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3 O FTVARS RE STYL ING IN GRAPHICS AID PP OGPA H MI WG LAN GUA GES

I n c  Grosse
Computer Sci~~ce Department

stanford t imivers i ty
St anf ord CA 91$ 305

A B S r F A C T .  The value of large sof tware  pr oducts can be cheap l y
incr eased by adding re styled interfaces t hat attract new users.
As  3xa mpl es  of this  appr oach , a set of graphi cs primitives and a
li aquage pre compiler for scient if le computat i on are d cnibed.
The3e two systems incl u de a general user—define d coo rdinat e
syste. instead of nume rous system set t ings, inde ntion to specify
block struct ur e, a modified indexing convention for arra y
pa r am e te rs . a sy n t a x  for n— a nd — a — h a ] f — t i mes— ’roun d loops , and
eng~.neering format  for real constants; most of all , they stri ve
t o be as sma l]. as possible.

0.) PH IL 3 S0PHY. ~ern iqba n and P lauger  r 1976 1 describe
explicit ly and by ex amp i. . three precepts Cf the Software Tools
philosophy:

— t r im out the inessentiale
— b~n.ld it adapt ively
- let someone else do the bard part

Two sore exa mp les , dri ven by the sam e philosophy , are given
be],~ v. The L~asic idea is to obtain high leveraqe by ta king an
existing , po werful piece of software and make it useful to more
people by de signing a new interface. Webster ’s ca lls this
process facel ift ing : “a r sstyling in tended  to increase comfort
or sa labili t y. ”

1.0 JUSTIFICATIO N FOR STILL ANOT HER PR C G R A NMI I G LA N GU A G E .
Fort ran will no do u bt remain for  man y years the most important
pr o ra .si ng Lan g ua ge for scientific computation.  When used
caretul ly and wi th  discipline, it yields rema rkably portable
codes ; this is its grea test virtue. Rut , as Dr ogramuer s ha ve
compl ained f ’r  years, it also has  man y faults:

— awkwa rd syn ta x  for stat esents , strings, na me s
- pr imitive control structures
- DO loop restrictions
- no macros

F ’,rtran preprocessors , such as NONT RA N (Cook. Shust .k 1975J, hav e
eliminated many of. these disadvantag es and t herefore hay, become
ve ry popul ar . U n f o r t un a t e l y , they reduce portabi l i ty  som. vhat,
since e i ther  the pr processor must be installed at the use sit .
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or i ll eg ible  ‘object ’ Fort ra n sent  there . Hove important ly,  such
preprocessors have only  a minor effect on inherent  pro blem s of
Fovtran :

- dyn amic allocat io n is eithe r unavailaUs or requires th. use
of r a the r  con fus in g tricks

— no PR)C!DUPE VARIABLE type
- no STRUCTURE type

(Labelled co m mo n bloc ks , si n ce they do not use the
ccmbinatorial possib ilities of procedure param eten ization,
are less f lexi ble.)

- no 0—or igin iMezing
— array bound infon .attcn is not automatical ly  passed
- no vector operations
- no recursion

The PCRT library ma kes dynamic allocation one of its most
advertis€d features : “We have foun d that use of dyna mic storage
allocation in PORT leads to ore clea rly structured programs ,
cl ean er ca lling se quences , improved m emory ut i l izat ion, and
bette r error detection.” (Pox s IIall+Schryer 19771 Adding a stack
tc Fortran is a m essy affa ir, however , as shown in figure 1,
w hich contains two alternate methods in ECFT for allocating an

SUBROUt INE LBU(A ,N)

COMMON /CSTAK/ DSTAK (SOO ) SUBROUTINE LBB(A ,N)

DOUBLE PRECISION DSTAK COM MON /CSTAK/DSTAK (500)
I N T E G E R  ISTAK(I000)
REAL A ( I)
REAL RSTAK(I000 ) DO(JBLE PRECISION DSTAK

INTEGER JSTACK (I000)

EQUIVALENCE ( DSTAK ( I ) ,ISTAK ( I) )  REAL A U)
REAL RSTAK (I000 )EQ(JIVAL ENCE ( DSTA K( I ) , RSTAK ( I ) )

II = IS IKGT (2 ’N ,2) EQUIVALENCE (DSTAK(I) ,ISTAK(I))

1K ISIKGT(N ,3) EQUIVALENCE (DSTAK(1) ,RSTAK( I))

II = ISTKGT(20N,2)

I code refcrring to RSTAK( IR+n) and ISTAK( Il+m) IR = ISTKGT(N,3)

probably ending with code to slore the stuff CALL LIBH(A ,ISTA K(IJ) ,RSTAK(IR) ,N)from the real scratch storage into array A

CALL ISTKRL( 2)

CALL ISTKRL(2) R E T U R N
EN I)

R E T U R N
ENI)

f i gur e 1

2

_  - - --.
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INT E GER and REAL a r ray .

Other proposals are even more complicated.  (Aft er a 7 page
de scription of DY N OSCP , 9uybrechte(1977 ] states: “This pa per
give s caly the basic f e a t u r e s  of the flYN O SO R system. A more
sophisticate d use allows the user , once he is familiarized with
the system , to improve greatly the speed of programs using it.”)

Pt/I, which is now becomin g fairly widely availabl e in some form ,
overcomes all the se difficulties. However, so huge a language
tends to overwhelm people, and because of tricky precision rules,
sila nt type conversions (as in !aJsO;), and the like, learning
only part of the language is dangerous.

other langua ges, while beau ti f u l l y  designed , have their own
flaws. For example, Algol V does not have a robust interface to
Fort ran; in addition to this (rohilne r 19771, Pascal places
painful restrictions on arrays.

1. 1 T. Thus anot her appr each seems warranted, which can combine
the needed feat ures of Pt/I. the deliberate syntax of ALGOL , and
the low implementation cost of the Fortra n çreprocessors. Such
an approach has produced the languag e T, intended to assist in
the t.pleu entat ion and documentation of algorithms for scientific
computa tion. The principal aims have been ea se of reading and
wr i t ing ,  low imple mentation cost, and reasonable efficiency.

App,r~diz T gives the forma l language proposal, specifying thesyntax according to v irth’s proposa l (1977 ]. Since ? is similar
to Fortran. Algol 60, and PL/I, a c,mp lete specification of the
sema ntics may be omitted without confusion. To provid, the
he uri stics behin d t he design choi ces and to give an over vt ev of
the language , various aspects of the folowtng example viii be
discussed.

TRIP EAK
$ example of T and C systems;
O various views of the sum of three  Gaussian peaks:
$ Eric Grosse Stanford Uni versity

RE AL : AZ!?!, ELF V , I VIEWING ANG LES POP SUR FACE PLOT
BEL I P H , AR SEP R ,* ERROR TOLERANCES ?(~P ODE
T, TOUT. * INDEP ER tEN T VARIABLES 0? TRAJECTOR Y
NOR HYP I 2 10PM OF THE GRADIENT

REAL (2) : LL, OR , $ COB 1BPS 0? REC TANG ULAR DOMAI N OP PU~~T!OlORIGIN , I FOCAL POINT PCI SURFACE PLOT
XO, 5C~ LE, I COORDINATE TPAISFCPMA?IOW PAR AME TERS
Y, YP S LOCATI O N k N 1~ GRADIENT FOP ?RA J E~?ORY

BE AL (1~42) : ODEWOPIL NTEGFE(5) : ODE! WOP~

3
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OEPIN! (P,20) I density of F samples ;
REAL(—P :P,—P:P) : P TABL E
~EA L(3) : LEVEL S CONTOUR L E V E L S  )
IN TEGER: I, 3,

I ?LA G I DIA GNOSTICS FLA G FOR ODE
SI RU C ?t J RE: PA PA ?! * LOCAT IONS , HE IGHTS , A ND WIDTH S OP PEAK S

R E A L ( 3 .2) : I
REA L (3) : H , V

STRUCTURE : PP I PLOT FILE
INTEGEB(S00) : WORK

~Ro CEDuaE: GOPE N, GC LOSE, GPICI, GCON T , GSUR F, GLTTP!,
GJ UM P, GDRAV , GTRANI

F ORTRA N PR OCE D URE: C DE , DF , STAS H
P R O C E D U R E () HEAT : F

* SE T UP P A R A M E TE R S
BLA NK SEPARATION (2)
REAL DI~ ITS(3)GET DATA (A Z IN ,! LEVI
PUT D A T A ( A Z I H ,EL !V)
1(1,1) :~ 0
1(1 ,2) :~ 0.5
1(2 ,1) := — 0 . 4 3 3 0 1  2702
1(2 , 2) :~ — 0 . 2 5
1(3 , 1) := —1(2,1)
1( 3 ,2) := X ( 2 ,2)
PUT DATA A R R A Y  IX)
~ET ARRAY (H)
PUT DA TA A RP A Y (H)

~ET AR R AY (1)
PUT DATA A R R A Y  IV )
3TASH (I,H, U)
F OR ( —P <= I <= P

Y ( 1 )  :~ FLOA T ( I )  / P
FOB ( — P  <z 3 (* p )

Y ( 2) : FLOA T(J )  / P
F T~ BLE (I.J) := P(Y,P A R &P)

• SUR FACE PLC?
~OPEM( ’VEP12FF’ ,PV)
G PICTUF)
LL :~ —1
UP : I
ORIGIN :z 0.5
G5U9F (LL,U K ,F? A BLF , AZIM ,EL EV ,ORI G IN, O.25 ,PF)

S
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* CONTO UR PLOT
G PICT(PF)
SCALE :~ 0.3333
ID :~ —0. 5/SCA LE (1)
GTR II 1(10 , SCALE ,PF)
GET A R R A Y  (LEV EL)
PUT DATA AR RAY (LEVEL)
~CONT (LL,UP ,PTA BL E ,L!V EL, PT)
GLTYPE(’DOT’ ,PP)
GET A l lAY (LEVEL)
PUT DAT A ARRAY (LEVEL)
GCONT(LL,T1R ,FT& B LE,LEt!L,PF)

• CCPIPUTE AND PLOT TRAJECTORY
RELEIR :~ 10(—6)
GLTYPE (’SOLID’ ,PF)
A BSER P :~ 10 (—6)
WHILE ( END OF INPUT )

GET ARRAY ( V I
PUT DA TA A RP A Y( Y )
T :~ 0
GJUNP(Y, VP)
IFLA G :~ 1
VHILE ( NOR!!? > 1(- 3) & 1(aIFLAG & t?L&G<~~3 )

TOUT :- T + 10(—3)/IORPIYP
CD! (DF,2,Y,T,?OUT,R ft!PR .AB SERR ,IFLA G,OD!VORK ,ODEIWO~~)
CA SE

2 IFLAG
GD PA V (V . PT)

3 a IPLI G
POT(’ODE DECIDED B PROP TOLERANCES VERB TOO SHALL. ‘)
PU T( ’l !W VALUES :’)
PUT D ATA (R!L!PR ,A B SEPR )

EL SE
PUT (’OV ! RETURNED TM! BRECI FLAG: ’)
PUT DA TI (IFLA G)

FIR S?
DPI?, V. VP)
NORNYP :~ NOPM2(YP)GC LOS! (PT )

F ( Y , P A R A M  ) Z
R E A L f l :  V
R E A L :  Z, IOPN3Q
STR UCTURE: P A R A N

REAL(3 ,2): I
PEAL (3) : H, 0

INTEGER: I
Z :~~ 0F O R (  1 ( I <a 3 )

NORNSQ :~ (Y(1)—X(I ,1))**2 • (Y(2)—X (I,2))’*2
Z :~ Z • H (I)*!IP(—O.5*V(!)*WORNSQI

5
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1. 2 CON TR M . A N D CTHEP SYNTAX. Perhaps the most striking f ea tu re
the Algol ve teran sees in th is  example i s the complet e a bs en ce of
BEGINs and ENDs. ~ot only is the text indented , but theindention actually specifies the block struct ure of the prog ram.
Such a sch em e was apparent ly first proposed by Landin (19661.
Exce pt for an en do rsem ent by Knuth (1c74 ], the idea seems to hav e
been largely ignored.,

Idea l l y ,  the text edit or wou ld recognize tree—structured prog rams
[Ha nsen 19711. In pract ice, text editors tend to be lin e
oriented so tha t moving lines about in an indented program
requires cumbersome ma nipulation of leadin g bla n ks . Therefore
the curren t imp lem entation of T uses  BEG’I an ti END lines,
tra aslatinq to inden tion on out put. Thus the input

STR UC T U R E : P A P A !

REAL(3 ,2) : I
R E A L ( 3 ) :  H , U
) ,

pr )luces the output
ST~ U T U R ? :  PARA P ’

REAL( 3 ,2): I
PEAL(3): H, V

Whatever the imple menta tion , the key idea is to force the block
s t ruc tu re  an d  t he  inde nt ion to be au tomat ica l ly  the same , and to
reduce clut ter  f rom redundant  keyword s .

B l an k s  are insi gn i ficant outside of strings . Na themati cel tabl es
h ave  long used b l anks  inside numeri c constants, as in

P1 : 3. 14159 26535 89793
fr’r readabi l i ty. Bl an ks in  i den tif i e r s  als c can im pro ve
rea dab i l i ty ,  whi le  reduc ing  the chance of  misspel l ing and ea sing
the pai n of nam e len gt h rest ricti on s imposed by the loca l
operating system .

In accorda nce wi th the recommen dations of Scowen,Vichmann (197)),
comments start wit h a special character, I, and run to the end of
the ph y sical line.

“he small reserved word list elim inates the need for a stropping
convent ion . The psychological advantages of this approach hi ve
been elaborated by Hansen ( I973~ .

The f orm of the assignaen I~ and procedure cal l statements follows
be clean , clea r style of Algo l 6C. To ma kø macros more

und er standable, their  s y n t a x  and semantics match those of
procedures as closely as pczsible.

In addition to normal statement sequencing and procedur e calls,
thr ee control struCtures are provided. The CASE and VEIL!
statements are illustrated in this typical program segme nt :

I
I



WIII L ! ( NO R MY P > 1(— 3 ) & 1<zI?LAG & IFLAG< s3 )
TOUT :‘ T • 10 (— 3) / V O RH YP
OD E ( DF , 2,Y ,T .TOU T, P E L E R P ,IBS BPB , IFLAG ,OD E UO R K ,OD EIV OR N)
C A S E

2 IP LAG
GDRAW (Y,PF)

3 IF LAG
PtJ T ( ’OD ! DECIDED ERROR T O L E R A N C E S  W E R E  TOO SM ALL. ’)
PUT ( ‘ N E W  VALUES :’)
P UT DATA (RE L E R R ,ARSERP)

EL SE
P U T ( ’C D E  R E T U R N E D  TH E ER ROR FLAG: ’)
PUT DATA (IFLAG )

LIPS?
DL (T, 1, VP)
N)B!YP := NOR!2(YP)

The CASE statement is modelled after the conditional expression
of LI SP; the boolean expr essions are eva luated in sequence until
one evaluates to  YE !, or until ELSE is encountered . The use of
in den t ion  •akes  it easy t o  visually f in d t h €  relevant  boo] esn
ex pre scion an d the en d of t h e  s ta tement .

One unusua l feature of the WHILE loops is the opt iona l FIR ST
marker , which specifies where the loop is to be entered. In the
example  above, th e norm of the grad ient, NORNYP , is com puted
before the loop test is evaluated. Thus the loop condition ,
which  o f ten  provides a valuable hin t about the loop invariant,
a ppears prominen tl y at the top of the loop, end yet the common n—
and—a -half—tiue s— ’rour.d loop can still be easily expressed.

The FO R stateme nt adhe re s as closel y as pract ica l t o  common
m at h e m a t i c a l  pract ice .

F~R ( 1 <3 I <~ 3 )
M0RNSQ :~ ( Y ( 1 ) — X ( I .1)) **2 • (Y(2)—X (!,2))**2
Z :~ Z 4 H (I)*!7Pf_O.5*V(I) E’~PNsQ)

Severa l years exp eri e~ ce wit h the se control constructs has
demonstrated them to be adequat ely efficient and m uch easier to
•aintain tha n the alternatives.

Procedur e nest in g is not used fo r  two reasons. First , textual
rs’stiug th at ezten ds over many pages ii difficult for a boman to
keep track of. Second , programs typically contain several biqh
level procedur es calling a single primitive , so a tree
representation is inappropriate anyway.

By removing the nesting of proced ures however, we wors en the
problem of entry point hiding that ar ises w hen co~~ ining programs
f rom man y sources into a single library. A soluttom to this
pr ob lem is to have an officia l ~~me for each procedure, cod ed
along the lines of INSL , and also a more .ne.oni c nick name
(which users can  pick fo r  themselves i f  t he y like) • The macro

7



processor whic h is built into T cen then be used to change all
occ ureaces o f  the nic k names in to  the correspondin g officia l
na

1.3 DECLA RATIONS. The f u n d amental  scaler types are INTEG~~~,R E A L. and CCNPL EX, from which  array s end structures esy be built
uç. A s  the exampl e- .

REA L ( — P : P ,— P : P )
i l lustrates, ge nera l uppe r and lo wer boun ds are al lowed .

The upper boun d expression is omitte d for  a fo rmal  array
parame ter, so that an appropriate value car be taken from the
lengt h of the correspondinq actual array ar qu ment. The origin of
an actual array ar gument need not latch the origin of the
ccrra s~onding formal array parameter. For exam p le, it the actua l
ar jument A was declared R!AL(O: 7): A and the forma l parameter B
vas declared RE A L O :  P . then B(8)  wi l l  correspond t o  A ( 7 ) . Host
lan g ua ges, w hen ‘ hey allow lower bo un ds at all , do not permit
this flexibility, which is used in the example program when a
matrix wit h lower bound -P is passed to a gen eral  pu r pose librar y
routine which assumes a lover bound of 0.

Structure s of arbi trar y dept h may be declared . As the examp les
STR UCTUR E :  P AP A R

REAL (3,2): I
RUL(3): H, V

S 1RDCTUR F~ PP
IMT E G F P (SOO) : W O R E

su~~ est , s t ruc tures  are use fu l  pa ssing collect ions of rela ted
da ta , w i t h o u t  the  n eed for long paramete r lists. This sa k es
feasi ble the prohi bition of globa l variables in a drast ic  a t tempt
to nar row and  ma ke more explici t the int er face betwee n
Froce dures. Euclid (Popek.others 1977 ) has emphasized the
impor tance of visibilit y of names.

The graphics procedures which use the UCEN vector of the example
ar e a ble to divide up the space into convenient un its. This
ca pa bili ty , ièiich would be possib le in PL,I onl y through the use
of pointers , encourages informat ion  h id ing  and abstraction .

PPOCED UR! V A R I A B L E s allow the Dames of procedures to be saved , an
essential f eat u r e  for applications like the user—specified
c’ or dinate transform ation described in the gra phics system below.

The importance of existing Fort ran so f twar e is r eco gnized by
pr oviding fo r  FO RT RAN PROCEDUREs as an  integral  part of t he
language.  The curren t implementa t ion of I perform s th is  l inkage
in a more e f f ic ient way than the naive  user of Pt /I would be
likel y to d i s cove r ,

8



A novel syntax is introduced for function returns. Since
pr o~edure e may be recursive, Fort ra n ’ s con ven tion o f  us ing th e
f u n c t i o n  name as var iabl e cannot be fo l lowed . Instead , the
procedure header d ecla re s a return var ia ble lust like any other
par imete r :

P ( I . P A R A H  ) Z
PEAL fi : Y
1!AL : 7...

1 .~4 INPUT / 3 UTPUT.  Beginners  o f t en  f i n d  Fortran ’s inpu t /ou t put
‘he  lost d i f f i c u l t  par t of the langua ge, and even seasored
programmers  are tempted to l ust pr int  un l abe l l ed  numb ers , often
tc more digi ts than j u s t i f i e d  by the problem , becaus e forma tt ing
is so tedious.  PL/ I ’ s list and dat a directed I/O is so m u c h
eesier to use tha t it was wholehear ted ly  adopted in T. By
provi ding procedures for .cdityiag the number of deci l places
a r ~1 the  num ber of separat ing blanks to be output , no edit-drected
I/O is needed. Special statements are prc,ided for array I/O so
that , unlike IL/I, a r r ays  can be p r i n t e d  in order ly  fash ion
w i t h o u t  explici t f o r m a t t i n g .

~iince almost as much time is spen t in scie~tific computati on
staring at pages of nu mbers as at pages of ~ro qr am text , m u ch
thought was qiven to the best format for ‘iisvlayin g nu mbers.

rn tccordance wi th the “en gineerinq format” use d on Hewle t t—
Packard calculators and with stan dard metric practice ron Service
section 1977 ], exponents are forced to be multiples of 3. As
figure 2, an excerpt fr~ s the exa sple program ’s output , shows ,
this convention has a hiatogr amming effect that concentrates the
inf3rmation in the leading digit , as opposed to splittinq it
between the Leadin g digit and the exponent , which are often
separated by 1~ columns. The use of parentheses to surroun d the
expon ent, like the legality of imtedded blan ks, was sug gested by
m a t h e m a t i cal tabl es . This notat ion separates  t h e  expone nt f rom
the mant issa  more  distinct ly t h a n  the usual  B form at .

1.5 DISCUSSION .

Following K erniqhan+Plau ger (1976 ), the initial imp lementation is
unsophisticated (Comer 19781. Nevertheless, the pr eprocessing is
les3 costly than the FL/I compile , so the cve rall results are
quite satisfactory. (The evaluat ion looks even better if one
ccm p e  tea PL/I 4 T against PL/I • PL/t’s macro preprocessor.)
Host of the  processor cost lies in basic 1,0 : by integrating the
macro proces sor with  the  languag e translator , this cost has been
mi n i m i z e d .  r~ an t or o v f t z  1976 ) Au ch of the two— man—months spent
in  imp lementa t ion  were spent in unl ers tanding  nooks and crannies
of PL/I .

9



5j . S lo b  ( — 0 3 )  5 .351~~~ .— 02
5 1 .3109  ( — 0 3 )  5 . 13 1 Q 9~.— 0 2
4b .7~~11 (—03)
40.b514 (—03) 41 .0b514h~— 0�
j3.7bjo (—03) 3 . 3 7 b 3 b~ — 0 2
2b.L49 00 (—03) 2 . t ~ 4 90 a ~.— 0 2
1~~.9b 0b ( — 0 3 )  1.b9~~UdE— 02
11.~~4o1 (—03 ) 1.132th 1~~_ 02
.b350o ( —Oj ) 3. 03500E— 03

— 4.129V~(—03)
— 11 .9123 (—03) — 1 .19123c. — 02
— 19.7092 (—03) — 1 .97U92~~— 02
— 27.52q~ (— 03)
— 35.3243 (—03) —3 .53243~ — 02
— 143 .117b (—03) —~4 .3117b ~.— o2
— 50.900b (—03) —5 .090bo~.— 02
— 50 .bo4l (—03) — 5.bbb 41~~— o2
— bO .44b3 (—03) —b .044b 3~ — O 2
— 74.1973 ( — 0 3 )  — 7 . ’4 1 9 73 ~~— 0 2
— bl .9297 ( — 0 3 )  —0.19297c.— 02
— 09.b4’4 3 (—03) —b. 9b444 3~.— O2
— 97.3401 (—03)
— 105.010 (—Ui ) —1.0 5U1 o~.—01
— 112.b 70 (—Oi) _ 1.1do 1o~._ o1
— 120 .302 (— 03) —1 .20302t.— u1
—1 27.910 (—03) — 1.~~791 0~.— U1
— 1~~5.493 (— 0j) —1 354~~3~.— o1
— 143. 050 ( — u 3 )  —1. 43050~ — 01

figure 2

T is not intended to replace  any ex isting languages. For
d is t r ibu t ing  math e matica l sof tware ,  Fortran rema ins the only
pra: tical medium ; for character p rocessing, somethin g like PL/I
or SNOB OL shoul d be us ed , st i l l, f o r  the bulk of sc ient i f ic
computat ion , T ought  to be the easi est to use , par t icular ly  since
i t  coexists com fo r t ab ly  w i t h  Fortran and P1/I . On the other
ha nt , cue can i.aqin e wa ys tha t  I’ m i g h t  be improved , as well.
Features  omitte d for  ease of t m p l e me nt a t i c n  inc lude:

- t r immed a r r a y s, like I ( 2 : N )
- procedure results of general type
— condi tional boolean operators t h a t  do not evaluate th eir

arguments when it is possible to avoid do ing so
- a swap op er ator

For other fe atures , no ent irely sa t i s fy ing  design was apparent :
— s t r ings
- more general  pr øcednre calls (such as indefinite number and

type  o f  a rguments )
- a means of construct ing a r r ays  direct ly  from component. , as

10



a string constant constructs a string from indi7idua l characters
— a means of specifying the invocation gra ph of who calls who m

Perhaps the most funda mental though unavo idable fla w is that ,
u n l i k e  LIS P, the  lan guage is not tri vi al , and therefore pr og rams
ca nnot be tri viall y manipu lated.

2.0 JUSTI FICATION FOP STILL ANOT HER SET CF GR APHICS PR IM ITIVES .
The n e x t  example  of  restyling is a simpl e but reasonably comple te
int e rface for  noninter act tve device—independent graphics . In
addi t ion  to the basic l ine  drawin g primitives, high er level
procedures are provided f o r  d i sp lay ing  funct ions of one or two
va riables. This inter face has been implemented as a l ibrary of
Pt/I procedures which call the SLAC U nified Gra phics package
written by Robert Beach t 1978).

rJnit~.ed Graphics, with its emphasis on the ability to drivedisplays like the IBM 2250, is troublesome to use directly for
fun ction plots and the like. In contrast, Top Drawer, another
g raphics system at SLA C, allow s for function plots but little
else. The collection described in detail in Appendix C is meant
to st r i ke  a use f ul bal ance between these tvc  ex t remes ,  and
contains most of the features of DISSPIA important for scientific
computation.

2.1 ESTABLISHING THE ENVIRONME NT. The fcl loving excerpt from
the example progra m given in section 1.1 abov e illust ra tes
typical prep aration for plotting :

5T~ UC 1URE : P~ I PLOT FILE
INTEGER(500) : WORK

R!A1 (2) : LL, U P , I CORNER S 0? RECTA N GULA R DOMAI N
ORIGIN , I FOC AL PO IN T POP SUR FACE P LOT
10 , SCALE * COORDINATE TRANSFOR M ATION PARAM E TERS

G O P E N ( ’  YE P 12??’ ,PY~
GPICT (P?)
SCALE :~ 0.3333
10 :z -0 .5/ SCALE ( 1)

T RA N 1 ( X  0, SC AL! ,P F)

The plot area PP is used t o  remembe r various opt ions and t o
b u f f e r  low level plotter instruct ions. This w,rk area is
initialized by the GOPEN call, whic h specifies the output device.
(In t he  current implementation , no corresponding JCL changes are
necessar y. ) The ease wit h which de vices may be d~ang.d is very

It useful in tuning a plot for publicat ion.
4

For compa t ibi l i ty with numerical procedures, REAL variable. are
in full precis ion , not short . At the start of each new picture,
whic h migh t be a screen fu l on a CR? or an 8.5 by 11’ page on an
electrosta tic plotter , GPICT is called.

11



All plot t ing is done re lat ive to a user coordina te system , which
is specified by calling

G T R A N (  F, PP
where F is the nam e of a procedure which , when called in t h e  for m

P (  I, N , PP )
with

REA L (N ) : X N ( z l O
RE &L (2) : V

will. ma p the point I in user coordinat es into a point N in the
un~.t squar e (0, 1 Jx [0, 1). Normally N (1) is thought of as
hcrizonta] and V(2) as vertical. By extending P?, the user can
pass para meters to P. For conven ience , th e d e f a u l t
t r ansformat ion maps

V :~ SCALE * ( x — X 0  )

2.2 DRAWING , DI NEN~~ONING . AND FUNCTION GRAPHING . The basic
d rawi n g com man ds are GJ UN P , GDPAW , and GT!ZT for drawing lines
and addi ng tex’. If a nonlinear coordinate system has been
anecified , Gt RAW produces a piecewise linear approximation to the
i•piied curve.

A pr ocedur e G G PA P H is pr ovided which automatically sa.ples
f u n ~ t i cn  val ues , sets up an appr o çriate scaling , grap hs the
f u n c t i o n , and dimensions  t h e  graph us ing  rcund numbers in a styl e
consistent wit h the forma t used by T . F igure  3, ta ken from Chan
r 1 9 7 8 ) ,  is a typica l plot.

The scheme for  choosing round  numbers  is based on the algo rithm
by Dix on .Icro n ma l 11965]. E xperience and an infor mal survey of
w h a t  peopl e would  accept as being “ ro un d number s” led to variou s
r e f i n e ments.  As in Unified Gra phics, the choice is opt imized
over a reasonable num ber of major tic k marks . The total n u m ber
of t ic marks , majo r  an d m i n o r ,  is not allowed to be either too
4ense or too sparse. For a while , the  n u m b e r  of •inor tic k ma rk s
was chcse n so that each interval had length 10*5k , but for input
data l imits  (20 ,701 the r esulting t i ck  marks  we re a t

(— 130 ,0 , 100 , 200) , so this rule had to be relaxed to “eith.r
length b eck or midpoint of ma jor interval.” If the difference
between the da ta limits is small compared to the magnitude of the
limits themselves (as occurs for example in p lotting a nea rly
constan t fun ction), then the labels may ecome unreasonably
lar;e. Special provis ion is made for th (s case.

‘Other rout ines are ava ilable for  scatter , sur face, and contour
plots. The  contour  cosputation uses p iecewis e quadratic surface
fit t i ng  to e n s u r e  smooth  cont ours and prope r repres entat ion of
critical points (!~arlow.Powel l 19~ 6J .  Figure 4 pre sents output
from the  exa mp le prog ra m , which computes hill—cl imbing
tri jectories for a thr ee-gaussia n—peak terrain.

12
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CONCLU SION . wi th  a level of effort comparable to writin g a
Fortran preprocessor , we hav e created , by compiling into PW I, a
language  substantial ly be t ter th an Fortran or its derivatives.
Since RI/I pro bl ems ca n not be al together avoi ded by this
approach , f u r t h e r  work on a la nguag e Like T coul d be usefu l.
Perha ps the e f fo r t  would be better spent on making LISP a
practical language for scientific compuat ion by bu ilding on the
research in sym bolic computation.

Lik e PL/I , Unified Graphics is good for  a wide range of
applications . But in practice , man y people won ’t use either.
For languages, they st ick to Fortran ; for graphics , they pl ot by
ha ul or not at all. In bot h cases it has pro ven possible to
cheaply restyle the existinq system , via a preprocessinq phas e or
driver routines , in order to create more agreeable t ools.

A CK N3V L E DG ENENTS .  spec ia l thanks go to Bill Couqbran for
discussions of this report and help with l’s realization in a
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APP EN DI X T 

-

~
Neport on the pro gr amm ing lan guage T

“trim : free from anythin g ea t ran eous;
ha v in g c Iaa~ lines or proper proportion ;
the s t a te  of readiness fcr  ac ti on or use;”

Webster ’s Third Rev Int ernational

“Everything shou ld be a n simpl e as possib le,
but no simpler.”

Einstein

“U hat it lies in our power to do,
i t  lies in our power not  to do. ”

Aristot le

“In a l l  sphere s, the t rue  craftsman is
the one who thoroughly understands his tools.”

Hoare

TOK E NS.  Pro gram te xt is made up of the following tokens:

k e y w o r d  - one of the follovinq :
CAS E N O
~X~1PL!X PR OCEtUP !
!LSE P R OCE D U RE VAR I ABL E
FI RST PUT
POP PUT A R R A Y
FORTRAN PROC!T)(%PE PD! DATA
FO R T R A N  PROCEDUR E  VARIABL E PUT DATA AR R AY
GET N F A L
GET ARRAY STR UCTUR E
GET DATA WHIL E
INTE GER YES

iden ti fier - a letter optionally followed by more lette rs
and digits.

integer-constant - one or mote digits

real-constant — one or mote di gits , a “.“, possibly more
di gits, a “(“, pcssibiy a “—“ , one or more digits, and
a 9”. Either the decime l point and succeedin g digits
or the parenthes es and zpo n.nt , but not both , may be
omitted . Thus 1., 0.23 , 6.22123), 1 1—6), and
3. 14159 (+00) are all legal teal—constants.

string-constant - a sequence of characte ts enclosed in
apostrophes. Apostroph e. are not allowed in the .trim q
proper .

18
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delimiter — one of the following:
eor ( ) $ a : . , 

~~ I ~ + — * * * /  :— • ~~~ <(“ ) >“
(The last six are called re lat icnel—oper ators.)

except in string-constants, blank s are insignificant and may be
usei f teely for clarit y. Text f r et a “B” up to the next “eor ”
(end — of—reco rd ) is treated as a comment .

PRO ~ E DUPE S .
pr ug ra m (procedur e)
procedure identif ier  ( “ f ’  ident i f ie rs  “)“ ( t esu lt )  J “eor”

begin
(declarat ion)
1st a tenant)
end

ident if ier s  fidentif ier ,) i d e n t i f i e r
re sul t z i de nt i f i e r
begin * ~~~~~~~ “ eor”
end 9 ) ”  “eor ”

Paramete rs are passed using call—~ y—r et er ence. “result ” may be
use l lust like a n y  ot her for ma l parame ter, in particular as a
destination, but  must be a scalar.

~f t he  parameter list is omitted , the procedure is assu med to be
the top level main program.

D E C L A R A TIONS.
ieclaration * sca la r—type ( “f” bount~ ‘9” J “:“ identifiers “eor

I “ STRUCTURE ” “ :“ ident i f ie rs  “cot ”
begin
(dccl arat ion)

end
$ ( “FORTR A N ” )  “PROCEDUR E” ( “ V A R I A B L E ” )

(“C) ” sca lar—type ] “:“ ident i fiers “eor”
scalar—type “IN TEG ER ”

I “PE AL ”
“COMPLEX”

b-~und s a (bounds,) rexpression:J (expressi on )

u~, global variables are allowed; ammuuicat ion occurs only
th r ugh parameter lists. teclarations reserve storage on a
sti~~k; the vari a bl es are  undefine d unt i l  f i rs t  assigned to.

C
If t h e  <ex pression): part of a boun d is omitted , 1: is assumed.
Th. second <expressio n) should be omitte d for a forma l array
pa ra me ter ,  and an appropr iat, value will be tak en from the lengt h 4
nf th e corre sponding actual array argume nt . The origin of an

~
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actual a rray argument  need not match the origin of the
correspon din g formal array parameter. For example , if the actual
a rgum en t  A was declared f lAL (0:7) : A and the foraal parameter B
was declared R!&Lfl : B , th en B(S ) will corr.spomd to & (f l .

4
STRUCTU R ES are data a rea s assumed to ~e decompos ed as indicated
in the subde clarations . Thus it actual p.r .t er I is dec lared

S T RUCT U R E :  A
INTEGFR: I, K
P E A L :  I
COMPLEY: Z

and corres ponding formal parameter P is dec la red
ST R UCTURE : F

IN T E G F R :  J , L
C3SPL E X: W

the n A. I  and F. J correspond, but A .Z and P.S do not. (If P.S is
assigned to , both A. ! and A . !  may be d troyed.)

A PROCEDURE V A P I A B L E  is a variable t h a t  may refer to varioss
actua l çroce d ures; in contrast , a PROCED UP! is literally the
name of a procedure.

sTArIMENTS.
s t a t ement  s procedure—call “.or ”

I destina tion “ :““ expr ession “eor ”
I “ GET ( ”  identifiers “ ) “

I “GET A R R A Y  (“ identifer  “)“
I “GET DA TA (“ identifi ers “)“
I “ P U T ( ”  a rgume nts 9”
I “PUT A RRAY ~“ destination “)“
I “PUT DATA (“ arguments “)“

I “PUT D ATA A R R A Y  (“ destin at ion ‘9”
I “CASE” “cot ”

begin
(boolean-expression “cot ”

begi n
(stat ement )
end )

(“ELSE” “cot”
begin
(statement )
end )

end
I “ W H I L E ( ”  boolea n—expre ssion “ )“ “cot ”

begin
(sta tes cu t)
(“FIRST” “cot”
(sta teme nt ) )
end

I “POR (”
( (  ex pression ( “ (“ $ “(a ” )  destinat ion (“<“I ”<a”) expression) 4
I ( expression (N) f N>*0)  destination (“)“)“>w ”) ezçr ession) ) “cot”

20
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begin
(statement)
end

GET reads fr o m  the  next record of the input  dat a a ss~uence Cf
constants, separated by com.as. For GET DATA, each val ue shoul d
be p re f ixed  wit h “identif ier  :— “ ; the  input va lues need not
appear in the  same order as the corresponding identifiers in the
( F T DATA , and i f  a value is omi t ted , the vari able is left
unchanged . PUT DATA and PU T writ .  out  the current  values of the
ilent i f i e r a , la belled or unlabellcd, in an intelligent fashion.

In o ther  lan guages ,
CASE

condi
cas a 1

con 12
case2

E LSE
ens *3

light be w r i t t en  as:
I P (  cond i ) T HEN

case 1
ELSE IP ( cond2 I I’N!I

cas.2
ELSE

cas e3

Sisila r ly,
WHILE cond

part  a
PIP ST
part b

might be translated as:
GOTO F IR ST

lop : pa r t  a
FIR ST: part b

I P (  cond ) TK U GOT 3 TOP
If t he  FI RST line is omi t ted , it i. assumed to be at the end of
the loop; that is, part b is empty .

F i na l l y ,
POP ( LO W (a I (a HI GH )

loo p
woul d te translated as

0R I • LOW TO HIGH
loop

and
PO S t NIG H ) I ). LOW )

loop
as

POP I • H I G H — i  BY — 1 TO LOS
loop

S
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The destinat io n and expressi ons control ling a FO R loop mey not be
modi f ied  inside t h e  loop.

E X P R E S S I O N S .
desti n ation a (ident ifier .“) identifier

I id en t i f i e r  “(“ subscripts  9”
$ R procedur e—iden t i f i e r

subscripts  a (subscri pts .)  (expression )
procedure- call p rocedure—iden t i f i e r  t “(“ avgu.ents “1” 1
procedure—identifier iden t i f i e r
ar g u m e n t s  ( arqu sent ~~, J ( expression I at r inq—co umtant

Y E S  $ NO
e x p ression a ar i thmet ic- express ion

I boclean-expression
ar i thmeti c—exp r ess ion r ”— ” ] term

I ati thme tic-expression “•“ te rm
I ar i t hme tic—expression “— “ te r m

term = factor
I t erm “*“ factor
I ta r. “/“ factor

fact or = primary
I primary “~~~~*“ pr im ar y
I primary “~~~~~~— “ prima ry

pr im a ty i n t e g e r — c o n s t an t
real-coTtstant

I des t ina t ion
I procedure-cal l

“(“  ari thmetic— expr ession “)“

t o o l e a n — e x p r ession (boo l ean—e xpr ession “ I ” J  boolea n—factor
boolean—factor = ( hoolea n—fac to r  “&“ 3 toolean—secondary
bcoiean— aecondary = (“- ‘“ I boolean — secondary

I boolean-primar y
boolean—pri .ar y = YES I NO

I destinat i on
I procedure—call
I arit hmet ic-expression relational—operator arithmetic—expression

If a sutscript Is empty,  it is assumed that an entire row or
cclumn is being refer .ncel . If nil the subscrip t s are empty, the
parenthese s and commas may also be ,mitted . Arra y expressions
are per forme d ele ae ntvi se.

To refer  t~ a procedure withou t actually invokin g it, put a I
hef ore the procedure iden ifier .

If  t h e  opera nds are  mi xed IN TE GER and  PHI the  result is R EAL ; if
e i t h e r  is C O H I L E X , the  resul t  is a~NPL!I . Divid ing an tITEG fl by
a n  :NTE GEP and rat~~ing  an IN TEGER to a po wer ar. illegal.
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P P I M I T I V E S  A N D  MACROS.  The  fol lowin g macr cs are predefined:
LE NG TH (a r r ay,i)  size of a r ray  in t h e  i—t b di.emeion
D ADD ,  D MIJ L, DD I V ext ended precision ar i thm etic
CEl L , FLO3R , S I G N , ABS . FLO AT, RE, IM
“AX . MIN ( xl , x 2~ x3 , ... )
U~) ( xl , x2 ) smallest nonnegative r such that

( x l  — r ) / x 2  is integral
Pt , EPS , I A I R E A L . M A X I P T E G E R
AC S. AS I M , AT AN , cOS, R I P , LW or LOG ,

LOG IC) , S I N , SORT , TAN

The fclloving procedures are predefined:
NEXT LINE ((n) 3 skip to start of next line ,

then put out  n — I  ~lan k lines
(if no argument then n— I)

N E X T  PAGE page e lect
F ND CF I N P U T POOLUS expression set to Y E S when

the inpu t file tecomes empty
~L A M K  S E P A R A T I O N ( n ) n u m b e r  of b l a n k s  to be left

tetween outpu t va lues (de fau l t 3)
TNTEGEB D I G I I S ( n )  number  of digi ts  for integer

outp ut (defaul t 12) 1 <~ n (s 19
PEA L D I GITS (n ) number of significan t digits for

real output (default *) 3 ( n (a 15
P EA L L E A D I N G  D IGITS (n I  0 (a n (default 3)
DATE AN D TIME is replaced by: ‘dd mmm l 9 y y  hh :mm ’

Macros are eva l uated much l ike procedure calls. First , each
argument  is evaluated ; t h e n  the •acro is applied to its arguments
by inli ne expan sion according t o  the macro defini t ion ; f ina l l y.
the  replacemen t te xt is regar ded as fresh input . During the
evaluat ion , tokens beginning with “ “  have  the  f i r s t  “ “  stripped
o f f .  (This allows macros to be tempo ra r i ly  “h idden .”)

DE P~ N E (  iden t i f ier , replacement tex t ) define s a macro . The
replacement text is a sequence of tokens , possibly containing eor
and matched parent heses. Place s in the replace m ent text w here
argument s are to be inserted during expa nsicn are indicate d by $
followed by a digit or le tter.
I P E L S E ( a,b ,c,d) is rep laced by c if the tok en a is the sa me as b ,
ctha rwi se by 1. Ei ther  a or b may be empty. For example, the
text

DEFINE (YE RBOS!,YES)
IFELSE (VEP~OSE,TES,PflT DATA (I).)vculd be replaced by
PU T D A I A ( X )

A macro defined before the first procedur e applies globally;
otbet macros. stich may tempo ra ri ly redefine the global ones,
app ly  only to the procedure in w h i c h they are defined.
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APP E ND IX I

T ispleme ntation notes

FIL E FORMAT.  Th e Report me ntions onl y an abstract en d—o f—record
de 1~~miter an d not any par t icular  file for mat. This is because
the  assumpt ions of local text edi tors are of ov erwhelming
i m p o r t a n c e .

The current implementation provides for card image tiles, in
w h i c h  column s 73 th rough  80 are i~~ored . In order to obtain text
records longer t h a n  72 characters , continuation lines, flagged by
a bl ank in column 1, say be used . Coa.ents , start ing with a N#N

e nd i n  col um n 72.

Mor e tech nically , each car d has an end—of—line  character R OL
appen ded to it and each record b a a  an ECR app ended a f te r  the last
FOL. Thus

R E A L :  # constants
P1, EPS

is translated to
PEAL: $constants EOL Pt, EPS ECI EON

The T processor di scards bla nks a n d  text  f rom a * up to the  next
ZOL . the runtime I/O pack age discards b lanks , commen ts , and
begins and ends . On the  other b a n d , t h e  ~N INT pr ogram makes use
of ~OLs  to intell igent ly fcrma t i tS  l is t ing.

The i n p u t/ o u t p u t  procedures effect ively append an in f in it e string
of SO? characters to the  end of the f ile . The characters ROL ,
FOR , and EOP are repre sented internal ly as the  A SCII control
ch aracters US,  PS, and PS.

OTHER RE M AR K S ON USING T. Strin gs may be passed th roug h a
procedure, tot example f rom a high level routine to a graphics
i~irimi tive, b~ declar ing a formal parauter as INTF~ E R ( 1) .

Va r ious opti on s m a y  he invoked by a macro cal l of the form :
opti on ( ? )

wher e
? is either 0$ or O P T

and oçtion i s  (de fa u lt valu e is in brackets )
RECURSIVE (OF? ) recursive procedures
SUBCHFC K (0?? ) subscript checking
SHORT ( 0?? ) short preci sion P
FOR TRA M PAC k DR (OFF ) procedure looks to the

out side world like Fortran
UNDER? LOW (ON ) turn off under flow error messages

in the current proce d ure and its descendant .
(reals that under f low are t to 0 ) 2



Arr a ys may have at most 5 subscripts .

For t he  purposes of STR UCTURE ali gnment , the sizes of the ecalar
type s are:

IWTE ~ ER I un it
REAL 2 units
COMPLE X 4 uni ts

REALs and COMPLE X es shou ld start ma e ven number of units int o the
STRUCTUR E for fastest access.

JCL AT SUC. In  order to in voke the PRINT program (desig ned to
intell igently l ist a set of T pro~~ dure s) , use the PRINT
oataloq~~ d procedure stored in V T L . C G . E H G .E .  An example of a
P PINT run:

/1  JOB
//PR3CLIB DD DSNaWYL.CG.EHG.E,DISPZSHR
I/P EX EC P RIN T
//INEUT DD *... T procedures

The P R I N T  pr ogram r eco gnizes three commands , whid% look like
— c ) mme nts:

causes the next l ine  to appea r on the
next cage

I%T ti tl.e ca us es the  characters immediat el y appearing
after “ *ST” to appea r in the ti tle line ,
and the next l i n e  wil l appear on the next
pa ge

•SL n causes only ident ions of at most level a to
appear , e.g. OSLO will cause iudention to
be suppresse d

In  order to in voke the preco mpi le r and compile the  result ing
PL/I , use the  ‘IC catalogued procedure stored in II YL.CG. RN G. E .  U
example of a compi le—a nd—go run:

I/ JOB
//PROCLIR DD DSNaVYL.CG.!HG.E, DISP SHP
//C ZI NC TC
I/ INP UT DO *

‘I procedures
//G EXEC P LIG

Provision ba c been made for a PL/I dump . To get this, add the
JC L card:
//PLIDUM P DD SYSOUT.A,DCP (R !C?Ma?B A ,LRECL I33,ELK SIZESI33O)
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APPE N DIX G

Report on the graphics  interface G
a

“In improving exp lora to ry  da t a  analysis , we need to find
new questions to ask of the data (probabl y the  hardest
task) , and new ways to ask old questions. Throughout ,
a r i thme t i c  as a basis for  prepar in g p ictures is likely
to te t he  keyno te .  It is most importan t t hat we see in
the da ta those th ings  we do not expect —— pictures help
us in th i s  f a t  more th an number s, though we can gain a
lot just by wha t  nu mbers we use.”

Joh n Tukey

ESTABLISHI N G THE E N V I R O N M E N T .  In order to remembe r variou s
opt i.ons and settin gs, such as character s u e  and l ine type , and
as a b u f f e r  for lo wlevel p lotting commands , a work area PL OT is
provided  to the graphics  procedures. This may be decl ared as:

STR U CTURE : PLOT
INT E GEP (SOO ) : WOR K
ST R UCTURE:  U S E R

The workspace USER , which may be ma large or small as desired ,
allows param eters to be passed to user procedures ca lled by G.

To ini tialize PLOT at the start of a run, call
GOPEN ( DEVICE, PLOT )

where
DEVICE is a s t r ing ccntaini mg one of the  codes:

CAL?ICH microfiche
PDS 4 O 13 Tektronix , Hewl et t— P ackard
V SP12F P Versa tec

Note t ha t  if V !P 12P ?,EI TSO RT is specified ,
them the reordering of the plot commands
necessar y for the  Versatec will not be don e
by a main memory sort (grea t ly reduci ng the
run—t im e memory requi rements). In this cam e
an external  sort step must be supplied.

B ef3re  .ach new picture, including t h e  f irst , call
GP ICT ( P LO? )

Finally at the end of the run , call
~~LOSN ( PLOT )

Omitting this m a y  cause the last picture to be lost.

Pcr convenience , the in it ia l t ran sformat ion  is GTPAN 1I , wh im
performs the ma pping

V : SCAL !~~ ( I —  1 0 )
whe re

__________ ______ ~~~~~~~~~~~~~~~~~~~~~~~ - - ~~ ~



R E A L ( 2 ) : W , I. 10, SCAL E
and 10 (0,0), SCALE (1,1) • Tc chang e these values, whic h are
saved in PLO 1.~ OPK , call

G T H A N 1 (  10 , SCALE , PLOT )

Li ne types,  charact er sizes, and character an gles are specified
by calling

GL T Y P E (  L T YP !, PLOT
GCSIZE ( CSIZ !, PLOT )
GCA N GL ( CA N G L, PLOT )

whe re
L TY IE is a string contain ing one of t he  codes :

SOLID. DOT, DA SH, or DOT—DASH
REAL: CSIZE , * character s pacing ; ini t ial ly 1;

CAN CL 0 ch aract er angle , in rad ians
• coun ter clockwise from hor izontal;
$ ini t ial ly 0:

BAS I C D R A W I N G .  To jump straight to the  pci ut I,
G J U M P (  I, PLO? )

whe r e
REAL fl : 1 * destination (in user coordinates)

To d ra w a Li ne from the current posit ion to I ,
GDF AW ( I, 1~LOTIf the ccordtnate transformation is curvilinear , this produces a

p iecewise linea r appro ximation to the irplied curve. Following a
chaa ge of coordina te system , G JUMP shou ld  be ca l led before GDR&V.

To wr i t e  out text call
GIEI1( I, PS I, SFC , PLOT )

w h e r e
R E A L O :  I I location for  center of tirst cha racte r
P R I , SEC are strings of le ngth at most 255

In rder to obtain a large alphabet , text is pre sen ted to GT!XT
using a pa ir of strings. E ve ry  pai r of corresponding characters
in the p r i m a r y  and secondary str ing s deno tes one di aract~~ in the
extended alphabet .

The secondary character  tot
lower  Roman upper Roma n love r Greek upper Gree k

is
I. G H

For common spec ia l cha racters the secondary character is also a
space. The primar y character for Greek letters is the first
lette t of its English name or one of the speci al cases:

H eta F phi V omega
Q theta V psi

) A ld it i on a l  special and control characters are available :

P

_ _ _ _ _ _  
_ _ _ _ _ _ _ _ _ _ _ _  - 
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DC begin superscript IS integral
1 end J contour int egral
2 tegin subscr ipt P partia l— 4
3 end 0 del
t4 save positioni S p lus—or—minus  4
5 restore I tim es
6 save posit ion2 : divided by
1 restore • abstract D m a
8 save posi tion3 * abstract ti mes
9 restore 2 radical
E increase size 0 infinity
F decrease / back slash

( left square bracket
1Y half up ) r ight  square bracket
2 down L lef t angle bracket
3 third up P right angle bracket

dow n A left cur ly  bracket
S sixt h up Z r i gh t  curly bracket
6 do wn ‘C less or equal

— not equa l
OU one back E equ ivalent to
I hal f forwar d Q proportional to
2 b ack ) greater eq u al
3 th i rd  for ward 0 degree
4 bac k N section
5 si xth for ward C dagger
6 back F double dagg er

H h b a r
MX is an el em ent of V laikda bar
N is not an el ement or U underscore
E there exists V overscore
k for a l l
I intersect OP cross
U union 1 diagon al cross
< is strictly contained in 2 diamo n d
> strict ly conta ins  3 t~ox
L is contained in £$ star
B contains 5 diagon al star t

6 cross with serits
(IA up arrow 7 diagonal cr oss wit h merits
0 do~ i 8 compass rose
L lef t 9 octagon
9 righ t
B bidirectiona l

For exam pl e , the defin ition of the gamm a function is given by:
GTEIT(X, I (N_1) IZG (N)R!*0052F0C !0—T1’fOI—llDT’,

L H L SCCSCCC C P.C ICICI CLL’,PLOT)
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D MEN SIO NI NG S Given limits on the data  rang. suitable va lues
fo r  plotti ng th. data may be obtaine d by caiiLng

GSC A L E (  DA TA MIN , DA TA MA X , I inpu t
LABEL NI N , LABEL MAX, PIP, HAJC B , Mu ON ) * output

The data will then be bracketed by LAB E L M IN* 1O**!XP and LA BEL
MAX *10**EXp , which are round numb er s in eng inee ring format .

C,’!!.; acts so mewhat like a ruler , & a w i n g  an unla belled axis with
lar~je and sm all tic ma r ks :

GT I C (  L, H , MAJOR , MIN O R, OFF, PLOT )
i here

R E A L ( )  : L, H , I end points of axis ;
OF F I offset coordinates  of ma j or tic m e r k

* endpoi nt., which determine the siz e
• and dir ection of the tic ma rks;

REAL: MAJOR , MINOR I num ber of aalo r and minor tic ma rks ,
• counting endpoints; thus a yardstick
• m ight have  M AJOR *, MIN OR ” 13;

GLAB adds integer labels to the tic marks produced by GTIC:
GLAB ( L, H , MAJ OR , OFF , LO W , HI GH, fl CT )

where
INT !~ ER : LO W , H I G H I labe l value s at endpoints ;
REAL fl : ~)P ~ I offset of first cha racter of label

I, H , MAJO R are as in GTIC.

G?ORM1 lays out a form suitable for scatter plots and fui~ tiongr~ ph s:GPOR~l1 ( CPR I, GS!C,IPPI , ZS!C, XLOW, IHIGH,
YPP I , YSEC, YTOW , THI GH. PLOT )

where
GPRI , GS!C, IP RT , ISEC , YPP I , Y SEC are pairs of strings

detising the gene ral title, I— and V—axis labels;
REAL: XLOV ,X H I GH,YL OW,YNIGH I specifies the data limits

r ,Fo aMl automatica l ly sets up a coordinate syste m so that the plot
will fill the screen. To add a function curve, j ust use GJUN P
and GD RAW.

FL rT I I G .  G SCAT p ro vides scat t er plots:
GSCA?( GPRI, GSEC,

APP!, XS!C, I,
Y P R I ,  T S!C, Y , PLOT )

where
RE AL ( )  : I, V I dat a points

GPR L, •.. , YSEC are as in G~~P f t1 .
9

GGRA PH provides graphs of funct ions of one va riabl.:
• GGIA PH ( GYP ! , GEI C ,

IPRI, XSEC, A, B,
PPP !, ?SEC, F , PLO’! )

where
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REAL : A, B I en dpoiata of interval for graphing
F PO CED tJ R E O UAL: F I f u n ction to be p lotted , wh ich

• is called in the form:
I Y ” F (X, PLO? )

To plot contours of the surface passing through the points
( 1(1), T (J), F(I,J) )

call
GCONT(  LL , UB . F , LEVE LS. PLOT )

where
REAL(2): LL, UP I coordinates of lower left (most

I negative) and upper right (most
I positive) corners of the r’ectasgle
• in the I V plane on whic h data
• is given

BEAU ,): F I data values
HE lLo : LEVELS $ contour levels to be plotted

A u~iitorm gr id is axsumed.

To draw a transect surface plot with hidden lines removed , call
GSURF ( LI, UR , F,

AZI MUTH , ELE VAT ION , ORI G IN, SCALE, PLOT
wh ere

R EAL: A Z I M UTH , ELEVATION, SCAL E
R E A L ( 2 1 : CP I ( 111

The coordinate transforma tion used in GSUPF maps P — (I ,!,?) int o
)EIGIP 4 ( —51 Cl 0 ) (P—C) *SCALI

( —S2*C 1 —52*51 C2 I

where Cl COS (AZIHUTH), ... . S2 SIN(!L!VATIOR)
C — ( (LL ( 1 ) . U R ( 1 ) ) / 2 , ( L L ( 2 ) .U R (2) ) /2 , 0 )

I L . U R , and F are  as in GCO$T .
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