AL.5.1
CHAPTER 5

THE ALGOL LIBRARY

The primitive operators available to the ALGOL programmer include
arithmetic operators such as +, *, and 1 (exponentiation), and elemen-
tary mathematical functions such as SIN, EXP and ARCTAN. However, the
programmer may need matrix inversion, numerical integration, least-
squares curve-fitting, or calculation of eigenvalues and eigenvectors
as basic operations in the solution of a particular programming problem.
Since the last are somewhat less frequently used operations, they have
not been provided as a part of the ALGOL language itself. Instead, these
and other standard procedures are provided in a procedure library from
which the programmer may call any library procedures which he needs in a
particular program. Since the library is in no sense complete, existing
procedures of general interest or the need for new procedures should be
brought to the attention of the Computation Center staff.

There are two libraries in the ALGOL-Z0 system: the relocatable

library and the symbolic library. The relocatable library contains for

the most part those procedures which must be coded in machine language,
such as DISC.READ and DISC.WRITE. The routines in this library are
assembled once by the Center staff and placed in the library as relocat-
able binary machine instructions. From there they may be accessed by che
user and loaded into any ALGOL program. This loading process is signifi-
cantly faster than compiling a copy of the procedure into the user's
program.

The symbolic library contains pieces of ALGOL text. This text will
typically be a procedure declaration, but it need not; text for several
procedures, a block, or an arbitrary sequence of ALGOL instructions may
be filed as a single entry in the symbolic source language library. Pro-
cedures in this library are usually those which can be written more
conveniently in ALGOL than in machine language; for example, SIM, the
Simpson's Rule integration procedure. While a more etflicient procedure
might be written in relocatable machine language, there are at least two
advantages to writing the procedure in ALGOL: First, the routine can be
written and debugged in less time and with less effort by using ALGOL,

and sccond, ALGOL text is more easily read. Anyone who is interested in
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the detailed operation of the procedure may get an ALGOL listing of the
procedure as it is compiled into his program, (See the discussion of
print-control statements in Chapter 4.)

Since all the objects in the libraries are not procedures, the term
"routine' is applied to an entity in either library. Thus, 4 routine may
be a closed subroutine, a procedure, several procedures or an arbitvary
sequence of ALGOL instructions. The descriptions of all routines in this
chapter state whether the particular routine is in the symbolic or relocat-
able library.

Since there are different processes involved in processing symbolic
source lansuage and relocatable binary routines, there are different
mechanisms for accessing symbolic and relocatable routines. Symbolic
library reoutines are accesscd by means of a SYSTEM statement. (See Chapter &4

for a complete discussion of SYSTEM statements.) The card image
5Y LIBRARY <identifier>

will cause the text for the reoutine <identifler> teo be compiled into the
program at that point. The routine may then be used in the same way as
any other routine which appears In the program,

Relocatable routines are accessed by a slightly more complex mechanism;

they must be declared as library procedures in the head of the block in
which they are used. The syntax of declarations is extended to include a

library procedure declaration:

<library procedure declaratior> ::.. library procedure <identifier list>

llibrarz <type> procedure <identifier list>
Thus the following are examples of library procedure declarations:

library procedure DISC.READ, DISC.WRITE,SLEW;

library real procedure ZILCH, SINU, GOSH;

These declarations have the same scope as any other ALGOL declarations; thus
the name of a library procedure may be redeclared in other blocks to be any
other ALGOL construct. Therefore, it may be necessary to declare the same
library procedure in several different blocks. No matter how many Cimes the
procedure is declared only one copy of the routine will be added to the

program,
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. As with any other library, the ALGOL libravy alsec has a librarian,
which is used to update and edit the library. Using the librarian, the
user may add his own roulines to the library on a temporary basis. For
a description of the librarian, see the ALIBN Manual.

The remainder of this chapter is a set of descriptions of the
routines currently available in the relocatable and symbolic libraries;
these are arranged within each library alphabetically according to the
procedure name. Also, for completencss, writeups are Included for "standard

routines" - those routines which are built intc the system and whose names

are reserved identifiers., As these routines are automatically included in
any program which calls con them, they do not have to be declared. 1In fact,
any attempt to fetch them with an SY LIBRARY card or with a library
procedure declaration will be detected as an error.

The reference for numerical methed given for many of these routines is

"1604 Routines". This refers to the book, Some Basic 1604 Mathematical Sub-

routines, Publication 061 of Control Data Corporation, Minneapolis, Minnesota.

A copy of this book is available at the Computation Center for reference.
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AL,5.ARCTAN.1

. Standard Function

PROCEDURE SPECIFICATION
real procedure ARCTAN (X); value X; real X;

PURPOSE
ARCTAN finds the inverse tangent of X in radians in the range
from - /2 to + m/2. 1t operates correctly on any number given as

input.

METHOD
Described on page G-1 of "1604 Routines™.

TIMING and ACCURACY

The result is produced in 1.25 milliseconds.

The error is less than 1,-11l.
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Standard Function

PROCEDURE SPECIFICATION

real procedure COS (X); value X3 real X;

PURPOSE
COS finds the cosine of X, where X is in radians and may be either

positive or negative.

METHOD

COS uses the sine routine, using the identity
CoS (X) - SIN (X + 1/2).
ALARMS
RUN ERROR - SINu (x| > 2,097,152 = 2t 21

For values beyond this point the algerithm breaks down.

TIME and ACCURACY

The result is produced in 1.08 milliseconds. The relative error

is about 5,.-11.
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AL.5.CURFIT.1

. ALGOL Symbolic Library

PROCEDURE SPECIFICATION

PROCEDURE CURFIT (K, A, B, M, X, Y, W, N, ALPHA, BETA, S, SCMSQ, X0, GAMMA, C, Z,
R, ORTH, POW, ERROR);

VALUE K, M, N, X0, GAMMA, R; INTEGER K, M, N. R;

ARRAY A, B, X, Y, W, ALPHA, BETA, S, SGMSQ, C, Z;

REAL XO, GAMMA; BOOLEAN ORTH, POW; LABEL ERROR;

REFERENCES

1., Algorithm 74, Comm. ACM, January 1962
2. Peck, J.E.L. Polynomial Curve Fitting with Constraints, SIAM Review, April
1962, pp. 135-14l

PURPOSE

CURFIT finds the polynomial of degree N which passes through the K points

(1), B(1)),...,a(k), B{X)) and fits the M points (1), v()y,..., &0, v in

the least squares sense, where W IJ is the weight attached to the point (th}, b IJ),

I-=1,...,M. The cogfficients of this polynomial are stored in the array C; CUJJ 1is
. the coefficient of X° for J = 0,...,N. The sum of the squares of the deviations is

computed for each polynomial of degree greater than K-1 but not greater than N, and

is stored in the array SGMSQ, i.e., if FL(X) is the least squares polynomial of de-

gree L, then M

seMsq (L) :Z e(1) - FL(x[ﬂ) 32 L = K,...,N
T -1

CURFIT will also evaluate the pelynomial which it has determined, if the user desires,
for the set of values of the independent variable which it finds in the array Z. The
options available are explained under USAGE.

RESTRICTIORS

(Note: In all that follows, upper case letters refer to formal parameters, while
lower case letters denote the corresponding actual parameters.)
1. 1In the calling program, the arrays used by CURFIT must be declared to include
the subscript bounds as shown below.
(a) Input Arrays:
real array a, b[l:k], X, ¥, w[l:nd, z[l:r];
(b) Output Arrays:
real array alpha, beta [O:n-lJ, s, c[O:n] sgmsq[k:n];

9. The values of the actual parameters must satisfy the following conditions:
(a) l=<=k<sn<m+k

. () mz1

(¢) gamma # o
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3, The user [s reminded of the ALGOL-20 restriction regarding labels used as actual
parameters in procedure calls, See page AL.2.14 of the ALGOL-20 Manual
for details, The conditions which will cause the procedure to transfer con-
trol to the statement which has the label error are:
(a) One or more of restrictions 2 {(a), {b) has been violated,
(b) Division by zero was about to be attempted during a calculation. The
usual cause of this is improper or inconsistent data in the input
arrays x and v,

4. The arrays a and ®x must not contain an clement in common, or the effect of the
procedure is undefined.

5, CURFIT destroys the contents of the arrays a, x, y and w. Consequently, provision
must be made to save these data (if desired) before GURFIT is called.
METHOD

CURFIT uses the method of orthogonal polynomials, which can be defined recursively

by
Pﬂlkt) = 0 5 Po(t) =1 3
py +1 () = (£ -0, py (£} ~pP oy (&3 , 1=0,...,n-1. (L)

The coefficients o, , B, and s, are determined such that the nth degree polynomial .

Foo(0) = sgpy () F sipy (8) + ... + sppg(6) (2)
minimizes the quantity m

8% - Z w ly, - F (e )"

r - 1

The coefficients s, can now be used to compute the coefficients of the standard polyno-

. .. r .
mail representation of F, . Suppose that Vi is the coefficient of t  in pi(t), i.e.,

3

pilt) = Vy o +V, jt+ ... + v, e

Then from equaticn (1}, with Vb,o =0, Vy.=0 forall i, and V; v = 0 for r> i,
we have
Vit ,r = Vy,r-s - @Ps,r - BiVier,r
for 0= 1i<n and 0 < r < n. Hence by equation (2},
n
c L SyVir 5 T = 0,0..,0,

r ooy :

and we have
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USAGE

1. Round off errors are teduced if all the abscissas lie in the interval
{-2,2} (see Refercnce 2?). Consequently, a change of scale is introduced by the pro-
cedure, using the transformaticn

x'{1) « (1] - x0) / camma |,

where X0 and GAMMA must be supplied by the user in accordance with the size of the
data. The appropriate values of these parameters can be determined from the equations

x0 - yg[maxix[lj,a[lj) + min(x[lj,a[lj)j
gamma = 74 [max(x[lj,a[lj)- min(x[IJ,a[IJ)].

2. The coefficients oy ,p;,5¢, and ¢, as well as the sums of the squared devi~
ations, are accessible to the user as the contents of the arrays alpha, beta, ¢, s,
and sgmsq, respectively

3. In addition, there are two built-in print options:

(a) 1f orth is true then the value of the least squares pclynomial
F,(t) 1is computed using equation (2) for each element of the
array Z. A message to this effect is printed, followed by r
rows of output, each consisting of the number (subscript) J
of the array element, the value z[J] of the array element, and
the value FD(Z[J]) of the polynemial.

(b} If pow is true, then the value of the least squares polyromial
F_(t) is computed using equation (3). The format of the output
is the same as part (a).

In some cases method (a) will yield more accuracy then method (b).

However, the corresponding values will usually agree to four or
five significant figures.

TIME AND ACCURACY

With all internal printing turned off (orth and pow both false), CURFIT
determined an eighth degrec polynomial, passing through two points and approximating
eight other points, in approximately one second. The sum of the squares of the
deviations at the eight approximated points was approximately 10% of the difference
between the maximum and minimum ordinates of the curve.
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AL.5.ELIP5.1

ALGOL Symbolic Library

PROCEDURE SPECIFICATION

PROCEDURE ELTIPS (M1, X, E, TOL, ALARM);
VALUE M1, TOL; REAL M1, K, E, TOL; LABEL ALARM;

REFERENCES
1. Algorithm 165, Comm, ACM, April 1963

2. M, Abramvotiz and I. A. Stegun, Handbook of Mathematical Functions, National
Bureau cof Standards, 1964, p. 598.

PURPOSE

Given a value of the (complementary) parameter ML, this procedure computes the
numerical values of K and E, the complete elliptic integrals of the first and second
kinds, which are defined by

/e
dx

First kind: K(ML) = i

\OV 1 - (1-M1) sin®x

it

/2

;e-"\_

N

Second kind: E{Ml) =

i
\\J- L - (1 - M) sin’x dx
fa

e

RESTRICTIONS

1. The user is reminded of the ALGOL-20 restriction regarding labels used as
actual parameters in procedure calls. See page AL.2.14 of the ALGOL-20 Manual

for details.

2. If ML <0 or ML >1 the elliptic integrals are undefined, and the procedure
transfers control to the statement whose label is the actual parameter corresponding
to ALARM.

3. The actual parameter corresponding to TOL determines the accuracy (and also
the execution time) of the procedure. The size of this parameter is limited by the
relative accuracy of the buiit-in ALGOL square root routine, and must not be less than

10'12
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METHOD .

The arithmetic-geometric mean process is used (see reference 2}. Starting with
the triple (a5, by, <) - (L,n/ mb , 1 - ml), new values are computed using the iterative

scheme

a4 = (3~ + by by *\fai-L by ¢y =+/z ag-p = b))

During the calculation, the quantity 5; , defined by
i
i =
5 . E?JLJ
1 b
j:k}

is accumulated. The process stops when the two conditions

i i.2
les < TOL and 27y

a; S¢ -

< TOL
are both met. The desired elliptic integrals are then found using the relations

K = E = K(1 -~/ S,).

TIME AND ACCURACY

-4 . . . .
Using a value of TOL = 10 , nine to ten significant decimal digits were obtained
for both elliptic integrals in approximately ten milliseconds of computation time.
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. Standard Function

PROCEDURE SPECIFICATION
real procedure EXP (X); value X; real X;

PURPOSE
EXP computes the exponential function

EtX where E = 2.71828182845...

METHOD
A continued fraction approximation is used.

For [urther details see page AA-42 of "1604 routines'.

RANGE
For X < -161, the result is given as zero.
It is an error if X >»160.116998, since in that case EXP(X) will
exceed the largest number representable in the 6-20.
o
ALARMS
RUN ERROR - EXP 1 if X > 160.116996.

TIMING and ACCURACY

The result is produced in about Ll to 2 milliseconds.

The error is less than 1,-10.
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AL.5.FREQ.1
ALGOL Symbolic Library

PROCEDURE SPECIFICATION
PROCEDURE FREQ (N, A, B, IUL, X, X, KA);
INTEGER N, IUL; INTEGER ARRAY Ka;
REAL A, B, K; REAL ARRAY X;

REFERENCE
Algorithm 212, Comm. ACM, October 1963

PURFPOSE

FREQ determines the frequency distribution of N real variables, the elements of the
vector X, over the interval [A, B]. Each element of X is assigned te one of K equal,
hal f-open subintervals of [A, B], and the frequency of X in the Jth subinterval is stored

in KA[J].

RESTRICT IONS

1. A is assumed to be the left end-point of the interval, and hence must be less
than B.

2. The elements of the vector X must satisfy the inequalities A < min (X [I])
max (X{1]) < B for T = 1,..., N.

3. The number N of variables being classified must be less than or equal to the
order of the array X.

4. Upon entry, the array KA is assumed identically zero. lIn the calling program,
the array declaration for the actual parameter ka corresponding to the formal parameter

KA should be: 1integer array ka [l : k]; where k 1is the actual parameter cocrresponding

to K.

METHOD
The interval EA, B] is transformed inte the interval [O, K] with unit subintervals

and the elements of the array X classified there by
v (1) - x (1) -4) /(B -4 /K for I =1,...,N.

USAGE

The user has the option of having the subintervals closed at either the upper or
lower end, and must specify his choice according to the following scheme: If TFREQ is
called with IUL = O, then the lower end-point is included and the upper end-peint is
omitted from each subinterval (except, of course, the Kth). Tf IUL # 0, then the

upper end-point is included and the lower omitted, in each subinterval except the first.
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TIME

FREQ classifies approximately one thousand numbers per secend.
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ALGOL Symboiic Library

PROCEDURE SPECIFICATION

PROCEDURE GJR(A, N, EPS);
VALUE N, EPS; ARRAY A; INTEGER N; REAL EPS;

REFERENCES
1, Certification of Algorithm 120, Comm. ACM, Jan. 1963
2. H.R. Schwarz, An Introduction to ALGOL, Comm. ACM, February 1962, p. 94

PURPOSE
GJR computes the inverse of the N by N matrix A and stores the resulting inverse

in A.

RESTRICTIONS

l. The actual parameter a which corresponds to the matrix A must be declared
in the calling program as: REAL ARRAY 3 [l :n, 1 : n], where n is the actual para-
meter corresponding to N.

2. An exit, labeled SINGULARUmust be supplied in the main program. TIf any pivot
element of the given matrix is less than EPS in absolute value, control will be trans-
ferred to the statement which has the label SINGULAR.

3. The parameter EPS is impossible to describe in absolute terms; the correct
value to use depends upon the matrix being inverted and also on the precision of the
computer. If EPS is too large, GJR will not be able to invert the matrix and will
exit to the label SINGULAR, in which case the contents of the array corresponding to A
will be meaningless. If EPS is too small and the given matrix is ill-conditioned
{close to being singular), the results may be meaningless anyway due to round-off
errors in division.

The following scheme is suggested: Use an EPS in the range 10-5 te 10_7. If
GJR inverts the matrix and tliere is any doubt that the inverse is correct, multiply
the original matrix by the calculated inverse and compare the result with the unit
matrix to determine the accuracy of the inverse. If GJR does not invert the matrix,
decrease EPS (e.g., divide by 10) and repeat until an inverse is obtained; check
this inverse by the above method.

4, The order of the matrix to be inverted must not exceed seventy.

METIIOD
The Gauss=Jordan direct elimination method, preceded by a pivotal search, is used.

See K.S. Kunz, Numerical Analysis, McGraw-Hill, 19537, pp. 220-22, 234 and reference 2

for details.
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USAGE .

The user is warned again that GJR replaces the glven matrix by its inverse.

Consequently, if e.g., the matrix to be inverted arises as a result ol a computation
and is to be saved, provision must be made in the main program to store this array

elsewhere or else print it out before GJR is called.

TIME and ACCURACY

. . PRV P . . .
GJR requires approximately ©.5N 10 seconds of execution time, where N is the
order of the matrix being inverted. Typical accuracy is eight significant decimal

digits.
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ALGOL Relocatable Library

PROCEDURE SPECIFICATION

procedure GOOF .STAR (PROCEDURE .NAME, ERROR.CODE) ;
value ERROR,CODE;

procedure PROCEDURE.NAME; string ERROR.CODE;

PURPOSE

GOOF.STAR calls the ALGOL run-error routine which prints the diag-
nostic error message described in Chapter bb. This routine may be of
particular use to the programmer writing routines for the ALGOL Symbolic

Library who wishes to use the ALGOL run-errotr machinery.

RESTRICTIONS

The actual parameter PROCEDURE.NAME must not be a function designator;

that is, it must have been declared as a procedure, not as a real procedure,

Boolean procedure, etc.

METHOD
A call of GOOF.STAR causes the ALGOL error routine to print the diag-

nostic message
RUN ERROR - eceee

where 'eeee' is the actual parameter corresponding to ERROR.CODE. The name of
the procedure must be given as PROCEDURE.NAME so that the error routine can
find the entry to the erring routine and thus print the commands in the user's
program which (presumably) caused the error. The evror routine will execute

a HALT, unless an error-recovery switch has been set by RUN.ERROR.

USAGE
Suppose a procedure PIP is used, one of whose pavameters is a non-negative

number, DELTA. The statement within PIP
if DELTA < O then GOOF.STAR (PIP, 'PIPL');

will check the validity of the given DELTA and, if there is an error, wiil call

GOOF.STAR to print

RUN ERRCR - PIPL
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and the
section
because

recover

ALARMS

usual dizgnostic information. The user may then look in the ALARMS
ol the description of PIP and discover that the PIPL error resulted
DELTA was negative. The user may use the procedure RUKN.ERROR to

from error conditions whicli invoked calls of GOOF.S5TAR.

A run-error CGOOF will result if the parameter procedure.name is the

name of

a function designator.
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ALGOL Relocatable Library

PROCEDURE SPECIFICATION

procedure GO.SEG (I);

value I; integer I;

PURPCSE
GO,.5EG positions the segment tape to segment i. The use of this routine can

substantially increase the running speed of a segmented program.

METIIOD
Tn the usual case, some ccomputation will be carriced out bhefore a new segment

is to be loaded. The statement
GO.SEG (i);

will initiate a slew to segment i. Computation will resume until the next call for
LINK. At that time, computation will cease until the tape is positioned and the
segment is loaded. Thus, it is possible to overlap time spent slewing to a segment

with useful computation. Since it takes about

(600 + 500%

N—M—ll) ms

to slew & tape from segment M to segment N, it is worthwhile to overlap as much

slew time as possible.
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AL.5.LINK.1

ALGOL Relocatable Library

PROCEDURE SPECIFICATION

procedure LINK (I);

value 1; integer I;

PURPOSE

LIKK loads segment i into core and enters it at the first begin.

METHOD

LINK loads segment i from bulk storage, reading only as many words
as there are in tne compiled segment. If the calling program and the
called segment have identical declarations of own scalars and own arrays,
none of these own variables will be disturbed.

Executing LINK causes all non-own variables to be made undefined.

In addition, certain internal variables are reset:

(1) The READ, PUNCH, and PRINT buffers, which may have been
set by BUFFER.SET, are reset te the standard buffers
supplied by ALGOL.

(2) All error-recovery switches created by RUN-ERROR are

cleared.

Finally, control is transferred to the outermost begin of the newly loaded
segment; that is, the [irst statement executed is always the first state-

ment of the segment.

ALARMS
A run error LINK will occur if

(1) i< 1, or if

(2) segment i was not previously dumped as an ALGOL segment.

TIMING

Each call of LINK takes approximately
(600 + 500 % | N-M-1|)ms

where M is the segment at which the tape is currently positioned and

N is the segment to be loaded. Running time can frequently be substanti-

ally reduced by use of the procedure GO.SEG.
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AL.5.LN.1

Standard Function

PROCEDURE SPECIFICATION

real procedure LN (X); value X; real Xj

PURPOSE

LN computes the natural logarithm of X.

METHOD
A Chebychev polynomial approximation is used.

For further details sce page AA-17 of "1604 Routines".

ALARMS
RUN ERROR - LN ,ui if X 0.

TIMING and ACCURACY

The result is produced in 1.75 milliseconds.

The errocr is less than 5,-11.







AL.5 .MULLER.1

ALGOL Symbulic Library

PROCEDURE SPECIFICATICN

PROCEDURE MULLER (PL, P2, P3, MXM, NRTS, EPL, EP2, SWl, SW2. SW3, SWR, RRT, IRT,
FUNCTION) ;

VALUE P1, P2, P3, MXM, NRIS, RPl, EP2, SWl, SW2, SW3, SWR; INTEGER MXM, NRTS;

BOOLEAN SW1, SW2, SW3, SWR;, REAL PlL, P2, P3, EPl, EP2; ARRAY RRT, IRT;

PROCEDURE FUNCTION;

REFERENCES

1. Algorithm 196, Comn ACM, Angust 1963,

Muller, D.E., A Method for Solving Algebraic Equations Using an Automatic
Computer, MTAC, vol. 10 (1956), pp. 208-215.

3. Frank, W.L., Finding Zeros of Arbitrary Functions, JACM, Vol. 5, No. 2 (1958)

R

pp. 154-160.
PURPOSE
MULLER solves a general equation of the form f(z)} = 0, where £(2) is analytic in

a neighborhcod of the roots. The value of parameter NRTS is the number of solutions to be
determined. Both real and complex roots are found; the Ith root determined is stared

. by placing the real part in RRT["[] and the imaginary part_in IRT[IJ for T = 1,...,NRTS.
Various print options and search techniques are controlled by the Boolean parameters
SWL, SW2, SW3, and SWR, as explained below. No prior knowledge of the location of the
roots is required. Multiple roots are also obtainable, although with less accuracy
than for isclated roots,

RESTRICTIONS

{Lower case letters denote actual parameters, while upper case letters refer to
formal parameters.)

1. The arrays rrt and irt must be declared in the calling program to include the
subscript bounds shown below:

real array rrt, irt[l:nrtsJ

2. The procedure function must be declared in the program before MULLER is called.
It must be able to supply the real and imaginary parts of the value of f(z) for any
desired value of 2 = x + iy. The declartion of this procedure must be as follows:

procedure function (RE.Z, IM.Z, RE.F, IM.F);
value RE.Z, IM.Z; real RE.Z, IM.Z, RE.F, IM F;

T begin
(procedure body)

end ;

. In the above declaration, RE Z and IM.Z are the real and Imaginary parts of the inde-
pendent variable, while RE F and IM.F are the real and imaginary parts of the function
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evaluated at the point (RE.Z, IM.Z).

Obscrve that since FUNCTLON is a parameter of MULLER, several equations may be
solved in the same program by declaring the appropriate function generator for each
ecquation with a different identiticr. {f this technigue is smployed, the user must
eithoer: (ay print cut the contents of ret and ivt after cach call of MULLER; or (b)
supply a different pair of arrays corvesponding to RRT and IRT in each call of MULLER,

3. L[ the equation to be sclved is known te bave only real roots, swr must have
the value true when MULLER is called.

4. pl, p?, and p3 are the veal ports of three arbitvary starting points. If the
equation Lo be solved is suspected Lo bave multiple voots, the choice of pl, pZ, and p3
should be such that no one uf them is exactly equal to a multiple root. 1L this re-

striction is not met, MULLER will not discover that the function has multiple zeros at

this particular root.

5. 1{ the equation to be ~olved is a polynomlal, swi should be set true. This
causes the procedure Lo accept ue vonjugate vl cach ool found as a root, when appli-
cable (i.e., when the reoot is not real).

6. If the function has singularities, pl, p2, and p3 sbould be chosen such that

none of them is a singular point.

7. epl and ep2 are parameters which specily convergence criteria, while the
value of mxm dictates the maximum number of iterations to be made in locating any one
root. If neither of the convergence criteria has been satisfied after mxm iterations,
the most recent iterant is accepted as a root and MULLER will proceed to find the next
root (or terminate if nrts roots have been found). The user will receive no warning
that this event has occurred unless sw? has the value true. When sw2 is true, each .
root is printed as it is found; thus if convergence does not occur, a message to that
effect will be printed along with the value ol the last iterant and the value of the
function at that point.

METHOD

The algorithm used by MULLER is as follows: given an arbitrary function f(z) = 0
which can be evaluated for any value of z and is analytic in a neighborhood of its
roots, select three arbitrary starting values z., 2oy Zg o Find the second degree
(Lagrange) polynomial which passes through the %hree points (z,, f{z,) ), (z,, f(22) )
and (z,, f{z,) ). Choose z, to be the root of this polyncmial which lies closer t0
Zy- T%en drop z, and repeat the process with z,_, z,, and z,, etc.

The process stops when any of the following three conditions is met:

(1)

< epl
where z, is the i-th iterant.

(2) |f(zl)| < ep?Z and |fr(zi)| < ep? where £(z;) is the value
of the function at the point z;, and fr(zi) ig the value of the "modified function"
evaluated at z,.

(3) The number of iceratious is equal to mxm,

The "modified function' is defined as
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£ (z) - ' for t - 2, 3, ... )]

where z; is the j-th root found. If I(z) is not a polynomial, it is not possible to
divide out the roots as they are found in order to reduce the degree of the polynomial
and hence the amount of compuration. This device is valid, however, if the division

is performed only for those numbers z actually entering the algorithm, i.e., the points
z, which are generated during each jteration. Thus, having found r-1 voots, the r-th

1
root is determined by applying the MULLER azlgorithm to the cquation £ _(z) = 0, where

f {z)} is detined by eguaticn (l). This technique should succeed enly for functions
sz) which have no multiple roots, since fr(z) as defined above is indeterminate when
z — z*¥ | where z¥ 15 a root prev1ously found. However, due to the lower accuracy

with which multlpfe roots are determined, they in effect behave like clustered roots
and hence the device has not yet failed.

USAGE

The region near the starting points (p, ,0), (p,,0}, ) is examined first for
Toots; successive roets are then found (usually) in order o% increasing magnitude. Thus
it is suggested that starting values reasonably close to the origin be used, unless it
is known that the equation has no roots in that vicinity. In the absence of any know-

ledge about the solutions of the equations, it has been found (reference 2} that the
starting value pl = -1, p2 = O, p3 - 1 lead to good pervformance of the algorithm.

The role of the Boolean parameters will be reviewed here bricfly.

(1) If swi is true, then each iterant of each root is printed, aloug with
the corresponding values of the function and modified function,

(2) 1f sw2 is true, then each root is printed as it is found, along with
the corresponding values of the function and modified function.

(3) If sw3 is true, then the complex conjugate of the root just found is,
when the root is not real, admitted as a root. It is computed directly
from the value of the previous root, rather than carrying out the itera-
tive process for its determination.

{4) 1If swr is true, then the imaginary part of each iterant 1s forced to be
zero throughout the iteration, and hence only real roots will be found.

TIME AND ACCURACY

Since it is impossible to adequately describe in general terms the required execution
time and obtainable accuracy for this procedure, several examples are given which indicate
its performance. All results were correct to ten significant decimal digits.

(1) Using the call

MULLER (1, -1, .5, 50, 10, ,-10, , -10, false, false, true,
false, X, Y, FUNCTION);

10~ . .
all ten roots of the equation =z -1 < 0 were found in six seconds.

{2) The five roots closest to the originédhich all lie on the negative real
axis) of the equation
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were determined In 44 seconds with the call

MULLER (-.4, =5.5, -3.8, 20, 5, .10, ,-10

y , true, true, false, true,
X, Y, FUNCTICGN}

{3) The single real root ui Lhe equation
X
xe - 2

was located in seven seconds with the call

MULLER (-1, 0, 1, 20, 1, ,-10
X, Y, FUNCTION);

, o-10, true, true, false, true,

(&) Fifty-threc seconds were requeived to determine the eight roots of the eguation
3 7 6 LU0 C 3 . 2
z + . 4+ 3z k227 + is - oz o 2z + 1

using the call

MULLER (-1, 1, O, 20, 8, ,-10, ,-10, true, true, true, false, X, Y,
FUNCTICN} ;
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ALGOL Symbolic Library

PROCEDURE SPECIFICATIOR

REAL PROCEDURE NEVILLE (W, X, Y, N, ¥, ALARM, EXTRAPOLATE) ;
VALUE W, N, P; ARRAY X, Y; REAL W; INTECER N, Py

TADEL ALARM; BOOLEAN EXTRAPOLATE;

RELFERENCES

I, W. E. Milne, Numerical Calculus, p. 73
2, J. Todd, Survev of Numerical Analysis, McGraw-Hill, 1962, pp. 39-42
FURPOSE

~ Given N abscissas X[Q],...,X[N—L] and N corresponding functional values
Y[OJ,...,Y[N—L] which are related by Y[I] = f(X[i]), I-0,...,N-1, this procedure per-
forms a& P-point Interpolation to find the approximate functional value corresponding to
the input abscissa W, and stores the result in NEVILLE. If the value of W is outside the
range of the table (i.e., W < X[0] or W> X[N-1]), snd ZXTRAPOLATE has been sel L2l::
then the procedure transfers control to the statement whose ransc L is the actual paracoe'or

corresponding to ALARM; if EXTRAPOLATE is true, the P poia.s othe =t 4o the approeuricy:
end of the table are used to compute the approximate vaioe o (W by estrapolation.
RESTRICTIONS

(Note: Formal parameters are denoted by upper case letters, and actual parameters
by lower case letters.)

1. Alarm must be declared in the calling program as a label. See page AL.Z.14 of
the ALGOL-20 Manual.

2. The procedure assumes that there are n points in the table having subscripts O
through n - 1. Consequently, when the arrays x and v are declared in the calling pro-
pram, their subscript bounds must include those shown in the declaration

real array x, y[U:n-lj;

3. The abscissas must be monotone increasing, i.e., X[i] > x[I-l] for T = 1,...n - 1,
but they need not be evenly spaced.

4. The number of points used in the interpolation cannot exceed the number of
entries in the table, 1.e., n2 p

METHOD
A variation due to Neville of Aitken's iterative interpolation scheme is used.

This technique is equivalent to computing the value {at the point of w) of the (p-1)-st
degree Lagrange polynomial which passes through the p points closest to w.
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USACE

Ef cither of restriclions 3 or 4 ars violated the efiect of the proisdurs 18 unde-
fined. Tu the evenl that =x{Il] - x[J] for T £ 1, a division by zere will occur and the
execution of the program will be termivated with an EXPONENT OVERFLOW messags.  Ocher-

wise NEVILLE will attempt to carry uvat the vatculations, but will give meaningless
results, Consequently, the user shonld take special vare to ensure that the restrictions
are met.

TiME AND ACCURACY

The approximate execution Lime is

U.6pT 4+ 0 6p + 0.05n + 0.6

milliseconds, where p and n are the actval pavamefers which have beep detined abeve. The
accuracy devends upon the bohavior of the tabulated function and the number of points
used in the interpolacion. Seven to eight significant figures were obrained with n . 20

and p = 5 for the functions SIN(X), COS(X) and EXP(X) over the lnterval [0,1Jﬂ
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ALGOL Symbolic Library

PROCEDURE SPECIFICATLON
PROCEDURE NORMRAN (MU, SIGSQR, NR, M, SV);
REAL ARRAY NR; INTEGER M; REAL MU, SIGSQR, SV;

REFERENCE

R. W. Hamming, Num. Meth. for Science and Engineering,

McGraw-Hill, 1962, p. 389

PURPOSE
NORMRAN generates a sequence of M pseudo-random numbers, normally
distributed with mean MU and variance SIGSQR, and stores the sequence

in the vector NR.

RESTRICTIONS

(1) The starting value SV must be an odd positive eleven digit
number in integer form (no decimal point). S8V is used to supply the
subprocedure RANDOM which genervates uniformly distributed pseudo-
random numbers.

(2) The actual parameter which is substituted for SIGSQR in the
call of NORMRAN must have a positive value.

(3) The desired amount of numbers M must be less than or equal to
the order of the array which is the actual parameter corresponding to NR.

(4) RANDOM is a procedure local to NORMRAN.

METHQOD

NORMRAN makes use of RANDOM and the central limit theorem of proba-
bility in the following way: I1f X[J] is a uniformly distributed random
number with variance V, then the sequence of numbers

N
wR{1) = o + o2 (& x(3) )y SV, T=1,..., M

J=1

very nearly approximates a sequence of normally distributed random numbers
with mean p and variance o being good for N = 10. Procedure NORMRAN adds
the X[J] in blocks of twelve. Since -l = X[J] < 1 for all J, the above

formula reduces to

w1 =p + (V=2 /2 ¢ x(3), 1=1,..., M

TIME

NORMRAN generates and stores one hundred numbers in approximately 3 seconds.
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ALGOL Symbolic Library

PROCEDURE SPECIFICATION
REAL PROCEDURE RANDOM ( A, B, X0 );

VALUE A, B, XO; REAL A, B, XO;

REFERENCES
I, Algeorithm 133, Comm. ACM., Nov. 1902

2. R, W. Hamming

¢, Num., Meth. for Scicn. and Engr., McGraw-llill, 1982, p. 384.

PURPOSE
RANDOM generates the next member of a sequence of pseudo-random numbers from

a uniform (rectangular) distribution on the inmterval (A, B).

RESTRICTIONS

1. The [irst time RANDOM is called, the starting value X0 should be an odd,
positive, eleven digit integer; on subsequent calls in the same program, usc X0=0.
The procedure declares an own variable which saves the current value of RANDOM ler
use as a starting value on successive calls.

2. A is assumed to be the left end point of the interval of the distribution,

so that ip most applications A should be less than B.

METHOD
The metnod of cengruences i1s used for the generation:
35

A D M — 3 % NDOM 2 .
RANDO Ly 5 RANDO : (mod )

3 . . -, 33
If RANDOM is called repeatedly, this results in a sequence with a peried of 2 .
USAGE

As an example of the use of RANDOM, the following short ALGOL program generates
5000 pseudo-random numbers uniformly distributed on the interval (0,1} and stores

the numbers in the vector DATA:

AL begin real array DATA [1:5000J;

integer I ;
SY L1IBRARY RANDOM
paTA [1) - RANDOM (0,1, 13343288379) ;

for I « 2 step L until 35000 do

DATA [T)  RANDOM (4, 1, 0);

end
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TIME .

Approximately 2.2 seconds are required for the generation ¢f one thousand pseudo-

random numbers using this procedure.
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. ALGOL Relocatable Library

PROCEDURE SPECIFICATION

procedure RUN.ERROR(L1, ERROR.TYPE, ERROR.PRINTING) ;
value ERROR,TYPE, ERROR.PRINTING;
label L1; string ERROR.TYPE; Boolean ERROR.PRINTING;

or
srocedure RUNJERROR(L1, ERROR.TYPE);
value ERROR.TYPE; label L1; string ERROR.TYPE;

PURPOSE

There are certain programming problems in which the programmer 1s
able to predict that error conditions, as detected by ALGOL at runtime,
may well occur in some data sets. It iIs, however, frequently as much
trouble to check a data set for errors as to process the data set.
Thus bad or missing data may lead to subroutine errors, exponent over-
flows, or address-opcode faults., The use of RUN.ERROR allows the pro-

. grammer to recover control im such situations, print diagnostic informa-

tion, correct for the error, and continue processing.

METHOD
Error conditions detected by the G-21 hardware or by a subroutine

during the execution of ALGOL program ordinarily result in the message
RUN ERROR - eeece

and the termination of the run; the string 'ceee' specifies the type of
error detected. In the case of errors detected by libraxry procedures,
'eeee' is specified in the ALARMS section of the procedure description;
for other runtime error codes and details concerning the diagnostic
messages, sce Chapter oOb.

To recover from such an error condition, the programmer must have
previously specified which error types are to result in recovery and
where in his program control is to be translerred for each of these error
conditions. The first Lwo parameters in the call of RUN.,ERROR give this
information: The value of ERROR.TYPE should be the string 'eece' to

. specify recovery from error condition eeee. If error conditicn eece

arises, control is transferred to the label L1, subject to the rules
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discussed below. The parameter L1 usually should be a simple label and
not the more general form of desjgnational expression; for a discussion
of this sce restriction 2.

he parameter ERRORL,PRINTING, if included in the call, controls
the printing of the usual dlagnostic message for all error conditions.
(See Chapter Ob for a description of this diagnostic message.) Ef
ERROR .PRINTING - [alse, the diagnostics will not be printed; 1if
ERROR.PRINTING = true, diagnostics will be printed. ERRORLPRIRTING is
used to sel Lhe run-time error printing mode switch (— 42) which is
interrogated by the error recovery machinery each time it is called. If
ERROR.PRINTING = false, no diagnostics will be printed for any routine
For which error vecovery is set up. This switceh is only changed when a
call of RUN.ERROR is executed which has three parameters. Thus Ii[ the
programmer wishes to get only his own diagnostic printing, he may use the
first form of call for RUN.ERROR, with ERROR.PRINTING = false. If an
error occurs for which a recovery switch was not set, the usual diagnostic
message will be printed. ALGOL initially assumes ERROR,PRINTING = true.

(Sce also restriction 4.)

Scope of Error Recovery

For each call, RUN,ERROR creates a triple of the form
(L1, ERROR.TYPE, block,level),

hereafter called an error-recovery switeh. The scope of these switches is
determined by the block structure of ALGOL.

The use of any error-recovery switch will clear the switch. Thus if
the programmer wishes to re-enable error recovery alter having recovered
from an error, he must reset the switeh by again calling RUN.ERROR. The
use of one error-recovery switch will not affect the status of any others
which have been set.

Blocks, procedure declarations, and procedure calls may be nested
arbitrarily in ALGOL. Since it may be convenient to have different receovery
procedures for the same error condition when it occurs in different blocks,
RUN.ERROR keeps the error-recovery switches in a stack. Thus error-recovery
switches created in a given block will not destroy those set in an outer

block, but will merely “push them down'" in the stack. A newly created
s p ¥
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switch will be effective for the block in which it is created and for
all blocks and procedure calls nested in that block.

Leaving a block at dynamic level N will pop up the stack, deleting
all error-recovery switches with block.level = N. Calling RUN.ERROR
twice in the same block for the same ERROR.TYPE with actual parameters
L1 and L2 will replace the triple (L1, ERROR.TYPE, block.level) by the
triple (L2, ERROR.TYPE, block.level).

Monitor-Detected Errors

RUN.ERROR called with ERROR.TYPE = 'TIMR' will permit recovery
from TIME LIMIT EXCEEDED, PAGE LIMIT EXCEEDED, OPERATOR TERMINATED, and
MACHINE ERROR. The user's program will regain control and will be
atllowed an extra 30 seconds of running time. Repeated calls with the

parameter 'TIMR' will not give additional intervals of 30 seconds.

One Procedure with Several Error Exits

While some complex procedures have several error exits, the pro-
grammer may wish to use the same recovery technique in more than one
case. Error codes for such procedures are typically of the form 'ABCn',
where n is a non-zero digic. 1If an error 'ARCn' occurs, RUN.ERROR
checks for an error-recovery switch of the form ('ABCn', , ); if there
is none, RUN.,ERROR will then look for a switch of the form ('ABCO' , , ).
(Note that the fourth character is zero, not the letter "g".) Thus the
programmer may handle certain error conditions by special means and

process any other errors by a single general mechanism.

Example: The error codes for DISC.WRITE are "RWR1' ,..., 'RWRS'.

Suppose the following calls of RUN.ERROR are executed:

RUN.ERROR (LL, ‘RWR5');
RUN.ERROR (L3, 'RWRO');

1f an error BWRS occurs in the block, control will be transferred to LL.

Any other DISCWRITE error will cause control to be transferred to L3.

USAGE

The following block of ALGOL code could be used to evaluate the function

xj + 1

X

y:
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For various values of x, printing out 'y IS INFINITE AT ...' whenever

an cxponent overflow occurred:

beein label L1; real x, v; library procedure RUN.ERROR;

comment: Note that since the first occurrence ol L1 is
as a parameter to a proecure, we must declare Lt as a
label. See page 2.14 of this report;
RUN.ERROR(LL, 'EXPO', false);
For x:i. -4 step 1 until 4 do
begin yi= (x13 + 1) F'S:
NAME (x, y); PRINT (<-1D.lZ, 10B, -4D.4Z, E>);
go_to end.ol.loop;
Ll: NAME (x); PRINT(<'y I8 INFINITE AT ', -1D.1Z, E>);
RUN.ERROR(L1, 'EXPO');
end.of.loop: end

end

RESTRICTIONS

L. Not more than 20 distinct error-recovery switches are allowed at
any one time.

2. While ERROR.TYPE and ERROR.PRINTIKG are called by value and thus
are evaluated when RUN,ERROR is called, the label L1 is not evaluated
until the error condition ERROR.TYPE actually occurs. If L1 is actually
a general designational expression, it will be evaluated according to the
values of all relevant variables at the time the error occurs, and control
will be transferred to the resultant label. Since this delayed evaluation

is used, the following simple code will not work:

for i— 1 step 1 until 5 do

RUN.ERROR (GOOF[i), 'RWRO" + i);

At the time of any RWRn error, control will be transferred to GOOF[i],

not GOOF[n]. Thus only simple labels should be used for Ll; the programmer
may use designational expressions to take advantage of this delayed evalu-
ation of L1, but should so with great caution.

3. Run errors in RUNERROR are fatal; that is, a call of the form:
RUNERROR(L1, 'RUNR');

will not permit recovery from errors in RUNERROR.
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. 4. The switch set by supplying the parameter ERROR,PRINTING is kept
in a single cell (-42); it does not invoke the stacking machinery applied

to the error-recovery switches.

ALARMS

The messase RUNLERROR - RUNR will result if

1. An attempt is made Lo have more than 20 errvor-recovery switches
sel at any time, or if

2, The designational expression L1 is undefined at the time ol the

error; this will occur if the actual parameter is a switch element and the

subscript is out of bounds &t the time the error occurs.
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ALGOL Symbelic Library

PROCEDURE SPECIFICATION

REAL PROCEDURE SIM (N, A, B, Y);
VALUE N, A, B; REAL A, B; 1INTEGER N; ARRAY Y;

REFERENCE

Algovithm 84, Comm. ACM, April 1962

PURPOSE

SIM determines the approximate numerical value of the definite integral of a

continuous function:

B
SIM = J f(x)dx
A
RESTRICTIONS
L. The number N of subdivisions must be even.

2. The values Y[I] of the function must be given for equally spaced values
of the independent variable on the interval [A,B] of integration.

5. vlo) = £(a) and Y(N) - £(B)

4. In the program which calls SIM, the actual parameter y corresponding to
the array Y must be declared as ARRAY y[O:n], where n is the actual parameter

corresponding to N,

METHOQOD

Simpson's well-known formula for numerical integration is used. Ii
A = X[O], X[l],...,X[N-lj, X[N] = B are equally spaced points of subdivision of the

interval EA,B] and Y[I] is the value of the function f at the point X[I], I=0,...,N

then
B
[ fGdx « _B-a x(0) + av(i) + 2vle) + ...+ ax[n-1) + v)
' 3N
A

TIME and ACCURACY

The approximate execution time required by SIM is

Y
T . 2N%10
where T ¢ time In seconds
N . number of subdivisions.

The accuracy obtained depends very much upon the function being integrated

and the number of subdivisions,
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Standard Function

PROCEDURE SPECIFLCATION

real procedure SIN (X); value X; real X;

PURPOSE

SIN computes the sine of X, where ¥ is in radians and may be either

positive eor negative.

METHOD

The method is described on page A-1 of "1604 routine™.
ALARMS

RUN ERROR - SIN., |x] » 2,097,151

For values beyond this point the algorithm breaks down.

TIMING and ACCURACY

The result is produced in 1.08 milliseconds. The relative error is

less than 5,-11.
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ALGOL Relocatable Library

PROCEDURE SPECIFICATION

procedure SLEW(LFT, RECORID, NUMBER ,EOQF) ;
value LFT, RECORD.NUMBER;
integer LFT, RECORD.NUMBER; label EOF;
PURPOSKE
Reading or writing a tape record is delayed by the amount ol time
required to position the tape to the specified record. SLEW ¢nables
the programmer to position a tape while carrying on other computation,
The use of SLEW can thus substantially decrease the running time of a

rovram which uses magnetic tape.
prog P

METRHOD

A call for SLEW will initiate a tape motion to record record.number
of logical file lft and will return contrel to the user's program.
Computation or other input/output operations may then continue until the
execution of a call for DISC.READ or DISC.WRITE with the parameters 1ft
and record.number. At that time, computation will cease until the
tape is positioned and the tape operation completed. Thus it is possible
to overlap tape-slewing with useful computation. Tf logical file 1ft is

on the disc, no action will be taken and the user's program will continue.

USAGE

The statement
SLEW{3, 40, eof);
will slew to record 40 of the Type 1 RETAP records.
ALARMS

SLEW will exit to the label EOF if RECORD.NUMBER is greater than the

maximum record assoclated with logical file LFT.
Run-error messages are:

SLWl - LFT is not in the range 2 = LFT = 20
SLW2 - logical file LFT is undefined
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TIMING

The time tec position a tape to record M, if it is positioned at

record N, is about
(8 + | M-N -1 | * 20) ms.

The actual time required to instruct Lhe tape unit, which is the time

spent in SLEW itself, is about Z ws.
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Standard Function

PROCEDURE SPECIFICATION

real procedure SQRT (X); value X; real Xj

PURPOSE

SQRT computes the square root of X.

METHOD

For details see page M-1 of "1604 routines'.

ALARMS
RUN ERROR SQRT if X < 0.

TIMING and ACCURACY

The result is produced in 1.7 milliseconds.

The relative cerror is less than 1,-12.
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ALGOL Relocatable Library

PROCEDURE SPECIFICATION
procedure AND,FILE (USER, PROG, LF.TYPE, BUFF,LOC, ERR.EXIT);

value PROG, LF.TYPE;
string USER; integer PROG, LF.TYPE, BUFF.LOC; label ERR,EXIT;

PURPOSE

AND,FILE asscociates Logical File Type number LF.TYPE with the AND
program ("file") specified by USER and PROG. Thus an ALGOL user may
define (or redefine) entries in the Monitor Logical File Table during the
ALGOL run as well as during execution of the AND system. See Chapter bg

for more information.

PARAMETERS

USER = The AND "User" number for the file, an eight character
alphanumeric string; this string may appear either as an
8-character string constant {e.g. "PH33WWO1') or as the
name of the first of two successive elements of a logic
array which contain the string as value (see example in
Chapter 6g).

PROG = The AND "Program' number of the file,

LF.TYPE - The Logical File Type to be associated with this AND
file; LF.TYPE must lie in 1 = LF.TYPE = 19.

BUFF.LOC = An array element which is the first element of a
vector of at least 320 words; this array will be changed
by AND.FILE.

ERR.EXIT - A label to which AND,FILE will exit if any of its
parameters are improper or if the designated AND file

does not exist in the AND Directory.

METHOD
The AND file "USER, PROG" is looked up in the AND Directory and

Logical File Type LF.TYPE is associated with it. The 320 locations
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starting at BUFF,LOC are used as a buffer to read the AND Directory.
After the call of AND.FILE, this space is available for other uses.

See Chapter 6g for an example.

ALARMS

If AND.FILE is called to look up an AND file under & man number
differing from the man number appearing on the Job Card, then the cor-
responding Logical File Type will be marked as "read-only".

Any of the following errors will cause AND,FILE to print an ap-
propriate error message and exit to the label ERR,EXIT without assigning
the Logical File Type.

1. Usage number is improperly formed or not in AND Directory.

2. Program number is out of range or not in AND Directory.

3. Designated file is empty (contains O words) and can therefore

be neither read nor written.

4., Logical File Type is < 1 or > 19.

5. Selected AND file is on a tape which is temporarily unavailable,

6. The AND instruction DONT has not besen executed, so the AND
Directory cannot be read by this CP.
7. An attempt has been made to access another man's file which

has been marked "secret" by the AND instruction SECRET,

(See the AND writeup.)
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PROCEDURE SPECTIFICATION
procedure AND,CALL (IMAGES . IN, SCRATCH) ;
value IMAGES. IN.SCRATCH;

integer IMAGES,IN,SCRATCH;

PURPOSE
AND, CALL may be used to enter the AND system to operate on c¢ard images

or binary information written into the AND Scratch Area by an ALGOL program.

METHOD

The AND system is loaded and entered by a special entry, which sets the
AND Scratch pointer, ¢, to (IMAGES.IN,.SCRATCH) + 1. If Scratch contains
binary information, IMAGES,IN,SCRATCH should be set to | (Number of words of
binary information + 20) /21. Once loaded, AND wiil operate as usual,
reading and executing AND instruction cards from the Hollerith file which
is currently open for input.

Before executing the AND,CALL procedure, the ALGOL program must have
loaded the AND Scratch Area (Logical File Type = 1 or 2) with card images
using HOLLER,OUT or DISC,WRITE, or binary information using DISC,WRITE,

It is not possible to return to the original ALGOL program after the
execution of AND.CALL, since the AND system overlays all of core; however,
ALGOL may be called from AND to perform a new translation,

EXAMPLE: An ALGOL program has generated 20 card images in AND Scratch, at
which point it executes an AND,CALL (20). The AND system is then loaded
and entered with o « 21, and AND begins reading cards. If the first card
contains the AND instructions:

AN FILE 6/0 ; DUMP; DONE;

then the 20 images generated by the ALGOL program will be dumped as the
20 cards of AND file 6,
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PROCEDURE SPECIFICATION

procedure HOLLER, IN (LF.TYPE) ;
value LF.TYPE ; inteper LF,TYPE;

or
procedure HOLLER.IN (LF.TYPE, POINTER);
value LF.TYPE; integer LF.TYPE, POINTER;
PURPOSE

HOLLER. IN sets the Monitor's card source pointers for Hollerith
card reading to an image in the disc/tape file with Logical File Type =
LF.TYPE. After a call of HOLLER.IN has selected a file in this way,
executions of "E" or "W" primaries in ALGOL read statements {or an
explicit call for |16 in machine language) will bring in successive

card images from this file. See Chapter 6g for more information.

PARAMETERS
LF,TYPE = The Logical File Type to be selected as Hollerith input
source, replacing the previous source. LF,TYPE in the
range: 1 = LF,TYPE = 19 represents one of the pre-
assigned files or an AND file; IF.TYPE = 0 always
represents the "primary" Hollerith card source, the

one in effect when the ALGOL program began execution.

If 1 = LF.TYPE = 19, then:
POINTER - An arithmetic expression whose value is the serial

number of the first image to be read from file LF.TYPE.
If POINTER is omitted, then the first image to be read
will be the one after the last image read during the
last previous selection ef this LF,TYPE by HOLLER.IN;
however, if HOLLER.OUT or HOLLER,OVER have also selected
the same LF,TYPE, then the rule is more complicated;

see Chapter 6g. If file LF,TYPE has not been previously
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selected during this run, POINTER = 1 will be assumed
if POINTER is omitted,
If LF,TYPE - O then:
POINTER == An arithmetic variable which will be set equal to the
serial number of the next card to be read from the pre-

viously selected file.

METHOD

See Chapter 6g for complete discussion.

ALARMS
RUN ERROR - HINl: LFT < 0 or LFT > 19,
RUN ERROR - HIN2: An attempt has been made to select the primary

source (LFT = 0) when it is already selected.
RUN ERROR - HIN3: The Logical File Type specified has no file
assigned to it.

HIN4: POINTER < 1, or beyond the physical End-of-File. .

RUN ERROR




AL.5.DISC READ/WRITE.

ALGOL Relocatable Library

PROCEDURE SPECTIFICATION

DISC.READ (NWDS, FIRST.LOC, LF.TYPE, BLK,NO, EOF,EXIT);
DISC.WRITE (NWDS, FIRST,LOC, LF.TYPE, BLK.NO, EQOF.EXIT);
value NWDS, LF.TYPE, BLK,NO;
label EOF.EXIT; integer NWDS, LF.TYPE, BLK.NO;

PURPOSE

DISC.READ reads information from disc or tape into an array in
core mewmory; DISC,WRITE writes the contents of an array in core memory
out onto disc or tape. These routines allow the user to move binary and
Hollerith information in bulk between core memory and disc/tape files.

See Chapter 6g for a complete discussion.

PARAMETERS
NWDS - Number of machine words to read or write.

FIRST.LOC = An array element which is the ALGOL name of the first

word in core memory to read or write.

LF.TYPE = Logical File Type (explained in Chapter bg) .

BLK.NO - Number of the first 320-word block to be read or written
(the first block of the file has block number 0).

EQF.EXIT = Label through which the routine will exit if the

physical End-of-File is reached during the operation.

METROD

DISC.READ reads into core memory exactly NWDS words, where NWDS is
not necessarily a multiple of 320, DISC.WRITE will write enough extra
words (generally 'garbage™) to complete the last 320-word physical
record. These routines initiate direct input/output transmission between
core memory and the tape or disc unit; there is no buffering.

Attempting to read or write beyond the physical End-of-File will

cause the routine to complete the operation up to the End-of-File, and
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then exit through the EQF.EXIT label.

ALARMS
DISC.READ AND DISC.WRITE give the same error messages, 24 follows:

RUN ERROR - RWR1l: The specified Logical File Type has not been
pre-assigned or assigned by AND or by AND.FILE.

RUN ERROR - BWR2: A negative number of words has been called for.

RUN ERROR - RWR3: The FIRST.LOC address lies outside user's
memory.

RUN ERROR - RWR4: LF,.TYPE is out of range: 1 = LFTYPE = 19.

RUN ERROR - RWR5: DISC,WRITE has been asked to write on a file

which is marked "read-only".
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PROCEDURE SPECTFICATION

Brocedure HOLLER,OUT (LF.TYPE);
value LF,TYPE ; integer LF,TYPE;

OR
procedure HOLLER,OUT (LF.TYPE, POINTER) ;
value LF,TYPE; integer LF,TYPE, POINTER;
PURPOSE

HOLLER.OUT sets switches which cause subsequent Hollerith print images
to be appended to the disc/tape file with Logical File Type = LF.TYPE.
The cutput file selected by HOLLER.OUT is referred to as the "secondary
output' file. When a secondary output file has been selected by HOLLER,OUT,
each executicn of an "E" or "W'" instruction in an ALGOL print statement
(or a "W" instruction in an ALGOL read statement) copies the first 80
characters of the output line, followed by a four character serial number,
into the secondary output file as the next 84-character image.

A Boolean variable PRINT.OR.NOT, global to HOLLER.OUT, determines
whether or not the print image will be transmitted to the "primary' output
destination(s) (the LP12 printer and/or teletype output file) in addition

to the secondary file.

PARAMETERS

LF.TYPE = The Logical File Type to be selected as the secondary
output file. If another secondary file is currently
selected, then a Hollerith End-of-File image will auto-
matically be written as the next image in this latter
file, and its image pointer will be saved with the
Logical File Type. Then:

If IF.TYPE lies in the range 1 = LF,TYPE = 19,

the file associated with LF,TYPE will be selected as

the secondary output file,
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If 1 = LF.TYPE
POINTER =

If LF.TYPE = O
POINTER =

2

If LF.TYPE - 0. no secondary file will be
selected; all subsequent print images will be
directed to the primary cutput destination,

regardless of the truth value of PRINT.OR,NOT.

A

£ 19 then:

An arithmetic expression whose value is the serial
number of the first image to be appended to the
secondary file. If POINTER is omitted, then the
first image written will be the next after the
last image written during the most recent selectic
of this LF.TYPE by HOLLER.OUT; however, if HOLLER,
or HOLLER.OVER have also selected the same LF.TYPI
then the rule is more complex (see Chapter 6g).
LF.TYPE has not been previcusly selected during t}

run, POINTER = 1 will be assumed if POINTER is

omitted.

then:

An arithmetic variable which will be set equal to
the serial number of the EOF image written into

the previously selected file.

PRINT.OR.NOT = A Boolean variable global to HOLLER.OUT. Th

METHOD

user must declare the variable PRINT.OR.NOT in hi
outer-most block. Its value can be changed by th
main program to turn primary output primting on
(true) or off (false) without calling HOLLER.OUT
again. PRINT.OR.NOT is ignored when no secondary

putput file is selected.

See Chapter b6g for complete discussion.
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ALARMS
RUN ERROR - HOTT1: LF,TYPE < 0 or LF.TYPE > 19.
RUN ERRCOR - HOT2: LF,.TYPE = 0, and there is no secondary file currently

selected.

RUN ERROR - HOT3: T.ogical File Type LF.TYPE has no file assigned to it.

RUN ERROR - HOT4: POINTER < 1, or beyond the physical End-of-File.

RUN ERROR - HOTS5:  Attempt to write on file marked read-only (i.e.,
another user's file).

USE

Before an ALGOL program using HOLLER.OUT terminates execution, it
must call HOLLER,.OQUT(0) to write out the last physical record of the last-
used secondary cutput file; a Hollerith End-of-File image will be written

onto the file at this time. If the programmer fails to do this, he will

lose up to the last 16 card images.







AL .5 .HOLLEROVER. |

PROCEDURE SPECIFICATION

procedure HOLLER,OVER (LF.TYPE);
value LF,TYPE;

integer LF.TYPE;

OR
procedure HOLLER.OVER (LF,TYPE, POINTER) ;
value LF,TYPE;
integer LF,TYPE, POINTER;
PURPOSE

HOLLER,OVER is basically the same as HOLLER.OUT, While HOLLER,OUT
appends Hollerith output images to a file, however, HOLLER.OVER allows
the user to alter ('overwrite') any individual card images in the middle
of an existing AND file (which may have been created originally by AND
or by HOLLER.OQUT) .

METHOD

HOLLER,OVER differs from HOLLER,OUT in two ways:

(1) HOLLER.OVER does not write a Hollerith End-of-File image onto
the previously selected secondary record., HOLLER,OVER writes
an End-of-File image only if an attempt is made to write on
the last image of the physical file.

(2) BOLLER,OVER reads each block of the file as it currently exists

into the output buffer before new images are entered.

PARAMETERS
See AL,5.HOLLER,OQUT.

ALARMS
See AL,5.HOLLER,OUT.







