

• 

,tcr::lill:ll:s op,cra~i,ng'~ystc",'aJlJ " programsourcc"couc listint: 
. . '. 

• 
. . 

r-
, 

(b) , '\lost' Comput6r 'Software 
, 1 

System 
-" ~---.!' • , 

><m ",' ,;Thc ,s~~twa~,l\. sy~tem re~~d'ent in'~~e hOS,t tim.eshar~rii 
',systc:a 1s, ~ n:'~,oxed'.l,ibran:of reloclltable, subroutines that 

, . 
'h,,'s heen structu,red to a'l ~w ,tl;le user to ,corifiguretbe. . . . . . ',. " 

't'ercina.l. ha;'dw..are systems into a f.or~nt '~ui,tabie for, a~Pli;:ation 
, ' 

to his onginee-r:ing "do,sign probllt lD .: T~i..s :so£tware consists 
:,' 

, . . f , \ ; ;" .. 
of device hapdlers,· ,a 'graphics 'packag.p., ,input and output, 

06' ;. . . • ", • .\ . ~. . 
, , 

dec'Oders and di~play device encode" rout'ii14IS. '. . ... ..... 
. "Tbo, softwilrc has been' st~uctured t'o allow the user " : 

to enga.go and, disengage, the' teraiJial 's' r.eriphera'ls: oy exec\1ting' 
.' ., . '. . 

calls t,o higher leve~ (F~RTRAN~,IV) language, subroutin'~s •. T~e 
. . \ ',' . . 

peripheral devices are each ass,ulled to hayo tvo; state,s; actiVo 

and d~fer,re~.' In ,tJte active state, the peripheral is being 

eaploy'od i'n roa~ time with 'dir~ct access by the,host processor. 

In t!'o, doforr~d, st~tc, ,the perill~eraldev ice' i~ 'el::lp l-oyed 

indiroctly vi~ a 'aassstorage device. ,~n thi.s ~tate the 
, :' , ,,~, '.,. ", 

data ~~trioved :froa. 'or vri t,tento, tho storage' JllediuJII is in 
, . 

tho: foran "of the'-.perlpherai devi-ee. Tho preparati~nof, these 
, " 

. £i t'cs or subsequont usage 'of the';' is a'ccoap'llshed us ing the ., 
stand-al~ne torainal functionj. Thi~-operatloeal mode is 

o doscrihed 1n detail'belov. 
'l;, , '\ ~ ,. 

,~, 

\ " ( , ... 
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Thoro ·an' t"o comm~n aprroachcs to'the usc ~f .-). 

in an intoract}\·c C·Ol'flut.cr environment. flne j,,·""thc. 
.. .. . 

_~.,.ISO 0\ a co~mand ,dcc.odc.r. or 'ust!r or'iented 1 a ng·uagc·. wh i'ch 
• 0 

,,110""5 the ~ser to'qnter (or de~ignat' via .Iighi pen or 

. 
terrniual response. This mode of operation'is extremelv 

• 0". • 

cf.fcctive for the construction of displays 'that c.omprise a 
'. . ~ 

'relati~oIY fc.w cOJllponents' and where.·tho de~ision' variabies 
" 

. . . 

nre 'largely goollletrical and simple (Le;.···easily·interpretod 
,',.. . 

visually). This fon of graphics is 's~ited td'tho terminal 

system' that uses the display fc;>r both co..nversation ana 

graphics. An appl,c.Jtion 'that has been well develbped· for 

this type of gra·phl.cs is the' production of prin;!ld circ.uit 

boar"ds. .' 
" 

Tho se~dnd approach j~ t~e i~teractive applic~tion 

of a ir~phicspRckage. "er~. the use~·.s applicatidn pro~ 

graft po~es the q'uerios toth~ us~r 

·,.:ts a result of the· response. '. This. 
'. . 

o 
and .generate.sthe graphics 

is a~co~pliShed .~y the . .. 

us~r's p~ogra .. logic which ut.ilhes thegraphi'Cs routines in 
. . . . , . 

a coapietely an,alogo'U!lllanner -t:o t0pprication of other 

'. 
·co;aputational!y o~iented package prQgrallll.~.·' 

-,': 
\ 

• 

.. 

. The advantage of the first approa~~ - 'h) ff·· ... 15 .t e ,e lClency 
. . I . . 

0
,,·1 

The designation O"f'" of c.onve1l.~~,~~.on thatc:.an be achieved •. 
! . .' . . ,. ",' . \ ' 

a on~ word coaJllllnd followed' hy' several para.eters 1,5 suff.ieient 

to pr~duee a graphieal.llispI31 •. An eUlIp.Ie of this is t'he 
. 

GRAPPLE (22)- eo •• and: . . . 
( 

$CIRCLE(lSO); 
. ~ 

, , 

•• 
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, 
This 'produces :i circl.e with '" .radillS of ISO ' .. , . unlt.s. 

," 
These nlot units' cOIn he defined to .h'lVe nn~' actual value . 

. The disndYnn~~gc lie!' In t~e need '~o becomo co~v~rsant' with 

the, language alld "the need to ~tructur~ :·the d'\rrla): in' !~al 
, 

~ ! :- ~ \ .. ! '\: h the u s ~ "!'" 1° C S i'''') ,ri ~. i h 1 ~ ~- n r :'\ 1 lIe':' l! 1.5 t} f c! c C ! 5 ion 

tla king·. 

The query-response appronch to graphics has tho 

disadvnnt~ge of 'generating a greatervolum~ of conversation bet-
. . , 

h has. the, advan'tage of geJl'ernt-

inia nore descript~ve diro~tive io the user.in a l~nguage 

=ore closely related to normal conversation. The intelligent 

tcr.inal·s,capabil~tY,to distingur~h. the·graphi~s a~d 

conversati.onal· Rodes and separatc. t·hoCl out, todif'fercnt devices,'. 
" 

,=akos .tho query-response approach more fe~siblc to e~ploy in 
r. 

an int~i~ctivoenviro~ment; Thc adverse e.ffcct of a hi~h 

volul:I~' of intcrprocossor cOMmunication can be tiiinim'ized by 
, . 

'the adoption ,of.n c01llmand'rosponsivc/query-rcs'ponse progJ:am. 

structure. This forlll of,. pTogral:lJlinj:. is des.!=ribed in Chapter 4. 
."' .... ': }'" 

and Chapter S of 'th is the,iJs. ... .. , , 
, -

A. graphi~s syn,e .. ..: to' provide a 
, I 

flexible and efficient 
, (). 

~ervice for a.range'of ~pplic~tions,. shou14 have the capabili~y " , ' 

of fun'cotioning under both of th:e above 1I0des·. The graphics 

.systom developed in this .IIork has large,ly focus sod on the 
'c .... .' " ,: 

packaae . appr:oach.· .' .Holle,ver, 'a collillland decoder for "the" Dlanag~: . . . ' " . ." ~ 

•• ntof·. fe/" ~f the p·h.itive operations has been testecl to . 
. 1 . . t:I.~ I' • 

~, ova i'uate th-eter'lIIinal' 5 performance IIhil eoporatini under .the 
.. 

co •• ~.nd decoder .ode. The packag,e, as IIel i as the' decode-r,' .-, 

":.' , ,', . 
.- r" 

y 
,", . 

" "i" 

A' 

" 

, 
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, 
to acllicve some nbasurc 

of in~cr-comput.r transporfahility; • 
1 .' • _~. .// '.' , " 

Tho, st~ucturc of 'thi's rada'r-It is ,as 'show'n :in' 
,r. , '''', I ... ' 

:--':i!~re 3.7. 'f\ r,enu!"ati:.cJ '~:r:i~)hic5. 5~·~tcn -ton'strtict5'.:1 
" , 

. ' 
,Jisp.lay fi~e, which is' th'enpost-procO>~5edf.or' 'C<invcrSi,on:~o' ' . 

• '. 
a particular, display devic.,e'.' The hasi's of the' coordina,te ,. , . " , " 

systea ~s' a hex~dei:iDal' representati;n, for ~ach X and',Y' a,)!:is:; 0 

o· ~.." . . 

This, pl~i cOflsists of an.addressablC' ;rr~y 'of 65536' c;zt 6 ).:-
, .'..,,: . 

,dis5rete locatio'ns:i,n> b'acn'axis.' ,fhis is ,I bitp'e",ter in" 
;. ,', . 

;, 

" • <0 •• ~ 

accur~cy. than th!! '1I0St :accurate device, >in the systtem' (the 
. .' " . 

flat~bed plotter)., Thispro&raillm~\Jlc"l:Iatr{i 'gives, an,,: 
" . ! If • 

axial plot length capac'iiy of 2!.3,f'eet an'd is, 2 hits grcat~r 
, 

• ._ '. _ ' .. 'b • 

Th\! fnnc ti on 0 f' the' . . " 

y 

in',accuracy than 'tho C,RT/mi,croplotter. 

devi ce pos~:: processprs ~ is to "!li.p :thiS dl~':i~ int:~ ~h: ,dis~l.ay ,,, 

area availab)e fOT the d~icc, Tili:;",isi ~'lc~pi.ished by i' '. 
, ,.....' 

dropping, a sufficient number o~ low order bits until capability 
-. . , ...\., . . ·1" . 

. " ~ 

Cs acnievcld. 'J 

" " , ' 
, ' 

~'ll:transfQrllation ,and scaling fuic',tions a.re' " . 
. ,n / 

applit;td n .the i~vei ,of display fpe gene'ration. Th-e .., 

plot1tOT ~~;IO~)Y' is, ~d~eTed 'to i~the 'si{f;:l!i',appiica.~i'oir; :, 
.,/""_' ___ . __ . ' .. I, '\... . 

, ~" ' ., . 
thus:t~e display file origin is centered i,n the displla)' , ," 

lIatrlx'; .Ne~Uive CO:l"rdina~~e's are indi'~a~e~, b~"'usin~t1t;':'} 
'coDple •• nt, .rithlll."ti~ with, a -I-bit in' the ~ost '~ign'~fi,earit 

digit.' 
,0 " ... I " 

.,' . . ' " 

, . 
• 

, , 

o 

. ' , 

" . .' .~. \ . ; , 
• 

./ 
, ' 



.:... .. 

.' 
" 

" 

,.~,. ,. , , ., 

, " 

0\ 
, 

, 

" 

.0 ~l\o ~. 

. ' . 

u:~, .... 
" 

~: 

." 

- -_._- --

_.' . 

, 

-, 

e 

, 

.. ~. 

o 

• 
-, 
,/ " 

;, 
.;1 .. 

~ 

"'" -
'i'> 

Q ' 

~. {, 

"-, .. 

, 

'. 
r-, 

• 

"u-QN-LINE ", . Xl ~F~UNE 
", , , • .' ." •• ". • •• -..;.~-=--~ 

" 
I' ',' .... , , ., 

! 

DEVICE#! 'h,' 
. 1(_. .~ .... ., . -.• -. #N, #2 " . ••• . ' . 

.. " , 

/. 

',', 

, .... 
'. ~ . 

Figure 

, ( 

~ 

"f! 0 

~ , 
, 

.. , 
'- .. : 

J \ ;\": 

• :'.~~ r". l. 

3.7' ·,Graphics . , 
o 

r· 

System 

, 

\' 

\ 

S.t ru:.ture,. '[S 

, f· 
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, 
., 

" ., ~ 

~ 

~ . ' 
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. . . 
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, 

," 
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, 

i 
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• Tho hexadechl~i'basiS It,asselOcted fOT th~ display 

,fi Ie to'1;Ie coapad,ble 'with the wO,rd sho of aost current 

ci.nicoaJ1uters. ,Each coordinate is r'op'resonted by a 16"bit . .. ' ',. " 

,h\iiary nUII,bol'., Each such numhor is represented by four 

chnracters fro. the hexadecia.l set, 'deterain~d 6y the 
, , 

folloltina relations:' 
.' 'i; 

.', ',. 
, " 

Ix or Y) ~'Nl. 1~N2 + 2S'N3'+'~Og~ 
" .. -. .. 

" 

" . ' 

,The hoxadoci'a~l nuaber' set is t.)le deciaal nuaber sot (0-9) 

. ' 

" 

" 

,:(~.ll 

(3.,2) 

: ". 

• ; ~pp~;;:ded ',b¥ the ~h~t"8~~ei:s' that follo!, direcUy in ,the ASClI 
. ' , ." ....~' . - . 

-.-

code (p~i,e~>,n .'" •. 'ThUS the,.coordinates, o'{a' pOi.'!~that.,·lies ' .',' ;: '" , '- , -' ,_.' .. ...;...-> ,I _ '-,,', 
at, (10' 263, 1247~} wou}d"bereprlisontodby: '(7182', < _; ,03), ' 

. ..... ....: ~. -. : .' ,'." ".: " ;:... 

where: ..... 

. ~,~ 
I ' ", 
and' 

" 

" -. 
"'< 

'.' . . '. " ...... 

. 
, , 

.' .. 
, '. 

• 
y -c9'id inat. ' .. ' 

"", 

, " 

, ' . " 
". . ' 

. ',' J 

.)- ". , 

. " 
'-' . , .-:". 

" -, ,!' 

, . 

" - i " -" '. ~ , 
~ • '. ' ,.' "':'~. .' • " 0(> ,'. .~. " ". :-••• " • 

'The h.xa~ci.albas •• is coaaon to a .,nuaher' ~f 't"8phiC~ systeias •. , 
" " ," " -'I" , ',~' , ," - . ;' , 

,'This p.tticl,llarcolS-i.ftl~Or1aat i,I ,an ~clal'tia~ion of a 'sy~tn ), 

devdoped byi Ferrallti"aetard ' Ltd. i<' " 
IIlth.-.ppucatl~n -of.a arapb,ics sYI~ea 

..... -. .':;' ~:-'" ... ,: ( 

'intjll1g~nt,ter.lll.l.t,he' pO_It 
I - \ 
, '. I 

to an 

r 

" 

" ' 

• 

-~ 

", 
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t'h,' display file, \1 1I0stsuitab.ly loc'ated within the terminal 
; 

processor •. With_~his str~t~~y'the dis~la~ file·is ~rans-
, . \ . 

cltted tQ the terminal o~lyonce.a~d is thewpost-proces~ed 

for 'each ternin .• l· displayd\evice. In th~ EDIT terminal i-he· 1 

CRT/Cllc.rctplo.tte~ syste,. fun2-~/ons. fr~m, ihe' display fHe While 

ih~: fL!\,t-bed plotter's PPl!t processor is 10cate4 .. a.t the I).ost 
• '0., ",._" 

.~ ... . .... proc:esso,r. 
" "" 

. , ' 
'In-contrast to theEDI! systell, Mith a conventional-

• 
'to.ralle .i\l~araphics ter.inal the display~ filers generated 

· '. .' .1": , (, ., 
and .tranLtteCl by the softwares1ste .. functioning in the host 

COllpUt er'·sYlte. ~.' :ro acc~lIplish' .. aOdificat ion or 'r~s t;r\lct\lr-· '.: ' . {,', ~ . 

ing .of a p~rtion of the display, 
, . 

it is necessary to erase 
. 
the .enti're display. and regenerate, and retransmit both .t.he. · ". ,,-. 

lIodH~ecl and un.odified portions.'Q.f the. diSplay; This i's a 
. .J-~ , , 

very inefficien~ consuaption of' co_uni catto,n 
. \~. . 

channel ·thle. ; 
· . 'I'. '. 

Usin& an intO! liaent' te'~lIinal. it is possible' to segment the 

display ine i~t~. Ii· Du'lIber'of iueexed, rl!·cords.· The~e records 

, are trilllsllittedto. ·tbe, tor.ina} for the initial display 

lene.ration' and storaie on the ter.inal '5 lIasssto'rage device. 
. , . 

. .. ,. . .' . - ~. . 
Subsequent display ·.olli ~ic.tion ~.r~.Cl.u1red only" to. 

• ~ • " " • < 

update tho .. display filere.cords th'~,~are affected.' The neM 
, . . ~ 

display .. is thul reaenc,rated fro •. the local sto,rage lIediu. 
", .. ",") . ..' . 

which . co"talris bo~h .• oclified and .unaodified re.cords. Thus' 

the In{oraation ·tians.ilted between . prociessors i5 only ~h~"" 
',.""" " 

.' information'relatina to tho .Odificationsof the. d11-> 
· " ," . ,"",., . . 

p lay and; is .. u,u'ai ly, oaly" a •• all". proport ~on of the .total .' 
" . " '. 

. ' 

• 

'.oln~or.ation· contalned.lfithin the ,display. At.low co.ilunic:atibn 

'. 
. " 

. '. 
, . . "" 

.' 

'. 
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'" 

( ~'~, 
~ 

ratos, th.is, can represont ,n, signi'f"ican't'rcduction o'f· processor 

~i"'c as well ns terr.inaL"conncct" tim'c. • 

'In the EDIT termInal, display ,f,ile sei'ment~t'ion 
, . 

,~ ,-
, ~, acco~plishod by writing the display' file to tho cissetto 
.JJ •• , , 

" ' 

:~'" in rbcnrd~ of ,\OOs ehara,tor'; . .,.· Th,c, ': intcp.7r',dir.i,t staT't-
~,:.. . A. 

the 'location of tho ~egment on tho,tape is usod 
, , " as the reference record identifier. 

• 

!n ,addi~'i()on to the a'bove savings. it should:be noted . . 
that t~e rcg~erati~n of the dispJay from the loca~ storage \ 

. . .. ... ~. . , 

,J:ledium can be dono repoate4ly an'd-an the absence of the host , , ' 

processor.,' Th'is is nnother .si·gni f1~ant ,advantage 
. \, 'i" . 

• 
of. the 

intolligont tor.in~lsysteD. ,', • 
, 

. • ~ I. • 

',The )ocal.di~play !egeneration is norm~lly pr9cessed~ 

lit ~ .,axhiu.pos,Sitbl~ .diSPl~Y~~te, s,~t hy' thet~y~,iCal .;" . 

11 1iI,ltntion a f the di sp I'ny ,dov: ~c. . ,How~v~r-, if rnalllf"-c:"';~f~.ct'~ 

areilpo/Tt~n;- in the sequontial c~n5truction' of~ho disp'l:ay ... ,.' 
.. ".". : 

the data OUliput rate 'of the local processor can 
.. 

bo "ct.ock-ed"·' 

ou\:.~_~~! .. ~r;~o' t~'at ~::--;lo'wcnouihtoP~duce .. an "~~~lIa~_' 
.. orfoi:t,'in the ·display, con,..truction~ Both the repl!t1tive display 

r,egerioration an4 tho displaYTato 1II0d'ificati()O' featur05 aro' 
, ,.\ ~ 
ellp-Ioyod in th,e 'Yerifica'tion of" a parts program 

.' -
cp.plex soquon~ial lIIotions for ~hc ~utter of a nUller\c'ally 

controlled' a.chine 'tool.,-
: ,; # " 

. , 
. ' 

'.To~he toralnalusel' ... the ability. to ,ro'generato the 
~ .......... ,.,' 

di~pl.Y.'loc.'uy •. at his ,rcque,st". reJ,-ioves hb of ,tho 

PllychoioliCa1,str~ss~in·duced. bX the dosi ~e to iiinir:lhe~the 
,'. '. < 

of 

'cost' of suppor(ting the ho'st' processor in a relatively in.-clivi; 

" . ' .. ' 

. ,,- • ./ 

.. 
" -

" 

~ 
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; ...;.:,-

·· .. ·.r.lte ·whi.le ;he .. !!raphics display 'is reviewed. 
", 

.- ~ se!!r.lcntlltion. f,,-ature, of. c'ourse',, can also he 
r ' 

- . I· . • 

,."'i'l\-l~,ed to on-g.raphics files'which were !!enerated by the 

lirgecor.lputor nnd which nrc to he stored at the terminal. 
. . ~ 

, , . 

. The !:!inir.1\l::\ cap'ahi 1 i C ies th:.t should hl' incorporated 

.' in::b 
. , 

1 iterature •. Th.e func tions SUPl"orted hy thi.:; -systet:l arc stated . . . ';} .. ' . 

--. hr i" & v h'oro 
" ...... and' are stated in, detn'i1;- ~~;'p..enaix A.' 

1. Absolute lines. ,DisrhiYlcoordinntes cnn be addressed 
. . ~ " --
.. absoliJtely "'itl\:, t.he pen up or down .• 

• .. 2. IncreDental lines (yector~). g~splay 
. \. . , , 

." 
coordinates 

can: be a~dress"d via long. or short .vecto~v~s 

or down. . 

o 

with the pen'up 

.. 
, C.ircles· of any radius' contered 

" " r. "} 

at present pen 
.. '. 

pos i Uon • . 
4, Arcs. . . . ... 

s;' AUtO-scat'ing.~'·' Tho us'er can ~peCify 'the hexadeci-

aal coordinate' system directly or cnn Use his own dat.a units 
. , . . ~ 

' .. 

, -
and reque~t auto-~c81i~g. 

'. • • ~ , . ' . . 1 \ 

, . 6. Perspec t i ),0-; - A th ree-di lDens iona 1 representation of 
/. . '.' . 

. an object can-be' mapped.lnto the .tvo-~i.ensional di~pl'ay. 
. . , .. ' 

" The perspecti.ve tochnique used ·in t.hisv~rk is ba~'ed on what 

Newl'llifa and Sproul (20) te!' ... od the oY,e .coordinate s'ystelll", A 

v f~vlng 't~iLns fo.raation is employed ,to,irailsform '8 point in 

obj octspaco(l..Y •. Z} to a'point in the 
f") . .... " , . 

oyoco0.rdlnate syste •. 

·(X Y Z) (·Pi·,·;'r,o,· 3.8) •. '. 'This tran,sf.or.mation ca~ bo' a 'e' 0',"· 0 .. 

,. ,. concllt~nation of rotation' and transformation. . A p~~spoctb:e 

." 

"----__ . :1 

'. 
"_.-••• 0" 

"" ... ' 

/ 

,. 
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Jisplay is generateJl by project'11)g each.,poi~~ of ~bj'ect. 
I .' •• 

onto the plane of ~~e i1i'splay sc'nen •. The display coo~\Hnate 
't!;:- __ . ,_." \/ .... 

(lsi Ys) of the proJ~cted iaage of a;poin~ P in the eye 

coordinate systea (~e' Ye , Z~), ~re' easily evall,lated. 

1'. . Text, ~ string of characters' can' be generated start-" 

inK at a specified coordinate 

8. Grapb. A series of 

locat"ion. -, 

crata "pOilits can" be connected 

by straight lines. X and ~ Y axes "are drawn with ciinbration 

. \ · ... t:ks. ," , . , • 
.' 

• 

, . . ' . 

In suaaary, the graphics packige' COn$ists),Of. three 

parts; input deVice· hJndlers •. graphiC's f.uncti~Ls4. . ..o.~ut rJ 

~'\" 
• '~-f 

• .~;!I . . -

---=f~·-·-·········· 

. .... .... 1.:./ ~'. I 

handlers.· The graphics, systea generates a device, 'independent 
. . c : 1 

di~play fil~that'isbas~d dna.bexadecl.al c~ordinate 

individu_l ~isplay. device •.. TbedisplAy" file' can be segmented 

, into', records. of. 400a ch8;racters. eacb with a " digi tinteger 
, 

record identl fler. J .. 
.~ ~,. 

" . .. 
3.3. Strand-Alone Punctions' 

0 

~ i • • 

An lntelligentterainalJ in .. ddi ~ ion. to be ing ab.le 
. " - ' . . . . . 

to' share tile proc.esliq IQad with the host ~oapuier. has the " ". .. .. "'. _. . . .' 
advantaae of beln,' able to"perf01'll 

'"-, " -,. ". ' 

alonl sYlt.a~ MOlt 01 these ta,ks 

... range ,01 ta~~:~ as ,a stand­

in tbe context of eniineer-

. ing deslln center about dat."ulleaent, ,prel'ai-!l~ ion.and~ 

display.'. A nuaberof~.~lineeril'l ,design prpcesses invotve . . ~.... . . 
.. $Ublt~nti~Lproporti()nof "think".tl~,e~nd are.best parforllied . . .-' .. ' . .... . 

" 

tbe. d.sipe'J' is no~ <under a"y.':laplied pressure to keep.' 
, .'. ".J • '. 

'.' '. . 
"h.Ue 

.. ' , , ... 
!:; : . ", ... 

-.-

. 

,. 

.... ~ 
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n largcscale ol2puter system .J,'active"'. An ~xample of this pro-, 

cesS is the re,f~tion of a detailed drpwinKof a p~~po5ed 

~achinc tool st~ucturc ~o sufficient infor~ation to" l)crforr.l 
, \. 

a finite eleAcnt ~nalYSiS to determ'inc, the structural ,response' 

t,) " n"lllli.,::- of lO\'in;: condit;on ... The t1':s'i.p,n(lTis fact·'<\ ",i~h 

the determination f nodal loc~tions that will prcivide the' 
, ' I 

caxil:iulII i:nfo!,m~Y.9ftstructure· 5 peTforll\an~e, while at the same 
~. ~ .. . . 

timewili, not'~o~puta i~,!aliy O~~,~burdcn ~he centrRlc:o~~uter. ' 
" . . .... '. . . 

Theasselllblage of this. information is greaily f~cilitatc~:by ~he 
, ~. :. 

caploy.ent of a digitiz~rto r~cor4 the ,modal co~rdinate 
'., • -- j 

data • .,' Howevor, it ~an still be a lengthy process;~th~, 

to~ainalls ,stan..~-alono functions it is'possible'to record the 

coordinate da~'a o'n R "local storage, II\cdium ('cas et,te tape, 

• paper ~ .. pe'>'.Jdit thi~ info,rmatio~,~nd reforma 

conn~cting t'e torlllinal into the host computer. 
.' . . 

it prior to 

This file 

can then betransferred'to the h~st system at r~latively 
, . 

high speeds,' reducing the ta:rlllinal connect tillle appreciably. 

" 

On the ,output ,p lot files fore! iher~f t.h~ aechanical 'Z~ottors 

associated _tth the '~erlllinal ca~ betranslll1tted to the ( 
. , . I 

terllli na 1 and 'stoT-od 'on' a local,' storago medium. , tho, no'st 
-~ ." . ~'. .' • 

c'oJ:lputeT can then "be ,disengaged ,and the plot' created frolll. local 
-'-

storllze. ,',. frustrating expe,rie'nce.that is avoided by this 

'i' iechniquc.as 'oppqsed toon-li~eplot generation. i~the failure 

ofthe·Plo:uer(pe'n~ out ,of inlt) in- the '~'idstof al~ngthy 'plot. 

: 'Forth. I!D'lT'u",ina~ each, peripho-ra1 has been 0 
. ' .. 

0;) 

a5Siglled~'two C:h.arac:ter"lIncaonic. These are:' 
, 

(ll.. CA cassette transport; 

.' , .". 

, 
'IT ' 

-, 



PT 

01 
. ' . , 

FP, -

'. ... 
, .. 

paper tapereader/p~nch (high sp~ed); 

digitizer; 

fla~~bed plotter;. 

LP ~S) lightq!en; 

(6) MP - '.icroplotter; 

dru. plotter; 

. 97 

,/ 

(7) OP.· 

(8) TY teletype (low speed paper tape, reader/pun'ch). 
• 

" 
Th~ ~tand-alon~ prograas are each characterized by 

• 4 character ane.onic that· for.s a logicalco.bination of . 
-... . ,," . c.' • 

iHtripher~l lnter,facinl •. · These aneaonics ue conc,atenations 

of the device" ane~onicswhich are,structured as follows -

. ~ ... 

. , 

, 

Citlfor.atlou' leneratinl.·p~ripheral: infor.at'1on receiving Iperipheral) 
I, • ,.":"" ;,. ,",. • ~ • . '. .. .~' 

. , 
Exa.ple: 

. . .,. 

'.~ PTPT - 'paper tape reader to paper tape punch. 

. . 
Houth.t· th~re is no .•• biguity. to ,tllis. foraul.don as ,the 

~nvelse periphnal< iDUraction isno~loilcal"'(i;'~" ft.rj 'not 
.' , ", . 

possible to ,eneratei;'for.atic:in with th~ 'paper:. tape' punch .. 
-or recd yO lnfor •• tion .. With ~h~paper tape. reader) ~, Thus. 

the progra.is. :used to read infor.ation .fro a . a paper. tape an~ 

punc~ thatsa.e infor.ation on paper tap·e. 
• 

• 
Other pro,r •• s ,.neaonics ire liven lnTable ~.l with 

brief . 11Idicatllm ,ot'their, function. .A d~tailed desc:ription 

of ·eachof th"~ pr~,ra.s, with opar.tina. instructio~s.'· is 

given 111 Appelidix ~ of thb. thesis.' . 
. ' • . ". • 

"'" 
'I'{ 

., . , : .....-- :-' . '~.' 
~'. 
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.. ' 
.. 

. TABLE. 3.1 

\ . HAKE • -
PTf~~ 
PTCA 

;:.. :'. CAMP 

,PTMP 

PTCR 

DIPT 

DICA· 

CAPP 

··PTP..T 

TYMP . .,. 

TYCR 

CACR 

'PTMC 

9f . ,I 

/ 

. , 

'" , . 

, 
1 

.!>,. 

... .\ 

STAND-ALONE PROGRAMS· 

I . 

.' 
, . 

.. , 

":1 

.. 

Paper Tape to Flat-bed Plott~r 

P,per Tape to CaSSette Tape 

to Mic:r,oplotter ., 
" ~~ 

Casset'te Tape 

Paper Tape to Mic:roplOtter 
,. 

P~per Tape to CRT 

Digitiz6r to Paplr Tape 

.higitize~ to·Ca~sette 
". ' I 

. Cassette to Flat-bed Plott&r . . 

" Paper ..Tape Re~der to P"aper Tape 
. Punch .. 

. ',' . 
Tel.!'type to Hicr.oplottcr 

Tiletypi to CRT 
<-
\ .. 

· '.,:' Cassette too CRT , . 

Papo>r Tape. to' Mic:'roplotter . 

",' . 

~. , .. 
. , 

-. 
. .. 

-. 

. /,,~. : 
.; " 

· . 
, · , . , 

,. 

' . 

• 
,. 

.' 

.. 
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• 

arc' a11 stored as' absolute binary 

prDgr~n5 ~torcd on an inrlpxed library cassette and. are 
'> 

retrioved and exe'cuted with a siMple l}ilad co~mand from the 

tt:1ctyp .. ~ A 'sample of thi;'~co:nJ:land is: 
, 

.' 
l, \).1 ClI 

'. 
~hich tolls the system to' lo~d,thc stand:~lonQ program th~t 

r~cords information 
" 

~ . . '. . . 
:ca~s~tto transp01t. 

f~om.·the~i~itizer and writes it to the 

e 
The library program that is used for 

99 

rc,tr~oval is oqually, casi Iy omploy.ed to punch a cop1.'-Of' the program, 

I is·t· an ,index of programsavai lablo, delet,e progr~ms, , add 

neW,p.rogYa.s and ~hange progrannamcs. 

ispar<o,ft,h~' sUPPli~d sOf~are fr.o!" 

\ ., . . 

_.. t ' 

. Sulillary 
: \.-

, " < , , 
This tibrary program 

SYKESDATATRONICS INC. 

, . 

. t--n---------',. . 
Thts chapter h~s descrihed the development of a 

. ." 

computer to-rllinal system cllolled EDIT. This 
L 

torminal has been 

structured about'a minimal minicomputer, a-n-d"-a-s-s 'u c h has ,. 

dOlllonstratedthe c;apabi I i ty of, .prov idi ng a greater 'degree of 

. fl~x1bilftyw~on appUed ~o:' the ongi"nol!ringdesign process 

• 

,. 

.... 

'than can' be achieved with tho nonMinte}} igent ~aphics tll~rials ~1\ .... 
".currently available cOlllller,ciall'y~ Within the context. of··the'" 

. . 
doflnitlon~ of tirminal typ~s des&ribed in Chapter 2. the .... . . ... . 

. ~ : 

ED.lT ,r.Slom is' clas.sod a~ an intelll.gent term'inill wIth SOID~. 
./ /.' .. 
_---s1:'and M alono features • Although this 5yStO. i5 configured out 

of 5pocific peripheral devl~es. th'c' inteiration of these 

perip~arals and the d.eslgn of the so~~~ting'Sr,5te~ 

.. 
i . '. 

, .. -. 

" 
'b 



" 

.-

" / ,,, 

.' 

'J . 

h~ve he~n develope~ in ~ general 
1,1 _ 

aJlpl icable' to ~he developm~nt of 

sense '\ and .~re therefore 

any te~inal ~ystcm 

100, 

lItiliJ:ing the fund~meni~l .,co,nccpt of a programmable termin~l 

controller. For ,the purpose~, of tbi s ~'ork th!/terminal has , 
" 

hecndeveloped as n prot~type facility that is comoletely 
.. .. , ~ . 

'~odull\r in ,s,tructure a~d,is design,'ed to be' expande,d easi'ly to 

accomm,odate both additional hardware and software systems , - ~. . 
A minillal, systeD that has most of't,he capabilit'ies of the ' 

,sY'ste}ll de'scribed 'above would' consist oft'hehardwaie' shown 

in Table 3.2. Representativ~ c,osts have also been included. 

A ~uamary,of,the capabilities and features of this 

"terllinal 'is ,~s 'follows.' 
\, .. 

J. The "to..rliinal is not locked into a comlDunications 

strategy. The ability to program the termi,nal"conttolll't ' 

-gT~atly faelliotatos ,the-handling o,f 'changes within a time­

sharina service, as well 'as differences between timesharing 
, , 

systems. 

2. The' ~erlli1al can perform the stand-alone functions 
, " 

. of data assombly, data,"editing, data storage and repetitive . 

disp1ayo~:,pre'VlouslY gen,orated graphics '(via CRT or' ploctte~s). , 
These,'folitUTiis 

'·~harr':ss •• ntof, 

can be ,a~vantageously emp}oyed to......!.educe the 

the engineer/de~igner by re,ducing the.,,~tre!;s 
'. . . ... 

: 
of alnial-zlng incu'rred costs of ,supporting"a large S,cale 

cODputer 'on-line while he performs' o~ anillysi-S of displayed 
.• (> - . . ~ .\.---' 

'Tes~lts~or prepares an input data file. 

,3. The torainal can bee.ploy'ed In conjunc~i.o'llwnh a' 
, 

miniiad, t iaesb;a,ririg service' over ordinary telephone lines at 

y " 
. .' . , 

.".:. \ 
" 0 

l 

,. f 

, . 

, 

,-

, 
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TABLE 3.2, 

Peril'heJ;',a 1 

'·o .... n..:tcr .... - ' 

~-

-, 

Serial Printer' 

D~sp.lay Unit 

Display Co~trollcr 

Asynchronous 
IntClrface' 

,Digitizor 

,\>--, 
" 

Notter 

"ass ,Sto rage' 
DovicIt ' 

, , 

',' 

....... 

,I" 

" 

,-, . , .. ,. 
'!IINHIlI~1 IIARI!,N,\RE CO~:F1r.URATIO:; 

Description 

·:K '~inil,~l Processor" . 
,In tel 0 r S i mil a'r ,Tc c'h .~, ' 
nology 

" 

Teletype ASR3,3 
,-

Tektronix 611 

.,',' 

'Jla rdwa re Interpolator 
Software ~harai:ter 
Generator 

~ 

,110 bauCl to 1200. 'l!aud 

Similar Technology ~ 
RusconLogic.Digitizer 

',using Sh'a{t Encoders' 

• 

\ 

Drum Type Incremental 
Plotter 

Cass,ettc Tapo Driv:c--or 
Disc Unit 

." 

.' 
"FIOP~' 

" 'I' ,. 
\ 

\ 

.,.. :. -., 

Arp'ro:dmnte, Cost 

$1,100.00 

'. , 
$3.000.01) 

"' 

$ 500.00 

• 
-

$ .500.00 

l,",:"" 

$6.000.,00. 

, . 

" 

$3.000.00 

, . 
, . 

\ 
" 

" 

. , 

'. . 
" , 

, , 
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, 

~ rel3tively, low !=onmunication rates. 

" 

~ 

4. The tcrr.lina.l"is r:lodul~r in structure alla ca'n easily. 

~~ up~rR4~d to~s~pport ,R )road spectr~m of,applicatirins." r 

Pedpheral de'vices can be chang,ed as they hecome :obsolete ..c----
. ---'-

~'ithout incurTi~g the Qxp!)n~e ~{-~ tota'i' ~5y:.tCr.a repi;·~·cmf!nt. 
~. .# 1 

S'. The term1nalis':' c()st eftcctive ,for the' engi~c:or\ng 
, (J • • , ~ 

'design applicotion when ,cc:i~mpared with non-intolli,gent syst'ems 
\ ~. 

'and with stan~-alone graphics systems. 

n.,' ": 6." The' suppqrt scift"arc to drive the t,erlllinol is diSplay 

device Ind':,pendent ithich a'llj),,,,sthe user to, easily add ~e", 
.,' .. 

gra-phics devi.ces wi thou,t , 0' major 'olterllition of the software 
. . .. . 

, ,-
svstell.'The softw'are is 

" . 
", . ~ , 

written in ANSI FQ~T~,AN {V ari~' i~ 
. ::~\. ~' .,' .~ re 1 a~ i Vely lII~,,!=hine,,:tn~opende~t; , --

" , 

, " 

'. 

. :,~ 

". 
• ; " ' 

o 

-. 
.' 

.... ". . .~, 

, " 
;''":-,.,. 

,",.:. 

, , 

" 

'. ·~:~-d. 
':. ,~': 

~ " : , ", .' 

, , 

'j 

" 

, 

" 

, 
" .. 

, ' 

. " , .. 
" ." .'. 

. " 
, , --:..-

, , . ',: 

'" 
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CII.I\ PTF.R 4 
.' . ~ 

. , 
.; ./ 

" 

CONSJrRUCT -'ASOf:-tKARE SYSTEM 
FO,R STRUCTUhl\L SYNTiIE,SIS . , . 

, 
, ! , 

.' : " 

• J 
. ~ . 

~'. y 

',.' 

',. 
~ 

Thh ·chapt.er dc~cribes t'he 'de'vel9pmento'f a 50ft':' . ' 
,,' 

. ' .. !' , 

ware systell.',for the aria.l~~is/synthesr5 of , mach' inc' t~~i, 
t" • "!. ' ~ . ,.' " ... " ' 

structU~e5!T.his sY!ftem"hll1!: .. ;been des{giied to' integrate the. 
e .' .' .. ', ,'" " '_ ~ "-' . •.•. '. '; ':. • 

•. cngine~r/d~5illnoT' i.nt~·a'larger s'ys,~cm' comprising, t.he abo:"'.e:· 

h.igh levO'l app 1 i ca ti on: 'sof'tva ro . s1S t em', the.' t ermina 1. :·s,upp.Oort 
'~"'~.':~ . - 'q"'\ . "'_". '.:;,.,"':",0"', 

50ftvar~'Rsyste" and the EO IT "terlli na 1 ha rdlfil'r~;; .:. 'jih is )lorl(' . 
.-. . .. ' .. ,." ,".. • ;.' • ~ • " • "of "'. _, " I 

,huoaployed tho querYlresponso a'pproach to' th~ ,int~:ract:ive 
" ,.,:; .... ",,' 1 . ,. -...... " " ':~k; ',-"', 
prolln. sti'uctlure. Fleidbilit~".an~'effic:iency a~ achiev!!d 

, -t;y' 'us'ing . a co~allnd responsivc"'i'nput deco:di~i: system"in ;~~~ . "'. - . . 

..JUnc;l,~n ~Vi.th 't''''e~uory~re5ronse approach." Thi!i. iiipu~ ,:' r' 
, - '., •. .. I '. I 

sch.eaeis' o,x'Pl&1n~ aoro' full~ b,elo". ",' . ,: 
'" \ : . , ',' -';. '\.<,:'v " ~', . _ " '. 

,,' . • c'.' TJiroughou't tlie course of .the' development:' of' th.i,s , 
.. ,v,,' ~ _ 'v _ ~ '.~ ';.' ,,' ._., ..... :.:. ~',' .,: ••. :" 

progr •• ·.;.stari,d.·rdlted .• ~del .11~ing "lIIl1cll1no lias b,oen' J,lsed 
;.' ., . ," ., 

,.:; . 
.' a~the ~~st5t:~u~ure.Ftft.-p,ut·of, th~, WiJr;k •. this 'stru'ct:'iire 

. .. ",_," ... J '( ," ..,' •. ,~. 

vas tJi.~:.id~~,li.z.e".,'!~tbeaiiti.cal. ,~od"l .'. d.~velope4. ,bY' th·o. '," .,' 
'. - . I .. ~. ( 

C.IRP (International Iri'~tLt~te for Production Engineering 
• ~ " " ,- ... , ......... ,',' • I ~ , 

. "-RosoarcJt)'o "Thi~' ·.l~ '~. 1111'1 i'ng ~lIachino aOd~l.,co,nstructed· ., 

;', 

. , 103 
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'1· ., 

." "·:~jJ·.tflcture.'ox~~~.~or i:lio minor m~)'i"ficati~ns. The CIRP 
. ',' ~C-"~ : . _ .. .:;~ .. " _:. . ... 

l!Iodol is.a .. lllil ling IIIli.chl~e .that i.s geometrically sleilar to 

the .. st·ry;:iu.ro of ' the lIIachine in Fi'gure 4.1. 

Tho piinary consideration in the dosign 01' analysis 

of· the: structurc. of.n. metal cutting-'mnc'hin'c tool"isthe 

dotor.ination··of the .relati.v·c ·displncement that occurs hetween . , . .'" , . ','" . ~ 

'tho cU,tter and tho ;ar't ~hat' 15 beliog cut due ··to s~'ruct'~ral 
" \ 

~foraations • 
0" 

• ·.forces· thata~o exerted between' the tool and the partT.hatlc) j' 
'.. ' . . .."'. i . 

the.raal deforaations' due to the c~nduction 'of .. the 'heat gene~a.ted 
. . .." .. ' , '. , '.' . - . ~ 

duri~ltho'cuttinl 'prl;lces$ by the machinestruduro;and 
'. :';7'~' .~ ,." ."" .'.:. ':~ . '. ' . " :' , '. . 

vibr.atlonal distort lon duo' to .tho presence 'of harlllonic exciting 

forces' (dr~~i~) ':'A~l' thrnof :.t~'5~ deforlllation lD~des can be 

deter.l~~d 'bY iri"".nalysistechnlque Ienown, as the finite 
~ -, " . , 

~.;: . .f • 

ele •• ilt .etbod. The ,designlan!llysis of structures for·llachlrie· '. :'., 

itself. 

:-. " - .... . ..'. 
and. tbe 'work and: to -.oye tbollrelat!v'ely to, pt9duce lIIachined 

. COllt~urs"'(7~l~: . .'r~us;\he' g~~aetryo~ 't.~e'struct!1res.:is n~t 
fixed vi thb.the·tooiand. there are.~ laTge.n~.be~ ;'O'fpossiblc 

- ·'r· < '. • • ' • , \ 

. .. \ - . 

10adilll,C'0~dit10"~tb.tcan.~ise'witbi.n 'any :s~bset of the 
. ; . -.. ... <,',:-.":._:.',.-_-:,.~'.'.:( ... --:. ! ... ,'. '", .. ::,' .• ,,_ 0:,.>\;"<,. tJ 

poas ~ bl~~I •. ollietl'l caXconft l.uT,. tion s •.. c •• ;< .. 
" -. :.->'.>.,: :<:,(:-.~:~·-.::,,:'''r''';.:~~·-< .... ::: ,-t<:, :.,_'::;-,:' ',' . ": ~ l' .... 
, ·','·.,Yhe:·d •• iID of .ai:Mne.structureswasoriginallY , .. 

'_ , ___ :,">":':::-;:>: ··~'-::.'/\'(:_,~~"::·':':>~;':'~·_:".i'···-'~·"···~' ,.~,.::i··,.:_'_:'::' ,>';; ,:' :-" .. . . <!,c' 

cci1Ulaci.C;::·bY.':th~>.:con,S~l'u~ticinj~f-a .• ({de~ of, the· .. cb.iilli '.::.' 
.::". ··,,:,·'7;!,~,:.:·:;-:~:.,:::.~·"'~·:~:(-:':':·~'·:~:'\'::'.'.:"':,'-':'-"~<~:<""'.<:">:,-,-:. :,'-;- ,''"','<: '. ':-: . '. :"-' ',~,.-,-~~,:. ':- • _ ,<, ._', . "'" 

tool'- prii)r·':i1i\;:th.!;~f.~nilcat'lon,:of;; t~e .fir.st .ctu"l.: sti'tctllre • 
. " ' ... :' ,.' ;'y.·.';·.,:_:;~,;,::~·_,-:<:;~·~;::,»· .. ·t~):·lt:.;:\>~:,.;.,:'.,:.,.'.":"::'_~""":'~~~'~' :'" ,,"',::. ,. ;,' ,:",,, "" ,', _~- ;"," ,,' ::'<"::' -':\._ '.'~ 

"The .'.iDv.'ti •• ·t:i:o'D'ot.:~;r~nce.:of~po •• i~l~ 'configllrat!onsvlls 
~ .,'. :'.,;",,;:,:.:,'~'~(;'.'.~';";~./; ').:~:":;'::';~'.:>-.~:~~/.;:~.::"-:':-:::.',;:.,.:;.';:","":?:.'.,.- , ... ~ ... :" .. ~.;..,<.; -',_ .... : ..• ,.. . .' ..... .- ... .-~ .:\', . 

. ,jtrobibi~i!~:jY:~:~~XI'.e.~sJy:e~-:;~~:T,~e/~.-':"lo,,!Jl~nt',,~.fco.p~.te.r··1ias,ed . 
• ' '~'1 ' • " '. ':.' '-. ' '.' • "-", -',' • '. " .• , •.• ~-.: • ,. " ' 

. -.:: " . ; " . 
". 

'_'._' " I 
' . 

. ' .. ' ~:' -. < " " 
'. .' 
. , 
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large"::10 analysis aeth~d~'SU'~h as the fini~e element ' . 
• 

~cthod. has .llove~ the.ac~ine tO~1 designe; tot~ansfer 

-, 

$one of ,the prelbinary desian wo'rlc' t'o the iligital- cOlllput'er. 

Th.transfer of, all aspects of 'lIIachin1l .structural design/analysis 
-' '" . ._-

ha'; not yet been. fu'liy .achieved. 'One of t.he primarY obstacles 

to ·the coapl~te auto.ation of. the 'desia1) .~f this.'class of ' . . . - .~, ~ . . 
s~ruttures has 'been the need to .eet a lar~e nUIII~er of complex 

. ,. 

icometrica1.c:onst'raint s. 'Thus. a~c.bine too~.~'esian' is stili 
• " t • .. If. 

b~st c~nducted by' 'the developaent of a pielbinary desiin. 

foHo,wed by ',-uccessi ve i terai,ions unti"l, a) 1 constraints 
" \ 

(e'eoZietrical o~ f"'i1ure)aresF~~~d. , . 

The basic concept of: thf finit~ ele;'~nt mf!.thoQ. is 

th.t C!.very stncture .. aay b.consid~r"d as a •• theaatical 

ass~eabll,e of indiVidu.I.Jt!U~tu~al. co.pon~nts ?; ele.ents. 

1 finite lluaber of'these eleaentsare connected 'at nodal 
. '. ," ", ,. . '. 

. '.. ..7=.'~ 

'points~ 
() " ,'. .. , The b~havi'our of this .odel 'will c,lose1'y approxiaate 

'. '.' _. , l' 

the behaYioural'ch~racteri'stics of the real structure if a 
• <'I'. .' - ._ _. " • .' .: ,. .' • 

sufficient nuabe, of e1~aents a~e "pl'oyed: Soae b.sic 
~ 

defhiitio.ns follow,' 't· 
. . ~ . 

Nodes· -. Assoc.iated· with each structural node are 

S.iXdelr~.s of fr.edoil ·(,th.ree iran.slationa~ X, ,-.:" Z, and· three 
. '. . . . . 

rotation~i', -8 X' .8y~ ~z). Those. 'displacoaents !,Te expressed 

in a ;ilht-hand liobe,l' cart!,sian coordInate systea~ 

, ·B1e .. n~s -~soCi.ated'vitb'each eloae'ntint'er-

, . 

...,.' I .. -,. 

conne~~illi with' twoo,raClre' Dodes is - a . stiffness, ilttTix th.at., 

represents the di~~1.celieni at' cll. structural' nodes due to ," 
• .... • • f· • • 

.. 

th~ i.ppue~,· fOl'cef'·Thel.~e1.~erit· stiffness .. aatrij:os 'can' be ~ j 

I·,' . .~. -.... 

. , 
, 

... 
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., 
,o=~ined to produce a 

of the {orll: , 

[It} '{4}. {F} 

" 

{It} • stiffness lI~trix 
. 

{4} .• noda~ disptiicement vector 

(P) • appliea force vector • 

Tho solution of th1s equation 

the stat.ic:..,analys·is. 

is th\~,~:.,al,<: d,i~P ~a.c~lIeTlt ,for 
I- l 

, .. , ~~. 

For .the. dYnaaIc resp·onse. considering only fr~e ' 

~ibratl~ns (no fo;ciln~ function). the ei~enValu~5' {natu;a.,f\ 

r're·quenciesl and, etienvectors .(nor.al lIodes) of, a structural ~ . - . , , .. ' . 

. 5Yst~':. a.~e/~tenined by solvingth«! equation 

. . "' 
(It) {al· (M] - U} • 0 (4.2) 

- , , 
. "here· (N] • . aass .atrix 

. . 
for the structure 

of cl2fa) ... 
. , 

\' 
{a} .. 

: ,clt2 • \' .. ~' . 
. , 

'\~sullinl ,. haraonic solution of 
" 

, . 
: I . 

Equatio'n (4.2)' becoaes' 
? , , 

, ' 

." 

.... 
the ·fora 

• 

.. 
.~. . . . 

."1 

to} 

. ," 
(4.3) 

, 

: 1 (.4 ~ 4) 

, 

, r· ." 
•••• 

.' , 



The, eil!envalues",~f, [I,-lJ[~I], 

'.;duos of ~ and hencc' the 'natural 
Co> , 

:cigenvc,c,tors give the mode shapes. 

108 , 

therefore, give the 

freq~encies. The .'" . ~ 

, rhe p~ohlem with thcfinite/el~ment approach,is 
, ' 

• 

that tho~nthe~atical ~odcl i~ n,rcd~ced forn or idealization 
r. ,,' 

of the:preliminary design for the nctujl str~cture~ ,: , 

this reduction is g'cner,ally a straightforward task 

Although , 
for the 

" oxperience~ machine tooL~designer, the'logic employed in this 
, " 

J:lodelling is largely 'intuitive and is thus' diffic"ult to' 

'automate,. 'The iles'i$ne; 'must c'h,oose ~he ,locati~n,'of the 
- , . . . . / 

structural nodes such,that the information derived from th~ 

mathematical model will,berepresent~tive of the actu~l machine 
'.. ' .. -' . 

struc:ture, whi~e' at fhe'same tillle he must keep tne number, of 

,nod~s (dearees, o,f ir,eedo!!,) wi'thin computationally fea,;;ible 

I imits~ 
. ' 

",' ,of" " 
"The in~erse approach of '£ormulat'ing ,the ~~themat1cal 

,-, 

J:lodel as the pri.aary stop and' extrapol-at'ing the resulting 

dc'slantO'a preliainarydesign I'S' a COIDPle~l'O~lem involving 

the, inteTconnection' of,' elem.nts and offers little advant,age . ' 

to 'tb'e' design process-. " 
, , . -. , 

In addition, ,the transfer of the design process 
' .. 

for aa.,ch'i'ne struct,uresto the ' digital co.puter has 

the generation of a great :deal of intorqUon t'o describe, 

both, thi geo~etry"of the ~reliminary d:sign ind,the pl'opert'e~ 

of i tsco.pon.nt~lO~.nts:' 
, , 

AU/of th,e above consider,at'lons'affect the nature of 

the tochniquebywblCh ~utolliated .ethods'are adapted to the", 

. ' 
" 

<". 
\ "'. 

, ' ... ' :'~~ . jt~~l . 
," I .. 

,'-t" 
" , 

'. '... ".' , -, .--~. --: . 

0' 

0' 
,', 

..... .. , 
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design process. Thus, the requirements of 0 system for the 
• 

syn~hesi5 of D~chine structures can be outlined as follo~s. 

1. There must he a syst~m to nid the dcsigrer in the 

intuitive' process"of." transl":ltirig the pre'iiminary m'odel to the 
; 

Datho~ati~al model; 
• .; .... 

2. Th~re.ust be a'rapid review'Jrocedure tover}fy 

• , 

. that ~11 of the inp~t :d~,ta' ha:" bee,na,ssembled c~rrectlY2; -The 

co~putational aspo,ct5 of a finite' elem~nt analysis aro sufficiently 
, . ." 

conplex t? '1ofa,rrant the visual review of all input' parameters 

by the ~yst~~ deiigner~ Tho batch processing approach can be 

costly if thistructure has 'a large numbe~ ofd~grees of . 
freedom and the data has been assemb'led incorrcc;,tlv. , , 

3. The l~ad vector ~u~t bo easily redefined, ,The sisiem -
r~ ":' 

capability of examining the response of the 
, , . ~ '\ . . 

lIust hav~', ',the . . ., 
5 tructuro for' varying load conditions :wl thoitt incurdng, the" 

expense of inversion of the sy~temstiffnes~ matrix f~~ iach 

load case'. 
....... 

. ' .. ' 

4.·~h.~ellu5t be,pro~isioh made to rotrieve in~ormation 

goneratedduring:prev'ious run's as well as to. store all 
• . ,. ." J 

inforll'ation' le~'er,ated during' the' currClnt run.. 

S. . The 'd,.5ign 5y~tCllI must ',be ,modular in structure as 

~ell as .odular in appHcation,.Thestructure o~ tbe' syst"'!1 
"-. ", 

" .• u~t b. such: that, advanta,~e F-an be :ulcGn of developIng . , 

techDOIOIY. wU',hhl any subsection of the ,SYSt"e1l by'simply / 
in~e,rtinlall.~JlrOpriatelY( coiled .block Int6 the prograJII wi thout 

,disturbiJi~theoporating ~ectuenco ,oj the syst~m.'Ttfe applica­

t ion' ~f:~he··~~~·I~·a.5ho~ld.be .o~~~aT to' all ow the- use'r to 

" 

. 

... .--" . .. . .. • c 

I 

~(" 
,~.-~ 
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\ '"l 
coJ:tp!ete only p:irtin'l, ,~ ... ithin 'One terminal session." 

Inforcatio~ generated dut1ng these pnt,'tial runs must be,stored 
'CJ, , 

and accessible to retrieval for the execution of suo-

sequent stages, of the ~ystem\ 

6. There tlu::t be an oa5i'I~' cmpiorod-'matheml1ti<;lll 'pro-: 

gra1:lCling DT, optillization techniq~e,tp, d{rect the vnriat,ion of ' , 

'the dosign,vart:ables in the 'presen~e 'of perform;,ilce conStraint,S. 

The user lIust,beable to designate the variables in a structural 
, r'" ", ' , " .. 

subset that will blYJlllowed 'f2.,. enter the, autolllated ,optimization 

process. • 
7 • . 'The user must also 1-e able to lIIanual))"" di rect the 

evolutionary process" vra an iterative appllc:atiAah of the' 'I 

an'al)'sh ,technioue. This must be possible by'en~ering or 

reentering,the systell at any, input ,stage. 
" .' 

8., ,The results lIustbe presented both ~raphically as' 
• 

veIl as in tahular fora. The graphical pre'sentation':.must be 

unallbiguous in the de~'ignation of structural' d,eiorllati ons for 

~oth st.tic and 'dina.ie responses~c 

9. The, syste. shou.1d be ea!\i~ I"}' employed by the ine;xperi: 

enced user' in • lan'guage °thatis' natural il:nd pre,cise.' At the 

sallie tillo, th';.':oxporienced unr lIUst be able to' c'lIplOY :the-
, . 

. ' 5ys'tO. 'efficiently without the annoying ,delay while' lengthy' 

:explanatlon, ,ara trans.,iite4. 
'" ' ,,', f\J --,- , , 

" 

... 1' Projra.'Structure' , 
I , 

.' 

Asy.t •• for thes~..t't'\liSis of Jiac~ine' st,Tuctures 

has beon' dOY"l,opod lntho' co'uno ofthls,~t(ork te) fulfill the 

.,' . . ' 
, " 

. 
~, 

• 
.' .. ;,' .. --" . ." ." " ." ~:, .. ':~ 
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rcquirliments stat.ed in t.he pr~vious se,.cti,oJe"" :rhe general 
.I,} 

structure of thesof.twarc 'is out.lined vin Filiitf-"(l, 4.2. 'The 
<....... ' 

tot.al program has be.n divided jnt6 eight separate sections 

that have b~en di.stinguished,on the basis/of furi utilization . .~~ " . 

ef t~e fe~tuTcs of Jhe EDIT termiKal system in dTJer to 
, 

attain the o,ptilllal division of ~asks hetween the system 

elements. Th~ p~ogram .ha.s .. be'e,n, developed employing an OVERLAY 
· ' " '\ . 

," st.ructure where each of't~e piftht sectiorts' comprise one 

priml\ry levol' OV,ERLAY. Each OVERLAY has been const.ruct.ed to 

• 
function as a 'stand-alone program r~trieving input data .. . . . . 

" '., 'r . " 
g"nerat~d by a low!;r lovel~ection frolll~isc files as well as 

recording all genera.ted data on a disc file. Thus, all ,se-~tions .... · ., 
~xchangedata t~rough an extern~l,mass stor~ge device., All 

relevant' flies 'are attJlched to the user's term.inal (control 

point) vIa ·a· syStolll macro. 
, , 

In order t.o preveri%a syst~m abort. . 
• 

tho initIal· apPtic~tionof the, syst.em' will, retrieve null file,s. 

Thecroat~dfiles. ireaut~maticallY assi'gned a retention 

period of tvo'days. 'Since l.t is possible tost:o~e up to five 

fUes under ono: filo name tinder .the CDC scope .0peratingsysteJII, .. '. '. . 
the prolra.·can be e.ployed· to update ali inforJllation files 

", .. 
a .axi.u ; of fbur t iaos in the:two day pertod'bofore theus,er 

-
is re ulred to, purge files independently of >he systelD~ This 

I ( is . , • 
rostric :'oh' applio; only, to centTal si te d~,t'a fll es', as 

., . - .' - .. . . . ,.. . 
o terminal data fij.s.t'T~ose·filos siored at tbo 

.... "i) ,.' • I 

ter.iJial~(~assette" ~tapo) ;~I courso-, havoa potentially infinite 
· , 

I;ach. prolumsocUon oxerciSes the' option 

-- 0·£ retl'iovinj o'!nfor.latlon, vb. central·· si to· files· 'oifiom· the 

. ' .' 
\. . ' . 
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,;ite ·can. be transmitted to the termi'nalo for storage lOith tlle' 
, 

ai d of an indepen90nt program.: Th.is.p.l~gram. stru,cture enables 

tho ~ser to access the sYltemand direct the system polnter 

then has the option of tennin3ti,ng the s'ession or pr~ceoding 

lOith ~h~ exe~ution o~any other prpgram ~eciion. Naturally, 

the user Dust bo cog~i:r.ant of 1:ho Iieedto have preVi,~u.sly . 
p 

executed (at lvst once) all, lower order sections 'of the '. 

s,ste~ within ,tho iil0 retention period~ ~ 

('a) 
.~. 

All inp~~ to ~he synth~sii syste~ th&t pertains,to 

execution, dire1ve~ :are pa.ssed .through a cOIIIIII~n~ ~ec~der.­

The purpose of thisappronch is to allow the user the flexi-­

bii i t.y to di,rect the order of _the. progra" executio,n ,as well 

a5s01icitas~istance. 
-\ 

a eeneral s!,nse bY.Martin (28) and applied' to. a .spedfic 
" ~. . 

This approach has been de;crib~d in~ 

application in a c~IIPut~T-llided ihst'ructiQ.n packllge by. 
, ... 

Jues and ZachRr (71) ... ,Th~ systeJ!' used 'tn ,!.hiswork is 'an 

~ndoponde.ntsubsot of the' cOlllluind·, structure .. described in the 
. .. '. 

latter r.fereneo. The systoa co •• ands av~ilable arc give~ 

in Table 4;1 with a brief oxplnna.tion of their funct ion,_ . 
" 

d,irecdve~ Filul'e 4'.3 is·an. ex •• p'loof. th,e uSBle of one of the 

to obtain·.aore ,co.pete expi~nat:ion. of the cOlllputer generatod 

quoi·,Y. ~'Tfie' a'xporlellcod 'user' would be _able ,to enter a response 

diroctly,thus Tflqulilng' slIIaper a.ount of inforllation, to be 

.transaitted. " 
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TABL~ 4.1 

0' 

I Cml~IANf! 
! • ACTION . ., 
, 
i 

. 
Rest'art s,., program,;f;rom I beginning., This , , .. 

I . 
cOI'IDand allows the u~er to direct t. he' , . • r' 

, 
I - _. ----- . , 

" software pointer to any program seC't\on 
i BEGIN 

/ . ' the I Slnc1: program begins with a dir-

"<:" 

,. 

i , 
( . 

ective requesting sectihn 
.. 

I nUDlber t.o hegin , . 
I ' , 

I . 
processing. . , 

I • 
, . 

: 

Steps the program· bac\. one step within a 
, BACK, ,I " ' " 

J1\ajo~ program d~ vision • -. . . . , . -

I 
, . -. This solic;its a Dlore detailed description 

I ,HELP of the program r,equ i reJllen t s f'or 'a' pari, 
0 

ticular program, qUery or input request. 
" 

~, 

, . . ... :,.-
Rewinds all 'act rve program fi 1 es. Stores 

, 
, .... 

HALT al·l data on pe,rmanent fflos i'nd returns 
, 

0, 

r . 
,control to the. t'imeshaiing system. . 

, ' 

. . 
0 

Steps the prograJII forward ono st'ep within 
AJIHAD 

a,' .. aj or. 
. ' (livision. 0 '. prograJII , . • , 

, 

~' ,. r' 

Thh s'y,ste. 'ha.s belln .tesud for am\>igui ty by several 

inoxperienced users and, has be,en 
. \, -', ,. . -.. ," . . 

honded and, effectively" employed;. 

found to be iasily compre. 
. - ';. ~ 

,A 'complote conversation'· for 
, .- \ 

5tTu,ctural. synthos,is'is,i,!clu~ed tnl\ppendix ~l. 

, " 

~" 

',~ 
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Figure 4.4. is a 
. . ,.,J' . 

schematic .of tlte CIRl'\mod'Cl milling , 
na'chine and Figure 4.5 is a' dnit~ element. model' of. this 

salle siructure. T·hc lIodelshown consist·s ·of 20 nodes alld 20 
'. ' 

,!'.enb.ors wJ th n'totftl of'120 d(:grces of freedom. " ~ . .' ,".. ..... Nolie· member. 

'" O.whieh'corres.ponds to the base. of the structure.. is assumcd 

to bo f.ixed in.e!lch of the six P~.ssibltt. degrees oi. freedom. 
, ' 

.. :rhe lIac.hino,·is lIod«illed with boalltype.elo·lIents. 'The first 
'I:' 

. step in the,p.oT'fOnlllnce ~f ·.ithor an an'lysi~ or synthcsi~ . 
:1 . ' -., 

. . 1. t ,.:. . .•.• :' 

·is the· prepnation of, a, digitized bns~ of ,coordina\e .data 

· anJI' n0"lal '~on'DectivelY. Sutherlartcl (73) .b'an eiabi,rato " 
" • • • • • - - Q • 

expository' on' thereduc;tlon.of lIulti~le. Jiews .. of an object to 
· . .,'. ':: ,: ,,~ ~. . ',:. .'.' : ~',' -'.-.~\.,' - -" . 

• ~.' three-dlilonsionalco'oTdinate, representation', d~finos~" ~ 
.' ' " .. ' ..,' -:,.: ' • . n • ':";. '.i' .. ". '. ~ . -,,: -. 

1~' .: . . ~ 

"lIagic"transfol'!iat·ion.·.atri..:X . '[M] sucJt ;thatthe, 'redundan~" 

. 

.. 

~ .' • ",.,' •• ~ - •• : ..'" • ..' 0- -:. .... ;: • , ' 

coordhlilte' h"auto}latic.ally" 'd\scalQl,edbyt!te system procesSing: . 
. ". . \ ": . fi :'<J' . ".," • .. ' ~ 

the' dig.i thoddat.~..Hlidli£i:n.~[MF as 
. ',.' . J. " 

, " 

, , 

L 
This i,s' a .sollewhat. 

..: " 

forlia! preserii~~ioiof:.~efy.si.p~e concept. The. judicious '., ... 
," . ',- .::'-' "':, ,'~ : '~' "".:.::' ;-, :: ~. j - : : .' ~.' ~.' • ~.'. ~. ' 

,s.electioli of.t,,~y,}eii •• vhen·,there.are :.,,1'0, than .two ~iews . . ' 
.. ".J ',:- .,.~".+-.--:-'~:~',.>,,"'::<.'.":;; ... -",,_"':'" _,:.-,;":,":,::,:_,,;,,, . ',,' " ",' ... ~ '-"". ",- \ -ff" ,: 

Pa-i1;i1):i. ~;is"'thechoiC:e'of.,~boie. vhws 1:11&1: ha,ve' thegTeates t.'. 
---:. ~ ::_ ..... :, -:- .' ,:.\,:·-:,~"'_;:~~·i· >',~~--' ':" .:< >'.:. -,'" '~.'. >,::::,,:<>:.,\.-.~ ~~: '\_". ,", '::", ; . : ~_ .,' " . .. .', .' _'" ' .. ',.: " ' ....... ",.' '", ," 

n~.b~rif,.p'o,l!1~.>,~~.:~~.:4i~!H&fI~,~.~~J.n.e~r:.lIn.dpara:~.l el . to ·the., .'; ..•.. 

. '. .xiS,~h:a~t··~~·~¥~~~IC)~~~ .. ~~ .. ~~~~pi .. ~~.,~·~.i~e:,d i,ith~~~ . 'h~" ' .. '.Co: ,.' 

r.du.c=,'t;.~:~ .•. ~'~·'·~~~:tt¥.\~~~·~~'1~7~,S~ ••. ,.~.#,::~~·.,,¥r.::.~;1:y. ',~,~ ~~I.i:fie,~· ..•. ; '. . " ..• :~; 
in. thhj •• n",4ir~;:;i·;Tll~,:re~*lidan.t'.c'Oo~diila~e:i.s. ·''thensillpl.,....: '.~ ,,' 

, , .... _ ,.··;I·~.~,,', .. , ·' __ ''''·'·~·''·A··~.·.·_ .' -: .. ' .. '" ""'1" ~.. 'f:~" 

ignoted' o·~.~ at'~~~i~d\~ii~tih~ ,~¥.l~~ ,o~t':l~ed: ·froll. t!te .previb-ul: >':::.;, 

" ..... . ':!:~iii~~i!!JL~Kt;~~'('3rj;i{~~;';;~~;"':\ ;,.';' '; (;,;~I 
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• 

view, ~u~ho~lDnd's pnr~r doscribod ~ two ~ursor (pon) system 

for tho' sil:lultJlneous diglti:::ing'of two views of :I three-
....... I , 

4iDcnsiona~ obj~~t, , 

of 

. II' \ .. 

,lIsing the f.D1:r system the u!ler must ,ovcrlay two 
~....:---c-----:--"'-'-

• cs j a II w i ~ h ':\ :1 0 tl n 1 I' C l' r e 5:-;;-~;;"t'fon " 
'* ' .... 

model. These Yio~s ,are. then ,digitized 
, ." " ( 

/" .. in" sequence with t~o nodal coordina.tes heini ~record~d in the 

SDI:IO or'der' in each.Jltf the ,,:iews. Tho rel~tive' IDcation of tho 

/.' . 

views to each ~thor i~ immateri~l; as the use~ is 

record n coordinate'Origi~'~f each vicw. 
, <' ' 

Sinco.' tho lo.c!lt.i;on and the number/of structural 

n~da:-' are a:bl ~t;aTY deci~~ons'~qn .tho P~Ofth~ 'de~ignn" 
i.. " '/.. ' . ". '. .,' .. 

'thl.' digi~fzi.na process may .i-nvol:ve "thin~I~_ time~nd~eH b,o 

. .... 

c.ondl1ctod' <lff-line' us'ina oiut f.~e:-s~~/'-'~·lone t.erminal 

. programs. F.ach !:lade by th'e program can be "-. < / ' .'.: '. 
by re,al ~1~e .en,tryvi\t~~'mo.~~ :ap;ropriato'peri':' 

\' .' -. . . , . . 

eral functioning'll1 an "nc.tivo" state.; or via the 1II0St 
.' .\ -' 

appropri~t.e peripheral' fun'ctioniriJ ,in ·the. ~eferrodst;ate 
.." ... . .: 

'satisf 

through tho'. terminai-'s cfssette'systom;or from pr,ev~ou~IY' 

tra~s.i.t:ted· flies storodatth~~entrial .~ite on '11 cH~~': 
" . 111 

'. (Se.;'tiononci 'is', completed by . the gendr_adon of a: 
. ': ' ... - .. 

connectivity matrix' tbatde'sfanates which.no·des. are. inter-
, e '. : ",' .: ... : .' - ..., ' - • • '. . .. '. • 

.: connected by' eit'monts~ . This' ,is achieved in the iI.orm&! ~atiner 
.... ' .' : ",: '. :. " .~:. ' .. ". . . '\,' . :. """ ~ : '. .,.' ,', ", .'. ',. '. ",' , 

by as'S:i:~nl~e~f~.e~.e~.n.t,an~~~~~r,and~:sSOCia(Oddth tho, 

olOlllent nuabex'>.x'e the· nUmfiers of'th\l nodes. attached t'o that. 
," ." ,".," ,,'. , . ' - , '. '. '.' , . . . 

. , 

.' . 

. ...•. 

'\ 
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, . ., 

• 0 
,I 

. .. , 
Modifications.' t-o tbis . file •. as' well as 'any other 

. t,crmi nal file. can bo i'aple"~~ted us'in; tbe iorainal's edi t-
• :- .... - ~. J.- ", 'I ..' , 

ingfac:ility. , ___ , ~~: 

· 'At '~P10tiO~ ·of 'sec~lon 'one tho nodal coordinate . , 

," ,,-

data and the ~odalconnoct1vi ty data ar·o ~torod on a, central .. 
" sitl! dis'c fllo •. 

'~'.' . -, 
(c) Section TwD -" Go~~etrl'DispraY 

,'.~., ,'. I... " ., 

, SoctlontvOof the sTAthes'is prograa ,onera.tu, a',' 
,. . -' , . - - .' . " . 

eraphical,yeriflcu.lon,of tho, input ,ooa.tr.1.· Tbis ~s' an 
. '.. ' . '.' " I'· .. :. . l", ~ '. ~. _ •. 

, i.portent aspect of. anyS'tructural,ynthesis or 'analysis syste .•• .J 
, .. '. .; ,I,.... • '-:. - ". : ," ': :.' '.~, ",,'~' . 

The cost to 1~~er.t.-a',olutlon/for .. structuretha,· bas., been . . "',". '"... . . ..,., . 
.' . ': . " .;.,. "", .:'~ .. ~ .".,'.,,' -/ . ., . . 

',code~/lnCOrreet1y c;~nlle·quite/j):llh.· ~!~ section of th~ pro';' , 

gra •• .ploys. theUniaa1 sup~ortsO'ftv.are anel the ~raphics' . . .'. ".. ,'.. ,:: .. - / .',.. . . . . .... 
, package to .. enable' the el.si,n~rt~. ,~clfythe. PQint·of . 

. ' obsery'a~~O~iD' thr~e ella.ulon •• re~.d v~ to the structural, 
. .' --,I." • _,"'" • 

envelope. P~,ur" •• 6'alld,·(~ 7'~re'Photog~aphs·· fro. the CRT, 
. '" '. :.J.', .,', . 

of .• perspeCtlve,pT~.efttat'lonofthe>f11iite ';leaent-.'aodel 
: .:'.',., ' ............ : .... :-..•. :;;:.'.~~ .. :; .. < .... >:~"' .. ,' .. ';-,' :'. ',' ~~.':.' : ,,' . ' ... ",~ ,.' '~ ..... " 

for tbe '~ill1~I'Ii~c:~i~~~,t! '1~ur,f:41" I~.r~.:userc.n, ctispose. , 

·,tbe displaynleto'.nyo'(the' t.'iaiDal'~I.graphic,i ~d.YiceS., . 
, . .,.," . . .' '; ;. 

,.':.:. , '. ~. ,,~, ~ 

'. ': ~ : .: : , "'. • _. j ,: t:' ,;',-

(d)' s.ctlon·tii~e·,;,c.I.~~~~~~tor. ". 

: ~. : 
:",", , ' 

, " 

, . J " .... ' 

· '" n •. cl.ft.~liiolf~f\th'~:1~~el,YOC~·0~ ii .~oth'.:r, , .' . 
.' "- '- .. ' .:"" :,': " .. '. ':>::::>~ :'~~.':'.:::, "'j.:~~'~'!~':.'~':;"::"';:- .::\ '. ,:/:~, :: ..... :",'.;'~'" ;.',.;:>~'~'.<'. ;.:-'~: };.- '."'. ' .. . 

. 'Poto~tl.l,lY'~~~~~~,!;~,~r~~~~~~~~t~~~~,.el~~llner •. ·'Por.the 

5 a.~ . :r~Il'~~~. L'Ir~:~"~~:~:~;~~f~fi.~!li;~f~~fJt.';~:~t~t:"~ol\~~C'~,I ~ity. ',: .: .. 

fi l.~· theflh;'ot:~~O~~I;:t~~~.:" .. ,~~u~t./~·:to'~.li~t e,,' s.t~r~g~ i .. 
'.. ,~ .. ,": :::, :,;:::.: ~:'::,+'::,;:;~-,:·~;·~\~::.;\·;~~:~:."\·;i';"(~;~:;·l;~::,:i:,':_~'~~ :'::'::;.:: .. :~. '::~:/ :::; J.:~, ~ ~':';, .... ","; -,>',:>~'. "-, ," " '; .. ~< . " :.:'., '. ~~" 

and edt ti"i:f~r;t'h.;;~.Y.1.op.~'D't,,;of.a/p.rtl~u1.r. 'lIac:h~lle ...• ' ".', , .... 

· ·•· .. ;.~·\1~iIi~[~~,~1'}llEcL;<i,·;; .,............... . . ... 

" 

... .... ' , 
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,t~l1ctl1re. A. beneficinl addition' to' the sr~te,:, would he· a 

iraphic~l~presentatio~.of the load vectoi sl1perirnposD~ on the 

strocturnl geolllotr~·.· This feature has not heen irnpletlent.cd , 
in the curr.ent version of the software s' t ys em. 

", " 

(c) Section ~our - Element Properties 
• "_.J""'" 

It ,is ,ne.cessary for the !!-~er to dcfine. ~he .. ,OdUIUS 

of o'l'as·ticity for' tho' struct~ral m:i;erinl,tne matel"l~l .. 
. '-..... -

.' 
d~~sitY'and th~ aroa moment for each beam type'5t~ctural , . 

·clcllont. c This input .roquirement must be satisfied 
.... 

for both tho analysis system 'as "ell.as the syntl}e'sis 

systeD~ In the latter case the' element properties are used 
• 

as starting points in ~h~ auto~ated search procedure. Again 

this can be". tedious tas~ for ~ complox structure beinR' . ' , 

designod in an inte'ractive /I t!:,chnieue to 
• . . 

roli'evo tho designer of this task and'allowhim to draw from a 
\ ' 

,heuristicaliy constructdd data base'of'standard clement forms 

... 'was investigated •. This ,'Ill'proac-hwas 'hindered b.y·the. 
, . , ". . ' .. , 

lack ofa useablo datll-basemanagcmont system.' The Query~ .' . 
'.' 

• . t . 

UpdU,t-s'yste. devvlopod by CONTROL 'DATA: Corporation ava,i~able 
• 

on' the NcMaster CDC -6400. provod ,~.o bo cOlllput:ationally ovor­

Vhol~i~g'. This:.rodueod its application to. th~ generation 

of.a fint of~c·.ndldato elollont proporties which had to bo 
. .. . . 

croated indopendently of tho c.entral s111thosis system. Thi~ 
, ' 

• 

c~lIpilcat ion great ly red~c:ed ,tho desirabi li ty' of tho approach. 
. . : . 

The i.plo.entation of a~t~.~tod. datarotrieva.l wasfurthor 

.'" 

•• 

cl;I .. pHnted ~y\l.he ·sovo~o'''rojstric:tionJ p~aced - on 'the uso of tho,. 
r •. 

':-: 

, '~ 
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'. 

Query-Update syste~, by th~ ~cHas~e~ ~ompu~er ~enter. Section 

c fo~rof t~i~ progrn~ has 'been ~ritten to accommodate this 

type of data re~rieva~ sy!tem In the event that the co~p~tatlonal 

',problems are r,esolvod !'n th~ fut,ure. The ,clement property 

file eRn he ~tor~d and acc.ssed f~on II locnltefmihal file, 
- , 

input on-lino vid the teletype or retrieved from a central 
, 

" 

The'co~con use of welded s~ctions in the. ~ite disc fila. 

structure of lIIachinetoolst;col'lp'llcates th~ definitio'n o,ft;hc 

area mOlilents of, in~rii~ ,for' the~~ Irregular sections: ' the 
, '/.- ,-

dixiti:er can be used in association with a so~twar:~ ..i~upp'~~~ed' 

" ' progr~1I to ge~era te approximat e val ues of the moments Of'; 

inertia' for these sections. A future addition to' th~~ram 
should include the ability, to dis,play ,the, r:sulting section 

, 
and associa ted properti es at the t'ormi na I usi nx the ·graph i'cs 

canab iIi ty • 
. " 

Th~'finite elemeQt riodel employed to test the 

effectiveness of this.'software !lys'tem is'shown in Figure 4.8. 
\ 

This .odel 'corresponds exact ly to ',the prevlousf, given CIR~: .... .' . 
5tructure~xcept'th8~ the,two infinitely stiff ~embers 

. thai comprise the "lene'",: sections of "the y~rtical column 
. :1' • 

were' removed.,' Thh r'educed the nullibor of structural nodes . . ". . 
, ." , , 

" 

t918 ,with a,total 1i(18 .cmbers.,.,' The test load case was a 

road of 0.,2 kip;' act'-inlvertlcally on' nod,e 13 (axially on-the 
, 

cutter) and 'in the ''jIpposing force acting down on node 7 (table) .. 

.. &lIIe,e' the l,pads v'~i'e' 1.';'= the:, plane of' .the 's,tructure the, analysis 

was' n~t.ffected by the.element's tnat cOJllprise the, t<3~le portion . - " ,". '. . .' . . 

- of the Aachine.. Thhhad,the eff~ct' of d,eq-e'asing the) •. 

5t~ui:'turo to ,16 ·.nhersand 48 dejtrees of fl"ecd~m., 

0,', 

, " 
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The.~le.ent pYopertiesused for the test structures 

are a ivcin in/Table 4.2~' The, e1e.ent lengths ver~ 'comp,uted from 

-TABLE 4,.2 STRUCTURAL 

~. 
PROPERTIES 

, . the nodal coordinate date' 

, '..,.L" 

" 
~' .. 

:~~- ~ , 
? 

. 

Ci 2
) (in 4) MEMBER AREA I , % 

I (1,2) 32.62" 485.31 
, 

?' 
2 (2,3) d.62 485.3l • 

3 (3,4) \ 18.4 182.35 
" 

\ 
,4 ... (4,5) - ._'--. 18.4 l82.35 . " '. -" " .. 

r.. - --I -
5 (5,6) . 18.,4 182.3,5 .. . 
6 (5,7) 27.7 252.26 

.. , 
144~63 7 (3,8) 23.26 . 

8 (8,9) 23.26 144.63 
. 

(9,10) 252.26 
, 

51 , ,27.7 

• 10 (10,11) . 1.1, O~Og' • " 

11 (11.12) 1.1 0.09 , 
" , , . 

12 (12, i3) , , 5.3 
" 

) 24 .. 99 
" 

• -
11.34 13 (13.14) '5.67 

, 
(14',15') .. , " 

14 . . 5.67 11.34 . ;. , 
\ • , , 

Ii) .. 
',2S2~26 1'5 (15,16) 27 .• 7 • 

, .. . ., 
" 

16 (16,51) '23.26 144'.63 . 
.. 

, . 

, ' 

(n Sactioft Fiy. - Analysi, 

, 
.. ' 

It h •• not been the, intention of' this worlt' ,to -develop 

' , 

. 
, 

. a sophisticatecl', fifthe eh •• fttprbara";-\but ra,thn to ,fnte,lrate 
, . '. • 

' < ; '-, 
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this ca~ahility inta a larger system that enco~passes ~ll 
, , 

-' asp,ects of the design pI'ocess. There are a ,number 01" finite 

DlcDont prograDs available both coooc~cially and in ~he public 

Jomnin t,hat', repres~nt ,man~' na'n-~'ears 'of programming ,effort. 
( 

"r!l C .SO f~ \.':\ r~' s,Y ~ t.l"t1 t!cv~ 1 or r:~ ': n t h'i. S ·,.oTk "cnp 1 fJy S f( re 1 a t i ve 1:: . 

,; siDple finite el,cmenf prograo that. possessed a 5uffici,ent 

nUClb.er of featuros ~o make i,t' f,eaSible,to apply it'td a real 
·,-·n 

st"ructural probl.om and to test 'th-o me.rit of an interactive 

systems a~proach. 59fte of the featur~s included in the pro~rim 

are as folloys. 

. ' 
I,' 5in~e tho stiffriess matri~-assemhled by the structure 

~s sy~metricaJ and ha~d~d, the program only generates and 

stores as a ,linoararray, those 'elemc)'Itsco.ntained in the lower . 
half of th. matrix band ~idth. 

2" ','The stiffness matrix is .inver~ed (producing a flex­

,ibiHty' "at~ix) UslJ:lE' the Choleski dcicomposition method (73), 
'. 

The result!n, flexibil·ity oa~rix is stored on a disc and' can 
. ~- . . 

be employe~.to evaluat. tho stru~turalresponso for a number' 

.-of' load case's without incurring the computational. expense 

I· of matrix" i..tve'rsion £o~, each progru iteratiOn, -" 

3, The program is preseritly wri~ten t9 handle only bea. 
, 

type eleJlleilLS,' ,h,.,ever. since the program is contained wpolly 
.. . '~'~ ... ,'" . 

within one FOR'rIlAN OVERLAY it..c, is a, simple tlisk to append',·the' 

capacity to handle adcMt'ional ele,ment typos, 
," 

, 4~ 'The program has, the capacity to .ha'ndle sp.!ings at tho' 

"' 

, ~. . '-' , 

found.~ion ,supports as well' \15 mCllnbers_ boaring. distributed loads. 
, . 



, 

, 

. " 
Tho rclath'cly sm:ill core. size avaUable to' an .... - . 

. 
interactive uS't~o.n~'cHasterls.C[)C 6400 mad.~. it pr.ohibitiv·e 

, , 
to expand tho program to hnndlc'mor~ than 1000 degro~s of 

ircedol?' 

A ;urt!,nr' 1 ,'nl' 'a'. t' r(.". ' •..•• -~ t 'It t\.~ , .. ... ... - " .. n .. · .~ . .!' present ti.1'J(! 

thc progrnm ~oes ~otcomputc the thernalstiffness 

tint ri x. , , 

-, 
A fuiure addition to t~e program should implemont 

an autonated proce<1ure to' renumbe; tho> nodes to J:lini-mi%.e the \ 

stiffne~(s mat.rix band width. In addition, ~hen 

with 1II0re !;ore and shorter "roll-o'ut" times, th,e ,-

functioning 
I 

capabi 1.i ty 
~ . .' 

of the analysis portion of the prcigraJ:l sh'ould be expanded to~ 
, 

hand,le different elements and, mor,e degr~es of free'dom. 

, The res,*ts ·for the ·tes.t· str~cture are' given' in 

'T~llle 4.3 (computed lIlembo'r loads).' a'nd Table 4.4 tnc;>dal deflections). 

This analysis consumed 3.5 seconds of ce-ntral proc~ssor. dme 

on the CDC 6400. 

,It shotildbe noted that in terms of machine .structures 
' .. 

. the CIRP !!Iodel is a' relatively ··sim,..'1o. structure. The system 
\ ' . 

has the' capability to handlenorecomplex syst'e1lls in terms 

.of core capacity •. However,.-~hen fhe host.computei:i~ used.· 
" D 

to support a low ptl..orlty timesharing systelD in addition to a 

. ~·~g~j)r!or1tYba~ch_.5YS~eJII, the rollout t imos for tes~ ing 

a systeia can ,bec'ol'ie:'exce.s'sJve. For this reason, the CIRP. 
. .' . ------- : 

structur, proved to be an fdeal test lIIodel. , 

, . 
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~IEHBER 

1 

;' 
2 , 

3 

4, 

5 
': 

6. 
.. 

7 
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AXIAL LOAD 
, (kips) 

,SIIE-AR (kips) Hi' (kip ft) ~1,2 (kip ft) 

'" 
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'- -- -
r 

-.20 

• ~O 

.20, 

;'0485 

, -.04RS 
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• 0 

-.1370' 
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':'.0485 

-.0485 
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.~013", ",-.0013 
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, ,.0485 
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- .1370 , 
-.l'370 
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~ ,~: 

j' 

, ' 

.3195 

',06,66 ' 

.0282 

.0340' 

' ~0441-

~ 09,24:, 
.. i: .. ;, 1 

s'-l 
" 

-~1065 

-.2047~ 

, , 

. :. 

, 
'0/1 

,";. . ~ 

-
.' 

" 

, - .169,~' 

;'.0013 

, 
.3.l!lS 

.3195 

',0282 
> 

.0340 

• ,044.1' ' 

~'; 0924' 

.0151 

'.1065' ' 

. \. , . ' 

• 

" , 

• ~047 : 

.2530" 
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IJ 

X-dHL. (ft.) 

. x. ui':S 
" 

ROTATIO~ Cra~ians 

x 10-S . . . 

(g) 

0.0 

. 0.0 , . 

0.0 

0.0 
.': 

O.! 0 _. , . 
. 0::.0.' \. ... --'" -

0.3 
" 
'-0.1 

'. -0.5' 

-O~S 
. 

.. ).;0.4 
.: . 

· ... 0.3 
" . 

-2'.0 

-Z.O ... 
'. 

'-2.0. 
. , . 

.;"2.0 
. ; .. 

.: . . , .. 

0.0 

0:0 

0.0 .. .. 
-O.Z· 

-0.7 

-1.'1 

-0.7 
-

0.0';\ . 

0.0 '. 
.. 0.7 

21'.3 
j 

" 6.1 

6.2. 

4.3 

. : 1.4 

.0.0 
" 

f 

'. , . '.' . . . ;.' ,.' " . .-
Section' Seven :-,Olsplay' of,. Rosul t.s .. 

" 

, 

, ~. . 

'. 

, -

0,0 

0.0, 

0'; 0 . 

·O.'S 

:..0.7 

-0.7 

.. '-0.7 . 

.' ·O.S· 

1.1' . 

1.1 

. , 
L2 

'. 

3.8 

, z.o 

.. ..' 
, 

" . 

. -. ",;' . .' ' '- . . 

"In'· thisseetJo.n: of t'he':;~rograllb the user can seloed veIr' 

pri'nt orsupp·~~~S./:h~~~le~ of' ~oIlP'uted results at th~ Telo-' 
~... . -,'-', .', .':--k·/: .. ,-:tt .... ',- '." " , '. 

type 85 well as'piot QU"t thlsiructurcgeollotry. Ifi th th~. 
, ,\, :' tJ ~, . '_: .".. .' ' ..... :r"I.. .;',.," ' , . ,- ;i . . ,", ',", ,.' ", " 

. structural,' d..of6~.ation .. sUp.~:';'i~P05.0dwiihan· .enlarged scale. .' , .. : 

Hgure' 4~9? ~S;~:~'~~P70du~t~on ot' \~l1eplot pr~duccd ;for the... < 
. ",.", ,'-'': .. .-"",'" .:", ~-',::.: .. ,..-:.::' : .... :: .. :'}'.I;,:'."., :.;.-" .. :,'~', ... ' ~."" '. . ...... 

. . " ,'.' 

. ;, . •
,,: .••• ';_.:. "-, ' •. },." ~ ° 1 •••• : ........ '-::.-.' .:;.,,: " . .~, . '.': >, ;'~ '. - . - ,-" :'1 . 

,,, . 
. ' 

.' 
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" 
. ~ " 
tcst 5tru~tU!. loaded ·with the te~t lORd of 0.2 kips 

~ 

'._ nt nodes 711'nd II 'as produced .by the EDIT terminal"' s 

~cd plotter. The~tiglnal structure was pl6tted 1n 

, . 

- . 

ink "hi. Ie. t,ho de·formed,struct!lre·w~as .plottediri red. The . . 

J",fOl":'l.1tions in,chis flr.urp 'arc !'nlarged' hy a factor of 10 .. ' 

This graphic dis,play of. tho computed T'CSUl,t5 for the structure 
" ..:.. \. 

. . , ' .' ;" . . . 
could have been assigne:d nquall.ywell to an~ of th'e termiltal . ~ . " ~ . . , 

diSplay devi:ces:' This' 'forlll'of .prosentation gi,"es an,immedi.ate 
r . ..: . 

. "'feot'" 'for thep~~blell to ,:he deSigner.., enab1i'ng him to: .modify 

• 

those 1lI0lllMtrs tha.t aro 1I0st Hkoly to contribute to improving 

tho structuJ:-,rosp6nso.: uSi,ng a.lllanual itorat~ve approach •.. :' 
. " ... . . 

L.::· 

, " 
{. ,', ,-' -

. -. 
(h)' Section Si.,x-- Opthlhation 

.. , 

" This prograa soctlo"a110'.'s· tho. struct\1ral designer 
. . ,.,' 

to, allow; a aatheaatical optillli"zation. tech'nique, to~ary a 
. " . . 

speci(iod·sl,Ibs.rt ·of_eleli.n·~ cross·,":·socti.ona1.are·as. to arr.iye . . . '.;, 

at a.f~asible: so'ludon that required' the "dcii~ion of the least .. _. . ,. , 
structural .atitria"i'. ,. 

''rho . obj o~i¥e. function· hasc'~hci" foria 

u';. 
r: 

. . 
" ·n.· 

.,1., .. E, AiL! 
. . ·i·l· , . 

" . .' r. 

.. 
"'~. "j' ~....... ..•. . . -,', 

, 

" 

(4.6) 
, . 

. ~~ .. ; .. ~ .. , wher'e :,", Ai '.. Crlo~ss';'sect ional·area. Of lIo.he~' i.' ' . 

Coliputod1enltfl c:lf.caber,. i '-
. . "'-.-'" .: 

'p ' .•. " fofaterialdenS1 ty 
.. 

. '., 
.. . . . - ... ' '.~ .. .- .. ' , .. .'; . 

.. , . . / .•.. ~ 
.' . ... . . . . . '. : .. 

~ . ; " 

• 
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. . . f 
a lIub'set of the tOtal nUlltbor ofstrtlfturDl 

e h:mon t 5 ~ ., , 
• .,' ~ 

, , 
. . .... 

In tho ·c.'!rrent )lorsion t.he designer can· describe 
• • • 1, • ,I 

ro«(u1 roJ 'struct~ral 1"Hfo,rmance by "l'l'lrin'l: ''''n5traints 
. 

'to'-tho noda,l defoI'lIations for abs'oluto or 'rolat,ivo',de'forma-
~ . . . 

'0 

Tho·so tllO constraint typ.es I!ave' the 'fOlloWiJ:i,g tions. 

Fotabsolut~ n~dnl d~flectio~5 • • 
,. , 

,:£arm. 
, 
~ " 

. . 

;', 

• j 'j .. I, II (4.7) . .. • 
It ".1,6 

• . .' 
",:1 

" 
IIbore; • 

speCified uppel: lillli.t' or the. p'O.rmhsible 
o 

. ,d.efl'ilC; t ion'~ f, '!,ode,j . fO,r degx:ee ~ 0 f fre'e~oIllJt. 
.. \ : . J:: " 

c~·.tJ.i.lted value of'the 'deflections of node 

-;0 . 

-:. 6
J
:it ... 

" 

. "-j'in ,dciree offrecdo.-~k,. (Thh'v'lilue i'5 
o. . ',. 

.. . ' ., ':;'d :' . 
. ,~o~p~tod' viath,e finl te' olelle-il't. package 

. f"" :' ... 0 0 

"';:f :<:"0£ section tivo of ~hes.Ynthe-sisprogT8111 .... 
" '. .. . ~ 

for each iter.ation of the design'variables)..: 

II 

~ ';' .~ - . -'\ 

dofines. a::ubsot 'of ~hototal ..nulIbc;'i of riodo~~,,,i. • 

, 
., . .,.... , " 0. 

Hote;', Por thoa:na1ysis for, ,thein-plano 
.' , , 

'loading ~of!'~hti test . '. ..' . 
. ,'" ~. .'. " . . .' -:. . . 

ca~e th'~ riodal :dogrees' of freedoallero, reduced to a total of t.hree. 
,- . " . .'. .' '. . .,' ..,'. 

The con'straint .'functions' are defined bS' d,.ple . F0RTRAN state-', 
, . '.. I '.' ", '. .' ., .' ' . 

aents . iri a s~parat.· s.ubrouti"ci. Thus the user. ca'n easi ly' 

~n~ aUh,~o;ria1: 'e,~~s,~~alllts as TO'l~1irod •. 

',',", . 
":,: . ~ "" .:.:. 

; ••.• of. ." 
>~ •• ".' ': ( • 

-. . :-, . 
· ..' 
· ".' 

'.:', 
;: .... ,::', 

. -,' 

,­. ' 
" 

. ~ . 

. " 

. "~.: 
_of 
-" ( 

" .. 
.1 

-' .. 

" " .',' 
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, . 
strategy 

r 
employed . , , has 

fro~ thoSE~Kl program in toference (S6l, This 

been adopted ,/,_."r 
is 'the d}1"I!J'. 

search method of Hooke and Jeoves f~llow~d by a rando~ search 
, " 

Ch~k. The strategy is an unconstra.ine1 soarch, for an 
, I' 

opti \1~ of an artiHc'ial objectiv,e func'tion ,'of the for;:!;' 

, 

" 

U .U' ~ 1020 
, art" act 

(4,8) 

" ' 

fOTa11" +j < O. 
, ; 

A complote descTiption o.f the -~rogram, J~d. the relevant parn- -. 
meters is cO,ntained in the reference. ,~-....Ute test structure ... ' 
a singl.e a,bsolute"constraint' lola's placed on the doflection of 

node,ll,(cuttesupport). \Th~maximum p~Tmissible value was 

',sp'ecifieddo.oo t:, Tho,~eiaber:.; allow~d to' vary in ,cross-
I .. ., . 

a~;ll which are bounded by riod.es 

(lo, 11) anli.(l1" 12) respectively.' Ttie convergoncecriteTia 

of lIiniJlu. step-length was ar,b,itrarilY established for the test 
."1 ~ '. 

struCtuTe .s: 

where: 

, (0. 0675) ~s " 
, .,' i 

" 

A 
s' i 

• input' startillgvBl,Qofor- t~e cross,..sectional, 

, , ~re~ ~f aeaber'for each mo"ber aHowed to, 

, 'enter the"search proceduro • 

. ./ . '.r "en ..... , ,u.,t~'.d.~. ,,~ i';;U~'~.f 
" .r d.n ec".. e •.• ~r~.... .. .,.ro ••••.•. :urr. ,. • .... "'.d 

~, 
.. -.• 



I. 
i
' .; 

i 
I i 

~; the equation (4.8) n~r~nll; would ptecl~de th~ possibility : I,,· ~ . 
L' 0 f a vio 1 n t i on or: ~ fai:lu c·con~tt"nint. -1"~~-h~~~~-~t-th-a-t} 

a rarlure con-stra1nt is· V'ol~t'ed~th'ere is an .addit'ional 
. " . 

. / " 

o the objective function. . . 

Tho' fnil.irc con 
. ,I,: 

Dcober fails that would I 

nre onlyapplicd when a. 

s~ructur~l ~ail~re. The 

inclusion of a'lo~d free redundant member in the ~ubset of ... '. " . '.. '. 1 .: " .. 
lo'Icn:bers bei~g allowed .tll.' v.ir~,would result. in the deletion .of 

that melllbe'!: fro~ the. stJ:llc:Fure. 
. '. I 

In this au~o~~te~s~arch stra~egy, which employs 

a fln'ite ole.ent. annlysi.s :at each design point, thore' i~a 
. ~.' 

...... '} 

problem rolated to 
, , .. 

th-lli-exp'(ic:i t .expressionof the' area lIIoment. 
. . . '~ 

.; . ' ... ', 

' ''\ 

) 
" . 

/I . 

of inertia for ihec:ros.s-~octiori in terms of the design variable~. 
. I . .; .' , 

that·.goyero 'thc,lIellbel's" tl'oss-sec,tional. area~ .. Provision has .. ,. ' .. ~. .. '. ..' - I· . . . , .. , 
been 'lI'ado in tho . progna to' e~p~oy a file o'f cOllber typd .' . - . .' I . .' . 
that are in.c:o".~n usage.,. ;rhe'test 5tI:uc:ture ~as allowed ,only 

circular crosssectio"!allleabors •. 
. .' ,. i ~ 

Undo.r . tho a~OV1" cri teria, convergence for' the test 

structure 'was: achieved i" fewer than five iterations produc­

ing th.e ros;lts g~~~n"~n Table 4.5 ~nd Table 4.t· This "'" 

5~'nthasis .re~uil'ed ;;5 .sJconds of ~.ent;a;'-pro~~ssor. tilDe 
J' 

on th.o .CDC6400 ~'. " 
. , , . 

. At . tho' present· tilletho'u i oilly::thodogic for 
.... ,.. ". $ ....... . 

soarc.h·.s~~a~~gYin tlte~Ode . for .s~ct ion: sIx ~\ A'fut~re . . . 

ve~sion of.tlte structurillsynthesis prograa should ~n.cof·porate the 

capabll.itY:~f auowin,:thjo. 6~sl~ner.t~o·v~rride th!, dofault. 
'... , . :." ~,: .. " -' 

opt! onby't:~questin~a d~£fer-cints.tra togy. Tfi. 
. . . i 

structure of' 
0'7' • 

", .\ :: "1 

}······'·,I·· p' 
,', " ':: .. '--,.,' . 
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Node 
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1 

2 

3 
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4 
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·6· .. . 
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,..,sIj) 9' 

10 
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12 

.' '13 , 
14-

.IS 
'. 

16 
,. 

. 

: -." 
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o .. 
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, 

.. 

cmlPIlTED NODAL' OEFLeCT IONS 
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. " 

, 

• 
" 

I. 

Y":Deflection' in 
. it 10-5 

'. -

.. 

'0.0 

0.0 

0.0 

-0.7' 

.: 1. 1 

"".- • 7 

. 0.0 

. 0.0 

0.7 

.5.8 

5.8 

.'5.7 

4,0 

1.4 

0.0' 
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" 
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, 
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\ 
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., 
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TABLE .4.6' 

I \(~mblJr (Node) , ,. 
, 

"./ 
1 (1,2) 

2 (2 ~ 3) . 

3 (3,4) 
0 -.. 

-:; 4 (4,5) 
'. 

5 (5,6) .. , 
6 (5,7) . 
i (3,8), , 

1,8 (1i,9) -:,.. 
" 

. ' 9 .. (9,lO~ , . 

10 '( 10.,1) 
.. . 

" 

J,! 0.,12) 
,-

,12 (l2~ 13). 

(13,l'4) 13 , 

· I . 

14 (14,15) .. 
; 

· 

. 1505.16'),·~ 

· (16.9) 16, 
, 

. ~i 
" . ' 

'. ;. 

. ' '. -....;.:" " . .... fi 
~"~.",-., 
~ '. . '. 

.. ~ "' . .' 

:':'--' .. - " .... 

.'\ .-
\ " , , '\i 

V 

.. " 
'CO/IPUTEO HEHBER PROPERTIES 
DETERMI~ED BY SECTION SIX 

.. , 

: 

. 

· Arca , , 2 
~n 

.. 
32.6-,7 ' 

'32.62 

· 18 •. 40 

18.40 

18.40' 

27.70 

23.26 . 

2$'.2,6 

' ! 

, 

27.70' ..... , .. 

, 

l 

o' . 
3.5'4 .' '- . 

3.15 " 

5; 3. 
• · 5.67 

. 
. 

, 0' 5;,67 . 
.. ' 

27.70 , 

· ' 
0 

~ 23.26 
· . .. , . 

... 

.. ' 

...... 

~~ .... ' 
. : " 

" 

I ! 
Z 

485.31 

485.31 

'," " '182'.3-5 
\ 

. . 
. 182.35 

' 187.35 

'252.26 
. 

, 

144.63 . . 
144.6"3 

.. 25226 .. 
0.99 .. - '., ", 

0.76, 
.-

.24.99 

'11 .. 34 . 
1'1.34 

2'52,.26', . 
, .. 

1.49.63: 
, 

' , 

r 

. " ' . ~: ' . :,.,' 
. ' 

.• '1' 

, 

. " 

\ 

. ' 

) 

.' 
·lI 

'. 

• 

r . 



~. 5c~tlon six of tho structur~l synthesis system his been 

written to nllow tlli's capability ·to be easily installed • 
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'0) Sectio'n Eight .,. Animation of the' Dvnamic Response 

So.cti!)n· eight Qfthe ~tt"ucturnl s~'nthesi s system· 

lis used .to a'niJllate thedvnaaic response of the. strJ.lcture 
. ' , . . ':.. ' .. .. 

for each of the nsn·ural ·.odes of vibration. 
, 

Th'e eigenvalues 

and eigenvectors obtained in the solution' of Equation (4.4)) . 

. c.an be e.ployed. in conjunc.tion "ith Equa.tion (4.3) to sialUla,/e. . , 
the dynaaic rosp'onse of the structure.' Our current system 

does not' include a aynaaic analYSi~rOgraJI~ The e"igenvalues 
,---- -'/'. . .' '. ~ 

and eigenvo.ctors ,.IIaY1!e calculated by an ex$ern!ll pa~kage 

(in thiS case' STARDYNli~~"the5.e_';re -u~er :i~pht to the sys.tem • 
. ". . . ~ ". ------.' " 

The noraal o~.tput proc;e~ure is. to use a.conventional plotter 
,.. • ,or . : .' '" ,'. . . ' '.. • _.. • _ • 

• to' pr.oduee~a series of 'rotatod views shoving (at an enhrged 

scale) the structure in"I';s 1II0'st e~treae posi t'ion. Figure. 4 ~IO 

. shows' this. procedu'i-e in .. series of ;viows of' th'eCIRP~o,del 
. . . .' . .. 

ai'lling .achine as a~alyn~and plotted on a CDC 6600 cOlllp~:ter 
. .'~' 

with the 'STARDYNE finite eleaent package~ Thh sta'tic 

r.epr~sentati,o~ _of adyna.!c processfliils to' cOlllpl!!tely convey 

a true, indieati"on o~theactual defor.aatlon pri;lcess~ These 
, . 

.' '. " . , 
extre.e-plots . do not . indicate/the hlteraction between' elements 

of the: struciur.eas itoscl11ate~ frollloneextreae position. 
: 

to. anothor. lrI.'cC)~tras.t.to thi.s ,:,nsat.hfactory sta~ic ·output •. 

our syatea" provides an anii:aate.~ dyna.ic disp1a>: and servcSrC'-
. .' .' .. ', . . .' ".' .... . . . ,., 

an analolous . fUnction ·for ,the 'visuali n.tion o'f- th~ alDie 
. . '. -"'. ", ',' . . . 

.', 
. J " .:. " . 

. '.' 
. ~. :. 

. .',' 
. . ',' . 

" ", I' .. ~ . ," ... ".,' . 

. of section 

" -' 
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seven 
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FJg~re 4. 10 Rotated extreme v~s of. CIRP .. 
structure as p10Cted 'by STARDYNE. 

of. the'·:p~Ogr~.dtcl.f"r 'the ~taCc asp~c:ts: of design. 

",It is very. difflcul t t~ quantify th~ infor.lltion. 
. , 'or' ':"':. .'.-" _.'~L. .",> . 

availableto t'fle ·.engineel'/dos·igper resultIng from,an 'animated' 

.dispI~y ot ati .. '~ependent ~roce~s·.· It" ill' equally dif-ficUlt 
, . . .'. .' . ...' , . 

, . 
~. 

,. t.o demonstrate the-quaUtatiVe 'advantage o'f 'anhlation in the 
. .~ ,I' . 

, 
sUtic, .•• diu •. of.p .. per~.· ( d • 

. '. 
'The ·ani.ation of· the· structure' i's' not. conducted. at 

• 
-the··ter1ilnal·in ·reat. tbe.'ro 'aohiev-e~:this would Tequire~ a 

. . . • . --, . - I 

.-._--. ----~--.:.:.. .. ~.-- . . .... .,'. ',- ,,',;." -: . 
refresh .type"a·isp-la.t:.-CRT ... nel a. fast,·.datachann.el. bet,ween the 
...... ' " ..... ,' ... ~.' , .• :."...., . 

data' Interpola~i~n procesi.o,rarul the diSp~ay controllor. The 
, 

• ,. '" ~ 1', 

. . ' '" '.' ..... '. ". ' .. - . ::'- .. 

.' I.'" 

" .... 
"" . 

. . 
.' " ,. ':-, '~" , .' ., '. 

" . ~.: .. . .;,' 

. . _ .. M, . 
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nni~3tion is ~ccom~lish~d hy producing a 16 mm movie by 

generating each framo of thc DO,! ie on the' EDIT terminal's> 

storago displaylCRT'and photographing ir wi~h a Bolo~ movie 

CIIDora. ,The ,camera shutter is dri,~en by Jheterminal and 
'" ........... 

- ~ . '. . . 
tl'e exposu~o ti!"cs ,':an':'be cpntrolleo tAtrou[:h. a 'j'ara::lotor in 

the lo~ar tor,minal',s' operat i ng 'system., Tho inter'face was 

designed by the'author and,}s dosCrib-;'d in Appcndix J. Similar" 
. .' t", • . •• 

to th~ dis~lay portions of secti~,ns two ands-even of tho 
. . ..' 

program, the', user can control the 'perspective view of the 

structure by inputting,"the coordinate locations of the point 

~f obs~rvatlon; , Aftei viewing a representative frame fro~ the 

.'JII1)vio, the user can transmit 'the balance of the graphical data 

to the terminal. 

Tho a.ount ot' inforlllation that,must he transmitted for 

tho complete' productio~ ofa movie-i, eno~.olls for'evon 
" . 

, rel~tively simple ngures. For example, a one minute movie, with 
.~! . .'~ . . 

1000 trans.i ttod 4ata' characters required per frame~-:-,rould 
.' . '. ,. " 

requirothe tdt;ltrani.issiQnO~ 1'.4"-X' 106 charact:c~s'. ,At 

300' baud,this 'voU:J,d ~e~u.ire.13 !louTS to transmit the data. 

This ,combined witlla .'l,~Ssoc:ond eicposure tilli. fO,r 'each 'frame 
I" , 

, ' 

'is • pr~hibitiveiy 'lona time to expect a hos,tsysto~' to remain" 
. "oll . . ,-, . _~'..'" '" " • 

, stab'le. ' For, thestructuralsyste'lll 
',: '-., ~'" ,', 

the probl'em is alleviat'ed 
", 

,by the cycHcnat'uTe' of the ',system response. Even for this 
, , ."',, ~ 

reduced proble.' tho.' .o~t advantageous mode' of, employment of , . ' , 
the systo. Is ,to trans.it the requiTed display data ,to the local. 

- • " , " ,,0.' ', •• ' • ,." ',.', ,;" ., • • ,;.. _. ", _ ' ' 

, , . 

procossor ,sto~a:ge faciU ty at,:rolati voly high data c~!t.es: ,anCi 

. tllen,o.pI0Yth.l:te·rlllna~1~ Il;'sta~d-~·lono.odeto' ,ene:rll:te'th'~ ':) 

Tellsona,b ly gOOdqUllli ty .., 
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, . 

IIPVie that. is O;technically accuraf.e at a vcry low ·hardwarc and 

s~ft"a're co~t., S'evcr1al cost savina aothaOds of interpolation'" 
. . - . '. .... 

• 
Shoul(bo includecl iD a, futuro vcrs ion o'f thiS systelll. One 

. . . . 
" isr~petitivo fil.ln, .of fraDes •. Thisoproduc.os an acsthet1c 

' .. 
, 0 .. 

. ' 

. . 

'-" .' 



" 

142 

•• 

film but n.o longer ret'ains the precise r.elationship to' the 

mntholnatic.aI'modcl •. A'nother method is local linear inter-

polation of inte~me~iato film fra~es. 

Fi gure4.11 . is a prin.t of a frame from a ,movie made 

thnt depicted the test structure vihrating in the first 

;111t'Jral code (184 II:). 

12 ,seconds producing a . . 
perIod ~f 05cillat~on. 

" ,The c'cle tillle used in the movie 'W/15", 
. ~ . . . 

reduction factor of 2~08 .of tho actual 
) 

This .re'l,uired ,~he generation of 288 t .. 

~ ,indopend'ont frames for the cOllplete cycle. 

Althou.h a'r~al-~ime animation displ~y would be ~ore 
p' " 

. appealing in the. design' process, the system descrihed above 
" 

providl;ld "avery ineltpens i ve' techni'que' by ~wh ich the con~ri bution 
'. l' 0 ",' . 

. to the design process. of di~pI~ying time~dependent functions 

in aniaation could be evaluated. 

, 
. , 

4.2 Summary , 

.. 
The pro grail lescr1bed ~'n this c,hapter;' al,though 

, ' {,. 
ikeletal in .so~e a5p~cts,~as $erved to. demonstrate ·the .,. . . 
enhan~e~ent of the'design process that occurs wheft the three 

. ."'" . 
, ' 

el.ments, designer •. ·.so~tware ·.and ha:rd,ware arc integrated into 
. , . 

a cohesive system~ The software has been developed as ~ 
, . 

. system coaprised,'of independently euc;uu.ble, subsect\.pns . , 
.' . '. 'rr,. '.,' . . i-I .. ,' I' 

that· int,erchang;"data files vIa an external dovice.This has 
._ .' .:.tJ~.' _',",' ,.... I ,',I '.' ". . 

prOVided the· USer vith' the flex-ibi l/ity to eltecut·e. any sub-" '. ' . ..., «'. . " .. ' . 
, • section Jf the program during one. ter"'iDal s-e~sion,~ after 

. ,whith . tile i.nform~li~~' that ha5'bee~ ~reated' isautoiDaticaIly .. '. . '..~ - . . . 
" 

stored ,by th~sy.ste ••. ,The terllinal features haVe beim,exp'iOi'titd,. 
'" 'I," .;/" 

" .. 
. I . )''''-L ' , , 

~ '. 
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to reducti the noreal hi~dr~nces that.occ~r when, atteApting :' 

to ,impl'ecent a: larg,e scillo pr,og,ra~ for s'tr~cturals;'nthesis 

-In an intoractiv,e COlilputer environli!Snt. A' di~,logue has heen 

structured to provide ,~n \f_fiClont system that can he , 

tttil,i:ed effectively by ho~~ experienced and incxperlcnced 

users. 
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CiiAPTE,R 5 

'BOTTLE - A CO~PUTr:R-AIDED 
HANUFACTURINC SYSTE~I TO 

, AtJTO~'A Tr: BOTTLE' ~,OI.D . 
PROUUCUON 

;r" f 

v 

, 

... , l t 

2.rof. t·his tOhesi's. computer-aided lI!a·nu-
. , . . 

fafturlng h_.:)feno dli.Uned as the autolllatioD of th.e fU,ilctia.ns 

ip~the dos~g~: develop.ent. an~ 1113nuf~cture of i product' 
., 

o . ' '\',' ,... ~ 

.• rega·rd1oss of the nuabttr. of products/produced Or' the scale of,; 
.' - . /) 

the',productIon ope;r'ation. Tn thiS chapter a .Simple Bpd 
. .,;L ,. 1. . '" . 

• in~ma ~ s,ystelll 'ts/descTibect which h,as been deve.loped to. fulfi 11 
, 

'ar~al<' Jl:ndustrial neod in. the a'anufac~ure of gl~ss"bottle 
~ . ". . . )/;'." .. 

lIIolds:. "Jt ser.v'es as-. an ·i.llustrnti-oll of how ·the EDIT systelll 
. .. ...... . . . .... . 

'.. . .... - ... 
Qn~ also b~ usod in ecimputer-aid~d lIIanufaetu~ing. In this: 

• '... ••• • • • " • , .., .> 

app! ication tho .E'nIT ter.inal is. elllployed "as' the. central .elelllont 
.. . . \ .., . • "'" . " c 

• '. .:: Q. .' • • • 

in 'a three stag'osysteathat allocates.data processing and 
. '. , "': ' . ,...' ' .. 

. data .anage.eni tasks. tti the three systell pro!=essors. I'igur.e 

5.1 h a 'block diagraill' sho~ingthe relationship between the . 

. throo ~ Inoi~ "0£ .p~~eoUfllg po~or and. 'the ~un~ions ~J10cat~d 
• ~ .' . f'" 

to each lev~l.· Tl'urHi,1t betlfCen \.the~I;DIT ter~i:nal and th~ . 
. :. . • ," / .,' .• - :.. .. -,. • .I"'.., . ',' .,' . . ". ". ~. 

proco'.~ eont!Ol e~ • .futer': (a HeVlett.pa~lcard 210,OA. 16k IIItni:' 
~ .' .~." .•. .. : ,. • : " ...... , . \' .;. 01' 

;..coapllter) . h'a 5 justrocent.ly_ beon COIllP leted. The .. ,rogi,e of . , ..... 

• ~.us ina tili~ ~ ;:Y"'t~ ••.. for COliJSutCer:-aidod lIariuflu:tur'C~was' developed' 

i~ thh work by.si.Uhti~' this cOJ\nection .using .an off-iine 
.' . ~ " 

"papertapo'Unkti)a hardwired. GE 
. • " . ,.' ....., .,: 'f. ' . . ... 

. ,. Aileriean'Hustl'or 'Turnitl, Con·tor. .... . " .. ~'. . -:' .. : '. ";.' ... ~:) .... ~ '.' .. " . 
'. • ,' .•. ,' 'n", 

:"'" y" . -'. ·1414 
.':' . . ' . 1 . .. : , ... ", .. 

MOTk.Centuryo. Coni'i'ol on an 
. . .~ .. . . 

.. ., 

.:'\ ..... 
. )' , ~ 

.r:· }'~ . 
I." ;; 

. ",' 
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S. I Prescnt Practice 

"Th~ RI~ss manufncturi~g i~du;try has provided a' 

I"~ ,interesting case study for tho examination' of the effects on . .'" . . . 

all aspect,s of thc:manufacturing process that O,CCU,I', as a 
~ 

c(',:ulr oi the introduction '0:' ~ net< t,cchnnlo",,; i'llto 'In" sta"!: 0, ~ ,,,, ,., 

:~ , .... 
,of the productr systom. In this case, the 'i:lold, d'esign ,process 

and ~he prese~t production pi~cticeshav, becn cxtonsivoli: , . , 

Jnflucnc,ed by the introd,uct'io,n of nusit~rical1y contr:olled 
.' . '. ','" 

turning centors into the mold manufa~turi?g pr~ces;' 
, ,." ..... ::. 

In tho presen~ sfstc~,the~esig~ of a now bottle 

foilows 'generally tho following s'tcps., ': . , '. . , 

. :-' .. :.~. , ' 
" , 

, ' 
,- ", . 

An industrial ar,t''is~ in commu~ic~tion with the, customer, . , .' ' . -: ,':.", 

arri vos at an aesihct ie,sketch of a proposed,,'j,ot ne' :'d~s i.g~. 

i:Jw ,~pist ,thO~' piep!r~s a ~~ofi ~ drawing f~,?m,:(hiS' Sk'~~~~." 
.!. ,:".,,' • \ 

The' pro'fi1~ sketch ',is tral)~lat,ed in'to 11', detiii~pd ) 

drawing siClilar,~o the 'draWingshOwnin: Pig~'~~ '5.2.>:,T ~s 0 
. . ' . . . . .'". 

a d~ffiCu1t tasic~ as tho'draft:sman, iri, t'h~ pre~';lrati~ ';of th~' det~ii 
• 1. .. .,. • . ,," " . .. " ~: .: ..... 

drawIng" ,lIIust' attelllpt, ' ~o' tompute,:the ,'c,ont:iiri' vojrume',ari'd 
. . " . '.. ." 

, ~cs I:te the drawIna :"to aeet the spec i fled, yai~o'. ,'TI1~l:i!; :'a 
• '.' • .' • " .... .'" 0;;' ,". 

.' . .',: ',' . - . ..""';~ " .. 
t'aslc that "is ciften at'var~ilnce ,with th,e ,r, tention of't'he'''i 

.. - . " .' " '. i .. 

Tli'er e,' is a 

""e tendency 'to 'intToduc!' s:traight 11nos i,nto' th ' profile ,where ' , 
~ .... 

,possi'blo., In addition tile draftsman dimensional . ' " , 

"'co.nstraiQ.ts:, 'i.posed on the bo~ tIe by· th~' custome' t,ranspox:t: 

Jll'oc:hanis"i. •• _ 
~ ~ • .' " .' , 

3.,A,lIooc!en ,pr,ot,otype, is produced b'y", a pattern maker 

'froaSh~ detai~od dra)li~ The ,v,oI.uille of the'PT~:t~~~e ;i5 
I .~ 

" . ,," 
, " ", . 

). 

, , 
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, . . 
then found by immersion in ~ater. Following this tho pattern 

, ' 

is nCldified' until thocorreci: 'volu,me: is attained hy trial. 
". ... 

A.t this stng,e the cxpenFlvc detailed drawinCchccomes'redundant. 

The incclllpa(ibi I hy bctwe~n dra~ing and prot'otype il'\'troduces 

• .~ ~~l1tlfactlirin!! rrohl~1:I hl'tl.:ec:\cor.!'ct:n7. r.llIss conr,;lnies.' 

. ' 

I , 

When a bottle contiact is awardedthnt exceed! the productive 

'caRnclty of ~ne, ~up~lier. the order is su~~~ontracted to the} 

competition. Ho~ever. mold development'expensesare only 
" . 

. ,I'CocoVercdbythe "origina.1 contrllc~, recipient. 'The sub-

doiiiractor j's. provided with .t·he a1iove detai'led drawing. 
. . .... 

~, 

\ . \:, . . 
fir~ confided thattho~ r~~olved the problem by pDrchasi~g 

" . 0 . . ,- ", 

'the c~lIIpotltor' s product iii the lIilrke~ place and u-s.ed this as 
. ' ' . 

Il'pro,totype lIIodel. • 
~ .... , 

. 4,. Tho, wooden pattorn is then used, with a tracor-

controlled cutter to ,produc,e a stc;el" patt!lrn.~ 
,5. The stoe,l'pattern isu,sed with II tracer controlled 

. ". . . 

",·!Dthe to :.cut, the aold' cay! t:y., 

'III 

.... 
jfa' 

/ 
! 

After comp~etlon of step tbree. 'the vooden patterf 
.: '/ 

i~chec,ke,~, by the 'o%'ig1n(ll designeragafnst thcotiglnal / 
" ' '. . I 

design concept~. 'A, rejecti,on, at, fhis 's~age precipItates ,an 

exte'nsive dOlaY.in,the~rQdU~,titrn'-o£ .. ·the:.o'id',Th~ fe to,: 

motric sizes. (requiri,n,' t~e conversion of ,a ,great number of .' -, " 

ex;sting ~ottle ~olci~ io~e~si;es. 'w~il~ again, ~ai~Uining 

i, 

. thct Odg'~'naldesil~con'C~Pt .·and 'J:I~etin'i "diaicinslonal.i:on5t~~ints)' .... . . ~ : 

hIlS ad'de,d a~add'iti'onal~lI'collti YO to ,adopt automat-cd methods 

for'Jlo !d manufacturing." 
~ . , . 

.. " .. 

" 

, , 
" " 
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Proposed System 
'. ..---' 

The intro!tuctron 0'£ nU!Dorica'l control, technolo.&y 

Into the mold produ~i:'ionpx:o'cl)ss hasI'l3,dc it POSSih~ 
"to cmplo~' automated, tochnlCl\!es to, tlih manuf'acture of th'cs,e 

,:.,ld:" Th~ ED!T tcrl;linal, ha,d;';lt'e. the tcrni'nnl SUp!'On 

sofuia~c 'and thc. graphics package ha~e provided, an inexpensive 

:sy~tem to integrate ~he desfgrt rroces, directir into the, 

production process. I , , 
"'~' I 

" Tho program to implement t~is process has been d.»ided 
" 

divisions. The first ~t~ge invoivesthe 
, , 

intot~r major 

prepnrlt ion 'of an APr cOlllpatibl~ input file. ,The second ~tag~ 
~ '. 

embodios ,t'he v~rifi,c;ition {)f the' cutter 'information ~enerated '{ 
, 

by APT and ,thepr~pRrat~ori 
. :.:. , ' . 
tool, I:ontx:oilor. ,:' ., 

of: the dhta file for t)e mac~ine 
I, 

'"r , " 

,;,Tho, £'irY~ step in tho-f,irst, stage of' the proce,ss is 

t~e dete~min,ati'on o~ 'tho,bC)tt Ie spocU'{ca ti on. Here: th\ 

u~r Ilus't input th'~ "reqUired :volume ,the' fi If space vo I urne. 
, . 

. . 
,the bottle height, t'he design, we,ight (amount ,,~f ghss to ./.. 

". ~. '. ~ 

be used 'i,n, each botdel~ as ven a's, the speeifiedne~kdia-
, " ~, 

lIeter, T,b": us~r '!las tho opt'ion 0.£ vorkhig i" either British 
• 11' ~, . . 

I 

, .et r leuni ts. ,T~o5e ,speci £1cll1;lons 'are suppHed totlie 

,te'rmi~al' I,lSing II progla'.convors,nti~nal .ode that has been', 
" ' .. 

or, 

str~ct'\Jred about 'the' sallie strategy,as thestructural'synthesis 
. , II ' l 

. .,., ... 
Thus the' user can conu:ol th-e'-order of program 

" 

execution,,' solIcit an explanation of 'a System query or terminate 
. '. 

eXc,cution, by, entering' .if: ' ' 
one o~ thiCo~~AND5defined.in·Tabl~ 4.1. 

',' " -- , 

'. 
'& • " .. " , " ' 

, : 
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The second step is the reduction of the,profile 
" 

"f the hottlc' produc,ed by the'i/dust.rial artist to digital 

infotMotion. This is ac~o~pli,hed by tracing out the curve 

with tho EDIXterminal di&ltiter With .the di~itizer in either 

:hcnctlve or deferred state (i.e., oll-line t'o theli~5t 
'" :., 

COl'lputer o,t:, off-'line via the terminal ,c,ass.ette t,ape system)., .. 

Once the profile has boen defined the coordinate data (in'cre-
. ',j.' 

, .' 
lI\entedby,~.610 inc~es'in'~he ~~ial ~lr~ction of the ~ot~le) 

is numorically integrated to calcu~a:te the botUe volume for 

tho-pr~file as digiti%od~ This value is, returned ,to~ the 
~ 

'desLgner to, provide him with a "feel" for,the direction that 

the vol1,lme lIodificatio'n must fol'low (Lie •• the value, ,has to 
" 

be incroaseli 10\ , ordecreasod 30\. etc.). .. 
" 

Under section three of tho program tho user· ~n 

',' -, svec~ 'ono of four'volulle 1lI0dification "strategios. that • 

Aistrib'uU"the r~'dialdfmensi~nIlI', v~~i'~tions of t~e pr~fih. 
along the axis of the bottle l~ac~o~modato'ih~ riqu~red 

, 

'volullO aodification. Tlih, i~ ,a uniDodal 'fUnction of ·the forlll' 

Min 'u • 

where: V 
r 

" F 

J: 
,J:, 

-. "-- p 

. , 

, .'. , . ' 

~'Xi+i' + !.F~6X)2 6%1' 
0, 

• requi:fed VOl"UIIO 
; ... ~....: I, ' 

• 

• 

" 
1.0. ' 

(l_o-,b(i-l») 

• erf(X), 

" 

f~r .odific,a} ion strategy' I 

:,fo1', modificaticm stra-tegy.2 

, ,'for, modificatiOn -stra.tegy'.3 

fdr·.odification strategy 4 

" 

(It.l) 
.\ 

~.'.'. •• 
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The: effect of theso st-rtltogics on~ the translation orJllodi'fic~-

. . 
tion of tho' profil~ is sho.'n in 'Fl.,cure 5.3.' 

COII\,ergencowa:( acpeved,fhrough' t'hg n'ppli'cation 

of n 's i r.>pi c at gor'ithmfor " \, i bOlln~c~':isea r~h. The 1 o~ ic 

of this qlgorithm'is g~von in Appe~dix N. Tho converCence 
) 

critori~nusea for the te5t~proble~s W~5 .Oifluid ounces.' 
• '" , __ • I -\ , ' 

f Convorgence'with thh~5il!lp'le,~fiJnctional form is very rapid • 

. usualli ~onsuming few~r tha~ .,10 iterations. 
~ . ~ 

Section four ~f the bot~10 design,system is the 

pros,ontation of ,tho computed )ottl:e. shape. Simi!ar to tho 
, , . ~ " 

. displ~y of, the geometry in the structural synthesisprogrnm; 
:. ., . ~ ., " . 

, the user canspocify thecoordinato p~sition of tho point.of 

obs!'rvation ,for~aperspective view. of tne hottle; Figure 5.4 
~ '.' / : ~ 

and 5.S 'are phot'ographs:froll the F.DIT graphics CRT of two, 

djffercnt hot.tlo'S1iapes designedwitlt this'system. A simple 
.. 

hidden ·!-ine algorlthlll" has been elllployed to rellove ,the portions, 

of the ba:se(or, top dep.nd,ini·'o~ poin't, of obsorvation) that, 

'. 

are not vhihht., Several f,orll50f presentatiQn wet:e trie.d 
I ". . '., 

to creatoa reallsJi~ appeak~nce for the hott~e. ,the simple' 
OJ ... •• 

I . T .\ 

'.for~ shown in the'so .figures was ,fQund, to' hav.e the g-reatest .', 

appea~'~This pei;::pec'tive,presont~~iQn giVO~' a rapidl're-vi'~'w 
'Of tho effects 'that ,th'e volullle modification strategies '''ill 

h~ve;on ~h~ f~nish~d:.ottl~·s appe~ra~ce., Jf the user'is 
; I ',' 'v" .. -. ." . ., •. ' .. ~ 

not' satisfied h,e ean sbJll~·re .. onter .tllo progralll at anypolrtt 

, " 

and reset on'o of, the 'desi'gnparalle~!rs.' (~ott ~eyn~t!,' or, 

sha,pe strategy, o~c.). Tl,lo, hot'tle display could hllNe been 
" .~. . . 

c,reilted on'\,ny of the" F.DITg!aphic5 hardwaro' ,syst,ems fo:, the 
....... 

.' 

.. :,' , , 
" , -

" 

'. ~ . ... :..... 
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~.cation of a hard copy. 

The dC'\'~.lopr.:~nt ~lf· ar. adcquate a,nd inexpcnsiv"c 

~i~play d~vicc for the real tin~ rtisplhy of Krcyscale graphics 
- " 

~"')111d contril>ut: to'''.th~ apprcci;tion oT tho> a<;sth&tic as.p<,cts 
, , 

~~l~ th~ production of aproiotrp~_bottl~ ~edundant.' 

Part rrve of thehott'.le is' the creation of an APT' 
, , ' 

input fi 10 ~hi ~h c',an ca~l th~ APT package to generate a cutt~:r 

This file nust lYe in the APT language" This is a _ pnth. 

cor.p.licated syst·ery pro!!rar.lI:1ing I1rolilom, to circumvent an 
~ , 

inadoqlla.cy in the present \'or~ion of APT (vcrsi'ori 3.0)', 

This Ihlitntion .is APT's ina},j lit" to read d\lta fron external .,. . . \ . 
:' .. 

r.ass storaie de~ices. ' Tho approach uSed,in this work was to: 

creato'tho APT To~glling and finishing ~acro in three s~gments~ 

. The first segment -contains. tho ,filo loadin·c .. an<1· execution' , ,-

• 

.. ' .' I 

direct iv05,' the s,ocond sectio~ contains. the' finished profi Ic 

data and tho'thir-d~soction ~ontain; the logiC of the APT mac'l'O.· 
, . 

1;~e' exeCutio~ '.of ~ho desi&,n pl'~:~~,~ creat~ the se,cond s':,ction '_ 

of the ,above APT input,.ril~. Tlii,s file is thoti"mergodwith 

the 'other two'scgl:le.nts and thc' who~e f~lo is' then '1.C!.a4e,d'as a 

reaote entry hatch processing'j6~. The' soon 'to he released 
. . . . 

APT :~ersion 4.~ wi J 1 boo able to read f,rom extcrnaldata 

• 
files 'elillli'nating this filo:manir.ulationproblelll,' Figure 5.6 

j's a listing 'oltho APT llI~c~o'-used ·for' the, production of a 
, ''''". <:;0 '. II 

prototype bottle uSi,ng the EOIT terlllinal systel'l. Tho lIlacro" 
. . ',.'. . 

soglllent5 aro in'dicat~d •. Tho profi 10 data has hoen int'orpolated 

with, the APT TABCYL routine to p~oduce a slll~~th 5urfa~e. 

, , 
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Scct'ion six of thc'" . pror,ral'l 15 
. . 

, , the·.ye~iflcation 

, Q f the fl Ie OT parts pro'gram '~cnc~ated hy 
-"- . 

AI"T, 'or" APT '"it .. a po~t' proccs.or ... · 'The "us'cr .,It. the :terminal 

c';tn r.ctricv~.'thc· datA filellTodu~ed :hy :,\PT;',where the 

10'1 th \hc::aid ofl tho tcrll1in:d suppor.t sOftl<ArC and graphics 
,. f J • 

I'ac,kage~' sia'ulates'the cutter actions of ~he numerically'. 
" 

cont~olled ma~hine tool; -Tho user can examine the whole cuttet 
• . . I 

path or ~elec'tiviily desil!natod portion:;' oflth'e' path •. Thi:s . : . ..,., . 
. . . ' '. . 

can.be conducted on. any of the EDIT terminal's granhics . . -
display 

dcvices~nd the displayodportion of the cutter path cin·b~ 

di5plnyod at any ~pproprintc scale. ·If an e!ron is det~cied, 
" ! , "-

the data file can be editod, corrected and redtsplayed at the 

tll.rainal. Figure S.7 is-a h'll;ck' diagra'm re.presentin& tho 

'relati~ns~ip th~t exists ~otwccn the software tasks of the 
, 

. 
Syst~~5 processprs for ~oth the part~ ~rogramaing a~d ~erlfica-

t'~n procoss~s: 

. T.ho .EDIT'terminal's· flat-bed plotte'~ i-s.a dcvi~_e 

pnrticu)a'rlY s:Uit~,d 'to t~~ -v.erification of numerical control 
... 

cut tOT l'ocatiCfn' fHes. For. parts. that "reQuire scve-ral 

cuts th'at' are located in close. phySic·at'. 'proximiJ:Y: to -each . - . . 

.other,· the" p'IOtt'OT~S mu,i'tiple pen turre~ can .be used .. to 
, . . '. , 

distingui~h cach'-cut witli a different co-lour of ink. An 

" 

'. . . ~ 

'~dditio~ai :i~pcirta~t' .'foature is th~t tho operating format ·of~_ 
.' 01:." . I •• • ••••• 

this plotte'r' closely - ." ..... r-e~-el!lhle.5 thoope~ratinr.._ forma.t of a 
. . . " 

.the plpttor' s ·pen. '(m'achine tool's cutter) 

. i 

, 
machIne tool.' Sinco . . 
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" ~:; . SPECIFICATION SIMULATION , PAPER. ' 

OF MACHiNE' TOOL " AND' , 1----, 
" 

. TAPE & CONTROllER , , ' VERJFICATION, " . ' . 
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the hest. vis,!nl simu,l,ntion of t'hc nct\,~l cutting process.' 
r .... , : .r' 

nnce~ the cutt<::P<ith'~~ in a suitable format' 

it can he t,ransmittod to, t,he ter,minal -for storage on the" 

~assotte s~stem.' When ~he fil~, (s tequired hy.tho' on~lin, 
, ' , 

~. )E(~-jircd machine tool ~on~rvllcrJ l.t can h'e )·c·tri,c\~ . ..!d ·cti.'r~ctly.· 
" ' 

f,r<?mthe sto,rage medium a,nd tra~smitted .int6 the core of the 

contrOller itsolf.Thisretrleval.is irtitiated ~y a request 
, 

genorated 
. 

from ~he c~ntrolle~ when it is set ~p to begin 

mncKininR. The terminal converts ~he cutter file into th. 

reQuired code t:or th,e particula,r m!lchine tool controller. 

A co~piete ljsting of • 'conversation for the ~roduction 

of' 3 bottl~ moid is g;,ven in, Appendix 0.' 
" ' , , 

Fii:~re 5.8 is a photo'graph ,of .. a prototype bott'!e' 

patter~. that has been designed uiirig this s~stem. being cut - " 

'~n an American Hustler lathe. 
, 

Figure S.J . is a,photog~aph 

of: a £inis~ed ,bottle, patt~rn pr~ducea by 'this system.: This 

also servos,;is a model of'the, p,roductionbottle.This would 

eplace ·the 'wooden ,patte'rn -i·n th~method, .. i.n ~urrent 'use~ 
" . . . ". .\ 

Thosys~em ~e~cribed a~ove'h~s only '~een develapeJ . . '.'. 

to a suf£i~ierit ~evel to,test ih~ feasibility of.~r~d~ci~g bgttle .. 
q 

:mo)Js viaa,smill scal~computo~-aidedmanufacturing system. To, 
". .. '. --. 

tho prosent,ti~~. ihe'~~stc~ has_~~eri developed up:to arid 
",' ..."" / 

including the auioiD3tod ,produ1:tion 'of a prototyp'e pattcrn, 

,~h~: extonsionof this, sy~temtothe completc,productio~ of a, 
. ..~. ..":, ~ "'f!' \ '" ,'. " . 

'MId on ly , roqui re\:~(. ... odfficat ion' in,. the APT ,macro" dev,eloped '. 
• '. • t " '.', ..... ~~ .. ;.;e::-:~, ,'. ' . 

'for the, bot,t,le' pll'ttorll to produc1' 'an internal cut on the, 
. ..' . - . ,,'. , .. ' :. . ;:~ . 

!:lold, cast.ing· r.athor ,than 'an oX,t,ernalcut on t'hc' PCTspex $t,ock. 

" 

'.: . . • . ' I" '!" ,. ~ 

-, 
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i'!;c 'fpnishod' srs.tcm'~,'oulo ioe;l11), include .. li\>rary of m:Lcros 

(1I,!t C01~ld 11o'autom.Hicall" selected h1 the ~ystem. This 
. . , , 

,could pe accomplislled hy ~ search for the mac~o for which 

final ',rOugl;in!! cut ,most !Closel Y approximated the fin:~shed 
the 

. \ "'.! !'" t rro.fi Ie . I 

... 

, " 

'~ 

Ina pap-cT 
, 

tol be 
I 

presented ~t the C1RP,meeting 
, 

..Japan in August, 1,97..1', Kakazu et al. ,(75) have' p,o~osed an 

:llgoritl;m ~o automat'icjlll-~' generat: cutt'~r 'l~'c~tio~, data' 
" " , I' 

in, 

The' adoption' of thi~""type,Of approach, 
, 

~indepen~o~tly f~o~ APT. 

aft,er, it has hoen fully, proven, would great Iv 'enhance the '. ....... . ~ ... 

pcrforma~c~ of ;ystems such 'as=the syste. desc~ihedaboyc, by 
-.... " 

elininating APT: and the need"for a library of macros~ 

,No"t completed in thiS' pt,el)ininiq;,y system: hut easily 

appended" wO,ul d 'be the 'produet,i on 0 f 'an' en.g i neering drawing 
(" () .' . 

Q.f thefinlshed bottl~., This 'drawing, for example" could be 

prOduced on'the EDIT s~;ste~' 5 microfilm plotter and stor'ed 

for retord purposes.', 
, , 

The full. ',system shoul,d be <\eveloped to include' the ' .. 

I . ~ S~Ulptu~od,~uriac~ r~utine,similar ~o thoseb~ini' 
". . . ." .. ~ 
i~ the '~utolDotive' industr,y, ,foT the definitiOn and 

" , ' (., doveloped 
, , , " ,.'~ . 

design of.rton~roun~ bottles. 
, . . . '\' 

\' 

, 2. 'An automated data, base selectiOn of an, appropriat~ 
'--->, 

!:laId 'cRsting' from a file of oxisting pa~tllrns., 

" 
of an,~ppropriat~ neck 

~. .':"', 
3., An ~u~olDated selection ring' 

dosign again frortl a data fiLe ofstnnda'rd parts'., The .. 
'perspectiv~ display of tho fini~hedb-ot'tle ~holild ,include the 

.( , , 

-,' 

'0_". 

", 

-
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" ' 

, ) 

, capability to eicchange ,possible noc~ and ca,p' configurations. 

The system to a~tomate bottle mOld design has been 

developed to demonstiate ~h~ f~asihility ot e~ploying a 

rr-:innl that has a programmable,.controller,' 'The problems 

~c.ountered .in this applic'ation' are common to 'j[ numller of 

engineoring design ,~ystems. ' 

" , 

The expansion to include a direct connection betw~en 

'the terminal~d the controllers associated with the range 'of 
. l"'~~ '.' 

I ' 

eachine topls availa~le at McMaster Univ~rsity'wouid create: ' 
.' . . 

a sys~em thai could, be employed ,to conduct:1research activities 
;; 

(-
into ap aspe,cts of compu\'er-aided manufact~,in2. 

,~ '",,:~,: 

A~.entioned in Chapter 2 of this:~~esis. ,one of the 

ano~alies, that exists in the' curr.ent de've'iopment of CAM 

.. sy~tems,r,esearCh beIng record~d in the lit~,~ature. is the 

scale 0 the hardwai~ systems involved. The ~otal systems '~ " , , . G 
cost involve'd is well betond the reach of all but th'e largest . ...... ." 

, , 
manuf~cturing corporations.: These Same corpoia~{ons. b~c~tis~ 

. , " . . . - , 
,',of' ih.'ecorio.i~sof scale. ~e th~Je~st 'In'elyto benefit 

'fro~ th,e' concept,s 
" ,'\,' 
devel~pe~ in this ,work has h~en an attempt to demonstrate that 

of computer"~\ided man,u factllring. , , 

a judtci Us :electlon of perip~eral de~ices and a '~lanced 

• :ppl ica,t on" o:;i,pr:~s's ing 'tasks-between the ,th-ree., i'evels . ' ' 

J .... _ 

, , 

of proce Sing pover cltn'. produce an effectiv.e and' inexp~il'siVe' 

5YSteli'f~~ c~~;~t~-~i~ed '.,anufacturini .~~ ,t\;,small job '''~f-) 
shop and, for the 5.all, .lUlura~tu'rer.' 

, . , "}'., 
j , '. . , I' 

" 

• 
--

\ -. 

. ' 

. .I . 

, 
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CHAPTER,6 

CONCLUSIONS 

" 
" 

The development of a system for the synt,hesis of 

machine structures has been' completed by the effective 
. '".. -. ~ . . 

in~eirat-ion of the engineer/designer in~o an inte-ractive 'com:­

puter environment~ ,T~i~integration has been ~chiev~d throu~h' 

the des'ign and development of ,:~oth, a design oriented computer 

terminal a'nd a comprehensive modular software:-,system. ' ,~ 
gene;a! aspec:ts of thisap'proach have been ,demonstrated 

", ' 

t,hiOuah the' extension' of the hardware and sciftwar'e to an \ , 

""ii.i ti~rial' apPlicat~tin,t: an' industri,al: problem in
9 

the manu- ,,'.,\.\',' , 

, facture of glass ctintainers~ 
J, 

, The thesis has'been ~ivi~ed' into ch~pters, each ot 

which deals wh'h one, aspect of ,the system desian. Th.se~ 

a' summary, of ,the pertinen't 
" 

~hapu,rs hilVe bren concluded with 

aspects of the ~k ~~ it related to the ~opic 'cif the chapter. . ' 

In this C;hapter, the ,system is reviewed Iii, a' g~neral sense,' 

.nd~he salient teatuie~ are briefly sum:aTi~ed. • 

"The Init hI p4't'ion of the work has been the de,velop-, 
. .... ......: .. . 

ment of, a, co.prehe~.ive. engineerin'g de,sign intelliae~t terminal 

(EDI,T) that is a cohesh;e asse, l,age' of' desi'gn oriented' , , 
computer peripherals cap,able 0" ,b",e_ina e~ployed in associatio,l,l 

. ~ . . " t... . .'. • . '. . 

'with a lara. si:ale'tilush!..l:ed computing system., This terminal 
- . ' - . 

, ha,s been d~sianed to provide a ,cost effectiveapproac.h to, 
"', " ",-\, " ' ' . . - , . .. . 

, cOl!puUr!ddeddesiin through' the In'~l sion of features, that 
. :' .~::.. . .. ,.' " , . 165 

. ' Q,III', '. 
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are .designe': to specifically deal' ~it~~:r:di:'i~al1Y '" 

cumbe; ":". J aspects, of eng,inoering' dl,: gn/ anal;s'i'/Almos.t' " 

81' eng~n~erlng,d~Sii~'~opSistS'~f:;he formulation of "large 

"data ba~es forI the proble'm defi~ition and equally large, data 

bas'os aro g~nera,ted for review of the solution. Low cos,t 
. , 

computer graphlc's' ,have ·provided 'some rei ief, for' the rev"iewof 

the Ii!o~etrical .spects of both the problem .fo-~mula:tion and 

,f,o,lution st!l~el., However" the gr~phi.cs. systems available to 

'date, are creVices t}lat are only active In the design process 

while ill as~ociation with the lar'go scale system. Th.e large 

costs 'i'nvol ved 'iTi 'event imesha~~d u:;,e'~f such syste'ms has 
. .~. 

produced an'imbalance between the d,~;;igner :and ~he computer. . ' 

There is a psycho~ogical'stress imposed,~n the designer to 
. ~ • .... ~ - ::: I • 

ainiRize the c~st' of, computer em~loYlPeni; The development of 
.t-\ 

has failed to provide a solution 
, ' , 

~ .. 
~d-alo'~'e dedicaied systeml 

to the probl~. due to the high cos15 inVOlved and t~~ inability 
, 

of these systems to, handle the large s'c&l~ softw,~re packages, 

. " 

available fOl'enllineel'ing des,illn/!lna1ysi,s. " , \ . . ' . 
The termiilal dev'eloped .inthis·.,worlt employs 'sufficient 

• ," •. • J. " ..' .. - . \ ~ , • 

'illtdlillellce to ",l1ow the engineer, to f01;'mulate an~,reyiew 

, hil problem in a local rel~'~.d env'i.r~nment.' while ret'a~nlng' the 
, , "J' ,f , ," 

'use, ofprollr ... ing and' the co.pu.t~tiolllii capabilitie'f7of the, 
. ~ . . . " 

. .' .• I' '. . .. ' ....••. Q 

larlle scale cOllputin,g syst.ell., Thilihas been realized through 
. . " 

the desiin of an oper~tin.1I philosophy for the terminill that 

, , ' , 

. ;, 

('1") C-conversation', and irap~ic~ ,are dis,tinlluished and are 
. .."..... , 

dlltribund toth. ~pproprhte ,device. 

, , ' 

, '. 
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( 2) Terlllinal peri'phe"ra-ls can be d ill d 1 use n a oca mo e 

throuah ane~sily co~pre,hended strate.&y. for program retrieval 
\ . . .. '.':~ , 

and execution. Under this mode the enginee~,~incassemble, 
. "" . ). . '. '. 

lI!0dify ana' edit data:ret~ieve informat-ion.files, and 'review .. 

djspl~ydata with the afd ~f any ~l thetet~inal's,peripherals~ 

"(3) On-line to,a host computer- the ,e~gineer, throug,h " , 

.' .''''' 
I cOlllprehensivo'soft'Ware library' c,~n config~re 'the 't'erminal . ' 
'hardwa~e·to fit the'req~irements of ' hi a' particular applicatio~. 
, • "" -:'.. j . . '.. 

'Thua p,e~ipherals, can' be employ,ed in"either, a~ active state -' 

tha information is generated and received in real' time, ora, 

defarred" state ,- i.nfoTlllation is generated from or transmitted 

lO the te~lIi_nal 's storage medium. This latter operatilJ,g, mode 

.- serves as the 1 ink between the on~ lina and stalld..:alon~ ,oper,at-' 
.. ~ . ~ 

ing ,s)os'i.e.sfor the ter.'inal. 

The tetllinal developad in this work has ser"ved the . ' 

• pur~os, of beina a prototypa facility :ior ihe development of 

a ~ow'priced~ fleiible engi~eerina design statio~. 'Although 
'. " • I • 

the 'hardware itself 'is a one-of-a-kind sY·s,tem, the operating 

-p:!lilosophy, the cOllmunic,ations stra~egy d~veloped, 'a"s well 

~s the ~upport softw.ie pro~r~.s and concepts are fully 

_. e_ployableTand tr~nsferable to the developm~nt of a clllss of 

l.ntellig~'nt terainals 'for appiication to'design engineering;, 

tilts" ~las:s 9f t'~r~inal h~sp~oved to _ be" cost-effect i ve' in ' . ' 

'relati'ont,o ,Systeas, that !re available cOllme~ciany and have 
, , 

been ,ci.eveloped .elsewhere. The ove,rall concept of'th'e ,term'inal, 

a~d.'-nr ,of tho detailed strategi'es, are ori~inal 'with 

, . . , 

• " ,~ . 
, ' 
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:The second stage of this work has been con~erned 

lIi,th "the development, ~f, a software system for, tho design of, 

\-' machine structures. . " . This sys,tem; in conjunct"ion with the 
, " 

te~minal hardware pnd support soft~are~ has iemonstrated ~ho 

enhpnc~ment th~~ occui~ to t~e design process when the 

elements, hardw!"re,software and designertre integrated into 

a ,cohesive system. 
:'"-[ 

, The software system'has been divid~d into ,eight 

seaments tha't can be executed independently ,or in succes'sion 
, , 

within one ter~inal run. All i~mation g,~neratep.is 

automatically stored by ,tn,... system for subsequent usage'., _ This" 
" , 

i~format i~n • can be transml t ted, to the terminal for stox:,age.' 
.". • . .-"" • . I, . 

Th~ terminal,' sabHi.ty' ~o ,disting~i'sh graphics from 

conversation and physically separate these modes has' made 

, the query/response approa,ch ~o, interadive 'graphics ,feasible. 

The ao~e c~nv~ntlonal comma~d oriented interactive 'systems 
. . " .• . . D' J •• 

which are suitable, for hillhlyrepetitive design 'applications ,\, 

are not lI~nerai'lY 'flexible' enoullih to accommodate the, casual 
_ • I , '. 

user or handle the ,data requir'eme~t5,ofengineering design'. " 

, The adoption ~f a <coaaand responsive languaaestructure ha,s 

further enhanc:.:d the quer'y/response strategy. 
f!- .... ~ • 

Th. ,s1>ftware ~aC1agehas incorporated the terminal's 
, " 

fe~tures in~o a systea to lIenerate verY'i~eXpensiv~ ~nima~ed . ' ' 

.'oviils via 'a t iaeshared coaaunicat ion 1 hik ~, 'This feature : ' . 
the opportunity to ~isuali~ simulate' 
. " . ' .... ~ . '. . , 

now a~wsthe enllineer 
'-, ' 

• J!:...a dynaaic sylteia -respon',e to lain, a, better "feel" for, the 
. 

dedlln prob lea. 
. 

.. ~ 

" , " 

r 
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, 
This type o .. f desi,lIner/'software/hardware integration 1 " ' , 

'has produced a .. ~)::,;;t~in that util.~~es ~he abilities an,d 
J 

capabilities of each .componen,~ in a very. efficient form. 

Thro\lgh ,the use of 'the terminal the':aat'a assemblage and 
"".... • t 

2ra.phics for the structure can be reviewed o·~-line or .off-line;~ 

the soft,;,are~,sy.ste~',struct~re allows complete or partial' .!"'-; 
runs. to be executed and thus. has made possible a heuristic 

'const,ruction. of' a 'total des'j~n; :and the q~ery /respo~.s'e· f~rm -,. , . 

'ofinieractiv,e programming .has made it 'possible to develop 
, . , , 

a system that the. desi-gner can ·direct and.',revie\l t\le, solution 

aliori th~ at e,ach, st~ge of execut ion., The,' computer 'has been 

.,' inteirat'ed wit,h the designer of strucJures to a 

previously ac~ieved. 

, , 
deg:ree not 

. ) 

The final staie of the work has developed a new . .. . -
, , \" '. . " .' . 

system to a~tomate the desiin and production of molds for .., . , 

ilass .bottles. This'sy~te. has beert incl~ded,~n.thi$ work 
I " ' , 

to, de .• onst~ th~, :lexibility of both the 'hard~are and' " 

software-des~ribed 4bov~. The eniirieerirti design terminal has' 

been used'as the centr~1,'~lement,of a three stage~ompute~ 

structure. In this appl(catio~ th., terminal,ha~ be~n 
. . . . - . 

~, . 
employed to interactively desiin bottles and p~e~~r~ a data 

,~ ~ 

b,~ .. se .for auto •• ted producti(in of the bottle m~.l~ w,ith ,very 
"\-"\ .. 

• 

!treat potential for cost savini and betierae5t~et:ic5. 

. .... 

c ; 

., . , 

' ... ,,{ 

, 

" 

\ 

, " 
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\, CHAPTER 7 , , 

. RECOMHENDA,TIONS 

Thi's .chapter includes abriefdiscl1s'sion of rei:-" 

.or.lI:!ended changes and additions to be mad~ to\h&,\ fOllO~ing' 
> - • t .... 

'f,ive s-eparate ,divisions: (1) the terminal l'i'ardware; (2) ~he\ .-
. " 

teiDinal software; (3) the, termina.l support .software" and 

Iraphi~s~ac_age~(4) CONSTRUCT software sy~tem; and, (Sl 
, 

BOTTLE s6ftware system. - .' 

" The. terminal ,hardware was describ~d in Chapter 3 , 
of' "th1..s thesis. Thischapte'T also. included some recommend'atians . . , .' " . 

,for the acqu~sitibn'Qf .-aI terna\e pe-ri,ph'eral devices', ~h,at wa~ld', 

be employod in the .develapment af a new terminal. The tefmina~, 

as it is pr.esently ca/lstitl1ted is"capable of handling', a ,wi4e. ", 

range 'af cingi~eerl ng design' app 1 icatJ~:n~. 
" -, ,( , 

'~8dditional capabilitie~ wauld enhance the 

1I0we~e,i:~ t.h~ fOllO'w~ng, 

terminal's performance' 
I . • .. . . , ' 

These;i-'eco!!'menda:- . 
.' v---:" 

i-n the are-a·-of .colDputer-aided 'manufacturing. 
,. . . 

tlons are' Hsted' in, arder af deemed importance " ", . >~ .t 
'(1) "loIare asynchranaus ports. Eventually th,:~ t'YPII ~~~' 

data prepar~tion: a~d verification facil'ity,shOulf b'e. expanded 
. .. \ . . . ". . 

.~~ seivi~e:anumb~r af numerical'control machinos. The~~ is 
, ~. 

aD!,le softwal'eca,pacity, to. accammadate all the, machine ~aols 
I 

. ,~., . . . . 
installed at the present, t1m-e in Mc~'aster ... nii: ,hardwi'red' 

mathine'toal " ' cantrollers 
r \, ~ '. .' ... 

an the existin'g>'mac,hine. too.ls would 
, " 

have to. ~e equipped ~ith BTR.{BehiDd: the Tape Reader) , 
c.onverters. :r 

.170 
-',' ". ' 

~ .. 
; 
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(2 ) There should he " .. nodcm inst'lllol t } II . . , (Q,".ln(ca,tloas,t , 

to accol~lnod"te'this speed. This 
, , 

ch:lngc i~ dcscrihcd in 
., 

r:n .\0 

r''' .~ . , "lj' . . . 
. /,' j •. 

. 1 I !,1: a 'n:.-:l;".r i.,;: "i'l~ .. l;": 111 th,; ",'''CI (lI:.t~,~ ui"iti!cr 

the us;:~r to v},C(; operati<11: .. in:strllc·tlons·;, generated hould enahle 
I :',..:,.. ,~. 

by, his' appl Lcati'ons pr·ogt;.u·r.;·,.,I<)1ile se.ate{ a-t. the ·digi:tize'r. 
. . '. '. , . .," . . ·r, 

(4) An .. additional cass'cttc drive',"lo\l~d completely 

ulinina~e thenced for pape~ tapc. 

(S) Tho Ii ght pon shoUld, be' replaced by a .Joystick 
'. r ' 

'contro\, •. .. ", . ;~"-.. 

. {6}. TI\~'::C01.'I>UTh 400. to~min:tl 5hou,1d be hardl;ired int~~~ 
." " ~ '., , 

' .. 
.Thc· 

... ~~ . \" ..... 
~. ' ~ . 

flat~h~d plotter 

. .the.POPS: 

(7) 

"!ldified versj~n of th(;.print.~r ·he.ad •.. This· por't~oll of .this 
.. 

uni t lI,as he,en . respons i b 11: for a 4ispr,oport ionate n~mberof . ' . ", " , ~ 

'fai lu(os. 
.. w ." 

(S) A }ow c05t~lrhantim~rit 

.ai lo\< c"onvcrsational; mossage'S to be ldispl;ayed. to H,e uscI' at the 
, 

cont 1'0 1st a ti on at tho. cOI'l"",n i ClI.t i o.n· 'r,a'tp' of the in t erpro,ces SOl' 

(!1)' 

:if!' 0.....'-

~~~~ 
- I. 

A color fi Itotlldilpter $hould he added to the movto . 

alIo\< fi Iming (oregro\ll1d andbackgro\lnd diSPla~s',~' . 

.. 

in different colors: " ~ 

. ~ -~) 
~ . 

I 
·Tho tercinal suppor,!! software 'wi'll have ·tlo be appen\!.~d -
, '. 

to prOvide ~htir'~.cter f;·n~ration. on tho drum. plotter., This 

'" ~.h,Orld not",prove d·jfficul.t,,:lS thcr:e arc seve.ral progril.ms. 

'. 
I 
.~ 

. ~-.. ' 
" 



-
.. \ 

172 

.;,·.·.ti 1:'I>le thr()lI!,.h·nI'ClIS to perform thi,s function, 

" . 
The tcrminal·suPi'!?J't.so(t\,a·rc' is th';'t:'!''' of .. ',' 

• 
, ,,·:;t ,:TO that «i 11 hCllefi t from cont i nua I ex['ailsion of' i.ts 

" 
.apabi li'tics, The p,'csent s')'s~cm c·ollld.be 'cnh;fn-"",-d bv the' 

. - ; . . -. ~ 

" . 
", : ,,' ,:' ,'I(I ~'; r :'1,' 1 i 1; r " \' {~:-';"I r ~·.d:.<~ i.::!· t.! (i:Qo -d j' "p'l :. y"" (i I (. 1<) .• ,:;::t\ J .. - .. . 

"h)ects t~at can' he scaled and trap'!.,late<l ahout'the di;;p.lay 
. .' . - .. 

· aroa, Th~ digiq,::or .cal} "easi ly",i,e einploi'ed; «ithi'n .tM!. pr'esont 
\ . - (). 

. ". ",ftwarc struci:ure, "to selecl:.S·li,Ch .~r,ti"on';;, Th~_IOlfiC; \' 

fOrmnJ~~~deve~apcd;a~ 

. " 
h(ll'.evcr •. should ,·he more 

. f!,nc t i'on I evc)., . . ... 
" 

, .' 
Thp '~oftwnre system' for' the synth'cs'is of machine' 

. ,I . 

·-;;-t-'r<uc.tur,c~~n it s-pTesrnt 

.~ ~ 

'" 
for'm' is.' onl,r' a . , 

" . 
skel~tallsysl~m that 

,;!. . 

This t~·pc ·ofsy.s-rem, 
, ' 

, ~" • ., J 

by definition,' fends itself to.continuous ,. ,'. . enhan~e~cn't : .• The 
.,\. ,-

'·systom·'·s fin·i.fc elem'!:nt ;{nal)'sis scctionshould 
I .. . • 

b'c expanded. to 

.. 
, ~, ' .. 

· hanr!lc difJ&rcnt ei cr.1ent t;ypes. 'more, degrees of heedom, . .... . , . 
... dyna::li c ~~alysJ~, nri~ zhermal analvsl~, 

• .... I • 
Data hnse mnnngemenr 

" -'.' " i . . -. . 
< s~'s~,ellss!toul,d be ,in<;orporat.ed t.,o prOVIde. th~, abi~i'tY r'.to ,dra,,, 

• j' , . ,UPOIl fi les of clement t);pes',an<1 materi\ll propc:Tties, 

,·The glass ·bott'le:.' .s~·s;em 'in it"siprcscn.t ~tatf::' is at ,a' 
, , 

· 'v'cr~' pr,1.nitive. Jev~l;, 'Thi~ S)'st,c'm' shQu,ld he ~~l,a~dcd ·to 

i nEo rpot: ate . ~·c u.I P t ur~U s'ur fa cc . t.e~h ~ ~.ci tics for non - r'o.und bo tt 1 as, 
, > 

Thcographi:cs displa)' .of p;ototypc'bo'ttlcs should :inc'lud,,; 
. . .' ~ '. . . . 
th'.~ cap,¥,i,1 it,:;:to present'caded .rcpn:sentJ'l:ions for more ;i. \ 

'ae-~t i'c' IlPpoal, The da~~ hn$e manag:enen~' s;'sten -~cfcrenced \ 
,. ('!I ~ :. 

~,~ ~ ~ 

ahove shouldh,e e.l'Jploycd:tose,l-Cc't·:s;tnndard mold hlanks and'. 
, . 

rfe-<lcfin~d neck ring tonfigurations. 
, , Thb'c«~ahility"to prod~ce . .., . . 

.. " !, n }~h cd' d roal< i n I: 
:~ .~r/ .. 

I~·:.o. 

-
for. rcco ..... d .. · pliT'po'scs 

.' ( . S'hOU~d. !"''-~i,nco:rporated~.·tI 
~ . . .' : ,.,. . . .:'\' 
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The,EOIT (Enr..in('cr,in;! Oc~i~n Intclligent Tcrminal) 
• 

.. :. .\ ~I)llcl.:tibj-l o,.l:l .. 1e:;.ii;i. .:>::.:n~':\>~'·CJ:/;'.':.it~:":" P"~:-"liJ!:cra.~:~1 
.", .. " ..... ,~ 
.' .. "" 

'0n~~~11ed hy a 4k POPS rninicocputer, that is ~8ployed i·n 

"~'SOCi.~t:i'~ith a ~iDe5hn~ed,lar·gc scnle cOr:1(luti-ng: S~'5tem; 
This torcinal_~o~ he~n 5truc~ured,to cnnble a rc~ote uscr to 

cqnfigure a hardware systern through <sor'tware· to· ceot, tho needs 
. , 

of an enginc:ering,dcsign appI'icat;ion, ·In addition" the 

ternino! ha~ ~cen designod ~o in~orporate a 
-.../ 

cost saving. stBnd-al,ctlle funotions • 
. , 

" 
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;.1 • lI:u·JwlI·re· O\·cr.,. i C'" ... . 
n:, ~: :'1 tin':! ""1.1 c! (,-.. , 

" . " 

!.3 , 

1. .\ Ilo~t ~~5ten Software 
• 4 ". • ,_ 

2.0 DEADSTART 

·2.2 Sys'.ten Londini· 

3. o· . HARDWARE OPERATING. t~STRUCT ~tHlS" 
:. .:.. .. ~ .. 

Gonora I' ' !{,i>; 
\:.I2fM; , 

. _; 't~ 

3.~ . 'PDPS '\, . '. 

',' :; 
~ .. .D igi t'i %O,r " , 
3. ~ . . 
:; .. S , Hh:rf'plot·tClr/C.RT 

" '. . , 
3.6 I Toletype , 

, .. 
3.7 Acoustic Coupler 

3.8 
.. . . ~ 

3·.;9 ~ CODPUd!t 400'10r.-Inal 

5.10: ·Asynchro·nOUS.'I!'t.erf~cl! 

3.11 

4.0 

4.1 
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Hov,l e 'CaDOrll 

SOFTIfA~E 

~ Geoor"'l~' 
~ ... ., .. .. ~. 
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• 

Sla1i:d-alono' TeT~!nal Systolll.s 
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ThcE[llT S)':S.t~r.:, is ~ontr"o11cd, b~'a PDI'8/L mi~i-

'In ~ssoci~tion with this . .', 
. , 

cQ~ruter nrq t~o fol16wing peripheral d~Vicc~: 
" 

(1) lligit\:tor - Ruscol'l J.ogics If~del 21. .. This digiti:ter 
" ," 

'is ;'q~"ipied with a contrql ,pa!\,el, t"o input sia~ior::) and a 
" • 

• ri:e~onli,7 track tape recorder; It is intetfa~ed' with a 

• 
Tt'iet)'pe 'and, the PDPR; " • 

" ', .. \ 

Cassot te;,+ap.~' Tr~n-s-~ort Sykes Compu/c~rde~'l~O, 
;', 

Flat-bed Plotter'_fEAI 3500 Da~aplotter. This 

-'plo:tc~ is ~quippod with an' pen turret, 0 48 ~haracterprint.n~ 

'-hC3:l. and a 'rea·d~~n:ly'.7 't:rod: 'tape' drive. 
'. , 0 '. 

o 

(4) 

:./(S) 

- .' 
~igh Speed Pap'or Tape ne,atloT/Punch. 

'/) 

Asynchronous 1/0 Interface' - This int.crface has 
\ 

o 

(6) • Tektronix 611 Storage: CRT - Thi,s ,CR.T, is control'led ., . . -
by,;:i :~col'e~ntroUer "'it.h a charl1ctor geRorat,or, int'erpolntor • 

• '. . . ··i-. " '" .. 

, ',.nd a' ve'e~~~ ,enerntor .." 

, ' (7) 

.(8) 

(9)' 

, ' c-
~icroflhl ,Plo'tter - Fermllti Pacl:ard"odel 'I. 

• V ' 

ASf33,tele.tYpo " 

Ltillt Pen - LnkoElectronics (not in servico) 
• 

" • 

" 

(10), In~roDent.lD~u. Pl~tter - C.l~omp Model 565' with a 

\12 in druD and ;--.005 in sto'p,51::e. (bolngdove'loped'j 

, -

• 

J 
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" 

" 

,\4 

, 
01'), 16 r.lCl Ifo~i(', Cancra _0 Bolex canc.ra ,w'ith' a :~0r:-pllter' 

controlled solcnofd operatiJ 51~utt~r.' . -.. . 

In'a"diti~n. the fol1'owin;: 
t' 

arc reiated peripherals aiail~blc 
r:. . ~ .. 

t" tht' ,tlll'nln,,1 for usc in ail off-l inc 
, . 

mode. '. 

,(I:!) AXOI! Liborator:o l'e,til'hera I - 'This lab peripheral' 

has 8 nultlp'lcx:C-d'chnnnols of tilT! and 3 'channels of O/A'. 

(13) , Co=putek 400 Graphics CRT. 

1.,2 Opo,rating Hodes " .. 
Thero arc two prin'ciple operating mo'des for the 

, ' 

'(f) On-lino.'- In thLs I'lOde 'the tet"ninnl's pllriphcirals 

-,'can be used in, co'nJlIn.ction 'with the tercinnl slI'pport softl~nI'e 

ro'sidon,t in a Ilfr&e sea Ie t illleshnred cOl!lputer.· (At Mc~laster 

the 5YSto~ e=pi~~edis the !NTERCOM'4.1 timeshari~g ~ystcm 

,on a CDC 6400'computor.) 

, (2) Off-lino ~ In this ~ode the tercinnl' is used ~s n 

Hand-alono ,s),stOJII to, collect. s'torc. a~,d edit ,dat'a., It 'is 

&1$0 us~d' to 'ro&onorate' disp~ny" in~lIIation on any graphics 
• (.>'. 

I'cdpherlll' f';'o. tho 10,~al s,torngo devic'es; , (1; , 

1~3 Terminal ~ystoD Software 

All the ~~~Ira.s,~related to tho opo~ation of tho' 
, . 

• 

~ora:ainal .1'0 nO,rod, on a c:assotto. labellod EDIT SYStEH Version 

Co. - This cassotto :l's wri,tton in 11 format by which those , 
I'rog~l1l:as IIroo.slly 'rct,rleYed and oxecuted., The, following 

'I" , ': " .---_ .. --
Is II lonorlll doscription of, a ,c,9nv,cntion for noaing progra.ms • 

, 

',' 

,-

" ' 

, , 

, , 

,~". ... 



. , 

.' 
" 

I 

• /. " A5 '. " ... 
. " 

" . """ '. 

for .·pri't.it i nl:, illI 

, 
" 
., 

" :, , 
, ~cthod ~ot ihe retri~val, allJ ~',ncthod 

:n.!cx of ~vai~ablo prograos • 
, " ' o ::J 

. , .. 
~,' 

. , 
1.3.1 tonven't\pn foJ' ..qaininE Progr;lns. 

,', . 
. , 

'I . ' 
ArJ n!;~;')7.i.att· .. ; .p'l"rll'J'~?r;t.l.., .' ... 

hy"a JWo 'lottdr'mnocorilc RS 10116 ... 5: 
. . .. ", .. • 

CR 
<. l : 

Ca thode Rlw Tu".c . . , . ~ 

PT .;. 
,~ . D . 

Paper Tape R-ea\\er/Punch. (high srecd) 
~. . . 

" 
FP '- Flat-.bed. Plo'tter . , . 

,CA ,Cusset to Ta'pe Unit .. 
,~ . , 

DI " . Digitizer . ~; 
. , , . , 

!4P 
~ . . 

.lict°l!lon,er . " 

TV Te'letype 

LP .Lieht Pon .. 
, , 

OP Drulli Plotter . <, 
. 

~).' . . . , 
~'C .Iovh CatierD , 

, II. '. , 
'''0 

.. " 

- I • P 
, ,. . '. 

''t .• ," 

.' ,., ~ 

" 

... 
. , 

. ...: . .' 
. .' 
. , .. 

,;;' 

, . 

" ' 

The' t.cr,lDlnal I!rogrns ~s·s~cia,t~e<.l. >(ith.oro'rating. these: 

periph.orn15 in II: 5tnnd:-Dlonc·.,opcr.ating flI.P"e·arcnamed wit,!t . :.... ~ 

fo110 ... ·s: .' : 

" 

i. 

, • -' ,... ,'" • J 

(InforQatl'oll gener"tine poripheraJ:", JnfOrt:lat10~: rccci~'ing periphcral,: . . . ' ., '" /' ~. ,oxnliplil: • 
,.: ..... 

!\ DleA. 

thl~ prDgraa Toads data from,the digiti~cr nn~ records 

a c:asse'tte ,tap.e. 
" 

• ,(,0 _, . ,. I 

. ~ .. , • , . 
'. , .. 

, 

/'. 
i:t·· on./ 
. . I 

i " 

" 
# 

" " , 
", , 

'0 

'. 
" 

, . , . 

, 

'i~ 



. , 

• 

, . 
{ I 

. . 

•• r· . , 
A6 

'. . 
. . , 

, 
'. .~. . '. ' 

on the Libra~y C3~5C~t~ (PoOlT. SYSTEM; The pr~r.rar.l~ 
.' 

· .. '-crsion·I.O)·cnn I-&'~otrit:\'cd'i1nd"c:xcClltcd as f;'llows • 

• .(i) c sti~ POPS, Svltch Hog~st'~r .. ,to 77'77
S

; p~css LOAD ADDRESS • 
.. I. 

I : i j', 

(iii)' 'Pro,55 START • 

(iv) 

." (v), 

'Whon 'the terJ:li~~1 rcs~onds, with REAtlY at the Tele~ 
f> ' 

I I' .' : '.. '. .1 ," 
uSllr 'res'pon,d'S at :the 'TelctyPc·'wit.h: 

. "" 

,L,XXXX,lf' follovcd .hp CARRIA¢E RETURN 
o • . 

xikx isn .4 charncter.prograr.l,·na~d. 
" 

Whon .,t'hl":;I4OTIO~; li£hton ,the ,C"ass'ctte flashes. ihe 
! I • 'I . 

" " 

,. 
" 

, 
ca.sette driv'O can bo turned off, the cassette. romoved .and 

.'1' 

thc.p~o&~an oxecu~ed. 
, ~. \ 

GOd,; . , , 

, '. '" . . ~ . 
.J':' .' 

.' (vi),": Set the, Swit.c:h ·R'egi~ter to tho ,s.t~rti~g address of .. 
~, . ..; 

~he prograa, ~r~5s LOAD ADDRESS'and thon START. 
f" r '. :4 

0' .. 
" 

" 
~ . 

. " 1-3.3.' HO\l to I'd,nt'lIn Index 
. ... 

, . .. ' .. ' ,.. . 

,To prInt lin ,Index 'of avai iable programs ,fol1011 s~eps -
,- ... 

(oj 1 _to (i Il) above 

... ,- . . . 
then\"' , . Q 

.J • \ 

.. 
., .(lv) tihen th,o t~rll'inai,.re5P·OJi~5 v'i th,RE'ADt,; tho user 

" . .. ; ,. . responds IIi th, ~ 
". 

.T£oilolled ,by ~A~RIAGE RETU'kN 
• 

. ' 
and,indai pf.a~lIill1bl~ 

.. 

.. • • 

r .r, 
I..~ .--:.~!.;~~'" .... _., ~ 

, 
• , 
• 

, . 

~ ..... ~ 

l 

. ,- .. , . 
-' 

,: ~.~,-:~ (1 



.... 

r 
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• 
1 •. ~ , 

. , The teyninnl support software and· graphics pac~nge • 

"hieh' nrc usod In. association ",i'th the lar~"~ scale tine.-

.h~~~d· COgruter to opernt~ the tcr~inal pcripherri)s •. are stored 

usod 

'At McMaster University , 
with.thofollowing INTERCOM 

. 'CO.rH,XNO . - "ATTACIt,EOJi'PLT, 

COMHAN'i) FTN (I • ,UX':<) 

COHHANI) XEQ' • 

these SllBRQUTINEs"..~~an,be " . 

comiJands. , I 
, - . 

I. . - , . 

IU '= "'CO' " : ,'" .'. " "D. ; 

, 

OPTION • LOSET, LIB = EOlTl'I.T 
-I ..... : . . ',,~ 

O~TION • LCO .. 
, 

whore ABCD 'is the account number unde;wn.k1i' ,the 1 ib,'S.a';y 
,'. ;.;y.-.:., 

/ 
• I 

is stored- .. 
,"' .... 

XXX-X. is the·file naDe under IIhich tlte user's nppli;aj 

tion .program resides, ill .... sourc~ ;:cod~ .. _, 
J . 

l. 

"'. .:-

r ' 

I ) 

. , 
", 

.' " 

" . "./' . . 
. ". I . '-

-', ' 

.... ! 
" 



\ .. 
'~ . , 

: , I r.cnf)r,a,l 

, , 

C1IAP,TER' 2 
\ 

PEADSTART·)ROCEOURES' 
\ ' 

\' , , 

, 

o " 

Tho. POPS wi 11 norl;"',11r retain the "asic pr<uirnms , 

.. 

required to load systolll procrallls in tho manner dcscri.~ in /' 

;thc previous ·chaptaf. However, 9n o~casion it llIay be necessary 
". . ... '. ' ' ~." .. , 

to ioiad the 's~stea froQ scratch. (1:his m.lly resu·lt{from a' 
, ' , 

syste. failure or following a different application for the 

POPS.) .. ThO'Zo&ra~lI that c~s~ be ~'n~ered into core are the.. 
. , . 

RIM LOADER anel. t·ho CASSETTE LOADER. The RHI loader must be 

cnt;red'v,la the SiH'tch Reg,ister' o.n the:, c.omputer' 5 front panel • 

. The CASSETTE 'LOADER isa~ailable ns a hinary prptr~m on, pap~r 

tnpe; 

'. 
,2.2 Systaa Loading, 

(1) ,'Check', RIM loader in ~re., If this loader ha~ been 

overwritten it .ust ~e ~nter~d into coro'using the Switch 

Register on' the POPS front panel. This 10adeT~is described 
.' 

I,n detail in'the DEC 'progrslIlI:ling lIIanual •. If ,is repeated 
. . 
h~ra fo,r c!lnvenionce. 

, 

, ,. , 

. ;AbDRESS . INSTRUCTION . ' 
.. 77~6 . 6Q14 . ' 

7'757 6011 
..." 

, , 
7760 .5357 

" " 
7761 "- 6016 

, 

, AS 
fl' ., ,. 

: 

.. ' 
":0" 

..;-.; 

.' 
P,~ 

" :4" 

, " 

o 

\liiiI...:.:, .~ 
"~. 



, . 

- . 

" 

,(2). 

(1) 
, , 

" 

7763 

..-7765 

7767 

7770 

7771 .. \ '-

7773 

'1774: 

7775 

, ,',t'. 

" 

I , 
,~, 

7106 

,71)0(, 

7510 

5374 
, 

6011 

531)7 

. 
6016 

• • 
7420 

3776 

33-76 

5357, 
-. 

, ". ~:' 
I,· ....... 

/ . ,', . ... ... ~ 

Place papor .,tapt: mat,\:ed' CAssetTE LOADER in hi 11 
" , 

i 
~,Od the CASSE~T~ !-OADER by' the £O,11~wing. ' •. ji .-

spoed papel"~ape :roodo~. • 
I 

(.il) Sot Switch Rc",&'rs,tcr to -1756; press LOAD' ADDRESS 

and STAIlT. Tho' p'aper ,lOpO ,w i 11 be read, into ;hc comput~r. . '. 
The bi&sle" l.oadors· a.r~ nO\l incoro and ;tho user lDay proceed 

!;.', 

with the loadin&o.£ specif:lc'pl'ogroJ:ls. 

, \ ' 

.~ :" • , . . . 
" . , 

, , 
" 

," 
• 

. '. , r 

• 

-

I 
• 

, -
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'" "": .~. 

" 

,','. 

" , 

CHAPTER 3 ' • 
HARDWARE OPERATING,tNSTRUCTIONS 

" 

3,0 ,Gen'eral 

tllil' chapter dosc.ribes· the procedu~es '')..qui red to 
• 

. .. , " 
initialhe the ~orllina1's peripheraJ;$" A"goneral ,rulet6 

, ,fo 110v wh,.iI ,usi~', t~_"',~,Ol)ni,.~aI in, '~h,e on~ 1 ino :opera~i ~g lIIode . .~ . 
, , 

is t'o turn' Oft all tho required periphpral,s in )advanc .. of 
. . ' i. • . . . 

coal'lo~in':'the' c,ollllunlc:ations link to tho hos~ cOlllput'or. There 
. . . . 

, ' 

,are t,vOroasoDs, for'this (I\)' sOlie peripherals Iillve a "warlll up" 
; " ','. \ ,,' ',, :' 

tiDe to, stabilize the1rruponse and (2) other ,periph~als " 

, en~rg;;o the intex:r~Pt faCi Hty o~ t'he i:ollputer.h.~ ·t~,$t. arc 
. ~. " 

l~tteT ,con;.s~deraHonwi n, c~use a, 'Y~~ii;~~'~~: ' 
J d" _.,.. :-0. ~inal software. ' 

, . .','" 

" 

... ' 

'3.2 'PDPS -, o ' 

The PDPS is started with a key on the .1o"er' left sido , ..' . 

of tho PDPB front panel. , Thi,' ter ,has three p~s'itions _' 

(n POW~R. ,(2). ~,ANEL~OCJ:,lInd (3)' OFF; 

condition is ill' t,te P~.ER position~:' The P"HIlL ufc.: inhibits 

" coaputor :'contro 1 fro II tho fl'ont pan,el.' . ' 

r 
Th. HEM PROT switch:whendolln (0 suto) allow, the , ' 

, 

coaputor to ~rit:o intO the" last ilellory pago (lihere tho systlllll 

',<:>' ' 

loaders an resident). Whj,1i this switch is up (1 stater ,tlil, 
f'V) ,-" 

page of'core can not,~. 

•• 0' 

written over. ' .. \ ,-

TII.fOllow.iDC pel'i'plierals lire el\Oraized, w,itil the . ' 
, ( AIO .... . , 

e, . ' 
I ' 

, , , 



All 
COllputer 

AX08, pnte •. DM08, and Higlr Speed Paper Ta'pe Reader. 

:'''The POMER ON button is located ,on' the,. lower right side 

of the,-s •• ,ll input table. All the operating options' far the 

dlgitiJ:e; 'are iap.leaent,d through' sWit~ setti~gS on the ,,) 

,cQnt ro 1 pane 1. 
" 

'. 
.~ 

(i) Larae. ' or s.al1 input ~tation. ....... Set center thumb-· 
.... "'.. . 

whee 1 'Switch to 

·0 9IIal1 bl!ck-ligl)ted table .~-< 
' . 0 

'I Larae tilt table. " 
~ 

c' ,,-

Note.: _'Th,! apP;copriate shaft encoders lIuSt be connected. 
, . 

(ii) ,Select.~ata acquisi~to~~ate. 'Se't ~ight-han4 
", 

thuabwheel switch~ .' 
" 

o '. \ 10 cbaractersjsec~nd 
" 

" 

1 300cbaraeters/second 

, ; 

, .... 'CUi) "S,!lect output' option., 

" 

Ho~nt tape as indicated by diagraa insJde 
.~. 

cover ,cif" Up~driv.e.' Tutn svi tch on dt:i Ve to RECORD, pos i tion. 
.' '.. . . . 

Press EOFi:/ an,d, ~OT buttC1,nl and press lRG bu~ton 9 tillel' on 

c,onnol pa.pe~. Se~ output rate to ·300 charactersl.se~pnd~ 
, ' 

For TehtrpeList/Paper Tape: ,'l'urn on di,git.herprio~ to 
•• X',J.. 

ener-abiDa th.T.1etyp~. se~:':.1etype swit~h-to LINE posHi'on~ 
Sit Iwitc" .. 01l;froDt, panel bel~W the keY~Oard t'o llIGITItER. 

For p"par tap .. copy preis paper t~pe pun't:h ON button •. Set 

" 

'/ 

l ," . 'C " .. , . 



: .. r 

l 
\ . 

1\12 . ,. .. , " " 
'. 

o •• tput to 10 charaClGrs/sec6nd. 
'. , , of 

,'c'r .1'01'8. No special oPl'.io,:'.> rC'luired. " 

~. 

l!,. . ~ ''':;' . •• ' . 

3.4 Flat-bod Plotter , • 
(i) 

" 
j> T(' S ~. POnER; hut t J" , . ". 

·.(i i) Press STANDBY , 

(iii) Press RESET and $)"\ tog'ethO'T • " 

(i v), Soloc;t input .revic~. 

HaKnotic Tapo .• ·p~oss POKER on tape driv~. Mount t~~o by 

pressiri2 ~TART/BRAKE switch to ~RAK~. Pross START/BRAKE , 

switch io START; Priss LOAD POINT. ~ress'AUTO; 
.' <", 

POP8.·.· D.isconne'~'f'tape dri\'oat rear of plo~ter. - . .". ", " . . . 
(v) Pr,ess. STOP on plotter coiltro·l:. 

(Vi)· Pross START. 

3;5 Microplottor/CRT 

(i). Pross trAINS ON on piotter. , . 
v 

·OI)·.Setdisplay options (ST,ORAGE UNIT), as fOI.Io"s, . 
HOLD display can not be or.sed under 

prograll' control . 
_ NON-STORE 

.. 
display ~ill not be stored on scroen 

(i,o., disappears as cr~atod~ 
. -' . \. . 

AUTO-B'RASE d'lsplay isstorod until er.aso 

'character is rocei vod fro.m computor 

(norllat operating 1I0do)~ 

(Iii) . Set SINCI,E/AUTO switch to. SINGLE. 

'(iv,.Set\P.ROJr.CTOR.5witc!r as foHows: 

, .' 

'~. 
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ON 

OFF 

a bor.!cr is ov~laycd on the apt;rturc 

c~rd produced (if any). 

{perture card printed as displayed on 

CRT. 

(vi)' Pross ERASE on CRT -this should be done as soon as 

the screen has been ful)y 'illuminat<ed to prevent pho~ph6'r 

daDa'ge. 

(vi iJ ,. 
the plotter is 

LOGf.,~REAOY and FI UISORT READY lll;nips R're Ii t" 

reR,dr. 

'\' 
" ,~ , 

, , ~ \ 
~ 

" ~. ,l- " <> 
.... ..: ,./ ~>" ~ 

• 3.,6' Toletype 
~~~ 
-.s:" 

,(1) Set front pan~l switch as fo 1l0WSj' 

(Ii) 

" J,I NE 

• 

,LOCAL 

, . 

th,e, characte,rs 

:( transJ:1.ittod to 

(veH fication) 

'pi'intod ',on' the 

typed' oni the keyboard arc 
" ' , , , ' 

the POP$. A character 
I 

.~r3nsJ:li i ted by the POPS is 
~, ' 

paper. '--~y 

characters typed on, ~he k~yboara a~c ~rintcd' 

but not transm,itte!l'to ;h~"co .. puter. 
, ,\ 

Set 'paper tapa. punch ON to pbnch a copy of ~ll 

inforaptiontransai,tted to the Teletype. 

j • 
" . 

.~ ," 

" ' .... 

3:'7':' Aco\Jstle' Coupler 

(1)' 'S'!t s"i tches orl' rear of' unit 

, 

(U) 

ACST/DM 'to ASCT 

'Pull/Half to Full 

Turn'pc."or on. 
. 

" 

",-: 

as: 

'. 

, . '.""" 
", 

<" 



• 
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:/ 
.'.R CDSS'ctte TDpe Unit' 

The C~s5ette t~rc drive is activated by a POKER 

hutton on the unit's front. run~l. Cas~~ttcS'Ollst be loaded 

.I:~ the l~hel. on the casscttc f~clng ~he user. 

3.9 Computet 400 

This .i~ a gr~phics ternlnal that is designed to be 

. used directly, in assoc·i'~ti.on with the 'tilllcsh~ring system;, It 

can be usod 1/.5 with the EDIT systeo in:ctircctlyby first . ",.. 

transciJting tho display file to the EDIT system's·storag~·. 

I\e>r,;ic:e, -then regenerating thc file 'for: I,ocal diSplay on tho 

Co",p;rt.ok te.rlllinal •. this is ·done by. connecting the RS232 pin 
.. I 

, 1 

connector on the PTOS 'output channel tei the i,nputcannec:tor Q 

fottho Computek tcreinal via the ~abie strip la~ellod TERMINAL . , . r I." 
lp TERH(NAI.; ~ . 

, ? 

3.10 Ajynchronbus Interface' 

(i) 'Select cOlllllunicatio.n rate a.t fron·t panel as required. 

Note: 50.D changes are roquiied to change £rolll 110· ~audto 
. , 

• 

3.11 Movie Ca.era 

(i) Connect coaxial cabla's between the BNe- connector 
Ii' 

on tho front panel of the iOlllputer and t~e ~o~responding 'BNC 

'9 
connector on the ca.e,a driver •. 

(i1l. The SYNC signal available on the So B-NC c.onnector 

~n the AX08 front ,anol Is ~sed to generate the pulse. to 

• 

.. .. ""; "'" 

• 



" .. 

.. 
, . 

CIIAPTER 4 
, , 

, SOFTI~"RE , . 
1" .' 

. ' '.~. ) 
\' , 
(,t:n~r'll ... 

T~~llare sy~tec~ a5sociated Ilith the tercinal 

were discussed in 11 general sen-se in the intr9duct.ion of this' 

nnnual.c', Thi's, sect ion describes these programs in d.etail 
" ,"'! , 

. "lJd ,indicatos"the manner in, Ilhich thoy arc ell!ployed. 'The 
, 

.ysteJls I.nyolvod aiO as fo'110\(5: (1) Operating 
, . ' 

Sys,tem for' 
• 

the Torllinal' forlon-li'ne use,with a host computer; (2) Package· . ; : , 
• . • I. . 

of p.rogracls, ~or'emp.10yirig th~ terlllillal~,in .its stand-alone 
, . 

-" functions; ('3) host. COl:lpuJ er ,te,J'Di nJll SUppOTt softwar~~nd. 

graphics package. 

-./ ..... 

t----. ----"-- ~- - ------"- --. ---!. - -,- ---' -- ----

, 4.i, Stand-Al,on'C Tormina 1 S'ystel:l 
. i~ 

Tho syategy.oIIIPlO~od to nalllo theprograllls,t>'equired 

for the "stand-alono funetion~\(as described in ·,,chapte;'~'l. 
IP 

Section 3.. The 'pro'gralls·. that arc presently in the 'librar>: 
"i 

nre·'listed below with a' description ·of thoir opo'rating 

,procedures •. 

'Tho'p~per tapo'or ~assette pr?gralll~ to dri~e, tho 

tOrDi Dal' per~pheraI s in. tho s tand-a lpne lIIode 'can be ,erea ted 
• 

, . 

locally 'at'tho teraina) by lDanuar-,progiallllDing ~r by--ello/loYii\.g 
I " e,r>.·. .......... .~ 

,th,o, 'tor.hial '. supportsoftwaro and' s.ub.s.equeDtly '.disposing tho 
. , 

fi los croated 
. ~-.. 

'. :< '" 
• 

" 

, , 
- I . 

'. AI0-

" 

Q 

" 

,.'t 
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'J 

~. \ ~ I r s.". ~.:.,JT! 1):\ '\~:n nl'rRi\T I ~r: I' R n.r. F II \I II F. 
~ 
,'~ .. 

;' ~fP' (~200S) Paper ,Tape to Flat-bed rlotter 
J 

,~J, 
,t i) .Start flat-bed p'l 0 t t e,,", in accord-

, 

* :tnco'with instruction,s under EOIT 

<- , . 'O:)l-,;J,';:: t.~~G .pnOCEI.JlJH~, ~o::~t lon ., " 
.) . " . 

, ' -( i i ) l.oad the paper tapo to,be plotted , 

• in ihe high speed ta;>e reader~ 
, 

" 
Caution: start tape on blank • , 

. " '" 
I cad e r - if the~ leader contains 

, 
:a 
• 

va lid code 'th~ plott,er will at.! ernpt 

~o exocute it. 
, 

/_. O.ii) 'Set Switch Register to . (0200 S) ; , . 
i-I _. 

" 

, ADDRESS 'an!1-
(' press LOAD START. 

,..JIlott,er 
, 

infornation • wi 11 plot I 

- / , , ;recorded on the paper tape. Paper, 

tapes cnn be creat,ed using 

any Teletype manua 11 y or in associ a'" 

, l . ' tion with the terminal support 
,.'2" 

softwaf.e and.the tirne~ha~ing,syit~m. 
. ' 

" 

,PTC" (02008') Po~er Ta~e· to Cossette ~, 

, (i) Place papc: r tape '~' be, ~r~nsferr~d 

to casse.tte tape in high speed " 
~ 

reader ~' Caution: all characters 
. . 

,', ~ 

• , 
,!,Tit,ten. ,in'cluding ,·are to ,tape 

, 
I leader. 

(li) , SO,t Sw itch, ,ReI! i s tel' to (0200 8), 
, , . 

, ' . characters. pr~DDR~SS. 

" . 

'- ' 



" 

1: . ' , 

" 

" 

.- , , 

CAHP (0200, ) 
, ,1 

e" 

, 

'-" ,. 

,t, 

Al7 

(ii'i) I'lace ca~~cttc in tape transport 

with writc-clluble J'lbE inserted 
/ 

for t ra,ck II. Turn on power to 

CtlS5ettc unit. 

,Pr'o~~ START. 

Inc, resro.n'~e ~o 'T .A:= at the , \. " \ 

Tel~typc th~ us~r mu~t, supply a 

4 digit t~pe address at which ' 

the da~a wiLL he ~ecorded. Inforoa-'. ' 

tion is record,d in record~ of 

4QQ S S'bit characters u~tll an 
I , 

ASCI,I , (243
8
1 is read '.from the 

paper t~pe. 

(vi) Jhe next available tape~ddres~ 

- Is ret urned to the user, at the 

termination of re~ordin2. Cassette 

is reJ:loved. 

, C'I1[sette' to lilcroplotte,r 

(I)' Start microplo'tMir in accordance 

with the instructions given in 

Section 3.S. 

(Ii ) Load cassette into ,the transport 

and turn ,power 
.~,. 

on~ 

(i 11) Set Switch Register to (0200S);: 
, .' 

"press LOAD ADDRESS; !,r,es~, START. 

(Iv) In ~espons~ to T.A •• the ~ser 
" , , 

aust suppl y ~ 4 d igi t tap'e 

'"',''' oon"p""" ',' "r ' 
" ~" "-. 



, \ 

" 

I',fll' 

, . 

PTCR 

", 
DIP" 

. , 

I 
I 

,·1 
l .,' 

, , 

~' 

- .1 

. i 

". , . 

-. 

" 

'.~ 

, 

( , 

.' ..... " 

(vi ) 

'. 

5tartinl! ~'d re5 s 

j')l.-lY J:lta. 
'. , 

AlB 

of the dis-

Plot is r.encrpt~d. aperture 

c:'r'«( is pro'duced and tho 

ca'5~ot;~ i<;:rf'w(v.1r~d. 

Paller Talle to, ~licropl.otu;r 

(iJ Start cicroplotter in accordance 

~i~h 'th~ ,iiistructi~,.giVen_ in 

Sec:tion. 3: 5. '., --!~ .-
(i i) .Placepnpertape to:be p~otted 

in high speed paper i~~e reader. 

(iii) Set ~"itehRegister to. (0200 S)'; 

(i \') 

" 

press LOAD AgDRF.S~ and START. 
",~ , "f ',1. . ... .. ;.v 

Set bit 10 of Switch-Re,ist~r 

" to " .. " and prc's!;. COllTINUE. 

An aperture ?rd·will.be p~o­

due~ when an ASCII Em' (203 8 ) 
. I 

is read from input tape •.• 

_'Pap"~r Tape .to CRT 
• " • ~~J8", 

.~"ollow ,first steps (i) to (iii) 

l.J Onde'I" PTlIP • 
...... .:.;. '!, , , 
l 

'( i'i) Pre~~ CONTINUE •. 
'. 

.' 

; (I.). i:'{iStart digl.tizer, in acco'rdanee 
~. . 

with the i~struetions in 

See.t ion 3. S • 
~ .. . . 

(,ii) Turn on high 

• punch • 

, . 
.. ... -. . ", 

1.:,'":, 



\ ,," 

" 
A19 

'. 

.' ( iii) 
. " ", I 

$ c t 'S 1/ I t c ~"R (' Po i 5 t'C+"t 0 (0200
8

) I . ' . 
r ... ," 

(,I'e,s LO,\D ADDP.'[-SS-,' press' START. ' 

(iv) T,ht) tranll'I'l\ssion of charnc'tcTS 

to the pnps is initiated bv . ~ .. ~ 

o 

.------ ,.; ther ·the foot -~\li tel" or tho LOG, 

hut~dn at the digitizer. 
,;i 

All '. 

~cha!n~ters nrc buffer6d ~ntil a • 
. . , ~ 

1.0 second.delay ob input [~ 
, . .. encountered. The 'bu~fer: ,is, 

then punched on paper tape 
• • 

followel by.cARRIAGE RETURN (215 g ), 

.' .. 
This 1eature provid~i the u~er 

~: .wi th .controf over the!' punch: ~cc~rd 
, . ." .'. ~-".-

• length~ 

DlCA " Digitiz;r toCasscttc. 
" 

, " 

'" 

Start 'digitize; "in'aCCOrd'i!flco:\ 

. ' ,,1 ~li the~nstr.u·ct i ~ns in SaGo! i9n' 
',' 

3.3 .• .. ";. 

(ii), Load a cass~t~e witha'write-

, enable,plug in.t~nckB~ :- .. \ .. , 
(iii).' Sot Switch Register,to (0200 a); 

. ' , . 

, . 
Ov)' 

• I • 
In rospons~ ;0 T.~ .• the.user'· 

. ~ ~, . 
Jlust .supp'ly;a.4 digi't tape ~ddross. 

. , ' , 
at which the ·data will colllmence 

" 
! ' 

to boriic;ordod. 
'1.'. , . 

. (v) ,Data 15 ,rocor'd~d in rocordso{:~- .. 
• . , 

" 

.. 
, " 

. , 
' •• C' \ "/.: . 



. , 
" , 

" 

.. 

TYHP 

'. 
.. 

--.' 

. . 
" 

, :'$'" 

" 

.. " 

" ." :; , ; . ' 

• .f· 

~:-.' . ( 

'y . 

.. 
. .; ; .. 

'. 
'\ 

' .. 
. .. '. 

J ' .. { 

o ", . ' 
? " 

" " 

" 

(02PO S) 
., . , 

;-~-:" 
. ·f ., 

" 

, 
~" 

.-~' 

.. 

.' 

" 

. , 
{', . ~ . A20 

'.~- . . '. ~-
r 

(\' i.) I' Tl' ,; S.· I'll" on' ,,;j.g j't i: er.'j;:orit ro I 
• ',' \ 1... • " 

pan~1 '"-r~ t..llrminat'c· tlnta' r~'cor • 
• I ;. 

..lnr and,dlimp ficn,,'\ butter.: 
. • . -. . ,< i y 

.• J{d,~). ~cXt .a·va'il~bleta·peaddrcsis is j, . 
. '" ,,' 

• . " r,~turn't'c\ tn the IIscr . 
.. 

Cu'ssou'c to ·F'la.~.be" Ple>tte'r 
. " 

I 

," ,', "~_I 

" (i ) 
. " 

I 

,Start flat-beil ~lotter.'in,accord-· 
, I 

ance with t~o i~stiu~~idn~"i~ 
. ..' .' ~ , ' ' , ; 

" Section·3.4 • 
'. i 

• I ; .. 
• • 
Lo~d cassett~ into 

''''' . 
, .. 

t,ransport •• " 
-. i ". 

Turri t ran'sport po'w~r on .•. 

. (iii) Set; S'I;itch Register t~' (0200s.)}';-
" ""J, 

, 

",'. press LOAD ADDRESS; press. START. 
I . 

(lv) 
" 

"Yn ~~~pons~ to.T.A.·. tho user, 

· J:lvst.supply the, 4· dlgit.- tape 
I 

'ac\dres's a,t· vh i ch 
• I ;. • 

{he' plotte'rdata 

I ' 
is re!=orded. 

, , 
-" 

~ • t . -? 

.Par·or Tape t·o' Pap'er Tape . , 

r 

.. ' ~; ( I, ) ~'+u'f-non high speed punch, 
.' 

, f (i i) Pla¢e p~per ta-po to\le copied . ~ ~.' .' '.. ~ ~ 
" . 

~ ~in liigh speed' uader. " ',' I . , 

(H.p 
• I • 

Set Svjteh Register to (02.DO S)':·· 

. p'~e$.s 'LOAD "D~RE'SS; press START.~ 
. , 

> Telet'ype to. m:c.roplo'ttcr . . , .. : 

". '(1 l .Stort· ~Ii croplo~'ter in accordance:: 
. .' 

.' , 
I .', .'. .. • .... ~ ~ 

'. vith 'the instructions 'in Sflct,ion .. .. 
'. 'i-.S. .. '. 

" 

" 

r 
.' . 

, . 

'V { ..... ~~ . ' .. 



--#. -•. - ·!·:.~~,:o:, 
••• 0 . ::.-. 

.. • 0 • ~ • 

.. 

nCR 

. . 

CAC'!! 

Pl).fC ' 

. ,.' .0 " 

, ' 

-
, . 

. ~-~ , . 
, " 

( i l' ) 

( iii) 

(ivl. 

• 

,. , A2l 

5 e t ,!i-w i t c h n e-g i-s t e r to (020 [) 8 1 ; 

pres, I.OAO ,\IlIJRESS; press 

5T,\IIT , " 

.-- to 

Set bit,lO of Switch Register 

.'~o • '~o.~~) • 

;'CC:'S, cn,,; "IlIE. 

Plots can be generated from t~e 

Teletype keyb<;>ard (note: 'inpu,t­

charact~rs arc not echoed) . 

• 
An aperture card wi 1.1 b.c' pro-

duced upon receipt,of an ASCII . '...," . 
j 

• tO~t' (203
8
), 

'Teletyp,e to 'CRT 
, ' 

Follo~ steps (i) a.rid (ii)of 

TYIIP. 

Press COST! NUE; 

'Cassette to .CRT 

(i) Follow steps (Il to ,(v) of 

CAMP. 

, (ll) Cassette is rewound. 

\ 

Paper Ta'po to Novia Camera 
( , 

(i) 

, ' 

,Lpad Jlapo.rt"llp.~ of .dl~pla~ to 
\' 

" be' fillDed Into high speed .. 
, reader .• 

Set up calDera. 

,I 

(li) 

(Ii i) Set ,Sw.i tch Register to (O~008) i " 

:~L. 
press' 'LOAD ADDRESS i pross 

, . ~ " 
START. .' '. I· 

, 

1 
\ ,./( . 

...... 
'~. -~'-. "'.!.. •• ' .... 
, " 

~. 



UITR 

DUPO (~.400S) 

'\ ' 
" 

. ' 
• 

~' . , 
: 

, ' , 

" 

" 
TElA' (4400)~ 

~ " 

J ) 
1\22 

" , 
Assqmld c'r 

Thi,s ' .. 1 prup,ra", lIsed to pass 
i' 

into'binar>'. , ' 
'This 'assembler . .~ r 

i n'c III des tile :' I'llier.ton i c s' fOT th~ 
.' ". 

EDIT pcrlpllQrals 'Ind is employed 

BS indicated' in Appendix L. 

(I) ,~ee ,PEC Teference (78) under 

(1) 

chapter titled ,LOADING~ 

F.DITINt; ,and DF.BUGGING-; s'~~tion 
, " 

~Y~BnL!C F.DTYOR. 

Loas! paper tape to be copie'a 

in hi,.gh spe,ed reader. • 
," J • • 

(ii) Turn on high s~eed punch; 

(i,ii) Set Switch Regi~~e~ t~ (0400 S); 

press LoAD ADDRESS • 

(i v) 

.. " . . , . 
th~ cha~actcrs to, be deleted 

-
into memory locat~ons 

0436 to 0.441. 
'; . . " 
,Octal compli- ' 

ment is'obtained as folI~ws '.' \\ 
, -

\ 
" ' 

(eg'., f'Or de'letion of CARRIAGE' 
" J'OOOs r" 0 

RETPRN). 021 5S ~C0!l'p)e~ent of 215 S ' 

7563s I 

Press' START.,·' 

,-~ . 
, ' . 

====,=,==========~======~====== __ ~ ____ ~~p'ecd re~~~r~.~~~,_._o_ 
co 

:' .. ~'ti~) Turn,on high speed pu~ch. 

" .. " 

. ' 
. - '. 

~
' 

" 
, , 

t.', ',,_. 
0. " .. 

, , 



I 

, ' 

is contained in a single, progrnm, cn!!ed EIl!T resi.dcnt on the 

}ntro~uc!i'on. Secti~n'L3:~ , 

"(Ii) Start'all r~quircd peripherals accorJing to the 
't, 

operatin* procedur~~ desc~ibed I~ Chapter 3., , . 
(Ui) Set Switch 'Register ~o (020°8); ',pr!!ss . .' . 

LOAD AIlDRESS; 
" ' 

,pr~s5, START. i ,( 
v 

'(iv) . Dial the telOphononu.:lbeT of tbe timesh3r~ng syst'cln . , .' 
o 

b~~n& e,~pl0yo"d.,' (4756 for,1l0bauilDnd 4721 for 3.00 baud,at 

\lc.Muter). \ 

(v) Placo the, headset of' tho', te,lephonc ont,..he acoustic . . , ., 
coupler vith"thO"cord tow;lTis tho indenta'tion on 

• '. -. . ". ... . '.' . 0 \:.. 

t,he coup 1 er, 

(vl) Retur~' t,O the'':~letYpo 'to'coaplcte the "log~ing in" 

i \ " operato'fl"o 

, 
, , 

o 

• 

, . 
.-

'\ 



I 

, " 

( 

1\24 

If th'c cOr.>putcr al'l'u:lrc. to 'be an'l'xtraordinary 

Ic"!!th of ,ti",,, res[,.ondin!! - prcs~ ,the RETtlk~ 
• 

ko)' on tho Tol ctype. 
• n 

" 

,2. If the local op..,rnt·in!! ,S)"stC~1 should cra.sh, 

3. • 

4. 

• "j 

be reactivated. hy i.'ntering, a command 'to the 
" , . 

timosharipg SystOM fror.> th~ Teletype kbyb?nrd . . , 

I~ the user wishes to suspend host activities 
. . " " 

fo~ the porforr.>ance' of a local stand-alone 
. ;:-~ . 

• ~ ,I,' 

operat.ion but does not wisl; to lose the connectio'n 

to.' the host, simply halt ,the computor (pr,ess 

"srdp), l~ad tho required program - . . . fo llowing the 
, . \ 
progran, reJoaC! instl'uctions above, ex'ecute, the 

EDIT and repeat step ~iii) above. The ~ost,~­

system,'DOY be heI'd ,innctive in the .li'iddle of . .. 
execution br using, & dummy (READ) statement 

T 

in the 'host program. This ".pt ion' wi II 'r~quire 

tho ontl')" of II clillracter at the "Teletype . " 
followod by a CAR!lIAGE. RETURN to ~ernitil1te , 

activity. 

Si.~iation of the hbSt system to test ~rogram 

:o~tlon5c~n b~ done with the Computek Te~minal '. . .. '. 

connocted .as por the·:instructions 'in Chapter 3. 
. . ' '. '.' .-' , .~:. 

-The usor' is cautionod that,~ followluJ: .. 

p'roiralll location contents 'm~st. be'~lte~elI to ' 

." " account for difforent codes used hy ~he ", , 

Computok froll ~"ose of the. standard ASCll codes. 
'i', ... 

• 

, . 
II ' 



., 

.'., 
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" 

\ 
Lo...:at ion 1\, ~~ Cn' Contents ." 

,,' 
(:os~ 7566 •• 

~ 
01)57 ' 7,536 ' -j 

',/ 
0060 7,.5 3 <\ 

, {t r' f, ~ 7S~! 
To 

00(.3 7537-

4.A On.line Hosi Software . , 
, . 

Tho host CODputcr softwaro is reside"nY";" as a library 
, ' 

of SUBROUTINES" in the Demory.of the· timeshar-ed,computer." The 

functions ~erforQed by this ,oftwarc package are to control the 

terminal ~eriphoral5 and geno~ate the graphics, 

A.dcscriptia.n of thoso 'SUBROU~iNES follow with an 

explanation of their ap~Vca,tion, 

" ,DESCRIPTION 
~-:~ .. ---. . ... -.. --,. --, . 

DIGIS ,To read coordinate daia proauc~d,byth~ diiiti%er 

Call: ' v' , • 

DIGln' (X, Y, Z IV, )CNT, IU) 

" , where: " , 

'Input. IV • I .Coordinates are returned under X and 

" , 
tv .' 2 C,oordinntes are returned under; X an . 

) 

" 

... ::;: ..... 
" 

y 

Z 

IV 3 coor'dinatos arc returned under y and Z • " ... ;. 
IU ,; Log'ica I unit number df device on 

• 
w~ich coo~dinati data file is to 

be written', 
~, 

'/ 

'IU • 0 - no external file is written . 
.' 

. 
, ' 



o. 

/ 

\"-. 

. PROJECT 

-. 

, 

"" 

" " 

J 

Out-put. 

, , 

A2& 

III < 0 diRitize~ da~a is rdad 

fron cassette unit. 

(Deferred state} 

x. y. Z arecoordin~te data in 

coordinates). - , 

These arrays mu~t bedi.ensioned 

'in calling program with Values ;) " 

> I CI.T 

'ICN. N,umber of digitized points. 

To-create a 2 dimensional perspecti~~ pl~t 
. \~ 

ofa 3,diminsional object.' 

, Call: 

'PROJECT-(XYZ. n. 08S) 

. where: 

, XYZ' i,s a 3 d'imensional array of the 

I 

XY 

OB5' 

points coordinates' in spa~ew~erc~ 

XVZ (1)' : X: 

'XVZ (2) D Y 

XV!' ,(3)"" Z 

cartcs~o. n right 'h~, 
c~ordinato system ~ 

isa 2 dimensional array ~ftrans-

xy (1) .. X 

XV (~) .. :t 

.' 

fisplay coordinate 
• 

is 8!I,3 dimension"l aTTay defining 

~hepoint of observ~tion In. sp~co whoro: 

" , '.:, '-
" .' , ',; ,! 

. , 

,. ~ . 
'" 

" / -



.. 
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"27· _ 

\ 
:: X. nBS (1). 

-t. • 

OBS (:;) • z 
, . 

(Original coding c~ntrihutcd hy R. K. \ Shepard) 

To dr.Bw :1 I inc fro" prescnt beam (pcn) ... 

positi9n to lo~ation'(~: Y) 

Ca 11: 

PI.TLN (X, Y ,tNiYPE, LINCR, IUNITS) 

Where: 

LNT~PE' defines lino 

. , 
type to be drawn 

LNTYPE " I ·dark rn~ve (ped up) 

" 2 hri;ht (pen dowt-{. thjn 

'. and continuous· ,. 

,. 

" :; hright, thick ·and continuou5 

• 

• 
" 4 bright, thin and> dotted 

• 
\ . . ' 

" s· bright, th.ick· and dot t'Cd 

" 6 bright, thin and·dashed 

" 7 bright, thick and dashed 

" 8 bright, thin and chain dott~d 

: 9 hright, thick and chain dot t c. 

LINCR •. 0 coordinates are 

absolutely' 

• I coordinates arespeci~ied 

incrcDlentall Y . 
J 

UNITS • o· coordinates ate in 

,~ .:units-

.. 

';. I coordinates are in disp'l.ay 

.units (See notc. bel~w) • 

. ~. 



" 

t ' ,,~ 
A2R 

LrTTf.R 

", 

, .' 

.' 

S Y!IIlO L 

\. 

l~utc': 0 Jl.j~"pl~~:.: unj.t~ are ,the num~,rical 

valu('!"; of ~ht.' h~·1.aGtll.:C'ii~a'l ji'~ld;;'r,,,,,:-:cl 

coordi~at'c:~ III tbi-s, pac~;:q!C th(· ori"r,in 

(JiSI',lilY fil(' orq:i'n) i!> translat"d to th<-

! 
lo ... er left posit;"n ill the di5play ;lI'~a • 

. -. - - • • 1 

fhi~_ ;.:i .. ·..:: . .an ~:dl·lrl..'~.s;lillL .,rca '){" 6'; 5:)(1 . . .' ,. ~ 

un its i n e "c hal< i'~. 'T he\' i sib 1 c d i '~p 1 a y 

Bica.i~ 40,960 units in X and 32,768 units 

In Y. 

" To" r i tea S t r i n & 0 f c h:11: act e r 5 s t.'a r t i, n gat 

poslti~n (X, l) 
ea 1 1 : 

LETTER (~; Y, U, ISI7.I:, lien, IW;ITS, J~H?cR) 

Where:' 

nCD ~ an array of .characters to 

.'" . he printed, dine~sioried with 

the Value 0.£. I ... '" Display 

code; O\\C\, characte.r/"ord. 
-.,' . . 

nunber ofcharac~crs to 
\ 

be printed 
.. 

, . 
'. " . 

ISIlF. • I charact~r sjic one (snail) 

r 
lUNITS 

'and 
t" 1.1 SCR . 

= 2 character size t:wo '(la,rg'e) 

" 
as defined above. 
, . . 

'rodrawn syabol center'ed "Mut (X, Y) 

en 11 : 

SYItBOL (X, r" ISIZE,NSY!IIIL, HIS ITS, .LINeR) 

, 
. ':" ',:' ...... 

'. '. ~ 



• 

1l,\TATO 

• 

PLTll\ 

'. '". ~ 

151::E. ItJ::JT~;, .CI:a:H a:; defined aho';(: .. 

Ca.ll: J~. 

IJATATO (Xn, Y/l., XI','YP) 

Where: 

•. :. t ~~ • 

(xn, YO} = X and)' coordinates' in 

• ....: 
, ( X I' " Y I' ) ,~ X and'), C 0 ~ r'd i II ii. t e sin " 

} 

dispJa~' IInit< 
o 

To convert display:units into user's unfts. -. 
Ca 11 :, 

'PLOTTO'(XP, )'1', XD"YIl) 

Who,re: 

• 

" 
, , 

(XI'" YP) : X and Y coordinates 1n 

\ ' 
displa}',units, 

", 

(xn, YD) • X' and Y coordlnrrtes In usC:r's 

units. " 

":-. 

To Initl~li:e s~alcs and boundary values. 

Call: . . 
P,I.1'IN'(XSCALE, YS,CALE, XHIN, X'II\X, Y.na:, nll,X) 

IChore: ' 

, 

, " 

" ' 

~" ,..,. 



F .... CTOR 

, , 

'. 
, , 

.. ';., .' 

, ' 

C IP.CI,I! 

A3n 
" 

< 
!SCAI,I; , .,scr spcclfi~~ Y-axis scalc~ 

~aXi\~n·.and 
. ' 

miniMUI~ 
!l 

va luc::".'t(lf X' 

""AX, nllN rna~imum and.minilnum ,valtJcs 

o~ : 
" 

" 

To :lUtocat i,call,}, compute scale value'S. 
• 

Call: 
" 

FAtTon (fl. x, Y, X~IARG .. nIARG) 
p 

• Where:, 

tl • Number of pOints in th. coordinat~ 

arrays X, and Y, • 
XHARG. ,YMARG - Fruition of fotal plot 

~. 

Jrn&th alon2 ,X 'and 

) as mar&in (divided 

" side of display). 
" \-

Y axis spec,ified 

,­equally on each 

To draw a circle of a specified radius 

,centered' at X. Y. 
,; 

, I 

CIRCt.E lX. Y. RAO; IUNITS. LINeR) 

Where: 

. , , 
IlINlTS,' LINCR a:9, der'incdabove. 

,,. 



, 

• 

, 
ARC: 

'. 

.. 

['LTLIN 

. 

" 

Tn d'l" a \. 4l n .1 r C 

, , 
t,,, !'u,int (l:, YJ • . . 
,Cd l: 

Af~CP' (X, .y. 

>. :. '.:, ... ~' : 

"(o' Q "(" ., •• I " • 

o 

I' 

, ' :' . ' 
[AHC, 

. . 
(XC, re.:) ,coordin'ates of ', .. \ ,~, 

'" J. . I 

IARC 

, 8~enter of nrc . ~'~ 

. drawn cloc~wis~ 

= I d~awn nbt~-cl~ct~ise 

,Juni,ts as defi,ned ab~ve. .. --' ~" ~ • 
,I \. -i 

To dr,a.,.. hn arc from .(XI, )"1) to (X2~ Y2~: 
" 

Ca11-: 

JU~lns, LlNCR) • t. 

yo draw a line from (Xl, YI) to 
. 

(X2;_Y2) • 

Cnp: 

I'LTI.IN (XI, YI, X2,Y2, LNTYI'E, 
• 

I. n;C:R, II/NITS). 

, 'lI'hcre: 

L;\TYPE, LINeR" lU'I!ITS are deil'ncd nbo"c, 

To'",akc :1 dnrk move ,t'o'{X{I), Y(l)) and 
~. 

tftcn succe~sivc. br(ghJ ",oves to (1[2), 

Y.<2l):--{X(+B-, ,Y{tUl .• 

Ca 1 f: 
I 

" 

, . 
/t!'LOT ql," X,; Y, LNTYI'E;' I.INCR, IUNI'1.5) .' . . 

J 

"'~':' '~ 



\ 
. -

---,-----' -.--- , 

. 

.' ~, 

GRAPII 

, 

".:': 
.... 
. .. 

" 

1133 

.. ----ll-t. C i C. _._. 

,-

'. 

, :.: : .... ~. . • 
" . 

l,'SYlllli. (1.1, X, Y, IS lZE, NSnlnL, lUI> ITS., 

1.1 NClq 

lI"hcre: 

M • nu~her Qf coordinatc~ 

ISIZ", NSY!'HL, IlJNlTS, I.I::CR·· 
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TilE DIGITIZER TO P()~-8/L IS,HRfACE 

'~, 
This intesfnce allows the PDP-8fL to process d~ta 

that ha5 be~n generated by tho RUSCOH,LOGICS Digiti:er 

~o.rel 11. 'The' iogi~\:or th'iS .. interface is mo~ntcd ~n 2 

boards, both of which aTe mounted ,in tho POP-8/L Tack. 

TheTe wOTe,'ls~v'oTnl QO,~ificntio~s,~ ~he logic of the, digiti­

:tel' 'control Ct~ ,accommod'nte' this intcrfncc. The inteT-
.'. ,-. " -. '~'-'" ... " . . ~~, '. . 

connoction botwo,en'tho PDP-BIL and the control module on • " 
" ' .. 

the digiti&~r isby a Cable with II twisted pairs of shielded 
, , . 

!='oitductO-Ts or abou t,30 reet in' 1 cng1;h. 
, , , 

,d: " '--------:-'I''fi~' connector tctJlliliology elllp;lo),cd in ~his intcr-
, . 

. , 

fnce is ,consiste~t with the stnndard ~onncctortcrQincilogy 

usod by _th~ Oigitnl-Equi'plllont cor'porntion (OEC~ ns; shown 

in th~, re-(erenccdrawi1\is for the I1EC OW08' logic COn\'eTt~r., 

, The 199iC; sYllbol()gy l,Ised in thi'S work confol'm,s 
:, ,",' 

.: .,', 

to th,o, s)(Dbology defined 'it' 'the DEC refcrence 
.-

.' ' 

," ------.. • r------ '-"-'--\ , 
\, . 

" , I" ,'Device code 65 '(a~ ,select,ed for the digithcr. 
~ ..... . .' " _.' , ' . .... 

" Th,c I/O' sp'ccifications for'tMs intor£:;lco,'confoTm to ,those . '"". .. ", . . , , 

of all DEC standard p'e.riPhe:al~:' A comp,lete, nst of <!,\,vice' 
.~~, . 

C'O~6 a'ssignaents,wi'thin 'the"f-OIT', tC,rminnl is gi vcn, in,:" 

'''pp~~dix (K). , The mneJlloRic'representation for the gro!!p 65 
: .~ ".' 

,F."l 
, , 

, , 
: -' 

, " 

\ 



• 
", . 

, " 

E2 
"\. 

l:lstructioil,. hnv'c'hccn int;l1rporntcd rnto an .:{sSCJ:1bler called .. 
~L\C 3. This allo"s the (ll"ogra.nDer to ·cncodc'·.h~s routi"nes 

\lsinr. tht' appended ii·s·t 0'£ Dnomon~cs for the IIEe asscJ:1,hl r 
" 

lany,lI~&.C: P,'\. 3. Octai h of the ~1'\C .3. a!lseQhier ar.e 

. I ' .•. \ '"' ~;: ~ ~t~.::u .' H • pp .... n .... l'X ,"L.. 

HnclI!onic 

DSF 

.oec 

DRS 

Octal 
Code 

6651 

665.2 

6654 

( 
, . 

, ' 

.Descrlption 

Skip if the di&itizer flag is 
a "one". The flag is sct tb·the 
"one" $tate "hen thc digitizer 
is rendy to transMit.more da~a. 

. , 

Clear 'the digiti.1.cr flag," {set 
f!agt6 %ero siatc)and"cle~r thi 
accullula~ol'. 

Read from dnta lines 
6-if of accullulator. 
code~ as6 ~it BCD 

into bits, 
Data is 

characters. 

·Clear flag and read character 

I 

DRB 
. ", 

6(,56 . 
into bit~-ll of' the accumulhltor. 
The .digi~er will set the fl~ . 
when the ne~t character is avail-
able' for. transmhsion:: '. ,.:' 

Interrupts' '. 

".' 

The set~ln& of 'th~ ~igi~izer'flag'will ~ilable th~ 

l.{terrupt bus on'. the PDP-8.· Thus' charl}cters l!Ia'y 'be read. 

usini the interrupt.£acilty • 

. ,"',": 
ic "and Circuitr • 

. 
E.i shows the changes ne~essary to board 3 

)
'Of' thodi~Hher '10&ic .to ",Ilke the, dua, lines plus, a F,LAG 

. 'signlil fro .. tho POP-II/L and a. CLO'C~ signal.llvailllble to .the 
I . 

. , 
.' 

. ~ ," 
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: Additions to Boord ~~ RUS~OM Digitizer 
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, New 
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liS II 
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" 
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9 
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16 

. 'F'iOa 
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Modification 'toBo.~rd 2, RUSCOMDlgltlzer 
- .. ; , Digitizer-PDP 8ln!erface 
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r 

'Figuro l!. 1 
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·1'PI'-S/L.The chnracters arc Hrobed out, of the digiti1.er . 
, , 

~r it~ own rln puJsu. The ~ata o~trut rate Can h~~~lectcd . ,. a . . . 
hetween 300 nnd 10,eharactors/se~ond' by ~oan~'of t~umh-

\Iheel s~itehes on tho front control panel of ' the digiti:er. 

',~! ·'~l:L:-:} ... ~tt!rs tt"~III'~.l'1I·t~ .... <! (O~!),. " .• n -J r d I' ," - .' • a e co ct Ir,' 

the nell character code. 

Board 1 :(11\22) Figure E.2 
.' . 

are located!n positions lA·22··and IA23 wi.thin,tho DEC' 

The two boards contllining the interface 10gi~C.. .. 

.. l ,~ 

Dh'08/A logic converter.' 1ih.o·"cablo connector a·\10231\ 'is "--
./ 

in' I oca tion 11\24. "Thoso ,1 oeat ions have b.een d i sconn-ected 
" , 

fro~ their dosign function ~~,'logic loyel conversion 

tho data break opti~n on the PDP.S/C •. 

, 
for 

Tho.' INiTpuise generated b)' the Dr .• S/L is, 

receivod on pin J2.This pulse is used.t clear", the flag 

(pin,13 on F.4.l. 
. ~."..... . .' -

Tho purpose of inverting the ,lNIT'pu1se~ 
o 

(prns S to 6 onEl) lsto provide'.a low or eQ~patlbil-ity 
., 

'with tho TIiiJ'2 :pulso ·at tlie OR een plnsS and 6. 

. < 
on E2. 

Sincci .8MB(3) through BMB(-S) .are aval l~ble as high 
, . 

or .10w._otr1:he OW08/'" input bus •. the device. codo" seloc.tor 

I~;:" E.3' has input Hnes B)lB(3). 8.,'B(4)-. 'iiMB(S}. B~I,B(6), 
8H8(7); and 'B"'B(S) corineetea to p'ins3~. '5. 6 11. a~d 12 

rcspcc~iv~ly. Thus. a )'0\1' is' producod on'pi~' 1i ,w.hen' device 
, ,," ... ~---' 

.. 

code '65
S

.15 ·active.· This low i~, lnv.e,r·ted betwe~{ p~ns 9 

---'--~a-n-d~, 8;;C-. 0"'· n-.:;E-:4'-:.a-n'd"'iCC:$::-.--:u~,s~e=-d:r:-· ..,t"'"o-.-I\ .... ::""O.--..~"'h~o"""'f ....... n ~ u 1 s 4) S i 'd ~·o t'h e, 
.. ' 

-_.'," . .,'. ~. 
" , 



) :::. ' 

The IOPI pulse A~Otho output pulse frnn :hc 

de\'ice sole.::tor hcco,r.le~' t.he check rlar. pulse CIiFI, at pin 

Ii 2., 

ES ' 

Tht.:' lfJl':!' !~l1ls~ .\~~'U" th·~ ou:nut p u 1 ',,: t ht.' dc'.·ice 
• , 

lelector i~ used urt~r lnversitip between pins 2 an.d 8 

• 
on 1:1 to., turn on transi,stor Q2 which cle'.lrs the PDP-8's 

. ~ 

IlccuRcul'ator. This pulse is ,also ORed'with the HilT pulso, 
~ .. ,' . 

inverte.! between pins 3., and 4 o,n 'EI, to c.lear the in~er-' . '"'-
face fl~g at pin'13'on E~. 

on pin III. 

This pr~du~,es the FLAG pulse' 

The 101'4 puIs: ASO the output~uls~ fro~ ihe device -
':l 

sol.cctor af~eT inversior~ between pins 5 and 12 on 'Ill 
:,' ~' ~ 

~~cODes the STROBE pulSe on pin F2. 
,~.~-... 

~. 

1 ' The CLOCK ~uls, generated by ~he digitizer, is 

received on pin K2 and is·Jsed to set the interface'flag 
{ 

to. the "on'o'" state at pin lIon E4., 
D, ~ 

This pulse producps . , 

. a high' on 'Il~n 9 of E4 which turns on the -trans istor ()I:. 

This enable~, the interrupt hus'at pin'V2. ~heoutput of 

the '.flag (PLAG) .. is available on pin L2. 
, . ' 

'-

Boord 2, :(1"23) Figure 'E •. 3 

The ~TROIIE pulse is received- on pi!, V2 .• where ~t 
~ .. 

\.5 "HOod· with the daU'lili'c;s ·froll pinos 82, F.2, 112, P2~ 
I.J ' 't () 

S2 and: U2 to strobe ,the d.ata 0 the, accUlllmulator on pins . 
,'~ 

02, P2". J2, HZ, RZ' 'a,nd TZ. 
" 

" 

",' • '0 ...... 
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" 

.' .. , 

")\.: 1 5 0 I , 

• 

, , , , 

; 

Tbe FLAGlovcl is "MWed with the check flag 

CliFt: ,froc pins 
'_." . 

"-' 
K2 and, L7 ~cspcctlvely" 

",!\lccll on pin 8 o(E'l is in,veTted between pins 5 and ,6 ,of 

" J 

"I:I to tUTn on tr.an:iistor QI. ',This enahles the 'sl:ip hus 
'---

fJf~ pin' ~'2. 

; I The' i nter,connoct-io'ns be tweenmodu'l os arc s,hown . . ~ 

in Figure 'E.4. , 

,Thc'Qar~ l~roUts arcs'own in Figur~t'E.S 

(board '1) and E.6 ,(bo3rd',~) respe,ctively. 

" t'" .' , '.~. 

.' .• 'J .,. __ 

• 
'.' . 

.' 

, . 

'.' .. .•... 

.1" •• 

{. "'. 

. , 

,:, 

, . 
,r. 

/ .' . 

" 

" 

, !, 
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! 

'. 
, 
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. , 

.. ,-

fll'l'r:;!l1 \F 

'r 1"" - - • , ,I, 1;,\1 ,'~oo 

, TO PD I' : 8 i L 
\l ,\ T ,\ I' ql'n E \( , 
1 XT E It F ,\ i: E 

i!l~f'oJ"ct;on" \ ,,' 

" 

" This jntcrfu1c all~~s thu I'nf-B/I, to control, th~ 

tAl 35~0 Oataplottcr.rhc logic f~r the interf~Qe is uou~ted 

on four cards - thrcE' arc located ill th'c PDP-SIt. rack and onc 

l~ in ~he plotter O/~ drawer. The interconnection is via 

,ag ,II tvist6d pair of individually shiel~ed cablcs qf 30' 

feet in length. ' .. 

Thc' co'lln','ct,iJon ~cl'l'\in,ology is consistcnt I<-'tl1 .. the'" 

definitions estahlished 'in the plot;~r reference rn.nual 

fur conn"ctio'ns witl",n the plotter (76 )',' Connections within 
,-;- .. "0 
'. - ~ . . 

tho 1'01'-8/1. racl" confore to the stanJard ,connector term1nolo&>: 

used by the Ofgital ECluirnent Corporation (nEC) as shown in 

the icfcrenc. drawings for the riEC OWOS logic: convcrter. 

,The logi~ symbologY,used, in thi~ ,ork~onforms 

to the "~nbolog'y dc'finc<J.,. in the, II~cfer~~ie 

" ,OJ, 
D'e\' i ccc,cidil, 60 S 

wa5 selcct'ed'for the plott~r. The 

11EC sfandard peripherals, ,A 
'" ',' ~ 

ns"i&n~cn~s within the EOll 

complete"list ,~f device'code . : 
~crminal is 'given in ,\pp-endix K ...... . ' 

Thl: mne~onic ~eprciscntatinn forthc gro~~ 60 instructions 

J& .::;. ,~: .~:l ,'" i 
.." .... ~ Fl 
" 

", 

... 

, , 



,. 
,tl!ll\, lltili.:nt_ioJ\ of :;ncr'!ol:il"." ~ll~ll!' r~p'reselltation "h'}tCn 

. , 
'·~nl·rion i c 

Cnd" 

,"ESF 

FeF 

EPe 

us 

\ 
"'I'O'~t"l' 

Cod,e 

6601 

,6602 ' 

6604 

i .... n ".:; c, rip t ion 

Skip if'the plott~r 
( F I ''I: iss C, t ,,' Co the 
wIlen tI,e 1>lottrir i~ 
re~eiy'e more data .. ) 

L, 

.5 
.flag - I.' 
"one" st:Htc 
ready to 

" 

Clear the plotter flag .. ·,Set 
~he fl'''g to 'the "~er,o" state. j . . . 

\ ,,' 

~utput Ilits 6-11 of th,el accumulator 
lfi.;.para I·Jel to the plottc'r. These· 
I'it p":l·~terns corre,spond, to' the Bcn 
codinr, specif.iedas the, EIA input 
requirem~nts. The 101'4 pul~d 
generated hy this i'stru~tioriis sent. 
t6 the plottcr'asa ~l~ck puise ~~ 
~t~ohc t~c d~ta into th~'plotter. 

. 0 ~ 

Clc.1r the 'plot'ter flag and output" 
bits 6-11 'of the accummulato~ 'in 
parallel to thp plotter.' The llag 
is reset after :t .delay of' apl'roxi-
~ately 240u secondi. (Prod CeS 
:In' 101'2 and an 1.(\1'-1 pulse.) 

v 
I ", 

The plot t cr. a ft.er prnc",; si ng the dat a in the i npu t 

hUffa~ W"('i~lI_ct+\'.at~.t.i~.i.~.t~=~~I~~t hus 

Thu!'; the, progr:'m"c:llilnti:~lil)t f;i~ U it.y 

-output data to the'plotter.~ . ./-

on the interface c.l'rd .• 

can \:Ie cl1lployed.';t0 

". 

.' , 

"C t nil ~ 0 f. tho 1 n t c r fa. c c 'Lo ~ i 'c a it d C ire u i ,tr y J 
The three cards for the int,erface. located 'in the', 

o 

, 
, , . . . ' 

: ( 

...' ' 

, 
" 



1'3 

~'. s 

~,f;-S/l ra('t:. ·aTv III lo,.::lt:()-,",'·, 1'1" • '. ;J I 

.... ,. " 
", 1I '\ " l~ . h 1I ~ C I,,) n \" crt C t- • 

t: i (i:O t h ~ ~) r i r. ina 1 converters 

t!:c. PIlI'-bl I.. 

Th c i nit i ali: e 1',2 

r 
invcr,ted bv .g3.tc E3 hy typin~: pins 1 and 2 to the input hi\:h .. '. 

ro prodl1c," an -. O~1t put 1.0\; on-pin 3. This TITf or the 101'2 

rUI~%!s in.\'crlc,1 'hy lhc. r.ol:." bet"een inp~lt pillS 9' "n_d 10 
. -. -'. .'- . 

"lid output pillS S on 1:3. The CLFt\R,':l;,\r. pul~c is then 
\ 

proJ"~~J at p~n R2. 

Since B~IB(3)thro""h ·B~!I\(?) are aviti lable as high 
• 

. or low on ·.:thc 111\0.0/,\ input h~IS, the <levicc j:odc selccto·r. 

;: at" E 3 has- .i n I' u: so i"~.l\ ~t B( :\) "n d B ~1fI ( 4) in p 'ill 5 I and :! and 
. . , 

M(S) thu li~IB(S) on p'j'\"'~5, 11, 12 and4 proilucin·g a 'logical' 

. 
low on pin S when dcvicc cdJc.G~8 is active. The 10" produced 

·h~' .. 'ilic device sel~'ctor is invc'ned at Rale:'E2 (input pins , 
1 n 'n j . 2) P '0 <l,u <: i n ~ . a h i r. h . on p 1. 3. 

• 
This hi~h·ls ASllcd ~ith the 101'1,- 101'2 and IOP4 

. u 

'Tl\,l·so proL\uc i n.i: 10"·.' at .1' ins' r" 8 ;In<l 11of the ·ga tcs in E2 .... 

'The low o~ pin.6 of E2 ~s dnvcrtedbctw~en pi~5 5 

Th;, 10il ., n pin S of 
.. , 

.,' 
E':; ..•. This. lI.pon being, invcrt.cd" 'he tween ('ins S anti!> of ~".te 

.. 
\ . \'- / .• (\ '. 



F2 

H2 
E2 

, , ' ",----
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IO? 2 
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CLOCK 
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'I' 5 

th~ on. 

< , 
The ir,\; pToduc('" by·tho IOP,\ ,Plll<c'at pin II of" 

i~ ,i'n\'c~tc.:(! lct: .. cen 11in~.1 an',I' 7 f I' \ 1 " - 0 ',', t I) 'cCO"c thc 

:~.in.V~. 
, , 

~(;r\'('<; ;t'; an 

to tl:e'Re clo,<.:l:, hcth' '1 'I 17 f , ('t'n,p,ns, ~lt( ~,? E~ dclavin~ the 

r\~ls~ ~;. 240u ~C~. 
" ~ .' " ~. 

'. 
Th·i5· J~laycd pulse, "~tcr in.Vcrsjdn 

hetween ri~~ l~ "nd,}1 of E3 hcc~ncs CLO(:~ puise on ~ih 52. 

,TIi'c ,puri'asc of the fi rst stage of the RC clock 
~ 

notwork' is to,create II :-10,: .secanJ pul'se '~lay while the 

second 'star,o resh'apes lind "'i dens " " . '" 1"' -.. 
tri~&er the, flae located on ~~rJ 

Card EBPZ (lA~O) Figure (F. 2) 
• 

.thc pu'l\,;e sufficicntl~'t~o 

F'II p 2. 

.' 
ih~ CHECK ,Ft'\r.,'pulsc' re'cc'h'cd a pi.t\F.2 is 

i n vcr ted he t w Ii c n ,I' in,s 1 ": r.<I., 3, 0 f E I • i h c, hi r. h pro U}.it cd of' 
" 

pin] of El' i~A~Dcd with n hir.~ prodl;cqd'a}tbc .an~~c qf 

. .' 

, , 

, ' 

" 

diod!'s 01 thru 0]. If both <.:an,litians arc high ,the rcsultin;e,' \ 

low on pin.S 'of (1 is if1\'erted: at pin 11', of El.T:h.is high' 

.' 

. 'o' . 

then turns ~n tr;tnsistar C).I enablLng the skip bus on pi.n F2. . ., . 

. 'ih,a CLOCK'pu!S" (101',\ uclA'!:';d b~', 240~ sec'anus) will 
. .(\ . .:' - -, -: . 

sot the 1'1 ip~ol'E2 "i-ciducinR n .h'll:h at. pin 5 of E'2. ,This' 

hi&h in the prc .... cI1.CC of a hi&h a'n ",in 112"(.(la:t:~ ','r~quc5t,( 

5i~nnt froo thc plotter) \Oi U 'CIlUS~ a high, to OCCtlr at .the' 

anodes of diodes,OJ ,thu 03. ihis 'high will turn 
, , nn . . ' 

trnn5isto~ Q2 ~hich 'ena6lc~ t~o interrupt hus on pin J2. 

" 

/1' , 7 

, 

o 
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,1'7 

, ' 

-' 
:'.:;';.:i;.c~~ .on" ~in l!~. h t: i II I {\ ~.: \'; h ill' t II ~ d a t: a 

rf: ' 
( II P (\ !: t Ii c r (. C c i P t n r a. 

, \" ", 

" ;,l.:lttcr is 

:' I" t pill se 'on h') . 
, , 

" . 
T 11 tI·; !. h t' n 1 () t d a t a is. t r ~I n <; r' itt l'li t u the 

:'~~':.--~-!'" ,.,,,,;,~:,, 1.."., :, ;~,! . 
i ! I' : .: • 

;ircuit) of'on~ cl~ar;lcter 0vcry 2jO ~ ~('cond~. \','hen ;1 plot 

heen rc~ei\'ed \", -,the' plotter,the llAT\REQCEST 

i~ heIr.! 1o" ur~til ih,fplotter has camp'letce! the 

previo~s ~perntlon:' No~e that the inp"t data to theplo%ter 

is I>,.-ffered at the plotter thus allnllinf,·twn "onpletc' 

~ 
in~tructions to I>e process':d: hy the rlotte~ att'he .hil!h&r data 

r~-tc. hefoio'tltc flATA IlEflllFST goes law. The.plotting cOr.1manu 
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)0 ;foot~""ll,conneet.oT!i.,botb :u·tlio c •• orll and,.at tllo". 
. ' , ' , ., ,.'; ", ,,~ . 

PDP-aiL. rack .reaNC :coaxialoonn-ectors. • . '. " '-. ' , , " , .... ,.' '~. ','. . -
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.. • '. ~ • I 

becauso Dr the high ro~er req~ire~cnt~ of the 

50jcnoid And tbe lo~ po~or'~vltchin~ pul~e, 
" 

The 'lOT instructions forthc ltencratj"on of the 
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TRI'P 
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, EDIT ~$n;Tr:H I1HICf' • 
,1 •. COOf. ASS I (.-'::"ESTS . 

,: , ", , 
, , 

I' . • 

ThC' 'follovlnr., I~. n 1 iH of'the Jc>,:ice codo;\, th;H' 
,~'~, 

, :,' ': 
' h¥,o ,bQO~ '..,~ i lined to ,tho t'Qri Jiher:II ',<10\' iCes 1i.~S'OC in t cd IIi th,;t , 

, , , , 
tho.EDIT t~rDlnDI" 

, 

• 

01 

02 

03 ' 

04 

: 30 .. 
30-lS 

70-75 

40, .. 
'41 

1: 

'" ,'so"" 

, , " , 
"Ill gbspood paper tApe r'ol1dor l 

~Iih sp.od papor 'ape ptirtch 
, , 

Tcih.typ~ l.'O)·boDr:d~~ov spoo,<I,paper t,ape r~ad~r 

, ,", Tel otypo 1'1'1 n-tar/low ;speo&l pa'p,1!T t~p~o punch 
, :" 

Casso't te ,fapo dr I:vo 

AX9JI Lob J!11'r'i pho I'll i -
,.,ovie S:lIncrll' 

,- . . ~. \' 

PTOS,,'rocci YO' chll'nno 1 
,", . 

PTn8~transftlt ch~hncl' 
" 

Ca,l eoal'drullp1 ot t~r. 
. . . ~ 

11ght pon . , 
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. , 

..... " , " 
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Sil '< :, 
, • A 

. . CRT /al,croplot tor tn)uitoutp,ut"' i ntcifjll:co' 
'~ 

"iel'Oplott~i ,error,illlg 
' L 

60 . ',\: . ~ .--=-- " , 
1At-bod plotto~ 

65 Dliltho,r ... 
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" P ::~' • 11i.,'AXOa and: tbe C&$$ott'e, tap~ ddvo in,terraces a5 
. ~.'. _. . . " ,. . - .... .. : ~ 

, p:rOd~c"c['61,thoir.r,espec:,ilYe~"lInufactureis ,bllve, ,confl i'c t irig 

, . 

.. ':, ~.".: ,.. 

deVi,eoio~esf ' 'P~r, ~he AlOS ~he device code ',bias ~oon 'c:~angod,; 

, " frot"the ,3.01);:"~~10$ 'to, ~ho. ?08',5.01'i'~~itt1 op,era~e in, a.ssocia ti~n 
'''l~h.thi,BJ)~i:'.~ste.~ ih~ device, cod~ WII~:S ~ado 'switCh, 
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T~o NACl a5sc.h1~r,hD~ 'been dc:\'elo~ed to all 0"",, the 

terllinal '1'1;01115 proaraa.er to eapl,o), ancftonic roprcsen~10ns': 
~ I / . 

of tb'olOl' i.nstr~ctlOns. for ·.the! porlphei;l·l. i'!.t'crfac.c~ that 
. .' . ~ . 

ha"o \loen 'dcVOlo?o'din tile cour~o of this ",.c,rk. This assa.blOr 

.lS an,.appondod V7S1on~,~r 'the ·P~CoP~i.~IU Due.blor ",ith ~ 
. aCId !fled por.a"ont syabol tab 10 to, allow anolloni c prograclI:ling • 
. '. ' . - .'. . . . 
.for· all the. Pf.C standard pOTlphoTIII, plus t.bo following: 

, , 

-'. ". 

" , 
(2) the flat-bod plotter; , . 

" 

. -
(3)' " the . CIrulli .plotUT.; , . 

.' ,. '. '.' . " . 
. (.e,). nos '.' .transa' t and ro.coh'o channots; 

• 

. (5) AXOalllitruct1ons "related to"tDlTp.eTl pheTa) devices. 

.' ' . . - .. 

" . . . , .' 

. 0poraflDalnlitrucUons .....• 

' . 

'. '.' 

• 

" 

.. '. \. 

. , ..... 
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1 {, ' , , 
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(II) Whon the, ~OTION tiltht on, tho cassette drlvC',flashos" ' 

" , 

• 
" 

thh;J, pO,lnt tho ol'prat lnr. 
. .' -., 

pro'cadu'rC! 15 irlilntlc:al to the 
, ' 

, . ' 

r,\1. J II nSSCell! 1-o,r. 

(7) 
, ' ' 

P14<0 thc~~urcc.!~nt"~~c ,copr 
, 

oft II" PTO!; ra,', to: 

, , 

(8) Sot 0200
8 

in, thlt' Switch RC&istIH'( ,and" pross LOAD 
, , 

"1)(1\1 ESS ~ 
" .... " . '" • 

I 

" 

" ' 

, 

(9) M~C3 15 • '3 pass 'asscablor~ 

Switch Ilo'l,~tor for tJio proper pass. 

Sot bits 0 and ,I of tho' 

• 
'. .~ • 

... 

., 

Bit 0 

o 

, I 
• 

, , 

, '" 
... r:.:: , .... 
• 

' .. ~ 

Thosc" sottine's '" : .' 
aro: 

. , 
Bit'l 

1 

~ 0 ~- . 

i
' ,~", ,', 

': ,', pass 3 , ': , 
'. ~ -, 

.. ~ : 

" " 

,,~u 1 is requircdso ,that' tb~,asso.blctr·can .il!.!.!-jlili';to, i u , 
:" . - . I. . ".. , , '" 
• " " ,." ", . ·1 . • ' 

• 

. ' 

• 

•• ,. 

S111hol ~.ble and define '.li 'usor' sy.ibols. ", Aftorpa55, 1 has 

boon Cd~PI0'toct ~lthorp~~'~'2 or p.5S 3'cu"bcc'oapJoted. : / 
'. '.~ .:::. :','"," ...... ~ ••• _.'~-:,'~' .• - •.•. : .'" ~ .f " •••• " .. 

," '(~O) Set ,.in-putaad ()~tput 'opdonsdtb. bit' 11 as follows,:' 
-, '. . - . . '. " ',:.. . ( . 

l'.~si 
i" ". 

'- ' -
" 

.... 
Ui'll- '1 Punch tbo,yab"ol table on tho ~igh 

, ,\' " ,,', 

"",speed,pullch ;:,: ' , 
'-: .....".. • • ~'. ' ' 4 

", 

,:i1i:,U .; o ',prInt '~~unchl..the syabol tabl~ on' 

, ',,:,; , I':;"~ ill. T~i.typil' 
~ .~ . . ;"~.:-~:.' . ::.:.~ ~'.:~' ~ ... ~. ;:>::, : .. '~.:'.'~.' ": ....... '. '.- ';" ::: > .L.·· : " ,'. .... '. 

.. ".~. 

, " ,p ... 2':":,: ,<;.Il't/l,l,:~,l)i',P,u~ch ~iD.rtt.!.po()n bigh spoed,pu~ch 
.'; ".' .:,: .. >.;'. ::.'. : ............. ~:--.. :: .. "' ... :.,,: .. ' .. "'-:-:--';,~',. " ........ ' . • '. 
,',::'1 ti 11': _6,Punchbinilrytapo oJi:'>l.o~spood, punch, 

'. x'.' . .,' , ... '., .'. d'" ... , ' ... " -' ,~: .. :r.. : : . "".. '. -." .... " , ~ 

P.;~,,,,~_,,, ,i<~i" 1(.,1 "p~~eb:'jo~r.C:O:l~ting on" high~pood 

" '. . 
'f'> .; 

J.' 

" 

.. :' 

. :.,~., . :',: :.>':~ ~'~"";:'/"t!_:~-·~'}r;~.':·~~: ".' ....... ,".", -: •. , : #.' 

sourco' listing ·,!n,;cletY~~L; 
, . • •. ', ,,' I . .'. . . ~ .. ·;:i:;:J·t~~ '::;;/ -: ~'i;'. 
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Bit :!' ~vilch "r~ionsro'~T'IlUo~l lind 5 

,-r::. / 

.' 

Sit l 9 l' 
.~. 

! '. 
SuPI''l'OU (outpu~ !>r ·s~.tbol . t3blc •. 

2 • 0'_ OUtp\.t ~y.bOlillb1c 

'~ , 
• 

(12) 'Prou Si"",RT loheln 'pUS 1 only. Pre:l!S COST.INUE 
, I, • 

, , ,-: • - : I '. • #> ',. ~ 

to bOlrn P~UO\2~r3~.: Th,Clullo.bler hlll,U lit t.hCl end of • 

'uch pass-.·Proceo'd frO.·stopl.·.'l! th'c uscliblet has.halted., 

boc4"lse o.C· .'AiJSE stato.ent·, put the next icapa into. thO" reader 
" , .' T " 

lI~d ,pr'ss CONTINUE •. 

(l3) I,f ilia pr~I~" e~~c:ut.os corroctly the bina:r-y--tape .l:Jl..iL-: __ · . . . 
be·ildded 

' .. t~. tho EDiT :systaa.l1braTy,.v1th the' £0110v1n" 

in~tructions~ pt~~otha vri~~ on_ble'plul in the cassette, 

PJ.ac~ c.~5e~~O'vrJ c·a.s~.tt. t~.nsport. . ,. 

. -' . 0")', Sot fi17 8 1n. S"ltch ROJlstor, 'pro~s LOA'D ADDRESS and 

. ' •• 

START. • 
.' 

'. ..'. ' 
(IS) .1fhon:Talo\yp. · .. ~osponds with .. READY. 1'c)ad ~in.ry .' 

.. ' " '. ~'! ~ 

tape i~ hi&h;pooeJ ruder, and ~ntClr tho foJl~~i~n& co..-and 
" 

. at tho Telotypo: 

C. AlCDfollovod lty C~RRtAGE RETURN ... . '.,., . .... '. 

"horo: ," )ICD is no,,·pro&r ••• ne.ollic~ _., . 

(16l··.h.n~.lo~yptt.r"pol1~S."ltb.lNPU'r~ onte~ '~I fciUo,,!d 

, 'by_ CAaaIAGS·UTUR"..·· 
. . ").' . .' : ~ , 

':\', '.' _~ .,' • _" .'" _," . , I 

.'(17) :tnl~.·''.T.lotYP.:t.spon~I''ith.TAPES,.: ont.or tho nUlllbciT 
. .. -," , - '. ~. , . . . 

'-
" 

.~.- .. 

,'.-' , 

'of billaI'1~.p.;.~loclat~d,"1t)i,~hh prosrlllli'fo.llovedbY . 

··fA~~lA~~',RI!'rQ~~.·,~·~h:~- " '..: ':.~, '. ,,- .., 

. . .(1.);, ..... ~)iOT10N·.1~lh~:fl.she5.:tu:rnoff tape dri·Yo, relllov.o.:,'.:.;, 
'.',- ':;'·';-·:'-;'-'-::''-:-·:'l·'-,''·'''' '-;:">:-~"::-:\:"J ~.:':, ~'-""':''''-': _.:' .... : .. ,: ..... , ... " ':, '.:-, .. - .... - ',~;:.:.~:..~ 
:'c •• s·.t.t./.lIa<ri.iive:"'iito;;;ell.blopl~I.·. {toa caue\te ~ . '. ";j:; 

·.•· ••. :.;.~.~.:~:·;.· .... :.~.'.·.t.~ .. ~.t.·~.:.·~,~,:~",;.:.;.,,: .. ~:.~,·._· •. :,;.· .. l.;,_:··;·:··;":; ';:~ " .:. .'.-'<":.:. . : .... ',. - , .• : ..... :., .. 
' . ·······,.;.:),,· .. >-.;·'·r- ....... ,<" .\4i': . . .' ," 
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, C O~!>TRII~T - A ~Y!>Tfl1 f~ THE ~YNfHE!\ I!' 

------~-- ~ .. ' '",-~ 

, ENTER SECT 1 ON NI"'9~ 

PA.qT ~E .; GEmtETRY D£flNlTION STAGE" 

.\THEtitlH3ER~OFSTR"CTltqAL -tlO~ES • 

OEGREES- OF FREEOOttINOOE-' 

• ., 

Of" 

-..... 

"0 
, I 

MACHINE 

'\:. ' 

" t 

16 
-, 

3 • 

ENTER") FOR, PLANE OR (2), FOR SPATIAI,.F'HAHE I 
. ...,.~ 

C OORotNATE ,DArA,lNPIIT,- SECTl ON' 
'r-" . 

EHTtR, (I) ·,.dA 
' ' 

P'PS OR c1!) F~ CGS UNITS 1 

SELECT , INPUT DEV-JC£I 
~NTDI 'i), <FOR DIGITUt;R " " 

", 

(2) FOR LIGHT: PEN 
(3) FOR 'TELETYPE. t1, ".) FOR. DISC FILE ' ~ 

, - 1 .. , 

" NODAL COORDINATE INPUT DATA VIA: ».GlTUER .-
~, - '.:' -,'. ",' .. . =- .... " 

ENTER SCALE, VALUE ,("lIN)" (FU'."') 

I' m'-' , • 

~ 
'f 

STRIICTl.'Rf_C;'_ 

." 
" , 

.. 

• 

, , 

1 ENTER- U),,'FOR~IVE STATE OR (2) F'" OEFER~ED STATE 

(, (I> -Ol~U"l~E-~ '"OOIS,IN S£Q~~_fJ.!.'J_.'t.Q i6 

~, ,'_ (2)' RESTRICT "ooN.COORDINATES TO, FlRST QUADRAtIf .0. ' ,. -:' 

- )- (3)P~!sS;'HE~~EY':oN T~ic6Ni~oi.'PANa. 'TO 'TERHI.TE'-OI,GIT'lZl~ 

. ' 

". " . "_.~.' .: -': ,,-:, . ",_ ",,""', '>.. " .. :_ .. - ~ .'. '.' _.- ':. .,":.:'. - J.. . 

';,.'DlTIRS,F.ROMmTOSfAR-r DIGI1UER S ". . .... "" ~'. . .... '; :. ··r', ., -, 
'. , " ': .:'" . ", ," ' ;. '," ' 

"MODALe_leiivITY: SWlOil"J 
~ ~, ": • : t",>:~:,;,;: '::;:>: :.:':',;>: '~:/i"::'~) .::~~~. :,' .. ~ :',1:.-":",:::' ':, :,~;.':', ,: ':~ : 
';-5~ECT4MPU1':I»&V'CE'---; ~,,' , '. '-
,--ENTER"Ct ),::FoRTEL.E'1'YPZ;','- ',., :,-, 
:, ,_.,',,' 'ca)'nOti:CI\$Sf:rTE'TAPE 

, 'c37:DI'sC':nLE;"" " -

" -
, , " 

.' .' 

, , 

" ., ' 

, , 
, ,''; 

,I 

~' ,:: : :'f-)._:::/:~f.-.". t?:),,;:;:>:~;:{,;: ,:, ""'",:,;,:;; -,:,,' 
",'.' ~ ;,' ". 

, '. "". :;:, .,';' : ; ~, ," ; ,,,-, 
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Nllft9ER . OF' ·"DtI4ERS· 

"Dt9ER TYPES AVAlLA81.EI 
I( \)' PIN - PIN 
(2) FIX. - FIX. 
(3) I'IN- FIX' 
(") nx - PIN 
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St:1.ECT. DISPLAY .. DEVICEI . 
. ENTER (uFCIt FLAT" 9£0 PLOTTER . 
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Sf.1.F.tT INPUT DEVICEs 
EHTEn (.) FOR TELETYPE 

(2) CASSETTE TAPE 
(3),,:D1SC .'ILE' 
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, 1/13 
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EHT'~ (I) TO CREATE 'FILE OF. ELEMENT SECTll)NS ~ 
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F J nOl\ - TilE F IIlO:tNACC I SEARCH AI.GOR 1 TI'~I 
USEO In PROGRAM HOTTLE 
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Tho Jogieof a ,s in&levn(i3bl,? 5cnrch strategy ... 
based Oft tho Fihonnacei ~oarch strAtegy h3S been coded to 

. . .' . , . 
5olvo tho' V'oluac. 4"cillltio'nship .for· bottle design des~ribod in' 

,Chapter S'o£ this thosis. This Appo~dlx describes this method 
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H OTTLf. - A SYST EN TO AlIT (!'IAn: HOTTU;' OF:S I.r;~ . 

. PART orJ£ - BOTTLE'PAIlM1E1'tp 1/IP"T ~E:c:n.ml.'· " 

: t:tlTf.R (I)' Fat BlHTl5H on (2) FOn, KF.'tRtc IINn~ , , . • . .' f 

·'~~.'ir:·rt ,HE R::Otf!"H::~- ~~('L:!:""~: £:1 r.!... 07..5. 
I . ~, 

EtrrER THE FILL"'9,AC£ VOLIIH£'ltl'FL OZS . .,',-

. PAIlT T\lO - nOTT~t' SHAPED£FWiT'1 ON 'SECT10N 
.-

. . 
,. £NTER THEOVERALJ.. I:IOTTLE· HEIGHT' 

" . ~.' . . '! ' • 
',' . 

EtIT.ER THE. DESl1l~"E_(GHT ~Hl OZS 
" . . (. . . 

. ,E,HTER THE. NECK DIAl'1£Tm Itl ItSCHES . J 

. ,. 
nlGITIZE BOU'·L£ SHAPE' 
" , , '! 

·EJ.IT~ (I) F01 ACTI\1Emt'.(2)FO~ DEF.£l'IRED STATE 
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, 4.0 
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·8.0 
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18.0 , 

" 2.1t . 
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( 1>. PLACE' SKE-tQ,JI ON DJGltlZEP IIltH LONG .DIHENSION HORI ZONTAL 
,1.. . '.'.; I' " 

. . 
(2) . DIGITIZE' ONE SIDE ONLY' 
~ ~.., 
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(3) St:."TMIGltl AT'CEfrrER-LlNE LEFT SIDE , . 
(II;, Efn'F..R R FRJO'I C~ROL PANEL'TO TERJ1iNATE Dl'G1TJ2:ING 
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. '~ELECT HODI.-1CATl 0:' S:~~T.F1r(, I ~II) .... 

VOLtntE',AS DIGlTl~·ED··..' ,.{ IAA.53088CU INS. 
, . - •. ' 57.97963 FL Ozs'. 
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,THE DttER"J.N£l)VOLUHE • . \ - . - ,," . ~" ...... ./' ., .. . '·'52.8130t5 • 

. PAAT,FWR .-:~ PERSp;""w-Tl VE ~l!WLAV. OF COttPOTEDB<n:TLE 
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,,' r ·£NTF.R '(1) F01CRTIHP OR (~) FOR FJ,AT BED PI,..OTTER, .. 
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DO Y Oti UANT TilE" PL"yrn:R DAT,.\ TO HE PUNCHED O~J Till': HI SPEED PUNCH 1 N 

IS THtS SHAPE SAT I SFACT ORY l' YES 
, 
P ;,\p1 F!\'F. - PR!':?II"IIT1CN I)f ~ ",,-.. t~.?I'T FILf 

-c u."1;": .. ~'i r:O-
, 

PART, SlY. - VF.R I Fl CAT I CN OF .CL F1~'E 

DO YOU \lANT-THE CL S£I\RCHED FOR ~ SPECIFIC HLOCI< 1 NO 
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, MICROPLOTT~R fo PUP. 
COHPUTER 1:,nnr,\C'E 

,i·nt rodl .. ;,: io'n 

, . 
aic.roptottor. The'tog'ic for the,rntcrrllce, i'sl:Iounted en a 

circuit ,cllr.1 10cIlted in the aicrol'lottcr. The interconnection 

bOUillon the POPS lind '~hll picroplotte,T is providc.d bOy co'uxial," 

cables ~Pto 40 feot in longth. " 

COJllputor 
< 

Threo groups, of 'lore, chosen. 

instructions control tho tran"sCer of data fro a the coaputcr, 

to tho 'nlcroplottor. Grau'p 51 ins~ru"t ions control ,the bode 

in v~lch tho aicroplotter is to housed and prbvidethc 
, • 

1tartlng p"150~. Croup S2 iwstr~ction~provide intor~ogation 
" . \ , 

of ~lt conditions. Thoro, is 'lIlsoan interrupt facility' 

pro~ldod. A detailod lis~ of ihe instructions is giv~n below: 

Group 50 instructions: 

6501, Skip if tKo aicroplotter flag is, h (Jlicro-
.~ 

plottoJ:. flag -1 whon t'\,: Aicroplot"tcr is ready 

'to rocuivo dat,). Thi~ flag is o after a , ' 

" 5tart fllstruction is given t,o tho, aicroplotter 
• . " l 

and .QUst:bo 50t, to a 1 with a 6&04 instruction. 

6502 Rosot the' ';'-il:ropiottor, flag. 
o , 

.. , 
PI 

, 

i' 

,\ 



" 

• 

6504 

6511 ,: 

6512 

, . 

,,' 
6514 

" 

Clcnt the DicToplott~r flng; outpUt ~its 4 
, 

to ~11.o,f the PilI'S accut::lllat'or to' th "M'C • ' (>. ! ro-, 

plotter., and set r:tlcroplottcr flag to, 1 when" 
~ 

.. it l~. 'next rQnd~' to r(>cci,Vl: n\,Te datl! . 

Skip if tho llIie,TorLotter, is rca<f)· to receiv'e 

a stllrt pulse. 

Start thq Qlero~lbtter to ~raw on thc storage 

djsp~ay unit onl~. 
; 

Start tho. clcroplotto~ to draw ~n'an aperturo 

~ar~' and ~n, tho storag~~:~y UTl·it. , 
• ,J , I 

Group 52 ~nstruction,i., 
, 

1'2 

6521 Skip 'it'll.pr,ogralll or parity 'crror 'has' occurred 

I 6522 

652'& 
, , 

llllo.rrupts 
t', 

, .$»' 
In th~ftlcroplotter. 

'Rosot the error £lai,. .. 
!lct uspd. \ , 

'/ 

\ 
An interrupt signal ~illbCl givon ~o tho COMputer 

, , 

when' th~ alcroplotter is ready to r-ocei,vCI data or when 'a. 

prog~all"or" par,ity error ha~ occurred in tho' aic:ropiottcr. 
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