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':i.' :l i s p cJpe r d s c r i .b o s a n cxp o r i me r i:. i .J I no. -trivi <:l l a u t.o ria t.o d 

'l' ; l C ~I O o. of t ~ l e 

70.) t o t ... c ! ll~C S Y~l j\ a y s t .ora a t ~iI '.i:' - : l Zl t. ll a ..) '(E o s t 1 98 .) ,	 i n s uo .i a 

mauri c r t.. .la t t h e l·lWJDLB- u s 0. ~ a t : lI rl' _ J) j ~ S i s n o t r c q u i.rcd	 to k n o w 

r n f a c t. , 

F i :: s t , tlle 

u src o f L I e r c rno t; e n e t. v o r k r o s ou r e cor.ro Lc t o L ' - " ;· 0 .,., ,., .... "" "1
_.!:.:..~___~.:_.~_~~•r--

c o mn u t <l t i o n . r~ l1 c proq r a m !:'(;r f o rr:l:3 a J.l ~:, _ l C: r cqu i r ed t 'l s i: s o f 

o o nn e c t i. nq to i lat:ll l ilD , l o g i n , a n d u s i. : cJ i E\CST li\. ( I n t.h e liCSE

o r...S c x:' cr inc n t, the u s e r .ra d t o "',tu l: Uil l ly co n n o c t; t o :·lath l a....; , 

.... .Lo q i n , use Ai \.CS T li\ , cue .i n p i t in a f o z ra s c i t a b l c f o r 

, .... 
<1. '
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r c s u Lts , a n d fi n a ll y S UbTOl i ·· the r e s u I t s to a l oca l prog ram) . 

:Jeconl~ , t.n o u s e o f t h e r c ...o t,e r c s o u r c e i s g o:,ml e t c l y i n t ear tl ted
 

int.o t. le loca l i IUDDLE [;y s t e l.l. 'l' h e u :::; .... r c an s p c.: c i f:.. tne
 

o omp u t a t.Lo ris in a f o r ra t.na t !1LJ DLJL:L u n <1 c r s t a n d s .
 

sl a r n 9 ~rog rarn (who s e e x i s ten c c t~c u se r n e e d not b e a ware o f )
 

d o o s t.ue t ran s l at i o n f z o ra t n e : iU lJD ":" :L:: " pr e f Lx " f o r m t o tile ! '1ilCSY;·li\
 

II Ln f i,x f Ol- . o n i n p u t , and v i c e - v e r s a 0 11 o u tpu t . This abi, l i t y
 I 

a110\" s b ~c ; · 1i\ C ~lY :·1 JI. r c s o urc o n t o b e c ornp Le t .cLy .i n t.cc r a t.e d in t o 

!·lli l) J)LE t o t.ne e x t .o n t t.n a t po r t s 0 f t.. ro s a me c ompu t a t. i.o n c an ;)e 

per f O}:I:1c,-" ;Jy ;·li\CSY: 1.A a n d o t nc r s l y :·lLiUDLE . 

Be f o r c pro c c cd.i nrj to c1 C f;C rL)(~ t ;10 reS OU l.-CC s h a ri n g f a c i L i.Ly 

a d e s c r i p t i o n of t.n e t wo r c s ou r c o s , i· iJ ~C S Y ; 1.1\ a nd : · i U iJi)LT~ r i s i n 

orJ-e r . T.le d ACf3Y:lJ'. sy s t.c rn at ll a t.n La b .L s a powe r f u L resource for 

s yrnbo Lic n a n i.pu La t io n o f a Lq c b r a i.o f u n c tio n s . I t can , m ng 

o t.ho r tl lings I p e rf r r rn syrabo Li c i ntc 0. r ,-:.tio ll a rid cli f f :ren t i a t i o :l , 

e x p a n d s c -i e s , pc r f o rm Lap Lac e and .i nve r s e -u.ap Lacc t. r a n s f o rm s r 

so l v c eq ua tio ns an J s y s t e ms of equations , an,l s i~pli f y ratio nil 

f unct i o n s . 

a t P r o j c c t; .ixc) . 

'J..' , w ; HJ DiJLi.: s y s t,c ,1 p r o vides a gCllcra l-!mr?osc e nv i.r o nmc nt; 

s u . t a » ).c f o r au t o ma tic p r o q r aram.in g , q r ap.i i.c s I d a t.a aan aqcrnc n t, 

" n e .-.-: r . ~ J. . ':J " ti 'n ~ 



r e pr -es en t s a p owc r f u L ex e n s i o n o f b le l i s t p r o c c s s ing L a nq u e.q c 

LISP in t.. rc a r e a o f d o ta t.y pe s s uc a a s s t r i n g s , v e e t o r s , u n i fo r m 

v ec t o r s, a na use r d e f i n a b l e t y p c s . ( ~GDDL~ i s d e s crib e d in s ome 

d e t a i l i n " 'l'n e :·lUDDLi: Pri:-ae r ll (SYS . l l . Ol) b y Greg P f i s t c 'r , 

a va i L a .xl. e f rom the Pro g r a mmi n g Tech no logy n .i.vi s Lo n a t Pro jec t 

HA C ) • 

Hu dd le h a s e xte n s i v e g r i:l p ;'l i c a l ana nume r i.c a L c omp u t at i o n 

f aci l i t i e s. T :le u s c r c a n dis ') a y ~! r ilp .l s o n 1, RDS a rid r .Ll\ C t.y p e 

co n s o l e s , u n a on t l C Evans a ri d S u t.hc r La ri d (:C[,S) d i s p L a y s ystem . 

'l'he ilU iJDLl:: c ons o le g r a p hic s p r o v i de a f a o i Li t y t o v i c'..1 q r ap o i, c a L 

r-c p r e s c n t;a t ion of f u n c tions '. / i til ove r La y c a p a b i, li t y and a u t.o r ia t. i,c 

s c al i n g .t n Ll i; c a n b e c o n t rcll e d by t. u c u s e r , 'l'h e i.s s p r o v i Lies t. n e 

u s c r wi.t.•l a vc r s a t. i Le t o o l f o r s t.ud y i.nq ti le U' r ami.c 

c h a r a c t e r i s t ic s of q r apn s , c u r v cd sur f ac e s , a nd o t h e r t hre e -

d i me n s io n a l o b jec t s. Th e c o rab i ria t i o n C? f :·li\CS Y;.'I!"\ f ~ ·l U ]) ))LE, a n ci t h e 

}~& ~ g r u p ili c s c a p a b i, 1i L i.c s r e p r e s e n t.s a v e r y p o wer f u L r e s o u r c e fo r 

p ro b l e m solv i i g t.lia t i s in t c g r a t e J a i J. ma d e e a s i ly u s a b L e b y t h e 

r e sour c e s h a r ing f "1ci li t y . 

II I . 'j,' i.iL ;\U'1.'O::]\ '.ri.:JJ ~U: SOT J ?C::::-~; !~:;.;~ L ~r; F i\ C I L I T ' -
'I'h c r c s o u r c e -is h c r i.nq fac ility dc s c r i. b od ho r c i n u s e s the mo s t 

e a s i l y a c c c s s i.b Lc c orunu n i.c a t i.on p a t h to i l i \ CSY' lJ"\, the TL L.Jr:'r 

c o n n e c t i o n t o the log g e r se r v i c e on s o c k e t; 1. I lo mod i. f i.c a t; i.o n s 

"Je r e . a cio t o ~mCSY:l i , nor ",'e r e any spec .i aL p r oqr ams c r e a t.cu on 
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Le t u s s a y o n t.n c o u t s e t t ha t 

we arc n o t a d v o c a t i n g th i s mode o f u s a g e fo r a u t oma t e d r e so u r c e 

shari ng. 1\ r o a o u r c c -e s ha r Lnq p r o toc o l t :la t a L l. o ws con v c n.i c n t; u s e 

o f remo t e r e s ou r c es vi a proqr - ~ s i s fa r mor e r e l iab l e and 

ef fi cien t ';:llY, Lu t t.ha t r -e q u i r c s '. :o r ~: o n p a r t: o f s erv e r s ite s . 

'rile o x i.s t i n -j p r o t.o coLs a n d s y s t .eras F'l'P, ~,JE , ] ~ S L~~EC , a n d t h e 

Da t ac on p u t 0r c a t cr t o a l ~~ i tc~ su~cet o f ea s i l y ma naged 

r c s o u r c e s , \ Je r e g i s t o r h e r e our d e s .ir e f or u n i f o r rn i, t. y (wh i.c. : 

a las i s L a c k i.nq ) i n t he c u r r e nt s y s t.e ms, a nd wo r k a l ong t h e 

I n th e absence o f 

a g e n e r a l rc~ s ourc f2 -s har i ng p r o t.o co L c n d a ~ J]\C SY;li\ s e r v c r to go 

a L o nq '. .i t.h i t at : lc:l t n laD, t ;1 C 'r E L~ T E 'i' c o n n e c t.i. o n is - j w b e s t a 

u s e r can clO . 

'1'11 (: r eso urc e s n a r i. riq f a c i l i t y c o rnp r i. s e : of S e ra LJ 

intie p e nJ e n t D t i n t egra t e d part s . 'r :18 s e a rc . 

, .l) Con n e c t i n g t o 110.t h ab , .... o g l n , a n d : nvo k i.n q !'lACSY~ 1\ . 

2) Co n v e r s i o n o f ?!uu c1 l e I s pr e fix t o : 1,:\,.CSYHl\ I s i n f i x f o r m,
 

3) Ge n e ration o f ;·F\ CSY: li\ i n p u t .
 

4 ) Int e r ~ l r e t i ng : ·ll ~C ("' Y; li\ I S r e s u l, ts i n c 1utl i n g e r r o r s a rid c omme n t s ,
 

5 ) ;·li\ C;Tli\ i n f i x t o ..·IUiJDLL; p r e fi x c o n v e r s i o n . 

6) P l o t t i n C] <j r a pr~ :-j f o r the f ur c t i.o n s 

7} J-~ l lo ·.-J ing h uma n in t e r v e n t i o n i f cio s i r ed , 

8) Di s c o n n e c t f rom :1i\C S ' ; :J"'\ . 
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'1'h e u s er (a s s umi n g t h a t; j 1C has Lo a d ed t. h c n ·.c e s s Cl r y p r o q r am s 

in : ·1UDDL~ ) t o i n t e g ra t e t h e fun c t i o n "3 *X II h a s t o o n ly t y p e : 

<I I T EG ~T E '< * .x 3 » $ 

who r e ' ~' r e p r e s e n t s t h e i\.S CI I c ha r a c t.e r <E S C> (o r <l \LT -: lOD :;':;» . 

J.1lJ j) LJ Li: 1ill t. h o n r etu r n t~ )C f o L l. o w.i, 11g r e s u Lt : 

</ <* 3 <A . X ?» 2> 

Al t.o r n a t.e Ly , i f t h e u s c i ; \-! ' a h e s t;o u s e i nf i x f o r r.i , r c c a n type: 

and 1.:;10 c o r r e s pon d i n q a n s vre r r c t u r n c d b y :·m DDLI:: wo u Ld bo 

II 3 -;, X t\ 2/ 2 " 

(o r a n y o t.no r f u n c t i o n t. h a t u s e s i ·lACSY: l;\ ) i s u s od , I f the us (;r 

Ls n ' t a Lr c ady cornmun i c a t i n q ,../i ·1l a ,·lI, C3 Y: IA ( Ln e program k e e p s 

t r a c k o f t.ne c o n noc t i.or ) , a con nection is es t a hl.i.s llell t o ;·n'''

Ha t h l ilb, b w us e r is 10g g c cl in (a u t.o ria t.i c a L l. y b y p r o q r a m, u s i.nq 

the u s e r ' s icl(~ n t i f i ca tio n ) , ClI H.l a :·1i\.C S Y·jJ\ j. s Ln.i t. La Led , l\ p.re f i.x 

t o i n f i x con v e rsi o n is p e rfo r me d a n ti c f'o Ll.ow i.n q i J P' t i s s crit; 

to l·11\ CS'li 1i"l (u s i n g t.ue above cxa rnp Lc L e 

::;TRI : ~G ( I ; :'.l'J:;r, IlN r L: ( 3 * :-: , X)) ; 

'i' n e p r o q r arn til -v n Ln t c r p r c t.s : 1.."\CS Y: L"\ 's output r c c o qn a z a nq 

e r r o r r e s p o n s e s and c or.uncn t s a n d c .r t r ac t s t he result i f no erro r 

i s _ c o u n t.c r c d , 'I'i io r e s u L t wh i.c h i s in .i n f i.x f o r ra is t hen 

c o ri v c r t.o.i t o ti le p r e f i x f o rrn wh i.c n i s r e t ur n c d by the ~'1UDD J...,.L 
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Tile I: :'l' l:GP..l\'I'E f u nction tak es an o p t i o n al arg ume nt , the 

varia b l e vz i.t. h r e s p e c t t o wn i c n t h e . n t.e q r a t i.o n i s t o b e 

p e r f orme d . Th e syn t a x fo r t h e funct i o n i s : 

wh o r e E;(PJ\ is any c . . p e s s i.o ri of t h e t y p e STRI IJG o r QUOTED FOR:·1. 

'i' ilC o p ti.o n a L a r q umc n t; ( Ln s q a rc brac k c t s ) V!d\ Du s t be o f t h e 

typ e S~ jI ~G (e nc l.o s e d by ~ou01e- qu o t e s ). '1'11c s y n t a x 0 f o t h e r 

f unc t i o n s i s: 

<D I F P -EI:X P H.;;' [ l ~ViU( ;;' " 1l<E'rF I::S~ II J> 

wh cz e 'l' I i1 ;~S i. t h e numbcr of t. Lrnc s t he I.: XP R i s to be 

d i. f f e r cn tia ted a rid : l ]\ZPOS E: '~ and !li\. ~\i lEG :';;'~ c on trol t h e raax Lrnum 

po s i t i v e a ri d negative in t ' g e r ex p o n cn t; to b e u s c d in x p a nu i o n , 

Th e d f a u l t v a Lu e for V1'1R i s II:.~ II , f o r time s i s "1 11 
( a n d for 

Ill\X P OS I.: X a ri d : ll\ ;"~ l] r:;G E: { i s " GII each . 

Til e u s e r c a n u s c t he r e s u L ret ~ z n c d b y ~1UDDLr.:; in a ny of hi s 

o omp u t.a t i. n s , .i n c Lu d i. n q d r awi n q a q r a; h. P a r ex arn~ l e , t ypi n g : 

<G f'~\.P ii < DIFF ' <II . x 3 » : -S 5 ... $ 

sc r e e n \ : i til va Lu e s 5 to + 5 (a s n u n i nq t h e us e r has t h e 

gra p h i c s packag e a u Lh c r i g i1t 17·ii..:-\.C pzo q.r an l oaded ). '.rhe same 

q r a p h v.o u Lu b e d r \ ; :1 i f t.n e user t.yp cd e 

<G RiI.P I1 <IPAR SE <D I F F " X/\ 3 "» X - 5 5 > $ 
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The corr e s p o ndi n g fu n c t i on f o r p r e f i x t o .i n f i.x c o n v e r sio n 

'1.'l1e cie t a i L s of usin g L le : l i\CSY : l?~ r c sour-c e s na r i. nq fa c ili t y 

may L e qa t.ncr e d f r ora t h e a n n o t.a t.ed c r i p t of t. n e ex am »Le q i.ve n i n 

Sec t i o n V of t.n .i s p a po r , 

Th e p rogra m t r i e s t o b e l ·lp ful t o tne use r as much <:!. s 

poss i b l e . 

c omp u t e r i s no t av a i. La b Lc , t ile ; lj,C SY: ~.i\ s e r v i c e LI t the ~ ·lIT -i\I 

C O r.1p U tcr i s pro c u r e d , 

I t. should !ye men t.Lo u ocl t ila t t.ho u qn t he p r o q r am . s ::a i r Ly 

cnp a b l c i n r e t r i e v i n g r-e s u L t c , rccoqn i :~ i ng erro r fl c s s aq e s , a n u 

sep a r a t" n g c ODments , i ts r e c o g n i t i o n is n o t f o o l - p r o o f . The 

pro g r a m o n l y .1U ~: e s a n c d u c a t .cd q u e s s as to who r o t he an s wo r l i e s , 

it i s not a- s clev e r a s a h u na n u s e r s i tti n g at a c o n s o l e , wi i o can 

f il t e r out s uc h rne s s a q c s . 5 1 8 :1s tom qo i.n q d c v.n " a n d c or.uaun i.c a t ion 

f r om a no t.n e .r u s e r ( c o n s o Lc -e L i. n l ; ) 

@i J J l e of the r e s u lt. 'I'h i. s points to one of t.n e p i t f a l l s u f 

u s i n g a f a c i.Li.Ly v i a a program that is La s i.c a L l .y dc s i.q ric d for use 

by huma n u s e r s • 

Tiw p r o q r a ra e Li a b i Li, ty cri n b o raa r q i na Ll.y .i.mpr o eel by asking 

t· 1 AC SY~ i i\ t o ~ )r in s p e c i.a 1 c h a r a c t e r s be f o r e a n d a f t e r t ile r c s u Lt.s 

it s e n c s C) '-lt a q a i.n t h i s is l o t :Cool-proof). Fo r e x amp Le , the 



Pl\G.i:: 3 

Bl o ck ([ a n s ] , 
p r int (I(l,
 
a n s e ; i f f ( ~{ /\ 2, :n,
 

pr i nt ( s t r i n g (il n s ))
 
p r i. n t; (/ )) I 

r e t ur n ( .:1 n s )) : 

,-;il l c.;i1U SC ?1j CSY:·ll\. to q o n e r a t;c t :12 f o l lo·..;inq o utpu t: 

( 
2 'i:X
 
)
 
(D * j,') 2X 

FrOT:t t 11 C a oo v o o u t p u t , Lh o ansvzer " 2 * :'{ " c a n be e a si l y e x t r ac t.eJ , 

'l'j -te r e s o u r c e s h a r ing pro <:;raffi d oc s ho wcvor r e c o g n ize t. ho so

ca l leu. II U r i n t.eq .r a 1:.:11)1 (~ " f un c t i.o n s S U C : l as E:·a ' CU,2) II - a n d giv e s 

the co r z c c t; e r ro r r e s p o n s e , ; ~orm n1 J.y I b 1 u ser is i n "r:;.'S~~S;," 

mo u c , a n « ~iOC ~5 not s o t h e i n t.o r a c t i.o n DCtVlCCl1 :·li'.C Y' ii-~ and 

l1U j)DLi~ • 'fa s e e t.hc .i n t e r a c t i.on th·:; u s e r rnu s t; e n t c r "VE!U30;)I.:" 

mo d e by t y p i nq : 

<VE HDo s r:> $ 

t o !·1UDDLi: . To ae t u r n to " 'l'E R , E " mod e t.n e user t.yr-cn : 

<TE RS E> $ 

Tile u uc r Cow also , i f h c i s p r o f f i.c i cn t; ill n s o of ;' ! l\.C:; ,): ~ · i j\ , 

cornm u n i :a t .e d i r c c tl:; ',,'i 1:l1 ~i J\C; Y: 11 .:1tan:; po i. n t lJY t ypinq:, 

< 'l.' E LCO~ l 1 >s 

"'..:.0 1·1UDlJI, L . 'i' : lC '-,-' EL e C>:1 featurc ma y lJl~ u scful if L w u s e r \\' i S ~ lC S 

to s e c wh t i s going o n , o r ', ; .:1 11ts to c x am i n o t hc : lj\C S : 1A
 

c o inp u t.a t i, n s by c n t .r i. , g t h e LISP e nvi.ro nme nt; ( t y p i n g <Contro1- r::>
 

, +to . " 0 .1. <; t. - ( J : 1 ..J. J .J " ~ j v a r crr ...... ".. , 

tile u s c r fi r st c s c .rp c s to : ~ 1]D [) LB V j t yp i.nq <Con t r o Ls-L> I a i l t h en 
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typc s: 

<l\U'l' O> $ 

to :·l U lJ DL~ . I f t h e us e r t y p e s lJ< r.; i{RET 1 >$ " af t e r e s c ap i.nq to 

HU IJDL l..; f r o ra 1 'l' ELCO~l " rao clc , he wi, U . b e r e t.u r n cd .i r d irc c t 

c o rn:n n i c a '.: i o n wi, t:1 !·l ll.CJY: 1 • If ti1 u e r d i c cov e r s t.ha t, h i s 

" n l~C ~ ·: l i\" i s ;101'c 1es s 11' c r n f ut. c d 0 1.- i f h e wi s h e s t o s t a r t . a n e \; 

v e r s i o n o f ZIi\CS Y:·li\ , h e n u s t t y p e: 

<D I S > ~ 

to ! 1U jJDL ~ , v.ii i c h ..-v i l l d i. s c o ri n e c t; him . T:rn i n g "<m~C S 'f l l\> $ " o r 

u s i n g any o f t h e f uric u i.o n s t.h a t; us c ; lj~C S Y;li \ wi 11 c o nnect. h i.m t o 

I-lACS Y: li\ a g a i n . 

Cu r r e n tly , : n.JDDL E rec ogn i ~e s a nd ' t. a k e s a ct i o n a s d c s c ri be d 

abov e T.l i l e lk~ VC ): diff e r e n t i ate , i n t e g r a t e , e x pand , s i .mp i f y , a!1U 

in t c .rr u t c . s i u p l i f y ( i ntc ~ r r a t e a n d s i.rnp Li. f y ) f u ric t i.o n s are 

enc o u n t e r e d . Bu t i t i s qu i t, e e a s y t o g e nera t e p .co g :CLU-:1S for o cu e r 

o p e r a t i o n s SUCil as La plac e t. r an 5 :'o r ms ana s olv i ng c quu t. io ns 'r'h e 

pr c f i x -rt.o i J f i x corrv c r s Lo n ri d v i.c e -iv o r c a \:o r k s f or a l l 

• 
ma t.i rcina t i.c a L f orras we h e v e e n c ou n t.e r c d s o ::a r i n o u r s o o r t; 

e x p e r i n c n t. 

i m il l L c r nu t e 'da y t o u t i Li, z e : l l\C ,:, Y: 1';\ I S c apnb i L i, t ics \ .;0 Ld 

have ;)Oe1 to u s c i t i :l t h e L ISP c n v i.r o rn ac n t; L y c o n s t r u c t i n g a 

s u i t. a L 'i. o i n t.e r f c c e b o t-.Jc e n LISP a nd ~ l UDIJLl :. S UC r1 a n a ppr-o a c n 

\ ','0 i Lci a v o Lu t.n c mu L t i.p Le c onve r sio ns from p r e f Lx to .i n f i.x f'o rrn 

a n d v i cc - c r s a , !) t o t her, p e r h n p s rio r c d i, f f i c u l t , c o n ' e r s i o n s 

woul ~ ~c r e q i rc u . 
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Th e f o L l.ow i n q s c c n a r i.o de s c r i b c s t.n c u s e o f the rcsour ce

slla r inq fcJ. c i l i t v . '.l'~1e fa c i l it.y i s acc e s s ible in t n e : lUDDLE . 
s y s t em a t l IT - DMS . '.i.' )w .in t o r a c t i.o n h c b :c:e n ;·!UDDLE a nd :L\CS TL"\ , 

normal l y no t v i. rs Lb Lo t o t h e us e r r i s a L a o s n o wn ric r e ( in lE PLOSi..: 

mo ue ) so b la t t. h e r-e adc r may q a i.n a b e t ter und c r s t and i.n q o f hOH 

the prog r a m o p e r a t e s . I t s h o u Ld be no t.cd t.h a t; t he gr a ? h s w i L), b e 

p Lo t t.c u o n l y if ti le u s e r h a s Loa dod t h e II q r a ph i.c s p a c k aqo II a m i i s 

on an I ~ lLl~C or ]\ 1"{DS c o n s o l e. " ~e wo u Ld also Li. k e t o stress t :1.;).t 

t.n i s n c c n a r i.o i 3 not Ln t. e nd c d t o J e n o n s tra t c tile f ul l 

c a . Clbi .i c i.e s of :ii"\C SY: l l~ r o r o f :'!UDDLE , b u t onl y t.o i l ustr t,e t he 

r sou r c c s n a r i.nq f a c.i Li . t.y , 

SC I.::lni. RI O FO R USII :G TH E ! !UDDL:C - '!1\ CS Y; Ii\ FJ\C ILI'.:'Y-

( I n t he f o Ll.ow i.n q s cenario r s e r i n p u t i s un do r Li ned a n d our 

COIru\ e n t s a r c p r e c e d ed w i, t. h a s era i.c o Lo ri , r e n r e s e n t s a c cJ. r r iag e 

r c t.u.r n a nd ~; r c p r c s ..:n t s <ESC> o r a L t e-rao d c , T i l e user is a SS'.1r1 -..1 

to b e 10 9 9 L: U i n a t : lIT - D:1S O:o:..;t 7 0 ) . Jlo t.c th t t :1C .i npu t; s a ou Lc 

Le t y p e ;} e xac t l y a s s 10\'m r a s ; lUDDL L: d i s t i nq u i s nc s bo twc cn upper 

Plcase rcfer t o " ':' l iL n u o u t. i; pp.r:!LR" 

(SY[). l 01 by G r C0 P 'f i s t e fo r a de s c ription of tile 2 1!jDDLl~ 

l ,.anu t o " :1UODLi~ COiJSOLl.': G :i0~ e H CS L. :.....L •• G . _._'L" 
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Pi\C; E 1 1 

He al Rya ri f or d e sc r i pti o n o f t i le qrapili c s p a c k a q c Ro th 

doc ume n t s ar e a v a i. La Ll.c f r o rn t:1C P z o qr a n rn i. nq 'l'cc h rio Lo q y D'i. v i.a i o n 

at P r oj ect iii\C . ) 

, • I[ ; -]I. l U D ~YL i.... ....., Ge t a ~-1U DD LE I I i s HOi H T prompt.
 
1 ' ) - - "
 . ,1U, .)': J.., ' 1.., ..... I ' . ... ~I -. J 0 -." ;,\ f" 10j, .P L i\J~ '" 

LI S rl ; ~ i. JI ~ ~ -.; - i\ '.l. ' - l.J ~..;\' :::.; L 1 P JmCE S S 1 
<F jJOi'.!) " : llj j ) D L J ~ ; T \C S 'r 1II >$ Load t c p r o g r am from ~UDD L~ J i r tb r y .
 
IrlE'j'I j l j D~ r .: GOl:i'j7
 
GIiJ GOV.i' - Il a r ru Lc s s c o nunc n t. s from ;-lli DDLL .
 
II DOlJL "
 
<D I F f' 1<_ <* . X < LOG • X» •::» ~;
 
P L L:.\ ' ;~ ;3i:.. P;~'.i\ I L i '1.' , ' [j ;CS Y: li\. LO,-\u I: :G :-;i"y 'l'l\ !. ]~ '1' 1: IE
 
I-ll\CS Y: l1\ AT :HT-: ll~ 'l' H Li\B Comrne n t s f r om tile p ro q r arn . 
<LO:; • ~ ~> 'I' Irc r c s u L t i s a >Hm i)LE f'o r m, 
< I i l'i' LGP-,\ T L G~o r; • x» :;;I 

SI i l rj\ ~ ;L [J:":~ ( 'ii:CS Y: j: ~: L:G LO ADL I:: 
L Oj\DliJS DO : ;~ ; Co n me n t s frO!11 ; - uI..C S Y ~ lA 

S CL!':W : F)\SL iX); ~ ' l )\CSY~ i EE I lJr, L O?d) I;D 
LO J\D I : ~ c; [)O ~ I1 _; 

<- < ~: . X <1.0" ; • : ~ » . ;-:> ; T :1e a n s we r' a q a i. n ,
 
< S 1.:'1' 1, <r ; '_l' ~_;r-; !~~, 'l' L: " ;':/ (: :.",3 + 1 ) ", >::: ; T :1C .i n pi..~ t i s - in .i n f i x f o rm ,
 
II L OC; ( , ; /\ /. - :-: + 1 ) I G + ?I.'J'l~; ~ ( (2 -'~:-: - 1 ) 1 :"3(2 : -~ l' (3 » ) 1 ~) 0 ; ~ r,,:,' ( 3 ) -LOG (:{+ l) 13"
 

; Tile a i s v.e r n o w i s i n .i n f i.x f o r m, 
<~)E 'l' <DIi.' F • J\> >$ 
" 2Tn Yo ( ( 2 i : :': - i f t.2/ 3+1) ) + ( 2 *:-: - 1 ) / ( G* (:{ r,2- i:+1 ) - 1 / {3 * tx+- 1) ) " 
<S I ~ !P 1JI F'\" • L~> ~ ~
 

II X/ ( ~UI3 + I ) " ; He g e t L a c k tile o r i o i, n 1 c x p r e s s i.o n ,
 
<E ;-: P l\ ; ~ ]) ' < /\ <+ . X 2> 5»~
 

<+ <+ < + <+ <-I- < /\ • :-: 5> <* 10 < r •:: <1 >>> < * ,10 <l\ '. ;{ 3>>>
 
<* 0 < A . X 2» > < * 8 0 . X» 32 >
 
< Ii lT LGj0 \ 'l . , t < ~ ~ :-:~) <I . X :~» >S
 

nr sc.. Fi\ S L DE;I: ; lJ\ CSY: : 13 l:.. L 1G LOi\ ULD 
r.oxur .:c lJO i ;J; 
~: E n ~~ O l\ * P r o q !." <lr,l r e c o q u i. :.:e s 
CAi?l' - L J'.l'd ' Ri'i' E c o u Lc n ' t Ln t cq r a t c , 
LI S '.l.' i..., . il : ~ " - ::.:' LL: VE L 2 PI:OCL S S 1 
~L !< R j ~';' > $ '1' get buck t o l e v el 1 .
 
L I S '.l.·...... iEiG-I'.'1'- LLVEL -1 P::OCE SS 1
 
< DI E; > :;; ; h'e d :'.. ~3c O ;m '2 C ~: .i e r e to S ; lC\'! t h e v c r bo s c mod o ,
 

; t.n c P ' o q r ur:1 eli s c o n rcc t s a u t.oma t.Lc u l l y o n qu i t t i n g. 
" COiI: :LCT I Or:S CL OSL lJ ~ ·i O'. ; " 

.. 1 ..... ., ... .. ...
"l.l),J .. .1.. ,:"" ....1 . , • . .l L~ '.L O A .) J,,;.....l_~. J..... ... \. ... ,...JJ~_ t "-- ~r f' I <, •.-, 3»$ 
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P AGj": 12 

PLLi\S :~ DE P;>..'l' I Ll!'l' , : IJl..CSY: li\ LOAD I: :G !·ll\Y 'l'liEE TI ~ ·L:~
 

HI'l' : ll\ ':i.' j :Li\D P DP-l 0 S'.i'E L ii '.i' . 5 9
 
nr, I'l' S . 1. DDT . 51 6 .
 
10. U[) i..: r:.s 
:i,OGIiJ 7 0 ~·; U :""; S'.i' 'rho p ro g r a m u s e s Us er 's 51:, '1E (GUL ST he r e l .
 
: I·ll\C S Y: ill.
 
'n il S IS ~ 1 l\C :~Y : · l ". 2 26
 
S LE l ; P D i\'.J:\ ~ > :·:1....CSY: i ; r OR C Ii:U ~; ES
 

FL " 22G D~; ~ .' l.i~C SY: l j5E l i iG LO.l-" D j ~ D 

LOi\ Dl i JG DO : : : ~ 

(Cl) 
i1i~C:;Y: l i\ N I: .'iI 'j' -:ll\'l'IiL1\13 T h e p r o q r ara o n n o u n c c s ~ 1ACS::!A, 
S'i'R Ii. ~ G (D I F F « (:{ /\ 3 ) , :-: , 1» ; a n d s cnd s L ri pu t; in .i n f i. x f o r :a , 

(Dl) 3 1' : : 11 2 
<~~ 3 <1\ • x 2 » ; The o u t p u t; is in i lU DDLE pr c f i.x 
<r: i'r :U; J~~I.TL ' <I . :~ <-I· . x l»> S 
C2) ~:;T RIU~ (L J'~.' L C J:.;:~' E ( C:/ ( X+ l » , X » ;
 
S II F .lY;L D S ~ ~ : L:I,CS i:i B:':I I:G '::"Oh:Ji::D
 
LOi\J)I i: G DO~ ;i;
 

SC : i i\'I:C F ; \ ;,L »si: ?1.i\ C;'Y: ~ BI..: I :JG LOi\lJI: D
 
LOl \D I l. G DOi iL 
(D2) X- L OG (X+1 ) 
< . x <LOG <+ . X 1 » > The o u t.pu c aga in.
 
$l-'Ll ~ SL > :;;
 
1I0 i. ~1I Ba c k in 'I:r":f\~; E rao d e novv ,
 

< F L Ol \1 " : lC !)[) LJ: · t;Gm.~ Il > : ~ To l o n d raph i c s program 
I : · 1L l\C~ ? (jU :'; ~ :L l ~ y J R ~i) Y f o r g r i1 ;) ili c ::; on an I:IIJAC. 
IIDO~ J ... " 
<G ~; j,\P ii < S L 'i' :'-.. '< II < S Il l .:\> 2 > X - 3 3 > $ 

; '1.' 0 ~ 1.'a i. );1 f u n C tin s .1. n ( X Ii 2 ( SP~ a tJj 1 1 on Fiqure J.). 
< GR1\.P ii < DIl' . J-~ » ~ 

i '. ~' 0 (Jr <1 p ; J iff 0 f s :i. n (; ~ j 1\ 2 ( s C (3 <J raph 2 , F i <J U r e 1 ). 
<G Ri P ii < Ii: T' L C 1~Y.2; ~ •. t »: 

; '.1.'0 9 r <l.i-' ~ 1 .1. 11-0 <]T 1 of s in (Z ) 1\ 2 (sec ~r r a :) h 3 , Fi ~l ur o 1) . 
< Qu I'I' > $ ; To qu i t f r ora p r o q :-<1 1:1 arid ;·1UDiJLi...: . 
i. r i.i. 
[ i ] s cn i co Lon p r orap t; f r orn I10 1JI7. 
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