-, ! . . -’ - ' T
i . . - - . to-
D . - :
' . N B . ) ) ! 1 ) ’ * . ) )
) . ] LIS P
[ - ' - 1 - ',' - T Al ’
\ ] X \ . . ' .7 :
P ; - ;“- ' ) -
‘ . . . - '
- ' v . * = . - : ' )
Yt T ' " - - - s t * )
S L - R
. B X L . Lot .
» . Q- M . \
. L Lo S T . :
. " a i . ' N ' - . . . ¥ .
S~ . S A LN , L
o ) \‘ e . S - , .
|. ol ! " '.
. - . ( . ' . N ] ‘ . .
) .. . — ." ., LI [ 4
. -
. ‘ . e N ) b
. . - . .
i ,‘ Wt v, . ". . .‘
. « ' "
. . ) ' . . J:_ . !
e L} ' ¢ o v ) ‘ N ‘ .
: . * : . 01 -
~ . . .- ) N o ! o 4 " '
. ' “* - s . - . o ° '
v - . N . : . .‘. . M ”
. - N C ' - . : . S )
‘ ~ ~ ~ - - ' S .7
. ’ - ! ! . .
. k . f . . . s,
ie— . . . N
Lo . L] - . . .' "
. . L a - . ‘e m ~—
. . * H
- . . ) ’ : = \\t"
X . . . o :
. kY - .
,\ ’ ‘ *
| o ; . . :
- A SYSTE! FOR THE SYNTHESLS. L
= - . v ", ' . . . R : e | . ‘.
. o OF HMACHINE STRUCTURLS . - S
Coo D . - / - . i ‘ .
.. ll R " . . ’ )
. " N . .'.‘ ™ % » ) ' -
' . . \\ ot
. . . . B ]
) Tt N s h
R - A
. - . r ) ’ v
i . . . e v, et ’ :
. . . - L e - . . .t N
. . A . LN ~ ! N -
. ' . R R o ‘ S ’ =
R .o . ) R = ‘ PO
R . S N ! T
e . ' , . . e . - kE
. ) ?- . N " ) ‘-" I .
N o ] L oee ‘ S, . ’ -"ol . : .’-
v . : o R .
. t ) 9 P Tl :
N K B . . . . S.
. , ; . . - . ‘l
B - L% A
L . - ~ h ’
: : . - - . v ’
. . * o " . )
. ¢ i T .
. ‘ . . -
~ . . L Lo ' . c
o ) . .
. . . ‘ ' '
. o . . - - . L) ‘ !
—_— ! N ) - o ' . .
™ R - SN R * - ’ "
. . . ST ' e e o ' T : o
\\; \ , . . A ‘ ’ . . : . . ?, .
> : . ] : 4 . ’ ’ s | '
0 kN // -t ' ‘ ' k
L . PR I . ) * to
. L . . e e "
* i .‘, . . L9 . - -‘.
’ ; . e y "5,
. . - B i . ! foees
B . - . o - . - * v '
' . A . N . Pt '
. s ! “ S
;! v , R :.- T Loty ,.'\. . -1 L e e ; . !




- 4
Lo
‘@
.
1
. 0 -
'
R .
.- r) “‘
- .
-
=0
’
». ’ B
— ———
w o
N -
L)
' .
M Ll
.
. -
"
)
”
- -
i
.’ .
. E
- ‘

' ) L \ . . %
o . ’ ) R
_ e N
A SYSTL FOR THE SYNTHESTS *
e m-'\"'rm- EOSTENCTURES ) :
6 : - "\ °
T ‘ . '
h.\'. ! “ _’ -
S o~ N - ' ’ :
.' . . - , 5 P'
a. 6 . * .
. . . 1 N - - i - .
David-Janes Bonhanm, Y. Eng. l"
. L
' = l e b
. | . N ) ' Ny ,

. ] : . . I_ . ’. ~ -
S _ A Thesis . “ \/—J
. Sfuk:i.ttcdwto thc_p;.qg;lf}' of 'Gi":}duutc Studies - 2

C e - 7- . . ? L . Yo . .
.. .in Parsial Fulfilment of the Reguiresents L
e T S : - . '
TN . L for the' 'nggr(-Jc . 4

j .. ) . '..." . . ‘ : . e - .

' ., ... Docrar of Philesophy e .

B McMaster Universitw ‘
‘ . 4
lr_o s *
G a --—m . LT L .
SRR Auguest, 19740 L
\‘ b - ,1'..;-_ _ s '_ﬂ- . ) '
.\ Nl e ‘.-. . ' d
.'_'- N ' .
n‘ R _\\. - R "
g @ mvm»:s wmm 0%y '
Loemm e s ,......\, - "_ 'i.“-‘-:.'.‘l . .




,~

~

Lo

désl}dhilii§.:;f fnlaiﬁing tho engincer in ihc dcslén-prof

cqss nnd dcv:sini‘; svsbca thnt offec:ivclv'

W ‘\..

utxlizas his

T

dpci ion nal;na nbllitics whiro rclieving hio of thf/x/ﬁiﬂvs

| ,}' tnsks of dnta n:scuhlagc and nnnlysis.

. *n:l;J Part Onék_itzhinitinl sxagc of kh;s«uork hﬁ§ been

* L]

S

>

the developaent o"a renote intell:gcn: tcrn&pa! svs:cn that

/ ruk
RN ‘ '
- - 13 ~
_!' - - . o
> v RS B
B " v” . '} - r : , *
Coe é'_ T \ : ' - SR

oo, ) ] -

s

-

- . . .
- - 4 ’ '. - oy 1
. . v .t z v .
N ‘ Lo ! s
R . . ¢y . . .
\ . .
. ) O R L ,
I\nctor of lhllu-nph\ ('I‘J?-t‘E N "tC'L"l..‘i[\.'-r.if:l.f';'i'r?3iéi, o
‘h:wh:\nu.\l !‘H"IFICC“IH)‘,_'] T . Hamilion, Nutorio, .
oo ‘ T . L. )
‘ i e ) - o : 1 ' .. s A . s :
Titlen _ . A Svater for tl.c Syathestis o Maghine - .07
. - ". .i' ' . S:ruct“ftﬁ ..7' ) ' - w’ ' .
! N ; O '_.. o ' . o oA
‘ [l ' 7:. 'a’.:.':;.' Eh B Y » ," J—?,‘ \ : e v, v Yoo '.:’ ".
. . L . ‘ . o .ingston, ()ng.lr:‘lu.J
" ‘ . . e ML Eng. (Haﬂnstcr Uﬂlicrstt\
R . e RN Hnn:lton _Ontario.) -
- - " “ . '
"’ Supervisor: - ' - Professor J. N, Siddal} S
Lo L Traoe l ‘ gy \l S R o - _ .
" Nunhpr of:Pages: xix, 179, Appendices, 112, ;T : .
P . - v ) ;.‘__i‘ - . . " . .
ABSTRATT .- ~ ., . e o e .
. . . ) ) .. .
£ . - ' Throughout thls thc 15 th&—do%ﬂf&hﬁf nnch:ne
1tructur&5 has bccn appronched as a sesten- conprxacd of S
. \ | - .
thrcc in"uparnblo but distxnct 5ub %)ﬁtC“S' (1) conputcr . -
LEY 4 4.
hardunr' (2) ioftuarc,nnd {3) nathtn&txtnl nodcl  Tbi5
[ s . ¥ .
uori hna ovnlunted the rolc of e1ch sub sect:on and has
S :
. ,‘ o | .
dchlopud . strutngv to‘:ncorporntc lhc capnbilxtics of euch
";l . Ly .
sub-avstcn into a;cohcsivc apprqnch to nutonatcd structural
. . . ‘:"j R ) . . : . \
dcs;gn; &R )
o o ) \jr . - . ] : - }
% 1. © A gfoverning criterion of this work has' beep the
Voo




»

“has begd desighed to incw ep rate i
* -

.
1

:3scplo co puter to dcnon%tratc tho npplxcat:on Q‘ thxs tcch« E _'1-

o - . ' et

seelection of computer™h

. - . . oot : I ’ : ‘ . .

V?’??hcfﬂi” lﬂ?? a':btui I ttﬁﬁl &hls‘ﬁvs:c% tnn‘hé fully wijle

i:cﬂ in‘h -flcxnhlc nanne’r h\ a usvr LnohlluyLGll'in .
. , . . -. : 3

10" A\‘u:th a unr!:nr analcq(e of t!c-tnnu:ﬁnanp syateh )

: ﬁ“ _ U
4 . > N v
'.! i “'-!-.' L et et e Dogw

“t -

" . o, e N Il

. . 1 .. . T oo T e
.the con= uﬁicutior nt}ﬁtuﬁy develaped, 'As-ucli,n dcscriptian . 4.

‘ Wt e ! R
L e ' - Y . -
MR N I B P

LA
. N -

-ls lnc}.udcd af tht_ 'cncrnlx-cd xo{'th.n‘c npplu.ahlc 10, thc '_' L

'thcﬂdchjopaunt-pf an opcrn§1ng_$ystcn foy'thc_fdltcrqiﬁat- .

@

. . -

~ canputer as well as

'héio y ro. u systen for xntcracsive dcsxgn of uachtne L T L

. hd -

pcr:nhcrals naéncxntcd w!th th- tcrnlnul dnd rcsxdcnt in

. ; e .
. . : . -y

.tho lurgc 5cale conputrr AR ‘- L . N

rd

-.‘ ee _.-. » .‘ .
In addxt;on, %Prt Onc involves a description of

] . o
- .

S T S
v R " ¢ * s, - '
a library of prograps. that can be uscd

. . . . - - - . " . L. - . : . . .-..' -
with the 3ystch'uhile~it ifJSQ:rntlng-in a srnnd-nlonc'nadb.uw
 1n ?nrt Two of ‘this work & software systen: has‘ A

o .
Y - r

bmcn dcveloped thnt ut:ll'cs tbe tcruxnnl 5)< cn and lnrgu‘ ‘
» . ' . 1

-

. -

structurcs.% This: softunrc systcn is nodul1r Jdn nppronchr
" '. g ("l' -

nllouing tho ucer to cater 'hc svsten nt any, poxnﬁ or ternlnntc thé_

* , - [

._-PTOBTI“ at any P“Tﬂt - all filcs urc 1ut0ﬁ1r1call} npbcndcd, EEREN

.-

o

A »
»

.nd ﬁtored by thr Sf‘ica. Thus. no infOrnation is los't for
pnrtial run&(ﬁ\ -I.Q“ o 1“7‘ S R e

Part Thrce is & Jc*crlpttqn of the suh-opttnal _?

- -
| ) .

ulgorithn used in tho uutountod dcglgn scﬁtion dsscr bcd in ‘ {.7;”
- f

‘Part Two. Results of trxnl dcsigns of a standardized nlll—-_  f <

‘;ng_énchihc.”strd@:urcﬂ(ClRP_;truptu;c) arc'prQScp:cd;' X




- _ ,
. . . fad - -
. L) — -
' Nt ’ |
- e 'IanlrtJFour'tha.terniﬁnl‘systeh‘hndfthc associated;
'so{tunrc dcﬁ%loped hss“been appliod to an industrial design.
problen in the glass bottle lnduzxry. “This npp1icatloﬁ,i$~"
prosented to deionstrnte hov this typo of intelligent -
t&rllnal ‘can be used as. the central elclenx in ] hierachica]
- \ o .
conputer syston for Co-putar Alded Hanufacturing (CAH) .
- < . . ) ) .\ L \ ) ,' ‘ . Lo .
M . . . . ) ' ) * ' ‘- .
: i o ; . Yoo
. <2 . . O %L .
— L o . i
- . ., T | - v,
- ] .
- '
. L ' £ ~
v . . ‘, . .
.. .. .o 1 ;c“ v r l i
A . . ". Y ' L [
[ . - -
. ) ) ) . - . .. “ ) - . ‘ . ., -. . o F ) ‘ ‘.\ .l- ! .
N T Lo ' . e ve
: — ’ ' ¢ . ¥ . . . . . ol .
R . ) T S ) ; .
. ‘ . ‘.‘“.‘ - E . \\..1 ’-—.'7' ' : T ‘. ¥ .‘: N N ’ .\A- : '
L : o e P . A Ly . o
e ) " ‘_3 . | E ) '.'.‘.' " . { . o
.. .‘r{ | . =t ' ‘ !! . T
S : ny
-, . ) ) !-
. - e ' v 4 . T - _;’
. N P ;- R ‘... o f
. Lot ". --"-. - ’
L ] .. - .A o
" . o L2
-. ] | Fy . .--.f . ‘ .
: ' . / :
. a3 , - .";:‘:." . . S
e | . [ . )
}~.\ . [ "F.. . A . .
' i f." . L
, ' \ * 1!1 \ ‘o .‘f - . - . L '._|
AN . o - : .
: --\\ ’ . . i « " _“: . { . : :_“““
+ - \ T, ) i .':“,".“ ;. . "
‘\ ’ /i‘ "" -
2




s " - ACKNOWLEDGEMENTS

" The author tlshes to thlnk‘his supervisor, _
_ Professor J Kr Siddoll sho gave his guidance nnd encour-
: lgelent at each stoge of ‘this work.-and ahaww,ught the. |

luthér [} great dell lore th:n is de?tribed in this thesis.

\

- The euthon elso wishes to thlnk the other uenbers

R

of his suporvisorv co-nittee, Dr M. A Dok:inish Dr. B,'

tatto and Dr. A S-ith for their helpful suggestions

.

duftng the course of this vork.

A speciol thlnks is extended to Hr R Gillan .

. . . \r
" who translated dnco-plete ideas ioto work!ng.hardvare.

. - . - : E B S ' : M - '
: 7 . . o . . ~ B - i
4 L b P ct : . co- ' . * ) . .
P - . - PR - : .
RN . . - - . <« - Y .
' fa - . ' ) v . -
. . L . . ¥ . . - -
. . . . L v . . . . . . .
- . . . . . . ,
. ' .

F - " ) . ) -.’ . .
. - . . : E . . .. "
. Ly ! _ LI o ‘
T . . . N . - . . -
~ . - X b . B . .
- . ' - . . .
’ . , Lo R
< . . . S .
. . e . . C -
. . . 1 ' N . 'V - .
\ .- ¢ . o Ce -
M 4 . . B L 4
. ‘ ~ el e R K
. . - . [
~ -‘ . e ) "- o - h‘- -
. . . i '
- - . co } . T
- . . .
¢ ’ - e .
. . - . . N . v
. - ’ Y 2 . .o Lot
. . . .
'_' 4. ARE
- . “o . ! . R
- : ) o ’ ’ ' . -
4 .
r . . ) .
b L * . "
. . T
‘.n . ' ; T ' : ’ N
. . R .
o - y . -
v - —
1 -~ '{‘;wlf \
i o . -

' i



-

- ‘ o C -

.. PRELIMINARIES _ | o
o "Ac:ypncéncnnnyis e e f.iiy
Lo ABSTRACT - [ .o _;'_.N | :. ‘_ .
' TABLE OFF%ouweufs ;r - S
LIST OF ILLUSTRAT!ONS S e
| LIST OF 'TABLES - o o 'f'ﬁ-;a; o
oL QLOSSQBY_OF TERMS - S Cvits L
f.?inéjraxr:—' . | ;7..
'CHAPTER 1 INTRODUCTION - - . p
| | ,i'l Generui‘ : 'n- I : :M:: :. » .‘~ i-'. .
L2 EDIT Systea . -"‘E':_ S e

X'lt%j CONSTRUCT - A Softwhre System for tHe ‘_9“
7 Synthosrs of Rlchine Tool Structures S -

e S P T BOTTLE - A Conputer-Aided Hlnufactur- 10
- .. - -~ " ing System for the Autonated Design of R
bOttlo nolds.‘ I
Eﬁkrfaa~z..r. srare OF THE ART. . - a2
| 2.0 General . - S . o . -"_'« iz

_i.i: Conputbr-Aided Deslgn Hardware Syste-s 12

2,2 Grap ics Software Developutnt o 25"‘
T ':x"! .o
T 3-" Structurtl Aﬂhlysls and Synthosis Systepse 34

2.4 Couputor-Aldud Hanuf:cturins Syste-s o 41f' .
CHAPTER 3° EDIT svsran e e e
BN X I Goncrtl e T e Ty

S.; ledwaro Doscription T 5_ &;'“_j', . j‘sz,ijﬁfil)




CHAPTER 4

- CHAPTER 5 ;'

%

' CHAPTER.7

APPéNDIX‘B'

APPENDXX C

APPBﬂDIX

. APPENDIX a_

" APPENDIX F _,

"APPENDIX G
CG hi 0 .
APPENDIX H'

APPBNDI! I
'APPBﬁDIl J

. s;q'
5.1
. 5.2
' CHAPTER 6 -

" APPENDIX A.

:PDP& to Cnlconp Plottor Interf!ce

_Softuare Syst&- : | I - 4.
S:nnd Alone Functions e 95
<4 .

- CDNSTRUCT - A SOFTUARE SYSTEM FOR o 'IOSH

STRUCTURAL SYRTHESIS

coneral e . 103

Progf?iEStru;;ure>' o S § 1
. ‘. . .0 .'. . N -.u'.' ) ' ’

Sullnry oo g ' e 142

BOTTLE - A swsrau TO AUTOMAZEBOTTLE . 144 N
 MOLD ossxcn ' R T

-

Gonernl,ff@_-“ N R 144
Present Practice R VT I
S, - " ' o S e I

- Proposed System s S 149
i — : _ _"H o g_;fT 
CONCLUSIONS .~ -~ - . .. 165
_RECOMMENDATIONS - /. 55
CREDITS. T s
"aapaﬁsncss e o 14
User s ﬁlnunl for EDIT Syszcu -
Graphics Softunre Syste- “f e »

l'

EDIT - Terlinal Opertting Syste- D
rconsrauc: - Sourco Ljsting |

'?PDP‘ to Dlgitizor Interf.ca B

PDPB to EAI Plotter’lnterfuce‘.f[

PDPB to Light Pon Interfnco  i_i-' _;'-;‘}:: ﬁ.
E.Asynchronous lntorf.cc PDPs to cpc 6‘00.  3

"'Anilltod Hovia.- Harduaro

’




T
: &
“‘ArPnunxx X o EDIT Syston\'{novicc Code Assignments
APPENDIX L .MAC3 Assembler R ™
. APPENDIX M " CONSTRUCT - Conversniona! Listing for Do e
7 . Machine Struct‘ure Progrul ' o :
-APPEND‘;x_H- - Fibbonnacci Search. Axgornh- Used fn.
T “BOTTLE . . | . |
" APPENDIX O so*rns - Conversnuonn Listtng '
'AFP_ENDIX P PDP8 to Hicroplotter Interf‘ﬁe
Loy o \ . . . ) '
R st .- . — 2 " -
\ ., Coe - .
- P ; . \ N .
'_n . 4/ i > \ . - ’
o . t . ‘ 2
-/ - ' ?
| . ‘ s - S .
R R % . ;
R L . _
. vii '




. | ‘
o GLOSSARY OF TERMS . .
T _ :

b . . ) - [ i .
Accululntor - k comﬁuter registef where "the restlts

R | ) ] '

‘Acoustic .Coupler

Alphanu-qsid L

A

’Applicntions
Progrsnna‘

L]

APT

.-

'fAssclblef kinguslo

o -

- In- refcrcncc to ‘a displny devico, it

Q'of APT snd generstes : file of,erfdtn;:g

'langusge.

‘?roca;sor functlous.) One nuclonic

r-instruction ;enarstas one nachlna " .

E lsngungo is nsnufacturur\dcpendcnt.s

of an’ arithentxc opcration are loft 3
at thc end of the operntion.
Anvincxpens;vo forn‘of aodq- iha;

oiplofs ;%,ordinhry téldphsne head-set.;

' defines a display capnble of uriting

: llphabctic chnrnctcrs and nulbers. .

4

This is the lovel ‘of progralling at

’,uhich s systea is developed tknt applies

a gondral-%oftuare systei to a specificf C
_lpplication.

Auto-aticallv Progrsnucd Tools, APT

"is Ly large conputgr progrgn thlt-reajsf

s “part progrsl” urittcn “in tho.lsﬁgulgo

e

A

'1n£orantlon for the lachinc tool conirolier;

R This is s lnnguage of nnelouic representa-i

\

"iltion of tho octal (or binnry) nschino

| It is powcrful as. gha sctual

-

-achino ttngunge for the contrvl o£ nll f f”

l‘

S

i lsnguagn instruction.‘ The assonblcr

';"




Baud - | _ _lF' ﬁitﬁlof ihfoflatioh péf s&cond\ A b

| | ' st:ndard co-nunicntions term to depict

5: the frequendy of chnrlcter transnission

o 'betwedn,;onputcr and tor-;na;. ;

-'qu'Codh‘ : S - Biﬁary-Coded-D;Cilalw 'Stindpwd 63biEI
. | . code for characto:\ﬁepresentation. .

(. ; ) Usually elployed for lagnetic thpe or "o

dlsc storlge for data files.

~ Bit Snnllest segnent of a co-puter word.

A bit is a binlry digit L-or 0.';

luff!t Storige An areca of conputer lelory that is set

nside fof the telportry storage of inforla--

e tien. Usu.ny implies service when the

S T recipiont device denlnds'-ore dats.’

.Chqracte?fhlqcks‘ A group of blnlry bits reqpirea to code

.r.'

_ d;ﬁﬁpihsﬂ;:

; charlcter for co--unication.

In grlphics this is tho displuy of s
portlon of the display file norlally
) at fu f/scnle.on the display device and

. [

tht re-ovll of thst portion of the ' '.,;a.

displﬁy that lies outside the 4isplny f —

\ : . @ .
devico boundarios, ' y : “,‘#" T

-
-

cﬁchﬂ e, '-’-Colputor Nunericnl Control. - The .use of"

;

./" | conputor to perfor- tho functionq of .

intorpolafion through softulro.

‘-FCor.;7_3«}  co- ;;“:quronagnotiq.lator;ai_that.cau_bi
o | -1ppltrithd°to:pipdqcp]ﬁwd,binhrj-igatoiai
-'1; i"3 a L ..fftx. o o
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- D/A -Converters

! Dats Base

LI 4 "

e

b

Dats Concentrator

-~

,} l :; i{.; E

~ pats File®

j]DAtl Hlnlgguont

Dats Retrisval

3

L}

. Digital to analogue convcrters trinslate

;lThis is iadnta'file th:t contsins the"

"This 1: a co-puter that is used to. - 1-  O

T S DU S . :
. ' oL . \
S !

It is the lOSt con-on forn of conputer R

v

nenory epployed at the prascnt tile.“ _rgf
'Cathode Ray Tube. This-is a displly_‘_fg‘;'{'

-~
v
L}

dqqfcpl;hgt uqes_an ele;;ton 803r to' 2 f '

aﬂergirb;ﬁhosphpis;on‘a translucent -~ | . ¢
‘ I S Coe
screen. S e T b e

t

‘.]\the digitsl reﬁresentatiOn of 2 vnlue s A::?

\ " ' o i
into a scaled Anlloguo voltage of IR

(-

equivalont value. . : L N lfl 'j. 'Y

£ !

R
Y

zlnfor-ntion dcfining a systel..(coordtnate

L]

N

e

‘datl for structurll elel.nts, etc )

A '-\

"front end" s ti-esharing systel. This L

'f'conccntrntor con-unicntes uith ;he -ain-

. L ]

1

.fillo at higﬁﬁdnta rates audcto a sories

. R
¥

-of tor-inlls ‘At louar rntcs. It doos th.

- B ‘,.r . L 3 \

R nccesslry qessngh forlqt:ing Rosults

ln l woTe officiont elploylent @f tho lain- e

Y 1%

fr.-.- ) oo “’E.—"“e‘a ' f.:.-'-

Au 4dtntifllblp Btoct of, dl§§;:tored in» v

P

tht co-put.r -e-dry, dlsc filéﬁnr

re * . i
. N e . L
. !, Al A X . . :
. .‘. . '. '. . ,

ﬁ”-lgnotlc tap..‘:J“.l e m;

‘j-pdification, creation aqd storagc.;lii*r$;%¥4

| - Thoso antware functions Lf dnta rotriovtl

e
Thosc softwaro functions involvod‘@ﬁ gho

-

1}_“soloctivo“ roclll of d.tliftbl n data baso.




' ) . - - . ) 0
Device Handler - = A software progra- that formats 'a dafi’
| Jf; B | '--}_ ~ T file for @ partic%%ar devige or pofi;ngal
ﬁis§  . ,ff  o N, nnss storag. devica used ln association . i
y; 1‘ | . - 'uith a coaputer. &eselblqgl§ phonggrnph_ ‘
af. o record -<except-thht tﬁe data is-fecorded. :
. Lo :_Q" ;“. llgneticully.. Allous rnﬂ;§a|fc§ess to -gl 2
; o 'i-_ﬁ ’ u; 1 stored datu and is an extﬁg-ely efficient ‘} j‘
e - .-“‘- {Eoragp -odiun with short access td,e.fr:' E
- -ﬁi;play File"@ VTJQ This is s file of inf;rlation for . dis-
:f : : QTIT{ f"  _ play device}_ {; contains.th; coordfé;te
PR "'i:h . dnta and defihos tht g:quence and uode
N . . of pan .0 beas. IO?GIBH; E;r tha generation
:5}'1 iv\ o ;7 -.'f~ of . grlphic3héisplay.-n : ‘*‘: ?if.‘; Q?J-L
f;ﬁérif;ﬁ _‘;_g' L. - ‘This is. a high level ‘computer, progrnnling ' )
S | ’ ltngungo thlt hns most closely achloved )
> _;j— L ?i - .?:tho status. o£ being thp '"universal“ : fﬂ,i:i;t;
- ;'_ oo | n scieptific ‘progralling languagea lt is
e - - e well definéd by standnrds,and is higbly
;Gi; : ;‘1j v«fdf4 »trlﬁsportlb1o botnocn conputera of difforent?';
: - ‘. | nunuf&cturo. '. "f e A
Punct{on Key a::" ! C At s tcrnlnll u £unc;inn keﬁyis a button'“f'.‘fﬂ
IR ' ;  thnt whon energizod p:oduces 3 torninal
" | — nction., This actiqp,clu bo controllod by
“35 } N f:-_;, ; .\7L'  nighot suitvnra or hnrdwlro. 'f.-ﬂ"“ ;'_; f .
‘mﬁ.uafd Copy .‘;Iif‘- A soi{ copy of al dlsplty is tha croation o :
- ;kJ- igil".._:of thnfﬂisplay on. s CRT.W A;ﬂnra\%ggy by f~;'
- Efi-; ‘*: _-; _{   'igont?nst l§ tho creltion of tﬁb\d spllyl,
o o ff e ‘ ~on & lndiu- such as pqrox*or filn.,' ﬁ'_.~
o RS N, s R L ;_ L -
- S T _ i e PRI i
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" Host Processor
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. Interface
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-iﬁinty Prog}ah - A pnpgran”thnt is'ged;ihl in nature.

- , A .

-ir’ jﬁi'_ ; o ; and is accessible to the user at the

Y
,tile of progrnl londing.\'uw‘_

Eff o S - '
Macros RIS -* A .géneral. H}ock of coding used ‘ - :
a0 LSS x S .

‘repoatedly ut{h dlffercnt argument

_ values. Fgfq:onced by the macro q:ld.

:ﬂniﬂfrnle' S .= A 1irge scile.co-putnr* o

i

Hicro conputor o . S#nonvnous vith co-putar on a. chip._
- o .. S

ﬂini conputbr-"g "+ - Thers.is no common agreonent aS(to

what constitu:es s lini coapu%or

;7: . zanerally. 16\b1t uord 4-16 k

. :'-y~.': o j]nelory vithoptionﬂ disc. tape drivn Vo

L . . - .‘  . and Teletype. '*-;"' T o | -
E.ﬁﬁen@ni;\ -  t"_ " - The rgprgsgutntiphf;ﬁ_tho issonyidr‘.
3 h of & machine iandﬁigéliﬁstrugiion R ;
E by nlphabetiJ characters. I |
? i ’ ,:oxalplo for-a . PDR&-PAL 111 instruction°
E;L_q l?, ! CLA'» clear the lccunula;or,in machine ':"_“
h R muuase would bo: 72004. R ’
;;yédo;:ii }3'. ? _— :J ‘Modulates tnd ne-odnlatcsinﬁut serial
i‘: R  {:?f':  " ff,— pulse trlins on a coununication line
f,T 'H_E : | . ﬁ_. T:' into- binary reprcsentatlons o! L

 '. ; _ “f"A 'chnractors."f |
:-6iifii§ n i. '.‘:;'hfw; Thc c!ticient use: of a linlt.d co-puter,'JLQ
: i?:ﬂ‘l;}.;‘~f;"l. . coro can bo achiovod Sy "overllyinz“ |
}?:fsvl-._z;Lg  f i;;Jr-  & portion of coro no-lougur in‘:so.
) . ' ) a ji !n FORTRAN this 1: spccificd by an
i-{ gﬁim-f? | f°' ‘uf'f:'l OVEILAY ueclurativc. , :
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- ' .¢  CHAPTER 1

INTRODUCTION o
. - . ": ! . '

1.f.' Generll ,' .
Since thc\Tnxggduction of lnrge scale co-puting |
systems to engincerlnz epplications. there hes been a

considereblo interest in thc developncnt of elgorithns for
oy )
the OP‘i"r d°Si!ﬂ of structures._ In genorll, the approech cc”

has been ‘to estnblish 2 ertterion tor thinelity, end develop

t-'

an objective function that expresses the influence of a-

o L]

set of structurel design vertlbles upon that criterion. |
All or part of these design veriebles are. generelly subjett
_to a set of constreintsa: There hes been aﬂyeelth of lethods
Ideveloped to deel uith so-e espect qf this proble-.

| In spite o¥ the ectivlty dn this eree,'thece eref

_relerkebly fev recorded cases in the lltereture which chroni,

"

s
cle a successful epplicetion of these eutonated procedures
P e

to reel struc;urel probLens.. The dlfflculties encountered

-

‘by the enggneer in the eppllcacion of euﬁo-eted cechniques
center’ ebout the problol of edequetely‘defining ell espects»
of optluelity n teres,ef the restrdcted nunber of design :".

verlehles connutetiouelly peruissible 1u even the lergest

A

u

fconputer QYltell.“J o ‘f-f,f":i -

: This, coupled ulth the renge o£ techuiques eech

-

'of uhich hls . do-lin of epplicebilitr. often produces a

- _,,_\_ X ]

&



n

Onditipn of sufficient coaplexity“to warrant s syste-

Pl

hlt tllous the engineer to exercise his. judgenent in the

evelOpnent of an initial configuretion by the analysis of °
,severekmkrinl designs. At' the coapletié;‘pf this ste;e,

‘the uti}k*etion of appllceble euto-e pd ocedures becones
more feesible as s resulb of the reduction in the nunber of.
_desizn variebles to a Colputetionnlly nanageable level.

-

The broadest definition of the require-ent of en
d ;,,,;,_ .
‘enzinepr!na structure cen he steted es those ele-ents required

ks

for the efflcient trensnission of e Lold vgctor to e founde-

tien. This definition iu the context of -echine structures

"has to be broedened to 1ncorporate the edditionel considere-‘.;
ﬁtions of dilensionll Constrei ts. eesthetic constrnintp.-,

;Ieteriel couetrlints,-freque$:! response consrreints ‘and

- therssl deforeetion constr(ints.; The:iuposition of the first
class of censrreints within ;ﬁe lieitetions ef batch process- e
5;in| is an erduous tesk ' There tre severll exelples quoted
 in the literetnre thet illustrate the conpqtetionel coeplexity |

f'thet eccurs uhen ;eouetricel verlebles ere letroduced inte

7fthe Optinixltion procedure. Reference (l} citee an exelple

R

;_nhere the betch processing entlyeis of s si-ple flenge of a \1
pressure vessel ues e teek e! severll weeks' duretion.‘ Fi.uxcc

. 1.1 .ue 1 2 ere phete.rephe ef uilltn; -eehinee. It 1e cleer

:thlt the inclhsien of ;eon.tricll veriebles end the estebxtsh--

N

i~eent e! ceedtreints on these veriehlee, the design of a besic;?l

_,ie a dl!!icult tesk lt is obv!ous thlt a systen eust '

-1 Nulberp enclosed in parentheses indicnte the nulsber of ar
_refgrence listed at the enJ ‘of this thesis.._.,- :
e r SRR I T T
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1 to & hrond renge of engineerlng design problels.1H

A

1

capable of efficiently hendling ;the data asseablane of j”_ ¢

inforantlon.§o describe the structure. displav the results |

S

in an opsily interpretahlc‘forn and nllow rupid nodificution

: : .‘ : e : '
of dokaﬁ peraneters A systen, enconpassxng these cap-‘ : ﬁ? »

tbilities allous ‘the designer to deve10p a’ coarse approxi-

letion to the requireacnts of his problen nnd through

'several 1teretions direct the refinenent bf his design- g

throughjdncrcnents that are hot coaputationally prohiblttye..

It is. the prelise of this vork that, in . pert the

- -

‘a

lppllcetlon of a balanced npproach betueen software and a Coe

design orlented herduere in an. interective conputer

&

envixonlent offefs a reelistic solution to these proble-s.

Y

“This thesis presents a new appronch,uhich rnther thsn ' i

b T . e LAl .
-
!

¢§afting conventiona! anllysis onto the cOlputer. fully

integrates the user and the conputer besed on the requirelents o

L
e

of the design process. oo o _'"f: f(.f' .‘“1' '-, el

‘ . Ay
]

 The developnent of a svjta- to- achieve these gouls
T 'l',i)'

hes beln divided lnto three seperate sections.

1, ) A sulteble hnrduere syste- nas developﬁd )

f thet fulfills the Stated problel requirelents and mects the

2

T s , - -

- lddltlonll requlrelents of lou cost end general applicebility'r A

o

2 ) An interlctive softulre systen was developed f_,f

. .
. -

thet incorporetes the generalized softueregaeveIOped for

the terninel‘xrstel. This software structure has’ been :l:"_f‘-'g

deel;ned‘to uttlite tully both the input output cupebilitiee

ofntho terlinel Systel as uell es the file unnngenent'

- - . L Q . - . -
e, . 3 - | ' )



© copabjlities of tho host tﬁméshnrfng' systen,

3 } A Sub- oﬁrinnl n1gorlthn has bcen enploxcd

-

,1tnd testud on a standardi*ed n{lling nachxne s{ructuru ,:" - ;

. to de,onstrlto the fen;ibilltv:of ‘the nppronch dcveloped *‘f;:‘
-;.Partq or« nnd Tug ".h :“”a'h:3 ‘ l'ffh_Qf" =-'.f-q( ;

1 ;—;53} - ln.nddltlon to. thc systen fbr nutomntedhstructurtl

svnthesis. thc gcnhrnl appllcability o£ both thc softwnre'

nnd harduaro syttens hns been denonstratcd in the develop-'nim N

uent “of a’ systen.t:‘aut;untt géttlc -qld designs £or Aa
:.reul problen that exists in the glass nanufacturing industry. ST
¥~In this applicatlon. the fensxbilitg hag been investlgated' j.
| of using ‘this tvpe of terpinal sySten,as the intnr-@diate EE

& link in a hiornrchlcnl conputer sy;ten for the dual roLps

% -s \.

of colputer-aidnd design wnd conputcr aided-uanﬁ?actdring

(c.\u/cw). L
. ‘7- ....,_‘ -.‘ i . ‘F . :-‘l ' . -
o - PR . Y-‘ ST .-
1.2, EDIT Svstat o f;{_y __: "2A' S {wa _-;* e
"4f f;,f : Although tilosharing, systeus supported by latzo

o

t LI
-scala conputora have been availablo fbr nt least, u a.caa..;

. t'hqro has bean l slgniﬂcant ﬁng in tho npplj-cntioh of tiue -‘
i shuring to lurge scnle unzincaring deslgn systels.-5:' \
Fdnvcs (2), lftor describing the advent of ti'OSharing" FAPRIEE Y

. ln the -ld&lh 1960'5 as thc second tonputer reVolution s :

. .ttributod lts lack ;f adoptionminwcivil ensfneering to ; ;_;'. }:ét
enatural la; inﬂercn: 0 thc profossion and to 2 !nck of ;f'--;f’”
stlnd.rdlzttlon 5-3335: syStals. Although thls lack o£ *:'}'.3Ej'

'stnnéardizatidn tg :»valtd criticiﬁ; oé‘theugtate of ;?o L 'll‘ .
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—_-f,‘v L Serr—
'S
~

industry,,it fnils to explnin conplotely the lack of

Ll

:pplicltions in dosign enginonrinz.' f\z;.‘ |
'i\\\RBre fundnnedﬁal to the problcu of tinesh;ring
hls been tho input/output dovices availabla to the user

has tho interfuct between thc man. and the conputor. Untll

. e

recently those terninnls have typically been low speed
teletypeuritcrs or alphnnuleric CRT tarninals.- Inharent to:
‘thn nnturc of structur:l deslgn problens is the need to input

]llrza alounts “of data to describn 3 structure’ and to dutput

:oqually lurge nuounts of data for annlysis of thc perforllnce

‘of l ;tructuro. -The output problca is. Eurthor conpounded

‘by tha neod to . analy:e tho structurpl perforlanco over a -

:in;o of.vnluos-of -each. dasign varitble.~

Ac' .
: in part. relievod this situation. Houever it’has yet to

dcal adcqu;tcly uith thc tozll requircunnts of tha enginear

.ndusignar. Chaptcr 2, Sﬁction 2 1 of this thusis describos

- o

_.-J'

tho divolop-ont of syste-s to brid;e :he glp betuoen tho

v

) dosign.r s rcquirunont: of a colputor syston as. doscribed

b )

g in tho provious soction lnd thé processin; powor of s !nfgo

s

_ scll. conput.r.' *2 ,;1'3;}" o ;3" ‘,,u-".. o {f

:; ;3{ . Chaptor 5 describos. in detail, n ter-in:l syltel

dov.lopgd iu th. course of fhis projoct.\ Tho design crlteria

;.adh-rod to in thi: devolop-ent can: bc ttltod as. follous...f.f

i . .o“' .

Q;w'ir'“._ 1. ) - Low. cost - tho total tarninal cost Iﬂlt be  ;*'\

.
‘.,a‘

| nithin tho bud;oting li-itatioas of an; on;iatevlng dosi;u

I ! . ) , . 7.‘:'-‘
I . e . L. L » B -
: - - . - . Wt -
i A TN L . - o . 'y
ol ‘l . . < . R PN - h *u

—,; - - . ; N . . ,‘ :7.,‘-. . P "-"' - ‘ .. \

=

' tho activity in the literaturo that is balng conducted in’ T

b
tad

B Tho introduction of low)cost grnphics tarninti& has."

W
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0 '-l : ) :
LY v -

R



fj,‘ D 6 ) Dlto storago and Tomote accoss - tho iacility

'offico.'.':- | . , | . . -

- must be able _to bo handled by an lnalyst vith a knowledge e

»dlta loqnlly at tho torninfl uithout the need of the largo

,sclle conputor syston.' _ : »f- . ‘f.

assonblod data filo.

S 2") Ease of operatLOn : thc teFminals operation

of FORTRAN and a -minl faliliarlty with the time- - T
sharing facilitv boing used B ,;-.' 1' o , | \
3 ) Locol collection of dnta - tho torlinnl

must have thc capability to nssonblo dnta while operating

in a. stand-alono -odo.__

,) Dltl oditiﬁg - the user nust bo ablo to odit'

s e
' S ) Voriflcstion of input datn - ;he torninnl
lust bo lblc to olploy a grqphlcx\displly ;o_VQtify tho T

.- Y ¥

to store o!!-linc dato filos aﬁd subsequontly direcc

"nccoss to these filos vta directives gonerated by the host

oy

P g T

P b

=

:»couputoais softwnro systo-._:j ?io;'¢f*ﬂ;, - oaykj v |
P 1. ) Off;lino rovlou of gruphicnlly ?rosonted ospoccs
of s de}lln. "J”.,m . f“ . ' o ,'_ ' ,cr 'f__
-j Locll togonorationao% fopeaced display ‘. . | Sj
fuuctIOns.n? ' jfg  f;:“'{ a? fi g ﬂ:' ‘vf," ? j”.“ K
9 ) Analoguo to, di;ita! convorgdon for the ;~“‘f;f.: ;-?2'_
- "d"°‘i°“ of lf'Phlctl datl or hdn-di-onsionnl draulngs T

to 8 !or-lt suitahlo fpr pwocoss!uz by tho host conputor._;.;'

Tho colploto design J? this systo-..tho ED!T (Bnginoor» R

T+ .

in; Doslgu lntolligont Tirlinsl) systol, lncludod tho oppropriation

..I



— T - - B

"/I . . -
of tasks betxeen the S¥ystem processors; the development:

of the ln-turninal processor oparuting sy#ten; thc"develop-

nent of s co-nunicntion strltegy ‘between processors,and

-t )

finalLv the genorntion of 'Y softunre systea that resides in

-

“the host co-putor. This software is required to allow s

r.n0to user to- elp10y the full capabilities of thegterninal's

poripherlls In addition, the dévelopment of this systo- ’

included the dosign of a nu-bor of harduare interf:ces.-

»

The. torninal systol devclopod in this work hlSﬁ
betn designed arovnd the needs of. enginoering defign as 1t,

rolltos to the subject areas of utchino st:ngé?e des!gn

L)
"

' and conputer-aidcd-nanuf:cturinz. It hts shovn thlt the
'don-intolllgqnt ternlnal*is inndequate to natv- co-plctnly
these needs uhile st thqfsnte time g}e coaputer "over kill“‘
'”of tho satollita systeas -nrkated connercially and developod
jolsovhtre-do not snhance the process sufficien;ly to garrantw

Wt

‘thoir -additional’ cost inkflct, soio'varY‘expeﬂsiﬁe sfiteis'

LI

_'haVQ boon cnrefully developod to scrve a linitod ¢
'.npplicatiou and arp much loss flnxiblo than the syste- o
ndevolopod bero. T f& R

.3. CONSTIUCT - A Softunro Systen for the el .
Synthosis of Machinq Struc:uros g - : .

Flgure 1. 3 is a diagranntic pre:entt;ion of the
N4

: rolltlonship thst c:ists botvoen tho soparatc softuaro .
-pnctngos thlt arJ\alployed 1n l :otnl Systil for tho ;y;thosis; g
of n:eb-!_lfc sv_\!:u_c_tur.u'.._. rh‘. szoction labélled cousnucr o

N SN , ‘ R
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' . . . . /
inclorporates thc lqgjc of the dcsign process as‘'it pcrtaxns

: d:roc:lv to the: specxfic tnﬁk of structural design ‘Thc',

' section lnbellcd Tcrninnl Support Softuarc (T5S) includcs

thc graphics package, the dnta oncoder/dccodcr routxncs,‘“

and: the dovxcc hnndlor prograns for. sclrctnng ‘the anpro-

priatu terninnl periphcrnl. The third systen is-housed in the

terninal processor.-
. . L .
- & .
o S Chnptcr 2 Scct n 2 3 reviews. tho literature as

B )
»

it pertains. to the. doveloplcnt of systens fpr the design of

: zonerllized structuros._ Chaptcr 4 is a dcta:lct dpscrxptipn

- of’the system that has_baen‘develqpcd‘ln the co

: soctions each of uhlch is. dependont upon the data genernted

uithkn a single: conpu:er run, Iniornntion is exchnnged

B

rse of this

P 1

_uofk.-fﬂi v ‘J'“A .
In general, the approach followed in this' work
i ' . s l . . ' " ) . N
'7has been to glent:thc total process into eight related
'r*

. by loudt order sections but uhich can function indepondontly

—_— -

bctueon sections via a rcnoto stornge device. The appendaze

of the, approprildﬁ‘fﬂles ns uoll as the nuto-a:ic retention
- of all{gcnurated files is hlndled by a sysfbn flla control;-
. pucro. This provision nllows .the user to onter the designf

‘ proc'ss at. nny stage nnd ter-inate at anv stagu uithou:

;qss of,inforngthn.
VR -

A:(,i; BOTTLE-- A Systelgto Autonnte Bottle Mold Dosll_ »

Although this ‘work has principllly bocn directad

»

touar& tho creution of a svstel for the svnthoiis of

n-":r
- -
&

.- Lt L
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nachine structures, large soctions of the work are

» . "I,-s.

general in naturce and arc thus applicable to a rahge of
. ' - ) ) .‘

'.appliciticnﬁ. This_scci}on ‘described in'detail in

Al —ta

Chapter § p( thix thesis, ddnonstratcs the application of ';

“the EU!T svsten-ux'LLp central elerent in H hlcfan"ICﬂl
0’ .

-

distrnbutod conputing s\stcn for couputer- aidod manufacturing.

Thora is cOnsidcrable sinxlnrzty between tho noeds

‘ of ; systen to, autonnte nunorlcal control part progrnnning
as. ‘it rolatos to conputer-n1dcd-aanufacturing and a systom.
for th. conputor-aidcd design of quinecring systens.~'
'_Both nrnas, in gonurnl requ:re "the input of lnrge datn

bascs. bonofit fron graph:cs prosentnt:on of the results,

and roquire a lnrge scnle cqnputer for processing the data. ’
('r

EDIT 0/S

: -f Aoﬁiicc hapdgpgs o _”3°' B ) |  [”
- - ] . . L, i
'-Tquinal 0 CONSTRUCT. ' . .
Support . "1 .-Conversation
" Software,. ! -Finite Elcment
1-Device handiers + -OUptimization
. }-.Graphics 5 IR !
.\.“ : ‘._' '_ S o P!‘gur'e,"'l_.'.'b‘ - R S . “'_V
T S
' ' . ;.
o
.j:__.\" . ,



f/ IR ; CHAPTER 2 S
" STATE OF THE &RT . .o T .

Cig

[Y

2.0 gemrmral

This Chaptér.has pc{n subdivided into fouy'sectidns
ip.a;éofdnn;ﬁ with the sepnfiég seqtf%;z'éf the thesis. The"
first section rél;gég‘thc recorded thivity in the developnant'
of v#rious‘;ouputér-nidod-dcsign'hnrdwa?c.sQSteqs. 'Th;i |
second'sdctioh theq-dﬁalk-with‘the ;ppig“of grapﬂ}cs‘sggfgare'
developnent. .Thc“third ;Qction sﬁrvbys‘ihb oxistiﬁg'systels{
npproachos to the coaputer axdnd design of structures. The

_ fourth and f:nnl section of . this chnptcr is c0ncerned uith

the npplication of this gcchnologv,to the arca of conputer-

qxded-gnnufncxuring.

' . . ° ) -

-4

e

1 - COnputcr Aidcd Des[gn Hardunre Svstens

- .'_.J

s

!n a survey plper ‘on tho developing rala of conp&g
°'connunicntions nnd its uffcct on society, ano (3) concluﬁes

that Auring the Iast dccade one of the post difficult lessons

thlt conputer spccinllsts hnvc discovered is that "it is
!nupproprlato to dosign or evnluatc conputcr equlpncnt out

of the contoxt of tho softhare that provides thc interface

. o
to its user!’ s" “He further suggcsts that. the renson is'

i

1

sl-ple. -“tho cauipncnt charactoristics linit iu n -ajor uay

o )
'*the interface charucteristics that can. he oB&ained"



. With the rapid riéé in the devclopncnt ofﬁtiﬁh-

sharing svstcas. with thifr po;cntial to offer the full pro-'

~
o

/fcssing povor of largc scale computcrs to relatively reavte

users, it uou!d xeun congrucnt that, over the past few ycars,
. . \ ’ . o .

.h:.c ha hccn a cursu.-rn-lc eifort extended o pr*:vi-;!-; o

_varnd‘y of squipment charnctcristxcs within the tcruxnnl

1ysten itﬁnlf This would seen to be the most suitablc loca-w ,

'jtion to ;rans]ate proccssing pouer into a user' s xndividual
. 1’ ™ . 1
_rcauircnenrs. -As aé}pgira! corqllary of the-above,obscrvation

it uould ho expccto that.a p}oli?eiat}ﬁh.of.spccfalize&

l—--._» N

‘°tcrninnls dedica‘pd to specxfic nssignnents would develop.

'This corollnry has not for-tho most part, ‘been vllidated. .
ai AR o o x
-Theru aTe 3 variety of rcasohs ‘why.this has notﬁoccukrcd

-~

. alongst vhich the principnl one hns been the prohibxtive cost

\

involved Klthough the introductzon of “SI nnd LSI scn:-

ey

‘conductor logic hns produccd a draaatic rcduction in the

L

c:pltul inv;;:::;? required for conputor hardvarc, thu cost of

H -

'custo- built aystens, which requ;rc deveIOpncnt of both harduare

and softunre. tends to be boyond thc reach of all but tho

flargost corpor:tions. The introduc:ion and deveIOpuent of
"Rntolligont terlinuls -rvith tha flexibility to be directed

via %oftvaro to porforn a nultipllcltv of tasks - has to some

d degnae provlded a fcasiblo solution for tho snallcr user. _
) This upproach ls’hﬁt hovavcr. vithout pii‘hlls - some of uhich

ﬂ'uill be. alaborltod in loro dntnil in subanucpt scctions
of.qhis_thosis. = - : S

. I - . .
- : : * . . : .

., a
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: “Obbs (4) in a roview of terninals. divided the

ftereirals essentillly into six categories based on hoth hard-

fvare ceplbilitles ‘and applicetion requi;?hents. These

'cntegories ITO-_ - e S LT

1.). kevboerd/prlhtnr terninals

v

2.) CRT terlinals. .'ﬁ" o
: 3.) ‘remote-batch ter-inals.

411'-reeL;;i-e dataaecquisition nnd control teruina15°

N .-.n.-.'

' 5.)  transaction and point- of sale terlinnls.
’ BRI i

6) _'s-ert terlinels.

LI
-~ :

It ls not the 1ntenfion-of this section to present

epproxlnately 6 000 do)lers.

.clesses.'

’log!c to pr

an eleborlte co-perison enongst each of these terlinal types.f

Houever, I brief deacription of the najor dlfferences follous.~

Ter-inels of the firSt type, the keyboard/printer,.'“

'nlthough slou, have the dectded advnntnge of produclnght;,/f

e
L . &

the tlneeherinz syste As uobbs indicttes. therb are hundreds

“hard copy gf‘tho-infof}ntion both 1npytted o nnd received !ro-
»

of thoueends of ‘these torminals: in uee.” This cless of

-e’rlinel reugesy}n prlce fro- less thln L. 000 dollnrs ‘to .

The CRT terllnals are’ further subdivided into two

() elphanuneric ter-lnels with sufflcient herdwagp

Q

" ¢t cheractersjon the CRT lnd (b) grepbic.

dterlinels w;lch cln produce cherlcters and dren diues. *15537

R alane i n RUFL R EIR)

alphlnuneri‘ terninll hns the edvantaze, nben conpered to:

the e!ectrouechenicel teletypeuriters. of opereting over e

broader speed renge, end the ldventage of operatlng quietly.

~

C -




A, d;snd\unt1gu involves thc lack of. “hard copv u:thout an -

& w

add:tlonnf dcv:ce Thcﬁc termxnals r1ngc 1n pr;cc fron : I

’

-,ODO dollars to l.,DOO dollnrs PR R

In® ndditlon, thorc are dﬁltisintidn'systcms'thﬁx
, : _dysten
function through d\$1 suﬂuﬁ"'"l ors/ This anpfblv"huﬁ tbc
- ‘ .

-advnntago thst thﬁ Quyic rcouirod hv 1ndividual terninals.‘

J't'

is reducod uhile conaunjcation with thc largc scale’ systen

. B
~ - . N - -

is enhnncod % PO T R

0D i

Graphic: CRT': can be further sghdiwiﬁpd‘into‘two S
najor divisions: Thcsc are:. ‘{n) "refresh édrninnls rand

_(b) stor:ge terlinnli. ‘The first tvpc of dxspl&y has a locnl

-
.-

buffor (scaiconductor ueuorv] that is uscd to contxnuouslv )

Tegonerato” thc-display on the’ CRT. This fo;nat has ther
.sdvantage thnt'if is péssible xo'produce soﬁe dvnuﬁic aisplny '

.featuros by nodifving the buffer store between or during

- .

f?efrcsh cvclas._ This necessarily requires high speud connunicaJ

" tion systems. The disadvantagc of ‘these disp!avs is tho S

- Jinited buffer store uhich can restrict the dLSQJIVHacnsi£y
und the flicker that is- prodhcod uhon the refresh c;flo rato
is not ndeounte to support tho nunbcr of dlqplayed vectors."; - ;;J

Tho storage toruinal enjovs the ndvantages of havinz x‘

1— -

;lnqst unlinited display density capacity. Iv hns the d;s-lj

'y

'advantnge thlt it is nocossary to crnsc the cntire displuy
to nodify A portion of itl“ In the pnst fou uonths Tektronix (5)

has :erlsad-g nqw.lgrge_screcn torlinal that hns‘both storagd.

‘and rofrésh‘opitutiﬁg npdés.; The refresh -ode is supported SRR
’ 3_.\—-———\/
by decrcasing the uritlng bean intansitv bolow the level R ~

rcﬁuired to lllulinate tho phosphors on the face of tho CRT
o RN va-f B . } _,' . S 7" e . , |

- . . L o . ’ i T 0 . i A - e “ LR “"."
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These graphics terrinals range in price from 5,000 dollars

. . \ ¥ : ' R -

) - ’ ’ ’ :
~ un. to 25,000 dollars, o ° . ' o -

. . - '
+

In 1ddition to the convcntiohnl CRT terninal there

a -

. has hucn devclopnont uork done on plnsma pancl d1splays (6).

magnel onﬁtic dlsnl1\< 1r.'1§ghh-cnx~t1nh diode d:Sp!nys. As
-~ uobbs notes, ;hcse'displays have not had a significant
s rs . ' . , -
'inpact on tho narket. o ' ‘

Rcuoto bntch tern:nals are essentinlly~an asscnblnge

of standnrd conputcr input/output poriphernls such as cnrd
\ .o M
rendqrs. lino printers, gnrd‘npnches and magnetic tape'unitSaf

vfheso tcrnlhals proQidc fﬁll‘batch précessing capabiiitids ﬁﬁ

_ at an nltornatu :nput stntion to the ccntrnl cqnputing facility.-'

The c05t of the‘o terlinals ranges between 7 500 dollars and

176‘000 dollars BT > | \\

-

Roeal- tini’ﬁgiu acquxsition and control tcrnlnals
are inﬁtallntions that collect data fron instrunentation and

',control systens and’ gonoratc tha neccssnry signals for

* 4 -

- controlling tho procoss (7), (si (9], (10). This typo of
torninnl is ono in which custo- tetlinll design is unavoidablc.
" Further discussion nbout thesc sv:vens is includcd in a
3'subso¢ucnt section dcaling wl:h l distrlbuted co-putinglco-putar5
aidod nanufucturing sysren._ AR i i‘»’ .y o '
| .L_' Point-of-Sulc nnd Trnnsnctiou tcr-innls arc thoso

-'.sygtols vh!ch havc~heen devclopcd for narkcting systens - .

1)
]

to record sales, debit. invcntory, book hotels or airlino

re;nrvations. ntc.,  f.? f,'-¢“._q '

]

' ':5 ' f‘ S-art terninnls, or intelligcnt tcrainals efignrc 2. 1J

Y

lncorporato.a sna!l coaputcr lnto the ter-innl itself LR
: . . . . . jj '." i

. : B o LI S o - e
Ll .o ST R v - . o, T, I I . . R . L
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u o, | | 4 .
AN RANE LOCAL, CPU ] DISPLAY.
AME f CONTROL
i P
sk p——d L JiocaL
STORAGE . | - . " .| PERIPHERALS|

_ Flgb?eQQ.l General: conf!guration of an
c 1ntolligont tor-innl._

- -

lﬂ‘ldditlén.to qualifv'ls an iﬁtellifont-tefiinal ihe'holpuiing; '"

:capnbility of ‘the nini conputer must be, avaiinble to the user'

in 8 uny that pernits him to progra- it to perforl part of his

unique tppllcation. L 5; - . ,-J‘ o _  ' : ‘f
o The chlrlctoristics thlt pertain to. this class. of T
Cirminad Are: . e el Lo
l.)i,self-contnined stora;o. o ;'- - ‘){:.::“
., '; 2.) user lntornction - uith either %ho :erlinal or tha ?
-contrll conputer-' }- ‘fﬂ;j% | ) |
:S.) .storcd progra-.  :  :1;;1“".;1*_ L ' - ' . {h
iu) fpurt of processina accolplished in the terainat._i
- ». _ . : S .
£ S . e

8

o




_ 7
A 7 .
S R ) l- / . ‘e"-‘ . - . . ! .
.) on-line via cqnmunicntzogx~lxnc with large central
, " “computer and data bases , N

6.) hunan (problcn) orngﬂtcd input;

"z

7)) huunn (problcm) ér:entcd output.

A5>5¥i31¢d\wrth the terminal, the central computing
o y g ) .

facility nustfhnvc;‘ - _ //(' - '{ - _ '

1)) nuss storngc | VO

ya

e'fdf handling those
. ) . ’ 5
: ;Fsks not readily handléd by the tcrninal

- R.) portpheral cquxpncnt sdit

d.) . computing power. -

i ) oo . . "‘ : C
Almost uithbui excéption, any ‘discussion in tho. .

Iitcrnturc of intell:gent termxnnls involvcs the~question w

18

Iof how luch intclf}gonce i; sufficient intellxgonce [(4), (ll)

5(12)] ’ Thnrc is no connon agrccnen; on the answer to this.

Tho fnilurc ro addres* the prohlcn in- thb light of the expccted

=
roquiroucnts of an individual application. can result in. nhnt
céuld hJst be terme conputer "over-k;ll" This phenonenon

K

,is nost. likely to occur uhen the solutfon is dcvcloped
indupondcntly of thc problen or indepondently of'thoso no;t'
_knoulcdgonblc in tho arca of’ ;he propOScd npplicntion (13)'

Hobbs, in "his. concludxng reuurks on; thc subject of

smart terninuls, suhdiv1der thc'axpected devcloplen: of such_‘

svstens into two catgxorics basod on cxpected cost.
..-

Do wufen thc—currgntrt&ends~4ﬂ,technology, it is: rcnson- )

able to e;pqét a smart terbinal sb}llng*fér'7,500,dolrnrs to: =

-35.000736111ts.iﬁ the . future to i@t?uaé:
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1s) a 4;000*19-l§.006 wordiniéfu».{or nini-uini)fcomputcy;

L2 2 3b0wtd 1,200 baud'nodcﬁ;-'

' 1) :q”k?ybodrd; . ﬁl:-.' ;;;- 4: o Lo : | \‘.;a
. ff) a ch;rqétcr scrial'printcr;.. T .
'S:) n_pﬁgnniivfape cifﬂet:c; ’ o : )
.6.}’ an ontional CRT # | :; - .
' 7.) an owtionnl lxght pen."
He predicts a. second furthur arcn of dchloprcnt
in the crcntion of snnrt tcrninals in the 50, 000 to 200 000
_.dollnr pruce rnngg. fThc typ;qql 1;§tallntzonlof this typc[ ‘o
_vould inc]udeu'ull ; ;f | | a  . . |
1.) @ 32,000 to 64, 000 uord mini- conputer o "; _ ‘; .
2. )V'I 9, 600 haud nodcn. : f— , '..‘. - o - ’
| 3-) a loyhonrd" . ; - iy‘ L,  ", -  . o .MJ_ J
‘;4;) a chlrictcr serxnl prin;er or-other hard copy devxcc. 7
§,5. nqi;etic ;npu.cassettq;,.; ’ ' 3_?'7- "95‘,'1, .
?;‘16:) a graphic CR?:di;ﬁlay;; f_-' *. | -
- 1) a ljgh;ifgn;; 'bf:;j~, f, L'N‘:: T ;.' E:i£i~ '.ZTL-
" -§§)' opcionﬁi_funétléz'kéy:;;_ o |
'fQ ); optional discy; v  '; o ‘j.f;fi '; " R- '”f_,"
' _10 ) ‘optionnl conpakiblc nngnetxc tnpc units, _
'3-jl}.)- an‘optio;nl ling“pringer.; : ‘ T“_ ' 1‘f:jj*‘-=;‘
{fhis iasf'd{vtglbntis diféctlf Eb:barabic:tb‘a stané- ‘
) alono cplputer systeu.' For.thc purposcs of thls thesis. ﬁhe
terlinnls in tho first, division ure tcrned inxelligent | _
terniuats,_nnd th03aﬁin the second division are terned intelligcnt:

of
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' , oy . :* . . ' . k] . -t ,‘.
- satollites, A '

T Van Ddh et . nl (ll) dcfine thiﬁ dIStgnctlon as

. I * ". I-,'
follous "thnt if thn tcrninnl contaxns a ninx, micro’

Bued-oaadenche . o ne

or nicrnprogranunblc conputcr uhxcﬁ runs a stnndnrﬁ progran

o *

3 X! scrv:cc thc tcrnrnnl 1rc nu' nrhn:ra*i .user- loade

: progra-s, thc thrninal hns a faxcd Iunc:iqn nnd‘is still Just

;.‘an intelligaht tcrninal . Onl\ when thc dcv:cc contulns a -
T — y . I o s

i

. cnsilv ncce551ble to the

.gonoral purpo:o conputer which’ 1

-

;.;ordinarv usor ‘for. nmy pﬁrposc a d progran of his choiCc do
wg pro-ote tho tornnnnl to. an i tclligent sntellite"
This deflnitJOn is lo 's. prccise than the dcfinxtionvy

o prosontcd on’ thorbwsis-of Hobbs'scparatxon of classes. i;:t
. A popular concept, uhich has emcfgcd over the last

-fcw vcars. {308 the npplicntlon ‘of distributaJ gonputing

a

'systens.- Thesc arc systons of conputors Mhich are llnkcd in" L

[ . . . E

;f't hiorarchltil fashion such that each !inl contains sufficient

‘V.logic (h?rdvlfc nnd softuaro) Lo . pcrforn those functions thnt ' s

e

.ane ﬂo:t offlciently allocatad to it while at ggo sane ti-c,‘ _ - -Ajj
lt dlrccts all othor processing functions to the most apprOprinte

davice. The probleu of cfficient div:sion o£ labour ls a

-

difflculty vhich hnsdyet o bc resol\ed The proposcd N _ﬁ.' -_T.EJ
strnteclus rangc fr&n stand-alone svstens, that utilize a large'” '-;g

- 4
=

;cn“ﬁégrputer as a peripheral tu systens tha: are lntgely dopand~, f

nprqcessing pohor,of ﬂ&u_full scale conpu{er. and e

: utlllto the in-tarlin:l prncessor 1o nerga the locul perlpherals

© . ent u

R T

St

T

(ll), (ll),‘(IS) ,{16}.- f" As uell the- tcrlinal' "f”:: ﬂ‘i.} ]

procnt:or ls usod to" bdit.,store and uispluy dnrn files (17).- X




bt adl aao

[ ,!
E ) - . "
- ] . . .

8), '(19) | ﬁne arca of common nﬁféélcnv is zﬁh number At”‘

-ldV‘n‘lSOS °ff°f°d by USinz the basic concepts oflocal pro-dj‘_
cessing power. . These aanntngas have bcen enulerated a

i i

,succinctlv by. Van n.-.‘
14} Local dats lssonblnge and editing. N C e
uf:2;) A reduction in thc scopo of . tho nrens of conflict

B  that invnriably ariso betwcen locsl users’ of the'

E

' -TSL)ﬂ;Consorvation of effort that rosults fro-,thv B

-

e vcri!tcation of assembled data prior ‘to transnisq}on
;,f o ‘}'.Lf:o the contrn! sito for processing.l‘ o -
S R R '
[ - _4.15,Consorvation of rosources that roSult froi tho

q

\'_ o . - : -
. g

‘; nainfra-u.j. _ _
S 8W) Thc lbllity to. porfora a uide range of t.sks locally
'ln the nrqaa of data cnnversion -naﬁfile nanipulation.

rsé)“Tho tbility :o tuullto -ore prinitlve systels.o-

e

";fv,y Flcxibillty Ln custon progrinling the terlinnl.‘_‘_- ¢-

-'Qf;"

Equnl}y. tlongst all nuthors, there is a co-lon

n_accopﬁ\nce of the aroas’ of difficulty thnt are expnrlencad in

l'oplcnt of a diltributed conputing syste-.‘ f-jFl; '

uon-stnndurd terlin:l operatlng systens. Thoixw“
N S, - v

ncoucopt tppl}‘d to thi :orninll logic are transPortablo to the

a

1¢ovoloplent of systcns ligh sililar c;plbllity.- Houevar, tho

'

vl

";to anothor is cplplicatod by a -yriad ot interuovon problols., 

rln;o of services a centrnl facility should’ providc..“

reduction in the nunbor of user interactions uith tho .-

.o

; "conplote ldOptlou of ono sys:ol's softuarn systa- lnd lpplication
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-

!

3)‘ The . Problol of interfaci ng difforent nanufactu ors

- ”

harduar

Pt
‘.\:..’(.

‘into a. cohosivo svston,.- As Vannu- notcs. thi’

V
:,l

difflculty londs to Qho ’our syston works..it lust bo their

-

3vslol' syndrolo. This problo- is'coapounded ‘by. -nnufacturors

‘

who rofuso to sorvicc thoir product if it has been 'talpered

-

. A ‘ & '.‘,,_ .
:'uith' in the imstillation.. = .. - - B |

»

3‘) Chln‘inl bogq;oloaz The developlont of a useable.

'syste- nocesslrily procood3°f1r:t withrthe dcvolop-ent of tho

.hprduaro nnd then secondly, ‘with the doVQIOpnont of the softunre

isupport. llthout the infusion of largo auounts of cnpitnl

: and lanpouor tho iuhoront time lag crentod can produco a uorking

'.systol xhnt ts olgloying antiquatod harduaro thnq has cost as

luch as ten tilcs its curront rtplnco-ont valuo.

incroaont th t occurs for connunication rotos in oxcoss of. ?{\‘7

[N N

300 baud’ (' oustic coupler) and ngnin for Tates “ab ve 1, 200
e e N
blud duo to 1oasod lines nnd oxponsivo lodols._ Theso cost . .

i)

considorttions, for tho snull facility. have o diroct offoct

-

‘on tho oporating sy;to- dosign. e i'_" . “_
S 5.) Softunre suggort. : lithin a SInglo systol thoro ura? 

throo roquirod lovols of support.‘f- . "“‘: --f L -i@.:"""

aJ Hlin!rllo sorvico routiuos - theso constitute tho‘l

p:ogrtns thot provido tho intorf:co botuooo tho uscr's lpplicltiong .‘J

_ progra-.ind thc tor-innl dcvicc h-ndling routines thnt diroct

.:- .a'

tho co-lunlcations chlonol {or data cncoding. Thoso are. lost
likoly to bo yrittoo in. ono of the higher lovol langua;os nnd
cou bo 1ntorprotod br l systcus Prozrnn-or.nn— i’ “”"j ":nk o

-

)

.) Coaaunicntion systons. ) Thoro 13 LY substantial cost s L




‘tho centrnl co-puter and the te:ninnl systen. Thoso progrnps

are most ofton written in the 1nd1vidu11 conputer synte-u

:aninfrllo lonlgor ond a skillcd systols progralnor. This

-ting systo- is a (unction of the terntnul's size. fhi£~considorl-

tion is dealt uith in’ groator dotail bolow in a. discussion of b

:
-
r[?
|
|

- s -

SRR R TS
*1 : $ ) - i N .« !

.0 -

b) Intra dovico routines - those .embody the -ainfrnne s
OPCf'tiﬂR Svsxols co-lunication hnndlers thlt structuro and . ;?«BAP‘

format . tho _output: data blocks for trlnsnisslon botuoeﬂ

_lssolblﬂr 1'"8“'80. The lodification (lioor or othérwise) .
. of thoso pro(rals. to avoid what 1s ofton a co-plicated task

. Bt tho tor-ioll, requlros the undorstanding of a sfipsthotic-;

.
e

3 -
co-biostlon is raro ovon uithin the university onvironnent

- t . -

Toe) Tor-inal operlting systol - Tho support roquirod '
X . I )
for tho'-aintonance “and lodificntion of" tho tor-inal's_gg:tam BN e

.the coocopt of critical si:e. -For the sntellito sﬁ?{p...

uhich can support higher levoi lnngunges (FORTRAN P L/1), tho ’

nodif!cation of the opornting systom-is less difficult thnn
.Y

' tho -aintonlnce of tho opornting systo- for thofsasllor torainal

'systol. l!th tho slallot tornlnol processor. it is usually - L

°

' nccoss-rv to -axinizo tho officloncy ot the opcrnting syston

tgauritlng lt in’ an, nppondod !or- of. tho nonuf;cturor s assonblorf

langua:o.- Unloss this systel is voll doculontod. aud unloss

iv hos [ -odular constructlon, tho lppendlgo of additl nul e

.~
~

B capsbilitios can. be a difficult tnsk. ‘

\.

Thus. it boconos cloor thtf tho gcnoral nsintonlncc i

N
- ’

‘of one. systo- roquircs foliliority wlth threo lovols of

-

;‘progronuing for tts full support tnd dovclop-ont. This is P

R

k]
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R ‘ o

proylbnlghd;jcnn partly bhe relieved by the 'black box' appronén

:-to the design of "the tcrninnl'; opcrating 'system,

' critical lovcl‘of'prdéessing power and _in hddition.'"ff the

Van Dam infrodUCcs the ‘concept of crititql.intelljgcncen'
which "is n:§aaowhnt-inprccisc definitiod of the level of * -

srocessing power that the tbroinal fust possess. Balow this’

satellite doms not hnve rcnsonably fnst sccondary storagc.

Sufficient local ncnorv, and a powcrful instructiou set.,it.

@

~ simply may not he nhle to do enough procossing fast enough B

Ky

- to uako the: dxvi:ion of labour uorthwhile“

In_ contrast with the concopt af crit:cnl 1ntcllizence' )

is the concopt of crltionl si ¢ (or perhaps criticnl cost) - :’ J“'

nuhich cam be stntud sxnply as: Thcrc is a . level of intelligcnce

“§{n 8 ternjnalfuhicp, if exceedod, cOntributcs 1nsu£ficxcnt

,\

_,nf proccssing powor in s -ultiprocassor gnaphics s?ste-.

‘slnple dlsplly tornxnnls and full stnnd alone grnphics

-

returns to warrant the substantiai increasc in~cost, whcn

_judgod by tho noeds of tho intended range of npplications.

This cost constrlint i-posed by ‘the decrcasing roturns

‘eupcniencod Ln th% enhancauont of the applicntion of theseff

| “sysf:::ﬂ}p’thc englncerlng design process’ ueakens Van Dha' e

concluslon that the s-tollita svsten (as he developcd) is
4

the optiaal spproach uhun considering [ rangc of sy’\gns bctween

LN q

[y

processors, - ' /d ' _' o q"'":,..\..

i.There are *:vcral strntcgics rclntcd to the division ‘_‘ .

.r .

*

One such strltegy ls tho 'blnck box _npproach. Undor this

R T

: -odc of dburution the systol is designcd such thnt all hardwnro

L
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dctails of the ternindi are hiddcn to thc uscr' The tcrnxnal s

°
-

oper “ti“? systenm perforns the tn:ks of display f:lc manage-.

rent, pcriphcré% Scrvicing, and datna rctr:c\al and managenent.
i J
Theso scrvices nrc used in con;unctzon uith softwarc routines. -
. . - ’ B 'Q '

reasdent imoa Tibrary of wihrowtines in the large scxle

cenputcr Thi3 npproach cliows the uscr the full flexibilitf
.of a terminal. that can be confxgured to his npplicntlons by’
'the siuplc directive of a hlgherh}evel langunge call to, a

supplied proarnu -Ven-Dan-ix'critxcnl of this approach on

Lt

\ .
the hnsis thlt 1t lends to. qnder utilx.ation of. the terainnl s

capnbilitics. The appronch prOposcd by Vnn Dnm requires the

.
1]

‘user to be cogn!tive of both the tcrninal's operhting systen

as well as)lhat of thc host processor Thi§.approach has t}:)/ '

sdvantage thst_it.provides a dynnnic nppropxidtieﬁ of proce

& g

-
i

ihg‘pbuer4between;the system pteccsso?s{~_1§ has"the very
‘ seri&us-riiitetion' of‘teqhiring m'degree of s#steﬁs et 4

;flniliaritv thnt possiblv will exceed tﬁv'upnlxcation oriented

user s threshold level of ecceptence.r Experience uith various

s

L,
~

-'forls of conputing systens aﬁinc“hster Universitv hns indicated
"thtt there is a level of conp exity above whlch the potentinl

' user uill retreet te the sife. harbours of bntch processing. e

-

' Thls situation leaves as the terulna!'s prinicpn! users,’

those dediclted few uho have been lnstruaentul ‘in the develop-"

+

ment of the sr:teu,'

,Tho ED!T syste: developed in this proje&t utilizes,"r
':s balenced lpprolch bo:ween sophisticnted nd unsophisticnted

"user (in ', conputer sense) by ! reservxng a blocL of core o

B 4
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‘that is coincident with and adjacent to the buffer storege
sTen’ The "operating svstee's pointer can be directed to the %

firse eddress of this block bv a call to a higher level '

’I..
i Toutine jn?the host systen This block of ‘terminal core ccn.f

?be"ovcrlﬁid

“user then

v eccessing the terninal llbrary progren "The
s the ebilitv’?o program the ter-inal to perforn
?tesks unfque to his pnrticuler epplicetlon while still function—
ing v ,_in nnd independent of both the terninhl s and the host's
epereting syst@e. The final instructions in the user's "_
pregrea is a sieple return juep to. & specified eddress in enother
prOgreu block in the svstee. This feeture is described in
. more detell in Chepter 31 of this thesis. ' o
.. | There is a definite noed fer tpe develop-ent of
generelized h;rdwere systens which ere flexible enouah to 7-J
. perforl a veriety of tasks releted to coeputer-eided design
and® ceuputer-eided--enufectnring. These systems’ lust be.“
';co:nitlve ef'the deslzn process nnd. as, such. conplenent thet
| precess ina eenner thet is eesily elployed by thq engineer |
iluh ls reluctent to bece-e e conputer specielist., This tesk3

':nust be eccoeplished uithln a cost thet 1% redlistic for 3

slell to iediu- sixed englncering des{gn office.

. The cenplete)deei;e of :n 1ntelligent tereinel — o

' ceusists ef the deelgn of tvo softuare systees, the selection ‘L

of the perlpherels etteched to the ternihel end the coelunice-f

tIeﬁsttretegy betveee ceeputers. 7heee exists en iniinite ’*f'f

.anueber ef pessible configuretions. To a lerge degree the

8
o 4 K . . R PR * . -
P L] R : . Lol - . ot - .- .

LY

g 1itereture deef; nith specific evices in a specific ennlreulent.,i

- S IR
i, %
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Thus, rather than presdnt a gencral review of the literature

on possibﬁc prriphoral confipurntiuns this thesis will
du«cribw a particul1r confxpuratlon. wnth a dcscr:ptlxc

'conparxson of possible nlternutxvc pcrxphcrnl conf:guratxons

v
-

W Uhapnée 3,

‘222__ Grnphics Softnqro Dc\clqpncnt v C . T

" The dcvclopncnt of a successful svstcm for computcr-'.

% .
“idcd dESiﬂn is Conpriscd of two sepa:ate functlons-‘ the

"

';crcntion of a suitnBlc hnrdunro s;stcm that has tho physical

~

Eapnh:lltios requirod to n!d thc dcstpn procass. nnd the

- L]

-dovclopnent of a- softunre svsten ‘to 1nterfacc thc uqer ‘Wi

the hnrdunro systca. At thc tinc that this prOJcct ‘was.
Atnitintod thorn HBSJIH exlstcnco no gcncrnlxucd ap;>buch

to’ the structure of a. graﬁhxcs xoftwarc svstch that was

nppl:cahlc to & vide range of display dcvices and yet con-

ok

'currontly uns cognitivo of tha cnpnhilitics of ‘a specific
dcvico._ Throughout thc course of this uork \hcre have bcen

2 nunber of 1vsteh1 thnt hnve hnen chclopcd nnd dcscrihud

r o+

 the Iiteraturc, (22). (23), (*J), ( $). - Thc nature of all'

ﬁﬂprogrunning ltnguaaeg (graphics nnd othcruiso} is such thnt a

tru!v cn&purqtivo studv of‘the relative uerita o' each un:quo.-

e

B approach is not, rcalistic. This rcsults frou nn unlinitcd
_}nnga of application possibilitlcs on onc.. sidc couplcd ui:h z .
rostrictod operating systen coapntihilitv on thc othcr. For

'thls ronson, this soction of ‘the liternture revlcu wil! be--”'v

‘rtstrlctcd to a goner:l descrlption ‘of the gknphics 5Y8t°‘5r




~

4.
]

developed as well ns-a‘diséuﬁsjon on the minimum capability = -

that a svsien nust possess,

pa

' \cunnn and Sproull (29), {21) have produced ;)
. o ol : ‘ /

: R - s : /
sunppary of hc reauircacnts of 'a gqncralizcd graphics systen

=, &xuYi o ag a d%fctiﬁtféﬁ 0F u "f1:9r\.’h0\ ﬂru ose ns bolng‘
Renaral cnoush in prinsiplc to be appllcablc to a wide nnngc

of di&plnv d{31ccs and to fit htthin nost tonputcr uperat1ng
ssstons. Thov identifv ten dis~tnct stngcs in a grnphics

L AN

system, An intcrpretntiqn of thcsa stagcs fol;ovs:

1.):'inpu1 dcvicegv: fhe hardwarc devices Cnpablé of
-mgonerutxég infornntion to’ bn transnitted to tha operating
‘softwaro, Ihcse dcviccs are kcvhonrds, ‘light pcns digitizers,
Ttibiafs;'etc. S | o | . ;" . .
_ .\ 2 ) inpui handlers. These consist of tho functional :'%i'"

-

.routincs that procass the svstcn interrupts, control tha :

-

;‘interrupt prioritv sorvice the knterrupting device an& provide:”
'sone forn of rocelvod infornntion to the input routines.
3 ) lnpu; routines. Thc prograns that retriovo inforna-

- /
tion' Tronnthe input handlers‘und-cqnwert ;hat-data,into tbc

n

.ppiicltion dltl blsc.a_;'gr’; T B  ' .f T B ‘_.1  :

bl

_4.) Applicatiﬁn data base. . A'ditqkfjlﬁ..génernied"in
part by the inﬁgt Hevicog,and in-ptrt by.the applications
e . o P L L o . S

e \ .

._‘progrnn.,
. S } Applicntions pg_lyn-. -This is the progran thlt

_ contnlns tho logic of thc svnthasis -or analysis syste- to ‘,"‘

uhlch thc zruphics syston is applied




r

- 6.)"0utput'rbutinos' Tthc prograns dcscrihc the -
. - : <.
grnphic« displ1\ fron data gcnora;cd by the appl:catlons' -

progrnn, and; format non- graphical. 1nformntion for the

nppropringntoutput dev1cc handlcr.

7.} Transformation and c’xno;ng Youtires. Progrenms
that areinplqudiﬁo nanipulate the diSPIuy f:lp prior .to

ordering the p;eskﬁtntion‘of the grapﬁicé ﬁispln} at the
terninal, '-_"‘% _— p~~}“-ﬂf T T '.'.n‘ -

8.)I'D{splny’file. A gqnb;éicd_fi)cwbg’diiplay informa- -
. . ' ”-,. .. . o X . . . -. ‘ " ‘ ‘ .
tion codod in a format suiéub}e}for a particular display deviceo.

L 9.) ~Display controllbr._ A'hardunre (and softuaré) systenm
' ol
: that interprots the displnv file and porforns a corresponding

hurdvara nction. : J ' ..Q‘-~}‘E R f—’fi T
10,) D;spl;y or outpit device. This is the hardware device -

on whiﬁt the gr&phics function is onploycd This‘cod;d.bu‘
ﬁa plot:er or any for- of CRT. '

- o M.
IS .

.

The toruinal hardunrc direct1y affocts the structurc"

- of tho graphics systen in each of the drvifﬁdnsxli;;gd//ﬁove.

..

The choice of displly forunt.storage tdge or rcfresh CRT,
nffoets thn forn of sactions (l). (2). (6), (7) and (B) 'The
inc}usion of locnl intolligonco and tho degrce of intelligcnce
.affocts the physicafC%QCltjonof Qqcxiohé.(3).;(§}._‘S),u(s),
(7) and (@) I N
e The fa!lure to standardi:e any nspect of the i;%vﬁ.

L]

.has resnlted in tho gonarltion of a large quantity of redund- E

4

. ant ef{ort.‘ Tho ploce-enl acqu sitlon of display doviccs.' '




- . oL . - . 3 . - . -
- -
[~ u
B

aithiz en'orgnni ut}on hns often led to the devclopmcnt of

%, ' -

an ¢ i nunber of seftwarc ssstens. This hew:ldering array

"of cnqabilities hn% gi\cn graphics a bnd rcputntion. One -~ -

nsntisfactorv nnd prinitlvc solution to this problen has

no-w .theo cren:ivn 0f a "frint end" for 1nv'aubs of &r1phics.

'svstens such that. there is the appenrance of device indepondence

achxeved R - o oo S . .

"'

The GRAPPLF systen developed by ‘Bell Northern - i_i_‘
‘ Research [22) is ‘s systen thnt has nttncked this provlen directly.
The docu-ented applic-tions for this. svsten attest to its -

succes;.' o .

' - . -

The first decisxon point rcached in the developnent
of.a svsten is. the choice of language. Thzs decision hn;
;_ébeen nade in the pasm in tuo distinct directions, the creation B
- of,an_ entire}y nev langunge for graphics u:th its oun |
\

coupilur. and the develgpnent of a package of gfnphics functlons

thnt erb supported eithin the structure of an existing iang‘.‘_ ______ n
'uage. The f!rst choice hes the advantage of efficinncy for
'the generftion of displavs. uhile the secoud hns the advantnge

'o! fanlllerity fnr the npplications progran-er.

e

The socdnd nnjor decision point is the selection of
1

’

.. se'lof grephics functions for inclusion in the syste- i . if"- :,
: These functions aTe essentiallv of two clesses, priuitives o
snd transforuatibns. -The prinitive functions deal with'the

'druniug of lines, absolutetv or 1ncreIentaIIy (vector). end
b -c
g the dlsplnv of strlngs of” text- ‘The transforlation functions.. -

'

g include the;functkons of scaling,rotation (with and without

=




R ) b . -

porspoctiVo), clipping, and’ windowing_ C

Lh

In addition to the pri-itiVes, thoro is a highor ' “no

b
t

lcvel of. routines thnt ATe grnnhics functions._ Those include

¢
- . -

S =

[Ss——

such progrons as contourinﬁ: graph plotting. lrcs,-cirtles.

———

grids, etc. As a subset of thesc grnphic functions there

should bo.n dlsploy oodcd file of often repeate¢ displny‘
;fqr.‘sc‘ : | - L /". | S I o : : -h . ,: o

- The gepfbti_rolltionships between the alolents of

‘8 graphics svsto- nre shown in figure 2.2. _“ ~: 4 -;",.

in additioa to°displny device inéependence thoro:
15 the problc-‘ Jf --chine and oportthnz systol independonce. L

Thy nornll procoss for circuchnting this problem is the

. . R |

oucoding of tho entire svstol in FORTRAN or a sitilar higher
¢ ‘

lovol langulgo.' Thi: has fhe advantage of intrl--achiuo

trsnsport;bilgty, but; 1n nddition has the dtsndvant;gc'_of‘f
"boinz ioofftciont;_ There are solo co‘nﬁrcial displny systens

that. roqulro operatlonal folturas ‘of the ter-innl drivinz o

softwuro that ‘can only bo ilplouentod in tho systel's asselbler

levol llugUl;o.

R Tho datnil of the solution to each of tha above

LB ~ -

problea arecas 13 to. sone degree lffoctod by the hardwlro

;sysk:-. An integrnted hardvarelsoftvaro systel that is an

-
-l ﬁ. ¥

iocxponsﬁvc and functiona] solutloh for the opplication of _ e
co-putor .ruphics to nochnnical ong!nooring dosjgn has qun‘-,"\“‘; .?
dqvolopod in thc courso of thls vork. fThg;/sxstea‘ls describod SR
in detail in Chaptor 3 of thls thesis. .‘T:@ .%ff’f” o L

. : Tboro aro two additlonll dilcnsions to a graphics T - S

- &
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“5t°“ that “U*t he .dealt: thh in the chcIOpmcnt of n“‘f

,caanQto facilxty. Thnsc are as follows,
I -

l. } Thc rcsponse tine for tho-svs cm in.cach of 1ts

-d}crntlhg nodes. g Refercncc (’6) dcscrlhes an cxpcrxmcnt11
[ oo : . .
<tudy 6f the offect of usor's fospoﬁwc ig oa 5ﬂqﬂun~idl::?f -

tion pfo;ufsing_task. Hore frustrating oxanples are the delays
5 R
Anherent to tho svsten for the central Proccssor's "roll ou:"‘_

P

rosponsa !ng exporicnccd by users of tinesharing aystems -
- being supported on nixod (banch ‘and tineshnrcd) node proccssofs.
!. Foley (27) States that a clever structuring of thc order of
A procq;sing tasks_éan pini;i:p the psycho}ogicgl effect of this' .
-dclax‘éd.?he usqr; fh{;'is‘rgléted;to the second éoﬁsid¢raf
tion below. .. | ; :‘ -'5-”“:.' S ;- i'f;'

" 2.) The struc:ure-of'thn con#dfsatlonml pdttiod&of‘,

the nah-ndch&né?dialogue. . These conversations. hoth verhal
% N ‘ . f.

nnd grnphicai nust bo conductog uithout h-bxguxty to cithor ':' N

tho nnchino £} interproter or to the user (28)

A -

This:socond consideratlon is the bridgc hetuoen thc.

grnphics systen lnd the applications progran.. The utxlity

funciions includod in tho graphics software nust p{;llt the .
1 L]
applicatinns prograaner to connunicate with a potent&al ‘user

!

n

1u nn un:nbiguous,:nd psychologically satisfyins ﬂl““°f e f{L.

Thls tan only. be dctorninqﬁ by dosxgnors workink aith applxca-

Lions to.rtnl cnglnooring systels. _'. -3..,‘ B R 1 ?1

fhuso qucstions a;o ﬂnaltbwith in Chnpter 4 of this
& o )
thbsls nhich doscribcs COHSTRUCT a software qutcu for: -

‘. " ‘_.-' . ‘ LB . ". . ) ’ ) ’ o ‘. s \
structurll systc-s . . ’ S ﬁ . C
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2.3 Structural AnalvciSvnnd Svnthcsxs vatcns

Thc pas: two ducados hnvc scen thc ycneration of
i “
several very Iqﬁfc*and cumprchensxvc;systcns for thc conputer;

_ized analysis'of all forms of structures (29)," (30, (31), (32

i f}:'\). rhc"u H‘}c 'fOr t"(.' -65: ;)n:t .' b'f‘ﬂna 'i‘e'll.rcc..;ilch ‘\y‘
Ehc usor COununitv for npplicntion to rcal structural problems.-
4, . kS .-'- . -

’ Theso switons haVQ all approached tho sub;cct of structural

[
N 0

nnalysis uith the prenise that thc engincer should not be

. fofced .into thc ro!c of o computer prOgrnnuer.~ The ICES'

jsv5ton and the CFNESYS svstem both amplov 2 problen-oriented !

LRI

langutgo thnt is cqnnnnd stru:turcd (ICETRAN and CE&TRAN

. rospect1V¢ly) Thesolare langwages that al1ow the user to 1 _
o ' r
cnploy tha lnnguage of his own discipline and not .- the 1nnguaga
. I
of tha conputiﬂg svsteu. This - argunent has heen repcated in X

»

'scvortl forus by nany authors,_ 17). (28), (29)“\ Arternatively
‘ i
.“the <TARD¥NE systoa 31vcs record by record ina&ructions to

Yo

gu!dc the uscr through thc~craationyof a stunﬂnrd FDRTRAq-like;

_datn dcck Coinun to ench bf thesb sysfels is tho off l

Y
v
- v

propnrltion of the input data baso.;' Ohh fcnture of NASTRAN ‘pf

':-and GENESYS that, should be ndoptcd for all systels, nd is. h J ji

B
a ~t LIRS Hd

‘ a "
assential to tho continued grosth of autonatcd nothods 1n o

3
9

ohglnn-riug. has been ‘the estabiishnent of" forualiﬂed ST
: ‘ ‘ f /‘. S
.proccduros (3) {or updct[ ng and distribut1ng the progrnn

L+
rcvlslons unongst the user groupsrﬁu‘.*"—w '

q. -‘.. . . . ,..'l' ’ .{

;’ L
In contrast to the acceptnnce of conpu:er syste-s

L9
.. .

B
for cnnlv _.-optiuun-structura! design szstcns havc not yet

,lntonsch usngo. Thore une many’ possiblq explnnntlons :ﬁ

- : - . B S e “".'_.7'-‘

- f - N . N )
' L . . . - . iR L e . . o s . . - O
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for this Inck of acccptance by prnctitioners in the field.

Galldghcr (34). nttributus 1t 10 the following rensonS‘

o
. -

unfnnilinr:tv of the prnctxt:orcr w1th nathcmat1cal progr

conccpts. the array of- nltcrnnt1v0 mcthods nvnxlahlc in -
e
-Jthon1ticn' prngran:inp. 1wd '“e larpc costs of optiaun-

N -

dusign analysis. In” additxon to thcso consxderntions nos_'

fornulntions in tho litcrnturc are gcnerntod indcpendently c

-

of the ner of applxcntion. and this hns lcft the user to

;nplonent tho nodal in one of “the conventionnl conputar B
{-cnvironnents.;’ln batch processing, the user is excluded

4

from the iternt{xF design urocess nﬁa subaeouentlv his . s
judgentnt is not brought to henw on-the dircction of l

solution. The cost.to. converge to n highly accurate solution

that violatas n negrectod or overPUdRed constraint (nesthctic

- oF logicnf) can be high “Altcrnatively, tho usor thnt : s
.Y - h . oo v
inylcnents the nodol in an lnteractive Onvitonnent is confrontad ‘ ,
., ° . N

uith tho hxgh data trnnsfar-problens doscribed in tha introduction.

.to this' work. ; ff - - oy T

.?; "‘-} - quer ot al. (30] de&eloped an interncttve "front .

‘.‘ . ) b
k . . e, . -

cni’ for contror of tho STRESS (36) systol._.This-vns o H'n‘.' _:,”

-cconplishod using a problcn orionted languagc CESLSTRESS

.
J—

_ This sysgzi‘was based on nununl analvsis and did not incorporato '
o Lo s .
any nathe-lticul progranaing strltegy.‘ 1n essence, the

systoa lnteractively nssénbled nnd ro\ieued the spplicatlon j,“-‘gﬂ'

-

I~

data baso for tho STRESS systen. Bven at thif prinitivo
"'lovol using only a'telctvpo. Bn#et uas nble to dennn!trate } e

suhstantinl savings over conventionnl batch ﬁ?qnaséing uethods. )

* e
_' . D . . K}
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>
-

. Mhen- fermal optimizanion tcdhnxquos are cnployod f’

‘in the solution nlgorithn the conputationnl cffort is

LS

expondod tq dctornino thc Optxnun solution in n region bounded
l}
hv, constraint fungtionsuuhich‘definc fdasibility or no failure

'of' the QVﬁton:' Tﬁr inposition of these constrain. ‘unctxonc
is tho portion of the solution that still requires the
ozperience and intuition of the design enginoer.- DOuty and
‘' Shore (37), in nddrossing thxs aspect of’ design, state..r

."Tho ability to Iovo a design 5ubjectively in an ccodonic

f

direction uhilo laintaining ™ precise bnlance botweon all

‘cost £actors in‘tho entire’ proccdure is .not acquircd easily,:

: and tho art of doing so has boen ondoued uith certain nysticai

trait; lnrgoly attrihuted to conditiqned intuition reinforcod

P

by ycnrs ‘of experience"

Tho developlent of' nathe-atical progranning nlgor:thns
) 1 )

has boou rosponsible for the transfer of soae of tho “nysticml"‘

-

lspects of design into . rltional prpcoss. Houovor in spito:~

'-.of this deVelop-ont. thcro.has been a Li-ited acceptancc of

‘ithosé t:ols by . the practicing professional * This. is ff . IR

’ﬁnderutnndlblo in the nbsonce of a co-plotely gonoral procoduro .

-tfor all cllssos of structures. “achino structuros in. porticular

..bound in dogrons of dlfficulty for the devﬂopﬂent of . F;' ép!_

£ v -
‘universll a]gorithn. As work continucs in the dovelop-ent

of nuleric-l nothods. thnt proportibn of cngineering dosign SRR

‘ v
. that lies outaido the. bounds of realistic quantification Uill

'di-inish «hile 75;;’;roportion that can, ba appropriated th.

autouttod tochniques will grou“ ﬁith thaso Iinitations on tne; o

. . S -
RF) . . - ) ) . . .

‘- . . | . ' . -I ‘Q"‘
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37,

N
presont practice of structural design, a system, to be success- - I
. ) - ) | . ' ‘ P
ful, nust incorporate thh the engineer and matherfatical H,f :
* néthods ‘into a - harnonious'bolnnool ‘ I /f

' Tho developnent of a comprohonsivc systen for the
1Jtoantcd ssnthoq\i;onnlx-‘s of ﬁ;ohzna struoturcs in addition

to the grnphtcs sysjen dcscrlhod prevxously,nacroscopically

cnconpasscs the’ follouing nrcns.

) Doslgn of a high level longunge strategy ﬁorh
; -nn--achlmo dialogue. | o o .'.‘_' o ' ,' '“A-ﬂ

42.) Incorporation of 'a seqtionfto‘dcvelop'the"spplioaéioﬁ
progrnh;dnta base ;hrough the graphics sy teé. , .
[ . . - . ) M o -» -

al of devefoped

ﬂ3 Y A d-:s nanngo-ent oysten‘for re
]

. dota for a particulnr confvguration or catalogued data for :
gknoﬂhl application. o f'- ‘ 3

.) Sorvico progrtnq«for dntn file crontion.

s 1 . 3

f S-j A stratogy to, ilplenont one or more of the set of
lnthoanticn! progranling nlgorxthns whose donain of. npplicntion,

intorsects tho roquircaon:s of the proble-. This section uould,'.

boﬁutit froa nn notonatqd soloction tochniquo. 1 -

6.) An analysis prograa._ o S
7.) A strntogy for presentation of-woole,otfpoftioi:'
so!utlons for roview by tho onzincor. |
- 8, ) Dynl-lc responso - a systen toisyntﬂeslzoﬁa.Si;uctufa
. aundor dynllic rosponsa construints.‘:_ ’ | | . |
S 9.) - Thcrlll rosponso - 8 syston to'dOSSgnfof:truotopq'
sobjectod tp thorlal tosponso constraints. |

1 -l SN ’ ' . - . Lo : Km )
. . - r - . . »
- . " ) N . . . L + . I -
; .
.

e . . ) ] , . i . N ]
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10.) ﬂodulorlv structured progran with docuncntntion - , | \\\\<

hc progrnn -ust bo able to be ‘easily nodifiahle to 1ﬂC°rP°t8t¢

‘ . -

any. tochnicol inprbvenont in the styte of the nrt.

. . . . " .
n . T . L ad
awt

v
'-F.

Tj S The fnctors .that must be considerod in the selcction e

b,

of an opproprinto al;orithu for tho optinization portion of

LS

tho synthcois syston is tho for- of thc objective function, =

-

the fora’ of the cggitruint rolatidns and tho nature of the
. ! —
doslgn vnriab\os.; If the objoctivo function and tho constraint

rolotions ‘are linear. thon thc problem is easily rosolved

bv tho uol known nothods of linear prograaning. If tho

functions ontnln any non-linoorities tho problcn of solocting an .
'oppfopriat, slgoritha is a grent deal more difficu{t.‘ In . |
addition. if all the. dosign variahles are continuous ovor
thoh-rlnge in tho doslgn spnco tho solution is more . rondilv '
obtoined than 1! thoso vnrtablcs are’ discantinuous or discrotott
‘Thoro is uufortunntoly no. sotisf:ctorv nlgorithl thqt con be
‘onp;oyod for the dosign of‘!ochine structures uhich are non- ¢
:ifnitr'and'vhicn'po;soss both continuous~§arinblos (vall
[thicknoss for cast soctions) und discretc variobles {plate

. thicknoss for woldod ;:Etionsflﬂ'.;”f' | '. '

L Thoro is considorablofoffort bcing extended in the'
j selrch for nou -ethods to rhsoIVo tho difficulties of non-

: Iinoor systo-s,‘dllcroto ond -lxod vnrioblo sx_tgps.

L.

The uort on tho non-linotr prohlen doscribed abovo'

!

s boin; conductod ln tho following areas:’




R ' a

: l.). trc‘trnnsfornnt1on of the non-lincar problcm into

» <BTiCS of llncnr prohlcns (38), (34

_ 2.)‘ tho application of ﬁradio t methods; (41), -(42),
L 3 T | L |
Foo3.) pcnalty;fuhctinn TochXd w;-(di), (35).,g46}.

-

In ad&ition. the dBCDﬂpOSitan of lnrgc problcns

into n serios of - snaller problens ‘has been investigated by

.scvorll luthors. (473, (48). e

' S R

The dxscretc Var{able approach hns been’ investxgnted

by Aquilar (£9) nnd Palnor (50) in the npplication of dynanic’ﬂfT

progrlaling. ' Poller discreti: zed. the assigncd nodnl nononts
‘of frnled structuro: nnd used dsnnnic progranning to solect_
;na-bors bastd on_n soLution rcstricted to louer bound lin:t

llosd annlylis Q_Tuisd:le lnd Klncha:uriam (Sl uscd n 3iuilar

npproach under nore rostrict:re assunptions. Dvnanic progrann-f

t )

ing as dcvelopod by aach of those authors is applicablo only

to structures that, are sorinll\ deconpo%ablc. This nethod is

"hanporod bv the . di?f!culty of producing a genernl purposc .‘
“conputorscodo (52) “ o .

Roinschuidt (53) appllcd the discretc ne-bor 1 - .

_npproach to a solutlon of franed structurcs ustng upper bound

[

.large nuubor of collapse nechanisns in proctical structuros

crocates a nlssive proble- fornulation. Cella and Logchor (54)

N

"used a branch "and - bound tccﬁnique to solvo a fra-ed structurnl

.prohlca drlwlng fro- discreta candidnto tablcs. _This was . o

Vo

limiv nnalrsis and zero ono progrnaninh tochniquus.. The -‘ T




T . - -,

nC‘O”Pli5h°d ‘using thL con\cntxonnl clastlt an11ysxs constraints

'-.ochd in ' t'hc ICES (29) 5\;{0,3.'.
| . 515‘014 aﬂd Moe (SS) uScd a penalty function approach .
for "the nxxcd vnriahla problcn hhcrc a sub5Lt of the design
.prnahlos uoru CQnsprnxncu to take ﬁn-nnlv integeT vialuaes,
-Each of the aBDVc ncthods nchxevcd a degree of
cfficiency uhonnnpplied to,a pnrtxcular ctnss of prohlens'
LoT uhon applied to a restricted subsct of ‘more genernl probiens
No nethod has nchie\od universal applxcatlon stntus.. Thus,,”
" to dosifn in thc renl vorld it is noccs;ary to ba ablc‘to
drnu upon thcso uothods within the framework of a lnrger
svston.' The devolopnent of’ lihrarics (S’), (56), (57) of
routinos vith standnrdi:ed application procoduras has made
this in;orporation uorc easxly achxeved ﬁ'_ - .~‘ o  .f
??inrson (58} in a- survcy paper ‘on_ the dcvclopnont | <
' of nl biatcd synthesis of structurcs undér dynanic roqunse'.con-
strfi:ts, indicatos that the techniquc wi:h the brondcsiﬁi_;: LT
?ﬁ¢applicutinn to roalistic problcns is the finite-elenent nethod -1>°
. of ;nalvsis directed bv . nathcnatical progrannxng algoritha
This problo-. as uith the, static analy;is, can be conputa-

)

:ionnlly Vory lnrga., However, Pierson lrgues that the -ethod
is feuslblc if thu nunber of dosign vnriablcs is kept snnll \
Sata ot al. (59) dononstrato that the tharnal
.sna!ysis problnn,.in addition to tho stqtlc and dynahic
'nn:lysis,ls resolvahlc by using n finite-ele-ent approach
. The common application oE the finite elenont -ethod

to nll threo lrc;;\:?;stzucfﬁill svnthosis. scntic, dvnalicr”

' ‘snd ther-al, dictltes thut uny gencrn! systen for the autonnted



rLr

- Al

-.s¥nthosis of machine Structures must include this capability.,
.- : - . *

-~

- A brief descriptxo1 of a proprietary system to.
nutonnte the desxgn of nutonobzlo frnmes in use by Da:mlcr-
’-ﬁcn- f; dcscribod in a paper. h\ Gucdj (66). This systom

BEe '1 d‘f’ t':or :nd an EM 2250 granhxc:. displu in n-s';oc'ina._

tion with an IBM syston 360 computer. Intcractch nodificatxons
i

can be nndo at ‘the torainnl whilc opcrnting on- line. The

v

pcrfornanco of the structuro !s conputcd using a finlﬁe-

. ql'

-

clonent.p:ogrnn. R L : : o '-{
1 ) - . . . . . -~ - |
|

2.4 Coﬂputor Aidcd Hnnufacturiqi ', . ' "\\\
| Chnpter S of this therf; contains a dctailcd\\
description of the npplicntion of the hnrduarc and softuare

4
dovoloped in the courso of this uork to an applicntion in the

&

conputcr nided-luﬂufacture of glnss hottie molds. - This

[ K} - 1 .
section of tho Ilteraturo reviow is -a gonoral review- of tho
' bntlground of conputor -aided- nanufucturing (CAM) systons ond

. ] speclfgc reviow of the lltertture pertain:ng to thiJautonn;pd -

— . o

uanu&acture of 31!:: bottlc nolds. ‘ ' ‘. e
Coaputor-uidod--onufacturing as it ‘is now ostnblishod

'is ,an outgrovth o! threo previously separate areas of

intonsive study. S _'_ ' o ' .:f o

l ) Conputori:ed inVQntorv control ‘and p;oduction schedulinl.

This inc)udes tho s:udy of optioal allocation of product to .:f oo
: : T ]
production flcility. pnrt clsssification and dnta base L S

r

-anagonont systeas for infornntion storage and retriaval

- 2.) Coupvtor-lided-dasigg, rf.
Sl 2 e




1

B:rcct nunorlcnl control of nroduction fncilitlcs.

De erua (bﬂ) prod:gts thnt thc n1nuf1cturtn§_world 15 on .' '3‘;"

the threshold of unproccdcntcd_ad\uncc and that the full 1npaat
-of - th:s ouerg:ng tcchnologs on thc nctnluork:ng industry

'?“5'*1‘1 “"ﬁ“n tn'nc“'chi'cJ.' In. tbts “apu B De V%ics

+

oxavined the offcct that this bochnologv can hnvo on the

small batch durnhlc goods'nnnufnc:urxng xndustry He proposes

=

an ulgorzthl to pro)oct tho conparntive costs for CAH versus

&

‘con\ontional nnnufacturing processcs. oL T 2

- oAl -«

Knvahota (61) qonsidors the infornatlon hierachy

ai it rolatos to the onnagonont organxzat:on., In thxs systen

L4

o dovolopnont the concopt of conputor aided nanufacturing is .

~

tho total\procoss of convcrting ‘the long range production

\
plan s doxelopod by senior managcnont.through tho infornation .
3 Fo e
s~ston und.nanngo?ont orgwni n:ion unt;l-the finnl stage - N

of gonorating pulsce for thc control of the production facilzty
"G ’ \ M
hns hoon raachcd sinilnfly scnlod system hls boen proposod

\

for dovolopnent by the Nntionnl Enginccring Laboratories (U K )
in a- pnpor by Flo-ing and Khito (62) Jin this proposed systo-
thoy doscr!bo tho first;stngo of. dovoloxfont, an olaborato

T~ dlrcct ndhoricnl control systcn.. An anounly exists uithin.

. AU |
., .. .

the devolopnont o£ such largo scnle nppronchos to CAH in
.thot thoso iodustrics that nro sufficiontly large to afford ,
their ilple-entntion nre nornnllv thosc industries that enjoy

ho ocononles of scalo associntod uith lnrge production runs.
- fl el
Convorsolv tho snnll botch shop is the operation to gain )

ho grontost ndvsntogo fro- outountod production tochniquos.

1
“

.-' . . .

= Ty
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There {s'c;cnrly a need. to develop CAH technology

-~

for the snall job shop. Thus, cnnputcr-n1dcd-manufacturing

~systen can be iaplenented on a scale -that parallels and
. o . I ' ’ .
‘automates those functions preseat’ in the conventional part

Troce<sing caviten regirdless of the scale of that opesration,
T S o 3 - S ’
Tho initiai stage in the manufacturing of any product is

-‘

enginccring deslgn, which is- folloucd by dc»elopncnt nnd

finally, _the production stngc. Thcsc functnons can all be

‘reall ed in 8 qinple thrce stagc hierachinl conputer systen.

Thcse stnges consist of tho follow:ng

Y
n

i,} Largo senlc conputer fqr processinx those tasks
 ~that are co-putntional in natuft, eg., APT. proccssnng, data .

basc extract:on. produCtion scheduling.

2 ) Design/dcvolopncnt co:putor and dnta retrieval systen.

™ - -

3y Controllconputor.

s e e 3 -

: ‘ o e
'Th@s‘qbr}JK;Q Bocnﬁéodéerncd-uigh“thc devdlopnqn}[df'
__;n fne:pc;sifé.hﬁrau#rousy;ﬁcﬁ f;rA?hdﬁin;c;ﬁud;ntels;agc‘fn;
thg; proposed system, 2‘f~. . - L '5_-t. f' .: d
v The rccont grouth in the diruct application of nini-

-
»

-conputer to. the control of nachinc tools hns expcricnced‘a ‘
-form of cyclic recrcution.__ This was described by Heynrs

“and’ Sutherland (63) in “n. difforent contcxt, as'tho.nheal of

reincnrnation syndronc' . Onc of the first npplitntions of

! . e

diroct co-putnr control of nachlnes wns done at Lockheed-

Cam

Gcorgin in tho control of a aillins anchino. Subsequentlv'

thero was cons!deruble intorcS' in the pruuption of this -




-:‘conpound thi

lr' . T N ~ ) . "._‘ . . ' - . . 2 ’
' - _A\\ V ____,_—r"" o -
.1cchnol?gy.‘ The use of goncrnl purposc computcrs in the .

N 'y

cnn:rol.functlpn.hccanc,knoun as DhC (dxrcct numcr:cal contigil;,;,,/,/

_ The.creation of - 1ncxncn51Vc sini- conﬂutcrs with an- ndgquatc

..

.xr\tructxon ant rcplncod \he la*gor conputcr in tho control
fjnct;nn.‘:Tﬁg;u"q)stcﬁs have }cCﬂﬂ?.£30Hn as CNC.(cumputcr“

"Auncri:al'ﬁontrol) svstcns. This iransiti&n ﬁfoug%t abodt

‘a di\is:on of lahouv hctueon‘tho processors in one syston

 Ihc large scalc general purpose conputer was cnployed in

'fihc procossxng of the part program via one of the hxghcr
-lcvcl lnnguagcs {APT -ctc ) nnd suhs;quentlv p;oduced n-
dp&a filc (pnper tapc) for Ihc contro1ler..4Tho Iini-computer
‘controller.'uorking fron thxs data filc, pcrforncd the process-
:nz ?unctions of" interpolnt;on and produced the pulses

‘control‘thc nachfno tool Suhscquentl),‘nlnt conputers

' “hxvo groun in‘hoth size and capabilit\—to thc point’ where

| usors aTe aguln considcr:ng th¢ total procass to he conducted

vithin tho control ftself. Coincident §iti this dcvelopnent:

L

worl is boing done on the production of nicro-processor Dt

;bntrol;, ”Thelpp}iaar‘apprgpkia:ion of tasks withlh%i'n&l;{é -

e

;onpu;qr-systo; is'ktill to. be rﬁsolvcd' o B
1'.a ﬂ_“ Tho continued developnent of tho higher level ﬁ
.langulges for - part progrnnning 15 ulaost cxclusxvelv bexng
conductud in tho llrgo scale conputxng systou onvxronuent
' Thero is no nini coaputer bnsed sys:cn that posscsses the
full conplouo t of, progran-ing functiors of tho APT systel.‘TO .
l\ problo-. the dcv«lopnent of sculptured o _;_ e

I

surfacc cnplbility is lnrgols being. donc in association uith

L




. ’Q

and Boing integrated into,'tho APT procossor. Evon for those

's\stcns that are dovcloped indcpendontly fron APT, a large

conputer 1s roquircd for procossing. Ishiuntsu et :1 (64}.

in a paper describing the scﬁlpturud surface syste- used’ by | .

the Toyota Hotor Conpnny, indicnto that this syste- is

npproxxaatolv three times the size of the APT 111 sy;xgp -

» ) -

106,000 FORTRAN stotononts.

Tho lbove dovolopaents in progranling longunghs,_'o '
as uoll ts tho i-provonents in tinoshnring.aro reasons to
boliovo that tho largo sca!e conputer still has aad uill

continuo to hava a role in nunoricul eontrol paret: progrnnning.k

-

The. lrols that need to bo devolorod lro related to tho o r«

utili:ation of this capnbilify within an efficient and

-lnoxpensive conputor—quode-qnufaotoring system,.

The dnvoiopnont”of;ofhndﬂ;Iouo.-ini-cooputof process-.

fng capadbility for ill‘aspoots of'thotnuloricol-control.part
progranning procoss has been doscribcd by Gott [65) and Guodj

(66). In tho first systou the functionnrequired for nu-erlcal'

?'control htvo baoen’ nngnontod to a grnphics systol GINQ -F

N devolopod by the Conputor-Aidod Doslgn Ccntor in Ca-bridgo

(Unitod lingdo-)., This systol is proprietary and costs in
‘tho ordor of 100 600 dollars to inp)e-ent. Tho arzu-ent‘cott
proposed in support of this appronch is that the. apprOpriato .
level for intogrntlon of conputor-aidod dosign and coUputor~

Jﬂ

aided aaauf:cturing s at .the FORTRAN lovol An Argunoyt-

: that can be used ngnlnst thllklovbl of intogrntion is that it

r

ignores the prosonb stlto of nuloricnl control progral-ing

llngul;os lnd the dogroo vith vhich those laaguagos ire |

R
A
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cptrcnchod in prncticc. Gott :nd:cntus that their systenm

1$ in an early stage of dc\clovnnnt nnd that verifiestion -

3

pf tho:r ﬂppronch still. rcnuxrns con%xdcrahlc worL

tht s paper descr:bns two additional sfstems that

sre being developed, POLYSURF and GRIYSCALES.  The POLYSURF
is a system for pérspcctivc-proséntation of three- dimensional

- v_':;_-_.,ﬂ_____—_v A .r"
parts. Thn GRTYSCALF pactnge is-used in con;unction with"

*YOLYSURF to: produco hnlf tonc inngus of the pcrspectivcl/
pare., This forq of graphics~ although still of a prxnitive

hnrdvare state, offers a tromoendous potcntinl for the = . -

A P

\isuall-ntﬁon of nnnufnctured-goods for which anesthetic

- values nre an 1nportant feature (prxor to the produttion of
a prototype) | '

-

Guqdjis paphr describeé several‘nppiicafioﬂs_in

-ty

.*‘Furopo in vhtch CAD techgiques have been : onployed in

nssociatlon ulth thc nu-erxcnl control parts progrnuning pro- f e

——

cess. Guodj clald@ that interactivo graphics.vhen usod in

’conjunction uith s lnrze scnle conputing systen.uas 3u££iciontly
¥

axponsive to’ gonarnte a need fbr a stnﬁ&-alone cnpability

F to porforu tho functions dT interactive grnphics nnd NC

prograaaiug.  In this papor he describcs a systen conflgurod

»
Y

_nround an IBM 1130 with a. plottor anw an’ lﬁh 2250 graphics -":-Ljﬁf
coniolo.. The Nc procossor in the svstaa is NINIFAPt.‘.This S
kN processor is » rostrlctod suhset of ‘the’ APT processon.. The
Qprunisu for the justlficntioﬁ of the stand- slone syston is
not. supportod in the’ pnper.ﬂ;-— ‘ SRR | -
. Two pupers in tho lite;lturo denl dircctly with the"

: |
Y ' ‘ . .
P A . .- ’ % . . -
. - - s _ D ¥ I

e~




~f

4 v
D .
- n

;pnlxcntlon of ‘CAM tochnolo?s to dlffcrcnt aspccts ofupottlc

aold udﬁzgn. Gnrdner {67) dC5 rxbus a commcrcial systcm that -

was de\clopcd ‘NS 4 stand nlonc yraphlcs f1cufit\ for the

tountnd deslgn of boitlc 1olu,; This svstcm utxlx.e: a

+ -t . - .
510?3?9 tUhe.'ﬂ lﬂhlc’ 11» i ﬁlotf"r"n tr1nslﬁtc~1n-achthctic

dhsign into . uorking dr1u1ng ‘or-thc nnnual production of 8

L1 sl . ) .
clay prototypc" . ‘ . | - .

2

: Foluel] (68) describes the nunericnlly controllcd‘

-

P 2

nanufucture of gluss nolds by he-faﬁxlv of parts progrann1ng

- = - -

concopt ' ln this gapqr he descrlbcs the dchlopnont of ' ‘
o - 7 —
APT'nacrosf forrthc gcncra;i:cd produc;ion,of TV picture tuhe
T . ’ T b . e . . . .
- molds, - R S I : o ‘.
G : : ¥ N v :

There fs no agreenent in the literature on vapnnon
~defintion of.tonpﬁter;nidcd éanufacturihg; uTo son% aﬁthofs{
it nolns thu futl’ nutonatioﬁ ‘0f & production fwcxlxty incrud1ng

thu control of hll anchincs nnd all service fhnctions. "To

othor authors, it is thé nppl:catton of compqtcrs to the control

v

of a p?rtxcullr nachino perforning 2 particular function, " In’

t

this thosis’, coaputor nldcd narufncturing ;s tnken to neanvfhe

autonatlon of the funct!ons :nvolvéd 1natho dcsign, devalop-\

nent and unﬁufnctﬁro of l-product regardless of the number

"“, - - . A T - } .r
of products producod or, thc scnle of thc production opcration. g

o

v

t

?ho design of a conputur-azdcd nauufncturing systen is nhe

v ‘l
P

nppropriatlon 05!50.Putlnx|tﬂ‘AS anongst the olencnts conprising K
Qo
tho systen Nithin-the conrbxt of this dcfinition. a nininuu :
A N
sys:on uould conptise thc following elenents and cnpabilities.

1. ) Sﬁfficicnt processin power to support a nunendcnl

Ll

control proccs or that nectq tke ncdds (both actunl nnd

.ot - L. _.w:

L . - . f ‘._' . e et ’ e X
e o . - L - ) T{_ﬁ? o R .
], . R . X R Ce — . . . i . .,‘ . ' L et - S T
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anticiprtod) required in.'the'. ﬂnufucturc of the. product'- ,
'sinllarlr. Sufficient capacity to- hundle aII the engineering ﬂﬂf Sy
Doy . .
nnaiysis/synthesis roquired in:tho product design. ’

'2.) A doslgn svston that hns sufficient sofiwaré ‘and, ¢ i
.hsrdwnro support to allow the dosigner to exercise his | .
vjudgonont ?rco of nny lnborious tusks..'u -fi' " A

3 ) A sy‘stcl to dcvnlop Lntetactively tho product in_ ) ‘ B ,"-
t‘ho pro-prototypo stage. e ' e - )
| "4 ) A control systoq to supervtse tho production of the -

- \;Q : : . . -
product. ' e L . - - o

5-) A co:nunicntions linlf betueon olnlonts for diroci ':'.“

-g \ L . Y 3 &
4ntornotion transfer” botupoo syftal conponents.- . .
BN [V - - . o .
"~_ Thost functions hlVe boon lntogratod into a pro- TRy " .
. d b : B N
totyp- systou £or thc furx aotonation the prodUttiqn
of bottf& told3 fro- a deslgn sketch through to nunericallv :
. controlled lanufacture of a prototypo bottlcllold This ;
uork is doscriboﬂ in. dotnil in Chnptex s of this, thesis. L .
- Do , | ‘ R ' - e
o '~1'-t _.l > ., 'L g . :‘ . ! . . .: ‘1': .- “ - * ,,l - ) .“::
B ) n> .. . i ) ' . . y . . bE . N :,7
. ‘ P i . o e R . . , o
- . f . - . : ’ - P
- _i St . L . 'f.
m-.. 'l'\w ' - ) : - ‘ ) | “
a ' f N -'!‘ . l' ¢ ." [1-] :-;"-
Tox N Coe
- o o 9. .L}“_". o ] o .- '
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. . \\ CHAPTER 3 : .
~ oo oL . (EDIT SYSTFW e
. L ‘_ — :'\ )
<o fon=ral /.FT

In the ' introduct:on to this thcsxs, the rcquxre-‘

I3

zents of an cnginocrinf dcsxgn conputer terninal were specxfiod )

as follous.w

. -

f: Low cost' Thc total terninal cost ‘must bc uithxn

'tho budgeting linitations of an enginecrnng design off?te. - T

\ ) 9
;2. Ease of operntion. Thc tcrmina}'s operation nust

) hc ﬁufficientlv sxnolo to ho handled by an'analyst»uith s‘

shiring‘f&cility béihg-uséd.
) 3.  Local collvqblon‘df data. The tcrninafﬁgug Kave e

I

the cupahility to nsse:blc data uhilc operatfng in'_ stand-

-

'ilonu nodn. S 'J‘ ..

’4. Dntn oditin&_ : Thc USer nust be nb e to edit dataf_‘

r.'

locally st thc tcrnjnal without the nee = lurgc scale

W " . " . . . - R S
0 ‘ - N ' - R " - ‘
coaputer. : Do ' Lo T

.5, Verification of input dntn..'?he_'e:ﬂinal nust be -

*

. able to onploy a graphics displav t0 \crify hu nsselblnd

m%ﬁaddtn-tllo.

...... . i aaa DL o ,n_.- " - . - T B N . ..

" mb Data storng__und renotc iccess. Thé ?aciiitk'to off-j-
E v S .
lino ‘store data files lnd suhscquontly diroct ndcoss to thesel

filos v!l directives. gcnerut%d bv yﬁb'host conputer s - softwarc -lf

systcn. ) R T
SR R R TE'T T v

LI
: R e T ‘ : ‘ .
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ﬁ) 7. Off-linc review of granhicallviprescnted aspocts-

of a-&esign.'f e S L

- ‘ (3 - ( -,
,

8, Lqénl' ‘ro g neration Of repouted dlsplay functions.

9. ~Analoyue to digitnl convchzon. " This is requircd

. ' ’ *
for ;ho reduction o‘ graphicnl dntn br aon- dqﬂensional draw-
. : <.

\

' ihgs to a forn;t.;ul;nble for proccssinz by thc.ho;t conputer;

\‘I-."

. B
. =

: Thls'chnptor of the. tﬁesls contilns'a detailed

Lo

dcscriptibn of the dcvelopnont of a terainal systen that fulfills

tho above spoclflca:ions.. A block diazxun that indicntps
thc physi¢al associntion of tho co-ponents that co-prise this

svsteu is outlined in Figure 3. l This ter-inal has bean_ 

-

giv&n thc nnn-onlc EDIT for Engineering Deslgn lntelllgent,

annlnll

é%ctlon 3. 1 conprlscs - brlef dcscription of the N

hardunrc nlcnonts cnployod in tho svstenl ndcr a subp

seltion for otc

il

facc chnrtc ;rdstlcs. Also intlnded ls a lscussion -of

possihle nltornate devlces thnt uare consi
22

ln the systen. Oftan flnancial consideratloni

cholcc of harduara enployed. uKhere this hls occurrod . .
\preforrcd choico hl! been lndlcatod j -lninun systa- hls

\ 'bocn da:crihod ‘fl- ¢-i1‘ﬁ

e

1 \

'loporttlnz systoa.: Thls soct on dctails the devclop-ont og

;.'thc opernting critcrlt,tid

' fln thnM_QVOXOPICHt of the\st atogias for interactlon between

he adopted philosophy onployed

“wsystpu conponcnts uhan thc tarnlnnl 1s opcrating on~llne to.

.P .
o -

fdevlca, therq is a desc'iption of the inter-

lctatod-tho-‘.

Scc&ion 3 2 coutai”s a doscfiptlon of tho torninnl

'red for lnclusion g

&;
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the host tinesharcd computer, AN,

o 3 - N
. .Section 3.2 also chronicles the development of a S)
-, : ' X

grnphics/tgrninnl 5uppori softwarc systen that is located in

thoe lnrzé‘s;a;c conputcr,- This software pabknhe is'tbh =

PR

; P L .l . it
ingerface ho:wconﬁl*c us cr'r apzlication prngrl? and the terminal's

-operating svstcn.  o . ‘

&

‘Section’ 3.3 cnhod:es a description of the- stand-

. d—t *

alonc functxons _thag hc': rm{nnl'ts ;apjbloﬂof supportxng..
. D . v “ . L N . . . .'\- C :
3.1 Hard&arc De*cripti)n

This scctxon of the thesis contains a bricf des-
: cript:on of the indxvxdunl hardwnrc clcnants that conprise

thc tcrlxnal doVoxopod 1n thc course of this nork.

K

»

(h)' In- terninnl conputer

' . . ”

R  ; The EDIT svst0l hns bccn devoloﬂ;& sbout’ a nlninal ' .
.:?iniprocossor, a PDPB/L uxth dk of core.' One of the cr;tcria -
inpowod on’ ‘the dcvclopnent of th:s termin#l was thnt thq_
‘ cos: of the ternxnal syslea lust'be kopt uithin 2 pricc ranga
‘that would produce a cost- effective syston suitablc for a
snall to lediui sized &esizn officc. Sinﬂe thu tcrninai'

total cost is greatlv influenced ¥y the cost of the systen-

<

yocessor. dhe of thc tasks of this uork wds to evaluatc the

capabllities of a svsten structured ahout a lininnl processot..'

hFunctioning withln this constraint; it has bedn pqssiblq to -

. : N : . . .
" i - : . w T

v, o . . R . E
. . . - . ..
" . . .. .
. ' . . -
" N v . . . .

,1'.PDPBIL is a registerod trndc nark of thc Digital Equipnont
Corporatlﬁn. Hayna:d Mass.'-- :

T
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devise an operating stratepy that has resulted. in an cfficient

exployvnent of this processing povwer to produce a flexible

engineering design terminal.” Over the course of this work

-

tthere has bcch, and continucs to bc n'considerablc devblopmaﬁt

st iore ‘in the Id\aﬂtL‘Uﬂ» u’ ﬁxrxcnmn“~crs thh thlq order

of ﬂ’occssing pouor Thu devolopnent of the INTEL 8008’

chip ‘and the rclcase by thn ngxtaI'FouLpngnt Corporation of -
'@ POPB conpntlble proccssor based on this tochnology Yéinforces
the logic of dcvaloping terninnl systeas about this clnss of .o

e conputur}. The snlcctxon of a suitable proccssor is the develop-.

L

nent stage during vhich the svsten designer is nost likoly to

succunh to the “"for onlv a fcu dollnrs nore ue could" (11)
- -

svndroue A nulbor of ndvantnges were rcnlxzed by the - enploy-

nont of this particular conpu:er.-V'

]
.

. .
- LB . R B

. . oL , . ‘ ) ) R — .
1. ° A wealth of sdftwnrc had been dovclppéd whiéh was
1frooly available through a well cstnbtxshed indcpendent user’ s r

.group (DtCU%) This is 8 "hiddcn" fcature of a conputer that
'is oftcu oveflooked at tho ‘tine of selection.

2. Good docuncntation is availnblc. The litornturc on

—

this‘éroduct line lvallablc through the nanufacturer and ehe
1'user 3 socioty ¥as :ufficientls conprehensive to sinplify the

\ :
tnsE of interfaco deslgn to thu lqvcl of tﬁe non- specialist.

-

 '1‘ lhTEL is a registcred trada nark of tho INTEL Corporatipn.

-

2 ﬂECUS - nigital Equxpnent User s”Socictv. annard Mass. - -

*.-" ’ "‘.‘
B ! ]
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Se\erol d:sodvantapes of thxs pnrticular conputer

i

Coe

qhould nlso be notod - - S ) B

'fo All daga trlnsfer botween tho processor and pcrt-’

3’

pheral devices is conductod through the conputor's single

~

accuzlater. “In the design app! £CHt o tris 4ill not prove’

to bo-a linitntiun. It nuy ceuse the couputer to becone .
. . , P' . -
:nput/ougrut_hound as the contral infordation distributor in

.--.._

a nulticontrollor couputer-aidcd oanufacturing systel.

2,  The conputor is not equipped xith a hardware inter-
.sl

o

_fupt,prjority.systeq,_ This liuitation, necessitnting a 5offharo

~ﬁr16ri;y sfxteu-iu'e nultiperiphortl environ-entﬂ-results in
a doctOl;o in processing efficiency uhen opor;:ing vith the
rntcrrupt fucility ennbled 7 . f‘ .
‘ St . The thelve hit word of the PDP 8 is not a co-patihle
| sord sizo.! The -nforlty of uinicooputers currently produced
have adopted a si;teen hit uord siza. This did not detrect -
’”'{roa this systo-‘s perfornonce, but nav haVe liuited the

transportahixity of the developed technology. f

i

to hovo boen videly«oarketod | Iwis reouirod the purchdso of

an oxponsivo logic lovel convorter to eaploy current loglc"’

N ¥ The PDP 8/L is the onlv positive logic niniprocessor q””

LY

v

technolpgv io tho syste- ¥3 interf:ces. This disodvantaze}iy_l;fﬂ"

e
.

' not apply to the current PDP 8 nodels on the larkot.- J/z.

_!p -

'Tho uinlconputor is equipped wtth a uodel 33 tele}ype

.as vall as a tm PRS/L p-per ‘eape Teader -nd Pf‘slb paper .

tape punch (Figure 3.2)
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a

{(b) Dlﬂplav FRT - ; S - “ _ - o i'.

. The CRT used as the 7rnphlcs dxspla\ dovzcc is . -  T

;ho Tckfronsx 611 Storage Scopq. (Figure’ 3'311 Jo.Chap;or 2 e
ofg;his thosis.ﬂo'hriof'oongarfﬁon wos‘prosented'of the |
;erou; diéplmv fo*o;t‘ avi‘knklcufof'?Holgooo}ntioﬁ o?‘
graphics ,The siorago displaﬂ has the advantugcs “of boing

nahlo to support Y groator displnv dc sity than an- equivalontlv.o

; » *

‘prxcod rofrosh CRT. This distinctio betwcen the systons

is iaportant in tho displa\ of co-pl x. cuttor puths for tho
oﬁorificntion of - nuaerical control dnta ﬁﬁlos.. Although not
oxploitod fn’ this uork, this scoPe, uith a non- storngo

_"onprntxng -odo. offors tho possibilitv of supporting both
* L)
storod and rofroshed displavs sinultnno}usly. ’

The' principll bbjoction to the storago scopo is tho

-*inahiiits to dvnnnically nodif\ &n nctive displnv lt is

»

. not possiblo to solcct1Vo1y eraSc portion1 -of' the di;play o

*_without orasing the ontiro disvlny. This disadvantage hls

o

boon -inilizod by thn dovodopnont of a sog-onted dispgay
o‘strltezy for tho torn!ntl opera:ing syston. This is described
"‘ln dotuil in Soqtion 3 2 bclou..', |

!n=tho scopo controller. thc x and Y BIA convertors ;{ N

ey

whnvo i&:bit rovorsiblo countors oporating a transistor switchod

r [

laddor pof&ork ‘ Th{s nrovidos an addrossahlo dlsplly of

o

- 8192 x - 8192 prosrauunble locution 'y “The snallest dofloction

ot

. thus possiblo uithin tho display aroa corresponds to a - ii
"0 0005 Ln( olzs.a-) -ovo-ont. Thick linos are producod by

-:gonortting a: !ow-lowol oycllc signal and applying ib to tho

. _/'_'_‘_
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1ndlng signal of the deflection amplifiers. The tldco.pon}rdi

also nnpl:fics the CRT Ldnq curront-yhen a thick line is

!

-:buxng jfawn.. Sinco thore is a lag in tiio ‘deflection svstcn _:3\\'

it was neccisarv to nppl\ qn 13 nillitecond dolav to tﬁe

-

AT & '%t 113nal 3 n:oid ‘fade h: 'Hc end af a lonz Ilnu.

- Also incarporntcd into tho scopo controllcr is a
hnrduare intorpolator which nllous the’ ‘user to specify
: straight lincs. coaplcte circlcs, or circular arcs. A hnrduaro

charactor goncrntor nllows ,two €harnctcr sitos ip one»orlonta—
. . .

tion to bo prpduced Lo .

Q,_' -

-
.

Sincc tho tcrninai s oporating systcn has been l L
‘ctnstructod to dlstinguish the functions of graphical and ‘

. conVorsnticnaI connunicntion. the .total nunber of characters
lgunerated within the- graphics portion of a session 15 not,
T.generallv largn enough to affect the proccssor s afficiency
‘when these chaructcrs arc genorated through softuare. _Thé

coanunication strntogy tdoptnd has the capacity to distinguish .

.
R
e

-1 33 nany disprote charatter sizes ns thero are nuibor of ;1_‘-._”2.
':.charactors av-ilablc in the host systen's charntter set;' This i
'is usuallv a alninun of 64 sizcs. Thus, 2. redes!gn of.this 'ﬁf 4
'ftcility would delote tbe expensive and infloxiblo hnrduaro 3=

.ch:racter generator.. Tha_signal to tha CRT benn-current generator

f;‘£Q noduluted to- produte hnrduarc gonerated segnented lines.,‘

Th!s scopo controllor has baon nanufactured by’ Ferranti o
A

-}'Packard Ltd | A cblplote doscription of the controller ls iln.;’ﬁ
) . : '."N-—r - . -_'. ‘ Co

t'ﬁcoutainod in Reftroncc (69) ‘ |
o ln add!tion to the :bovn scope Controller. the terninxl

has . twolxis scope control which is part of the DEt stnndard

L

C)_-

1 ﬁ t l E k -ent Cor orution._ : ~1,.,5 ) 75~1J“ﬂ"‘--ifﬁlf
e Y Digital Equip P T T
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Aan-thor:torv periphora!" This controllar hls a third <

tontrol chlnnol that hns throo disorote output Voltagos tha-‘
/;lfe undor_prograﬁ contxol. ,Thi;_thiro chlnnol can be usgd |

to blanklfhorcnf bean of.cohtrol tho rlioiog Or louofiﬂi‘of'j

tho pen on an. X- 2 rocordor.' Tho Axos poripheral iqroquippoo,ﬂ

vlth eight multiplexed lnllogueldigitnl convortors and is"
:dosigned to be usod for roll tile data acquisition and control

of llboratory oxporllonts., This poriphor&l. as uith lny s

other periphorll cln bo—onpﬁoy“ﬁ“fnhasxociltion with tho EDIT
systol. nouovor. thoro has been no provislon -ldo for tho on- ZS\QK\QS

1ine (to_the host conputer) datn acquisition capnbilitios of

._this porlphoral.. The lov connunicution rltos nvnilnblo,

coupled 1tb tho snnll si:o tho coro buffer :ron availahlo,'

~ .when tho oporating sylto- is loa _d. -ado the on-lino Oporat-

!ng lodo for this poriphoral infeasible. =~
Assoclotod uith tho display is a" Lnko Eloctfgnic

'- ﬂodol 271 li;ht-pon. "This is s light:pen thgi h;s/ﬁoon specifi-, _3
i .

o

| cllly dosi.uod to function uith tho s;ou phoI:hor charnctoristics R

“of ‘the Toktronix 611 storago soopo. ”Tho write-through mode- of

te

- thls scopo has boon ouploycd to produco~m non-storing cursor
;wlth discroto 1utousl£ication pul:os of 25° licrosoconds. _Tﬁor,'
'output puiso. gonotatod by the photo-transistor dotoction of

’”tho scopo lilht bcll, is usod to nct!va:o tho iﬂ::}rupt line

ot tho Axoa porjphoral.l Tho light-pon has boon intorfcccﬂ to

PRI

the PDPI by :1-1n;ono of tho AxOI AID input chanools to tho ”};.:‘i;?
‘light-poa output 1lno. Tho throshold lovel for tri!loring . L

tho input chanuol was controllod by a Zonor diodo. T“

— e !] .. v “




~ .. 60

-Fvcn_thou #h the lxpﬁt pen's voltage anplifior for

thc Lo.cctcd xntonsxfxcntiontn1s 1ttunuatcd 40 dB at 60 Hz.

-

the noise on gho output signal uas snfficicnt to produce an

:ntorrupl whon the p0n was act~‘ated in thc proxcnco~of

_tlunr««cont Iiohting \?hxiéili:°n ‘the c1pncztch su:tch

,~

uscd to activato the pen, rcnc:ed to thc ‘anount of por;p:rntion
on the usar's hand. - Tho-ahov‘ txo dxfficuhtios n;roinot
'sntisfactorily.resolvcd nnd further dcvolopncnt work is
roqu!rcd to inploncnt ﬁhis devico. Tho details of tho hnrduareh
:ntu{,gic for tho light pon are included i# Apnendix H

Alternato npproachos to tho cursor control function are’ tho uso'

.o£ )oysticks functlon ‘buttons, and thblets.

o
(c). higitizor ’ f A : L .' . _q E
‘ ' The digiti:or. intcr‘a§od to the PDPB and utilized :

-

'us tho input station for encoding nondlgltal data, is a -

Ruucon Logic Uodcl ‘21, This digitlzor is equippoa with a
. AL

B control-panol ovboard,_nnd tuo drnuing stntions. Tho drnwing
3

" stations aro a hack-llghtod table with a uorking area f = _:f; 

7'12 x -30 inches (Figuresjj and n stnndard tilt tahle uith

- N L]

ﬂ a uorking oroo of 60 x 36 inchcs. Thc snallost dixétizable : c';

_incrcnent is 0 010 inchos with l rcsolution of 0.010 . inches
iha on ovorall uccurncy of to. 010 inches in 10 0. inchos. f‘ ;,om

L]

Thc currcnt cursor position is continuously displayod‘on a

‘_rusotnblo digital roadout. Tho digitizor nlso is oquipped
-uith an indopondont aagnotic zapo drfve for record purposes or e
wf!-lino dltl procosslng. Thls nngnotic tnpo unit*Xs - urito_'nf'

'only driva and is avoilnblo on!v to-the d;gitizor.'

. . i ‘ L '. . -
A i . - ) R ., -
- [
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& . . o ~l. . ,,. ' . -

-

-Reduction of the analpgue dath to a dibitil'form'is

LA .
Y R LI o . ‘

A

linked, v:a sire to a cursnr.- The shnfg encodcr outputs are

S

conpnected to an up/down countcr. Tthc counters are cleared

o .
("o reset the dnt1 orlgzn) h1~b “a button on thc coutrol pancl

- LI ’

‘The output of thc countcrs is used to drive a dxsplav for -

R )

cach coordzhntc ati% nnd are nlso fed to a mcmory buffer,

+

'f“Thxs buffer is used to allow the cursox to be noved while data

- e .

i being proccssed 'A.thumb uhcel swltch‘;s used to” sclect~

* e

A“'bnrwoen-dnta‘trnnsniSSibn rates'bf lﬂ'charactergfsecond‘and

“i; &nd.sct tho-intorface flag._ The IOPd pulse gencratod by the

vfron trnnsait:ing charatter

‘uscd to\rcceive g hit parnl?cl BCD coded chnracters trans-or-~

“o° -t- o

3 '
2]

300 chnrasters/sucond In additxon dﬁta é%n be logged via a

footswitch or automatically uhen a ;elcc&nble dxsplacement

(8
1

=‘xncrcaent hn% bacn excocdod in tho horxzontal nxxs. ' 3.j ok

v " fb

_aitted in scrlnl blocks of up to 10 Fharacters._ The digiti&er
- o

clock is used to clock tmo chnracters out of the dxgitizcr

~

fconputer xs ‘used to strobo the character into the accunuulator,_

. '\S""“" -

'”'Thﬂ intﬂff°¢¢ flag in khc zerb stnta inhibits the digxtxzer hﬂf“

;‘The intorface 15 dcsxgned to

-allow servicing thc data lin 5. under tho interrupt facilltv

;-j;Thu co&pleue dosign of this intcrface was donﬁ by the author ?

SRR ' o
s;to trnnslntc graphlcul lnlloguu inforuntion into dtgital

‘éf:infnr-ntjqn. First. thero nust bo a djsplay nvailablo for | he ;

- . , ) .
. - L . . AR - B - " . - . .
R o N T

| ,ﬂnd is inciudcd in Appendtx‘ﬂ. with a detuiled qporating

-_&:\- . e,
" . . . . . . "‘ . . . b K Lo . 1 P v
R . . . .. L . - oL

P

description. @” :y . .

Thoro uro tuo csscntinl rcquireuonts.for a‘devico

[ ]
~ ~

i

Tho intnrface hatwcen thc PDPS nnd ‘the digitizer irg

:ﬁé 1cvcd h:th an optlcal“ﬁncrcncntal shnft cncoder nechanxcallv



et
digitxzing process. Observetion of the use of the existing
digitizer indicates that a high proportion of input data
crrors occur frou duplicate digitizing of infornation.. Host g
prograns to interpret this data are not flexiblc enough to

hnndle this. type of error. ' ‘
| Secondly, chere aust be a local coordinate display;s

for visuel interaction in the digiti:ing process. This is -

required uhen date logging occurs at a specified interval

in one of the lxts ‘on the drowing. This is the nost connon

-ode of digitizinz non-en:lytic curves for regression analysis- X

#
or integrltion. In the desixa case . for instance. a curve nay

terninute at 2 known horizontal ceordinate but unspecified‘3
vertical coordinote, the 1oco1 reodout allous the user to

exercise judgeaent in the lcquisition of the digital infornation

for,this point.. Those sinple designer decisions sre en integrai

pnrt of eny design systel. The coding to circu-vent this for- - o

of logic can be co-putetienslly COIpltx.h

~,

-.:xp~i tion to. the digitizer described sbeJé there $

is a gr:phics t‘ let. This is e device fer trensleting a RS

.,

' hend sketch into digitel deto., This lppelrs tOohave s great

‘l

deel ‘of potentisl as en eid during the probleu for-ulation -

stlge of thd—design process. The lilitetions of the tablet.are* ;:-:*5

the trelendous alounts of dete thtt can be genereted for s _

k

relotively si-pie sketch The softuare reduction of this dstn ' '1

s vell ls dnte sloothing ossunp:ious%oppesrs co-plex. :Tof;c

dete there hes oaly‘been sole prelininlry testing of this device.; E

v, 7

end it is not integrsted into the systel._,ff_c' ; '['d j‘rffy-
J Coege Ar et L'. Lo T o]

Ll e T ' y '
R TR
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Ihc principal disndvantage of the{;Télenedintion h
of these graphicalldnta input translators, when utili:ed in -

sconjunctlon ulth a non intelligent terninal Systwu is the

rcquiranent thnt the aork be. cxocutad on- line. “The 1ntelligent ..

‘svstcn can he usod 10 storc,‘edit and display dlgltize&‘data
while operat g as a stand alone systan. This data, uhen
in an acceptablc fo:nat, can thun be transnltted to .the host

‘conputor for processdng in the -ost efficlent -ode.f: .

o

'(d) Hnrd Cogy of the Grnphics
{ g '
A o For tho genoration of a hard c0py of the display
: %

'there are three tochniques that cnnlbe enployed

1) sl-ultaneous display copying on an electrosuticj

-prlq;er;; ] _' . e

‘»_'. o "

. -

';2)_: photographtngﬂthe dlsplay scOpc. ‘f'l'“

.

PR

.

3 - transllssion of the dllplay-data to ‘a conven;ional S

drul or ﬁllt bed plottor..'

The ED!T‘Svste: hai'ihe'lnfib;tfuo'cipiﬁllities.v Thé'obvld;sA‘;g
problen wrth Bnrd copy devlces is tho relattvely slow datu o
-acceptanco rltes possiblo ulth lloctro-nech:ntcal devices.
Theso plotters requln& dstnwrates in tba order of one hundred

: of 3 ot of a. full scalo lov.nent. (Those flgures are blsed

| -on tosts conduetod on an EAI Ssnnnutaplottor and-onwm '.._
Howlett P;cklrd 703513 I-Y r.corder). Thus to e-plty-n ;f.;

non-oloctrdstatic dovlct for xho production of a=hard copy

' CRT dlsplsy, lt ls nne.ssurr to ctock the dnt: rate doun '




.

can to prdﬂucod on very inaxpensivc x.Y recordcrs by using

thc CRT digitnl to nna]oguc cqnvertcrs yith the local proccssor

65

apd to pcrform datd interpolnt:on for movements greater than

o -t

'3.0% of full- scalc CRT Jeflcctlons. Th:s restglétzon obvlously

eliﬁinnies thc non-:ntolllgcnt dxqpla\ tcrmlnal clcctfo-'

ncchnn;cnl plottcr comb%nat1ons. sincc it would by ncccssary

to dxgt:ngdash_the nitute {code nnd data rate) of _the p!ortcr‘.

'data transmittbd to'cach dcvice. “The 1ntcltxgcnt controller

cnq taLo tho CRT dx%play data and dxspl1y it at the fulll
!

dxsplav rate allbwed by the deflcctfbn ampleicrq for the—' .
"“CRT, uhile it buffcrs or stores the 1ntcrpolatod display

infornatxbn for thc plottcr. This has the advantage of

—

reducing the data displuy filc dnta transmxssxon to a sxnkle

pcss. Tho clectrostatxc prxnter is no; 11m1tpd by thd‘slow

o

data acceptance rate rcstrtctxon' however, go dntc these“

' duv:ccs nru not ca able £ roducing the qualxty copy ncceSsary
P ,y P

Fd

for engincer;ng nnalvsis.;

Photograph:ng of the CRT dxsplay is excallent for
¢ —'-. .0

rccord purpose; but 5uffers thc following disndvantagcs',

1

The cost ’or instant processing of the filn 1nage (i. e.. the

b

3M. 2000 series processor cnnera) is cxtrcnely high._ The
dclav involvcd in . norc conventionnl procnss:ng systoms is‘“
l:koly unacceptabxe for. nost enginecrzng applicn ions. Thcf

utilization of nogacivc fx!m imagos for nnalyszs rcquircs

_® displny dcv1co which rostr1cts the enginecr s natural

“‘,?a; o
prcdxloction to do displny nodification uith 3 POHCil U,Ta‘_:_n

This vork»hns shown that acceptab!e qunlity drawings

i

K]

b
!




‘nt}a'conpntihle‘rate;- Dfawinrs prdeCcd in this manner are v

intc;poldiing ihcﬂCRT‘displny data fjlclﬁﬁd.ciocking it"qﬁt

lxmxtcd in ﬁ1'e ﬂs hell ‘as mcthods of character gcncration.

.»,"\‘:.

The flat bedhplotter (Fxgurc 3. 5) used éh the systam %

]

- Tt e

':;.S, an . AT 3'%00 D‘ltanlotfrsr, '{"1.‘: n‘ot:er, although it is”

Y

. Tather old:nndasomcwhat ohsolctc 1ncorporatcs se#cfnl

.‘ [

‘. .
featurcs that flcilxtntc its utill.atzon xn a tlmcsharxng
env:rdﬁment. bne of the;o featurcs 13 a tvpéuritcr.head with

forty cight charactors nnd synbols.“ This rcsults in tho
plotter producxng ‘a charncter on, & onc to one’ basis uith each

o

charnctcr transmitted There is. nd*noed-for software generation

of scrxpt churactors. This produces cither a saving to the

g - . i

‘user rcsulting fron a Jeduction 1n the numher of chqracters-

. T

transnxttod botween thc host couputcr and the ;erm1na1 or fron

]
o

an xncruasc in locnl processor-effic:ency. A sccond fcature

b

:s thc use of servo nators to drxve the pon in cach nxis. B

J

- Thc didital input is docodad 1nto analoguc signals which are

- notors, This al}pws the syston to aQﬁglutelv addrcsi\\yy

a

'npplicd across tvo orthogonal sllde ulres - The variance fron

a null cond;gion on éﬂEE; slxde wires is uscd as the input"

signnl 10 the sorvo nnpl:fiers and subsequcntlv to the servo

point in. tho plot nrca.i ?or rerocation novas with the pbn up,A 

o - =y

- this rosults in savings again for the sane reasons as given .

-

. U PP
e ”

,.-

t : ,‘.,...‘ - o '. \
*nbOVpu ‘,,._a_. - AN B oot ' :

P : . T A

""‘§9po_additjqnn1'fcnturcshdf‘tﬁis plotter are as - ' . ~_7.

'j) It is cqulppod uith an eight pen turret allcwing

follows.-

- . ___,___..,.,.r_‘/-‘-—-——--———
. . S _.ﬁu___. e - oo

—

PR L. ) - K N e
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e ; o Coe s

.

. - . . N .“.... . N
softwarce sglection of various line widths and/or colaurs. v o

2) -.Thc-plottcr’ﬁ accuracy is 1'0.05% bf‘full SC&&E'tJ
.. ‘ R : ' ~, ‘
Se1 bive of full scale count,.

(o ’ . o -
3y 3) The plottinp spccd is a functxon of the 1npu§ data - |

- L

- ru:é‘nnd tLu dtst*nc; betwenn plottc.u p1't~ A t»p- al nlott-‘

1ng rnta is:in thc orgpr of one. hundrcd and twcﬁty 1nchesgz”
' . - /
per ninutc - o : co e

Thnrc are several dcsxgn fenturcs relatcd to thzs_.'

1

tvpo of plottxng fornat %?at produca an ndvcrse cffcéa on 1ts o

pcrfornancc in a- ternxnaff;nvxronnont. Onc of these is tho

- ‘_ -
. ‘t ° . i \.

ftmc 1ntcrvnl betucnn plotted poxnts. Thas 1rregular input

- U

rntc requires buffcring tho dnta and subscquent sorvzcinz
of .the pIOttor input roquircncnts vxa the interrupt facility,

Anothcr festurc is . tho. opcn loop.control for thc servo motors..

L]

Thorc is no fccdbnck for'corrcction of errors rcsuiting from x a';
anpl;ficr drft This requxrcs ‘an cxtensiva unru up tzqd to |
stnb:li e thjyﬁ-auplifiers.' The dcsign of the servo &r:ve_i'.;':“'/
anplif:ors includos two final stagc readﬁrclavs that pﬁll |
circuit thc input to tho scrvo anplif:ers. Thxs-uas in luded { ﬁ:;}

‘o nilow thc trunsiCnt signals idHucnd ‘when, the plotter

~

in rnpid succoSsion can#result in - buffer ovcrflow and

1._

: suhscqucntly lost plotter dntn whxle opornting on lxne.. Tﬁes&

- -
1 . X : ..
. . ca s ‘-, . - . - . ‘ o - . . B . -,
B - - . ! . o - ! - . L . - . [ -
-~ . . AN e . - . b . ' 1
. R - . o L A . . , -, oo eyt . .
. R o S . R : - . . T, Ce v

lasL two featuros nddod to the conplcxity (nnd thc éxpense)

for the developncnt of a suitablc 1nterfnce Pbr thc plottery




oo U" Th% th;rd hard- COpY device in the svstcn is ¥ nxcro-

.

-

L | S e 69
. A complotc dc%crtptlggiz;“;hls xnterf cc, whxch was‘
dcsxrnod by- the outhor. is 1ncludcd in. Appcn ix F, -

. ~

-

oo A sccond hﬁrd 7opv dcv1ce ‘(Figure ‘3. 6)‘15 a‘Calcomp

¢ 565 tuelvc 1nch drun plottcr., Thc implcmentnt:on of th:s

plottor is Stxll in progrcss nt tho tine of wr:txng,‘thus no -
l - - '
n$5BSSNcnt bf 1ts actunl pcrforannce.ls nvaxlable Th;sl

~.plottor is a. type that has a fxxed plox 1ncrencnt whfch S

-

d:ctutcs the inclusiogﬂof the interpoiation software to. be

o ¢

'resxdcnt in tho local processor in tho nbsence of nodxun to

'h:gh data connunicntion ratos. rharacters plotted on this’

v

. it

plottcr u:ll be gencratcd u;rh software.‘ Conplete dctails of

.athe intorfnco. designod nnd developed 1Q thxs uo:k botueen

the Cnlcoep plotter nnd tho PDPB aré. givon in Appendlx G.

A

o

filn plotter.' Thxs plottor cnploys a high resolutxon non-' .
storago CRT nountcd in n SP 2000 series processor chmorat~
<@ { L - .

This produces 35 nillinoter negative images of the CRT dxsplay.e

--\«-——- (RN

nountodrwn*8 standurd conputor cnrd (an nperturo card).r R

‘This plottcr is slnved\ to the sano scope controller as the

(%

Tektronir 6ll storage tube display dcscribed'hbove._ Thxo - e

‘:'plotter was annufacturod hy Ferranti Packard Ltd,fjfho

'_ohvlous advantnge of this tvpc of svsten ir'the oycrating

*.spoed which is only lilitod by tho displny rnte of the CRT.,f'f -

\

Ly disndvantazn of this lediun is: the need for an additlonal

-

disﬁqu'device to vleu the plot._ In. order ‘o co-pare this Sl

- plotter s por‘ornnnce vdth ‘a conventional plot the accurncy

' is referenced‘to a- 15 tines nagnificntion of the 35 nillineter R

. \
_filh nogntivo. Thloncorxospond;_to a drnyina size of 23 dx16 S

- ] ' ,A_ ' T ' -"'. : -l-.. . . ‘.T . : “ [P ;-._'-_



1+2033b14. BRIQ TVIUGMEIIUL §9§




" .interface was constructed by Ferranti Packard Ltd.

33thruo oxtcrnnl dovxces Thoso arc: (1) the host tzncsharxng

o ’
bk .

‘inches. At this size, over a 12 jinch square in the center

. = M . .
. - ! . *
'h° prxnt the agcuracy is - 0 '5% of hc dxstancc from
\r

' thc csntcr of thu prxnt along each axis: Ovcr the whofe,

1

draw:ng,arcu the accuracy 1&(- 6. 85 of dxstnncc -from’ .the center of

L

the pfintnlunm cach axis Tho ﬂidrcasable reqolutxon

- - 0. 002 1nchcs and the. lxna hxdths nrc 0.012 1nchcs and

RS
f. ~ ., .

0.0.4 1nchus. gComplqtc opqratxng doxndls of the xntcrfaqe,for

'tho3m1croplogt9r'td*rﬁé PDPB’hre_givcn }h'AppcndiXAp‘. This =

C e

- - n P
O -t . "
- - .
_\V ~ . . e

. .

te) - Fouuunxcatlons.' R o T Tt

.

The operat1ng systen for Ehc EDIT term;nal has been“

' dc%xgncd to nllow comuunxcatlon heturcn the term:nal nnd

r

s»%tcnb (’) anothcr tcrIJnal (Conputek 400) and {3) a anx-

-conputcr used to controk a mill:ng nachxmc. Thcfﬁardware'F\;f

to ncconplish this is an extonsively nodxfiod DEC PTOBBFX

.

'nsvnchronous interfacc. Thxs 1ntcrfnce gas nodxfxed to allow~

g

.connunXCation %ates of 110 300 600 nnd 4800 baud and to;-

_acconaodatc charactor blocks of 9. S 10 and ll 5~ hits.‘ The

3

nonstandnrd 9.5 hit chnracter fornnt was rcquired to. achiove

'conpntibility uith ‘the COBtrol Dnta Corporat1on comnunicat;ons-

hnndlcr. At tho prosont tino thc terninal to- host conputcr

'V'connunication is conducted vin :he telcphone lincs at . N RN

co unicntion rntos of 110 and aOO baud Thcso low speeds

P

are thc only two rntes supporncd by thq Control Dntn Corporation‘-'

.:6400 IHTERCOM 4.1 tilosharing svsten at Mcﬂnstor Univcrsitv.» ,.;-?i

- . . . vt
. . oL "
<«

LT P PP n ‘




e B
. N |

1
L

» . .‘ . - . - . .
- The noden scluctcd was an deund Ncwhall,ﬂodcl 112 frcqucncy

shi f: ku\cd acoustlc cou“)n¢ for both full and half duplex

prﬂnsnxSSJOn; EIA RS1232 compatible.  ‘The othb¥ twp dovicds
' o T Y
are hardwired to-thc EDIT terminnl Opcratxnp ovexr a rangc

o & ~p/pd5 dcpcndxng.on the 1pp!1c1t10n qlncc thc PTOBBFY

. .
1 . LI

a s:nglc port 1ntorface tho nlternntc dct1CLs arc switched

v:?fxnto the port as rcnuired Conplctc detnxls of thc mod1f1cat10na

rcqu:red for the PTOBBFX 1ntcrface arc given 1n Append:x I. .

The nodxflcntlons uoro des:gncd by thc author

R

The . lou cOmmunxcatlon ratcs of 110 nnd 300 baud

- Lo

. ' y LR N\ $
nva:lnhle On-the 1w-hou<c txmcsharing ststen had‘&he bcnefic1al

\

_cffect of forcing a considcrahlc effort tonchcIOp an cffxc1wnt_

P

connun1cnt1ons stratcgy that nlnlBIch the 1nformat10n flow'

bctween'processors. Thxs 15 consistent wzth the dcsagn cr1terxa
v

of low cost and renoto 0peratxonnl cnpabil1tv ‘ Howchr, a more .

desxrathP systcn vould 1ikoly rcsult from commun1cat1on

l A

.. rntes in the ofﬂcr of 1200 baud ..Thxs ratc‘ls still beIOw,

¢

'.thc point whcro v bcco-cs ncces<nry to eanO) expen;xve P

. ad

-nodcns nnd lenScd lincs..“'

- . T, .l L

1 .

o

(£)" Hnss Storq&g Dav:ce‘

N
-
1

Thcre are four different devicos conmerc;aily nvailnble

Por tho in-torninnl retontion of datn filos Thcse-are:
»ff(ll additioual corc BemoTYy. ngvon& the: systen s proccssing
rdﬁuirenents. (2) discs“(including fixed hoad cartr;dge-

'T nnd "floppv" discs), (3) nngnetic nnd paper tnpe;;(a) cassett; o

LE

. Thcru‘are advnntagcs to oach systcm as wcll as e .

a‘ " . BT
. S . . AL




-dianVantwgos._'?hc core memory has thc-fuétost retrieval

t;me bhut has thc highcst cost per unit of storagc capac1ty.

\.

stcs are tho ncxt Ja%tcst systcm but havc thc hlghcst capl—*

;'tnl cost of the S)stums descrlbed Thn use of 1ndustry

cwnpnt;b]c.magnct1c tape h%s thoe advaﬁtnrr of (Iimitcd)

—

tfansporthbility'betwceh computcr systems but nléo"hds.the T
. " o TR
: dxsndvantages of heing expcﬁsxvc, slou and Strlctly ] l:near '“;c“?\

;nod:un.- Papcr tape is inexpcnsxve but thh a. Vcry lou recnrd-.'

:‘1ng donsity, a small amount of stored data ‘can produce a

i, T

o grcnt dcal of papor tapo. This is also a lxnonr storage

'nediub.’ Casscttc tapo unlis are: inexponszvc, tho storngo

B |
effxcxcn:v 15 hlgh but thev ‘are machlne dopondcnt. “These ate

bqth lxnoar and randou accc*s dcpendlng upon the rccordxng'

o
- 1

-

‘foruat of tho nnnufacturer
'In nddition to core stornge in the PDPB the
BaSS storage dcvico solocted for this ternxnal is. n SYKESv

'CQMPUICDRDER 100 nagnotic tapc cnsqette transport. ThiS'

particu!ar systen enploys a record:ng strathg\ tha: nakes it

- s

.E

suitable £or usn in a. tiueshnring envzrouncnt : A cassette

;apc consists of LR 0 150 inch wide" nagnctic tnpo on’ Wthh\E?L

- [

pnrallel trucks of infornntion are,gocordcd Thc nnjor;ty

' of nanufacturprs record the data on both trncks uxth parallel

- . - .a- "‘__
_rqdundancv Dne uanufacturer offscts tho second track.‘“ S

<

‘The justificntion for rodundnntv xs inproved nelxabxlxtv.ug
Tho SYKES’syste- racords dntn on one track only. Tho othei

-trnck oontlins prefncorded tnpe addrcssos in the form of

'soquontial“binury'nunbors. Using tho suPplled softuaro. thc

~ .- )

. . . .
- . . X
. . . '




L

1ddrcss tracL may ‘be used to dxrectlv access thcsc recorded

. b P

ﬂdhrosﬁeﬁ nnd thereby, the rclatxvc pasxtaons on the A

.. ‘ L

adjaccnt data track.: - e S o

o - .

The datp.trhckfis”;exordéd at 1000 bits per inch ... 7~

“usiny phase nodulation.  There are two difty rccess nodes for"JE

.y ° .- L . A . .
ot . . ) P ) . .

'da:a retrié&nl."Tho first is-a shaftrentédar Hhich'genérntdsz” .
| ‘ " PR T o

/\\gulscs ‘that correSpond to the recorded nddress locatxons on

xx;igtf;fgpe; thh thc head retracted tho tapc 1s coarseLy L .
i positioned at 100 1nchos per second by monxtor;ng the number ST

of pulscs guncrated by the shaft cncoder. In the second R

.
LI o ’

access m&de'thc hond is then louered and the address track is '  >\

Ry

read and verxfxeérx‘Thus it is p0551b1e to employ thi§ unit

[N

¢

Ve

in a d1sc lxke fashhon. oData 1$ read at S 1nchcs per sec0nd o

e
. * ] -

'7producxng a data transfer rnte of 5000 bxts per sacond '- LT

oM -
[}

The intcrfnco for th:s unxt was suppllod by tho s
. nnnufacturer ' ' :';‘[.';'-_ c B ¢ : .
- . . .

Thc cassette Ys an’ 1ncxpen31ve compact nedxun by

t

'y " 2 o

' ;ruhich cach tern1nnl Jsor ¢an recor d rctric(e'data;filas-~
relovant to his particdi¥r applxcation.} jh rééeﬁt months there

.
-

'hnvo bcen a nunber of “floppy" disc svstons relouqed _ Th;sé
systens havo noSt of tha advnﬂtagos of,thc Cnssctte systeg and, -
in nddztion, hava true randon nddressabxlity w;th sl1ght Yy

faster data accecss tines., Thercost of thewe.unxts arg_in'thpi_

+
- . ~

sane rangc as thc cnssetto transport.

. B - L
~ . . . . L.
- . . - ALV . .
. . s . T i
. . 3 : I
Vot B » . . . R :
"o . . -

(h)‘ Additionnl Harduare-.'ff e e

The toruina!. in addition to the:déygfes Jésér}bbd .

re ! . P . . . Ll

o v

' . f .- s . . .
I R Lo
LT TS 4f A Lo ) i )
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-

o

above, -is cquipped with eight éhanpcls STvmultiﬁlexgd analogue -

to digiral convc;tcfs;,#hrcc chaﬁﬁols df'diéitaifto andiOgue
e ‘ _ , : . :
cnnycftcrs plus a sync pﬁfsé-outpnb line. This-syﬁc'pulse.

Ce . .
‘has. boun emplovod to drnvc a Bolex lﬁ’mxlllmcter m0\1é e
‘ ¢:1-£rm fpf‘hhe productlon of cgwputer ﬁuncrutcd agxn;téd

. - s ¢ . 1
Coa

novies (Fzguro 3 7].. o e S .
oo T This soction has‘denlt-kithfthé hnrdwaié clremonts - R
) 0 N * v ’ 3, Tt -

" that h1ve bccn 1ntegrated into a- computer termxna} fo?’the’ﬁf. bt

haat - . -
,, .t ow T » . e
4 / —

purpose offcomputcr-axded cnginoerzng do&xgn.j The choxce - Tﬁxi

of those elcments has been. ﬁubjectlvclv comparcd'thh posgagle

»
& . . 0 e - o L ) -

nitcrnntc compon$nts that could be°emplovod to achieve' .
€ 2 / ) .
1nilnr cd%ahllxtxos. Thc subscquent sqctzon w111 descrlbd T

'y . -

tho. softunre requlred for the, termanal dcs:gn as ue]l as

-

conpnre tho capnbxlxtxcs of th1s SYStom’thh Othor systeﬁ e
Cdefipass o et . R -
. gns. T ‘ IR ‘ . e
* f .-'~. ’ - A T - .
3. 2 So?tuare Systcns LT LT N .\‘._‘ (
1 . — ) o » g . \. ]
w7 . .Q.. R : _ L

o - Lo . : . [ . . - L A

2
- (a)- Tcrnxnal ﬁyste- for On Line Opcratxon

vZQfﬂ BRE ' E ‘.. o . ‘ .. :4-' ‘
Tho Lonplote design of an xnfelLigent erninali o
incfudes thc dcsign nnd dcvolopnent 'f tuo interrclated .

P I

“‘\\\:oftaarc systeus., Onc of those t, tcus con titutes an opcrat-

ng syatou for the tcrnanal .5 nxnicomputer‘ -Tho othcr-systen .

a9

, is thn tcrninal support software nnd is rosidcnt in ‘the’ hostamﬁﬁh;vﬁ

2

K4 o . . . :
(largo ?ca!c) conputcr.&i_ Lo .;' ‘
.. ,\" The torninal's softuarc systen consists of two

»
.

' qoparnte sub#scctions. the on linn oporatxng svsten nnd thc,

y . - o : ) I
A ce ‘ - , o .. : o
: ; . . : oL . . :
. . -
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- ‘.‘ . . Y
:nnd-nlnnp opefating,Svstcm; Thc on: 11nc Opcrdtlng svstcn
- ” .
-;“1gos thc dnta flow and controls the ﬂnr1phera1 functlonS'
~ =hile the tcrm1n1l is uork:ng 1n.conjun¢:1on with the large
: . - S ' .
sdﬁlc computcr., thglnrlv the §t1a4-1lohc'skstém-is uscd
- h ] , .
'734.:~wt*ol the |ntcrncrton o‘ “he peripn crﬁl dQV1LJs, but

'hhllc the terminal 15 funct‘°"1n8 lndcpenduntlv of another .,
-onputor. o ' | J- . : . P TR

Thc nature of the informntlon commun:cated hctween

conputers when on- lxne naturallv dxvides 1nto ‘two ma;ur d1v1sxons.'

\\. . .~ .
Fxrqt, convcrsntionnl 1nformation bouna for the user to P -~
_ : e BN
eticit ‘some . forn of user rcsponse and nonc0nversatxonal 1nforma- ‘

.

v

tion bound for a periphernl dcvtce (exnnple: & ph;cal data A
:for the:CRT di5plav5 : Thf/ig;elligent torm1nal is thus ablo -
to dccodé’charactér str1ng;, interpret and direct that 1nforma-"

r

.tion “to the approprinte dcv:ce. Convcrsational text for, thc

user is transnft{gd to - tho teletvpe wHile (for example) graph1cs -

,15 dlsplayed on the CRT - On the othor hand a non- intclligent

-
\ A

grnphlcs toruinnl nixes both forns of communicatxon on.the

e
~

sane devicc._ For a storApe tube typq dtsplav termxna! thxs o
'requlros th;t thc ‘entire graphics display be ernsed in order ;;'.
tto craso and overwrite tha conversdtipﬂ&l P°rti°ﬂa TOQU1ri“8 -fﬁ \ 

o cxpcnsive softunre regenerntdoﬂ of the araphics UP\tO the . "%1_'

poxnt oﬁ\}nterruption._ In the EDIT package, systen diagnosti

\\ generated. indepondantly of . tﬁg usor's prog(au can’ thu§ ‘he.

‘.

rocognized (ns not beins of tho correct ﬁorn),and transuittod

P

tb tho ﬁé;r fdr responso., Tho non inteliigent system, on. the~ B
othcr hand whila 0pernting in n graphics modo, normallv - R




H

n'crprets thesc chnraclcr ctr:owq as val:d yrqnhucs and

. I“"C P'S taq dvﬂbla\ 1h¢3 as such, Tno 1ntcnt of thc mossagﬁ

s ,unllv lost 1n the rcsult1og granhxcal,dlsplay In thc

v -

bon:ersntnonal mode, the local processor hppears tra“SPﬂTent'
‘e e Z

7% the user at the ietvpc 0 that\:x appeats to the user

4

that he is coﬁnunicatxng d:roctlv withﬂtho central .computer, )

The non- conversntxonal xnformatxon exchanged between

. e -

conputers 1\ distr:huted te the nppropr1atc devicé-via a S

.ﬂ»

ﬁatn sthch The ASCII _ FDRH character "/"'(code 1343, even ) n
. N -

'.pzrxty) is used as tho data.suttch to tr;gger a mod1 change ‘”'

for the terninml the next character in the block then dirocts J

the software pointer to the apnroprrate address that corre5ponds

Y -

t ’

.to the startinz address for the selected, devxce’h:jj}er. 3The':
ocond character follouxng the form character i sed to select

por;phera! options. Thus. a-txnesharlng syston-sughorting_l
6% chcrmcters'can support ap eoual number of peripherals

—

. oach uith up to 64 oporatlng nodes. These character 3551go- ,

“/" 13&8) Stnrts the CRT display and conducts a1l

i

inconing data to the sco{e controller vin A baffer area. The

“AsCHL chaucters cmnrnca aerun\ (&8) and. LINE I-‘EED NC x,aa) o

'are stripped fron the ihput data strean, since these o

chnracters uould heJlnterpreted ns vnlid grnphics characters o

L] s X L . . . +

O L S . T g:wg L
1. Aeerlcan Stnndard for qununicnt on. Infornation lnterchange.

R A - s RS
4 ) SNy _ _ ! .. ‘ -

. ‘ e ot S o X X . . “ .. . Coe o - .o . .
- B o . [ .o N ‘.“L j;_ ) 0 " . B LI . i " . . B




-~ 4, . » . . ! At P . . L . ‘. 79. ~.
. - - C R ' S | ~
.- ; _
~ ey the scdpo-controldcr : Co R L;'J .

e

\cgcxoplotlcr. The only dafferencc betwcen thxs mode of opera= .

. AR

~tion and, thct descr;bcd above is thac'a copv of thc dxsplay ‘
re’ arq'd bn an anﬁrture cx*‘

L]

' ’(277 ? Stnrts the hzgh speed pnper tape punch

»

Yy The reccxved dntn stream is punched on the high speed punch

L]

"~

)

°'--and a spece, vhile header data is processed }‘/;locks u£ vnry- .

- r

R ‘ _!' 418}h Startﬁ thc d\gltzzcr Coordxnate data.

A
1
'

gcnerated bx the dlgntirer is, read from the 1nterfaCe in BCD

(hinnrv coded‘decimal) code." Th05e characbers are converted to

¢ .
LI . ‘

)
N the correspdhding ASCII code for transm1ssaon vim the PTOB

output Chﬂﬂﬂﬂa ¥ S;ncq the-re ,1s a keVboard on the cont'rol :
*——-——-—I Z ot - . L-
panel of the digitizer the anut nodes for data generated h ’
’ - . } \‘ . !
bvaﬂhe digxtizer consist of two. tvpes ;-.coordxnate data " Uﬁ\

(blocks of ten chnrncters) and header data (blocks of unspeclfxed;

) S

length) Thcse chnracters are read rnto ar buffer area in -

fhe niniconputer us;ng tho 1nterrupt facility. After each
.

+ * . .. .
| - -t . 1..".«" -

charncter has been processed theihﬂhputen}fnters & time loop,'
if no interrupt occurs during this loop ‘the buffer is enptied e

- and-t:anslitted tO'the host<conputer._ To the user, thxs RS

I L H HERY

‘means thet c,oordinate date‘ is processed intact as a conplete

bloek ef 10 chara“ters conprised of 4 intcger nunbers for Gﬁe '/’('

X- coordinnte. s space, §°integer nunhers . fer the Y- coordxnate
“ ing length..- Since the cheracter gener;tion rate of the. R

dxgitizer\*f;suhstentlelly faster thnn the lou

'-.

omnundcationi




' 80
—.'~ R S
' = R L R L : LT e
.-‘ \»«P huffer and lO'Sl.ng dlf’ltl (d ddtﬂ'. "'\' o - o . )
' ' ‘ - PR 5 T . . N
_ ( 45 )- Stor bl tho caqsottc transnort ‘in the read
vy ] : .
rede. Tho{ owlco hnndlcr pos sk& oucrx 53 tho ‘user on tho
v

e ) : !
teletype rcu stxnp a 4. dlgxt tapb adorcss for the.data rodord b

':‘be tr‘uyod and trﬁuanxttao. rOﬁﬂIv’ on of the fccord

is slzﬂxflcd hv an ASCJi" (’40 ) charactcr as tho last ' - .5

chnrnctor 1n thc'string Thxs chnractcr is transmxtto& t; tho
".505t conpotor t; roaxnrtzalxze the conversational mode, R K

: S - : . \ ’
,f . ';' "(2428) Starts the cassctte transport 1n ‘the: wr:to
node, . As. with tho rond opcratxoﬂ tho uscr-spoc1f1es a 4 d1grt..
;:apo addross»nt 1he'tedotvpo “\Ali post cQmputer activity. is

suspondci\until tho tapo posit:on has- bcen locatod and the" un1t

is ready to bogin to-wr:te;- Tho local proccssor thon act1vatos

data tronsnission by the host computer The 1nput data is

ibufforod 1nto 4008 hord blocLs ‘and ls transferred to the: cassette

tapo whon tho buffor is full, Trnn§n1551on of an ASCI! lf

" ' .l

chnractor will cause tho rocordxng of a partlal buffer cnuso

»the tnpo to bo rouound ‘and returns control .to tho m1n1computor's

e T ¥
a

: oporatlng systeu..;

r S
AT/

L “‘ '(2473)- Starts thc flat-bed plottor.t.Toe:iopot
dnta is decoded - and buffered into a’ circular buffor. This'w
buffering f;roat is roouirod ‘as a consequence of\the uxdoly -

: variablo data accoptnnco rato ‘of the flat bed plottor.' Hhilo-
exeéuring 8. drlwiug with tho'pon down’ moving through_suoli
1norenonts the dutn accoptanco rato is- such ‘that the processor -

can virtuallv throughput tho input chnracter stream, Howovor,-

Hhen tho plot increnont beconcs large - or the plotter node

l-

-

r— - . - . oL -
R . . '
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RS ch1ngcd (i. eﬂ, from printcr to Jen or qhnTt lxnc to lonp

ltnt} thc ncccptnncc rate is drqmat;uallv rcduccd Thrs

fOrcos nll d1tn servicxuzfor thc plntter to bc monducted under

thc énterrupt ;crv;cc fncxlxtv tThc.cxrculnr buffer is a
quqgt ayra)AnF nenory lu£a~:on; wfth ;&iillinh-pointcé -
and:an'onptving ﬁoinfet;- 'Thcse‘po{nters aré'ihcrcmentaé
_when the buffer is 'serviced . and aTe tested agalnst cach othcr
to.. prevcnt huﬁfor overflow and to f11g an ‘empty Buffer. AThe

'-usor nust be cnut1oncd agnxnst structurzng a graphlcs program

- 4

that schadules n nuuber of- plottor mode chnngos in rapid’

successidn as the buffer could eas:lv overflow "This shortQ

[t

conIng is reSQIVed by enp10\1ng the plotter 1n a defprred

LU

uode. " This operating fornnt is exp1a1ned below. The input

ASCII chnracters are converted to BCD (b1narv coded doc;nal)

before transnissxon to the plottor.‘." ’ - - Cn

*(2458)- This character transfcrs the control of

[}

the ninico-putar operating s\sten to an unused bldck of core,

*

This feature allows the user to. program ‘a spocxdlxzed requxro-
.nent for s torninnl application. The user has two require- :

ponts to fulfill in exercising this Option.. First, his. ' R

progrnl.-ust transnit a charaCtor to tho host system to
4ainitializc dnta trlﬁsnission, and second tho last instruct1onr
' -.in hi; progra- -ﬁst be a return junp to tho starnﬂng add ess
of . the opcrating svston (2008) The host processor dan()s'

' gonerltion nctivities are suspended for the pcriod of tino -
/'

f‘rcquired for the local proccssor to perfﬂfﬂ 811 fﬂqUITed

L

', functions} This is acconplished by placingmthc sq!port software

° ¢ 7, - ‘.-'. ‘ )

: Y o [ - :

. . - . . .
Y . L . . . o, . -
e Cre PR
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S .

into a READ operation for data on the PTDB output channel

Y :hc tine duration .of the lecnl proc0551ng{is knoun‘

-

protisely, then & much nore efficient (1n a conputer sense) .
arproach would be for the user s applxcation progran to

scheduliru roll-out from the central processor for the requ;red !

rino period : The standard’ option desc{/yed nhove requires\ ._ .
:hg_host s con-unicatious nonfior tb periodicallv pole |
the user's input chinnel With “this option’ the full capability

of the ter-innlgfs avnileble to the(user under cdntrol of.his

~ own progrel N SKillful progrnuuer Ean structure his pxograns

xnto everlay seglents resident en th cassette systen

P

vhich are retrievable via the syste- s Library facility.‘ ‘Page

zoYro conetents, containing buffer storaze nenory locations.

' ' .

A}

'lrc also addresseblo by tht/nLer s, progrnn. RS " /, ‘“ucxx
. _. Bxperience with .the. tinesharing systen at ﬂcuester : ‘,"
‘”ﬁniversity has indiceted that the assunption of unchanging
co-nunicltion strctegies on the part e£ the host systel is‘
~not justlfied ¥ The develop-ent of: p graphics systcl uhich is

-] T
locked into an. epernting fernst (such as Colputek 400, ,

! Tektrbnix dOlO, etc ) by herduare cbi/lcter decoding can '

,,ﬁiUse the user k¥ great deul of inconvenience uhen there is aa"

Q . e

change in the host conputer's oPereting syste-. These changes

often require extensive progrsl-ing to. circu-vent at the 1eve1

of the terninal support softuere ;;;tii7xuhgseas in the EDIT o

—~—

syste- they aTo, eesily inpleuented with a chenge in the"
terninel's graphic: generater softwure. This preblen is due

. to the leck of stenderdi:ltion in ti-eshuring syste-s. Sone<

- . . . -~

T ,

R - ‘.
R L.




.o . ‘ - ' . LY

'?";'Stdms are Capahlc-of full C;.E'}I x(dnncl tr.ln‘;pnrcncv on

L)th lnpdt and_ output hhllc OtﬂCTS ﬁroxxdc only <1x Some

»

's»stcmﬂ support 1’8 chanhcter sots while othcrq supnort

~,

onl\ 6;. Thcse.d:spnrltrus are®difficult if not xmp0551hﬂe .
. . . . ‘. . . . 9 . ’ .

=% handle with hardeaze svstoms.
' U ' o . : .
* ~  Thus ‘the central thesis of the operating system

can be summarized as follows. . : L

Ca S R o R .
“1. Tho torminal's operating system remains in one mode

'fof operat{on until an AGCII FURM character is detected Control’

A

is thcn roturned to thc input d%coder rnutlne. 'An error in an

'3o;pccted data strxng.wxll Teturn control to the user,,
. ' ! i . i . - -

2. -The first character mp‘Fnilgg_the data switch is:uSed

byfthé inppt decoder t¢ direct the minicomputer's software

poinﬁer to thcistaftink address of the appropria'te device

H i e D B : . z - - / o . !
handler. L ' o P tee e . ‘ -
- 3. Suhsequent characters rcccxved serve/to d1roct the = -~
.'.'pctiphctll dev:co nccording to the logxc of each 1nd1v1dua1
s B E ; _ .
devxco handlor. R e S .o C .

et -

\
.connunication rate is buffcred.

}control tha Pfocossing of infornation locally,_a software-

- <
3 . .

‘4. Qata bound for cach device that can’ poteﬁtlnlly

g

} S
opcrate with = slower aCCeptnnce ratc thnn the 1nterprocessor

5;- Bufforod input devices are serviced using the

L

‘Hxnterrupt facility. L 7 _ '_; - .  ”?'L

W -

' In ordor to provido the user with thetcapacitv to

1

' intorrupt priorltv svstan vas astnblxshed‘ ‘In the- convorsational '

'nodp thc devicos whlch can interrupt the operating system

bl . ) N _‘

{ rc'.-

M . .. . . . . .

P
. . 7 o ' . . . #_
. . . hd .. . . . . .
. ) . - .

i . .'. - N L : ' . . . .
. . . - - . .
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cxecution ih the ercr'of'ﬁrioritf aré:' v
(1), PTOS rcchxc chdnnol . . e ' -
A2) -tclct\pc lcvhoard o ' _ . :
T (3)‘ t.'clet."l’(‘ Prrnt.cr ) ' | - B
?) C : " | . .
liﬁ the noJ‘Eonvorstionad mﬁdu, thg dcv1cc5 capable of“
mtcrrupt\ng are' | | g | T | K
(1) PT08 rc‘c;i'.\'.'c- cr{ann;r - W -'
@) knvhoard | | __ -
-(g)‘ hlgh specd punch E-flfhl T “, I S . .
-(4) 'graphtcs CRT L | | ‘i .,
(Sj dxgitx:er'-_x | 1:_ L- i
.(bji flat-bed é}ottcr o - . oL
A ff)'_drum{ﬁio;tér‘(undcrldGVelqpmenrJ~i' T fv T

-

T S O 3 S .
The most isportant as_eétnof using this facility . .

is servicin the PTOB recciv cﬁd%ﬁcl. The roSpbnre'timo -t

nust ‘he uxehin\tho 3% ine for ‘the stop bit plus one

’

" half bit=it-the‘conpletio' of receipt of an § bit character._

1f ahe progrs- fnils to respond uith1n th1s time a charaetcr

L3 L}

s lust " This priority 1ntcrrupt structure allous,tho user

+

to tcrninato the current nctiVity by PTGSSiDB a key ‘on th°_ \\K:A
aT

.te!ctvpe. 'A suhseuuent qntry of the CARRIAGE RETURﬂ charact
g | o
' will plnce the operating systan 1nto the conversational mode “

“(x.o., teletypo to tfnesharing systea and vice versa) :

“m

Unschedulod 1ocalsysteu halts (crashes) can be racOVQred

::by restartinthha svsten and entering a. CARRI&GP RBTURN the

tctivity iﬁ prqzrass prior to the failurc should thun be

. ' i ‘-‘,\ - . L -
e ' s i . . Lot - s
* . . [ L - . . . . . .8 v

.‘ " . -.--' . - L7 . M e . - - o 3

-
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cewuned, P .o . o e

A flow chart dcp1ct1“g thc lnﬁormatlon leh for ;hu“

;
.tLr“lnﬂl' opcrntlng svsth 4nd a program source codc llqtlng

‘,1rc\ngcn 1n Appénd1x C A uscr<"mnnu&1 deqcrlbing the,
3?ﬁ?ﬂtlnﬁ of :hc tc:niqul_in p:uv;dcd‘an Appendix N, 7 ‘ !
I".3 ‘. . . . ’b —r—-.' . ..'\
: . '
(b) . Host" Computér Softwnrc Svstcm o

v -

T v

‘_’.}qa SR The softunrﬂ sxstcn re51dcnt in the host txmesharxng -

systeﬁ 15 Q\\fﬁdexcd 11brarv of rclocatable subroutxnes that.
‘ha; hecn structurcd to nlkpu tbe uscr to confxgurc the
terninal hardwnre svstoms into a fornat 5u1tab1e for app11cat10n

to his ongineerxng dosxgn problbm.: Th:s¥so£tunre cons1stsl

‘ }‘ Cite T .
f&‘ of" chlCe hnndlers, a graphxcs packagp, 1nput and output

J-

decoders and d:&play devxce encoder routxnesr

e -

The softhnre has been structurcd to allow the user

to cngngo and dxscngage thc torn1na1's nerlpherals hy executang

-t

calls to highor lech (FORTRAN-IV) langunge subrout1nes. :Tbo
paripherai dovicus arc ench assumed to have’ two states' active
and dqforrcd ' Inlthe active state, the per1phera1 is being

- cmployed in ra;l tume uith dirﬁct acccss by, the .host processor. .

In thc deforrhd stata, tho periphernl davicc is employod

“indirectly vic %‘nass storage device. In thxs stnte the j\

<

)

; dntn.rotrieved from, or uritten to. the storago ‘medium is 1n ”- 
- the-for-a& of the*ptriphernl.dcvice. .The prcpnratignqof.these
£11cs or subsoquent usage ‘of then is acconplished using the
stand-alone teruinal functions. This oporational mode is

0 dusc;ihed in‘dqtail‘bolow.

R SR



oare largelv goouetrical nnd sinple (i.e: casxly znterpreted

A :
'
- ~

’ vt . : B . )
. There are two common approaches te the use of i). ’
. N . A e :

;rnﬁhicg in an intoracgiyc computer environmcnt nne is“the
o ' » ' ’

.use of a cqapnnd.dccddbr, or ‘user oriented langunpe- which -

. a1llows the user to enter (or dc51gnnte via.lighf pen or

‘
-

rsor Arringtneﬁ:]‘n.gru?hi:s conmand that evobes @ speeific
. =0 't ’ " o 4 -%J- .
ternipal rcsponse This mode of 0pcrat10n is cxtrcmelv

3
.

effective for thc coustructxon of dl%plavs that comprise a.

A

'rclntxvolv fcw components and nherc tha dcc1s1on varxablcs

+

v1sually).' This fbrm of graphics is su1ted tdt the term1na1

svstcn that uses the dlspla) for both convarsatxon and

‘grnphxcs An applaq;t1on that has been. uall develbped for

thxs tvpe of grnphics is the production of prlntcd c1rcu1t

boﬁrds. Coe . :" .-:' .f h
k The second approach is the interactive appltCation
of a graphics pnckage. Herc _the user’ s application.pro-

[=]
gran posoq the quarxos to the us@r and generates the graphics

- xs ,a result of the response. This is accoupllshed by the

e

usmr's progran logic which util1zcs thc graphzcs TDUtlﬂOS 1n .

Y

“a conplctely analogous nnnner to tﬁe apprlcation of othor

coaputatlonnlly oricnted package programs.-_ . X

The advnntage of thc first approach is the efflc:ency

" of conve;ilqﬁon that .can be achieved . The designation éfj

|
a ono word conuﬂnd fo!lowcd by several paraneters is sufflcient

rl

to produco s graphi:al‘ﬁiSplaf._ An exanple of this is the

GRAPPLE (22) command: . Lo N

SCIRCLE(150);




v
>

This’bréduccs a c;rclp with a radius of 150 uniee.
These plot units'can hc‘ocfined'to.hnvc ;ey nctuei.value. s
The disadyaotdge lies‘in the need'mo Eccono convers1nt'with
the: 11ngu1ge aud 'the neod to structure - the dmgpln) in real
cime with ;hc usyr :usgon;xh!e Yor all levels of dCCISLO?-5

raking. . .. T . _ N

The query-response approach to graphics has the

_disadvantage of gencrating a greater volume of conversation bet-
. F .

ween user and host processor. Pt has the. advantage of generat-

ing 'a nore descriptive diroctive to the user in a language
' nore'c105e1y Telated to mormal conversation The intelligent

terexnal‘s cnpabl!xty to d1st1nguxsh the*graphxcs and

conversat:onal nodes and separate them out to different devices,‘

nales tho query response approach more fe351b1c to emplov in
an 1nteroctivo envirOnment. The aGVerse effect of a high ;

'voluue of interprocessor communxcatxon can be m1n1m15ed by

L

'theadoption @f'n connand responsive/query response prog:am' .

structure.j Thxs forn of. progranning is descr:bed in Chapter 4. .

nnd Chapter 5. of this theggs. 'm‘* - | . :'Vf g ) ;

A graphics systen,.to provzde a flexi?le and eff;cient

service for & range "of hpplxcetions. should have the capability K

of funotioninz under both of the above nodes;' The.graphics

.
A

.systen developed in this uork has largely focussed on the
fpackage appronch However, a conndnd decoder for the manage—

ment of “a fev of the p%ilitiﬂe operations has been tested to

i )

'evaluate the terlinal's perfornance uhile ‘operating under the .

‘conmand decoder,uode. The_packagp. as weli as‘the‘decodgfg L

" ) . . - . .
S - . !

R

w
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are’ codeﬂ in A\SI Stnndard EOmT An IW to achicve some measure
. PR l— N . " " . Fl ‘ ) .',' "
of xntcr conputcr tranSporfah:lxtv o o3

k] . '

The structurc of th:s pac}ape is as ‘shown Jin’ ..°

. .
R ’ ‘-l 3 . N Lt

»

Tiaure 3.7, A Pcnurnll-cd-granft‘" 'vqtcn \onstruét".. L
v .

~display filc Hhxch is then posT- prOC&%ﬁcd £or conversion. to .

. o

‘a partx;ular,dxsplay dcv1gp. The hus1s_of tha‘codrdxnate'- -
; ' . P - 2 ] . .
‘system is a hexadecimal representation for c1ch X and X aaxs.;

B . : ' - *

This plot consists of an.addressable array. of 65536 (2 )

. ' . -, ‘. '. s . - -t '/'
.dxscrcte locations-1n=&ach axzs. Th1s is 1 bxt greater in R

&CCUracy than the - nost accurnte devxce in thc sysuem (the

. . - . N
- . s

flat bed plotter) " This prOgrammablc-natrlx gzves.an-- -

[

' axlnl plot longth cnpac1tv of 77 3 feet’ and is 2 h1t5 greater .
. s € A . 3
in- nccuracy than the CRT/microplotter. The fnncfxon of'the

’ -
W

dev:ce post proccssprs is to map th;s d1$ﬁ§a} xnto the dxsplav Ve

& R ..

area availnble for thc dqﬁzcc. Thxs :s acébnpllshed by ‘@ﬁ' e

©
%

droppxng a sufflcicnt number of low ordcr hlts uni:l capab111ty .
T % : ‘

g : . : . : L

is achlcvod S SR T o “_ e

. . - = . - .
. . . . PN .
.

All transfornation and scalxng fﬁgctions are
applied at the lcvel of d1splav fxle genernt:on. The ) T,

.y : * LA

: Tost :
plottor anllogy is-adhcred to in the sw{tnn appl1cm;10n* S

thus; the display file origin is centered in the dlspua) o

S
. ‘

nntrix.- HegatiVe conrdinates are 1nd1cated by using t

-'fCOBpchQnt‘ urithgetic with a J bit in the most sign1ficant ;ﬂ

i . ¢ . N ) . - . S ., 7‘.'. 4 ’ ) )
+ N ’ . . .- L N
digit. - e L C T L : e
N : ", . . -~ . . N o -
" 4 - l “r k)
) ” u " . .
LRI -’ . '
LD . ., : . . .
3 v B ' . .
. . 3 . I, .
H @ I .
v v M ' [l :
o .
3 . ; » =
: . A . S -
L} ' .4' v . -' "? .
r : N - ’ )
' < * "
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N 2 o .
- o
ll ‘.
[ - - A .
2
B

) OFF-LINE -

Y
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5
8
3
&
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°
)
°

®
°

°
o’
o

°
.'a
.
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» The hexadecinnl basis was seloc:ed for the display |
Af:lc to be compatible’ nith the uord sizo of most current :
nxnicouputers. Each coordinate is represented by a 16 bit.g
f}hbﬂarv nunbcr. Each such number is represqnted by four |

characters from’ thc hexadocilal set, - determined By the -

r i . ' s —

'follouing relltions" o f%iﬁﬁs

t

;¢ 16N2‘f zsan- * 4096N4 whora uﬁ - o,,,,7 \_}(;;1)f

-

{x or Y} = N

el . . - . e / . .
{X or Y) - Nl" lﬁNz + 25683'9’1099 (84-16)‘wherp_Nhf-“8,;,15; - F

” .
v .

| IR IR S € ) O
Thc hexadecintl nunber sot is tho decinll nunber set (0 9) ' -
_Happeﬁded by the chnractets that follow directly in the ASCII; .

code (P‘¥->t). :. Thus the coordinates\of a point that lies' oo

‘ at (lD 263 12475} uould be represented by [7182, 03)

- vhere: L e T ETLL o
- “"for the X-coordinate . ;. T 7
B hd - ‘. - .,' * - | : ,." . -‘l~ . .o B _" . .‘:.. J " T LI
S N, g]i,_ﬂs = 8, Ny = 1):§1A.r7.;; LoeET
Yl R o
snd - T
E v - . “ v . . . - . . BN b .

17}

_for the Y-cgbidimate: - .. . ¢ T o

Do

".ﬁjﬂaﬁ:y31f§s fH9'u§2 =11, Ny =12

; '.-. _ -. e . . . -'7-‘. i c-.. ..'..-(. ‘.‘ 0 ., o

e, RS

.The hexldpcinal bascris co-lon to t%nu-ber of ;raphics systens.

.?his pnrticular coddng for-lt is ‘an -daptution of a sy%te-_>

2 B
S [l

_devoloped by Ferrlnti Pncklrd Ltd.A,- o

s In tho npplicatloﬂ of a grlphics systeu to an.

for the conversion of

e

-inrjgllgqnt ter-innl. the post process

N
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.

ﬁn-display file, {s most- suitably located within the terminal

processor._ With . this strae;gy the dxsplny file- is trans-

. nfttgd tQ the terninal Jnly once and is then'post proceseed
for ench terninal display device.. ln the EDIT termlnal the-l
CRT/nicrcplotter system funé(zons from thc disnlay file while

b _ S

;processor. ST ’ . . ’ﬁwmm”'
- In.contrlst to the EDIT systel, nith a conventional
etorage tuhe graPhics terninal the displax.fild"?% generated
- and trant;}tted by the software systen functioning in the host
coeputer systen.f To acconplish a nodification Pr resuructur-_
.;ng ef a portion of the<disp1ay, it is necessary to ernse :
the entite displey end regenerate and retransmit both the.
eodified end unnodified portions qf the display. Thzs is a
'very inefficient consunptionlof connunication channel ti-e.:
-Uslng an intelligent tdruinal it is possible to ‘segment the
display !ile inte a nulber ef 1n§exod records. These records‘
are translitted to. the. ternlnel for tho initial display
generation end storege on the ternlnel's -ess storage device:
Suhscquent dlsplny lodification is. reqpired only :o :
 updltn these displny file records that -are affected The nev .
displey 13 thus regenerated fron the local storege nediul
"vhlch conteins both. lodlfied and unmodified records. Thus"_
the in{orlltion trenslitted between processors is only ther

-,

rinfer-etion reletlng to the nodifications of the. dis-¢

-y

‘play and ls usuelly only e slall proportion of the tetal 3J‘Jl

infornatlon éontnined uithin the displny. At low co-nunicetibn

‘\\ .

0

. C. v, - T e
. . . - *
3 . . . . D .
. - . . . - " .
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1Jtcs, thlﬁ cbn rcpresont A sxgnxflcunt reductlon of proccssor

L4

t:nc ns well as terrlnal conncct" tlme

< o .'In'thc EDIT terminal, displu\ file scgmentatlon .
3 -~
BRI ncconp!ished by writxng thc dlspla} file to tho cassette
s . -
tane in records nf -1008 ch'xr:u:*erq ‘Thc-- n:tcf'er digit start-
P s

_‘-_:ng ‘address for the Iocation of tho segment on the. tape is used :

.®

ns the roferencc record 1dent1f£er.

' 'f . In ndd1txom to the above savzngs,‘lt should he noted '

that the regeneratxon of the disp}ay from the local storage '

_nedxun can’ bo dono repeatedlv and,in the absencc of the host

processor.\ Tﬁis is another srgnificant advantage of the S .

»

5}
1 ~ .

11ntolligent terninnl systen S 7-"_ L g
- _ 'f Tho local displav regeneration is normnllv proccssed\

f. ﬂt the npxinun possimle dxsplav rate set hy the Lhysical. .
T _1initntion of the diSplny dovxcc. . Houever, if ynam1c effects

. ATC 1ﬁportant in the sequentxal construct:on of the dxspﬁhy, .

the dltn oubput rste of thc local processor can be "clocked"

.*—_._

out &t ‘a’ reto ghat is slow enough to. produce an "an1ma ed"

.

l:-effect in the display construction. Both the repetitive display;i
regeneratton and the oisplav Tate nodxf;catxon features are ¢

| beneficielly eapiovJo in the'verification o£ a parts program of
conplex sequentxal -orionsffor the cutter of a nunerichlly |

controlled‘lnchine tool. -f:~

et . ,To the ter-inul usen» the ability to regenerate the N
. au .
display locslly. at. his requeg?. reldeves hin of the

lpsychologicll stress induced éx\the dosire to nininize the

cost’ of supponting the hoﬂt processor in a relativelv 1nactive

" .- C N

. . - - RIS ) . . o

P T T ST
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«,~tate while the graphics displav is reviewed.

-
-

‘ Tﬁi sogmcntntion fcnture, of. course, can also he
anslied to

o,

on- gpoh1C$ fites* which were gcncrated by the

o

ld;gc'computor'nhd vhich are to be stored at the termﬁnwl
"The ﬁininUﬂ éawdhiliticq that should hc 1ncorﬁoratod
-f:n o graph1cs systen have been wo]%; tablished. id tho

;1tcrnture.. The funCtIOnS 50pp0rtcd hv thxs systenm are stated

'ﬂbriogqv horo and aro stated An dotnll 1ﬁ/;bpon&1x A,

1. Absoluto lines _ 1gplnv)coord1notes can be aodressed'
absolutulv with—tho pen up or down. .
K ;2. l Incrcnental lines (_cctors) stplay coord1natcs

can.be addreosod‘Xia long o;‘short vectot;gnxcs uzth the pen- up ‘ x
or_douq.j' ' R

’5;. Circles .oflooy(}adiu;;c§qtor$dot‘ptcsoht %Fn' )
posxtion . ‘:‘: - B ' | o

-‘4{ ﬁlﬁé;,: E P S 7.; | | R ST

-

'S:. !Auto-sonfing_f Thc user can specva the hexadccx-.

nal coordinate systen directlv or. can use his own data units

and requost auto-scnling.

Lo s.ff Porspoctiye“ A thrce dinensional representation of

T

©oan ob;oct cnn-bo napped into the two- dinensional dxsplay.‘

K
“a

The perspective tochniqua used in this uqu is based on what

3

_ Nownsn lnd Sproul (20) tornod the eye coordxnate systom A

v§eu1ng trlnsfor-ntion is enplovad to transforn a point in

.objoctaspace (15-7 Z)to a~pointhlthe eye coordxnate system S

. -

RN

|-

0’ Z ) (Figure 3. 8) "This transfornation can hp a

concatonation of rotation and transformation. ‘A perspective
. - A -. . I .

" ST
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'display is generated by projectinz each point of an object

onto the plane of the diaplay screen. " The display coordinate
. rﬁ- Vs L ..
[xs‘ Y ) of the projected ieage of a’ point P in the eye -

.coordlnate systea (x , ?

e’ z )hare easilv evaluated

7. ~Text. A string of characters can be generated start- -
';ng at @ specified coordinate location. = T e
8. Graph. A series of dhta points can be connected

__bv straight lines. X and; Y‘axes are drawn vith calibration

- M »

In sualary, the graphics package conslstsJof three ‘:;-*% )

e

parts, input device h,ndlers, graphics functioLs_ang_outputnmmﬂ_m;

R

»

handlers.- The graphics sfstea generates 3 device, independent
)

display flle that is based dn s hexadeclnal coordinate

&

-structure.( This dlsplay file is "post processed" for each _
'individual display devlce._ The displav file can be segnented -

lnto records of 4008 characters. each with a 4 digit intezer

a v - )
. . . »
. ’

_-record identifier. :>

F R

'3{3; Seand-Alone Punctions o

| An intellizent terainal, in additlon to belng able
_to share. the proceaain; load vith the host coaputer. has the
‘advantage of belng able to- perfora a range oﬂwtasks as‘a stand-
-alone stQ;-.; Most of these tasks in the. context of. enaineer-‘
"ing design. ceeter aboot data aanageeent, preparatien, ands,‘{‘
‘ display._ A nuaber of engineerips design prpcesses involve ) u:'
.ie subatantial proportion of “think" tiae and are best perforaed |

ﬁhlle the designer is eot under any l-plied pressure to keep



.onploy-cnt of a digitizer to record the modal coordinato

N - \ L 96"
a lnrko scale conputer systen ’%activc". of
cess is the rcovction of a detailed drnwinp'of a p}bposcd
rachine tool structure to sufficicnt 1nfornatxon to perform
a f:nito elcment \analysis to dctorm:nc thc structurai response-
ty a nunrber 0f lo: dxn" cowdlt‘on T%L dvqtpner ig f?Ctﬂ with

the detornination f nodal 1ocations thﬁt will provxde the’

: / )
naxigdun informgg}on n the-structure s pcrformancc; while at the

tinme Hlll not computa 1onallv ovcrburdcn the central COmhoter.

The assenblnge of this 1nformntion is grcatlf fac111tated by the

.

3

dnta.o Howevor, it can still be a lengthv proccss.--ugizgjkhe

_,terninal‘s stanﬁ nlono functions it is possible to record the

connecting-t

e

coordinnto data on a: local storage mcdtum {cas ettc tape.‘
paper gapo),‘?djt this information and reforma it prior to
e torninal into-the host computer, Tﬁis file

can then be transferred to the host system nt rclatxvelv

- high speeds,'reducing the termina! connect txne appreciabiv

On the output, plot files for either of the ncchanical plottors
associnted uith the teruinnl can be transnltted to the\?

tcrninal lnd stored on’ 3 iocal storngc nedium. Tho host f-,A
- . . ) *

‘conputex can then be disengaged and the plot croated from local

> s -,

storlgo.- A frustrnting experience that is avoided by this . . -

rechniqum ns opposed to on- line ploe generatxon.ighghe faxlure

-’

:of the plotter (pen out of ink) in the nidst of a longthy plot

assigned a tuo character uncnonic.' These are

For the- BDIT :erninai each pcriphcral has boene A

(x)hnca g-"cassotte transport,;‘

An oxamplc of this pro-

same

e ———

vr

Ty




n " }

r

- (2) pT "= paper tapeureader/pﬁncﬁ (high,;piéd);‘

'(3) Dl - digitizer; .

() PR - fi-z-‘péd plotter; - T
(5) .Ll'-"n - .l_ig'htf.pe'n.; - |

.(6), HP; - *microplotter; o ’

é7j erll- drun'plottar; _ - |
(8) TY' - teletypé (low §ﬁeed phper‘tapq‘reade;7puﬂéh).

C o L : - . S _ A

0

a

Thg stand-alono prograns are each characterized by ’

a 4 charnctor lnenonic that forns a logical conbination of

/

poriphor,l _1qtetfacing:f These -nenonics ate concgtenations‘
of the device-~ anéhonicé‘uhich‘lre;structufed a; félloﬁs -
(iﬁfprnqtioﬁ'gengrttinz,périphqralzuinforiafionsreqeiflhg‘peripherél)"

..,"

Exsaple: i

;g_PfPT_ﬁt 'ﬁ;pof iaﬁe'render_io paé&rrtape pun¢ﬁ. )
Note that' there is no albiguity to this forlulltion as. tho _
invotse poriphornl intoraction 15 not 1031:31 (i e., it is not _
;possible to goncrato infornation uith the papor tape" punch |
fbr rccpixeuinfor-;tion..wlth thg papar tape reader).' Thus,

- the prégr;n“iSvusod.toifésd 1ﬁforlation from: g pape;.tapp an§

4 . . )
punch that same iniornution on paper tape..

. 1
Othor prograas nnolonics are given in Tnblc 3 1 with

a brio£ indicltian of their function. A datailed dascription )
of -each o£ thoso progrlls, vith oparnting instructions, is

8iven in Apptudix A of thix thesis.
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- TABLE 3,1 ST&NDfAHONE PROGRAMS.

P s
NAHE' . T | FUNCTION ;
PTFE\\\-E ~ Paper Tapq-to.Flat-bc&Plottér:'.
PTCA . "7 Paper Tape éo Cassette Tape . °
tl:-.FAHP ' . ;i L Cassefte'Tapg to-H;::ﬁF}btter;N
PTMP o l‘wt :i Paper Tape tolﬂ}érOplbttqr )
PTCR © 2 Paper Tape to CRT -
- DIPT 0 L ;"' ‘Diéttizér to Paper Tape
';.DICAT ‘ - _'4 ”‘;;Digitizer to’ Cassatte z
CAFP '7:‘ _ YClssette to Fla; bed Plotter
PTRI o | »'Paper-xape Reader to Paper Tape
St _.Punch S ' o
TYHP, 'f;:- .7 ”-:; Teletypa to Microplotter' -
TYCR = i e o :.TrTolotypo to CRT‘ |
'_c,\cn s ‘'Cassette to CRT |
n?pjgc o Papgm T:pe to: Hic&oplotter
S : _ L L _ ..; .&|_
- . ' -
. - ".. _: .
. _‘/}\.'; B
ny k' B . : g ‘.
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" These' PTOLrans are all stored as absolute binary g

proyranb stored on am 1nd91ed lxhrnr\ cnqqettc nnd are

rctr1o\cd and cxecuted w:th a sxnplc Lgad command from the'

_telcthcf‘ A Sample of th;s coonand is:

L, bicAa 7 |
whxch tclls thc systom to load the stand alona program that

' records 1nformation from” thc dlgitlzcr and wr1tes it to tho

* -cassetto tfﬁnstff' " The lxbrary program that is used for
rctr:cvnl is equallv casilv cmplo;ed to punch a copy‘of the program,

lxst an indox of programs avazlable, delctc programs,. add ' a
- 1 ‘ L

new progrlns and change progran names. Thrs 11brary program

is part of tho suppllcd sof<&are from SYKES DATATRONICS INC

LY ’ ¥

' . : L
— - - - N : L) - N N -
L . . " ) - -

3.4 . Summary | e

) This Eisitgrfﬂgs describedlthe devclopment of a . - '

. ) e . "3
couputor terninal systeu called EDIT This tormxnaL has been

-

structured about a nlninal nxnicomputer, and as such has
‘deuonstrated the capabil1ty of provxd1ng a greatar degreo of Cw

'flexibility uhen npplied to” the engincor:ng design process

-\-

‘than can he nchievod with the non-intelligent ;iaphlcs torn;nals_'
icurrcntly availablo connerc:ally, Nithxn thc conto:t of. tho "
- definitions of torlinal types desgribod in Chapter 2, the »5- %

EDIT/;Ostol is classod as an intelligant erminal with somb
A , _
Mﬂnstand-nlono foatures. Although this systcu is configured out

of spocific poripheral devices. tho intogration of these

poripyorolruqnd,tho dosign,of the Softw Te operotxngnsystenit7

I R

-



~
-
'

' h1vc hccn cheloped in a general sensec,

-

100

and are therefore
- . -
qpplxcnble to “the dcvelopncnt of any tcgﬂlnal system

P

' ntzlxzing the fundnmentnl concept of a programmable terminal

[

-
.

f—2

"téfninal‘is as follou;. - fl' .

3harrissnoht'd£ the ehgineér/dcﬁisnor by reducing thoystress

‘noduylar in structufo'npd,is designed to bé expanded casilly to

-

controller, For the purposes of thts hork th&/tcrmxnal has-

hecn,dcve!opad as a prototype_faglllty that is completely

ncconnodato both additional hardware and software systens,

-

A nininal systen that has most of the caﬁabilirics of the

.sySten de;cribod anvn would consist ofjfhc'hﬁrdwateLshown -

in Table 3.2. Representative costs have aléo been included.

[}

,A sulmary of the capabilities and fcatures of thls

. . o . . . ' l-
T . - . - . .
1. The “terminal is not locked into a coammunications:

. Y " . . . . f -

strategy. The ability to program the térhinal“tbhtro;igr .

groatl; facilztates the handlang of changcs within a time- . o
sharxng service, as well ‘as dxfferences hetueen tlmesharxng
systoms, o - : h '_ : S - |

'2;,: Tho tcrni al can perforn the: stand alone functions :
of dltl lssonbly, data"editxng,_datn stornge and repetitxve.

display ofnprewiously genorated grnphics (via CRT or plottens)

l

.;.These?feiturbs can be.aévantngeously emp}oyedfgq“zpduce‘the

Of linilizing incurred costs of supporting a large scale

conputer on-line whilo he perforns an analysxs of d1splayed

\..
Ea N

r-rosults, or prepares an input data £11e.

is.-. The teruinal can be enploved in conjunctipn with 1

‘niniiii.ti-eshgxiﬁg service-qvqr ordinnry telephone lines at

oL i B DA B ,
'if','f U /. R 'ﬁ. e _“l
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- TABLE 3.2 HINIMUM HARDWARE CONFIGURATION

’

Periphexal "~ - pescription

Approximate. Cost

¥ ]

omputer 4K Minirmal Processor | 3
- - ‘Intel or Similar Tech-
' nology

, 037, 00

Secrial Printer - _ chktyvc‘ASRBS' - ;;Jé%a $1,100.00
- ' ' e i X '1'\.: :‘ L ' '.‘» '
,ﬁ?

-

Display Unit l :Tek;ronix’ﬁ}l ss,b@oinu' i'-

- Display Coﬁtiollcr-~sﬁ#rduare Interpolator S $ 500.00
o L . Software Character - L : :
" Generator o . T i e
W ) - N . . ' ] . - | .
As&nchrdnous 1.; 110 baud to 1200 haud - "Q‘_.S +500.00
" Interface - ¢ , o S .

Digitizer . Similar Technology to - $6,000.00
.. = * _ Ruscon -lLogic.Digitizer . : :
b - ,using Shaft Encoders-

- . 7 ) ‘ e
—y : . o . . Lo
v . -

Eiotter e Drum Type Incremental T 36;000,00
T Plotter R ' R

Mass Storage ].aansséttc Tnpolnri¢cuor c $3,000.00
" Device I “FJop(i; Disc Unit ‘ o

. s
o 4.0 om.gt . :
v - ﬁ%
{ Yo - c‘ - .

n.‘ ke

\ . .

' r

B
B [

o
-



_devxco independent whxch allpws “the user to. eas11y add new - -

. . . . : \f 102
) . . %
. - . ¢ ' '
rclatively. low communication rates
'd. The ternlnal,xs nodular in structure and can cas11v-

he upgraded to"support a broad spectrum of appllcatxons. v

Pcriphcral dcvzces can be chnngcd “as thcy hccome:obsolete

¢ -

_—

without incurring the expenie cﬂ“ total ﬁyftcﬂ rep11€cnunt.

$or

S. ‘The termdnnl 15 cost effbct1vc for the eng1neer1ng

‘ .

'design applicntxon when comparcd wzth non- intelllgcnt systems

d

'and uith stand alone graphxcs systems., ' N ' )Q-

4 ’
-

%'3‘6;' The suppqrt softvare to drive the tcrm1na1 is dxsplay

¢ a0

'gr&phics devices thhout a ma)or nlteramion of the software L

.svstea -The software is r1tten in ANST FORTRAN IV and s/-;wj

.y

. . -.! . e
. CTrl T4 ’
- . i TR Y
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CONS’I‘RU(‘T A SOH'I\’ARE SYSTEM-
.. FOR STRUCTURAL- swfrunsx\_s L

-
[

JW;- This chapter doscribcs the dcvelopment of a soft-,

varo svstea for the nﬁnlvsis/synthcsis of machinn tool°

“

structﬂres. This systom ha; boon deszgned to 1ntegrate tho

engineer/dosignor into 'y larger systcm CompriSIHB the aboue

1
-

h:gh lovel application software system, the terminal support :
Q
softuﬁre»systeu and the EDIT‘tcrminal hardwnto. uThis uork

has olployed the quorylresponso approach to’ the znteractive

-
. £
" B . .

orogran structurotl Flexxbzlity and efficiency afu achieved

%y using a con-and rosponsivc 1nput dc:od1ng system 15 Qtn- ;
junc:ifn with vho 'quory/resronse approach.:\Thxs 1nput Tr 6
scheme . is‘ewplained moTe: fully belou. ;7 _;EL' ' ;_? :7 ?i.':{f

_ ﬁ& f.‘f Throughout tho course of the development'of thi;

‘;,. v

0 progran‘ ‘a standardized nodel nilling nachino has been ysed

fas the test struéﬁure.f Foy, part of thc work,‘this structure
5 . : ] .

was the idealized -athonatical nodql developcq by the
‘ CIRP (!nternltional InStixute fOr Product;on Engxnoer1ng '.7.5

- ¥

ﬁosearch) This 13 a lilling nachine -odel constructed

to- prouotc a progr-lof cooporative developnent of conputer--

aiJed{?ﬁsign for -achine tool structures.l This nodel ;s |
uconpletely dofiued in reforence (69) Tho synthesis portion e

- of thn systeu uas tuatcd for a structure si-ifa; to tho CIRP

. o ! S . . f
L e . . . . . P W . . . B
’ : .7 : oy . . - - . [ . : i
. l-,. . r © } . . Lo N . . . fo .
. . PN o, . . '
e, . SR

‘-.‘ ._'-_ . '.-. :‘. ' '.';w - ' ‘ I 1‘0'3 ;_‘~...

. . - . .
s . L L. U Yoo Tt T . " . : . . RN PP
] P P ; e T - .. - e . . T L [ IR
. R 2 e Tre L . . © - . . e, o . o . B i

&
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‘.q %;pncturc, exccpt for two mxnor mo&zfxcntxons. The CIRP
) . t.f" '\..'

nodel is a nllling machxno that is geometrrcallv s1n11ar to
‘ the strﬁcture of the mnchine in F1gure 4.1,
Tho prinnry conszdcrntion in tho dosxgn or analys1s
.of the structuro of a. metal cutting"machino tool':s-tho.
rrdotornination of the relativo dxsplacement that occurs hetwoen
the cuttor and tho pnrt that is bdxng cut due -t 0 structural
'—defornations. These deformations are cnused by the d1roct _
‘fforcos that are. exerted betwcen'the tool and the ‘part thatxc).
:thernal defornstions due to the coaduction ‘of “ the ‘heat genorated

during tho cutting process by the nachine struciuro, and

\ o

o e

vibrutiooal distortion due to the presence of harnonic excrtxng'

forcos (dynl!ic). All throe of tﬁ%so deforuation modos can be

g TSP,

-,detorlinod by an’ analysis technique known as tho f1nite
’felelont Iethod . The design/analysis of structures- for-uachiﬁc;

atools is conplicated bx thc operational mode of the tool 1:5015.

The functlon of l netal cutting tool is “to support tho cutter

]

'and tho 'vork nnd to love thon rolttively to produce machined

.

‘,coqtours” (7 ). Thus, the geouetrr of the structures is not

1
.,.

fixed wlthin the tool and thero nro a large nunbor of possihlo‘

‘loodtnz conditions that can criso uithin any suhset of the
r- , R _.\ »‘. Co o
possible geoletricnl configuracions.,,;@e_. .

N
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jarge scule onalysis'nethods,-sucn as tno‘finite ¢lement

-

:ethod has nlloued the ntchine tool designer to transfer

sone of the prolininary design work to the digital- compucer.i'

- - ¢ x

Thc transfer of all aspects of nnchino struccural design/analysis

has not yet boon fully .achieved, " One of the primarv obstacles,

’

10 tho conpleto eutouation of. the design of this class of

s;ructuros has ‘been tho noed to meet a largo number of complex

geonetricel constraint:. Thus, -achino toolrdesign is still - ¢

best conducted by tho devolopaent of a prelininary design,

followed by shccessive iterations until a}l constraints

(geonetricll or f&ilure) are ﬂfti id .

LY

The basic concept of th finite elenent method is

-_thlt every structure .may- bo considered as a nathenaticail

_asso-bllgo of individunl¢3tructura1 colponents or elelents.

-

£tnite nunber of theso ole-ents are connected at nodal
.?-

'points. Tho behtviour of this lodel ‘will- closely approxinate

»

tho_bohaviourai chﬂrncteristics of the real structure if a

sufficient nulhef of eleuonts nre enptoyed Sole basic

“

“definitions £ouo- . s
Egggi - Associlted with elch structural node are
:six degreos of freedon (threo translationa! x, Y 2. and. throe
.rotltiontl, ox, °Y'-°z)' Thoso displocenents are expressed
in a2 right-hend glohnl certesien coordinate systo-.
Ble-oats - Associltod uifb each ele-ent inter- N
conuec}inl uith tuo or: -qre nodes is LR stiffness lotrix that |

-

roprosonts tho dispioceiont at’ t%e structural nodes due to

;he epplied_forcezg -Theso.olegent.‘stiffness natriccs cln ‘be.



-

| | o Lo107
: | ¢1/f ) : . ' :. - /
co-nined to produce f disp acgment_rglatignship for the stru;tufe'

of thﬁkforu: ' o : e

xhere {x} = ﬁtiffhess matrix

:{6} =  nodal dispticem;nt'veétbf‘

{Fl » applied force vector . - Co '

The solution of this equation is fh@‘noda! displacenent for
. . . & SR P

the statdc analysis, .= P

For the dynanmic resﬁ%nSe, conSiderin§ only free .

vxbrntions (no forcing function), the oigenvalu s {natural
Y
frcquencies) and eigenVQctors (nornal nodes) of a structural

;._. Lo P N . . .

B e =0 . a

_svstqf are. dotornined by solvinz the equation

-1

- ) K \ P

'qh.ro‘f“ M) -'“;ass matrix for the structure . g

-

- ‘ ; . ¥ _— | . o

Assuminga 'har!o'n‘i;_c? solution of the form . .
ey @Rt s

- ’ . [

Equaiioh'(ggi)>$°¢°.§,‘ SRS S Cem

k" Ml - ' Il {6}- {O} 7 r N (‘-‘)
g%‘_néf‘ M ! f
I s

]
————y
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Thcscigcnvalues%ofﬁ[k'IL[M], therefore, givc'thc

£l

. 1 ) . ) . . . , N
vuluus of = nnd hence’ the "naturat ﬁftﬂﬂchics;, The
W = - ‘

ngchCCtorS give the mode shapes.

B

The problenm uxth the fxn\tc/clsmcnt approach is

.that the mathematical model is a. reduced forn or idealization
. r 'o s < | ’ . ' ’ ) C ' X . i
of thc'prel1m1nary design for the actual structure, Although

ihls reduction is gcnerally a strnightforward task for thi

. oxporionced rachine tool designer, the’ logxc cmployed in thls

‘ L)

nodelling is largely*xntuxtxve and is thus difficult to-'

*nutonnte. The da51gncr nust choose the locat:on of the

" o~

structural nodes such thnt tho informatxon derived from the

.

natheuntical nodel will be rcpresentatxvu of the actual machzne
structure, uhxkc at thc samé t1ne he must keep the number of

fnodes (dcgrees of freedog) thhxn computatxona!ly fea;xble_“ e

lxnits. "

"

The inverse approach of formulating the nathematical

nodel as the prinnry step-and’ extrapolating the resulting

design t6'a prolininary dcsign is’ a comple\\froblem 1nvolving

* .

| the interconncction of: elenonts and offers little advantnga

to the: design proces&.;r

In addition.,the trnnsfer of thc des1gn process

for lqphine structuros to. the digrtal conputer has neces itatod
the generation of 2 great deal of infornation to describe \
both the gaouetry "of the prelininary design and the propertfas',

_‘of its couponont olenents.‘  :"1"7'--i SR T

All,of the above considerations affect the nature of

v

' 'the tochnlque by nhich autouatad lathods are adapted to the

IR
e R L o {
e T g T .

P
[
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o

design process, Thus, the rcqu:rcnentq of a systcm for tho

svnthosis of nachlne struoturcs can be outlined as follows.

‘: 1. There must be a systqm to n;dithc dosigoof in the
iotuitivo‘procosshofutfansrotiﬁg'tho pfeiioinary uodcl to'thé
nnthouoticol ;odeli : ' ’ . ' o \ | ,ﬁ; 1
| ‘i.“ There must be a "rapid reviecw proccduro to vorlfy -
uthat all of the input data has been assembled correctlnb, The
conputational uspocts of a fxnito‘olemont analysxs aro suff1c1ent1y
conplex to varrant the visual rcv1eu of all input’ parnmetors L
bv tho systou dosxgner. Tho batch proccssing npproach can be |
costlv if tho structure has ‘a large number of degrees of
‘ freodo- and tho data has hoon asscmblcd 1ncorrcct1v
| 3. Tbo loud yoctor-muyt bp easily redoftood,”.Tho systom .
Rust hauoﬁtoo cap:oility of examining tho response of the .
structure for varying 1oad oonditzons uithout 1ncurring the
oxponso of inversion of the system stxffness matrix for each
 load case-‘;,;;‘ﬁ:-l'., | {-' L - B ~f'“- e

4}» &hore must bo provls:oh nade to rotrieve inﬁormation
gonorated during provious Tuns as well as to‘store all
';infornation gonorated during tho currontJrun. . *, . . 'ft?
o 5. The dosisn syston nust be uodular in structure ;s -

: ueil as.uodular in upplication. “The structure of the systom o
‘o-ust bo such thot advantago can be - takgn of dcveloping - ;/-
technology uithin anv subsoction of the systo- by° sinply '
insorting an oppropriltely,codod block into the progran uzthout
wdisturbing the oporoting soquenco of the syston.i The applico—

. tion of the progrnn shou}d bo nodular to’ nllow the-usor to-

:‘ . . . - .
S . ’ ' . . ) -' . ' '
q o o ' ' g E . T .
RN SUNL I : . N A .
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complete onlv partial rg&¥s within-'dne terminal session,
" ]

{nforn1tion gcncrated durxng thesc pnrtxal runs must be. storod
: @
and nccessible to retr:eva! for the cxecut1on of sub_

scquent stages of ‘the systen\

6. Therc nust bc an e1<1}\ onwloxcd nathemnttqni p*o-
grsnning oT optintzatxon technxque tp dircct the’ var1atxon of .-
m,the deszgn vartebles in thc presencc of performance conStralnts.

'The user nust be’ able to deszgnete the var;nbles in a structural-

.

subset thet will be pllowed’ to enter the automated optimxzatxon

e - o o ¢ 3
DTOCOSS- ' . : o T

'73','The usei-eust 2lso be able to nunuelgy-difectﬂtne"u

.evolutionery process uih an lterati§e applicetiﬁm of the' ‘-

nnnlvsis-technioue. This must be possihle by - engering or

.reentering the systeu at env input stage.

-

8.. The results must . he presented both graphicnlly as

'well as in tebulnr forn. The graphzcal presohtation must be '
unanbiguous in the designation of structural defornat:ons for
both static end dynelic responees..

9. The systel should be eagily enployed by the inexperi-

L A
enced user’ in e lenguege that is neturnl and precise. At the

same tine, the experienced user eust be able" to enplOy the

,'systen efficiently uithout the annoying delay while lengthy
-explenntions ate trensnitted - ff._ < :‘;““>']-‘” S

PURRY

.4.i . Prqgre- Structure ', ‘i o [ S -I"

A syste- for the sxgthesis of eechine structures

has been developed in the course of this work to fulfill the |

‘.ﬂ N

R T ¢ Y, ’ " A : . T
sl 1 . . - . . S e . . . ; . . L X
.. L - Lo S . . B e
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_.rcquxremcnts stated in the prev:lous scctlon.

. Js / oo M1

e ' - ’ . ff .

The gcncrai
5%

structure of the softwarc is outlined _in Pzgu§u d 2. Tho

S

totnl program has been d1\1ded 1nto cxght scparate sectzons
that hnvo been dxstingU1shcd on the ba515 of fu} ut111:at1on
of the features-of 2he EDIT tcrm1ﬁ11 system in 6rder to

attain the optimal divisxon of tasks hetwecn the system

.elenents. The progran hns been. dcvcloped employing an OVERLAY

e structure uhere each of the cight sections’ comprxse one

prinqry levol OVERLAY, Each DVERLAY has been constructed to

'function as a stnnd alone progrnn retr;ev1ng 1nput dntn '

generated by a louqr lovel ?ectzon from d1sc files as well as

recordlng all generated data on a d1sc lee. Thus, all sactxons

,exchhnge data through an external mass storage'devxce., All

'relevnnt files are attached to the user s terminal (control

point) via.a- systen nncro. In order to prcvent ‘a syston abort

- the initial cpplic tion of the system w:ll retrxeve null files..

-The created files re eutomat1cally ossrgned a retentzon

v

period of two’ dnys._'since 1t is possiblc.to.store up to five

files under one file na-e under the coc scope operating system,

]

ifthe progren can be e-ployed to update all 1nfornation files

-

a udxinu of four tines in the tuo day period before the user

‘is Te ulred to purge files independently of.;he svsten. Thxs
F

retention'period ﬁech prograa section exercises the option

of retrieving-inforiation via centra! site files ‘or fron the

4
.
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términul storage nedium. Anv'filcs créated at the central

1

.1tc ‘can. hu trnnsmxttcd to tho term:nal for storage u1th the
n:d of an 1ndcpcndcnt progran.. This program strugcture enables

thc user to acccss tho system and direct thc system poxntcr

-'to load nn} ofrthc.q;ght sections for execcution., The user
. L Y4 : .
then has the option of terminating the session or proceeding .

with the execution of*any other prpgram section. Naturally,

thc user must bo cognizant of tho nccd to have prcvxously

”
exccuted (at lq'st once) all, lower order SeCtlonS of the

o

- syston uithin the file rctontxon period. o
(a) Conmand StruCtﬁre ._-‘ S | T L R
; = , . —
- All input to the synthesxs system ‘that perta1ns to

exccution dirf::}ves are passed through a command decoderf

The purpose of this nppronch is to allow the user thc flexz--

'_bility to direct the order of thc program cxecut;on as uell
.ag solicit-assistance.  This appronch has been dcscrxbed in’

a2 idnerul s;hso ﬁy Hurtin (28) and applied to a.spccifxc'
upplicntion in = conputgr-aided instruction package by

Janes and chhar (71) Thc systcn used in th;s work is an
'indopcndent subsct of the connnnd structure described in ‘the
lntter rcference. The systcn connands available arc giVen |
in Table 4.1 uith.a brief cxplnnation of their function.-
'Figure 4.3 is an. exalplo ‘of, the usngc of one of the directives

. to obtnin o lore couﬁiete explanation of the conputer generatod

query., The oxporienced user nould be.able to enter a response

: directly. thus requ aller anount of informatxon to be )

,transpittqu
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TABLE 4.1  SYSTEM COMMANDS ‘
- | - ? | .
4 COMMAND L ACTION L | o
; ' Restnrtﬁcprqgrﬂmvfme.bcginninﬁ._ This
| ) comnand allows the user to difé&t _the
' i . |
' ~ . - . - [ . g = —':‘,
’ so.twarc poxnter Lo any prohram sectxon .
BEGIN : Bk _
1/ sinct the program bchns ‘with a dlr- ) =
A~ ; " ective’ rcqucsting sectibn number to bcgin ‘ ’

processing.

'.Steps thc program baél one step uxthin a

.. ) ' ._ 5\ . ,'
1 " . BACK . ‘. major program lelSIOﬂ. i ' i
. 0 This SOIiCltS a more detaxled descrlption
e HELP o " of the program requzrements for a parj

" ticular program.query_or 1nput :equest.

_-Réuiﬁzs all ‘active progran fﬁles ‘Stores
" HALT . alkl dntn on permanent fflus Ehd returns_,

-control to the, timesharing system.

"~

) Steps the program fbr#grd ono step.wi;hin
AHEAD - UL ‘

-l . a major program division. . ... - | O

N
e . . Pe e e .

- - "e. T lll. .
This systen hns beqn tnstad for ambxguity by several

innxparienced users and has been found to be cnsily compre-f
i3

_" hended and effectiv.ly-enployed. A conplote conversation for

gtch;u;gl,synthé%j;‘st;qciUQQd_in_Appen§}x‘ﬁ.

SRR v SR --n_:-.illl

C i
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i

Tur“yunnan or QTRHCTURAL NODES = v ' 16

fruren 1 For acr:ua'%TnTz oq c?; FOR DEFERRED sTATs

(8) ﬂNIﬂATIOV oF: ﬂYNRHIC ngPON';E -
- . "

FNTER QFCTION NHHBFR S L B T ;

PART ONE =~ GEOHETRY NEFINITION. STAGE o o,

DEGREES OF Fnzsoonxuooa- L 3

ENTER (1) FOR PLANF oR (2> FOR SPATIAL FRAME i

-

roonnznars DATA INPUT, SECTION =
snTzq (1) .FoR FPE“SR (2) FOR CGS uuqu‘_ o

SELECT INPUT DEVICE: .. | : o - o L
ENTER (1) FOR DIGITIZER IR ' L .
(2) FOR LIGHT PEN _ L - S !
JMFMTumWE,; - e : C -
;a) FOR quc “FILE T : o

. -

' NODAL coonolua?a INPUT DATA UrA DIGITIZER

.,

ENTER SCALE UAL"E (FTI!N);(FIH-Q). ‘ . 634.;_

HELP

DFFFRRED F'F!DH PREUIO!ISLY BIGIT!ZED DATA ON CASSE’I’TE TAPE

ENﬂ‘-‘R (l) FOR ACTIUE ‘i‘l'ﬁ‘l'E (R (2) FOR DEFERRED STATE . _l, ‘ ’ e
- “ | i o HV'_“- . 2 e}‘ -
_Figu}o 4.3 Snnple Conversat;on Indicatxng the N - .
T 'Use-of the HELP Conmand "o e

' . ) - \--.. o . '
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N ..§§> Co . o ¢, Lo . _
{b) SectTon One - Feonetrv Definition e ‘a ‘-.'_ :

Figuro 4. 4 is a schematxc of the CIRP\modol mill:ng
.nachzne and Figure 44: 1s a finite element model of this
sane structure. The nodel shoun consists of 20 nodes and 20', E
:pcnburs wtth a total of 170 eogrecs of Frecdom Vode ;ember

[

"0 wh1th corresponds to the base. of the: structurevts assuned

. to be fixed in each of the six possible degrees of freedom.

t

. The nachine is lodelled with’ bean type elelents. The first"

i) o

:step in the perfornance of either an analysis or synthesis

]

-is the. preparation of a, dizitized base of coordlnate data

'iand hoqal connectively._ Sutherland (73), Jn ‘an’ elaborate

b

; expository on the reduction ef -ultiple viewsuof an object to '
. e . A
Ca three dinensionnl eoerdinate tepresentation, defines a ,a“ -

1

i"lnaic" trgnsforuetion -atrix [H] such that the redundant 'e"

“coordinhte is "lutqpatically" discarﬂed hy the system processing

'; the digiti:ed deta. He defines [H] as

o

EREEEAS ,“'

[x ¥, "b b] m,[x”'] o

.where l 1; the redundent coordinete.. This is a soneuhat

\

'foruel presentetion of e very si-ple concept. The judicious

_‘."

'*‘ﬁ“vhen there are lore than two viows
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.Vic"; Suthorland!s P“éér d°éqribcd i two' cursor (pen) SYsccm
for thc'sinnlcmncous digit}zingﬁcf two views of a three-
a:nensional chECt, ) ;. . : .

{

Hsing the FDIT systcm thc user must OVerlay two

tpus of hi% pr'l:nz' esian hlch 4 nodnl rcprcscntdtlon ........ N

. . . ”-.'. e

xte eclement ﬁodcl - These: V1cus arc then digltizcd

;/,f“ in scqucnce thh tho nodnl coordinatcs being’ recordéd in the ';f
_acc ordcr in cach_of tho views. The rclatzve locntxon of. the

vxews to each other is innntenial, as the uscr is freq cc f

‘[AVPL

'rocord a coordinntc origin f t each'vieu.
- Sinco thc locatipn and the nuubct/of structural o

/ I

' /

/the digxtizing process may 1nvolvo "thxnt" t1ne and boSt bcn

e

. ',conductod off-lin:t:jiff,ggﬁfgf’the Statﬁ alone ternxna! P
o .prcgrans. Each. . requesx made by ﬁyc prOgran can bc $~ e
.'cctisfi ' by rcal tinc cntrv vi thc-nost appropriato pcri4'

. ,J:.

-3
-

eral fuhctioning fn nn “activc“ state; or via the nnst
capproprintc peripheral functioning in the dcferrcd statc J,'
through thc ter-inal's cgssctte systan* or fron prcviouély
"truusnittcd £ilcs-storod at the éentral §itc on a. diSc.‘
!Section Dno is co-plctcd by the gcnération of alf~f-z
connectivity natrix that designates which nodes arc inter- IR
fconnectod by elclents.i This is ach£QVed in the nornal -annerl;\;'
by assigni,.ycnch clelcnt a nuaben nnd associated uith thc o

At l :
aro tho nulﬁorsof thq nodes attachcd tn that

; ,51‘\ 

‘ olenent.- ln cn intcractive onviron-cnt this can be. a txne_

: clencnt nunhor

p—,

'\.r. .

;;{f/fconsuuing_lndftdaious dlta entry task. This file is lost
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request. -Hodiflcltion! ‘to this. fi.le', as’'well as any other
,tcrmlnnl file, can be i-plenentod using ths ter-inhlos odit-
ing flCilitY. - . ,f/-:_";' ) -‘.. __ : ;_. ‘ . ' l' _ ~ '. ?‘k. . . T !
AE cﬁ;/:;:pletion of sactton one ‘the nodsl coordinate
data snd the nodsl connsctivity dnts are stored on a central
| sxtc disc file. L ) : - o R

AN

- (e) Soction Tuo - Geouatry Dispfdi .,.E' ". fi_ .

Section tis of the synthesis pro;rsn gonsrstes 2
]

grnphicul varificstion of the 1nput geo-etry. This is-an
':sportant sspect of sny structursl synthesis or snslysis syste;.;J '
The cost té gensrste a solution for ; structure thst has been o J
-coded incorrectly csn he quite high. is soction of the pro- e

/
gran stploys the tsrlinsl support softwsre snd the hrsphics

packa;e to onsblo tho dssigner to cify the pqint of ii: r s'.? ©
observation 1n thros dinlnsious raéiz;va to. tho structursl _’.3 1.47
euvslope.- Figuros 4 6 and ‘ 7 sre photogrsphs frol ths CRT

of a perspcetive prsseutstion of the ftnito olenent~-odel B

for the uilling lschin' offFiguro ﬂ Tho user csn dispose

the displsy f!ls to 'uy of_the tsrlinsl's grsphics dovices.‘
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«tructure. A bencficial additiOn-to‘thc system. wouldfbé-a
nphxcnl prosuntatzon of the load vector qupar;nposnd on the
structural geomdtr},‘ Thxs featurc haﬂ not heen xmplcncntcd

"in the current version of the softwarc systcm,‘

—
e

‘(e) ~ Section Eour - Element Properties

.
s :

It 1s necessary for the user to defino the zodulhs

~ of olnsticxty for tho structural mntcr11l thc-ma;gpt 1. -

"dcgsity and the area moment for each beam type'étnucturdlx

'clenbni. _' : This'iﬁput raquiromont must  he sat1sf1ed v

'for hoth the analvsxs systcm ‘as well. as the synthasxs B

ysten.' In the latter case the element proport1es are used

‘as starting points in &ho nutoﬁnted search procedure. ‘Again

P

this can he”~ & todxous task-for a complox structure heing

“f designoﬁ in an 1nterac:ive cog ter énvirbnmeﬁt' A tcdhniuuc to .
R o
relzcve the designcr of this task and allow ‘him to draw from a
f A .
Iheuristically constructcd data base of standnrd element forms

. 'was xnvestxgatod . This - npproaeh was hindered by thep )
Inck of l useablc data-baso managenont system,  The Query- “Lm'~
Updlto systel dechOpod by CONTROL ‘DATA Corpor;t1on avallable
ern the NcHaster CDC-6400 prOVed to bo conputatzonnlly over-
“whelging.' This reduced its application to tho gcneratlon‘
r'of 2 file of eandidato elenent proporties vhich had to be
creltod independently of tha cantral synthosis systen. This
‘conplication groatly reduced the desirabxlity of tho approach

- The inplonontation o£ nutonatcd dnta retr;cval was further

_conplieited bf\;ho soVage rostrictioné placed on the use of the.

r v : N
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. . ) B . \
Qqcry-Update system by the McMaster Computer Center. Section

four of this progrnm has'bcen written to accoﬁnodatc this - . S

typo of data rotrieval systcm in thc event that thc computat10n11

:probldms are rcsolvod 1n thc futurc. Thc elcment prOpcrty

fwle can ho stored and accessed fron a lncal termlnal 511»

input on- lxna vid the tclet\pe or rctrxevcd from a central

-

LS

sxtc dlSC filo. The‘connon use-of weldod scctions in the

structure of machxne toolsrconplicates the definition of the

area noments of inertin for thest irregular sections. . The
k

R . £ e e
.'d;gitx er can bo used in association with a software supported

-
' 1

'progran to genaratc approximate valucs of the moments of "

>

jnertia for thcse scctions., A future ndd1t10n to th

rogram -
K should include the’ ability to dxsplav the. resulting section

and assocxated properties at the tormxnal usxng the graph:cs

il

capabllxty.r‘
Tho\finite element nodel emplovod to test the

offectivaness of th:s softuare systam is shown in F;gure 4.8.
\
Thls model correspondsjezactly to ;hc‘prcv1ously.g1v6n CIRE

structurafoxtept’that the .two infinitelf stiff memhers

"thnt'coapriia the "knee" soctions of the vertical column

- 21

'_'ﬁore'renoved . This reduced the number of structural nodos

t9 18 with s total of. 18 nembars” The test . load case was a
I'cad of 0‘2‘kips ‘acting vertically on’ nodc 13 (axxally on the'

cutter) and in the ppposing forca acting down on ‘node 7 (tnble)

-'Siaco the lpads were in the - plano of the structuro the analysis
was not affccted by tho elemants thnt conprxse the bablc portzon )
of the nachine.' This had thc affect of decreasxng the - L ‘L

structure to 16 nenhers nnd 48 degrees of ffbedom-

. . : b
R . Lo T . . B N . . .
- - . . . . o L . . . . . 4 1 .
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Tho olenent properties used for the test structures

are given i Table 4 2. The elelent Iengths were computad from

© the nodal coordinato date - R S
— | S,
-7:1A3L€ 4.2 STRUCTURAL PROPERTIES
.usnnsn' | area ;i!;)_ '_," T, (iq‘)
r 1,2 0 ;35.62~ B .+ 485.31 A
2 (2,%) Cosde T 485.31 .
3.4, | 18.4 © 182.3s
4ws | e T 1sauss i
‘s Cowsa | 1s2.ss
e | 7 - 252.26
RACH ORI 23,26 | - 14463
'8 (8,9) | 23.26 . 144,63 . |
99,00 | 277 253.26 | -
- 10 (xo.li)Lv _';1;1. R 0.090°
i; (11;12)- s 3;.1' 2 .  "' 70,09 I
12 tlz.IS)ﬁ"g.' 5.3 N B 24,99 _

: _13'(13;14),. Lo -;,@; = - [i;1;54 _ L
|14 (14,15) oy seer 7 anse R .
" 1s (15,16) | 4‘> ‘27;7i R : 1152=26.:.-' | : |
f:1§f(15.§) f”.f 23,26 N ‘i4f£63 ' R

ry - -

(f) Section Fiva - Anllysis.',.- ' S y

It hl: not boen tho intontion of this work to dovelop

"a sdphisticatod !inito olenont prbzrli \but rathar to integrnto

.
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1 T

this cap1hillty inté a larger system that cncompasscs all

- *“PUCtS of ‘hc dcslﬂ" process, Thcrc arc a. numbcr of finite

Llcnont progrnns n\azlnblc both commercxally and in thc pub11c

Jomaxn thnt-rcprcsont many nan- vears of programming cffort.

. ¢
1he snfthﬁrn >v ten ch'IOp I"in this work’ QPHIUVS i *Plat1\c1'

sxnplc f1nitc clcment progran that possessed a sufficient

nunber of fea;uros to make iy feasible to apply it to a real .

11 [ ‘ . -

structursl problon and to test ‘the mc:xt of an 1nteractive

* -

systems.ngpronch. Some of the fcatq;es-lncludcd in the prOgrdm

t

_are as follows, . -

-
)

-

.’ .- Since tho stlffness matrix‘assemhlcd by the structure-

) ‘15 synnatricnl and bandod thc-ptOgram only gcnerates and

stores as a.lihoar'arraylfhose'cicménts contained in the lower

half offtﬁg matrix band width, e e i~7d
2. The étiffness néirix is invtrfed“(producing a flei-

ibilltv uatrxx) us;ng the Choleski decompositxon method (73)

Tho resulting flexib:lity nagrix is stored on a d15c and can
be cnployed to evaluate the structural ‘response for a number

of load ‘cases without incurr1ng the compu:ntxonal expense
1. .

of matrix iuversion for-each program rteratxbn. : T

LN

3. Tho progrnn is presently wr:tten to handle only ‘beam:

‘ since the ‘program is . contained uholly
_uithi‘n one FOR‘I‘RAH OVERLAY ;; is 'y simple task to append the |

caplcity to handle adcitional clement types. s

T .

-4 The progran hns the capacity to handlc sprxngs at thc

' @,
foundnnton supports as well’ as ncmbors bonring distrihuted loads.

e
al

s . o ‘ "  - W, N e ‘
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‘5. Tho rcl1t1xc1v small core. qxzc 1va11ab1c to an

1ntcratt1vc user on McMaster's CDC 6400 mnde .it prohibitive

"\

. to expnnd the program to handlc nore than 1000 degrees of

4

~ . . ’

,'.'....

frecedon, T ' -

N O A further limitatien i5 that at the present tinme

the program -‘does not compute the thernal stiffness

N
patrix. T~ : .
A future addxtion to the progran should 1mp1emont
an autonnted procedure to renumber tho nodcs to minimize the 4

'st:ffnoas natrlx band Hldth In add1t1on, uhen functlonlng

:tth more core and shorter "roll out" tlmes, the cnpab111ty

of the nnnIVS1s portion of thc progran should be expanded toy
handlo different olomonts and more dcgrees of freedom.

Thc rcsqﬁts for the test structure are given in

3

Tnble 4. 3 (computéd member loads) and Table 4.4 (nodal dcflecttons)

This analvsxs c0nsumed 3. 5 seconds of contral processor time-

on the CDC 6400, B .

T

It should be noted that 1n terms of nachlne structures

.the CIRP -odel is & relativelv s1mﬁﬂo structure. The systom

has the cnpability 'to handle nore conplox systvms in terms

of core capncity. However, uhcn the host computcr 1s used. C e

(e

to support a low priority timesharrng systen in ndd1tion to a.

'hxgb priorxty batch systen, the roll out timos for testing,

- a- systen ean becone exoessive. For this reason, the CIRP

structure provod to be an fdeal test nodel
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'TABLE 4.4  NODAL DEFORMATIONS
) " ﬂ. 3

X-defl. (fi )
X 10 5

I

Y defl (ftr.)
'x 10 -5

B ROTATIOV

X ln =5

(radians

..

T

~

F S T

' rn,o_.*

- 0.0
0.0
0.0 .

a.r ‘

o S 1

0.0

0.0 -
-L_-o.zi

'fé_?

-0.7
'_'0;0}.

e

.“d.o ..I

1. . -0.4 IR IR 3 2% SN " 142
12 20;3 | 6.3 . < a2
13" _ '. '-2..‘..07-‘- ‘.L:.l. ’ . R 602- ‘ 2-“5 .
14 .20 43' B 3.8
..'.-. ! . - - v ;‘ "
15 | e -2.00 | ; _j 4 2.0 -
16 S 2.0 0w Y ‘L ;o.o_ | 1.8
o R '{ . &
(gj-_ Section Seven - Display of Rosults  - ' J y

4

In this sectjon ‘of - ghe prograuathe user can selectxvely

prrnt or supptos:fthu :kbles of conputed results at the Telo-:lf“95'

—t-'-".f PR 4

'type as uell us plot out the structurc geonetrw with tho'

structurnl dpf&raation supat;nposod with an enlargcd scnle.

,Fﬁguro‘d,g_

._,

PS“u reproduction of fhe plot ptoduccd for ‘the.. N
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l;st-qtructure loadcd-uith the test load of 0,2 kips
c- Bt nodes 7 and 11 "as. produced by the FDIT termxnal'
bcd plotter.' The"original structuro Was plotted 1n{

ink whxle tho dcformed structure ‘was plotted in red.

L. Jrfolﬂattuns in. th;s f;pur« areé cnlarged hv a factor

Thxs graphic displnv of the computed results for the étructure'

.could hnve heen assigned nqually well to anx,of the termxhal

'J‘dxsplay devxtes.' This forn of prosentation gives anfxnmed1ate

M"feol" forfthe pnoblen to the designer,, enabllng him to- nodify

-
i

those monb%rs thnt are nost lxkely to contributé to improving

" the strueturii response,_using a. manual iterat;ve approach.,f
& ~Alternately, - the designer nay iterate uith the assistance of

a nntheaati}al grogranning algorithm, the logic for uhich is

?

‘Eontarned in section six of the progran and is described belou

s L - -

% . . " T . S “-\-.- "'..('i'.' \‘- g ) S . e
. . . .. / . S . . "--’ _.--.. 1-
¥ | (hY Section ngﬁ- Optipi:ation MR Sy . h , fx'
. . SRS
Y This progrnn section allows the. structural designer -.‘
to. ellow e Iathelutical optinization technique to vary a )
T Specified Subset of elelont cross-sectional areas. to arrxve
at a fensible solution that required the addition of the least'
o structﬁral naterinl 2; _f e ._‘.A.; L W\ ’
. o ‘ IR
St The objeigive function has the forn
.. “"sz o o e ';U"_{-; o i S DR
| vw'- p L, Ai 1.1 D+ minimum 0 o T e T (4.6)
- 1'1 .,;fj..z-”: ;.'t_"‘ﬂﬁﬁs_ ‘“ . oo
'} . . . . . ...‘ . - - -:. N ' o .

Erees wﬁefe;zf“;ii:i? Cross-sectional area’ 6E nenber i .
- o f?gti?yﬁ Co-puted length of uenber i ;5'1 S “2{e_""

‘”iluaterlal density
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N = 'a subqet of the totnl numher of gtrggtural

' oL ,clcuonts N i
‘ , - - . . e N -‘l . - - @ ‘
. |l ~ o . ! . l .
In the currcnt vors1on thc designer can: dcscrxbe .
- ‘ . : s e '

3ht ronumrod qtructural purforoancc by :ppl\:ng constr:1nt5” B -Z
‘to, thc nodal dofornations for absoluto or relative dcforma-

'txons. Thoso two constraint types have the following form.

’ - Fof absoluto nodal deflections o .
Y-S _ , e ;
) ) . ‘:‘0' .. —-' . ’ -‘ . ' : o -.do . K - .-" B ._:':- “.'.
Ty bjk '~l°jk| 20 - - degm ‘.7

. .4
™ cr .
.

~ whore: jjibsiQ » 'spotiflod-uppcr limit{or-tﬁ% pefnlssible"w
! . [+ ]

. deflection=of node 3 for degree ‘of freedom k., ©

. ﬁ*::;-:”' 6;;1.1f coupdted volue of tho deflcctlons of node:t-
Pl g dcgroo of freedon*k (This vilue is
| ' ;;'-'; qouputod via :heofinite elenent pnckago

;'3_Hf-.)A‘- o 7%Lt.ao£ section tive of the synthesis ‘progran ,~ f. .

. e '.;.;L“- £or each iteration of the design-’ vnriables)?:‘

{f§ .7"' ;ff ﬁn"' . define; a‘;ubsot of the total_number of nodes;
S i - 1t o A,,{';f; R ".t'_“'::f ;‘ | _:‘&: {\9;:'

) ‘;otétr For tho analysis for the in- lnne loadinauof“the tes; o

. v - :
case thc nodai dcgrees of freedon verc raduccd to & total ‘of three.

.'The constraint functions are deflnod by sinple F@RTRAN state- -
- ) _»
ments in n soparato subroutine.‘ Thus the user can easily

. /GE;:;d aaditional constraints as requirod




{ . - 134

r

f’_Tho optlmi;nt;oh stfnﬁégy cmployﬁd has been adopted

from tho- SEFKI prOgrnm in fofcrcnce (56]£ This is thé d}rc't

scarch method of Hooke and Jcovcs folloued by a random search

éh\i;. ‘The_strategy is an unconstrnlned scarch for an

S : : : /
optiyun of an artificial ob;ecquc functmun_qt'thc tora:’

5w s 26
part _..\. ""nct * 10 j‘l X ary

for all" ‘j <o _; S

v

A complote description of the progrnm nd the rcicvant 5afa- ;

neters is contained in the reference._ -&xhe test structure K

L]

8 single absolutc constraint was pluced on the defleccxon of

node 11. (cutte support) The nnximun permxss1ble value was

:specificd ffyu 00094

t. Tho uembers alloued to vary ifh .cTtoss-

section were nonbers 1 au@ 11 uhich are bounded by nodes

(10 11] and (ll 12) respectively.' Tha c°nvcrgcncc criteria -

a“»

. I¢ R N )

S

of axninun step- leugth was arbitrarily establishcd for the tcst_ o

'struCtu:e‘gs,

Co.0e78) A, T

at. . . R L L

where: = A, = input starting valua for the cross- sect1onal.

x;area of ne-ber for each menber allouad to

fu;fentur the search proceduro.

. bk - o=,
M > .
L]

| ZTPor uachlne tool structure—dei&sn the 1nf1uencc of

t ie deflcction constraints on the response surfnce genorntcd
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by the cauation (4 8) nbrﬂully‘would preclude the possibilit?

PO

[ of a violatxon”o{ a faigurc constraint, T;Fthe event that 5

a failure coﬁht;nint_is;violntcd; thcrc-n; an.add1t1opal-
venalty functiop applied to the objective function. -

Tho'fei;ﬁre-;eeﬂtraints are oﬁinAppliEd when a. -

neaber fails that weuld:lead'to a'structurnl failure. The.

-

ihclusion of‘aQIOhd free redundant menbor in the subset of
. ; .-
ncnbers being alloued tp er) would fesult in the delct1on of

-

that membet fron the struc ure,

.:.‘ . ‘ A P

in this eutonated soarch stratcg which'embloys

'.

a fnnxte oleuent annlysis at each desxgn point, there is 'a
problen related to the explicxt expression of thc area moment.

of inertza for the cross soction in: terms of the de51gn var;ahles
that -govera the. nenbers' ?ross ;oqt1ona1 area. PrOV1510n has,,

- .

been nade in the pIOgran Eo employ a file of nomber type)

that are in_ connon usage. The test structurc uas allowed only

.-

_circulnx ' cross sectionﬁl nenbers..'V . - g
. : { . b
Under the above critoria,_conVergence for the test

structure uas achieved in fewer than fiVe iteratiuns produc-

R - o

ing the results given in Table 4. 5 and Table 4. 6 ; Th:s *?

- \.f. : L

*vnthesis required 7. S seconds of centrll processor time

on tho cnc 5400 A_.: L E :;..'--

At the present tipe'there;i oﬂly}thee:ogie for

_one search sgrategy in the”EOBe"fei 5ect10n six.! 'A'future-

~

"vorsion of the structural synthesis progran should incorporate the -

. ;apehility;of_nlleuing.the desizner to. overrxde the dofault.

5

6p}iqp5by'}éqdesiiﬁﬁfe5d1£ferent strategy. Tﬁe struc:ure of

e
¥
a
1
2
=
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TABLE 4.6 COMPUTED MEMBER PROPERTIES .. -
N - DETERMINED BY SECTION STX T

T e

l- ' o | .2 - a0
, Membur (Node) Area. in” | [z (m) "

L) {

W B P I ¥ —
-1 (1,2) N N & 485,31

2 (2;35f_ e ;32.62.3 w 485,31 - / B

5(3,4)° | . 18.40 182%3s. oy
sy |: 1840 7 | 182.3s

(5,6) | 18.40- 187,35

(5,79 - - 27.70 | ‘252,26

T SE7 O

3. | 2526 | 1es6s
8 (8,9 5, [ 226 1 1a.6s
sumam | e |oaszze . Tl L T
,_-10'(10;1}j b '"j;éu_ ‘,,h_;;J d.qg |- ‘
- .iz(;;,ls); e sis L C24uee \\{f(\:_ o
13 (13,14) | _:3.573"f;f 'Rij:34 B
ae'aeasy o oser - | rLse
‘Isbfis,:éjfa-g; ﬂ'] 27)70, '”'* - 252,263. ,'
16;(15,95;'::'-;f';3.és | raeses
e B

Y RS
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*' gection six of the structural synthesis system has been
written to allow this capability to bhe easily installed.
.

(i) qectxon Eight - Aninntton of the- Dvnamic Rcsponse

. Sectton oxght of ‘the ctructural S\nthe515 cystcn-

lis used to aninmate the dvnanic response of the. strpcture
for each of the naturel nodes of vibrntion. The eigenvalues.

and . cigenvectors obtained in the solution of Equation (4. d)a(//.
.can be enploved in conjunction vith Equation (4 3) to sxmul

tho dynanic response of the structure. -‘Ohr eurrent_system |
 does not include a dynamic analyst\\p{o?ran.‘ The eﬁgenvnlues. N
%_und eigenvectorscnay he calculated by an external package_ K . _
'(:n this case STARDYN&NTE;EH‘these nre user input to the system.r

- o

The norlal output procedure is to use a. convcnt:onal plottur '

* L9

S e to—produce,c series of rotatud vieus shou1ng (nt an enlarged
scale) the structure in its nost extrole position.' Figure 4. 10
" shows' this procedure in a series 0£:V£°US of “the CIRP model

| uilling lachine as’ anulyted and plotted on a CDC 6600 computerﬂ .

“uith the STARDYNE finite olenent packcge. This static B
'representetion of a dynsnic process fhils to- conpletely convey, '
a true 1ndicstion of tho actual defornstion process. These‘ o
extre-e nlots do not 1ndicate the interaction betueen elements‘

of the structure es it oscillutes fron .one extrene position

to another. In contrest to this unsatisfactory staixc outPUt'_ S

our systol provides an eninated dynanic display nnd servesﬁ“
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N e .

— N - -

TR Fjgg}e:4.~ld. ‘ﬁotetcdeextrene views of CIRP.
. «_structu:otas plo d bv STARDYNE

seven of-the progran did.fot the eta fc aSpects ‘of design.
| -, It is Very difficult to quantify the infornat1on:
uavailahle to the engineer/designer resulting from an aninated
-‘displav of & tilo dcpondeut procogs._ It 15 equally dlffxcult o

- to denonstrato the qualitative advantage of anination in the
' ' \

. static nediu. of a pcper,.;':g.u,_f "'; _;' .; i

i
-

'm' The oni-ation of tho structure is not conducted at

_ ‘thc toruinel 1n retl tine._ To aohieve this would require g

refresh type dtspiogﬁng.tnd n fast data channel between the  :_ :;

data 1nterpolation processor and the display controller. The
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| 8
nnlnotion is nccompllshed by produc1ng a 16 mm movie bv
generating’ cnch framo of the omovie on the’ EDIT tormxnnl' : S

storage dxsplny,CRT'and photographing it with a Bolex movie

- ) . . . WS ] N . .
CRTICTA. -The:canora shutter is driven by the ‘terminal and
. . N ' -7 s
. & '- . ‘{‘ ! ; . . * B ) ) N
the exposuro times danihe controlled through_ a paramster in

the local to:uinalts7oo6ratin§'systcm._ The interface was .

b

désigned by the'author-and‘is-doscribed in'Apbondix J. Sinilcft
- .

to the display portions of sections two end seven of the
program, the user can con:rol the perspective view of the -
'structure by inputting the coordinate locations of the point.
of observetion.z After viexing a representative frame from the
movie. the user cen trenseit the balence of the graphical data

‘to the teruinel E . L E - _ ‘d

-~

The anount oT infornation that nust he transnitted for

the conplete production of a noviesis enoruous for even

relatively silple figures For exeuple, a one- ninute novie,-uith

h-\-_-_
‘ 1000 trensnitted date characters required per frane;‘would

~

: require the tdtel trenelission of 1. 4# X 10 charactcrs. .}e

300 baud this: nou#d require 13 bours to transnit the data. -  5‘z

This conbined with e 1 5 second exposure tiue for each frame

is 2 prohibitively long tiee to expect A host sy3t°“ to renain ,1f

stnble._ Fcr the structurel svstea the problee is alleviated '
- o B
: by the cyclic neture of the systea response.-_ Even for this

reduced problea the -oet edventegeous uode of enploynent of ,‘fff

the syste- is to trnnseit the required display data to tho local jf

processor storsge fecility at reletively high data rates and

. then- enploy the,teruinal in a2, stand alone lode to generate th°'i;af
.;eovie,-.JThxs nli proved to producﬁ 2 rensonablv good qualxty
. Vo ‘L . 7 - . . u )
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A ot e M R Y o e - -
’

s A s e e e p——. -
-4

o

ek s o A p——— . o o

. [

figh?é;Q{il‘ | ﬁraid from anihatedxnoviélf

novie that is technicnlly accura;e at a very lou hardunre nnd-‘

.

softvare cost. SQVQrLI cost saving lathcds of intcrpolation

. ') L

should be includod 1n a future vorsion of this system. One
F_ts repotitive‘filning pf f:anes., Thﬁs-prqduges an aestﬁéiic'

L4
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film but no'loﬁgor retains tlie precise nclatioﬁship to the

ﬁathoﬁaticpl"modcl.; Another method. is local linear inter-
polation of intermcdiate film frames,

e
13

R : sFigurord.ll'isfa prinx—of a frame from a movie made

that depictedlthe test struccure vihrating in the first

- o S e v
aatural mode [134 H*) " .The c¥cle time'uscd in the movic Was. ..
.12, seconds producing a rcduct1on factor Of i .of the achaj

2208 :

,poriod of oscxllation. This requlred the generation of 288 i

.1ndopondent frames for the conplete cycle.,

. Although a- rea! ‘time animatxon display would be more,"

"._appenling in the design process, ‘the’ Systen dcscrihed above

.

- provided a very 1nexpen51ve technique by which the contributlon

.to the design process,of dxsplaying timo ‘"dependent functions
"}naaniaafioh could be‘eVana:ed: ‘ ‘

d,Z Sunnarv ": " o .-f_; ‘ X

The program described in this chapter, although

skeletal in soue aspects. has served to denonstrate the

Y

'enhnncelent of the design process that occurs when the three

elenents. designer, oftware .and hardnare are integrated into

[l

‘a cohesiVe systen. The softtnre has been deVeloped as a
.,systen conprised of independently executablo subsect;pns
that interchnnge data files via an externnl devnce. This has

r
. .

_ provided the. user wlth tha flexdbiyity to execute any Sub-'

soctioniff the progrsn durinz one ternina] session, after

.which the. infornation that has been created is automatically

'.‘

stored by the systen.,rThe termxnal features have been exploxted
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- i

to rcducc the nornal h1pdrnnces ;hat ocecur when attemptxng

A dxalogue has heon

Lo 1mplcmcnt a: lnrge scnlo program for structural synthcs1s

“in an 1ntoract1v¢ computer envxronmgnt
1ciont systen that can be 5

structured to provide an qﬁ\\
utilized effectively by hoth expcricnccd and incxper;cnccd

4
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- 7w 7 CHAPTER §

O - “BOTTLE ~ A COMPUTER-AIDED -
- . MANUFACTURING SYSTEM TO o
. AUTOMATE BOTTLE HOL EEEERSE
PROUUCTIOY

o

O % ‘ e ) o o -t 2 ' o
5,9 _Gcnoral . L'qﬁ. SR -.,{ o
In Chapter 2 of this thesis, compucer a1ded manu-

facturing has'bfenudefined as the autonatxon of the funct1ons

in. the design, developucnt,.nnd uanufacture of a product |

regardloss of the nunber of products,produced or tho scale.ofm

the productiod op:;etion.' rn this chapter a. simple and
.-nininnl systc- is’described which has ‘been developed to fulfxll.
“a rear'ﬁndustrinl need in. ‘the nanufac;ure of glass “bottle

o : S -
eolds.. It serves as-an 111ustrntiou/of how the EDIT-system

13 —.

-

rite

,_may, also be used’ in conputer aided manufacturing. ln this N

» ]

application thc EDIT terlinal is enployed hs the ccntral element:

<

in a three stage systen thnt allocates data processing and

~
- tope

data nanagelent tasks to thc three systen processors. F1guro ' }
5.1 is e block diegran shewing the relationship between the L

'three levers of processing pouer and the func:ions allocated

1 ﬂ

to eech level. Tha‘liuk betveen the EDIT teruinal and the

ﬁ; process control coqpﬁter*[a Heulett Packard 2100A, 16k mini-l

a

’ _mcenputer) has just recently been coupleted The Iogic ‘of. .”fg

3f using thi! syete-. for conﬁuter-aided nanufncture uas developed:'
in this uork by si-ulating this connection using an off line
paper tnpe llnk to a hardwired GE Mnrk CenturyuContYol on an

Aeericen Huetler Turni;; Ceoter.- RTINS ';- o

\1_.




ol
"
o

. APT, SPUT.& POST
~ PROCESSORS
snnpmcs N,

- IENTIFIC PACKAGES E

| FNrtE Eusuaur PACKAGES.

" INTERACTIVE,
(TIME : SHARED)

-

S supeavnsoav
| coupun-:n

DATA ACOU!SI‘I’ION l
STORAGE

DATA DISPLAY & EDI'ﬂNG .

- PART . PROGRANHDGB

- .-

CON OLLE -lﬁ,‘reaﬁoi‘.-moﬁ -
. tER]| » .
g TR\ -~ CONTROL
coermou.zo ’
Ppocsss .
(:Au svs'nau S
L N

thure

v
P
A
.
-
-
~

'-_vemncxnon . o




@fr-'

"drawxng s:u:lnn go the drauxng shown 1n ngure 5. 2 ;T i

‘5.1 Present Practice

a dxffxcult task as the draftsman,_1n the preparntio
'rcsize the drauinz ‘to ueet the specxfied value .. Thrs 1; e_ 3

) original aesthctic roquigeuents Qﬂ;?ﬁc di

“from - 5he detniled draxin{ﬁ_ The volune of the pTOtotiEf 15 :..,{l

“The. glass manufacturing industry has provided a-

-

.interesting case study for the examination of the effects on

"
a

all aspects of the manufacturing proccss thet qdcut as a.

B
result of the 1nerouuctiun 07 1 new tcghnnlnhv"nto qnu stagc

-

.1of the produce/sn system, In “this case, the mold dcsxgn process

and the prcsent productxun practices. have been extensxvcly )

Jnfluenced by the introduction of numgrxcallv controlled

turnzng centers into the mold nanufactur;ng proces.

In tho present systen, the design of . new bottle o e'
follous generally the f011051ng Steps.g. ”f?‘ ) SN li'

e '
'l;' An industrial art1sf in communicntxon wzth thc customer.

arrives at an aesthcticsketch of a proposed bottlc desxgn.

Thn agtist then prepares a. prolee draw:ng from th1s sket&&

o

& “The’ profile 3ketch is trnnslated 1nto a detnxifi/) :
o
5"is ’

‘;of the detnlL

1

draw!ng,.‘nust- attenpt , to compute the contnin _‘vorume and

-

= -

task that ‘is often at’ var;nnce with the r_tention of the ;
J'

There is a

sign.

F

tendency to introduce straight lines'in§0'th;-prefxlexueere,;

‘ possibleﬂ In eddition the draftsmau muetfﬁeet any dimensional

fcons:raints x-posed on ‘the bottle by the customerls transport '
. . . - ta e ,‘
nech-nisnx. o, : ' S o :
e o S . . . X

3. A wooden prototype is produced by- 3 pattern maker

‘,\.
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- | ' e
then tound by:jmnersion_in uatetL"Fol)oning this tne puttetn

is nodified'until.tno‘coftect-volppe;is‘nttnincdhby-triat.

At thit.qtnge the expenﬁdvo.dctniied Jrawing'booomest;edundant.
Thc 1ncompntxbxl:ty botueen drawing and prototype 1ntroduces

"1 ~1nuf1c'ur;nk problcn hetueen curnct'nv plass connanxeq.‘ t
‘When a bottle contract. is awarded: thnt exceeds the product:ve ‘ i
"-Cupncxtv of one. supplicr,_the order is suh contracted to the}
.conpetxtxon. Hoﬁever, nold developmcnt expensesyare only
,necOVered by the original contract recipzont.‘ aThe sub- | ‘ﬂ
dontractor is, prov1ded uxth the above detuiled drauxng. One
f:rm confided that thev resolved the problen by purchns1ng

¢ o .
the competitor's product in the market plnce and u&od this as

»
-

a prototype nodel.
. ‘ ' A Y
. 4;_. The wooden pattern is then used w1th a tracer-

]

controlled cutter to produce a steel pattern.’f-

~

.

S. The steel pnttern is used with a tracér controlled

fidnthe to cut. the go1d’ eavity. o L e

. After co-pletion of step three, the wooden pattenn ':L,;
| is . checked by the originnl designer against the o:zginal / ‘
"design concept, ; rejeotion at this stage prec;pitates nn ﬁ-‘
extensive delay in the preduction of the nold. The nove tor, 5
netric sizes (requiring the conversion of a. groat nunber of
existinz bottle uolds to new si-es, while—again nazntaznzng
’theforiginnl design concept and neet1ng dimensionel constraints)
'hns added an additionul incoptive to adopt automated methods

for ao'd -enufecturing.h;

- .
. .
L

g
3

[
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7-tool controllor.:‘,-_' ¥ . . N

by APT nnd ‘the preparation of’ the dhta file for the mach1ne
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&

5.2 Proposed Svstem . !
vy , /? . K .
The introfuction of numorical control technology

into thc-hoid prodﬁction‘pgocess has made it possible

to cmploy_ nutomated techninqos'to,tﬁ% ﬁanufhctpre of these

S lida, Tbe bntl tcrmxnal hardﬁnfe” tbc tcrninal supnort

i -

<oftwarc and thc graphics package ha&e pr0V1dcd an 1nexpensive

]

5s\sten to xntcgrate tho dosign proccs§ dxrcctlv into the.-

productxon process. f ':_ o RV B, | : C

(93 T ' ]

Thn progran to 1mplement this process has been qbyldod
into-t:r major. divisions. The first stage involves the

prepar tion of an APT coupatible 1nput file. _The second stage ,;

cmbodios the Verifxcation of the cutter 1nformation generated {

{

' . L . -

- . -~

Tho f;r#t step in tho . first stage of the process is

the deternination of ‘the. bottle specxficatxon. “Here: th&

‘the bottle height, fhe designtuexght (nnount of glass to

uJZr nust input the required volume, the fily space volume

" be used ‘in. each botrle), as uell as the specified neck dia--

'structured about the saue strntegy ‘as the structural synthesxs

t.

noter, Thﬂ user has the option of uorking in eithcr Brit;sh or. '

'netfic units. TheSe spocifications ‘are suppiied to the_

:.terainxl using a progf/e conwersationa] node that has been

)

%

bsysten. Thus the user can control the order of . program LG

'execution._sollcit an oxplanntion of a systen query or termznate

execut1on. by. entering one of thé COHHANDS def:ned An Table 4. 1.;;
. » I S T T

C,




‘computcr or off-1line via the torminnl cassctte tape system)

.o . . 150

> . The second step 1s thc reductxon of thc prof1lc

of the hottle produced by the-industrial artist to dlgxtal
infofﬁationf .Thxs is acromplz?hcd‘hv tracmng out the curve °
Qith iho EDLT terminal digitxzer with -the d131t1zcr in c}ther-

'“c'nctivc or dcfcrrod state (x...,_on-llnc to thc host

LN

Oncc_the.ptofxle has been defined the coordinate da;a‘(zncre-‘ij'f‘

fnentéd-by-b.blO‘inches'in’fhe axial dir§ctioq of the ﬁd;tle)
is numerically integrated to calculate the bottle volume for_
,tho'prdfiie as digiti:ed' "This value is.rcturned tb‘thf-

'dosigner to provide him with s "feel" for .the dxrectlon that

the voluma modxficntion must folYow (:-w., the value has to
be incroaseﬂ 10% or'dccreasod 30% ctc Y. ' . o - ;~

‘ -

Under saction three of the prﬁgram thb user- gnn

' } .
;j;}och ono Of four volume mod1£1cation stratcgzos that -

-dxstribute the radidl dimenszonnl variations of the profike '.a

along the axis of the bottle to nccowmodate thc requnred

‘volume nodification. Thzslig p.uninodnl function of;the form-

N1

: R ST o : - - ey 2 T o . -
Minu s jv, -7 E (x5 X5, + 2.F.8X) A’lA | (5.1)

. S i=1. O B - - :

where: 'vr-_-f rcqu1§P¢ yoluhe .; _ _
SN ?‘ = 7i,p.pu-; i ‘_‘féﬁ-nodificg;ibn-strategy'i

o i? ~Ai (i—o%b(iﬁl)}‘,jfbr,nodzficatxon strategy 2
,p.f.. Fti;1)!%% ,L- ~Hfdfﬁuodif1cat1dn stratcgy 3
‘.“f; .F"'-T drf(x)“, R f6r‘qodi£ication strategy 4
‘ I ' roo PR -

1 e
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The effoct of theso strntogncs on the translation or mod;f;ca-

4

“tion of thc profile is shohn in Flgurc 3. 3
Convergence was a?fjevcdptﬁrough thg nbpiigation

of n‘simpic kigor}thn for a ibbnnoooﬁ"Search.; The logic

“of this algorithm-is given in Appepdixlﬂ. Tho convergence
S ‘ . : N
critcrion.uscﬂ for tho tostfproblcﬁs wos 0’ fluxd ounces.

Convorgence with thls sinplc functional form is very rap1d,

-

. usually consuming fewer than'flo 1terat1ons
. _
RS Section four of the bottlo design system is thc'

prosontation of tho computedj@ottle shape.; Slmalar to tho'

d:splny of the geoaetry in the structural synthes:s programf

the user can’ spoc1fy thc coordinate p051tion of the point’ of‘

observatxon for a perspectzvewview of the hottle. Fxgure 5.4
and 5.5 aro photographs ‘from the EDIT graph:cs CRT of two
dxfforont bottlo §hnpes dcsxgned w1th this’ systen. A s1hp1ell.
hidden dine nlgorithn has hoen onployed to remove the port1ons
_of. the base (or top dependxng¢on point of observation) thot
;are not visible., Severnl forns of presentation werc trxed P

s

to crontc a realistic appearnnce for the hottle, .the simple

forn shown in theso figures was found to have tho greatest;'
appeal This pqE:pective presentotion givos a rapzd'revzewh,
of tho offects that thc volune lodification strategies will
havc on the finished bottlc s appearnnce.: If the ufor is T
| not satisfied he ean sianero onter the progran at any-p01ﬂt
and reset one . of tho design paraueters (bott}e length or
Shape strategy, otc. ) Tho hottle dispxay could hwve becn

crcnted on: any of the FDIT graphics hardware systems fo* the
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treation of a hard copy.

'1nput fxlo uh:ch cnn ca11 thc APT package to generate a cutter

of the #bovd A?T 1nput f;le Thxs fxle is thun,mergcd uxth

thc othcr two segncnts and the whole file is ‘then loaded as a

+

The dev010prent ofvarn ndcquatg and 1nexpen51»c

dinplay device for thc real tlnc &1sp1h\ of grevscale grnph1cq 

I3

Sould contr1hutc to thc dpﬂrcC1at10n of thu agsthetic aspects

Ttk d'-‘-'ﬂi‘f‘ The perfection ':f this S process mav Pngu.tllx

4 A

alc thc productlon of a. protot\pc bottlc redundqnt~

Part fxve of the. hottlc is" thc crcatlon of an APT

i

. path, This filc nust be in :hc APT languagc; This is a = ———rwn

9
v—

corpl:catcd qutcn programnlng prohlom to c1rcunvent an

inadequacy in the prcscnt version of APT (vcrs1on 3.0)!”.‘_

This limitation is APT's inability to read data fron external

‘mass storape devices. - Tho apnroach used in thls'work was to.

crcatc‘thc APT roughing and fxnxsh1ng macro in three sggmentsi

"The fxrﬂt segmcnt contaxns tho filo Ioadzng,and-cxcﬁutioﬁ

a:rectxvos 'thc socond section contains. the ‘finished profile

dnta and thu th1rd soction contalns the log1c of the APT macro. "

-
-

Thc exccutiom of the dcsxgn pvogram creat thc second ScCthﬂ.

.o

renote ontry hatch procesqzng 3ob The soon to be released T

. APT Ve?SiOh 4 Qiuxll bo nblc to rend from extcrnnl dnta‘

fxlc ¢l1mxnnt1ng this fllc manipulatlon prohlcm. Fxgure 5.6

s a lxsting of . tho APT mncro u50d for thc production of a e
™ IR u

prototvpc bottle using the EDIT" termxnal systcn. The macro.-

1
o

‘segnents aro indicatod., ‘The profilo data has bocn 1ntcrpolated.

w:th the APT TABCYL routine to producc a smunth surface o

o . ' H— -

- . N ~ . L . : . )

. - - . . . .

2 ) ! ' ’ ) .A . ' . ’ “
- . . ) . .
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APT or APT

can rctrlch thL data file pToduccd hv APT

O cm:ructs :Hc infnunnz

N 158

Section six of thd p%oyrnm is the'chification
d T )

=i

"a post pr0ccsqor.. The ‘user pp‘thc terminal

-'1,‘4

wit

,‘uhcrc the

i'I‘ N
. ( X _
ton dnfjning cutter motions, and., :

r

with thetaid of/the terminal support softwarc,and‘grahhics

' package, simulates the cutter actions of the numerically

T

controlled mathine tool. - The user can cxamine the whole cuttey

- path or'sdleCtivélv dcéignated-poftionS'bﬁjthé'path., This

-~

dxsplay cnn 2be conducted on. anv of the EDIT terminal's graph1cs

dcv:ccs and the d1splavod port1on of the cuttcr path canobe

7d1§plavod

-

.
-

at nnv appropr:utc scalc lf an errorw is detccted

LY -

the dat1 file can be edxtod corrected and rcdiSplaved,at the

tern1nal

o

Fxgure 5.7 is a £‘LCk d1agram reprosent1ng tho :

la

'relatlonshxp that exlsts hetwccn thc #oftwarc tasks of thc S

Al

systcms processors for both the parts programmxng and vcrif1ca-

tio procosses. ;-‘, o, ot

A
3

-

‘T"‘}'

Tho-EDIT turnlnal's flat-bed plotter is a devige - -

‘ .

pnrticu}arly suited to the ver1f1c3t1on of numerxcal control

-

2

_cuttor locnt10n f ics. For parts that rcquxre seve?al

-cuts thnt

nthar, the plotter s multiplc pcn turret can bc used to

3

~

are located 1n closc physxcal proxxmx;y “to each

dxst:nguxsh ench cut ith a dxfferent cotour of ink ‘An’

-

'addxtional 1nportant featurc is that the operatxng format of ffﬁx

.
-
. - N

'this pla:ter'closg}y reqembtes tho- opcrntlng format of a S

~

acﬁinc too1" Stnco the plpttor s pcn (machxne tool's cutter)

-

1s novad about £ tnblo _by annlogue driVes, it proJuces. -

/.

- "

o~ T
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rhc hcst v1sun1 qlmulatlon of the ﬂttwﬂﬁ cutting proceqs,

v
» o

r N
Oncc thc cuttcr path %iiﬁ\is in a suitable format

f
it can he transmxttod to thc terminal for storage on the~

dSSCttc sVstem thn the ftlc is rch1red hv the on- 11np

~_.>'r1n‘cu nnch'nL tool con.tc;lcr it can he retrieved tHrectly
from the storago medtum and transmttted 1nto thu core of the

‘

cqntrpllerl1tsolf. This retr1cva1 15‘1n1t1ated by a request
'g;nergted - from the controller,when it is'sét hp to bégin
maqﬁin}ﬁg.j Thc term1na! converts the.Cuttef'file into thé R
required ;odc_{or.tﬁe_pgrtxcular machine tool t&ntrbller.
'A.cohpfeteilisting of é'tonvérsatidn tpr the ﬁroduction.
‘of a bottle mold is gzvcn in Append1x 0. | |
Fxgure 5:8 is a photograph of- u.prototype bottle
'pnttern. thnt has bcen des1gned us1ng thlS system, be1ng cut
on an Amer:can Hustler lathe. Figure S 9 T is a photograph

of a f1n15hcd hottle. pattern produced by ‘this systcm._ This

o also servos as a model of the product1on bottle. This ﬁopld

'

l\ ]

eplace ‘the” wooden pattern -in the method in current -use.

¢ ~
Tho. system dcscr1bed abovc has only been develapeé

to a suff1C1cnt level to tcst the feas1h111ty of,produc1ng bottle
'ijIds via a snall scaio computor-a:ded mnnufacturtng system. To .

,._tho prpscnt time, the svstcm has'been dcveloped up’ to and

+ . . .

_:ncluding the nutonatod productzon of a prototype pattern
_'Thq oxten51on of this syStem to the completc product1on of aﬁ

'nold only roquitdﬁrpﬂnodyfication in.the APT macro developed[‘
'. W u .t"-'! . -
for tho bottlc pnttcrn to produco an xnternal cut on the - -

mold castzng rathcr than. ‘an oxmornaz tut on the’ Pcrspex stock
i e . . oo*




o : T !?igure»s.s' Pro-tr'otypo‘ Bottle P_hi:terﬁ Being Turned on an American o
o 3 -~ -.Hustler Lathe with a GE Mark Century Controller. - e




, Figu&o S 9 Finishod Prototypo Pnttern - Di'sﬁ‘la&e'd T e
S R xs a Model of the I-'fnishod Bottle. -

< i . K yer o Cadn W } . [ .
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e v s .
- A ' . . . S .
ihe funished system-would ideally include a librarv of macros.

that could ho*automnticallf selected by the system. This

[
'

'could'be accomplished by a search for the macxo for which the

' ‘fxnal roughxng cut most cloqclx apprOX1mnted the fin1shed

. e - . X 1
-\;urt.proflle: !

In a papeT to be prcsented at the CIRP nmeeting in.

Japan in August IQ74 Lnkazu et al. (735) havélpgoposéd an

.algqrxthm to automat:e;lrg‘gcnerate éutfér lqpatioﬁ-data'
?indcpendbntly ffdh APT. The‘adoption-of thigﬁtypc ©of approach,
nfter 1t has hecn fully, provén' would grcatlv enhance the

pcrformancc of systcms such ‘as. thc system dcscrxhed abovc by

" . — e

elnn:nat1ng APT and the ncc& ~for a lxbrary of macros.

“a

Not completcd in th:é prelxm1nagy svstem but easily
._1ppended would ‘be the productxon of an englneerlng drawing ',
/V{~ uf the'f1nzshed bottlp.. Thxs'drawlng,for example,_could-be

ﬁroduccd-OnWthc'EbIT s?sfcﬁ's microfilm ﬁlotter:ahd storéd\ ..

for retord purposes.: ! ' o
Thc fulL systcm $hou1d be dcvelopcd to 1nc1ude the .
,
Lfollowing addxt:onal fu@ons.,
‘1. A sculpturod surfacc routlne,51mxlar to those be1ng
doveloped in thc automotlsc 1ndustry.for the def1n1t10n and
- design of non-rounq bottlcs. - g - . . ,_\.
' - 2; ‘:An autownted data- basc sulectxon of an. approprmat\
: v

‘mold cnstxng from a file of oxxstxng pattérnsu
3.. An automqtcd salcctxon of an approprxate neck rxng

. dosxzn agaxn from a d1ta fxlc of standard parts._ Thc-

'pcrspoctlve display of tho finished. hottle fhould 1nc1ude the -

.‘l 2 w0 - . - ' - o . L o
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_'cqumility.to'ekehenge.possible neck and cep-COnfiguretions.
The system to automate bottle mold design.has been
de\elOpod to demonstrate the feas1b111ty of employlng a
t rmxnnl that has a programmnble;controller "The problems.
cpuntered in this application are common ‘to ﬁ numher of

engzneor1ng design systems. k 8 . ! ' . B -{
" The expansion to ‘include a dxrectﬂconnect1on between
the term1nalaemd the controllers assocxated u;th the range of

A

uachxne tools availahle at McMaster Un1ver51ty would create:

8 system that could.be employed.to conductiresearch actlvities,
R . . . . ) N . _ ‘ . i

into all aspegts of compdter—aided manufaétﬁﬁing A
A R D .

.. As’ ﬂentloned in Chapter 2 of th1s the51s, ‘one of the PN

anonalies that exists in the current development of CAM S ) ;h

'-svstems research being recorded in. the 11terature. is the-

. . i ) . :

'scale of the hardware systems involved. The total systems ,  ©

v N ‘ @, . )
cost. inVOIVed is uell be&ond the reach of all but the largest

J ..’.

manufacturing corporat1ons._ These same corporations, because
1

of the econonies of scale, Jre the least likely to benefit : - v

-

‘fron the-concept;_of computer:kided manufacturing,‘ Tht'.:‘sys,tglein“r
'develode'in'this'work'hasfbeen an.ettempe to denonstrate that )
©oa Judfci us selection of per1pheral deuzces and a balancedl
'-.ﬁpplicat on of processing tasks- between the three levels
of proce sing power can produce an effective and inexpen51ve
svsten f%r cohputbr aided nanufacturind in tg; small ]Ob -
shop and. for the saall eenuf}cturer._ h

]
L

. .‘;;‘ :\
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' ‘chepters have bten concluded with & summary. of-the pertinent

AL

v ' CHAPTER.6 - - s

CONCLUSIONS

The development of a system.for the synthesis of

machine structures has been completed bv the effective

integretion of the engineer/de51gnor into an interactive ‘com-

puter environment. This integration has been achreved through

_ the design and development of . both a de51gn oriented computer

tereinal and a conprehensive modular software—system. 'ﬂgL

general-espects of this approach have been. demonstrated

th£0ugh the extension of the harduaro and software to ‘an '.,:\'

* °

aS%dtipnal epplication to an industrial problem 1n the manu—
" facture of glass containerst

-

The thesis hls been d1v1ded into chapters, each of

whlch deals with one aspect of the system design. These,

aspects of the work as it related to the topxe of the" chapterb‘

. In this-chepter, the systeuAis reviewed'in.a'general sensp;

- 7 : g

~and the salient features are briefly sunnarited

-

-The initial pd}tion of the work has been the deve10p-""

aent of- ) conprehensive.engineering design intelligent terminal

(EDIT) thet is a cohesiye asse Iage of design oriented

coeputer peripherels capable o beiag employed in association -

‘%

nith . lerge scale™ tineshezed conputing system. This terninal -

has ‘been. designed to provide a cost ef?ective approach to

conputer-aided design through the incl sion of features that _

‘\

._‘:_.__ " . _. .,V?‘. o 165




are. designeo to specifically deal with- e trBdltIO ally

‘ /
cumbo.t*l; aspects of engineering d#é&gn/analysi Almost

: alq engineering design copsists of the formulation of large

-

Bata bases for/the problem definition and equally large data

’beses are genereted for review of the solution Lou cost

computer grephics ‘have - provided some relief for the rev1ew of
the geonetrical aspects of both the problem formulation and .

_ :olution stegesm' However; the'graphics systems aveilable tov
idato, are devices that are only active 1n the design‘process"
thile in nssociation uith the large scale system ' The 1arge-
'costs involved in even timeshared use of such systems has
produced an: imbalance betueen the designer and the computer.'
‘ There is A psychological stress imposed on the de51gner to
-iniaize the cost of computer empdoyment ~ The deVelopment of

RS
?;3hd alone dedicated systens has failed 10 provide a solution

to the problen due to the high cosB involved and. the 1nab111ty

S

. of these systens to handle the large scale software peckages o

‘ evaileble for engineering design/analysis. - f- ) '\\"

\ S
e The torninal developed in this work employs ‘sufficient

'intelligence to. allo; the engineer to fornulate and revzew

.. his problem in a local relaxed environnent‘while rethiping the

‘eese of progreuning and the conputacional Cipabilitlggjtf the

lerge scele couputing systel.. This has been realized thrOugh o

the design of an opereting philosophy for the terminal that
Ras the fonouing foatures. . T
| (l]C-Conv%rsetion -and grnphics are. distinguished and are

di:tributed to the eppropriate device. .

8 . " . L - -
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(2) Termina7 peripher&is can be used in a local mode

through an easily: comprehended strategy. for prOgram retrleval

rl

_and execution, Undef this mode the engineer can assemble,.
.eodify and edit data; retrieve 1nformatdon f11es, and review .
dieplayidata with.the aid of any of the tetminal‘s peripherals.f'
o~ (3) On line to. a host computer ‘the engineer, through :

2 conprehensiva softnare library cen configure ‘the term:nal

'hardware to fit the requirements of his particular application.

-
L

Thoso peripherals can’ be employed in- either ;n active state -t
the infornotion is generated end received in real’txme dr a-
deferred. state'- information is generated rrom or transmitted
Ago the teruinnl's storage medium This latter operating- mode'
serves as the link between the on-line and stand- alone operatJ
ing. systens for the terninal - {:_-:_f; *f”- _'- R "h
The terninal developod in this work has served the

‘purpoSp of being a prototypo facility : for the development of

2 low priced flexible engineering design station. Although
the ‘hardware itself is a one of -a- kind syetem, the operating
R philosophy, the connunications strategy developed, ;; uell

as the support software prograns and concepts are fully
enployeble and. transferoble to the development of a clhss of
‘intelligent terninals ‘for opplicntion to design engineering.
'fhis class of terninel has proved to, be: cost effective 1n‘
relltion.to systens that are evailable connercially and have
‘ been developed elsewhere. The overnll concept ofthe terminel

nnd nlny of the detailed strategies, are original with

“:'tthis uort~
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: d‘ i :The second stage of this work hasg been concernedr é;{
-uith the development of a seftuare system for _the design of ‘ .f .
:mgchine structures. This systenm,; in congunction with the .
terninel harduare end'support softuare, has demonszrated the :
enhpncenent that occurs to the design process when the |
elenents,hardwere, software and designer gre 1ntegrated.into -

e
.

a cohe31ve syetem. o~ —'G' | - 5‘“7'.
. The software systeu'has been divided into eight
seguents that can be executed 1ndependent1y or in succession
uithin one terminal run. AIT inﬁxfmation generated is.
’,.eutonatically Stored by the—system for subsequent usage .This’
1nfornation .can be transmitted to the termxnal for storage.
The ternina]'s ablILtY to di;tingUtsh graphlcs from‘
conversation and physically separate these modes has made

rthe query/response approach,;o 1nteract1ve graphics Eea51b1e.

L]

The_nore conventlonel'connand oriented interactive'systems : .-
vhich arefSUiteb;e-for high;yureoetitive design5aoplications .
are notrgenereily.tlexitle'enough'to accommodate the casual
‘user or handle the data requirenents of engineering design.,

" The adOption of a: conuand responsiVe language structure has

further enhanted the query/response strategy.

-

The softuare package has 1ncorporated the teruinal'

: feltures into a systen to generate very ineXpensive animated

1 4

: ‘aovies vie [ ti-eshered connunication link This feature
now ei&qus the engineer the Opportunity ‘to visuallx.sinulnte-

f'g:: dynnnic systen-response to gein a, better "feel“ for the

design problel.‘ _7.; ' N ‘_. feL S . .

e . n

. . . . . . .
. . . : ‘ 7 o o
. . o ) P
- I ’ . . - ;
- . o . s ' : T
P . . L e, ) . . o
M : - el - ‘ . T L
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. 1 o N :
This type of designer/%oftware/hardwaré integration . .

" “has produced 3,,15t°m that utillzes the abilities and
'_capabxlities of each component in a very eff1c1ent fo;m

. Through ‘the use of ‘the terminal the.data assemblage and
- w o
graphics for the structure can be rev1ewed on- line or off- line;:

the software system ‘structure allows complete or partial ; 4&5:

‘runs. to be executed and thus has nade p0551b1e a heuristic

-construction of a- total desf%n and the query/response form g

of interactive programnxng has made it p0551b1e to deVelop
2 systen that tha designer can direct and -Teview the solution
algorithn at eachhstage of execution.. The.computer has been -

f;,‘integrated with the designer of structures to a deg;ee not
'previously achieved | b

%

The final Stage of the work has developed a new
systeu to automate the design ‘and production of molds for
flﬁss bottles. This'systen has been included_ in this work.
to. delonst ate the flexibility of both the harduare and’
sof;ware described abovd. The engineering design terminal has
been.used‘as tne'centrai‘element of a three stage computes_i:'d'
‘strdctuse._ In this application the. termiaal has been .f YL
elployed to interactively design bottles and ptepare a data

.f

base fpr autoaated production of the. bottle moid with very

‘

great potential for cost saving and better aesthetlcso _‘

I. v . . i

' - . . . . . . N

Ruis

s

A



. " " CHAPTER 7 .

RECOMMENDATIONS

. This chapter includes a'Brief-discu§Sion of réc-"
K I

1ommcn&ed changes and additions to be made ‘to ﬁoafollowing

fivc‘separate-diviSions: (1) the términal Kardware; (2) the\'

tcruxnal softuare, (3) %he term1na1 support software and
graphxcs>package‘ (4) CONSTRUCT software system; and, (51.
BOTTLE sé6ftware systcm : :
g The terminal harduare was descr1bed in Chapterﬂs
of’ this thas1s. This chaptér also 1nc1uded some recommendatxons
"jor tha acquxs1tion of alterna\? permpheral deV1ces that w0u1d
be employod in the . devglopmcnt of a new termznal The term1na1

as it is prcsently const1tuted is- capable of handl1ng a wxde

Fl

range ‘of cngineering design appl;cat1ons. HoweVen, thg following

7 - L)

\addxtional capabilities would enhaﬁce the torm1nal s performance‘

1n the arca-of . cowputer -aided’ manufacturxng., Thesc,recq@menda—’-

-

1ions aTe listed in order of deemed,1mportancet :-‘H' 1 '5;j§S\J{
; ‘(1) Horo ssynchronous ports. Evéntualiy this fépa'of TN

.,

data preparation apd vcrification facxl1ty should be cxpandcd
'to servxce a- nunbar of nunerical control machznos. There is ; t
. . A
anple softuare capacity to accommodate all the machine tools,v

installed at the present. tine in McMnsier. Th¢~hardu1red

.pachinc tool ég;trollers on ‘the existing#mach&ﬁc-toolé would a

have -to be equipped with BTR. (Behind thc Tape Reader)

PEER _ ) R
~convcrtcrs. ' I? ST . T '

170
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" " S . S ¥ 2

v

to handle afqléaSt

1

(2} _Thérc should be a nmodenm instﬂllad

Cenn hnnd.‘ his 51nplc nodliluntion tuo the PTOS. hduld be rch1rcd

.

1o anconmndutc this speed, This’ chitnge is dcscrlhed in

4
e

. Appendix T, o L . . r _ S e o~
o S , : s «q . , : .
_ ; ; CoL . . . :
‘ {317  An nlpﬁuwunqua d: -ﬂt. A the aren of.tbc diteitizer :
. : : t":~ : L . : : : .
'hﬂuld enable the us\r to v;ef opcr1t1nf.1nqtructjonq generated -

- Vo
i i, P -

Ly his- appllcazxons progran,ﬁhhxlc sc1tcd at thc d1g1tlzcr.

(4) An.. ndd1t10nal cacseft; drlvc hopld complctcly -
cluninaéé the need %or p1pcr tapc.' . : o .
J, ’ (S) The llght pen. qhould be’ rcplaccd by a Joy<t1ck X
7control. . ‘,;'.5 : ' .-_: :i' - o ”g g
. | (6) Thc CO!PUT&L 400 tornlnal qhould bc ha rdulred 1nt;S3\\‘
the pnpa R "13% '.fi”";: ~,";' - ',}‘ ’
E7i fﬁc:}lht;ﬁéé piottc} Sﬁoﬁld-béheqUiﬁﬁéq with;g” ’
;9d}ficq‘versibﬁ'Qf'thbfpr;nnér'h&ad;f-§ﬁisap6r¥@on of -this
unit has bé§n rcqunsiSip'£or a éispf;porfioﬁépé'anber:bf
failures. . .‘ L | ; '; ;ﬁ L f ) _,k - .j. i L

! .
(8) A low cost nlphanunerxt d1§FT§) shouLJ bc addcd to

.t

_dIle convcrsatlonal mussages t0 bC]dlSpldVEd to the user at thc

control stataon at the. conrunxcatlon Tate of the 1ntcrpracessor

] ink' h’ ) .' Lo - '. ) . .\ ) -, . .‘. ‘ ’ ' :;-. ' . qf;:mﬂml\

(o) A color f:ltor adaptcr ﬁhould hc added to the movife

canera to allow filning fprcground nn@'Bﬁckground diSplags

.~ - > .

J - . ! . .

in diffcrdnt‘colorSE .' .‘_‘ L - S c J"
| ' Thn tcrmxnal supporb 5oftwdrc klll have do be nppcnded -
'to provide chnractcr Fcnoratlon on. tho d:um plotter.’ This . i

shorld.notgprouc d]ff1cu11;a$ thcnc prc §Lge;41 prqgrgps_

e,

eat

, . ' . o A - o . . -
. ' . R v oL o - - [ - -
t : ' . . - " [ .




a

,,J111b1c tthUyh DI(US to perform lhlﬁ funtt1nn.' .T

.
A\ .
Bl

R Thc tcim:nal HuppOIt qoftnaru is ghc type of

s nvaten that will hcncf:t from contlnual Lrpanblon of" irs

." . ' ) - oo

cnpnbxlrtrc§. Thc p:cqcnt ?)stcn could,be cnhﬁn*4ﬁ by th Cew

) ;;{xinu ot n.}:h:_"v Of'prvdpflavu ..m\inql.;wfile uwwnn)

_nhxccts that can*bc qcalcd 1nd trnnaldtcd about the display

'1 Coa _l‘

areas 1ho dlgltlzor can casily°be cmploved“ hlthln tht prcscnt
aufgwnre 5tructurc, “to scloct quch optlon ThlS log 1c-‘

bohevcr,lqhould be more formﬁll} dcchOpcd.n{ the ! graphlc '., .

“function lcvclu o - e e N ' .

-
° N s )

i

. - . '
L] . L4 ¢ - ' ¥ .. . 7
. - .

o T ThF doftwnrc svstcm for’ tho svnthc51s of nachlne o
A 9 ' : wote Lt : N ’

- \: s
:Tfuciurcs in 1tsﬁpre<9nt form is. onlv‘a skcletal(sys%en that
PR vy / . o
has aanSt un11m1tcd room for cxpnn51on This thé'of‘system,

N 5 - v >

?
}w dof:nxtnon l_cnds 1t-:elf to. contznu-ous enhanccmcnt ’bThe

- . v "
. ' v BT

avstcm 5 f1n1tc elenbnt-nnnlv51s scctlon should bc cxpdnded to

\ - . - »

handlie d;fférent clcnent r\pcn more dcgrces of freedom

u -

',dvnaw1c ﬁnaIVst nnd zhormal analvs1 'Data base manngcment'ﬁ¢'

0 " —

f«vstcns ﬁhould be 1ncorporatcd to prOVJdc the' ab111tv to draw

@z M i ‘ ' : &. ‘ (l ° v ' "
J“ .UPDH flloﬁ of clcmcnt tvpes|1nd m\tcr1n1'propcrt1es. e

L.t Thc glnss hntth qutcm in its! prcqcnt stﬁtc 15 at a-

::V"TV pr1n1t1Ve lc»ol 7 h'- )stem shquld hc cxpandcd ‘to _{

¢

|ncorpor1tc 4culpturou surfacc tcchnannq for non round bottles.

The, graphlcs dxsplav of prototvpc bottlcq should 4nc1udc~

S
P

shadcd rcprcSeng?txons for more &

& \

. ﬁggrhgtlc nppaal The data hnqc nanngcncnt qv#tcn*rcfcrenccd

v .thc capabxlxttho pre‘%cnt

above should he cnplovcd to %clfctﬁbtandard nold hlanks and

. <

pfc-dofinbd neck ring tonfigurationsw Thb cnpdhllltv to produce

- . . ' -

-‘_. 3 / ) ) . - - -'. ) . L - - 4

i ‘.nishcd drnwin& for rccoxd purpnscs qhould ke dnCOTpOTdtcd “‘
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‘The EDIT (Engincering Design Intelligent Terminal)
1., s ¢olicetion Uﬁws'.--- Aflentod corndter periohieral s o
i PO S, 4 Al OO .,ll.,t- [ 2 L ek, onery ).:L".‘.ll:-. N .
TN 2y y/- LA ‘: d ) . a
contralled by a 4k PDP8 minicomputer, that is employed in
L . ‘ .
-.associ.nriﬁith a tinesharcd large scale computing system.
This torninnl,ha; been strucgurcd.to cnable a remote user to A

canfigure a hardware svstem through:software to neet, the needs N
. : - I ) . S A
of an engineering-design application. .In addition, the

terninal has becn designed to incorporate a numbcr”offfimé:and -

. " . _— ) N
) . . . N ‘ -
cost saving stand-alenc funotions. L
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- Teletype and the PDPB

L]
]
4,
4 L.
N .

<., CHAPTER 1

lﬁTkﬂﬁuﬁTioxi‘ L . }f’ .
L ‘Hﬁ:ﬂyf_o'ggjj_ ff" - 'f ] : f- o
The EDIT syston is ?05‘{b11cd‘b\ a PDPB/L mxnx_" .
La'putcr that;has'dﬂﬁﬁjw;rds of:nonorv “In assocxntlon Hlth this

cdﬂnutCT nrc tho fol!nw:np pcriphoral ch:cc5

(1)‘ ‘ Dig:tizor - Ruscom logics Hodcl 21., Thls dxgxtzzer

Vi éQﬁﬁgﬁBd with a contrql_panwl, two input Sta;logﬁ- and ‘a

. - e .. I 4
nritoionly,7 track tape rocorder. It is interfaced with a

»'“(2fr Cassette Tapo Transﬁort - Svkcs Conpu/cordcr 100

1fS) Flat bcd Plottcr - FAI 3500 Dataplottcr. This Do

’
"

-v.o.tcr is oquippod w:th an 8 ‘pen turrct, a 48-chnrqctcr printing

'h?zd; ad a rend oniy a tracl ta"c drzvc. '-

o -

(k) ﬁ:gh Qpeod Pnpor Tape RcadeT/Punch L o

. 8 :
/QS) Asynchronoua I/O Interfnce - Thxs 1nterfaco has -

‘ eOn-un}cazron .rates of 110 300 600 and 4800 baud

_te)d‘ Tektronix 611 Storagc CRT -.This CRT. is controldcd

..

. “v a scope“ﬁontroller nizh a character generator, _interpolator,

and a vowtor gcnerntor.-- - ' ”_ S T

L'.(7), Hicrofiln Plotter - Forranti Packnrd Hodel l T
Py .
\(3)';'<AS "33 fblctypo. | |
(9}; ' i ht Pon-- Lnkc Electronics (not in seercu) U

(10)'A‘lncrenent11 Drun Plottor - Calcomp Model 565 with a’

-

\l’ in druu and ;\.005 in step si:e.'(boing dov-lopcd)

.

o



it

. ' W . \
(11].5 16 nm Movie Canera -"Bolex cancra with a computer
coniroliced solcnéﬁd'opcrngfd skutter,

N o+

!nfndditidn, the followinp are related pcrlphcr1lq available
. 2 -
te the i&?ninal for use in an off-line mode, ot

;(52) . AIOS thoratorv'lcniphoral -'Thiﬁ lub pcriphc;ai-

" has B nultiplexed: channuls of A/D and 3 chdnncls of D/A,

(13) Conputck 400 Graphics CRT

5 .-

1.2 Operating Modes - ) S o

r

Théro aro two ﬁrintiplq operating modes for the

terninal. S : ’ ' , : ' - ¢

, .\ . - . . L

-(f) On-lino - In this mode the: tcrninnl's.pofiphdréls

-can bn usod in conjunction ulth thc terminal suppOrt software‘

fresxdent in a Iargc scale timeshared conputcr. (At McMaster

thc svston cnplovcd is the INTERCO% 4, l txmcsh1r:ng systcm

.on’a. CDC 6400 conpUter ) - - : -." _ e '

L

(2) Off line - In this modec the terminnl'is uséd_ﬁ;ln
stand- alonc systom tb collect store, and cdxt data.l It is
aiso usod to rozencrato displav 1nformation on any graph1cs
periphornl fron the locnl s:orngo dc\xccs  _, R

L4

1.3 Tcrninul Syston Softwarc

All the prograns ‘related to thc oporation of the °

'éoruinnl lro storod un n cassotte lnbellcd EDIT SYSTEM. Verszon.

il;ﬂ. This cnssatte is writton in n fornat by "thh th°5°;

progrnns nro olsilv rctricvcd and nxecutcd ) Thc followlng

——

.is a goncral doqcription of a qpnvcntxon for nnmlng prOgrams,

. . - . v : P ]
‘1. o‘--' )

,‘r
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*, nethod for the retricval,

2

and “@.ncthod for.priviting,dn . =~ °

3 ° ¢

rodex of available programs. - L P L .
) ‘ ' R b ' . i - ‘_. o 1 .o-

i S

1.3.) Conventign for Waming Proprans.. - . oL . el

e . P RO
s LR nﬂﬂﬁ?iatvd_wbriphbrulx”zg Tho iy T,ﬁthc \cvnhxf ed .
. . ! .o )
hy” ahtuo lottcr mnononlc as’ follows.. | L ‘_;_.z: S ' ;'t .
QR‘- rnthodc an Tuhn . '.: | - g : ; N o '""

B . .o - . i R

’ PT - Paper Tapc Reador/Punch (high 5pccd) ' :U n.' .

FP - Flptfbcd_P;dtter o . e ._:‘,-5 - T N

DI .- _el_)i"g’ilt-izc'r B T o E i
Fﬂ"P-"’“i¢:;910tt§r' -';;, S EEITRE N _;{ T
t TTY - 'T;lotypc'u' " }' 3 ‘\ | | -J : “'
. Lf - riizﬂp pon_ S X . T o ;: < i;}-:?; Sy
DP*?_’E:G;fplozhgrm _i_: RO 3!;; ST L .
“QC ;'ﬁﬁ;§ic Camera .,.‘ | 1f;, v I ! '4‘- - ..w"- :
B ; P iyi | : __?F"_:' " ;ﬂ R o - g’ .

4

The terninal programs nssocxatcd wlth oporatxng thesc

periphornls in a stnnd -alone opcratzng modc are n1mcd thh

s chjractor lnc-onlcs (209) conpostd as foilous- :jﬁ'“ s ’i

, | f= - S ST R -

- (Infornation generating periphera}:. nforpatiop:gbcciving pcrlphcral‘
. o i . . . - ' R K e o ‘. . \t\ .,‘.“‘ l.' .\'.. v, ‘ .

cexample: - - . . e B 3, -

.‘b1cAf _' ;', | . ._‘7 .";  y"]f""'l#‘ _ ;\

: - PEE S Co STk -
this program reads ' data from the digitizer and records it’on, '
e N : - ‘_m L N : T o .
., . N . oo . . Lo - S - . i .. N 1y
a cassette .tape. o o A S T
. - & 1‘ . * -_f / N F - - 3
. N M= i " . i; . . ‘ . ‘1 ——— ¥ . ‘I N
v - i " .'.‘ .
’ . ' L] o ; III D
H . - .
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i.3,2"Hou‘t0'Hetrivvo and Fxcéﬁ{c'Proﬂr;nq

L g - D ‘

The prorrans on thc llbra:? Caqﬁettc ABMIT S\STEH

'.crqion 1. 0) can bhe rctrlc\cd 1nd echutcd as folloas

P [i) _ Set PDPB Swltch Rogister to 7?778, prcse LOAD ADDRESS.

iiiﬁ . I rn arn .dJmU!lt Jrive nnd J]an "H¢[ SEQJLH.CPQSCCL"
U, . g " a . ) E " . -..l o

¥
L]
-

_ iﬁtogkhc tupo trnnipoft with label facing the user.
(1;:) "Pross START. - :‘ . T

e t

(iv) ﬁyhon the terninal responds with RLADY “at the Teie-
' BT
l}pe thc user rcsponds at . thc Tclctypc with:

L, xxxx‘n folloued by FARRIAGE RETURN S

a

“uhtfbf“  XXXI is a 4 chnrncter progran ‘namé.
"\(v)_ uhon XhesMOTI \‘llght on the . casscttc flashcs, the

casette drivo-can be turnéd off, the cns;ettc rcmoucd_and-
. L o Lt ' l;;‘ . L
= FEEETE - ' a 97 L

the proggau executcd L . .
qf (vi) . Set thc Qwitch chlstcr to thc étarting'agéress_of E

f

fthc prograa, press LOAD ADDRESS nnd thon " START.

:_1,5,3f How tJ.Pfintfnn.rndci. 5.'t ".,'." A
. ..‘ T; ﬁrint nn lndcx of avaaiablc pfdg;n;;;fo;iég sﬁ?ps J"
(u)-to (iii) nbove thcn-.f ,-} , 0 N i' ¥:i o T | S -
'w‘ (iv) . Hhen the torninai responds uzth REA&§ _the user
rcsponds unth  ;:‘_ : .;.._,..- ?iéﬁiﬁ, o
. T followed by canRIAcE RETUhn x;é_f*‘ R

‘o
- .

and - xndux pf avnilnhlo prograus ui!l bc prlntcd shou:ng the1r

X l.. b K
'_st;ftlng nddrcssgs and thnbn uddresses on, thc caqsettc taper
al . 9
“ .ﬂ‘ 2 ¥’ ’
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1.4 MNost S}stch Software N

e ' lTho terrinal support software and graphics package,

which' are used in, association with the large scale time-

shared computer to operate the termin

o

a4l peripherals, are stored

the host computey as o iahirnry of JidroriNeg,

- ‘At M;Hﬂstcr Un?vcrsi;y thcsc:SUBRQUTINES Ean1bc
) usod‘;igﬁithﬁ following IRTERCOM commnnd;l - ﬁf.
- ""cdtmpr-'-‘ ‘ATTACH, EDITPLT, ID = ABCD:
COMMAND -. FTN (I = XXXX) © Pj ) :
COMMAND - x‘EQ-‘-:';. B i .
qé‘r.mx' '« LDSET, LIB = FDL,T,P{T | “ |
opTION = 160 . P
vhere .' ABCD.%s-ihc‘acéoﬁnt nudﬁgt undc;a;hicE:£hq libﬁpfy
/ s .St.‘?;'?d‘ T " T l
Xxxﬁ.is thci}ilc-nnnc under which the psér‘é épplisa;
| o ' ; ttio;;pfogrnm-residQSli§4;oﬁrc¢:codc.‘ »::_;
. . : o N T T o
o o e Y R ,
, L '. o f .
? - B * ‘
e : L ”



1S ¢ . 5 A;.ir .
' . ﬁ;)
- [ ' ) . r“;,
(:”z\ P\:TER- 2 . . ' ' r + .,
. DEADSTART PROCEDURES' '
v . '\‘ . T .
ol Genaral ‘ . \\_ . L=
. Tt - ' . LN ° .-

:”'Tho“PDPB will horpq]ly-rctain the basic prqgrnm§
. - ) ! A
rcqpiréd to load systen prograns in the manner dcscri?ag in /
';thc pravious-chnp;ui. ‘Hoycver. on occasxon lt mav be necessnr} L

- to load the system fron scratch. (This mn} rcsultf*?om a -
;ys;enrfnjiﬁro of foilowing;a:differ?nt application for the 
PDP8.). Thorprog:éés th;t‘nﬁst be entered into core are‘th&
RIM  LOADER and the CASSETTE' LOADER. The RIN loader must be

2ontercdfvia the Switch Register on thé,cpmputer's front panei. .

‘The CASSETTE 'LOADER is available nsia hinﬁry prpgrhm 6n_papér

-

-
)

tapo.

2.2 Svstcl.L6adiﬁg oL ’ %

(1) Chock RIH londer in core.. If thxs loadcr has been
overuritten it must bo ontered into core using the watch

’ chister on the PDPB front- pnnel. Thxs loadcr is dcscr1bed
;in dntnil in'the DEC programnxng nnnual."lfaxs rcpoatcd

hero for convenionce. ot

L~ i' f: Abﬂﬁsss O "‘f,: . INSTRUéT‘ON
{fi . 7786 . 6014 - i
| 787 '-_'6011 .
S g760 - ;' 5357 |
. S 161~ 6016 ’




7762 7106
' 7763 7006
- 4 .'
R - 7765 5374 :
771}"5 ! Eeks [
. Y — /
s - 7767 6011
7770 5367
* . 7771 _ . 6016
77172 7420 -
. ‘/.l':: v
, 7773 . 3776 A
1774« L 3376 . -
- o # k]
7775 5357 i
,lzj; Load the CASSETTE "LOADER by the followxng._ ‘
L /_ =- . .
(l) Plnce papor tnpe nnr&cd CASSETTE LOADER in h1 K
spood paper ;npe roador.‘_ o f'» *
J . !

(if) Sot Switch Rejister té 7756; press LOAD ADDRESS
- nnd START.. The " pnpcr ,tape vill be read into the computer
SR .

Thc basic loaders nrc now in core and. ‘the user may prOCeed

5thh zhe loading mf spec1fic prograns.

s [/ T " :
Lo '
L -
) -
. . -
3 1 - .
t
. 2 -
L)
1 a
- .
' : . ]
" *
L, wrvs . B »
. . . _
" e - L4
R " ‘\Q‘-\ N
"
- K .
- T ’ . R e
! .
. [ * oo
. v
. . .
.
a +
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CHAPTER 3.

»

HARDNARE OPERATING INSTRUCTIONS

- . . ’ ?4"».'l
3.0 .General :

_ This'chapxér describes the procedures dequired to
initial{{i the terminal's poeripherals.’ A”fenaril_rqlc'té
- follow uhpﬁ;u$1§x:th&;;pnniial in the on:i}no;pperagiﬁg mode

is to turn on all the ;gqyired peripherals in)advance of

conplotinz“thoﬁcbnibﬁicntioﬁs link to the'hdst conpuref; There
\aTe Lwo retsons for ‘this (ri\sone periphorals have a "warm up"
tine to stahiliz- their Tesponse lnd (2) other peripha:als

'energize the intorrupt facility on the co-puter when th;y are

a

’t'r‘°d\“\\nis lltter consideration will cause a sysven < ash

™ -

of.thi(ijlllt :Ilnal softuare.  7‘ . : ."- -~+;“-

»
N

oy

. w, -
1)

" ;‘\ . ' .

- o

5.2 PDPB R

~

Thc PDPB is started nith a key on thc lower Ieft side _
of the PDP3 front'panol., This k.y has three positions
(1) PONER, ) PAHEL Locx and (3)OFF.  The normal oporlting
condition is in t}e POIER position._ The PANEL Ldt! inhibits

-°°aputer tontrol !ron the front panel. L L

i

If . The MEW PROT svitch ‘when' down (o state) allovs the

L]

conputer to érita lnto tho last -olory page (whora the systenl

_loadors are rosident). lhpn this svitch is up (1 state) this™
) ~ : T : o
page of core_ can not bo writtan ovor. -_,"- L

A ,' o Tho‘follouing periphertls nre energi:ed uith the

L A - Y e



'|' ) — - ) ) B All

. computer -

AX08, PTﬂ%; DWO08, and High Speed Paper Tape Reader.

3. 3 Di‘ltixor N

- -

: Tho PO¥ER ON button is locnted ‘on’ tha lower right side

of the. small input table. All the opornt1ng options for the

digitizar ‘aTe iuplelentgd through switéh settings on the )

-

-control panel. .

Nl o o . _
(i) Large or smal] input station. Set center thumb--

wheel ii;ich to .' - o R p -
0 - Sli!l back-lighted table \\\‘-«;' .
" . : - . ’ - Jll.' "/
-1 "« farge tilt table.;. .
ﬂoto,"The tppxopriate shaft oncodors nust be connocted.
(11) Soloct datn ocquisition fate. Set right-hanq
" . ’ ) o R |
thulbuhool suitch | . ' P
O hi. B 10 cblractors/socond ' o | ;f o
1 | - Soo_characters/second _ -
._,(iii) Seloct output option.,“Jf. " 45 |
For -lgnotic tnpo. Hount tape as indicated by diagra- inside'
 cover. o! tlpe drivo. Tutn switch on drivo to RECORD position.
Press EOF and BOT buttons and press IRG button 9 ti-es on
control pl@al. Set output rato to 300 charactors/sotpnd°
' For'T.lotzgo Listhngor Tage' Turn on digitfzor prior to -
onorgizing the Tolotypo. Sot‘Toletypo snitch to LIHE position.‘
Set switcpos on front panol bolow tho keybonrd to DIGITIZER. .T '~gg3

For ptpor tnpt copy press plper tlpe punch ON button._ Set

S e L e LY




P . ) :
T FUSRRY YT
OHFp;t to 10 chatnctcts/sccbnd. it_ o _' | g
Yor .POPS. ﬁo speciil JpﬂiQns réquired; T . ' _f 3;3
e - e
5.4 Flat-bed Plottct L
(i} Prosﬂ POnFR hurta" S .‘_" : -
(11) ‘Prcss STANDBY I 1t 5 b S
(lli) Press RFSFT nnd Sy cogc:her T
| (iv) Soloqt-input device. ’ o .
ﬁagnotic Tgptu. _:ﬁfoss POHE& on tape drive. Héunt tape ty h

pressing START/aRAtE'sui:ch to BRAKE, Press START/BRAKE

switch to START. Press LOAD POINT. Press’ AUTO

) 1.! .

. PDP8.1 Disconnccf tape dri\e at rear of plottcr.

(v) Press STOP on plottcr control ‘
(vi)- Press START. .. " -~ '. . | S

(o ) . n 3

3. S chroplotter[CRT

(i); Pross HAINS ON on plotter.

L
.

(i) _Set display optzons (STORAGE UNIT), as follous.
o HOLD - displny can not bé ernsed under'
e grogran’cqhtrol B | r
- ﬁﬁRaSTORE - "_disflny uill notlbcfstortd on screen"
~ i | '; (1~e., disnppcnrs as created)

to r N o
_AUTO-EhASE' - d:splay is stored unt11 erase
- | | .character is received f:@m computer
‘.(nornal operating mode).

(1i1) . Set SINGLE/AUTO switch to, SINGLE, . . . o

(iv) ‘Set, PROJ croa switch as follows:




Al3

oK. - ia borq¢r .iS-UVleﬂycd on the ﬂpqrturéh'
| card produced (if any).

OFF - ipcrlurc?c;rd printcd'ns dispiaycd on

- cRT. - T T

{v) Press RESET .and t\ttr RESET.

(vi)" Pr055 FRASE on LRT - this should be done as soon as

- the scréen hns hqen fully illuminarcd to prevent phospth

danage. ' -

tviiJ- nhen LOG c READY and FILMSORT READY lamps aTe 11:

thc plotter is rcady : C o I B ' ‘
IR S . - -
e T . Lo . : : - oo "
Jﬁ: ?3;6'.T§iotvne ' : ’ o ;f | K ."hﬂSH“i .
| (1) Set front panol switth as follow; | " L
- LLINE . - the charactcrs typcd onjthe keyboard are

transn1ttod to the PDP&. A character

(ve%nf:catnon) trnnsmxﬁtcd by the PDPB is
' {.

e

printod on thc paper.
.LOCAL - chnrnctcrs typod on thc keyboard arc pr:nted:‘

_ but not transmttted to. thabcomputer.
- . ot | .
¢SS Set*pnpqr_tapo"punch ON to punch_a copy of[all

infornptidn‘trnhsnitted,to the Teletype. : )

. .--‘ . q..__“.& . ° . .
3.7 Acoystic Coupler

A(?j'TVSqt switches or rear of unit as: -

o ACST/DAA to ASCT " L L e
« ° Pull/Half to Full . . . C e
. o . ‘. . | - . . i . HE Tt-..,_l, . . . . L
(11) aTurqtphver'ont_ L e




i,8 Cassctte Tape lUnit "

.
[y - . . ¢

The cassetite tape drive is activated by a POWER

-

tutton on the unit's front puncl. Casscttes nust be loaded

with the lahel on the cassette facing the user. ‘ ‘

3.9 Computek 400
Thxs is a graphxcs tcrn:nal that is desxgned to be -«

.uscd dxrcctly,in nssocxntlon with thn t1mcshar1ng system. It

can be usod as with the EDIT systcm 1n¢1rect1y by first

trnnsn;;txng the display file to the EDIT‘system s storagé'k

dexice, *then fﬁgencrating the file for'local diSplay on the

Conﬁﬁfck terﬁinnl‘ Thls is done by connccting the R5232 pin

connector on the PTOB output channel to the input cannector

for tho Conputok tcrnnnal vxa the tablc strxp labellod TERMINAL _
- . . i lﬁ .

to Tl‘.RM(NAI.. S S

- . ) .

e

3. 10 Asvnchronbus Interface
- - (1) Selcct connunxcatxon ratc at front pancl as requlred

uNoteﬁ Somp changcs.nre required to changg.fron llo-haqd:to

Cm .t : T .-

yoo g : .
a_higher rate (sece Appendix,Ij).. . . == . °

L

3:11 Movio Canarn

(i] Connncf conxial cabl&s bctween the BNC connector e
on the front panel of the computer and the correspondxng BNC

-

'co%ncctor on the canagg drivcr.f _
(iij Tha SYHC signal availahle on the SO, BNC connectpr_‘
on the Axoa front panol ts used to gcneratc the pulse to

tr:ggor»thp cqpera. ' AR . : .




CHAPTER 4 “ R

P SOFTWARE o L | R
ALl f,l-n::rnl‘ ' ‘. . - .

Th:\?ufxéarc systcns assocxatcé with the tcrmxnal
w;ﬁe_dis;usscd in a gcncrnl sense in the Introduction of th1s
ranual .= This“soct;on describes fhesc programs in detail
‘.an@.jndicatQS‘thc nnnnér in which thoy arE enpioycd fihé
;ystpns invqlVod ard a;}dﬂlo;s:_ (1) Operating Syatem for

L3

the ferninal forlon-l{nc use-with a host computcr, (2) Package-
- i
of prograns forfemplosing thc tcrm1nal in 1t5 s;and alone

J-functions; (3) host_conpu;gr-tqgnxnpl support softw;rgvgpd

-
-

. graphics package. T oo o

LA

E]

4.2, Stnnd Aﬁonb Tornxnﬂl Systeu'

Tho s/:ntegs anplovod to name thc prbgrams-féguired"

for the stand alone functions was dcscribed inlﬁhap;efﬁu,
ép .
Sect:on 3 ‘The prograns that are prcsently in the'libra;x
¢
Bre: listed below uith a description of thoir operating

L
[ . - \ - . . -

procoduros._

The ‘pAper tape-or cnssette prograns to drive. the

'tcrniual periphcrnls in, the stand alone node~can be created o

\

locally nt “tho tornina} by nanuar programnxng or by“umpioying

tho taruinal support softwaro nnd subsoquently disposing the

f:les cruated to the npproprinte lcd1un.

- . _ a

- .
R . “.\, ) . ‘ AIS\




~.PTCA S (0500;) . Paper Tape»to.Cnssetté

f A

TER (0200

wArE S S.A. T F”N‘T!”N AND OPERATING PROCEDURE.

Y A16

g

SJ ..~ Paper Tape to Flat-bed Plotter

.t

A1)

(ii)

e (iji)

. Caution: ‘start tape on blank

"

~Start flat-bed plotteT in accord-

ance*with instructions under EDIT

SOVERATING PROCEDURE, Section 3.4.

3’ i

Load the papc? tape to-be plotted
in the_high spced‘tqpe reader.,
lcader - if the loadcr conta1ns a

“valid code ‘the plotter w;ll attempt

to execute it.

'Set Switch Register tp (0200g); -

pross LOAD ADDRESS and START. = - .

.

Plotter will blot'informatidn
recordcd on the paper tape. Paper K
tapes can be crcated u51ng

anv Teletype manually or in associa-’

*

tion with the terminal support - e

software and the tineéhnfing;syStbm.

L o

-~

O

LUy

- -

Placc papcr tnpe éb be ransferred

to cassette tapc in hxgh spoed “

reader. Caution: all charactcrs~'
,:'_ . A o ! } .
.gre written to tape .including’

‘léﬁdcf.: )

-

'Sqt Suxtch Reg:ster to (0200 )

charuc:ers. Pri;i/ke#BEADDRESS




CCAMP

(0200,) -

)

(i)

(iii)

fiv)

(v}

N

CAIT .

Plice cassctte in tape transport

~_wWith write-cnable plug insertod

for track B. Turn on power to

cassette unit, -

L . . /
Press START,
ln;(cquh&clto-T;A::= at the

Telétype the usér muSt‘suppIV'a

4 d:g:t tape addrcss at whlch

thc datn ulll_bc recordcd Informa-

tion is rccorded in records of -

*

4003 8 blt chmractcrs untxl an

ASCII s (2438) is rcad from thc

paper tgpc.

The next ﬁvailqblc'tape'ﬁddrésé

is returned to the user at the

termination of recording. Cassette -

is renoved.

Cagsctte to Microplotter

J

Y

(13)
(iﬁi)'

l(iV)

,and turn power on. o

Start microplottfr in accordance
: e~ o

‘with the instructions given in

Section 3.5. I :

G,
g

Sc: Switch Register to (02008)’5

-press LOAD ADDRESS' pres;rSTART.

In rosponse to T.A. = the user

'l

‘ nust supply a 4 digzt tape o

nddrcss corrospond:ng to the

bl

‘Load cassectte info.thb transport



PTCR

DIPT

|

|

I
g

'
PR W

?

A
AlS

i

starting §;ﬁrcss of the dis-

play Jdata.

k] -

Plot is generpted, aperture
ard is produced and ‘tho

cassotte in.rewound.

Paper Tape to Microplotter

(i)

d G

~ C i

(iv)

'-\ll

"“pu‘
oy o,
SEha
N
e . o . T M,

. k _ o
0 i)
Mg T ogoz0og)

-

ki ,J.\.-

SectxonﬁS'S - ,¢§

Start microplotter. in accordance

n;th the ifstructiggsigiven. in

-

k)

.Place’ pnpcr tape to. be piottcd

" in hlgh spced paper tape readcr..,

_An aperture ;}rd will be pro-
8) .

Set Suxtch chlstcr to QD”OO

- l

prcss LOAD ADDRFSS and STAPT

).

?wL
Vo

Set b1t 10 of watch Reglster

~to "I 1nd press CONTINUE.

duced when an ASCII EOM (203

4 o :
is read from input tape. g -

”Pnfer Tape .to CRT

lJ}

f:)

R - . . K -(i_i)

under PTMP.

a4

Press CONTINDE,. -

. ’.. !V\-" 7.

U

(620°i) T Difitizér-tb Paper Tape .

(i] EﬁStart

with the 1nstruct10ns in'

SeCtion 3.5, b E;

;afollou first stcps (1) to [111)

digitizer in accordance

Turn on high speed pape: tapc

punch.

-

fa

-



(¥}

~(02004)

 Digitizer to Cassette S

Al19°

C(iii)  sct Swltch Roqutef to (ozno );"
p:css LOAD \DDPFSS‘ pruss START !
(iv) Tho tTﬂn&n!S&lOn of charactcrs

" to the POPB is 1n1tlatcd by

e v:tHLr-thr fnotauultch or the LOG

Cow,

butnon at the d:gxt:zcr ALl

<

':,f' 3ch1rnqtcrq are buffarcd unt11 a

l.p sccond.delay oh 1nput_i5

encountered. The buffer is.

_. then punched on paper ,tape »
f_folloued by CARRIAGE RETURN (2158)
‘;Thls fcature prov1d¢s the user -

'ffAjﬁ .

Lx.w1th5;ontrol over thd pgnch,quﬁrd

(i); _Startfdigitizefiiq'athordﬂnce"\x-'

with the instﬁpttions in Section

- ' - 3.3-‘ B . . Y ‘
(ii) LOnﬂ a cassette iith é'urite-

'. ) .

e enable plug in, trnck B Z~f
(iii) Set Switch Reglstcr to (0“003),
press LOAD ADDREQQ- press START

(1v) _.In reSponse to T.A, = the:usbr'

L

. mOSt supply a4 diglt tape address

" st which the-data will cpmmencpl_
to be. rocorded '

(400 a): chnractcrs.'h }: .'f S

. Y
- . . * .
: » ol —

- . N X L .
2fey . . Lo o
. . Ta . .
i 1 %

.

“{v) Dnta is recordcd in records °{_,ﬂf ‘

S



si . B L ' ﬂ‘ v A20
N o "
STl e oo vk !“Tc:".s.-"ll"'--on'- ti"i'gi‘-t izer if&ﬁfrol
7‘ : | ! ﬁ#wél Lé tnrmxnatc d1tdrfaéo;
s - : : . SRR
- ' C S inr and dump f1n1l butte{.
;.- . . -fafyij) tht,avaxlablc tape addr;sL is. i
ﬂ .4, "' o :ﬁ' . rrturn d tﬁ thc user, .'Q;
CAFR J‘(dIOOg) - .‘xCu}setic to Flnt-bed Plﬁmter {I
. ‘ { . ;;gﬁ* _i: ._g(i} . Start flat bed plottcr 1nlaccord—
ERA : T: o l.;:é B j}:; anc; kith thc 1n<trucgld;; in
, . _V ‘fil » : .," Sectxon '3, 4, tm fj-_ "
. I T T
o . | (11) Load cassettd info transﬂohtu
foe e SR o
1 ] - ‘gf Thrn transport power on.. S
o ‘;-;‘”‘;}. " " _ (111} Set Switch Register tO“(Ozooa)r
L P _F- ‘j“ ) .‘ ”'.' press LGAD AGSQESS _press. START
a. o Aﬁ3>_ :-? o (1v) In rcwponsc to T A ‘= the user'. 
 ~ ' ..7:7 \;" e ' . ; nust 5upp1y thc 4 d:gxt ‘tape ﬁ-
D ;t.t' O addrcss ;t uhlch the plotter data
A SN i{ : - is rcpordcdk | T .

.
--_. @

»'-;gfrf';i;j I(ozoo;)'~; ' Papcr T4p9 to’ pnper Tape'

W "'V "_[ - (1) Turn on h;gh speed punch

@ (11) Plnéc papcr ta‘pe o be COpled

= , l . %‘ in hig? speed reader oY '
! . ey e , _
R (iig] set Swltch Register to (oznoa). ..

*
. * . . . A <
v - e . S :

" . . '*ﬂ“ pres; LOAD ADDRESS' press START -

CoLoTYMP .  (02068) {,L. Teletype to. Hicroplotter

- "fﬁu':‘. B LY Stnrt ﬂxcroplotter in accordanca

N . “
LY - . d . .

*%f' e e with the instructions ‘in Section

. .‘ .‘ '
' L e LT . . L . . . ; o»e
3 - ' . ' EEE Yy :;'.50 . [N
.o : . Lo - - ¥, o . . ot '
[ * o \ . ,
- . .’ "V 3
.. > [ N -
- . . .
LI - .
» ‘ : ’ : [+]
. ,',,_: g
. BT -
" B VE




TYCR

. T A21

 press - -LOAD ADDRESS; pross’

' START.

(ii) t.Switch Réktstcr £0 (QﬁDOB);
‘quss L.OAD Anﬁnsss; press
Y START, - |
(iii) . Set si;fﬁo'pf Switch Register
CTe ] u&ﬂ pge;¥;ﬁﬂﬁ?fﬂuﬁg
(iv) Plots can be g§nern£cd from the i
2 Tclctypé kcybqﬁrd (noie:”inpu§"
charéct;rs arevnot'échoed).
An apérturc card will'bo'ﬁro-
duccd upon rccexpt of an ASCIIi
. | Fon (203 8)- -
(0200,) . ."{Texe:vpe to 'CRT -
| _‘ (i) o Follow stcps (i) and (11) of :
;ﬁfﬁi;; 2 .. TYNP, g .
LG L
, s y(ta) | Press CONTINUE, | B
.(qzqos1° . Cnssette to CRT o °; . )
-(i) Follow stcps (1) to (v) of
S - | - CAMP, |
L \ﬁ) ._"(ii)' Cnsse;tc.is'rewound. M
(02693)- ‘ ) Pdpér Tapo_to Mdovio Camera . C
'I(i) - Load paper vaﬂc of displav t0
L :_be‘f;lned into high speed
I\. -roadcr. o .
' (i) Set up cnmcfa. X2
(iii) Set Switch Regxster to (0200 )




WACS

EDTR

DUPO

CTEIA’

1'(02008}

l(?ﬁOOa)

. as indicated in Appendix L.

Gy

(i1)

'(in

Assgnmb

This h

assenb

into bi

inciuad

EDIT p

(iii)

-Sec.DEC'rcfErence (78)‘undcf

‘ : %YNBOL'C FDTTOR
(1)
,Turn on h1gh ﬁpced punch.

"press LOAD ADDRESS.. Lo

‘Place the octal compliment of

u(eg;, for deletion of CARRIAGE

1000 T \
RETURN) 02153 (qup}ement_of 2158
75638 _; " ,
‘_Prcss START ‘1~4\;:.

A " >j [ ....‘- . 'a. .
1c'r ’ ‘ , ‘ > . - . .-.
3 pdﬁs prugran uséd'to
le source coded prngram§
xnafy. 'Thig'nssgmhlerﬁ
es the miemonics for th& _ ;5'. '

b

cripherals and is employed

chaptcr t1tled LOADING,
EDITING and nFnchING/’sectxon
Load p1por tape to be cop1ed

in thh spced rcnder.

Set Sw1tch Reglqtcn 14+ (04008)}

the characters to. be deleted

into memory locations -

0436 to 0441, .Octal compli- "

nent is'obtainad ns folrous

"

Place ASCiI coded NC tape xn.f

gh_spccd_nnndcr . f_:_;
Turn-on high ;pced pu@ch.
N ' ° l . » s . .

" . . ’ l.
a . P : s -
v ’ . - - 1




. being enployod.’ (4756 for 110 baud and 4721 for 300 baud at’

a-

} ‘ [1v) Dinl the telonhone nunhcr of the txmesharxng Systcn

.‘ , = . SR R < | p»
‘ <(ﬁii)'iﬁxt Switch chis{cf'ro.(ddnos);
| prcgs. LOAD ADDRESS; ;yrcs:s.s'r,\RT.
: c ) | T (Note: _This propram has been . . .
‘ - 'cbhtfjbq%Ed by A.rSriyéﬁtnva).
. | = .l '

¢ . . - -

4,3 - .On-line Terninal Opecrating Svstenm

The-logig of tht on-line terminal opcfating'syStcﬁ

is contnincd iﬁ a single progfnq called EDIT rchﬁcnt on the

lxhrarv cnsqetto.' This ﬁfogran can be loaded with the inst%uétions

1 &

g:xcn for gonoral progran loadlnqjhh'dgn 1ntroduct1on! The
_ gonoeral opcrating procedurc with hclpfur suggestlons follow.
(i)- Load thc EDIT'progrnm as pcr tho 1nstruct10ns‘;n-tho
lntroduction. Saction l 3 %p '-Eu?. K i S |
(ix) Start: all rcquxrcd parlphcrals accordxng to.the
opcrating proccdurcs describud in Chapt;r 3. o
(1413 Set Switch‘chlster to (o 00, ), press LOAD ADDRESS
press START I }j. : : ,'-C .

-

Hcﬂlster)'. '._ o N
(v) Place the hoadset of tho tclcphonc on the ncoustlc

coupler with thc cord touards thc indentatzon on the couplcr.:

© \
(vi) Ruturn to thc Tcletypo “to" conplete the "loggxng in"
s BN . : _

operationm A e




. T o a2
suggestion l.‘ If thie computer nppénrs'to b an -extraordinary
” length of time rtﬂnondxnp - prcfs% the RFIIIR\".
S key on thé Telct\pc_ 7 - .
‘ 2. If the locnl opcrntxnp.S\qtcn should'crash

" Yt - ) o :
coaplete ster (ii7) abgve, Ty LYSTET CAn now

- be reactivated by é&ntering.a command ‘to the
. N . . w ' .
:imosharipg s¥stem from thé Teletype kbvboard y

r

.
C 3. - If the uscr wishes to quSpend host actxv:txcs

for thc pcrformnnce of a local stand-alone

s - - .'.'

0pcrat10n but docs nét uxsh to 1osc the connoctxon.f

L
.

to the host " simply haltlthe corputer (press oo

- B ZS?QPJ,load thc‘réquircd program foliouing the
instructions above, execute. the progran, reload

[ o

{ o EDIT and rcpcn: step (11;) abovc. The hostQ¢- .
svstem noy bo hcld 1nnct1vc in the EKddlc of |
< - gxccut;onlbyyusxng- a dunmy (READ) statcment

. L - _ ‘ S :
- in the host program. This eption will require
the entry of a character at‘thc‘Télqtypci"
"~ followed by a CARRIAGE.RETURN ‘to reinitiate

nctiv;tv. T 4, . : ‘ .

]

- -

4, Sinulntion of the hOSt <ystcm to test program N

“options: can be donc thh the Computek Tcrmxnal

connectodjas per thc~instruct10ns in Chapter 3. .
. Y C . b

. ]

" The user is cautioned that.rhe folloﬁiﬂk:_

R . Pfozran Ioéntion cdntentsiﬁﬁstbc:iltetétgto .
. R f
account for difforcnt codes used by the

. 3 - ':' cOnputek frou LhQSQOf the standard ASCII codes.




\

Lucn:ion&ﬁ New Contents

005‘1 ) ' . i 7‘566.
E 0ns7 . . ' J !
S ' § - 7536 - |
S . J . _ 5 o ‘
: L 0060 . . _ 7534 .
- ars? - . 7531
(] v -~ . . .
i 0063 ) ' . 7537
. : l [ .

S
N N

.4 "On+line Hosf Software

The h&;t conpufcr software is residéﬁff'as‘a libfary~
of SUBROUTIKES, in the nemory of :hc-iimcshdrcd'gampu:or; The
functinns perfornod by this qoftwnre pack1gc are to control the
tcruxnnl perxphornls and gcnufato the graphics. | ‘

L A-dcscriptan of thoseo SUBROUTINES follow with an
_cxplnﬁatioé of their pppafqﬁtion.

NAME I S _DESCRIPTION . ' D

DIGIN . To read coordxnatc data producéd by ‘the dzg1t1zer

DIGIn- (X, Y, 2 1V, ICNT, W)

s where:

-3npu£; IV = 1~Foo;dinates.arc returned under X and Y

b

iv =2 Coordihntcs‘nre returned under;x angd

IV =3 Coordinntcs are returned under Y andlz

“?iﬂ 6  Logzcal unit numbcr df device on
o, ' - )
which coordinato data'file 1s_to
- ' o be wr;tten. -

I 'lu = 0 --no external fnLe is uritten__‘




' A26
W,
.. . | 1IU « 0 - digitizer data is rcad "
R ' . : : o '~ from cassectte unit,
. e o0 _ J '(l)éfcrred state)
OQutput, X, Y, 2 afc;coording;g data {n
- 3 _ © iaches 'k:u‘:ufll '.I:lluc:,'pf ;'._".;‘_iti:':d- .
, 'coordinat&s]
Thesc arra)s must be- dxmcns;oned
Vi . "—. . L]
: _ o o 1n calling program thh Values C?
e ‘ .
_ SR > ICKT
. RN A ‘TCNT J:&umbei of digitized points. ;
- PROJECT '~ © - To-create a 2 dimensional perspective plot
of-a 3-dimensional object.
Cealt: . e ‘ .
"PROJECT (X¥Z, XY, 08S)
“where: © . . o ; )
| -.",XYZ"' is a 3 dxncnsmonal arrav of tho BN
— Ll e T :-:poxnts coord;nates in space wherc'
£ LT Xz (1) = X :
- ‘ ‘ ‘ , 'cnrccsxon r1ghtah d
XYZ ()= Y . coordinate system
o S LT (3 = 2
| | xY - isa2 dimensional array of -trans-
N _ SRR o forned‘édbrdinates_wﬁéreia <.
XY (1) = X o .
S - @isplay coordinate syste
' XY”(Z) -'X o : o
RN * . . ' '
OBS: B is ay, 3 dxnensional array definzng
o . .
: R the po:nt of obscrvation 1n space where

-




\

 PLTLN

N

a®

" 0BS (1), =

0BS ' (2)

0BS (3)

\

X

Y-

. A27

Z

/(Original coding cyntributed by R. K.' Shepard) .

To draw a line fron ﬁpcsent beam (pen) v

position to logcation” (X, Y)

Call:

13

PLTLN (X, Y, LNTYPE, LINCR, LUNITS)

Where: )

dar

LNTYPE defines line

 LNTYPE = 1

2

3

. ’
type to. be drawn

dark nove (ped up)

bright (pen ddgﬁ?, thin

and continuous

-

bright, thick and continuous,

4 bright, thin and dotted

5

6

7

bright, thick and dottod

bright, thin and dashed

bright, thick and dashed

bright, thin an&gchain dotted

"hright, tﬁiék and chﬁin‘dotteu

coordinates are specified

hﬁsolutplyf

-

coordinates are specified

incrementally -

“ .

Junitst L

“units (See note below).-

: , _ .
- coordinates ate in user’s

-

coordinates are in display -




. ’ | A2R

;a- . } o -'- — v y 7 d]

Moter® Display units are the nuerical

c:

values of the hérnﬂcbinnl JispJ;- le

COOrdiﬂﬂtC&x In this‘pnckugc tthe origin
- o

(Qisnlgy file brigin} is translated to the

[ 3

lower lefr pasition in the display arca. -
ST , - 3 + T
. s gaves an adiresdabic area of 65,5560 T

“units in each axis.  The visible digplay

arcawis 40,960 units in X and.32;168 units

o .~ in Y, '
LETTER ) " a ?o.writc a string nf-charncycrs stafting at
positiqn (x, f}_‘~i - 'fﬁ"‘ -
'Call: . | ‘
‘. , _. 7 LETTER ix;‘Y, N, iSIIE, 560; IUNITS,.ﬂngR)
: ' nhefe:' LT | -
BCD - aﬁ niruyEof,charactc;s to’
,9-'-—. .-"‘ be pfintcé, dimchs}ohcd with :
~ the value of;N}” bi5p1ny )

. ' - L ;,code; omd\charactur/word.
.- . . ‘ - ) . .
N . - nunber of characters to
‘ o - L - -
- o © be printed v
. , M .

N

i ]
At

. N B o ‘ ISI7E character sjieronén(sgali)
| | ¢ 2 character size two ‘(larpe)
. P‘ ’ + ' . . 1 ;I :

T - 1UNITS | T

o . . ‘and .- as defined above, .

. (2 !.INCR . . ' . ‘- . '.

SYHBDL‘VH“ L .¢To:dfﬁk'n synbol cgntcrb&_ahnqt‘fx. Y)

carr: ¢

»

PRI ﬂ_- _ SYMBOL (X, f;u,g;zg, nsvnnL, FUXITS, LINCR).

) . .
. C ' - . . n l.
, ) ; } .
Y . : . :“" . . ) ' ' :
ot . . . S - . v
. - . A ) -t
. . . A . . A T . . . !
) ] an ] - ) - - b
- - - . . . o N
“ . ) B K . o Ll
. e - . - ' .-
. _: . - - b a
- . " . B o




L
L

- ’ ] .
N I
T
where:™ . . L. N 5
T . N ' ' ] *y ’
&

. . . Vv ey . 3 P ; .
REYMRL chs_nl.:,\’_cm-ivc! svibol to be urinted B

ISIZE, FUNITS, (LINCE as defined above.

. * A . L4
DATATO “T';}'-';C.‘.‘n\‘tr rLSuner '\ TR ooty .,-‘ I I

Call: . - ' . -

DATATO (XD, Yh, XP, Yp) S

N o . ¥
‘—-+ - . Nhere: - . : T _i? e
' (xn, %Dlz = X and Y coo;dinntcs‘in )
. ! - ’ ' : . ' ’
. ' L N ‘ yﬁcf's units )
' ' :(XP;'YP). X uﬁd“Y top;%inﬁic; in:
: 5 . o
) - . . di.sp_la_v uni;t!-‘:..
To conQQr; displayfun{ts into u#pr's dﬁigs. -
‘ Cﬂ_ll;_,rl ‘ '. . | < ‘ .-j o
' PLotTOC(XP, YP, XD,.vE) ¢ - 7
'Kh;f;:_ S Ty ] -

(IPR'YP) = X and Y coordiﬁates in s

o K e ) dis\f)in)- units,

(XD, YD) = X and Y coordinates in user's

. | .o units. co
PLTI$   | _ 'iTo.init[hlf;é’sdﬁlcs and boundary yalﬁcs. )
"énil:- . .\ . v
RLTIQ'IIS#ALE;‘YSCALE, x&lé, XHAX,.%QJN, fHAK)
| , - ! . user spgqificd'g-nxis'

~_scale, usc;tg‘dniii/pcr_ o

R display ur@itf'.-_,/ : R

, .o .
. Lo .o . . Lo N
. o . . : .. X } ' ’ N ) .
) . X » . . X - L.
- : . - - R . cT ST v s v




“AETOR

-A3N0

¥a

-

YSCALE = user specified Y-axis scales

- XMAX, XHIN - m:ixi-f\unr_:md minimum

4

values ‘af X-

.

YHAXN, ?MIN‘_- maximum and. minimum values

($R4 :
To nutonatiéall?-compﬁte ﬁcalc_valuus._
- Call:
FACTOR (M,'X$'Y, £MARGf'YHARG)' "
- h‘hc.rc:- | - |
M = Number of poipts in the coordinat§
arrays X ;?d Y: .

'XMARG, YMARG - Fraction of total plot

... length ﬂlOﬁB.Xfand Y axis speqificd.ilf

-

ET . $
. ;//as marzin (divided equally on each

;- Side of display).

-

To draw a circle of a specified radius

:'E,- -centered at X, Y,
C'il'i‘fi : o
). . A

»

CIRCLE (X, Y, RAD; IUNITS, LINCR)

ﬂﬁhc;&:' L S

(X. Y)- = cqordinatcé\bf circle

“center.
"RAD Ve -circlejrndﬁus.
IUNITS, LINCR as defined above.

n



‘. 0
TN,
3
) *
AR -
~PLTLIN
- 3, L3
My LOT
-
L -
,’l
. a

T Vg . . . - L .
to eranl an arc fron. present posttion

S
T hod X ' !
o ! .1nt (" \IJ' .

l‘ J.Ll l l : 1- 3

CARCP (X, Y, xd,°YG,‘[ARC,I1UNITS)'

.‘;‘.'_'."A::_, ’ o - '
(xc, vg) - -coordinétcs,of‘w”\h-,
oA ':‘ . ' ’ RN
. Stenter of arc - 4

o

1

TARC

= 1 " drawn clackwise

= 1 dravwn anti-clbckwise
.-Junits as defined above. -
R . Lo . . &

N . 4

To draw an arc from (X1, Y1) to (X2, Y23% .-

Call: . o -

ARC (X1, Y1, X2, Y2, XC, YC, 'IARC,

-

To draw a line from (X1, YI) to -

Call: - - o &

o Call:

LI

. 1'- . '.

-

TUNITS, LINCR). o+ . 7.

. PLTplﬁ (xi; ¥1, X2, Y2, LNTYPE, "
LINCR, TUNITS). . . e

'ﬁhérc: g . .. - S | ' o
LNTYPE, ;}NCR,;;uﬁlTs”arc derincd nboqé;,

' N - ' ‘ I v
Tofn}ke.? dark-ﬁqvé yo“(!(l). Y(l)}_and
.{hcn succcssiVa_brfgh; noves tb (1{2),
Y(2))I- (X9 YO, . )
/ T . B

HPLOT (M,-X; ¥, LNTYPE," LINCR, IUNTTS) -



, o
3' \ : - - - . h 7 ' ) '. o
DA IS | - o A33
_— - R - - Wherter——— B
:.’ ;e o LANTYRE, I 'I.'Ci" , lurrs :!.T‘ o de

fined -above

v

o U MEYMEL _ R To plot a svebol at @ series of M
. A

R . . coordinates (X, ¥Y).

o f\'. \' ‘ gé u v- .
C ST wsymBiO(M, X, Y, ISIZE, NQY;BL{'IUNITSW
- f vy ©LINCR) T : ,
" , Where: | ‘ '
< . Lo '\H = ﬁunhcr af coordinate’ -
' ISIzZE, NSTWRL, TUNITS, LINCR.&
» | are defihcd above.n | .

_ . . . J'
GRAPH - R . To draw a graph with specified X and

i .") ' Y values joined by straight lines. \

- Calibrated axis are drawn in the display

i 'érca.;;3  . o ) .
. R o Cnll | - | | H‘ j ) . | o .
| GRAPH (h X, Y, xxxcn,.vlfcn, LNTYPE)
Whered,. ‘- oy |

o ' ' R - nunbcr of datn A ints.

* [x Y) arra) of data p ints (must
be schthed as 1b101utc values)
X!NC.—-dxstancc‘bothpcn calihration = ™
) AR SRR

oo - - marks on X-axis in data - =
Y "  o units. .
' L £ " _YINC-- distancc between calib?ation

. - ' . .f < marks on Y-axis in data units,

" . ) PN -0 A Y LA ' . . . . T
- N . - ) . -t N - . !
. . . o ) ) i N v . E A



1 L
. G . -
. opa
\ g de
Hpr
(1] -
) 57 -
N -~
. '
. . B
B » - )
H @ !
L K
e ]
1
n
tNRT W
h v -
i
- - - 1
g}
4 1
.
L9
. #
3
1 o N
.
.
.
.
.
-
- Y
i . 1
. "
R .
-
Y -
-
W, B
N .
. . .
.Y -
, .
:
-
Y
LN . y
-
'
.o "
q
' f
N
R A :
s
’ -\ ¥ r
C, .
T

E

o, draw dq'h“d tine from (\L:(Y‘j
H
4

uhvrc Yines

(2L, 1, 4L,

7

'.ch11:

CDASH (X1,

*To decode .

are NC"ﬁ“nth /

L, 21y, " \;

%

Y1, X2, ¥2, 1NTYPE IH Ifs\'

input comninds in/ an inter- -

active proyg

Call:

INPT (10,

Where:

10
FO-.

IX

2]

#

1C

||

N

Fo, 1x, 10), . | C
O e Lt '

- Intcgﬁr nﬁgacf odtpq}ff;

3:Bloatigg point output‘ -

1 1ntcger output rcqu1rwd
g.flontlng point nunbcr ‘
._Ecgdiréd - “ .
1¢;hé-commaﬁa BEGIQJHQS;‘V

chén_déco&cdr ’;'»
‘2 the comhuﬁ@!ﬁACK‘héi-bé;n'
3 thie command AHEAD has been-

“directive options:

a . [
2 [

. ) i . A
ran,  lsed todecode 1

-

décodéd~ I
4 tho conmand HALE hﬁs bccn

choded oL A- ‘Tfi"

Y

S:tﬁe cdmmnnd.HELP;hés becn

decoded.

v
- L '
- . .
- *
ey
) -
. frd
\ E
] .
v
- ..
¥ : el -
N
]

-



.4.G

. . . T

. A ~To inttialize cassette unit to Yransnit

=

data to host computer,

Call: 7. e .
‘r- ' A : o _l. . Y .
. RDCAS & - - o
. This progran nust'Fe follawed by user
spéqifxcdfkhAh,svntcndnfs~10 .Qﬁd '
. . . . e
from INPUT filc nccording teijtape.
- . bemhi.'L e : .
L Y . . - e '. ] , . - . ‘
beo .To vrite cassette files frop host .
. , Y ' N . ' s
: computer, S . .
. Caily = Coe . i
WCAS . y ‘ . ; -
A . . L * . .
v . : ‘ .
~"The user~iiust follow this|with-

-

oo f°ﬁ52ii::qﬁhLTﬁ statements to the' .
. . B s . _ - . l. e ) . . o
L euTRPUTRe. o . o f T

f.) . ; -o tﬁicrép{qticr. , o -
e canny T T e , s

" MPFLT (X) * . ,

* . . . 2 .. Lo . . . b g

. Where: - -

VL I | = 0 microplofter is in active
. ‘- T o . K _ . fstatl} . ) A

.- \ K = 1  nicfoploitéthis in defcrred':

- . ,
. LRSI SRS ‘
a . ~Lg Tt

- . [

’ - s

. ' u ‘

[ . : "
»
. oy > T .
o .
' - . . .t
B 1 B A
L3 .
\. ~ -~ N . A_‘
- o
. . C .
- . " )

L, . L S . Lo - . 3. ! . "
bl . e . - . m
. . 7 ..



~ . IS -? R Tl -A35,
SEAN | To read displav file and }ormat
. : for cat,

Call:

CRILT (K)

¢ K is as defined above.

FPPLT o _; ' To'réadﬁdispluylfilc &n¢ format for

T~ | “ﬁ." . . Flat-bed plo;Fcr.j_
| © Call: L e,
FPPLT, (K)-
e o, Khere:
J AR T |
e K is defined above,

.~

- BPPLT - o - ..'  To ruad dxsplay file and format for
7flnt hcd plottcr. |

TTo be developed.)

PR

i#otq:-. A portion o&,&hc nbovc programs hqvc hccn dcvclopcd R

l_"
-

bv A, Sriv1«tnvn

.
Al

Thcso SﬂBROU[Ih!S nrc cmplovcd in . a<50c1at10n with .

\\\ thc uscr's npplicntzon progrnn 1n a manner complctclv analogous‘

l:\\to the use of any othcr c0uputnt10nally or;cntcd SUBROUTINE
Aﬁfeprcsop;ntqu block of code follpus_;hmg’demqnstra}gs

[

o a £cw_$aliént points. = - A



10

AT GNP T, 0, 1,

A )
.
!
CONTINUE o« '
AR w

&

”»

1C = 1Ce}

Go TO (10, 20, 30, 30, 40, 50), IC
CALL DIGIN (X, Y, Z, 1, TCNT, 2)

s

. GO TO 30

WRITE (6, 200y -

" FORMAT (22 MO YOU NEED HELP ALRIGHT)
CONTINUE GO TO 20

L STOP | S

-
.
-
3
-
-
a. '
. -
. , -

CWRITE (6, 100) EXTER, (1Y TO START DIGITLZER/1H,

LA .

)

T FORMAT (100, 284 1 ;'k, (19 H(2) TO HALT PROGRAM)
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TR A R eme
ek Ay Wih U W PTIMS

L] —n”.--.n.;u.-u—h.-..d..n.m
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_ modc! 11,

’ fncc is consxstcnt wIth thc standard conncctor ternlnologv
'.xn the rcferende drawings for thc DEC Dwna logic con\erter
hto tho synbology defined :n the DEC refercnce
.‘\--
:The llo spccifications for this intorfnce conform to:those_

- codé as¢ignuents wlthin thc FDIT tcrnxnul is given in;

APPF\DIX F

THh DIGITI;ER TO PHP- SIL l\TtR&ACL

introduction o ._‘ S |
L .’ R ] . . . ) .\.:- ' |
This interfnCc allows the POP-8/L to process data

thnt hns bccn gcncrated by thc RUSCOM LOrlCS Ulgxtx.cr

. .

The IOgié,for thlsaantcrfncc is nountcd on 2

-

T

boards, both'of wvhich are moun;cd-ln the PDP-B/L chk, T
There Ncro'%evbral nodificntionan€ the logic of the digiti-

f k]

zer control to acconmodate this interface. The inter-

.

conuontxon botwccn thc PDP -~ BIL and thc control modulc on .

L4

o~
the dngxtxzer is by a ¢ahle uxth ll thqtcd palrs of shxclded

L

'conducturs of about 30 feet in’ lengnh._ . o :: Ln/( S

-

Thc conncctor tcrm:nulogy CﬂPLO)Cd in 1h15 inter-

| used bv tho D:gitnl Equipmont Corporatiou (chg as 5hown‘

£

The logic synbology uscd in th1$ work conforms I

. '
2 - . -, oo
"y . . . LT “ ~

Conputcr lnstructions S 'f.  ~ T ﬁwaJﬂff—*e_ﬁ—#”

l'"ﬂ Devicc code 65 oy selcctcd for the dxgxtizcr. o

of nll DEC stundnrd pcr:phcrals. A conpletc lxst of device.
LY hb .

]

t.kppendlx‘(l).ﬂ Thc mnenonxc reprcsentat1on For the grc p 65

e

a.
-.-.. ' - ""A- . L J. !::l ’ . s e . -.‘-- - " T ) 3 .
. N - . Lt - e M Lo ‘ ‘ B . T . L . : 9
vt ot T - ’ ' - Y ; ’
oo .‘-1'(._ E L - - _' - . . '] . . . T o
R . - S . ‘l|
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-
o

:1atructxonx hnvc bccn anurporntcd inte an xfscmblcr cnllcd
HAL 3. This 1llous thc nrogramucr to cncodc hf: routines
_ u«:np tho appcndud list of nnomon1c< for the hFL asscnhlx"

» - T
I1npungc PAL 3. _ﬂctn1ls of the MAC .3 assemblier are '

fnstaded in Appendix 4., . (f'

S ~ Octal . - 7'. o .
Mnezonic }_  Cade - S Dcscriprion '

) ) .. Skip if the dxgzt:zer flag is
- . . t ”"n 'll
DS L - a "one The flag is set to the
F . ,6651 . "one" Stntc when the digitizer
is rcady to transmit.more data.

. Clear the digitizer flag. (set

.bee - 6552 ' f flag to zcro state) and clear the
o, :  :"'accuuu1ator ' _
- ‘ SRS - Read from data l1nes into bits.
DRS T 6654 6-11 of accumulator. ' Data is
LA v, coded as’ 6 btt BCD charaCters.

.Clear f!ag and rend chnractcr

N _ ' into bitxpg-11 of the  accumulgtor.
DRB .. 6656.. " The- digit Zer will set the flig
‘ o T when the next character is avail- -
ablc for transmission. Lo
a, o A ._‘
Llntorrupts '1.‘~
~ ' _" The sotting of thc dig:ttzcr flag will ennblc thc

~

. ”lﬁ$crrupt bus on the’ _PDP-B, ‘Thus charqctcrs nnv ‘be rcad

‘USing thc progrnn intcrrupt.£3c11tv.

ai ;  ‘-'A.-nterfacc’ypgic and Circu:try . R o
.ﬁ\\\’//f{;urc E. 1 shows the changcs necessnry to board 3
d£ the. digitizcr logac.to mnke the dntn lxnes plus a ELAG

M

.signal fron tho PDP RIL and 3. CLOCL sxgnal nvaxlahle to the ;

N . N o . . - X . Ty
, . S B . . . - - . . 5 R
i I o . i 3 . -, .
e . o LRI . ., L T . [ - N
1 . E— . - . . . S, 3 .
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-PhP-&/L. -Thc'chnractcrq are :ttobéd out: of the

-

E4 .

dxgxtltcr'

. i N
by 1ts oun T/0 pulse, Thc da;a output ratc can bc SQICLtcd

o :
between 300 and lO.charactcrs/sccond'hy neans of

<

wheel switches on the front control panel of the

VIl thhrn:gurs teansnitzed (0-9, 6';'-R.. ;)'aré
the BCH character code, - by
Board 1 '(1R22) Fipure E.2 .

thumb -
digitizer.

coded in

-

The two bonrds contnlnxng the 1ntcrface logigc

Om

are located in positions 1A22 ‘and 1A23 thhin the DEC: ‘&fﬁ;k

DhOB/A logic conVertcr. Fhe cnble conpcctor n-H023A ‘is

;/ " !

in location 1A24. “Thcsnalocntions have been diétonﬁbctcd K

-

fron thexr design function of logxc level conversion for

:ho ‘data- hrcak option on the PDP 8/L..

The. IRIT pulsc gcnerntcd b) thc

received on p:n 32. Thls pulse is u5cd t

DP-8/L is.

clcarbthe flag

(pxn 13 on 54 ). The purpose of 1n\crt1ng thc INIT pulse,

L2}

{(pins S to 6 on El) is to. providd a low

with thc Ff pulso at thc OR gatc bnt cen pins

on Ez L . ‘ﬁ_  w. . o ‘;

or compatxbllltv

S and 6.

Sincc BRB(S) through BMB(B) nre ava1lnh1e as hxgh

2nte E3 has input lines mm(s). anam. BHMB(S), BMB(6)}, - . "

or. IOH/OH"Thc DNOB/A input bus..the dev:ca codc sclcctor

5 B(7), and BNB(B) connectcd to pins 3-4. S, 6 11, and 12

——,

oduced on. 1n B uhen devxco
rgspocgivgly. Thus a lou is pr uce p . ‘

(

code'653-is‘iétivc.3 This lou 15 inVerted bctwceﬁfpins 9

.

: 2 » \
andfsﬂbn_Ed'and'is.used'to ASD tho 1u?#~pulsos into . the

—k

- e
d‘-l-_.‘. "o

L

.-




.
LANEY

: : T I3

interface. L ‘ ' . o A
The 10P1 pulse AND the output pulse {ron the

device sclécfor bdc0pc§ the check flap pulse CHFL at pin

H2.,

R . . ) . E]

The 1OP2 pulsy ANL the outnut pulye from the device
q ! . ' . ' * * '
§clcctor is used after invcrsldn-bctwccn pins. 2 and 8 -

‘on El to turn on transastor Q2 uh1ch clc1r5 the PDOP-8's
, nccunnulator Thts pulsc is also ORcd with the IWIT puISc

xnvorted hetwecn pins 3. and 4 on El to clear the inter-’
face flug at pin 13 on E4. Th:s pr?duées the FLAG‘pﬁrsc‘

on pin_ UI S o . - T, "

: Thc 10P4 pulsc A\D thc output pulsc from the dcvxcc -
°

“seipctor after xnvcrsxom bctwecn p1n5 5 and 12 on El
'bcconcs the STROBE pulsc on pin F2 N

7 The CLOCK pulsg gcncratcd by thc dxgttx er. is

réceived on pin K2 and ls“USCd to set thc ;ntcrfn;c-flag.
/

to the "onc"'stato at pin 11 on E4. This pulse proddces

r)\

.a high on pin 9 of E4 wh:ch turns. on the transistor ary

This onnblcs the 1ntcrrupt bus at pxn V2 : Thefquyput of

L]

| the flag (FLAG) is: nvnilnblc on pin L2. L S .

S - . . S . . o .. '

l Bonrd 2 (1A23) F:gurc E 3

N

The STROBE pul%e is rccczvc¢ on p1n V2 where 1t‘

S2 nndtuz to strobe»the dnta
et . -\ .

2, P2, J2, N2, R¥and T2. )
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: . -

m""" The FLAG lovel is “ANDed ulth the check flag

v

3 . L
-

duccd on pxn 8 of *3 s'inycrtcd bétwccp pins 5 5nd_6_u£'

1 to turm on transistor Ql. " This enables the skip bus

o pin M2, : . : L
_ A ST B S ot
¢+ . -/ The interconnoctions between modules are shawn
in blgurc ‘E.4. N . : ' . ’
Thc bqard lavouts nrc shown in Fxgurcs ‘E. S
(board l) and F 6 (board 2) respect1vcly.
i T N T " |.|
' . N .
- - * )
e e . "; . ., . . . s
Gt . " R \
S | P 4 ?l \..
” - . . L -
'.' . , » % "‘ ro L4 - i Y -
. ‘ A AR A t o 4 N ) -
- S 5 o o
s T : - noye
N ' B < L el o
’ . ’ . ' -
’ - q Cy ! .
! g ’ "’ ‘ ) - . I
i - E ‘l'.;ﬁ. .
g ° . . "r‘:"' . , o
V" i s . ) - o -’.
¢ . 0 ’ '.
— .,
P . . . )
. - ' ¥ :
[ L "a" )
R 2 ' .
.._| ., ‘ - ; ; X /‘7. f
KT ’ - T :
. ' B bl . - £ )
: ) o4 Py :
= Wl ! . )
. .t I o oo s
N f ay -
i = v '- b '

_pblhu CHTI from pins K2 and L2 feqpcctxvclx 'Thc'lowﬁprbf‘
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APPERDLY ¥
CTRE EAL 530(5‘-n,\'r..\i‘w"i"nzu-
© . TO PDP _8/L INTERFACE : S

introduction

s

Thjs interfade nllnés‘;hc_PDP-B/L to control the
EAlL 3500 Dataplotter. -The logic for the interface is mounted

on four cards - three are located ih the ﬁﬁP-S/L rack and one

is in the plotter D/A drawer. The interconncction is via

3

-nn-li.tuistcd pair of individually shiclded cables of 30

feert in length.. o h ‘ R y
The-connection terminology is consistent‘uith,thc““
© B | ’ '

dufinitions estnhlishcd'in the plottcr reference mgﬁuai

for connvct:gﬂg thbxn thc plotter (76 3. Connections within
» 1 .o . . .

the PDY- 3/[ nck\conforn.to the standard conndcfor-tcrminologg

' [

“used hv the Digital Tqu:pncnt Corpornt1on (DhC) as shown in
"the rcfcrencc drawjngs for the DEC DWOS logic converter.
Thc logxc sxmbologv uscd: in this ?ork-confornb

cfcrc#?c

v thc-synbojogy dcfxned in thc n‘TT

‘Cobputer Instructions . . S -
- T ‘\/\ ) - . . H ) ] ,
Dcv:cc code 60 was 5c1cctcd"for the plotter, THhe

Al

1/b spocxf:ca{xonq for this 1nterfacc conform to thpsc of all
p!C 15andard pcrlphorwlska‘h comp]etcblnstoof dcv;ce code
ﬂs%:gnncnts within the EDIT tcTninaI is given in Anpcndlx' ¥
T%u nnemonic rcprcscntdtlnn for ‘the group 60 1nstruct10nb

" .
“ . . ’ . “ ,“-'_.'.'f ”
1 iy

. - . it



F2

Lave beoen lﬁCOrpurﬂtud inlp an assenbler called MAC 3 to
_uzluﬁ utilizékiun qf nnenunic cude representation when
‘”“ﬁfr“Ctjnﬂ'a”PfUKf“” in the hLL dnscnhfy.}nnguugp PAL 3,
‘!":t-'lil.'i'.(lf the MAL. 3 s H-nhlc: a]_'c j.r}‘;.hl.ldt\d. in Appendix .
Ynedonic - 7 "Deral o, i
'_Cndc ‘ Code 'J‘."' ) . h‘-sclriptinn
ESF o7 6801, . Skip if the plotter flag = 1. T .
3 ‘ . (Flag is set-to the "one™ state :
_ i - when the plotter is ready to
‘ receive nore data.) ~ :
- ’ ' ‘V - l - !
ECF 6602 Canr the- plottcr f11g @%ct :
' '\ the flag to ‘the "zero" statze. P
-EPC 6665 ‘Output hits 6-11 O£ thc\accumulator'j
' e+ [imiparallel to the plotter. These:
" bit patterns correspond to-the BCD
. coding specified as the EIA input
requireménts., The 10P4 pulse
. . generated by th1s 1hb;ruct10n is sent.
- . . td the plotter as a clock pulse to
: qtruhc the data into the’ plottcr..
. - P q
- ELS . ~6%06_’ - Clear the plotter flag and output
' o ' bits 6-11 of the accummulator in
X - . R p1rallcl to the plotter.. The flag
: : " i§ recset 1fter_: delay of approxi-
‘ nately 240y seconds, - (Produces
T ‘ o an' 10P2 and an 10P4 pulse.)
» ‘ .'

2 hd . . - . ) o

+

yfntcrturthf

u

' /
The plottnr, after prncc<51ng thc dnt1 in the- 1nput

- - ‘ - I

thfEQ;HlII ATtivate . thc Jﬁtcrrupt bus on the lntcrfacc card.

- Thus the progranncd“1nrﬁnxupt fac111t\ can be emploVed ﬁo

_ aoutput data to the plottcr.\\‘/ A . .
-u'_-' I .'. . . = ' ) - \ . . ] - . ‘. “ . ‘ - >

Dctn:ls of thc Intcrfacc LOL!C and (1rcu1trv _ _J/

o 4

Thc thrcc cards for the 1ntcrfnuc‘ luéatcd'in the
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The initialize $Jlsc (1%17) "is received.on pin P2

]

-inVc{;pd by gate E3 by typing pins { and ﬁ_to the input high..

rtoe prgducP an‘égtﬁgt lov on"pin 3. Thle lnif or the IOPZ Dl
puls% §S-£n§crtcdlpy'tﬁ} gate between 1nput pins 9 1nd 10'

&ud output ﬁ?ns & on ES.-_Thé ELFAR;F;AG pulsc i; then

proJuccd at p:n R2. . C | :-". e

‘ ° - - . . ) . .
qlnce b“B( ) ‘throuy h BMB(8) are availablc as high

. or 1ow on thc DhOB/A 1nput bus, the chICC codc bclcctor

ate E3 has 1npu.n o' B“Bf\‘ and bMB(4) 1n pxn% 1 and 2 and

‘1nu( ) thu buB(B) on p:&sﬂo s 12-and_d‘produqing a}ﬁpgical‘

Tow on p:n 8 when dox:cc culu,GnB'is'nc:ive. The low produced

th duvicc ‘selector is inverted at gaterE2 (input pins
‘ M . . ‘.' .

1 und “) p”oducang a h1yh on pfu 3.

| .
This highis ANhed with the 10P1,” 10P2 and 10P%

pul\c pruducxng IOhk at pins “#, 8 and 11 of thc‘gatcs.ip‘EQ

-~

rcfpcctf'clv; ' - i | ‘
. Thc loh on. pxn 6 of E2 is'inVcrtcd"hctwccn piés 5
_cand 6 of bu to bcqoﬁc the CHECK TLAG pu1 e onppin U2, . ;.1

% : Thv low in pin 8 of L7 xq ORLﬂ with the INIT pulse

\

_fhctucun prns 5 1nd o of hnte E'S.. - Thzs, upon bcxng xnvcrtcd{‘
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-;}v{ﬂ r.‘ -

low an p:n 8 of il 1< 1n\crtcd at pin. 11 of El,  "This h1gh

T ———
Y s »

10 and & op E3, becones the F?:C}-(_I;L:\f] on

Thc‘lpw produced byv-the lﬂPd_pnlsc:at pih.ll of .
. . 1 - N -

HEY . . ' s . : ‘ B ‘ ' . .
12 1s_thcrtcd Lutnucn pias, 1 and 2 of 4 to becone the

%:1‘0".".-. rulze on i *a Ty o VRN T s c -
7 TN n V200 TR 19n alwns serves as oan input

"

to the RC clock between pins ﬁnd 12 of Ed dlevxnb the

puloe b~ 240u sec . IHIJ'Juln»ed pulse, after inversicn

botwccn pins’ I” and, 11 of E3 hccnncs CLO() pulbc on plﬁ SZ

Thc purpose of thc fert stqgc of thc RL clock

notworﬁ is to create a 240¢ sccond pursc'%rlav while the
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‘
NE

-tr:zgcr thc flap located on unrd FBP?_ o
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Card EBP2 (1A20) Figure (F.2 )
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o The CHECK FLAG ‘pulse rchei?cd.u:pi&{EQ is ' : o

inverted bctuécn.ping,l-ﬂnq;§.of El. The high produced of *

pin- 3 of El is ANDed with a high produced‘at the.anode of

-

diddcs D1 fﬁrh‘US CIf bdth'conditioﬁq.afé high the resulting:

)

e

'thcn turns on 1r1nsxsto* ﬂl eﬁ1b1Lng the qk)p hUS on pin Fb.

R Thu CLOCY puisn (1004 dclnved b» 2404 qcconds) 5111

sot lhc Fl:pquop 2 prouuczng n h1ph at. pxn 5 of EZ This’

-~

' h:gh in thc presence of 2 hl?h on p:n H’ (data rcnueqt ﬁt

ggn1z fron the plottcr) u111'cuusc a hxph to occur nt\&ﬁc“_**

nnodcs of dxodcs Hl thu D3, Thts hngh Will turn on*

transistor Q2 which cnab}cs the lntcrrupt ‘bus on pin J2,
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s The DATA REQUFST sipnatl praduced by the plottey is
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while the data
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Protter as pracessing previous data {upon the

rrggip; of a
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‘tircuit) of ‘one character every 240 & seconds. When a pilot

Cﬂﬁnﬂﬂd has been recetved by the plot}cr”thc DATA REQUEST .

sign nat {H2) is held low uptil fhg plotfur has comp1cfcd the
prcvxqus-dperntipn:‘ Note that the input data to the plotter

is huffcred»nt the plotter Ehus allowing. two conplete’
1n~tructions to hc procc<5hd by the plotter nt'fhc:highér data

S .

nte hcforo the DATA REQUE@T goes law. Thc.plotiing cumhaqd
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stTucture is dcfincd in :cﬂpruncc (76).
! - : ' o - . . . . .
. - The STROBE pulse received on pin K2.is ANDed with

the logic levels from the accunulator (en pins P2, S2, L2, K2,
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3 M2, "R:," T2, P, N1, Ul ahd S1. S S
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is divided by 6 on pin BOAD_ a'nd divid.‘:d.b\; 16 on pin BOAE,

the thrau suitch pns::ions uill COrTcspond to 4800, 600, and

O

ci;her-fhcftrxslnl clock or diyidcr network. : .

v
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CTHE ARISATED VOVIE MARDHARE .

}
-!DlT tcrninnl consds

.

i" . '- } ’ . .‘ . o ‘ .. . . .7 3-?. : ".‘ ‘a “ i .‘ ) A
. Tho SVStc?r"ﬂ\pce ‘an animutcd ﬁovl/: t:;n"thé . .
£ a small ¢lecrtro-mechanical cancr1 L

¢ ' N +

.driver thnt has hoen fahricated to nount under a 16 nn
.Balc} novio cnacrn on»a standard trxpod (Figurc J.1).
The grnphicnl data thnt conprlses one conplcte
‘ f?aau is tern!nnted by an ASCII' -This chnrnctcr.nuhcn'

1"““‘“’“ by the. softuarc drchr. ‘loads 0001 int.o‘t'h.e' ac'guﬁh'la- _

’

-

tor nnd processcs the AXOB 10T instructson OTEX (6344), This
| produccs a 1oglca1 “onc" ;ﬁ-the external 1/0 channel so o

LY thedfront panol of the A!O&. 3 Thiq condxtion-'

is resnt hv the softwarc driver. nittr thc requ;rcd exposurc y
tinc. hv 1qading tho accunulutor ulth 10008-und exccutxng .
 thc IOT IRCL.I Tho pulso produccd bv tﬁis scquoncc of .

instructions bcconns thc TR!P pulso at the cxtcrnﬁl conncctor

'SO' ::,;_ ;f‘_5;: ;f ; s:..i;:,‘- PR ff“hn";'- ;
Thh logic for the interfnce betuccn the PDP 8 nnd

!
3

.thc clncrn is locntcd on a. slnglc board (vector 873 hE}
flocuttd aﬂjacent to tho canora -ounting. The connection to
;tho ?DP-SIL rlck fs vin three coaxial cables Of 3PPf°*i“a‘°1V
" 3o feot., All coﬂne&tors, both At thc camera: and at tho‘

PDP le rnck aro BNC couzial oonnnctors.
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’ ' ) J3
r 'l - - - - -
" v '
v+ 0 Figuwre J.2 whouvs the carera driver cvircait,
[ . . L <

e IRLP ;".x!«e. i recvivm!‘ ot pin-2 which turans on fransistor.

o u:l:nh of (- transisto* Q cand turning on transistor 03
& - . ; . '
- . . - -
T : . : . b 4 . :

i he solenoid vnIVc,that_opcns the shutter is canncctied | .
R e e e T v
IR A .p--.n:-' LIREE 1IN S N he Shios slape st CaInt o : e
[} | -

'cqu reed because _of thc hxgh powcr rcquircﬂcnts of the !

\oicnoxd and the lou pouer ~vitchinh pul*c.

The "10T instruct!ons for thc gcncrah;on of thc TRIP

[
Y

-
pulse on tho AIOB front syn¢ connoctor are shokn ‘in FJgurc J. 3
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: ’ Apm'mn k o ST Y ’
. R oo v.,,' ‘. < " ro. ]
T — thT SYSTEM pEvICE | 0 ‘ e
- . - CODE AEQICV“L\TS o Co C

,."3' Thc follovinr in n 1:5: ot tﬁc dc\:cc codax. E;};“
'hmrc boon nssignad to thc pqriphcrnl deViCc;‘;§50;13;:d ;ifhﬁ#}
\ the. EDIT tornlnal. . . ® § T |
o B ) S Hf'. 'High spood paper tnpo rcador‘;

Y92 . 7 High specd pnpor ‘tape Puﬂch

03 i 'roluvpc koyboﬂ"d“m‘ speed P“P" “‘P" réader |

- 04 .:';{f*_Tclotypo printer!lou spccd paper tapo punch’

*

;30"53_ . Clssette tape erve ','"". - o

'ﬂSO-SSj‘fu ' Ang Ldb poriphcrnl - light pon L ; fl:”*

' ?0{75. f'.-Povie ;nnera

3. .

40 [f.*f}PTOB recci\e ‘channel

5'. S -’41._ L“;  fPTD8 transni: chnnnol F

° i . ;
_Alﬂgifff M¥Cllcoup drun plottor ;“J'T S S
) 1 ‘ !;fCRTluicroplotter tnput outpﬂt intorface' . .
s;ﬁ' Sl] \a Hicroplotter .error. flag ‘_ ‘ f? -'
S o AN S - .u"f.-7-\t'
v 60 \ lat bod plottor -l o
. '§Sj:éﬂ..7j'lrnigi:1zor o ;gg[-':_ S
-“;,i Tho AXOS lnd the clssottc tlpo drivo intcrfaces-is ;
' producod ﬁy thuir rospective\aanufncturors havc conflicting .
i r

devicn codos., For tho Axos thc dcvico codc has becn chnngcd;'
e froi thc 30 serlus to th 708 xqries to operate in. assocxat;on ;

vith thé HDI‘I‘ systa-.._ ‘l'ho dev:cc codc was nade swit.ch o ‘
{

Al L,




T ,;eloctablo in ordcr lhnt thc oxttn%ive sof:un:c chclopcd o

;m‘r.-tlii*.pcripbernl for xts dcsign '@nct\on ot' dn-tn ncquimuon
ot T The suitch to nctivntc thxs dc\icc codc changc ‘is
» T o+ . . -~ , . N - .
, ta c.nrt. ﬂﬂ tlw DF{‘ uodula nl"’! ':_:: ’bp .\kﬂ’i r.tck ioc.:tmn-
[ D & e
A Eho funct on of’:ho swizch ls 5hoan'in Figure I 1., .
l 3 'J"
s 7 ,' - The casscttm intgrfneo hus a pin selccrnblc dcv;cc-é
I "
E a . .
- code. hohcvor. thasn deviceocndes are. nll iw thc 30 sories._r‘
N HTr St '
\. o Iho SYKES LIBRARY prograa wjll onl) function .on a’ trnnsport
- uith a de\'lce codc of 3050 P |
1 i . : N l - *-‘-‘." 'l‘ Y g .f’
. _O' . - b : . * - ,-.l . 4.0‘_ } [T N
. v ) - 1 S
¥ A o
POy :
e K]
co W RN
“ v o . N
R RN
.'1 FL A ‘ . '
SRR b
: ; ) :
) - s %’,u_ @
._'_"'i, . ‘ Lo




3(04'4—— ;_R'.zj.-.j B
A08  f o

v

'El":'u;d":’.’l_ Hodiﬁcuions to Changc Axns S .
. s © Pevice Code frou sos Scrics to - o
: s 703..4 e




T APPENDIX L | R
Sl .m\cs ASSFMBL!‘R e o,
Cooim roductiun "_ - _ e \ o .

.o The NACS asseuhler hns ‘been dcvcloped to allow’the = .
*tcrninal syston& progra-uer to enp!O) lncaunxc roprc;cn{\@xonsf
.of thu IDT lnstructions for ‘the paripheral intcrfaces that

hnvo boan devclopéﬁ in the courso of this work This assemblér
js gn“nppenq§¢.t§7310n:of the P?co?*L_FIJ psscmbler witﬁ a |
 ‘0¢£§!°6.ﬁornuneﬁi“sfnbél'tnblo td nliﬁw -nononic'progyguhingif

pffor all tha DFC stnndnrd periphernls plus the following:

3

'(1) tho dlgiti:or.-_ - o -
-‘(Z)TRthc flat bed plotter. | T 3 s
(3) . the drul plotter, ’ :y - !

i‘JR.PTos trlns-lt and reccivc chnnnols,

%(5)3 8308 instructions related to‘golT pcriphoral devxcos.

.‘\.

+ e
R

fgpurat!nl nltructions o _ o
"’-QAu oparltiﬂl p,oceduro is descrihad belou.

”f'(ijfi?llcn aDIT systea cassottc in cassattp transport.m,

35fiiﬁﬁfuru on. hoth conﬁuter nnd transport drive.

:5777f3}303¢g 7777’ ingo the Suitch Rogister, press LOAD ADDRESS




. S o . _
0 e ’ ““ } T - » )
S T

(h). thn thc NOTIO\ light on: tho cnssettc drch flnshns s
turn o ff cansutto drlvc and romove EDIT systen csss;ttc. .
Fron 'ht\ point the oppratinp procndurc s identicnl'to thc '
" vEC PAL 111 nssunblnr. . ‘_ “ f'_‘ _i,- i L o k
(?)- Placo the 1ourceo!anguagc top\ of thc p;ﬁgra' ho{
_ heasxepbled in thc high apeod reader., C '

(8) Sot 0200, in thc Svitch chistcr\and pross LOAD

} 8
RDDRESS ".4 ‘ ‘__ B | . '

(9) uncs s i 3 pass assclbler. Set piti 0 and 1 of thdfk_;

_Suitcb Rngistor for the ptopnr puss.f&Thugqisettihgs irp:;

- oBie O Bitl ., e, T
e Ty Tpassh, e :
":7:.i'1.7"i5fﬁp :f; 0 - -pass 2 |
- 1/_.‘( - i v .' p‘s?‘--;s...‘ -:‘..-. ‘.'~- _ .
"Pnss 1 l: roquircd so that the tssenblcr cnn in it alize its o

SrlbOI tublc lnd defina nll usor synhols., After pass 1 has
"bocn conpleto& oithor pnss 2 or plss 3 can’ be co:p;sted

't

(10) ﬁct,input and output options nith bit 11 as’ £0110us.

| pq;ssl_f*fﬂfn1: 11 » t Punch the sylbol tahle on’ the hxgh

.Y|'.
<

0o

s A | : o
‘f,wﬁspood punch. ;.‘,‘?1'.ﬁ“ L

'HQQiPrint (punch) xhe synbol table on: .;;fi;
T "xhc Telot?po. . A

unnch sdurce 1}fting on high speed

{4

Punch binnry tdpe on\low speod punch “2




. . e e - T ‘.
Bit 2 switch options for passes 1 and 3 .
: , oy _ Co
~Bit 2 s 1'  Suppress output of sydbol table..
2% 0 Output symbol table
e A1) Tarn nﬂ“hlgh npcod wunch. o ‘_ ) ﬁ;;

(19) Pross ST%RT to hegln pnss 1. only. Pross CONTINUE
to begfn pssSGSQZ or 3., The ossonbler holts nt thu ond of

is

;oach puss.f Proceod ﬁro- stop 3. lf thc nsscnblor hns halted ,.

‘hocnuso of a PAUSE stntoncnt. put the next gupo into tho roader‘;

‘.- :and préss CONTIRUK 7 | | ‘ ' |

) (13) If tho progran o}qcutos corroctly tha bin&ry_tapo ;nn_;_;

g Jbo nddod to. tho EDIT systeu library vith ‘the following

= instructions. Piace. tho writo onnblo plug in the cassotto,Lo _

pJJcolcn;sottofff oossottc transport.g-;’r"-fh.' R - "“:f;‘

- [(14)  Ser F777, ‘ |

) START. ‘:or;u~:5,‘:.!7‘ . .ro“: ~:.

.
+ \

in $ultch Rog!stcr. pross LOAD ADDRESS and

(15) lhon Tolotvpo rosponds with READY, load binary ;

tlpo in high speod reldor aﬁd qntor :he follouing conaand

e o
e

- 8T the Telotypo.r;oP} ";;“, : v 3‘f;?o{
R "'"f"s ey ABED folloved by CARRIAGE uaruas )
' where: g ABCD is’ nou progr;u nne-onic. #' '

(16) lhcn tolotypo responds uith fHPUT, ontor H follouod

- by cannxacu unruuu.f"
| tl?)if
'fn of binurxﬁguﬁes nssociatnd nith this progr:- folloved hy
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3 * . ‘ N
» = ' z
N N . e M1
- L] 2 a \ -
. .- . . . . . .
: " . - . . . - .« ' ! .
- - ' ’ : ’ . - é'/ *
. . “ . . . 3, .
: . . - .

_COVQTRHCT - A QYQTEH Fﬁq THF ‘YNTHEQIQ OF NQCHIHE GTR”CTURFQ

------d-- ” -

R N v
- ENTER et:cﬂon mmazn R o B

PAST ONE - - GEOWETRY osnmnm STadE,. ~ -
THE BUMBER OF srauc'ruqal. HODES = e,

fomﬂrss oF mzsnmmane- S \ S

CENTER 1) FoR. Pw: o .¢2). FOR SPATIAL FRAME ‘1t 3
cooanwn'rz nm'u mmrr ﬂzcﬂou - T e
ENTER u) ron rPs on ui) roa (13 uuns P
-SELECT lumrr pEVICED © © N
- ENTER (i) FOR DIGITIZER % = - . E
.. €2) FOR LIGHT: PEN L | .
IR '-__ €3> FOR TELETYPE 7 .~ T oo
L. @ FmDpISCFILE .0 y -
'_,nonm. coonoxum's: mpu-r na'rn vm mmnzsa

'zmm scnl.z vawz cnnm.cﬂa.n T _n.eaa _
 ENTER (n mu acﬂw-: S‘!‘ATF m 13 rm narsﬁnm STATE 1
B ('_' : '.'<n nmxnzz au. uooas_msmumc __‘; 10 16 o
e caa m:srmcr nm cbmmm\-ras 'ro nnsr mmoanm _ IR
| \, | 3 Pnr.ss 'ma R xmr ou -rnt“cou'mm. mum. 7o ﬂ:nmnm-r: omrr:zxm

T g,

-.,'-;u: mm s _mm,_m ro ,sra“in maxﬂzm ‘-‘_-f s

-“%-su. \
-

" ""“ODAL"GMETIVITY SEGT! (ll

g -./'sn-u:r_ 'mur';bzv:cm | S e T
o 'zm-m_ ;u ‘FOR: tumz e e L e T e




T

NIIMSER OF MEMBERS.

| MEMBER TYPES AUVAILABLE: o |

PIN
FiIx . .
FIX:
PIN

(1) PIN
(2> FIX
¢3) PIN

tay FIx.

Hﬂ'lBER NO- ' LOJE“ NODE NO

~ 2 ~

vadonsuns
muawbuw»

) ‘.A__,-__..L.'__-.T,___..‘.,:_. ..-9__ e e
| s e |
St T SR ¢ a

N L St L
VPR & SRR -/
LA *_16.}~ e '

*

PART 'I’UO - DISPLAY SF:CTI(N

e g

_f;' s::aurr ostLAY DEVICES

. ronuarc ax, 13, |ax. 13,

- M2

_ RN
UPPER NODE NO MEMBER TYPE /

1e%s 13, lex. 13)

-
L
- < - M :
3 . . . ' 3
- \" -

'ENTER (1) FOR FLAT azb pLOTTER - o

/€2 FOR GRT'AND MICROPLOTTER '

-"€3) . FOR GRT "ONLY - -
(4) rm DRUH PLO‘P‘I'BR

mrrm (l) F(ﬂ AC‘T]UE STA‘I‘E (2) rm DEFERRED STI\TE

I. o
i

‘, | . = -

Lnrtn 1 raa snrxsrncfon? ozonsrnv

f!8?;!0ﬂzuusa?tszncrOﬁrreson;rS$;;g;,hi=;=;= Y e



Coe . Fus
SFLECT INPUT DEVICE: . = .-~ ° I
ENTER (1) FOR TELETYPE : - .
- (2) CASSETTE TAPE . - - .
€3).DISC FILE - - o
_ﬁaawrmwmcwummnnwm' - |
'ENTER NODE NUMBER, x-cunpousur. Y-COMPONENT, MOMENT (13,3F10.4)
KIPS<FT - A C
. 7 Q.8 - "9-2 : -G . 2 . B i
~uoele e ele oL

'PART roua - SECTION PROPERTIES _ )
e ' .
zurzn (1), TO CREATE FILE OF ELEMENT ssct:nus .
- €8> TO USE. EXISTING FILE OF ELEMENT SECTIONS .
(3) TO SPECIFY. pnopsnrxas FOR EACH STRUCTURAL ELEMENT
SELECT. 1mpUT navtce: , , D .
",ENTER 1) FOR TELETYPE - - o -
‘ €2)" CASSETTE raps e T S . < Lk
(3)*DISG#F!LE C R 1 .

"snriﬁ uuouLus or BLASTICITY <xzps/1n-.2> (F18.0)

| 35000. 7 G | A '
11 ENTER. nnr:axnn ozusxrv (LBS/!N*'S) crla,4>
;:a.asa ff¥a ;f;;;«; “-“f,-*a b ' o

.EHTER AREAa HOHENT: FUR "EACH’ nznazn (thta. luutaz (2F1a.a)"

fh-usnazn RERS oS .‘,_,32-62.,_ a85.31 e : oy
- gl T ABS5e3t . T ‘,_,‘ o

Tw
.
SR
/ e
. : 1.
: . :
O
. o -
4 C
:




CMEMBER 9 . 27,78 252.26

" MEMBER 10 118 o $19
MEMBER 31 1ed0d - “ .89 -

CMEMBER 12 . 530 ' il 24.99 . . — B . .
MEMBER 13{" . - . §.67 . 1t.3a o Coe T Y
MEMBER »na <y 854867 - 11348, - | ' S :
HIMIER - S 27.76 252.24 ' .=
HEMBER' 16 \a;kas . laa.e3

R ,_sacnou TO REDUCE NUMBER oF ACT!VE DISPLACEMENTS - L

.-SEI.E.CT INPUT DEVICE: . X Lo ‘ . »

ENTER (1) FOR TELETYPE . ° . - & .. - . " @
. {2) CASSETTE TAPE - o : o '
&3 DisC FILE - . ., S

had ’

;—:m'aa THE uuamm orluool:s wrm nssmxms ST T

~ 'ENTER MODE. NUHBEH.- ENTER (1) IF DIRECTION. ' ,
- VALIDs ¢8) IF assmamso - FOR EACH POSSIBLE, mnzc-rx oN

FORMAT(A13) . E ,

i_ 0 0 G fft '  3 24

' ,wm'r rws - Aum.vsxq o g

e e

k PMT ql-,Usn - Dwyuw or m-:u.-rs

CENTER 1 roa ca‘r AND TELETYPE R -
- @ ron rmy PED PLOTTEM, * © 1

FNTEﬂ (l’ Fﬂﬁ Dl“PLﬁCEHEHTq: FORCRSJ AND ‘iEc‘!'lONc
(2) FOF DIQPLQCEHEﬁTQ; AND FUH&EQ _ - S
€3 FOR DISPLACEMENTS 0. . ooho ol

uens Nb ~»x-ox%p<r7: Ynlcpch:. -jRO#ATtON(RAD) e
a“npnaua .4.080000. . Aa.ea008p S
':x-n.nﬂaaon:s, -o.aﬂaanl}ﬁ - .aqauaah: o
~@.000008; a-u.anaasa;,i; a.eaonhn i .
44.”@5%0‘}.-‘--‘_‘.';.,-_-.nnuoe-- PR LLLUE T
"-ﬂ-ﬂﬂﬂﬂﬂﬂiq ‘H;ﬂﬂﬁﬂﬂ?ﬁ{Q;V--ﬂﬂﬂﬂGTJ-' oo
L U e.aaselt - U -.aA0nnT o
;-.nuuan1pa-e¥-.nabua1 :

N

fé&@@ﬁ}ﬂd*

Lo cHARARS .
,,_.aannll‘;?-;};__ o
BRI LU T

g el

R LN




N
ENTER (1) TO CHuTINNE N .
" MPRAER CAYIAL LOAD * SHEAM LOAD  MOMENT 1 MOMENT 2
S| L =B etang W RUAA A1 ] P GEE
2 =N CRCTELS -3A13 RULIR
3 -t AR A - 3147 ~a 1609
a “it.ig 244 -1 699 B .B908
5 -0 .0000 3.ARQN ¢.e000 ~B.9000
6 -.?uaa A.0000 . A.ONA0  B.0800
8 - 2000  A.0000. «3195 . +3195
9 1520 -aAB21 «8933 1539
- 14 2520 - H52) «$439 T =.0378B
1 ' +AS520 - 1179 -.0378 -A295
12 -e1179  «08520 9205 .AB822
.13 -.3520 -+1179 «AB822 "eB141
14 -.00520 - =l 179 oPlat » -39S,
(15 - (3520 -e1179 . - .0985 -.1743
16 . she2 c=eA512 ~e17a3 -oR262
| EHTER e!”“fo cosTlnng o o b
. HEHBER Anzncxn--2: HOHENT(!N"&)
| AR« 62090 485.3198. - -
2 32.62a0 ¢+ 485.3106 ;t
- ‘1B.a0a8-  142.3508
4 . 1B.a0an - 1R2.3508
L 0% Y 1R.au80 | 182.3500 ‘ ‘ ‘ :
6 27 .700a N52,2600 : ' ‘ . '
7 . 23.?6ah—-f—-+4a.639n e S
8 .'23-?639,' ' laa.baaa : R ] )
LIPITTINL27ATR08 L R52.2640
18T 345408 T Y T S
B ¥ DR P E-1.1 P -7580 T e : - ¢
12 L S.3R0R - . 2a.99a8 L .
13 T %.6788° - 11.3408 e . -\
. S V- R Y.y 1 [ Xo S 11e3a00 . g Lo S,
S o1s [ etr.Tane . 2sS2.peM@ - . - 0 \
' ,lﬁ-._],.v i 1123.96«: ‘_- ua.oaaa Teo-
mm u; rm ncﬂ\u-: STA‘I’E ca} ron Darmazo STATE Lo e
ERRR e
o : o ) z
\ '— | : :
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T APPENDIX K

L FIBOX - THE FxnowaACCI SEARCH ALGOR1THY
s  USED 1x rnocuaq BOTTLE PN

- .
N

v R C LN

‘igtfoduﬁ'iﬁn :_.' ‘ '. 'l -

| | _ Tho logic of a <ingle vnr:ablu scarch strntegy

based on tho Pihonnacci qcarch strntegy has been coded to | ﬁ. :
 solve the vb!unc'rolntionship for bottlc dcﬁxgn desc;xbcd 1ﬁuﬁ.

"chapter'siof thislthcsis. This Appendlx dcscribes this ncthoa

. -and the algorithn elploycd . P o 7" f;

Ter.

'b" .
_Algorith: " o 'Jl- N IS &.

Tho Fibonnacci spirch nlgorithn e-ploys an interval

-
L]

‘_.olininltlon techniquo that succoaslvcly narrous thc bounds

~ -

on the functlon f(!) ulxxnun or -ini-un value—ﬂ‘Tﬁo scirch
| proceods until thcsq bounds nro uithxn a- uscr s defined
'convergonco crlterion.,"ﬁ . |

75ﬂf? A paranctcr R is def ned as: . L t; &
. n -0, s (/"f- 1) -\b quoss L SECRY

‘:,:F71j'. The soarch stri%pgy pr;lpeds in thb following patte' -

c‘-‘_&'to llninizc = functlon f(!) in the)ranzc boundod bv 2 anﬁ.az 'v;.[
L g L R oA
: : f» Let-&lutmqi\ "- '2' T/- . Al %LPT,fVAI-f T F. w e

?f,ﬂiz;f -Couptro f(ILFT) with f(XRT) ;.Go.tq-étsp_S'dr_s;ej 4_3.ﬂf,

"¥l§5g§5;§5@ 7§ pproprjate..lnhg,;_;A ._?f;fj;'Lﬂ : "’ S
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S:up SRR is less thnn the LonVcrgcnce vn!uc. 1f not, Iét

tho.no? IRT be the prcvious ILFT..aqd et the new xLFTfI ALSe RZH;

Ruturn to step 2.
" . : ‘ ‘ : - o . . ‘ .
. 4. 'lf f(xLI'T)" T), let ;\l . xl.FT .nnd H = f\z - ‘XL'FT' :
Ngop~if H ih lcq- «lnn thc'cnﬂxcrgu TG ”1}u£. If nor, Jet,
-the new xL tbc thc prbvious XRT’ nnd let the new XRT flfi f g H.
Roturn to step 2. '1. ‘ : L . - 3
. : o ) - . , ! . . . . - . ’ E%;“-L X
*) -3‘ ' - . L] - B} .,
. 1 'i '- . . [}
. 'T\“ \ b ‘)’_\ ",
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BOTTLE = A SYSTFM TO mn-mmr. BOTTLE DESLGN . .
. ‘ ‘ s . e - . . - L
“PART OME - Bczr'rl.s-‘?nnnﬂsf 2] wpur sEcTron . 7 Foo
L ENTER (1)-FOR mu'rssn [ cm rcm nrrm’c um-rc. [ Ly
FROTHE maum.n YoLIME [N FL OZS. T L GH.B
- ' . L Ic» .' ‘. oy, '
ENTER ma F!LI.“*‘&P.RCE vcums 1M FL ozs . 0 4.0
"'pnm 'n:o - nm"n.r-: SHARE Dsnm-non '\zcn o .
(ENTER THE ov:-:am.,u. aurn.z urmwr oo e el
EN‘!‘ER THE. m-:sﬁm VELGHT 1t ozs B 18.8
- i R / - . . o .'.'-
o "__rms:n 'rm' NECK nmns‘rm 1 {) mcm-.s T 2.8
nmx‘r:zs aorn.s smuw | )
'-»!:m'm 1 Fm ACTIUE oﬂ 2> F‘O’R Dsmnso STATE ™ .. . ~ 1 '

€13 PLACE 'SKEfGH oV p1eIfizen witH LoNG Dmmsmu HORTZONTAL

.'c.ca_:i’um!'nzr ONE sms ONLY - L
«» su-:r mmm AT csm'zn-l.mz LEFT smz: S R ‘
a). ENTER R FRO comam. PAHEL T0 -rsnmmrr:-: nmn:zxm; |

'f L

S) ENTER S mm ‘I‘TY 1'0 smn'r Dmnlzsn ".‘ ST . 5
' "...PART ‘runzt: o va..um.-: caLcULaTwﬂ .

',sn.m'r MODIFICATION srnarr.%t u-a) SR

-

: uowua.,as ms:'r:_z.zn w0 ma.saasa cu. ws. Lo
" ; LT e 57497963 FL ozs. LR
‘ -rm-: nnmnmm uoums - --"52 813 azc... G Ry
wurr rwn - Pmspsc‘rm: msm.mr of- coupun-:n aorru:
o r.nﬂ-:n u) FOR ca'rmp R ca: FOR FLAT BED Pl,.OT‘l'Eﬂ RS
_,; ENTER THE COORDINATES OF THE OBSERUE:R 2772 N
S @ e ‘108’ s 18.8 R S
oo *rou tmm m APERfURE CARD PRODUCED T RN NO' c,
i o - ' . - ; \
R , i o
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GG YOU VANT THE PLYTTER DATA TO HE PUNCEED: ON THE HI SPEED PUNCH 7 N

1S THIS SHAPE SATISFACTORY 7 . | YES
. PARY? FIUE - PREDARATICN OF art ITHPUT FILs
~COMPLETED- | .

PART SI% - VFRIFICATICN OF CL FILE

DO YOU WANT-THE CL SEARGHED FOR A SPECIFIC HLOCK ? . NG
SPECIFY DESIRED VIEW . - ° . L Xz
1S THE €L FILE GURRECT 7 . S YES
. | : | |
. 7
5
r ' T\“ ;
- ]




Conputer Instructions =

APPF\D!( P ) - a .,

HILROPLOTTFR TO PpPB

COMPUTER INTERFACE . N a S N )

Cintroduction - ¢

Thisﬁintcrfacé'nllows the PDPB'to'cdnLrol thé

*

' nicroplottar. Thc logic for the, fntcrfncc is nountcd on a

'-circuit caxrd located in tho nxcroplotter Tho xntcrconnoction'

‘botqun the PDP8 and the nicroplottcx is provxdcd hy coaxial-

.9

cables up . to 40 foet in lcngth : - ' !

Threo groups. of i;>\ruc:ions were, choson. Grouﬁ 50

instructions control the transfor of data from the conputcr

to tho nlcroplottur. Group 51 lnstrugtnonsAcontrol.the bmode .

in which tha nicroplottcr is to he used and provide the

>

—————-;La:ning_nulseq Group 52 imstructions. provide 1ntcrvogat10n

o~

of fgﬁlt conditions. Thorc is nlso an interrupt faci;xty;

provided A detnilnd lis; of‘iho.ingtructions is giv&h'bclou:-
Group 50 lnstructions. . ' 2: ' .‘-
6501 . skip 1f e ofcroplotter flag is,1: (micro-

a B plottur flug =1 when t e n}croplottcf‘is rcady
. : ' . f: to rocuivc datg) Tﬁi; flag is 0 after a

"start instruction is givcn to the, nicroplotter
C. - \ - 7
and .aust ho set-to a1 with a 6504 instructxon.

- 65021. & Rosot the nicroplottor flag. o

»

e




p2

[ad .
A

. Pt N -
6504 flcar the n:croplﬂttcr Flap, output b:ts 4
to 11 of the PDhPR JCCUEhlilGP to the nicro- .
plottcr,;nnd set nicroplottbr flag to ! when'
. o it 1% next ready to'rcCciwc'ngfc data,
. . . - - * -
wroan S oddnstrucetiona: C SR R : '
—~~ o 3 , . _ ' .
(6511 - " Skip if the microplpttcr_is réady to reccive
" 2 start pulsc.' ‘
6512 Stnrt theo uicrOplottcr to draw on the storngc
- ~
display unit only, ' ‘
6514 Stnrt tho nicrOplottcr to drnw on an aperture \

— _ card and on, tho storagéih} ay unit.. :

'} Group 52 }nstructionsﬁq,

6521 Skip if a-program or p#rity'crror'hns?occ&rrbd
: . - lnthq_nlcfopiotfﬁ;; g ) - "

, l6§22 : -ﬁqspt t#é pfror flag. . - o
6524 .Hqt used. 73"-I ST

Intarrupts ) : L,
t.. . - . ~ "

L

An lntorrupt signnl uill bc g;vcn to the computer

when’ the licroplottur is ready to rnceive data or when a.

, progran’or’ parity qrror has occurrod in the’ uigrOplotter. -

P Ce s . .
' . -
- . ' . - v .




