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Interval Arithwetic of Pascal-5C

Takashi Nodera
Faculty of Science and Technology
Keio University

This guide introduces the use of the high level language of PASCAL-SC with
interval arithmetic routines on a personal computer. This language is found to
be not only a valuable for the aspect of instruction, but also a powerful tool
for evaluating the solution of a wide class of numerical computation in various
area. At last, numerical examples, using interval arithmetic., are given.
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(1) Transfer functions

FUNCTION INTPT (RA : REAL) : INTERVAL ;
{one real expression = interval }
FUNCTION INTVAL (RA. RB: RBAL) : INTERVAL ;
{two real expression = interval }

FUNCTION IINF ( A: INTERVAL) : INTERVAL ;
{interval= lower limit}
FUNCTION ISUP ( A : INTERVAL) : INTERVAL ;

{interval =upper limit }

2) _Comparisons

OPERATOR <= (A, B: INTERVAL) RES : BOOLEAN ;
{<= W, c %2¥EK¥3.)
OPERATOR >= (A, B: INTERVAL) RES : BOOLEAN ;
{>= & > %*E%?2,}
OPERATOR 1IN (RA : REAL ; B : INTERVAL)
RES : BOOLEAN ;
{ IN &, B4 (inclusion ) %XE¥T 3, }
OPERATOR 1IN (KA : INTEGER ;B : INTERVAL)
RES : BOOLEAN ;
OPERATOR >< (A, B: INTERVAL) RES : BOOLEAN ;
{ >< @& bL2OORMMNEV S Wis-
joint ) o, ZOZhHEFOC LEEKkYT
%, }
(3) Lattice operations

OPERATOR + + (A, B: INTERVAL) RES : INTERVAL ;
{++i, A &B 2RAUBLDIOIYaETRT, }

OPERATOR % (A, B: INTERVAL) RES : INTERVAL ;

{xxix, A &B Db YEFRT, }
(4) Arithmetic operations

OPERATOR -+ (A : INTERVAL) RES : INTERVAL ;
OPERATOR — (A : INTERVAL) RES : INTERVAL ;
OPERATOR + (A, B: INTERVAL) RES : INTERVAL ;
OPERATOR + (KA : INTEGER ; B : INTERVAL)

RES : INTERVAL ;
OPERATOR + (A : INTERVAL ; KB : INTEGER )

RES : INTERVAL ;
OPERATOR — (A, B : INTERVAL) RES : INTERVAL ;
OPERATOR — (KA : INTEGER ; B : INTERVAL)

’ RES : INTERVAL ;

OPERATOR — (4 : INTERVAL ; KB : INTEGER )

RES : INTERVAL ;
OPERATOR * (A, B: INTERVAL) RES : INTERVAL ;
OPERATOR * (KA : INTEGER ; B: INTERVAL)

RES : INTERVAL ;
OPERATOR % (A : INTBRVAL ; KB : INTEGER )

RES : INTERVAL ;
OPERATOR ~  (A. B : INTERVAL) RES : INTERVAL ;
OPERATOR .~ (KA : INTEGER ; B : INTERVAL)

RES : INTERVAL ;
OPERATOR .~ (A : INTBRVAL ; KB : INTEGER )

RES : INTERVAL ;
YA FRAOREF (—) wHLT, koLkd>wk3,
-A:= (-1) A = [-A.SUP, -A.INP]
(6) Standard functions

FUNCTION IABS (Y : INTERVAL) : REAL;

(3)



{y.sup |}
+ f) i}
: INTERVAL ;

{IABS (Y) : = max {|Y.INF |,

FUNCTION IS@R (Y : INTERVAL)

{ISGR (Y ) = y2 &Y )
FUNCTION IS@RT (Y : INTERVAL) : INTERVAL;

{ISQRT (Y ) : FHH

FUNCTION IEXP (Y : INTERVAL) : INTERVAL ;

{EXP (v ) : ¥k (e @y ROIH) )

FUNCTION ILN (Y : INTERVAL) : INTERVAL;
{ILN () BN

FUNCTION IARCTAN (Y : INTERVAL) : INTERVAL ;
{IARCTAN (y ) : BiLHR)

FUNCTION ISIN (Y : : INTERVAL) : INTERVAL;
{ISIN (Y ) :IE3%)

FUNCTION 1COS (Y : INTERVAL) : INTERVAL ;
{1cos (v ) : &%

(6) _Input output procedures

PROCEDURE IREAD

(BHl¥—2 o A7)
PROCEDURE IWRITE (VAR F : TEXT ; A : INTERVAL) ;
(X7 — 2 oA}

(VAR F : TEXT ; VAR A : INTERVAL)

3.2 R~ b - {TPHRE Sy -
RREHTFRHE S F— VAR 3, ROK ST

B
CONST DIM =

; {DIM is actual dimension of the
matrices and vectors used )
TYPE DIMIPE=1..DIM;
INTERVAL= RECORD INF, SUP : REAL END;
IVECTOR = ARRAY [DIMTYPE ] OF INTERVAL ;
IMATRIX = ARRAY [DIMTYPE ] OF IVECTOR;
chizini, 3.1 e~ EEREER Sy r -V b
DEEEEWOATE S, T, REHTFIER/ 7 —
Ui, ATROERREEE S r— Y LERC 6 DO
{(1) ~ (6) ) THRSNhTV3,
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(4) Interpreter

(5) Run-time Error Handler

(6) External Libraries
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(8) Files Generated during Compilation
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(1) Instalation

COPYSYS.SUB Copies files needed from the
CP/M" system disk to the PASCL-
SC system disk.

(2) Compiler

COMPILE.SUB Drive the compilation process.
PARSER.KLP Syntatic analysis (pass 1) .
SEMAN.KLP Semantic analysis (pass 2) .
KLPMAP . KLP Linking, code generation (pass 3) .
ERRLIST.KLP Lists errors found during
compilation.
SYMTAB.TXT Symbol table  (used by PARSER) .
LIBDIR.BIN Library directory (used by

KLPHAP) .

(3) Executer

Xap.COM Initiates and manages execution of
PASCAL- 5C programs.
XQPC.COM Sets all unspecified external file

references to CON: , otherwise,

the same as XQC.

{4) Interpreter

PINT00.RLC Integer arithmetic.

PINT10.RLC + Floating-point arithmetic.

PINT1L.RLC t Standard functions (no scalar
product } .

PINT12.RLC i Scalar product (no standard
function) .

PINT13.RLC + Scalar product and standard
function.

{5) Run-time Error Handler

ERRLINE.KLP Locates error location.
KLPERROR.RLC Interpreter.
KLPERROR.TXT  List of KL7P (“Kaiserslautern

PASCAL ”) errors.

(6) External Libraries

DIMPAKET . SNT Vector and matrix type declarations.

TYPEPAKET.SNT  Other type declarations (COMPLEX,
INTERVAL) .

SFLIB.SRC Standard function.

RPAKET . SNT Additional standard function.

RPAKET . SNT

RLIB.BIN

CPAKET. SRC Complex arithmetic.

(4)



CPAKET . SNT

CDLIB.BIN

IPAKET.SRC Interval arithmetic

TPAKET . SNT

ILIB.BIN

MRPAKET . SRC Subroutines for real vectors and

MRPAKET.SNT matrix arithmetic.

MCPAKET ., SRC Subroutines for complex vector and

MCPAKET, SNT matrix arithmetic.

MCPAKET . SRC Subroutines for interval vector and

MIPAKET.SNT matrix arithmetic.

SUMPAKET . SRC Acculate sum of floating-point

SUMPAKET.SNT numbers

SUMLIB.BIN

LGLPAKET . SRC Acculate solution of real and
interval linear systems and

LGLPAKET. SNT inversion of real and interval
matrices.

LGLLIB.BIN

EIGPAKET.SRC Acculate calculation of eigenvalues

EIGPAKET.SNT and eigenvectors of real matrices.

EIGLIB.BIN

GINLIB.BIN Floating-point matrix inversion

(used only by LGL, EIG ) .
(7) Demonstlation Program

FEVAIL—Ya Vv s a0ETREDOLS
335,
XQPC d: <
Fhu
XQP d: < name > CON: CON:
727ZL, < name >==FORMULA. FBLEIG. FBLGL, FBLINY,
F 723k FBLPOLY ¢& 3,

name >

FORMULA .KLP Acculate evalution of arithmetic
expression, with guranteed

FORMULA.HLP inclusions of results.

FBLEIG.KLP Acculate calculation of eigenvalues
/vectors of symmetric matrices,
with guaranteed inclusions of
results.

FBLGL.KLP Acculate solution of linear systems
of equations, with guaranteed
inclusions of results.

FBLINV.KLP Acculate matrix inversion, with
guaranteed inclusions of results.

FBLPOLY.KLP Acculate calculation of values and

roots of real polynomials, with

(5)

guranteed inclusions of results.
(8) Files Generated during Compilation

PASCAL B le ) — A7 » 4 <program.name > .SRC
Da R, RoLkdThidin,
SUBMIT COMPILE d : <program name >
TR, ROFHET2 V4 vThEI D, 2720, 41
FAAIRBEBTCH B,
X0P PASER d: <program name>,SRC, CON:, SYMTAB,
SYNOUT
XQP SEMAN CON:, ERRMESS. SYNOUT, ZC
XQP KLPMAP CON:, ZC. LIBDIR, d:
<program name>.LIN, d: <program name> KLP
XQP ERRLIST d: <program name> .SRC, ERRMESS, LISTING
TYPE LISTING.TXT
RD7 7 AN, 24 VT BRTEREND,
SYNOUT.BIN Symbolic code produced by PARSER
as input to SEMAN.
Intermediate code produced by
SEMAN as input to KLPMAP.
Code for errors found by PARSER
and SEMAN as input to ERRLIST.KLP
Text file produced by ERRLIST.KLP

which gives locations and

ZC.BIN

ERRMESS.BIN

LISTING.TXT

descriptions of errors found by
PARSER and SEMAN. with corres-

ponding lines of the program
source code,

BB, KLPMAPWE, RO 7 7 1 WEHRKT 5,
<program name > KLP The Pascal-SC program
executable by XOP, or XQPC.
< program name> ,LIN It is used by the run-time
error handler to indicate the
location in the source code
of the program of an inst-
ruction which generates a

run- time error,

(BEED
[ 1] PFBSof tware, Pascal-SC Documentation Release 1.1,
March 1984.

[2] K.Jensen and N.Wirth, Pascal User Manual and
Report, Springer Verlag (PASCAL, EIHE—IR,
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