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SOFTWARE BESTYLING IN GRAPHICS AND PPOGRAMMING LANGUAGES

Eric Grosse
Computer Science Departsent
Stanford University
Stanford CA 9430S

ABSTEACTI. The value of latge softvare products can be cheaply
increased by adding restyled interfaces that attract new users,

As 2xamples of this approach, a set of graphics priasitives and a
lanquage precompiler for scientific computation are described.
These two systems include a general user-defined coordinate
systea instead of numerous system settings, indention to specify
block structure, a modified indexing convention for array
parameters, a syntax for n-and-a-half-times-*‘round loops, and
engineering format for real constants; sost of all, they strive
to be as small as possible,

0.) PHILISOPHY. Kernighan and Plauger [ 1976 ) describe
explicitly and by example three precepts cf the Sof tware Tools
philosophy:

- trim out the inessentiales

- build it adaptively

- let someone else do the hard part
Tvo more examples, driven by the same philosophy, are given
below. The tasic idea is to obtain high leverage by taking an
existing, powerful piece of softvare and make it useful to more
people by designing a nev interface. Webster's calls this
process facelifting: "a restyling intended to increase coafort
or salability.”

1.0 JUSTIPICATICN FOR STILL ANOTHER PRCGRAMNING LANGUAGE.
Fortran wvwill no doubt remain for many years the most isportant
programming language for scientific computation. When used
carefully and vith discipline, it yields resarkably portable
codes; this is its greatest virtue. But, as oroqramsers have
compl ained for years, it also has many faults:

- avkvard syntax for statements, strings, names

- primitive control structures

- DO loop restrictions

- Nno macros

Prrtran preprocessors, such as MOBTRAN ( Cocks Shustek 1975], have
elininated many of these disadvantages and therefore have become

very popular. Unfortunately, they reduce portability sosevhat,
since ei ther the preprocessor sust be installed at the nev site
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or illegible *object® Fortran sent there.

More iamportantly, such

preprocessors have only a minor effect on inherent probleas of
Fortran:

dynamic allocation is either unavailatle or requires the use
of rather confusing tricks

no PROCEDURE VARIABLE type

no STRUCTUFE type

(Labelled cosmon blocks, since they do not use the
ccabinatorial possibilities of procedure parameterization,
are less flexible.)

no O-origin indexing

array bound inforsaticn is not automatically passed

nc vector operatioans

no recursion

The PCRT library makes dynasic allocation one of its aost

advertised features:

®Je have found that use of dynamic storage

allocation in PORT leads to more clearly structured prograss,
cleaner calling sequences, improved memory utilization, and
better error detection.” ([ Pox+Hall+Schryer 1977) Adding a stack
tc Portran i s a messy affair, hovever, as shown in figure 1,
vhich contains two alternate methods in ECFT for allocating an

SUBROUTINE LBB(A N)

COMMON /CSTAK/DSTAK (500)

DOUBLE PRECISION DSTAK

SUBROUTINE LBB(A,N)

COMMON /CSTAK/DSTAK (500)

INTEGER ISTAK (1000)

REAL A(1)
REAL RSTAK(1000)

DOUBLE PRECISION DSTAK
INTEGER ISTACK (1000)
REAL A(1)

EQUIVALENCE (DSTAK(1),ISTAK(1))
EQUIVALENCE (DSTAK (1) RSTAK(1))

Il = ISTKGT(2*N,2)
IR = ISTKGT(N,3)

{ code referring to RSTAK(R +n) and ISTAK (11 +m)

probably ending with code to store the stuff
from the real scratch storage into array A |
CALL ISTKRL(2)

RETURN
END

figure 1

REAL RSTAK (1000)

EQUIVALENCE (DSTAK(1),ISTAK (1))
EQUIVALENCE (DSTAK(1),RSTAK(1))

Il = ISTKGT(2*N,2)
IR = ISTKGT(N,3)

CALL LIBB(A,ISTAK(11),RSTAK(IR),N)
CALL ISTKRL(2)

RETURN
END




INTEGER and REAL array.

Other proposals are even more complicated. (After a 7 ge
description of DYNOSCR, Huybrechte{ 1977 ) states: "This paper
qives cnly the basic features of the DYNOSOR system. A more
sophisticated use allovs the user, once he is fasiliarized with
the systeam, to improve greatly the speed of proqrams using it.")

PL/L, which is now becoming fairly widely available in some fora,
nvercomes all these difficulties. However, so huge a langquage
tends to overvhels pecple, and because of tricky precision rules,
silant type conversions (as in I=J=0;), and the like, learning
only part of the language is dangerous.

Other languages, while beautifully designed, have their own
flaws. Por example, Algol W doces not have a robhust interface to
Pertran; in addition to this (Pohilner 1977 ), Pascal places
painful restrictions on arrays.

1.1 T. Thus another apprcach seeas warranted, vhich can coabine
the needed features of PL/I, the deliberate syntax of ALGOL, and
the lov implementation cost of the Portran greprocessors. Such
an approach has produced the language T, intended to assist in
the implementation and documenta tion of algorithas for scientific
computation. The principal aims have heen ease of reading and
vriting, low isplementation cost, and reasonable efficiency.

App2rndix T gives the formal language proposal, specifying the
syntax accordirg to Wirth's proposal f1977] Since T is similar
to Portran, Algol 6C, and PL/I, a complete specification of the
semantics may be omitted without confusion. To provide the
keuri stics behird the design cholces and to give an overviev of
the language, various aspects of the folowing example will be
discussed.

TRIP EAK
¢ example of T and G systess:
¢ various views of the sum of three Gaussian peaks:
] Eric Grosse Stanford University

REAL: AZIM, ELEV,
BELERR, ABSEFR,

¢ VIEWING ANGLES POR SURFACE PLOT
¢ ERROR TOLERANCES PCOR ODE
T, TOUT, ¢ INDEPENCENT VARIABLES OF TRAJECTORY
NORMYP ¢ 2 NOFN OF THE GRADIENT
REAL(2): LL, UR, ¢ CORNERS OF RECTANGULAR DOMAIN OF PUNCTION
ORIGIN, ¢ FOCAL POINT PCR SOURPACE PLOT
X0, SCALE, ¢ COORDINATE TRANSPOCRMATION PARANETERS
Y, YP ¢ LOCATION AND GRADIENT POR TRAJECTORY
REAL (142) : ODEWOPK
ILNTEGEK(S) : ODEIWOFK




DEFINE (P,20) & density of P sasples;
REAL(-P:P,~-P:P) : F TABLE
REAL(3): LEVEL ¢ CONTOUR LEVELS
INTEGER: I, J,
IPLAG #¢ DIAGNOSTICS FPLAG POR ODE
STRUCTURE: PARAN ¢ LOCATIONS, HEIGHTS, AND WIDTHS OF PEAKS

REAL(3,2): X
REAL(3): H, ¥

STRUCTURE : PP ¢ PLOT PIIE

INTEGEB(500) : WOBRK

?ROCEDURE: GOPEN, GCLOSE, GPICT,
GJUMP, GDRAW, GTRAN1
DP, STASH

FORTRAN PROCEDURE: CDE,
PROCEDURE () FREAL: F

¢ SET OP PARAMETERS
BLANK SEPARATION (2)
REAL DIGITS (3)

GET DATA (AZIM,ELEV)
PUT DATA(AZI¥,ELEV)
X(1,1) :=0

X(1,2) := 0.5

X(2,1) == -0.43301 2702
X(2,2) := -0,25

X(3,1) 3= =X(2,1)
X(3,2) = X(2,2)

PUT DATA ARRAY (X)

GET ARRAY (H)

PUT DATA ARRAY (H)

GET ARRAY (W)

PUT DATA ARRAY (VW)

STASH(X,H, W)

FOR( -F <=1 <= P )
Y(1) := PLOAT(I) / P
FOR( -P <= J <= P )

Y(2) = FLOAT(J) / P
F TABLE(I,J) := P(Y,PARAM

$¢ SURFACE PICT
SOPEN (' VEP12FP' ,PF)

GPICT(EPF)

LL 2= -1

UR := 1
ORIGIN := 0.5

GCONT, GSURF, GLTYPE,

GSUBRP(LL,UE,FTABLE, AZI™,ELEV ,ORIGIN,O0.25,PP)
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¢ CONTOUR PLOT

G PICT(PP)

SCALE == 0.3333

X0 := -0.5/SCALE (1)
GTRAN1(X0,SCALE,PF)

GET AFBAY (LEVEL)

PUT DATA ARRAY (LEVEL)

3CONT (LL,UR,PTABLE,LEVEL, PP)
GLTYPE(*DOT' ,PF)

GET AFEAY (LEVEL)

PUT DATA ARRAY (LEVEL)
SCONT(LL,UR,FTABLE,LEVEL, PP)

$ CCHPUTE AND PLOT TRAJECTORY
RELEBRR := 10(-6)
GLTYPE(*SOLID*,PP)
ABSERR := 10 (-6)
WHILE( ~ END OP INPUT )
GET ARRAY ( Y )
PUT DATA ARRAY( Y )
T :=0
GJUMP (Y, PP)
IPLAG :=
WHILE( NORMYP > 1(-13) €& 1<=IPLAG & IPLAG<C=3 )
TOUT := T ¢ 10(-3) /NORNYP
coe (p?,2,Y, T, TOUT ,RELERR ,ABSERR ,IPLAG ,ODEWORK, ODEIWO RK)
CAS?
2 = IFLAG
GDRAW (Y, PP)
3 = IPLAG
PUT(*CDE DECIDED E BROF TOLERANCES WERE TOO SHALL. ')
PUT(*NEW VALUES:")
PUT DATA (RELERR,ABSERR) 1
ELSE
PUT('ODE RETURNED THE BRRCR PLAG:')
PUT DATA(IPLAG)
FIRST
DP(T, Y, YP)
NORMYP := NORN2(YP)
GC LOSE (PF)

F ( Y, PARAN ) 2

SRS

REAL(): Y
REAL: Z, NORMSQ
STRUCTURE: PARAM
REAL(3,2): X
REAL(3): H, W
INTEGEBR: I
Zz := 0
POBR( 1 <= I <= 3 )
NOBNSQ := (Y(1)=X(I,1))**2 ¢ (Y (2)=X (I,2)) *+2
Z 2= 7 ¢ H(I)*2XP (~-0,5%W(I) *NORNSQ)

S— e s e ————— < - - - ey ——
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1.2 CONTRIL AND CTHEP SYNTAX. Perhaps the most striking feature
the Algol veteran sees in this example {s the complete absence of
BEGINs and ENDs. Mot only is the text indented, but the
indention actually specifies the kock structure of the progras.
Such a scheme vas apparently first proposed by Landin [ 1966].
Pxceapt for an endorsement by Knuth (1574 ], the idea seems to have
beean largely igncred.,

Ideally, the text editor wculd recognize tree-structured programs
(Hansen 1971]. In practice, text editors tend to be line

oriented so that moving lines about in an indented progras
requires cumbersome manipulation of leading hlanks. Therefore
the current isplementation of T uses BEG’K and END lines,
traaslating to indention on output., Thus the input
STRUCTORE: PARAM
((
FEAL(3,2): X
REAL (3): H, ¥
))
pr>duces the output
STFUCTUBRE: PARAPF
REAL(3,2): X
FEAL(3): H, ¥
Whatever the implementation, the key idea is to force the block
structure and the indertion to be autosatically the sase, and to
reduce clutter fros redundant keywords.

Blanks are insignificant outside of strings. Mathematical tables
have long used blanks inside numeric constants, as in
PI := 3,14159 26535 89793
for readability. Blanks in identifiers alsc can isprove
readability, vhile reducing the chance of misspelling and easing 4
the pain of name length restrictions imposed hy the local
cperating systenm.

In accordance vwith the recommendations of Scovene¢Wichmann [ 1973]),
comments start vwith a special character, ¢, and run to the end of
the physical line.

The small reserved wvord list eliminates the need for a stropping
convention. The psychological advantages of this approach have

been elaborated hy Hamsen ( 1973 ].

The form of the assifnnent and procedure call statements follows
+he clean, clear style of Algol 6C. To sake macros more

understandable, their syntax and semantics match those of
procedures as closely as pcssible.

|
In addition to norsal statesent sequencing and procedure calls,
three control structures are provided. The CASE and WHILE
statements are fillustrated in this typical programs segment: ‘3
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WHILE( NORMYP > 1(-3) & 1<=IPLAG & IFLAG<=3 )
TOUT := T + 10 (-3)/NOBNMYP
ODE (DP, 2,Y,T,TOUT ,RELEBRR,ABSERR, IPLAG,ODEWORK,ODETIWOR K)
CASE
2 = TIPLAG
GDRAW (Y, PP)
3 = IFLAG
PUT('ODE DECIDED ERROR TOLERAKCES WEEE TOO SHMALL.')
PUT (*NEW VALUBS:')
PUT DATA (RELERR,ABSERR)
ELSE
PUT(*CDE RETURNED THE ERROR FLAG: ‘)
PUT DATA (IFLAG)
FIRST
DF (T,Y, YP)
NORMYP := NOEKM2(YP)

The CASE statement is modelled after the conditinnal expression
of LISP; the boolean expressions are evaluated in sequence until

one evaluates to YES, or until ELSE is encountered. The use of
indention makes it easy to visually find the relevant boolean
expression and the end of the statesent.

Nne unusual feature of the WHILE loops is the optional PIRST
marker, vhich specifies vhere the loop is to be entered. In the
example above, the nors of the gradient, NORMYP, is computed
tefore the loop test is evaluated. Thus the loop condition,
vhich often provides a valuable hint altout the loop invariant,
app2ars prominently at the top of the loop, and yet the cosmon n-
and-a-half-times-'rourd loop can still be easily expressed.

The FOE statement adheres as closely as practical to comson
sathematical practice.

POR( 1 <=1 <= 1)
NORMSQ == (Y(V)-X(I,1))**2 ¢ (Y (2)-X(T,2)) 2
Z 3= Z ¢ H(I)®EYP(-0.5*W(I) sNORNSQ)

Sevaral years experierce vith these control constructs has
demonstrated them to be adequately efficient and much easier to

maintain than the alternatives,

Procedure nesting is not used for two reasons. Pirst, textual
nesting that extends over many pages ig difficult for a human to
keep track of. 3econd, programs typically contain several high
level procedures calling a single primitive, so a tree
representation is inappropriate anyvay.

By removing the nesting of procedures, hovever, ve vorsen the
problems of entry point hiding that atises vhen combining proqrass
from many sources into a single library. A solution to this
probles is to have an official nmame for each procedure, coded
along the lines of IMSL, and also a msore snemsonic nick name
(vhich users can pick for themselves if they like). The macro
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processor which is built into T can then be used to change all
occurences of the nick names into the corresponding official
rames.

1.3 DECLABATIONS. The fundamental scalar types are INTEGER,
RPAL, and CCHPLEX, from vhich arrays and structures may be built
up. As the exasple-

REAL (-P:P ,-P:P)
illustrates, general upper and lower bounds are alloved.

The upper bound expression is omi tted for a formsal array
parameter, so that an appropriate value car be taken from the

length of the corresponding actual array arqument. The origin of
an actual array arqumsent need not match the origin of the
corresgonding formal array paramseter. Por example, if the actual
arqument A vas declared REAL(0:7): A and the formal parameter B
vas declared BEAL(): B, then B(8) will correspond to A(7). Most
languages, vhen they allov lover bounds at all, do not peramit
this flexibility, wvhich is used in the exasfle program when a
matrix vith lower bourd -P is passed to a general purpose library
routine which assumes a lover bound of 0.

Structures of arbitrary depth may be declared. As the examples
STRUCTURE: PARAM

REAL(3,2): X
BREBAL (3): H, ¥
STRUCTORE: PP

IWTEGER (500) : WORK
sujjest, structures are useful passing collections of related
data, without the need for long paraseter lists. This makes
feasible the prohibition of global variables in a drastic atteampt
to narrov and sake more explicit the interface betveen
procedures. Euclid (Popeke¢others 1977 ) has emphasized the
isportance of visibility of nmmes,

The graphics grocedures vhich use the WCRK vector of the example
are able to divide up the space into convenient units. This
capability, vhich would be possible in PL/I only through t he use
of pointers, encourages information hiding and abstraction.

PROCEDURE VARIABLES allov the names of procedures to be saved, an
essantial feature for applications like the user-specified

cnordinate transformation described in the qraphics systeas belovw.

The isportance of existing Portran softvare is recognized by
providing for PORTRAN PROCEDUREs as an integral part of the

language. The current isplementation of T perforas this linkage
in a sore efficient way than the naive user of PL/I vould be
likely to discover,




A novel syntax is introduced for function returms. Since
procedures may be recursive, Portran's convention of using the
function name as variable cannot be folloved. TInstead, the
procedure header declares a return variabtle 4ust like any other
parameter:
F (Y, PARAR ) 2
REAL(): Y
FEAL: Z

1.4 INPUT/JUTPUT. Beginners often find Fortran's input/output
*he most difficult part of the lanquage, and even seasored
programmers are tempted to just print unlatelled numbers, often
tc more digits than justified by the problem, because formatting
is so tedious. PL/I's list and data directed I/0 is so much
easier to use that it was vholeheartedly adopted in T. By
providing procedures for ®cdifying the numter of decimal places
and the number of separating blanks to be output, no edit-drected
I/0 is needed. Special statements are prcvided for array I/0 so
that, unlike EL/I, arrays can be printed in orderly fashion
without explicit formatting.

Since almost as much tiase is spent in scierntific computatiosn
staring at pages cf numbers as at pages of progras text, much

thought was c¢iven to the best format for displaying numbers.

Tn accordance with the "engineering format®™ used on Hewlett-
Packard calculators and with standard metric practice fGM Service
Section 1977), exponents are forced to te multiples of 3. As
figqure 2, an excerpt from the exasple prograe's output, shows,
this convention has a histogramming effect that concentrates the
information in the leading digit, as opposed to splitting {t
between the leading digit and the exponent, vhich are often
separated by 14 columas. The use of parentheses to surround the
exponent, like the legality of imtedded blanks, was suggested by
mathematical tables. This notation separates the exponent from
the mantissa more distinctly than the usual E forsat.

1.5 DISCUSSION.

Following Ketniqhan*?lan%et (1976 ], the initial imples=ntationis
unsophisticated (Comer 1978)., MNevertheless, the preprocessing is

less costly than the PL/I compile, so the cverall results are
quite satisfactory. (The evaluation looks even better if one
ccapares PL/I ¢+ T against PL/I ¢ PL/I's macro preprocessor.)
Most of the processor cost lies in basic I,O: by integrating the
macro processor vith the language translator, this cost has been
pinimi zed. [ Kantorowitz 1976) Much of the two-msan-months spent
in imglementation wvere spent in unlerstanding nooks and crannies
of PL/I.




53,5106 (=03) 5.3510bLE=02
51.3109 (=03) 5¢13109L=02
46,7211 (=-03) 4,0672116=0¢
40,6514 (=-03) 4.,00514E=-02
353.7630 (=03) 3.37636k=-02
26,4908 (=03) 2.649006L=-02
16.98006 (=03) 1.8Y7206E=-02
11.3401 (=03) 1.13461E-02
3.63500(=03) 3.03508E=-03

- 4,12944(=03) -4,12944E=-03
- 11,9123 (=03) -1,19123L=-02
- 19,7092 (=-03) -1.,970Y2E=-02
- 27,5248 (=03) =2.T5248L=02
- 35,3243 (=-03) -3.53243E=-02
- “301170 (-03) "403117013‘02
- 50,9005 (=03) -5.090b0k=02
- 58,b041 (=03) -5.,bb6b412=-02
- bo.,4483 (=03) -b.,04U4b3k=-02
- 74,1973 (=03) -7.4197358=02
- 51,9297 (=-03) -8,19297e=-02
- 09Y.bbid3s (=03) -8.90443E=-02
- 97,3401 (=03) -9,754012-0¢
-105,010 (=03) -1.05010k=01
=112.670 (=03) -1.12070L=-01
-120.,302 (=03) -1.,20302L-01
=127.910 (=03) -1.¢7910L=01
-135.493 (-03) -1.354493L=01
-143.050 (=03) -1.,43050L=01

figure 2

T i3 not intended to replace any existing languages. For
disctributing sathesatical softvare, Portran resains the only

practical medius; for character processing, something like PL/I
or SNOBOL should be used., Still, for the bulk of scientific
computation, T ought to be the easiest to use, particularly since
it coexists comfortably vith Portran and PL/I. On the other
hanl, cne can imagine vays that T might be improved, as vell.
Features omi tted for ease of implementaticn include:
- trimmed arrays, like X(2:¥)
- procedure results of general type
- conditional boolean operators that dc not evaluate their
arquments when it is possible to avoid doing so
-~ a swap operator
Per other features, no entirely satisfying design vas apparent:
- strings
- more general procedure calls (such as indefinite number and
type of arquments)
- a means of coastructing arrays directly frosm components, as
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a string constant constructs a string from individual characters
- a means of specifying the invocation graph of who calls vhoa

Perhaps the sost fundamental thouzh unavo idable flaw is that,
unlike LISP, the lanquage is not trivial, and therefore prograas
cannot be trivially manipulated.

2.0 JUSTIPICATION POF STILL ANOTHER SET CF GFAPHICS PRIMITIVES,
The next example of restyling is a simple tut reasonably complete
intarface for noninteractive device-independent graphics. 1In
addition to the basic line draving primitives, higher level
procedures are provided for displaying functions of one or two
variables., This interface has heen implemented as a library of
PL/I procedures which call the SLAC Unified Graphics package
vritten by Robert Beach [ 1978]),

Onified Grazhics, vith its emphasis on the ability to drive
displays like the IBM 2250, is troublesose to use directly for
function plots and the like. In oontrast, Top Drawver, another
graphics system at SLAC, allovws for function plots but little
elsa. The collection described in detail in Appendix G is meant
to strike a useful balance betveen these twc extremes, and
contains most of the features of DISSPIA important for scientific
coaputation.

2.1 ESTABLISHING THE ENVIRONMENT. The fcllowing excerpt froa
the example program given in section 1,1 atove illustrates
typical preparation for plotting:

STEUCTURE: PF ¢ PLOT PILE
INTEGER(S500) : WORK
REAL(2): LL, UR, ¢ CORNERS OF PECTANGULAR DOMAIN
ORIGIN, ¢ POCAL POINT PFOR SURFACE PLOT

X0, SCALE # COORDINATE TRANSPORMATION PARANETERS
GOPEN(*VEP12FF' ,PP)
GPICT (PP)
SCALE := 0,3333
KO := -0.5/SCALE(1)
STRAN1(X0,SCALE,PP)

The plot area PF is used toc remember various options amd to
buffer low level plotter instructions. This work area is
initialized by the GOPEN call, which specifies the output device.
(In the current isplementation, no corresponding JCL changes are
necessary.) The ease vwith vhich devices may be changed is very
useful in tuning a plot for publication.

Por compatibility with numerical procedures, REAL variables are
in full precision, not short. At the start of each new picture,
vhich might te a screenful on a CRT or an 8.5 by 11" page on an
electrostatic plotter, GPICT is called.
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All plotting is done relative to a user cocrdinate systeama, vhich
is gspecified by calling i
GTRAN( F, PP )
vhere F is the name of a procedure vhich, when called in t he fornm :
P( X, W, PF )
with
REAL(M): X N<=10
REAL (2): W
vill map the point X in user coordinates into a point % in the
uni t square [0, 1)x(0,1). Normally W(1) is thought of as
hcrizontal and W(2) as vertical. By extending PF, the user can
pass parameters to P. Por convenience, the default
transformation maps
W := SCALE * (X - X0)

2.2 DRAWING, DIMENSIONING, AND FUNCTION GFAPHING. The basic
draving commands are GJUMP, GDPAW, and GTEXT for draving lines
and adding tex*., If a nonlinear coordinate systea has been
specified, GLCRAW produces a piecewise linear approximation to the
implied curve.

A procedure GGRAPH is provided wvhich automatically sasples
functicn val ves, sets up an approgriate scaling, graphs the
function, and dimensions the grapk using rcund nusbers in a style
consistent with the forsat used by T. Pigure 3, taken from Chan
(1978 ), is a typical plot.

The scheme for choosing round numsbers is based on the algorithms
by Dixon+Kronmal (1965]. Experience and an inforsal survey of
vhat people would accept as being "round numbers™ led to various
refinesents, As in Unified Graphics, the choice is optimized
over a reasonable number of major tick sarks. The total nuaber
of tic marks, major ard minor, is no¢t allowed to be either too
dense or too sparse. Por a vhile, the numter of minor tick marks
vas chcsen so that each interval had length 10¢¢k, but for input
data limits (20,70) the resulting tick parks vere at
(-10,0,100,200), so this rule had to te relaxed to "“either
length 10**k or midpoint of major interval.® If the difference
betveen the data limite is ssall compared tc the magnitude of the
limits themselves (as occurs for example in plotting a nearly
constant fuaction), then the labels may lecome unreasonably
larje. Special provision is made for this case.

Nther routines are available for scatter, surface, and contour
plots. The contour cosputation uses piecevise quadratic surface

fitting to ensure smooth contours and proper representation of :
critical points (MarlowePovell 1976]). Figure & presents output
from the exasple prograe, vhich coamputes hill-cliabing i

trajectories for a three-gaussian-peak terrain,
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CONCLUSION. With a level of effort cosparable to writing a
Fortran preprocessor, ve have created, by cospiling into PL/I, a
language substantially better than Portran or its derivatives.
Since PL/I probleas cannot be altcgether avoided by this
approach, further work on a language like T could be useful.
Perhaps the effort would be better spent cn making LISP a
practical language for scientific compuation by building on the
research in symbolic cosputation.

Like PL/I, Unified Graphics is gqood for a vide range of
applications. But in practice, many people von't use either.

For languages, they stick to Portran; for graphics, they plot by
hanl or not at all. In both cases it has proven possible to
cheaply restyle the existing systeam, via a preprocessing phase or
driver routines, in order to create more agreeable tools.
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APPENCIX T

Beport on the programsing language T

"trim: free from anything extraneous;
having clean lines or proper proportion:
the state of readiness fcr action or use:®
Webster's Third New International

"Bvergthinq should be as sisple as possible,
ut no simpler.”

Binstein

"y hat it lies in our power to do,
it lies in our powver not to do."
Aristotle

"In all spheres, the true craftsman is
the one whc thoroughly understands his tools.®

Hoare

TOKENS., Program text is made up of the follovwing tokens:

keywrd - one of the following:

CASE L L8}

COMPL EX PROCELURE
ELSE EFOCEDORE VARIABLE
PIBST PUT

POR PUT ARRAY
FORTRAN PROCEDURE PUT PATA
PORTEAN PBOCEDURE VARIABLE EUT DATA ARRAY
GET BPAL

GET AREAY STRUCTURE

GET DATA WAILE

INTEGER YES

identifier - a letter optionally followed by more letters
and digits.

integer-constant - one or more digits

real-constant - one or more dgits , a »,", possibly aore
di gits, a " (", pcssibly a "-", one or more digits, ani

a ")", Pither the decim) point and succeeding digits
or the parentheses and exponent, but not both, may be
ositted. Thus 1., 0.23, 6.22¢23), 1(~-6), and

3. 14159 (¢00) are all legal real-constants.

sttinq-constai\t - a sequence of characters enclosed in
apostrophes. Apostrophes are not alloved in the string

proper.
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delimiter - one of the following:
er () $ 2 : . ,8 | ~¢~-~ 888 /23 - (<= ) d=
(The last six are called relaticnal-operators.)

Except imn string-constants, blanks are insignificant and may be
useil freely for clarity., Text frca a "#" up to the next “eor"”
(end-of-record) is treated as a cosment.

PROCEDURES.
progras = (procedure} .
procedure = identifier ( " (™ identifiers ")* (result] ) "eor®
begin
{declaration)
fstateaent)
end .
identifiers = {identifier,) identifier .
result = {identifier .
beqxn = .((. ﬂwtﬂ
end = %) )" weor®

Parameters are passed using call-ty-reference. “"result® may be
usel just like any other forml parameter, in particular as a
destipation, but must be a scalar.

Tf the parameter list is ositted, the procedure is assumed tc be
the top level main progran.

DECLAEATIONS. !
declaration = scalar-type [ " (" bounds ")® ] ®:" jdentifiers “eor”
| "STRUCTURE® ":% jdentifiers "eor"
begin
(declaration)
end
{ ([ "PORTRAN"™) "PROCEDURE™ ("VARIABLE")
(" ()" scalar-type ] ":" jdentifiers “eor"”
scalar-type = “INTEGER"
| "REAL"
"COMPLEX"™ .
bounds = (bourds,] (expression:) (expression]) .

85 global variables are allowed; comaunjication occurs only
through parameter lists. Ceclarations reserve storage om a
stick; the variables are undefined until first assigned to.

If the <expression>: part of a bound is comitted, 1: is assumed.
The second <expression> should be omitted for a formsal array
parameter, and an appropriate value vill be taken from the length
of the corresponding actual array arguesent. The origin of an

Bilh s o
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actual array arguaent need not satch the origin of the
corresponding formal array paraseter. Por example, if the actual
arqument A was declared REAL (0:7): A and the forsal paraseter B
vas declared BREAL(): B, then B(8) will correspond to A(7).

STRUCTURES are data areas assused to Lte decomsposed as indicated
in the subdeclarations. Thus if actual psrameter A is declared
STRUCTURE: A
INTEGER: I, K
REAL: X
COMPLEY: 2
and corresponding formal parameter P is declared
STFUCTURE: P
INTEGPE: J, L
COMPLEX: W
then A.I and P.J correspond, but A.Z and P.¥ do not. (If P.¥ is
assigned to, both A,X and A.Z may be destroyed.)

A PROCEDURE VARIABLE is a variable that "3 refer to various
actual procedures; in contrast, a PROCEDURE is literally the
nase of a procedure.

STATEEENTS.
statesent = procedure-call "eor™
destination ":=" expression “eor"™
“GET (" identifiers ")"
®GET ARRAY (™ identifer %) "
“GET DATA (™ identifiers ")"
®EUT ("™ arqueents %) "
"PUT AFBAY (" destination ")"
"PUT DATA (™ arguments *")%
“EUT CATA ARBAY (" destination ®)»
®"CASE® "eor"
begin
fboclean-expression "eor®
begin
([statement)
end }
("EL SE® “aor”™
begin
(stateament}
end )
end
| "WHILE(®™ boolean-expression ™ ® veor"
tegin
(statement)
("PIRST" %eor®™
(statesent} |}
end
' .,ol (.
(( expression ("<" |"<2") destination ("<"|"<=") expression)

| ( expression (">"|">=") destination (">"|">=") expression) ) “eor"

20




begin
(statement}
end .

GET reads from the next record of the input data a sequence cf
constants, separated by cossmas. Por GET DATA, each value should
be prefixed with "identifier :="; the input values need not
appear in the sase order as the corresponding {dentifiers in the
GPT DATA, and if a value is omitted, the variable is left
unchanged. PUT DATA and POT vrite out the current values of the
identifiers, labelled or unlabelled, in an intelligent fashion.

In other languages,
CASE

cond1
casel
cond2
case2
ELSE
case)l
right be wri tten as:
IF( cond! ) THEN
casel
ELSE IP( cond2 ) THEN
case2
ELSE
casel

sinila:l{,
WHILE cond
part a
PIRST
part b
night be translated as:
GOTO FPIRST
rOP: part a
FIRST: part b
IP( cond ) THEN GOTO TOP
If the PIRST line is omitted, it is assumed to be at the end of
the loop; that is, part b is eapty,

Fimlly,
POR( LOW <= I <= HIGH )
loop
vould te translated as
¢OR I = LOW TO HIGH

loop
and
POR( HIGH > I >= LOW )
loop
as

POR I = HIGH-1 BY -1 TO LOW
loop
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The destination and expressions controlling a POR loop may not be
scdified inside the loop.

EXPRESSICNS.
destination = (identifier ".,"} identifier
{ i1dentifier " (" subscripts ")"
{ @ procedure-identifier .
subscripts = (subscripts,] [expression]
procedure~call = procedure-identifier { " (" arguments ")" ] .
procedure-identifier = identifier .
argquments = {arqusents, ) ( expression | string-constant
{ YES | NO ) .
expression = arithmetic-expression
| boclean-expression .
arithmetic-expression = [("-"] tera
| arithsetic-expression "+" term
| arithmetic-expression "-" tera .
tera = factor
| term "®" factor
| term "/" factor .
= prieary
| prisary "*#*" primary
| primary "**-" primary .
= 4{integer-constarnt
| real-constant
| destination
|
|

factor
primsary

procedure-call
"(" arithpetic-expression ®* .

tool ean-expression = boolean-expression "|"] boolean-factor .
boolean-factor = (boolean-factor "€%" )] toolean-secondary .
bcolean-secondary = (["-"] boolean-secondarcy
| boolean-primary .

boolean-primary = YES | NO

| destination

| procedure-call

| arithmetic-expression relational-operator arithsetic-expression .

If a sutscript is empty, it is assumed that an entire rov or
cclumn is being referenced, If all the subscripts are empty, the

parentheses and commas may also be omitted. Array expressions
are perforaed elesentvi se.

To refer to a procedure without actually invoking it, put a 3
before the procedure identifier.

If the operands are mixed INTEGER and REAL the result is REAL; {
either is COMELEX, the result is CONPLEX. Dividing an INTEGER b

an INTEGBR and raising an INTEGER to a pover are illegal.

t
y
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PPIMITIVES AND MACROS. The following sacrcs are predefined:
LENGTH (array,i) size of array in the i-th disension

DADD, DMUL, DDIV extended precision arithmetic
CEIL, FLOOR, SIGN, ABS, FLOAT, RY, 1IN
MAX, MIN ( x1, x2, x3, ... )
#oD ( x1, x2 ) smsallest nonnegative r such that
( x'-r ) /7 x2 4is inotegral
PI, EPS, MAXRIAL, MAXINTEGER
ACJS, ASIN, ATAN, COS, EXP, LN or 106G,
10G10, SIN, SOQBRT, TAN

The fcllowing procedures are predefined:

NEXT LINE[ (n) ) skip to start of pext line,
then put out n-1 :slank lines
(1f no argqusent then n=1)

NEXT PAGE page e ject

END CP INPUT BOOLEAY expraession set to YES when
the input file tecomes empty

BLANK SEPARATION(n) number of blanke to be left
tetveen output values (default 3)

INTEGER DIGITS(n) nuasber of digits for integer

out put (default 12) 11 <= n <= 19
PEAL DIGITS (n) number of significant digits for

real output (default 8) 3 <= n <= 15
FEAL LEADING DIGITS (n) 0 <= n (default 3)
DATE AND TIME is replaced by: 'dd ame 19yy hh:man'

Macros are evaluated much like procedure calls., Pirst, each
arqueent is evaluated; then the macro is applied to its argqusents

by inline expansion according to the macro definition; finally,
the replacement text is regarded as fresh input. During the
evaluation, tokens beginning with ®_" have the first "_» stripped
cff. (This allows macros to be temporarily "hidden.")

DEPINE ( identifier, replacement text ) defines a macro. The
replaceament text is a sequence of tokens, possihly containing eor

and matched parent heses., Places in the replacement text wvhere
arqumeente are to be inserted during expansicn are indicated by §$
followed by a digit or letter.
IPELSE(a,t,c,d) is replaced by ¢ if the token a is the same as b,
cthervise by d. Either a or b may be empty. Por example, the
text

DEPINE (VERBOSE,YES)

IPELSE (VEFBOSE,YES,PUT DATA(X),)
wculd be replaced by

PUT DATA(X)

A macro defined hefore the first Ytocedure applies globally:
other macros, vhich may temporarily redefine the global ones,

apply only to the procedure in which they are defined.
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APPENDIX I

T isplementation notes

FILE FOBRMAT. Tte Report mentions only an abstract end-of-record
delimiter and not any particular file forsat. This is because
the assumptions of local text editors are of overvhelsing
importance.

The current ingleneatation provides for card image files, in
which columns 73 through 80 are ignored. In order to obtain text
records longer than 72 characters, continuation lines, flagged by
a bliank in column 1, may be used. Conmments, starting with a ”#»
end in column 72,

More technically, each card has an end-of-line character ®OL
appended to it and each record has an ECR appended after the last

FOL. Thus
REAL: $§ constants
PI, EPS
is translated to
REAL: #constants EOL PI, EPS ECL EOR

The T processor disciards blanks and text from a ¢ up to the next
ECL. The runtime I/O package discards blanks, coamments, and

begins and ends. On the other hand, the ERINT program makes use
cf BOILs to intelligent ly fcrmat its listing.

The input/output procedures effectively append an infinite string
of BOF characters to the end of the file. The characters BEOL,

EOR, and EOF are represented internally as the ASCII control
characters US, RS, and PS.

OTHER REMARKS ON USING T. Strings may be passed through a
procedure, for example from a high level routine to a graphics
primi ti ve, by declaring a formal garamter as INTEGER (1).

varioue options may be invoked by a macro call of the foram:

cption( ? )
vhere
? is either ON or OFF
and option is [default value is in brackets)
RECURSIVE (orr) recursive procedures
SUBCHECK [oFPF ] subscript checking
SHORT ( OFF ) short precision

PORTRAN FACADE (OFPF) procedure locks to the
outside vorld like Portran
O NDERF LOW [ON] turn off under flov error msessages
in the current procedure and its descendants
(reals that underflov are set to 0)
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Arrays may have at most S subscripts.

For the purposes of STRUCTURE aliqnment, the sizes of the scalar

types are:
INTEGER 1 unit
REAL 2 units
COMPLEX 4 units

REALs and CCMPLEXes should start an even number of units into the

STRUCTURE for fastest access.

JCL AT SLAC. In order to invoke the PRIBT programs (designed to

intelligently list a set of T procedures), use the PRINT
catalogued procedure stored in WYL.CG.EHG.E. An example of a
PRINT run:

// JOB

//PROCLIB DD DSN=WYL.CG.EHG.E, DISP=SHR

//P EXEC PRINT

//INEUT DD =

«oo T procedures ...

The PRINT program recognizes three commands, which look like
cnaments:

$XE causes the next line to appear on the
next tgage
AT ti tle causes the characters immediately appear ing

after "#%T"™ to appear in the title line,

and the next line vwill appear on the next

page
#%Ln causes only identions of at most level n to

appear, e.q. #%10 will cause indention to

be sugpressed

In order to invoke the precospiler and compile the resulting

PL/I, use the TC catalogued procedure stored in WYL.CG.EHG.E. An

example of a cospile-and-go runm:

// J0B
//PROCLIB DD DSN=WYL,CG.EHG.E, DISP=SHR
//C EXEC TC

//INEUT DD #
eee T procedures ...
//G EXEC PLIG

Provision has been made for a PL/I dumsp. 1710 get this, add the

JCL card:
//PLIDUMP DD SYSOUT=A, DCP=(RECPR=PBA,LRECL=133,BLKSIZE=1330)

e e e ——— .
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APPENDIX G

BReport on the graphics interface G

“In improving exploratory data analysis, ve need to find
new questions to ask of the data (probably the hardest
task), and nev vays to ask old questions. Throughout,
arithmetic as a basis for preparing pictures is likely
to te the keynote. It is most important that ve see in
the data those things wve do not expect -- pictures help
us in this far more than numbers, though ve can gain a
lot just by wvhat numbers ve vuse."
John Tukey

ESTABLISHING THE ENVIRONMENT., 1In order to remember various
options and settings, such as character size and line type, and
as 2 buffer for lovlevel plotting comsmands, a work area PLOT is
provided to the graphics procedures. This may be declared as:
STROCTURE: PLOT
INTEGER(500) : WORK 2
STRUCTURE: USER
The vorkspace USER, which may be ss large or small as desired,
allovws paraneters to be passed to user procedures called by G.

To initialize PLOT at the start of a run, czll
GOPEN( DEVICE, PLOT )
vhere
DEVICE is a string ccntaining one of the codes:
CALPICH nmicrofiche
PDS4013 Tektronixz, Hevlett-Fackard
VEP12FF Versatec
Note that if VEP12FP,EXTSORT is specified,
then the reordering of the plot commands
necessary for the Versatec will not be done
by a main memory sort (greatly reducing the
run-time memory requirements). In this case
an external sort step sust be supplied.

Before each new Fictute. including the first, call
GPICT( P10OT )

Pinallé, at the end of the run, call
CLOSE ( PLOT )

Omitting this may cause the last picture to be lost.

Pcr convenience, the initial transformation {s GTRANIA, vhich
perforss the mapping

W 2= SCALE * (X - X0)
vhere
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REAL(2): W, X, X0, SCALE
and X0 = (0,0), SCALE = (1,1)., Tc change these values, vhich are
saved in PLOT. WORK, call

GTBANY ( X0, SCALE, PLOT )

Line types, character sizes, and character angles are specified
by calling

GLTYPE( LTYPE, PLOT )

GCSIZE( CSsIze, PLOT )

GCANGL ( CANGL, PLOT )

vhere
LTYFE is a string containing one¢ of the codes:
SOLID, DOT, DASH, or DOT-DASH
REAL: CSIZE, # character spmcing; initially 1;
CANGL #¢ character angle, in radians

¢ counterclockvise from horizontal:
¢ {inicially O:

BASIC DRAWING. To jump straight to the pcint X,

GJUME( X, PLOT )

vhere

REAL(): X ¢ destination (in user coordinates)
To drav a line from the current position tc X,

GDFAW ( X, FLOT)
If the ccordinate transformation is cuzrvilinear, this produces a
piecevise linear approximation to the irplied curve. Polloving a
change of coordinate system, GJUMP should be called before GDRAW.

To Wwrite out text, call
GIEX1( X, PRI, SEC, PLOT )
vhere
REAL(): X # location for center of first character
PRI, SEC are strings of lergth at most 255

In >rder to obtain a large alphabet, text is presented to GTEXT
using a pair of strings. EFvery pair of corresponding characters

in the primary and secondary strirgs denotes one character in the
extanded alphabet.

The secondary character for
lower Roman upper Rosan lower Greek upper Greek
is

L G H
For common special characters the secondary character is also a
space. The primary character for Greek letters is the first
letter of its English name or one of the special casas:
H eta F phi W omega
Q theta Y psi

Addi tional special and control characters are available:
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PryASC KPR EZXR Vg wNNLO D VE WN - TR LODNOANE W) -
< [ <

@Gmroc

0cC begin superscript
e

n
tegin subscript
end

save position1
restore

save position2
restore

save position3
restore
increase size
decrease

balf up
down

third up
down

sixth up
down

one back

half forwvard
back

third forward
back

sizth forwvard
back

is an element of

is not an element or
there exists

for all

intersect

union

is strictly conteined in
strict ly contains

is contained irn

contains

up arrow
dowmn

lef t

right
bidirecticnal

IS integral

contour integral
partial-d

del

plus-or-aminus

times

divided by

abstract pnlus
abstract timses
radical

infindicty

back slash

left square bracket
right square bracket
left anqle bracket
right angle bracket
left curly bracket
right curly bracket
less or equal

not equal
equivalent to
proportional to
greater equal
degree

sect ion

dagger

double dagger

h bar

lastda bar
underscore
overscore

CCERNYQAROVORMUANT I " ANONE* XN T

-

cross
diagonal cross
diasord

box

star

diagonal start
cross vwith serifs

compass rose
octagon

COdANE UN=O

For exampl ¢, the definitior of the gamma function is given by:

GTEXT(X, ' (N-1)!=G (N)=T 40052P0¢ EO-T1T0N-11DT’,

'YL B L

SCCsCCC C 1IC ICICL CLL',PLOT)

diagonal cross with serifs
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DIMENSIONING. Given limits on the data range suitable va iues
for plotting the data may be obtained by ca linq
GSCALE( DATA MIN, DATA MAX, ¢ input
LABEL MIN, LABEL NMAX, EXP, MAJCB, BMINOE ) # output
The data will then be bracketed by LABEL NIN® 10¢+EXP and LABEL
MAX*10**EXP, vhich are round nusbers in engineering format.

GTIC acts sosevhat like a ruler, draving an unlabelled axis vith
large and small tic marks:
GTIC( L, H, MAJCR, MINOR, OPFP, PLOT )
dhere
REAL() : L, H, # endpoints of axis:
cPF ¢ offset coordinates of sajor tic mark
¢ endpoints, vhich determine the size
¢ and direction of the tic marks;
REAL: MAJOR, MINOR # number of major and sinor tic marks,
¢ counting endpoints; thus a yardstick
¢ might have HAJOR=4, MINOP=13;

GL.AB adds integer labels to the tic marks {toduced by GTIC:
E

GLAB( L, H, MAJCR, OFF, LOW, HIGH, CT )
vhere
INTEGER: 10W, HIGH $ label values at endpoints;
REAL() : OPF ® offset of first character of label

1, H, MAJOP are as in GTIC.

GPO%:I lays out a forms suitable for scatter plots and function
gra ph s:
GPORY1( GPRI, GSEC,
XPRI, XSEC, XLOW, XHIGH,
YPRY, YSEC, YLOW, YHIGH, PLOT )
vhere
GPRI, GSEC, XPRI, XSEC, YPPI, YSEC are pairs of strings
defining the general title, X- and Y-axis labels:
REAL: XLOW,XHIGH,YLOW,YHIGH ¢ specifies the data linits
GPOAM1 automatically sets up a coordinate systes so that the plot
vill £ill the screer. To add a function curve, just use GJUMP
and GDRAW,

FLOITING., GSCAT provides scatter plots:
GSCAT( GPRYI, GSEC,
XPRI, XSPC, X,
YPRI, YSEC, Y, PLOT)
vhere
REAL() : X, Y ¢ data points
GPRI, ++« , YSEC are as in GPORNT,

GGRAPH gtovidos raphs of functions of one variable:
GGRAPH ( GFRI, GSEC,
XPRI, XSEC, A, B,
FPRY, PSEC, P, PLOT)
vhere
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BEAL: A, B ¢ endpoints of interval for qtazhlnq
EROCEDURE () REAL: F # function to be plotted, which
# is called in the form:
Y= P(X, PLOT )

To plot contours of the surface passing through the points
. (X1, YWy, r(I,J )
cal

GCONT( LL, UR, P, LEVELS, FLOT )
vhere

REAL(2): LL, UR ¢ coordinates of lover left (most

¢ negative) and upper right (most

¢ positive) corners of the rectangle
# in the X Y plane on vhich data

¢ is given

REAL(,): F ]

REAL () : LFVELS 8

A uniform grid is assumed.

data values
contour levels tc be plotted

To dravw a transect sur face plot with hidden lines resoved, call
GSURF( LL, UR, P,
AZINUTH, ELEVATION, ORIGIN, SCALE, PLOT)
vhere
REAL: AZINMUTH, ELEVATION, SCALP
BREAL (2Y: CRIGIN
The coordinate traansformation used in GSURF maps P = (X,Y, P into
JRIGIN ¢ ( -1 c1 0 ) (P-C) ¢SCALE
( -S2%C1 -S2%s1 C2 )

vhere C1 = COS(AZINMUTHB) , ooo
C = ( (LL(1)*UR(Y)) /2,
LL, UR, and ? are as in GCONT,

¢ S2 = SIN(ELEVATION)
L (2) +UR (2)

S
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