











In all other cases take

Wy = ABS(x}/2, Wy = V4%F, and k = 1
5. If ¢ =0 thena = b = 0
If ¢ # 0 and x 2 0, then

a = ¢, and

b = y/(2%c)
if ¢ # 0 and x < 0, then

a = ABS(y/(2%c)), and

b = SIGN(y)*c

Effect of an Argument Error:
Let z = r¥*EXP(hI), and
SQRT(z) = s*EXP{kI).

Then the relative errxor in s is approxi-
mately half the relative error in r, and
the relative error in k is approximately
equal to the relative error in h.

Accuracy:

|
|
t

EXP (short floating-point complex)

M

Entry Point:

F

M

Effect of an Argument

odule Name: IHEWEXW
IHEEXWO

unction: To calculate e to the power z.

ethod:
Let z = x + yI.

Then REAL(EXP(z))}
and IMAG(EXP(z))

EXP (x) *#COS(y)
EXP(x) *SIN(y).

i i

Error:

Let EXP(x + yI} = s*EXP(kI).

Then k = y, and the relative error in s
is approximately equal to the absolute
error in x.

Charter 3.

r - 1
| Arguments | Relative Error |
| | *10**15 |
¢ - ———4 4
| Range |Distribution| RMS | Maximum |
i 4 1 2

v T D Bl ’-_’{
|Full range|Exponential | 0.131 | 0.492 |
L 1 i 4 [PRRSP |

Accuracy:

) L] 1
| Arguments | Relative Exrror |
| | *10%%6 |
e Tomm - + g ]
| Range |Distribution|{ RMS | Maximum |
—————————— - 4 1 -4
| ABS (x) | Uniform | 0.646 | 2.40 |
< 170 | | | |
|aBS(y) | | | |
= pis2 | | i |
f————- e $-mmomm oo :
|ABS (x) | Uniform | 0.628 | 2.28 |
I< 170 [ 1 [ |
Ipisz2 < I | | |
|ABS(y)< 20| | | |
L S 4 i ~4
Exror and Excertional Conditions:

O : ABS(y) = 2##18%pi : error caused in

real SIN routine (IHEWSNS)
H : OVERFLOW in real EXP routine
( IHEWEXS)

EXP (long floating-point complex)
Module Nane: IHEWEXZ
Entry Point: IBEEXZO
Function: To calculate e to the power z.
Method:

Let z = x + yI.

Then REAL(EXP(z))} = EXP(x)*COS{y)

and IMAG(EXP(z)) = EXP(x)*SIN(y).
Effect of an Argument Error:

Let EXP(x + yI) = s*EXP(kI).

Then k = y, and the relative error in s

is approximately equal to the absolute

error in x.
Accuracy:
U 1 h)
i Arguments | Relative Error |
| | *10%#15 I
[ 1 i ]
L ) ) R q
| Range |Distribution| RMS | Maximum |
¢ H | B § -4
|ABS(x) < 1| Uniform | 0.187 | 0.614 |
|ABS (y) | | | |
I< pisr2 | | | |
[ 4 4 i 4
v T T T 4
|ABS (x) ] Uniform | 0.200 | 0.819 |
I< 20 | | ] !
|ABS (y) i | | |
< 20 | | | !
L L i i i
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Error and Exceptional Conditions:

O : ABS(y) 2= 2#*50#%pi : error caused in
real SIN routine (IBEWSNL)

H : OVERFLOW in real EXP routine
{IHEWEXL)

LOG {short floating-point complex)

Module Name: IHEWLNW

Entry Point: IHELNWQ

Function:

To calculate the principal value of the
natural log of z, i.e., -pi < imaginary
part of result < pi.

Method:
1. Let LOG{x+yI) = a+bl
2. Then, a = LOG(ABS({x+yI)) and b =
ATAN(y,.x)
3. LOG(ABS({x+yI)) is computed as follows:
Let v, = MAX(ABS(x),ABS(y)) and

va = MIN(ABS(x),ABS(Y))

Let t be the exponent of vy (i.e., vy =
m*l6**t, 1/16 < m < 1)

Let t, = t if t < 0 or
t, = t-1 if t > 0 and
s = 16%%t,

Then LOG(ABS(x+yI)) = 4#%t,*L0OG(2) +
LOG((vy/s)*%2 + (vay/s)*%2)/2

Computation of v,/s and v,/s are carried
out by suitable adjustment of the charac-
teristics of vy and v,; in particular, if
vas/s << 1, it is taken to be 0.

Effect of an Argument Error:
Let z = r+EXP(hI) and L0OG(z) = u + vI.
Then the absolute erxror in u is approxi-
mately equal to the relative error in r.
For the absoclute error in v(= h = ATAN(y,

X)), see corresponding paragraph for
module IHEWATS.
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Accuracy:

Relative Error
$10%%6

Arguments

r
Range |Distrikution RMS Maximum
4

0.396 1.89

o e G e G S e Y

e e e o e e e o
e N R .

T

|

+ +

Full range|Exponential |
i 4

Error and Exceptional Conditions:

O : x=y = 0, error in real LOG routine

(IHEWLNS)

L10G (long floating-point complex)

Module Name: IHEWLNZ

Entry Point: IHELNZO

Function:
To calculate the principal value of
natural log of z, i.e., -pi < imaginary
part of result < pi.

Method:
1. Let LOG(x+yI) = a+bl

2. Then, a = LOG(ABS{x+yI}) and b =
ATAN(y, x)

3. LOG(ABS(x+yI)) is computed as follows:
Let v, = MAX (ABS (x),ABS(y)) and
vy, = MIN(ABS(x) ,ABS{y))

Let t ke the exponent of v, (i.e., vy =
m*16*st, 1/16 < m < 1)

Let t; = t if t < 0 or
ty = t-1 if t > 0 and
S = 16%%t,

Then LOG(ABS(x+yI)) =
43ty *LOG (2) +LOG((Vv4/8) *+2+(v;/S5)*%2)/2

Computation of vy/s and v,/s are carried
out by suitable adjustment of the charac-
teristics of v, and v,; in particular, if
va/s << 1, it is taken to be 0.

Effect of an Argument Exror:
Let z = r#EXP(hI) and LOG(z) = u + vI.

Then the absolute error in u is agpproxi-
mately equal to the relative error in r.
For the absolute error in v(= h = ATAN({y,
x)) see the corresponding paragrarh for
module IHEWATL.



Accuracy:

Relative Error
*10%%15

. Arguments

P S—

h 3
Maximum

T
Range |Distribution| RMS |
+ +
]
'y

0.125

T
Full range|Exponential 0.542

e e e
b e ey o el oo s el

o

Error and Exceptional Conditions:
O : x=y= 0, error caused in log rou-
tine (IHEWLNL)

SIN, SINH, COS, COSH (short floating-point
complex)

Module Name: IHEWSNW
Entry Points:
Mathematical PL/I Entry
Function Name Point
Sin z SIN(z) IBESNWS
Hyperbolic sin z SINH(z) IHESNWZ
Cos z COos (z) IHESNWC
Hyperbolic cos z COSH(z) IHESNRK

Function:

To calculate sin z or hyperbolic sin z,
or cos z or hyperbolic cos z.

Method:
Let z = x + yI.

Then REAL(SIN(z))
and IMAG(SIN{(z))

SIN(x)*CUSH(y)
COS(x) *SINH(y) ;

o

REAL(COS(z))
and IMAG(CO0S(z))

COS (x) #*COSH (y)
-SIN(x)*SINH(y);

I u

REAL(SINH(z))
IMAG(SINH(z))

([l

COS(y) #SINH(x)
and SIN(y) *COSH(x) ;
REAL(COSH(z))
IMAG(COSH(z))

COS (y) *CCSH(xX)
SIN(y) *SINH(x).

([}

and

To avoid making calls to evaluate SINH

and COSH separately, and thus frequently
having to evaluate EXP twice for the same
argument, SINH(u) is computed as follows:

1. u > 0.3465736
SINH(u) = (EXP(u) - 1/EXP(u))/2.
2. 0 £ u < 0.3465736
SINH(u) /u is approximated by a polynomial
of the form a, + a,*u**2 + aj*us*4 (which

has a relative errxor of less than
2%%-26.4).

Chapter 3.

The coefficients were obtained by the
minimax approximation in relative errxror
of SINH(x)/x over the range 0 < x%*2 <
0.12011 under the constraint that the
first term shall be exactly 1.

3. ux2o
SINH{u) = -SINH(-u). Then
= SINH(ABS(u)) + 1/EXP(aBS{u)).

COSH (u)
Effect of an Argument Error:

Combine the effects on SIN, C0OS, SINH and
COSH according to the method of evalua-
tion described in the above paragraph.

Accuracy:

Relative Error
*¥10%%6

Arguments

= s S o e
e e v o
|
|
|
|
[ S——

R - T
Range |Distrikution RMS | Maximum
i

IHESNWS
|ABS (x)
|< 10,
|ABS (y)
L

Uniform 1.17

1A

W
o e e e o
e o

IHESNWZ

r
|ABS (x)
|< 10,
|ABS (y)
L

Uniform 0.878

1A
o o e o

fro o o e onf

-
|
|

1}
k3

IHESNWC
|ABS (x)
|< 10,
|ABS (y)
Is 1

L

Uniform

e
RS ——
or v amman, i cpan. o

IHESNWK

r -T--
|ABS (x) | Uniform 0.968
|< 10, |
|ABS (y) |

!

<1

p———
o e |

Error and Exceptional Conditions:

O : IHESNWS, IHESNWC:
ABS(x) 2 2#*+18*pi : error caused in
real SIN routine (IHEWSNS)

IHESNWZ, IHESNWK:
ABS(y) 2 2#%#18#*pi : error caused in
real SIN routine (IHEWSNS)

H : OVERFLOW in real EXP routine
(IBEWEXS)
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SIN, SINH, COS, COSH (long floating-point Accuracy:
complex) .

r ——==-7 - -1
Module Name: IHEWSNZ | Arguments | Relative Error |
i | #10%%15 |
i i - ¥
T v T T 1
Entry Points: | Range |Distrikbution| RMS | Maximum |
L L L i 4
THESNZS
Mathematical PL/X Entry r T T T -
Function Name Point {ABS (x) | Uniform | 2.01 | 113 |
Sin z SIN(z) IHESNZS  |< 10, | | | ]
Hyperbolic sin z SINH(z) IHESNZZ |ABS(y) < 1} | i |
Cos z cos (z) IHESNZC L L -——1 L 3
Hyperbolic cos z COSH(z) THESNZK IHESNZ2Z
T T T T 1
Function: : | ABS (x) | Uniform | 0.229 | 0.641]
{< 10, [ I | |
To calculate sin z or hyperbolic sin z, jABS(y) < 1} § | |
or cos z or hyperbolic cos z. t i 1 4 4
IHESNZC
Method: r T . 1 T 1
{ABS (x) | Uniform | 0.311 | 3.83 |
Let z = x + yI. |< 10, | | | {
|aBS(y) < 1] { | |
Then REAL{SIN(z)) = SIN(x)#*CCOSH(y) L 1 1 4 J
and IMAG(SIN(z)) = COS(x)*SINH(y); IHESNZK
r B ) h 1
REAL(COS(z)) = COS(x)*COSH(y) |ABS (x) | Uniform | 0.250 | 0.730 |
and IMAG(COS(z)) = -SIN(x)*SINH(y); i< 10, | | | |
|ABS (y) | [ | |
REAL(SINH(Zz)) = COS(y)*SIKH(x) j< 1 | | i |
and IMAG(SINH(z)) = SIN(y)*COSH(x); - i L 1 4
REAL(COSH(z)) = COS(y) *COSH(x)
and IMAG(COSH(z)) = SIN(y)*SINH(x). Error and Exceptional Conditions:
To avoid making calls to evaluate SINH O : IBESNZS, IBESNZC:
and COSH separately, and thus frequently ABS(x) 2 2#*50*pi: error caused in
having to evaluate EXP twice for the same real SIN routine (IHEWSNL)

argument, SINH(u) is computed as follows:
IBESNZZ, IHESNZK:
1. u 2> 0.481212 ABS(y) = 2*#50#%pi: error caused in
real SIN routine (IBEWSNL)
SINH(u) = (EXP(u) - 1/EXP(u))}/2
H : OVERFLOW in real EXP routine
2. 0 < u< 0.481212 (IHEWEXL)

SINH(u)s/u is approximated by a polynomial
of the fifth degree in u#**2 which has a TAN, TANH (short floating-point complex)
relative error of less than 2#%#-56.07

Module Name: IHEWTNW

The coefficients were obtained by the
minimax approximation in relative error

of SINH{x)/x over the range 0 < x#*2 < Entry Points:
0.23156 under the constraint that the
first term shall be exactly 1. Mathematical PL/I Entry
Function Name Point
3. u<@o Tan z TAN(z) IHETNWN
Hyperbolic tan z TANH(z)  IHETNWH
SINH(u) = ~-SINH(-u). Then
COSH{u) = SINH(ABS(u)) + 1/EXP(ABS(u)). Function:
Effect of an Argument Error: To calculate tan z or hyperbolic tan z.
Combine the effects on SIN,COS,SINH and Method:
COSH according to the method of evalua-
tion described in the above paragraph. Let z = x + yI.
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Then REAL{(TAN(z)) =
TAN(x)*(1 -~ TANH(y)*%2}/
(1 + (TAN{x)*TANH(y))*+2),

IMAG(TAN(z)) =
TANH(y)* (1 + TAN(x)*%2)/
(1 + (TAN(x) #*TANH(y))**2).

TANH(z) = - (TAN(zI))I.

Effect of an Arqument Error:

The absolute error caused in the result
is approximately equal to the absolute

Function:
To calculate tan z ox hyperbolic tan z.
Method:
Let z = x + yI.
Then REAL(TAN(z)) =
TAN(x)*(1 - TANH(y)**2)/
(1 + (TAN(x)*TANH(y))**2),
IMAG(TAN(Z)) =

TANH (y)#* (1 + TAN(x)*#*2)/
(1 + (TAN(x)*TANH(y))**2).

error in the argument divided by ABS{COS TANH(z) = - (TAN(zI))I.
(z) **%2) for IHETNWN, or divided by ABS
(COSH(z)#*%2) for IHETNWH. The relative Accuracy:
error caused in the result is approxi-
mately twice the absclute error in the r T -1
argument divided by ABS(SIN(2#*z)) for { Arguments | Relative Exrror |
IHETNWN, or divided by ABS(SINH(2#%z)) for | | *10%%15 |
IHETNWH. } —g—— } S i
| Range |Distribution| RMS | Maximum |
[ iy i L J
Accuracy: IHETNZN
T T L] T h ]
r T - |ABS(x) < 1| Uniform i 0.172 | 0.709 |
| Arguments | Relative Error | |ABS(y) < 9} | | |
l i *x10#*%6 I [§ — 4 1 . 4
b - ——f— - { IHETNZH
| Range {Distribution|{ RMS | Maximum | r T ——— + ——- 1
L e -t L 4 |ABS(x) < 9| Uniform { 0.174 | 0.692 |
IHETNWN }ABS(y) < 1} | } |
r - I T T ) t 1 L 4 4
|ABS(x) < 1| Uniform [ 0.532 | 2.87 |
|ABS(y) < 9§ | | ] Error and EXCEPTIONAL Conditions:
L —d_ ———d b1
IHETNWH I : OVERFLOW
ey e — e T T 1
|ABS(x) < 9| Uniform | 0.524 2.74 | O : ABS(u) > 2##%50#pi, where
|ABS(y) < 1} | | { u = x for IHETNZIN,
L ——d - i 1 4 u = y for IHETNZH.
H : OVERFLOW or ZERODIVIDE in real TAN
Exrror and Exceptional Conditions: routine (IHEWTNL)
I : OVERFLOW
ATAN, ATANH (short floating-point complex)
O : ABS({u) = 2**18*pi, where
u = x for IHETNWN, Module Name: IHEWATW
u = y for IHETNWH.
Entry Points:
H : OVERFLOW or ZERODIVIDE in real TAN
routine (IHEWTNS) Mathematical PL/I Entry
Function Name Point
Arctan z ATAN(z) IHEATWN
TAN, TANH (lonq floating-point complex) Hyperbolic arctan z ATANH(z) IHEATWH
Module Name: 1HEWTNZ Function:
Entry Points: To calculate arctan z or hyperbolic arc-
tan z.
Mathematical PL/L Entry
Function Name Point Method:
Tan z TAN (z) IHETNZN
Hyperbolic tan z TANH (2) IHETNZH Let z = x + yI.
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(ATANH (2#*x/
(1l+x*x+y*y))) /2

]

Then REAL(ATANH(z))

It

IMAG(ATANH(zZ)) (ATAN (2*y,

(1-x*x-y*y))) /2

and ATAN(z) = - (ATANH(zI))I.

Effect of an Argument Error:

Function:

To calculate arctan z or hyperbolic arc-
tan z.

Method:

Let z = x + yI. .

The absolute error in the result is ap- Then REAL(ATANH(z)) = (ATANH(2%x/
proximately equal to the aksolute error (14+x*x+y*y))) /2
in the argument divided by (1 + z*#2) in
the case of IHEATWN, or by (1 - z#*#%2) in IMAG(ATANH(z)) = (ATAN(2*y,
the case of IHEATWH. Thus the effect may (1-x*¢x-y*y)))/2
be considerable in the vicinity of z =
+ 11 (IHEATWN) or *+ 1 (IHEATWH). and ATAN(z) = —(ATANH(zI))I.
Accuracy:
Effect of an Argument Error:
r== T 1 ;
| Arguments | Relative Error | The aksolute error in the result is ap-
| | *10%%6 i proximately equal to the absolute erxrcr
t ¥ —— T 4 in the argument divided by (1 + z#*#2) in
{ Range |Distribution|] RNMS | Maximum | the case of IHEATZN, or Lky (1 - z#**%2) in
L 4 1 -4 - the case of IHEATZH. Thus the effect may
IHEATWN be considerable in the vicinity of z =
r - ————————— N + I (IHEATZN) or * 1 (IHEATZH).
| | < |
|Full range|Exponential | 0.205 | 1.05 |
L L4 1 1 J Accuracy:
1HEATWH
r T T T b ] T T 1
{Full range|Exponential | 0.224 | 1.22 | i Arguments | Relative Error |
L . 1 1 L ¥ | | *10%%15 |
b T 1 T 4
Error and Exceptional Conditions: | Range |Distribution| RMS | Maximum |
i L i i 4
P : IHEATWN: =z = #11 IHEATZN
IHEATWH: z = +1 4 T - : 1 T 1
}|Full range|Exponential | 0.0517j 0.438 |
ATAN, ATANH (long floating-point complex) L L L L 4
IHEATZH
Module Name: IHEWATZ r T v T 1
{Full range|Exponential | 0.0562| 0.409 |
Entry Points: L 1 1 i 4
Mathematical PL/1 Entry Error and Exceptional Conditions:
Function Name Point
Arctan z ATAN(z) IHEATZN P : IHEATZIN: z = #1I
Hyperbolic arctan z ATANH (2) IHEATZH IHEATZH: 2z = %1
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CHAPTER 4:

ARRAY INDEXERS AND BUILT-IN FUNCTIONS

The Library supports the array built-in

functions SUM, PROD, POLY, ALL and ANY, and

also provides indexing routines for han-
dling simple (i.e., consecutively stored)
and interleaved arrays.

Input Data

The array function moduies are distin-
guished from the other Library modules in
that they all accept array arguments and
perform their own indexing, whereas the
other modules reguire that indexing should
pe handied by compiled code. Calls to con-
version routines are included in the SUM,
PROD and POLY modules with fixed-point
arquments, so that these arguments are con-
verted to floating-point as they are
accessed (it should be noted that it is a
requirement of the language that the
results from these modules be in floating-
point). On the other hand, the conversions
necessary for the ALL and ANY modules (the
arguments must be converted to bit string
arrays) are not part of the modules and
must be carried out before the modules are
invoked.

Any restrictions on the admissibility of
arguments are noted under the headings
'Range’ and 'Error and Exceptional
Conditions"*.

Range: This states any ranges of arguments
for which a module is valid. Arguments
outside the ranges given are assumed to
have been excluded before the module is
called.

Error and Exceptional Conditions: These
cover conditions which may result from the
use of a routine; they are listed in four
categories:

P -- Programmed conditions in the module
concerned. Programmed tests are

made where this is not too costly
and, if an invalid argument is
found, a branch is taken to the
entry point IHEERRC of the execution
error package{EXEP). This results
in the printing of an appropriate
nmessage and in the ERROR condition
being raised.

I -- Interrugtion conditions in the
module concerned. For those rou-
tines where SIZE and FIXEDOVERFLOW
are detected by programmed tests or
where hardware interruptions may
occur, the OVERFLOW, UNDERFLOW, and
(when the conversion package is
called) SIZE conditions pass to the
ON condition error handler (IHEWERR)
and are treated in the normal way.
The machine is assumed to be enabled
for all interruptions except signi-
ficance, which is masked off.

O -- Programmed conditions in modules
called by the module concermned.
These occur when invalid arguments
are detected in the module called.

H -- As I, but the interrupt conditions

occur in the modules called by the
module concerned.

Effect of Hexadecimal Truncation

See the corresponding section in the
introduction to Chapter 3 for guidance to
the accuracy of SUM, PROD, and POLY. If
fixed-point arguments are passed to these
functions, further errors may be introduced
by conversions.

A surmary of the Library array modules

is given in Figures 7 and 8.

T e e e e e T - 1
| i Simple arrays, and | Interieaved string i
| | interleaved arrays of i arrays with fixed- |
| | variable-length strings | length elements |
e + - fom e m o -~
| Indexers | IHEWJXS | IHEWIXI |
i ALL, ANY i IHEWNL1 I IHEWNL2 ]
______________ S, i — -4
|Note: IHEWJXI is used for indexing through interleaved arithmetic arrays. |

4

b s e e amam -

Figure 7.

Bit String Array Functions and Array Indexers
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¥ T -1
[ PL/1 i Fixed-point Floating—-point arguments |
| function | arguments r —— e |
| | | Short precision | Long precision |
l " - T —": T ‘IL ) T —°“l
| | Simple |Interleaved] Simple |Interleaved| Simple |Interleaved|
= + + t+ + + oo —— 1
| SUM real | IHEWSSF| IHEWSMF | IHEWSSG]| IHEWSMG | IHEWSSH| IHEWSMH |
| complex | IHEWSSX| IHEWSMX | IBEWSSG { IHEWSMG | IHEWSSH| IBEWSMH |
| | i | | i ] |
| PROD real | IHEWPSF| IHEWPDF | IREWPSS| IHEWPDS | IHEWPSL| IHEWPDL |
| complex | IHEWPSX| IHEWPDX | IHEWPSW| IHEWPDW | IHEWPSZ| 1HEWPDZ |
| f L } L t L .
| POLY real | IHEWYGF | IHEWYGS { IHEWYGL |
| complex | IHEWYGX | IHEWYGW | IHEWYGZ |
L i R i ¥
Figure 8. Arithmetic Array Functions

ARRAY INDEXERS Range:

Indexer for Simple Arrays

Module Name:

IHEWJXS

Entry Points:

Element Entry
Address Point
Bit addresses IHEJXSI
Byte addresses IHEJXSY

Function:

To find the first and last elements of an
array. Their addresses are returned, in
general registers 0 and 1 respectively,
as bit addresses (IHEJXSI) or byte
addresses (IHEJXSY).

Method:

42

The address of the virtual origin B of
the array (i.e., the address that would
correspond to the element A(0,..0)) is
obtained as a byte address for IHEJXSY,
or a bit address for IHEJXSI, by refer-
ring to the first word of the array dope
vector (ADV). .

Address of first element

"
[o¢]

‘+

Ms

]
to
+

Address of last element

where M is the multiplier for the ith

dimension

I is the lower bound for the ith
dimension

U is the upper bound for the ith
dimension, and

n is the number of dimensions.

0 < number of dimensions < 2%#%22

Indexer for Interleaved Arrays

Module Name: IBEWIXI
Entry Points:
Entry
Operation Point
Initialization for bit IHEJXII
addresses
Initialization for byte IBEJXIY
addresses
Elements after the first IHEJXIA

Function:

To find the next element of an array and
to return its bit or byte address in gen-
eral register 1.

Entry point IHEJXII is used to initialize
the routine for bit addresses and to pro-
vide the address of the first element in
the array; IHEJXIY does the same for byte
addresses. Entry point IHEJXIA is used
thereafter to obtain the addresses of
subsequent elements of the array; one
address is returned for each entry into
the routine.

Method:

Arrxays are stored in row major order.

Let Lj be the lower bound and Uj; the
upper bound of the ith dimension, and n
the number of dimensions. Starting with
the element A(L;y,Lay,-e+...1n), the rou-
tine varies the subscripts through their
ranges to A{(U,; ,Uz,......Up), changing the
nth subscript most rapidly; in this way
the elements are referenced in the order
in which they are stored.

The routine does not deal with actual
subscript values but calculates the



extent Ej(= U; - Li + 1) of each dimen-
sion and uses this as a count that varies
from E; to 1 for subscript values Lj to
Uji. A ‘*base address' for each dimension
is maintained and, for the ith dimension,
is defined as the address of the element
with ith subscript equal to its lowest
bound Lj; and with all cther subscripts at
their current values.

Thus initially the base addresses are all
equal to the address of A(L;,Lo,eccees
Ln). Each subsequent element address is
generated from the previous one by adding
the multiplier My from the array dope
vector (ADV) and reducing the subscript
count by 1. When the count for the ith
dimension has been reduced from E; to 1
it is reset to E;, M;_; is added to the
(i-1)th dimension’s base address and the
count for this dimension is decreased by
one.

This new base is the starting point for
further increments by M,. When a new
base address is calculated, the base
addresses for all higher dimensions
((i+1), (i+2),......n) is set equal to
the ith base address.

Range:

0 < number of dimensions < 2%%22

ARRAY FUNCTIONS

ALL (X), ANY (X)

Module Names:

Module
Arquments Name
Simple arrays and interleaved IHEWNL1
arrays with variable-length
elements
Interleaved arrays with fixed~ IHEWNL2
length elements
Entry Points:
Entry
PL/1 Function Point
ALL(X), ANY(X), byte-aligned IHENL1iA
IHENL2A
ALL({X), any alignment IHENI1L
IHENL2L
ANY(X), any alignment IHENL1N
IHELN2N

Function:

The argument X is a bit string array (any
necessary conversion having been per-
formed prior to the invocation of these

modules). The result is a scalar bit
string of length equal to the greatest of
the current lengths of the elements of X.

ALL(X}: the ith bit of the result is 1 if
the ith bits of all the elements of X
exist and are 1; otherwise it is O.

ANY{(X}: the ith bit of the result is 1 if
the ith bit of any element of X exists
and is 1; otherwise it is 0.

Method:

For byte-aligned string arrays, AND
(IHEWBSA) and OR (IHEWBSO) are used for
ALL and ANY respectively; for string
arrays with any alignment BOOL (IHBWBSF)
is used with appropriate parameter bits.

The elements of the array are passed to
IHEWBSA, IHEWBSO, or IHEWBSF one at a
time, and the result is developed in the
target field. For the first call to any
of these logical modules the first ele-
ment of the array serves as both first
and second source arguments. For subse-
quent calls, the result already developed
in the target field is the first argument
and the next elememt of the array is the
second argument.

Range:

Bit strings are limited to a maximum of
32,767 bits.

SUM (X)

Module Names and Entry Points:

Simple Arrays

Module Entry
Arguments Name Point
Fixed, real JHEWSSF IHESSFO
Fixed, complex IHEWSSX IHESSXO0
Short float
real IHEWSSG IHESSGR
complex TIHEWSSG IHESSGC
Long float
real IHEWSSH IHESSHR

complex IHEWSSH IBESSHC

Interleaved Arrays

Module Entry
Arquments Name Point
Fixed, real IHEWSMF IHESMFO
Fixed, complex IHEWSMX IHESMXO0
Short float
real IBEWSMG IHESMGR
complex IHEWSMG I1IBESMGC
Long float
real IHEWSMH IHESMHR

complex IHEWSMH IHESMHC
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Function:

To produce a scalar with a value which is
the sum of all the elements of the array
argument.

Method:

The elements of the array are added to
the current sum in row major order.

For fixed-paint arguments each element is
converted to floating-point by using the
P1/I Library conversion package.

For a complex argqument, the summation of
the real parts is performed before the
summation of the imaginary parts is begqun
in modules IHEWSSG and IHEWSSH, while the
two sums are developed concurrently in
other modules.

Error and Exceptional Conditions:

I : OVERFLOW, UNDERFLOW
H : TIHEWSSF, IHEWSSX, IHEWSMF, IHEWSMX:
ABS {(element of the array) > 7.2%10%%
75: SIZE condition caused in conver-
sion package
PROD (X)

Module Names and Entry Points:

Simple Arrays

Module Entry
Arquments Name Point
Fixed, real IHEWPSF IHEPSFO
Fixed complex IHEWPSX IHEPSX0
Short float
real IHEWPSS IHEPSSO
complex IHBEWPSW THEPSWO
Long float
real IHEWPSL IHEPSLO
complex IHEWPSZ TIHEPSZO

Interleaved Arrays

Module Entry
Arquments Name Point
Fixed, real IHEWPDF IHEPDFO
Fixed, complex IHEWPDX IBEPDXO

Short float
real IHEWPDS 1IHEPDSO
complex IHEWPDW IHEPDWO

Long float
real IHEWPDL IHEPDLO
complex IHEAPDZ IHEPDZ0
Function:

To produce a scalar with a value which is
the product of all the elements in the
array argument.
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Method:

The elements of the array are used in row
major order to multiply the current
product.

For fixed-point argquments, each element
is converted to floating-point by using
the PL/I Library conversion package.

Error and Exceptional Conditions:
I : OVERFLOW, UNDERFLOW
H : IHEWPSF, IHEWPSX, IHEWPDF, IHEWPDX:
ABS(element of the array) > 7.2#%10%¢

75: SIZE condition caused in conver-
sion package

POLY (A,X)

Module Names and Entry Points:

Module Entry
Arguments Name Point

Fixed, real

vector X IHEWYGF IHEYGFV

scalar X IHEWYGF IHEYGFS
Fixed, complex

vector X IHEWYGX IBEYGXV

scalar X IHEWYGX IBEYGXS
Short float, real

vector X IHEWYGS IHEYGSV

scalar X ITHEWYGS IHEYGSS
Short float, complex

vector X IHEWYGW IBEYGWV

scalar X IHEWYGW IHEYGWS
Long float, real

vector X IHEWYGL IHEYGLV

scalar X IHEWYGL IHEYGI1S
Long float, complex

vector X IHEWYGZ IHEYGZV

scalar X IHEWYGZ IHEYGZS

Function:

Vector X:

Let the arquments be arrays declared as
A{m:n) and X(p:q). Then the function
computed is:

n-m j-1
A(m) + ) A(m+ P+ [ x(p+ 1)
— =1 i=0
unless n = m, when result is A(m).

Ifq-p<n-m-1, then,
i>q, X(p + i) = X(qg).

for p +

Scalar X:

This may be interpreted as a special case
of vector X, that is, a vector with one



element, X{(1), which is equal to X. Then
the function computed is:

n-m
2. Alm + J)*xesj
3=0

A floating-point result is obtained in
both cases.

Method:

1. Vector X, (g-p 2 n-m~- 1):

POLY (A,X) is evaluated by nested multi-
plication and addition, i.e.,

(...(A(n)*X(k) + B (n-1))*X{k~-1) +
Aln-2))* ... + A(m+1))*X(p) + A{m)

where k = p +n - m - 1.
2. Vector X, (g - p <n-m- 1):

In the expression above, the terms in X
with subscript ranging from k down to gq

are all made equal to X(q). The evalua-
tion is treated as for scalar X until
sufficient terms in X have been made
equal to X{g), when the computation con-
tinues as in (1.).

3. Scalar X:

Terms in X with subscript ranging from k
to p are egual to X.

For fixed-point arguments each element is
converted to floating-point, by using the
PL/1 Library conversion package.

Error and Exceptional Conditions:

I : OVERFLOW, UNDERFLOW

H : IHEWYGF, IHEWYGX:
ABS(element of the array) > 7.2#%10%+
75: SIZE condition caused in conver-
sion package
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§ 'and' operator 3

|| concatenate operator &
- 'not' operator 3

{ 'or' operator 3

ABS
complex fixed-point 15
complex floating-point 15
absolute error, definition 19
accuracy, in
arithmetic operations 8
mathematical functions 17
ADD
complex arguments 13
real arguments 13
algorithms 18
ALL array function 45
‘and* operator 3
ANY array function 45
array functions 45
array indexers
interleaved arrays 44
simple arrays 44
assignment operations
bit string 4,5
character string 7
ATAN
complex arguments 41
real arguments 27
ATAND (real arguments) 27
ATANH
complex arguments 41
real arguments 31,32

bit string operations 3-6
and 3
assign, general &4
assign/fill 5
BOOL 6
comparison, byte aligned #&
comparison, general 4
concatenate 4§
INDEX 5
not 3
or 3
REPEAT 4
SUBSTR 5

BOOL 6

built-in functions
arithmetic 8
array 42
bit string 5
character string 7
mathematical 17

character string operations
assign/fill 7
compare 6
concatenate 6

46

INDEX 7
REPEAT 6
SUBSTR 7

comparison operator

bit strings &

character strings 6
concat enation operator

bit string &4

character string 6
cos

complex arguments 38,39

real arguments 23,24
COSD (real arguments) 23,24
COSH

complex arguments 38,39

real arguments 28,29

DIVIDE (complex fixed-point) 14
division operator
complex fixed-point 10,11
complex floating point 11

ERF (real arguments) 32,33
ERFC (real arguments) 32,33
error conditions, in
arithmetic operations and functions
array indexers and functions 17
mathematical functions 43
exponentiation operator
complex operations
floating~-point exponents 12
integer exponents 12
real operations
floating-point exponents 9
integer exponemts 9

£ill operations
bit string 5
character string 7

HIGH 16-17

IHEABU

see ABS (complex fixed-point)
IHEABV

see ABS (complex fixed-point)
IHAEABW

see ABS (complex floating-point)
IHEABZ

see ABS (complex floating-point)
IHEADD

see ADD (real arguments)
IHEADV

see ADD {(complex arguments)
IHEAPD

see shift-and-assign, shift-and-load

(real operations)

8



IHEATL
see ATAN (real arguments); ATAND (real
arguments)
IHEATS
see ATAN (real arguments); ATAND (real
arguments)
IHEATW
see ATAN (complex arguments); ATANH
(complex arguments)
IHEATZ
see ATAN (complex arguments); ATANH
(complex arguments)
IHEBSA
see 'and' operator
IHEBSC
see comparison operator (bit string,
byte-aligned)
IHEBSD
see comparison operator (bit string,
general)
IHEBSF
see BOOL
IHEBSI
see INDEX (bit string)
IHEBSK

see concatenation operator (bit string);

REPEAT (bit string)
IHEBSM
see assignment operations (bit string);
£ill operations (bit string)
IHEBSN
see 'mot' operator
THEBSO
see 'or' operator
IHEBSS
see SUBSTR (bit string)
IBECSC
see comparison operator (character
string)
JTHECSI
see INDEX (character string)
IHECSK
see concatenation operator (character
string); REPEAT (character string)
IHECSM
See assignment operations (character
string); fill operations (character
string); HIGH; LOW
IHECSS
see SUBSTR (character string)
IHEDVU
see DIVIDE (complex fixed-point)
IHEDVV
see DIVIDE (complex fixed-point)
IBEDZIW
see division operator (complex
floating-point)
IBEDZZ
see division operator (complex
floating-point)
IHEEFL
see ERF (real arguments); ERFC (real
arguments)
IHEEFS
see ERF (real arguments); ERFC (real
arguments)
IHEEXL
see EXP (real arguments)

IHEEXS
see EXP (real arguments)
IHEEXW
see EXP (complex arguments)
IHEEXZ
see EXP (complex arguments)
IHEHTL
see ATANH (real arquments)
IHEHTS
see ATANH (real arguments)
JHEJXI
see array indexers (interleaved arrays)
IHEJXS
see array indexers (simple arrays)
IHELNL
see LOG (real arguments); LOG2; LOG10
IHELNS
see LOG (real arguments); LOG2; LOG10
THELNW
see LOG (complex arguments)
IHELNZ
see LOG (complex arguments)
IHEMPU
see MULTIPLY (complex fixed-point)
IHEMPV
see MULTIPLY (complex fixed-point)
IHEMXB
see MAX (real arguments); MIN {(real
arguments)
IHEMXD :
' see MAX (real arguments); MIN (real
ar guments)
IHEMXL
see MAX (real arguments); MIN (real
arguments)
IHEMXS
see MAX (real arguments); MIN (real
arguments)
IHEMZU0
see multiplication operator (complex
fixed-point) ; division operator (com-
plex fixed-point)
JHEMZV
see multiplication operator (complex
fixed-point); division operator (com-
plex fixed-point)
IHEMZW
see multiplication operator (complex
floating-point)
THEMZZ
see multiplication operator (complex
floating-point)
IHENL1
See ALL; ANY
IHENL2
see ALL, ANY
IHEPDF
see PROD
IHJEPDL
see PROD
THEPDS
see PROD
IHEPDW
see PROD
IHEPDX
see PROD
IHEPDZ
see PROD
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IHEPSF
see PROD
IHEPSL
see PROD
IHEPSS
see PROD
IHEPSW
see PROD
IHEPSX
see PROD
IHEPSZ
see PROD
IHESHL
see SINH (real arguments); OOSH (real
arguments)
IHESHS
see SINH {(real arguments); COSH (real
arguments)
IHESMF
see SUM
IHESMG
see SUM
IHESMH
see SUM
IHESMX
see SUM
IHESNL
see SIN (real arguments); SIND (real
arguments); COS (real arguments); COSD
(real arguments)
IHESNS
see SIN (real arguments); SIND (real
arguments); COS (real arguments); COSD
(real arguments)
IHESNW ’
see SIN (complex arguments); SINH (com-
plex arguments); COS (complex argu-
ments); COSH (complex arguments)
IHESNZ
see SIN (complex arguments); SINH (com—
plex arguments) ; COS (complex argu-
ments); COSH (complex arguments)
IHESQL
see SQRT (real arguments)
IHESQS ‘
see SQRT (real arguments)
IHESQW
see SQRT (complex arguments)
IHESQZ
see SQRT (complex arguments)
IHESSF
see SUM
IHESSG
see SUM
IHESSH
see SUM
IHESSX
see SUM
IHETHL
see TANH (real arguments)
IHETHS
see TANH (real arguments)
IHETNL
see TAN (real arguments); TAND (real
arguments)
IHETNS
see TAN (real arguments); TAND (real
arguments)
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IHET NN
see TAN {complex arguments); TANH (com-
plex arguments)
JHETNZ
see TAN {(complex arguments); TANH (com
plex arguments)
IHEXIB
see exponentiaticn operator (real opera-
tions, integer exponents)
IHEXID
see exponentiation operator (real opera-
tions, integer exponents)
IHEXIL
see exponentiation operator (real opera-
tions, integer exponents)
IHEXIS
see exponentiation operator (real opera-
tions, integer exponents)
IHEXIU0
see exponentiation operator (complex
operations, integer exponents)
IHEXIV
see exponentiation operator (complex
operations, integer exponents)
IHEXIW
see exponentiation operator (complex
operations, integer exponents)
IHEXIZ
see exponentiation operator (complex
operations, integer exponents)
ITHEXXL
see exponentiation operator (real opera-
tions, floating-point exponents)
IHEXXS
see exponentiation operator (real opera-
tions, floating-point exponents)
IHEXXW
see exponentiation operator (complex
operations, floating-point exponents)
IHEXXZ
see exponentiation operator (complex
operations, floating-point exponents)
IHEYGF
see POLY
IHEYGL
see POLY
IHEYGS
see POLY
JHEYGW
see POLY
IHEYGX
see POLY
IHEYGZ
see POLY
INDEX
bit string 5
character string 7
indexers
see array indexers

1LOG
complex arguments 37
real arguments 21,22
LOG2 (real arguments) 21,22
10G10 (real arguments) 21,22
LoWw 7



mathematical functions 19

MAX (real arguments) 13
MIN (real arguments} 13
Modules Names 1,2
multiplication operator
complex fixed-point
complex f loating-point

MULTIPLY (complex fixed-point)

‘not' operator 3

‘or' operator 3

POLY array function 46
PRCD array function 46

range of arguments

10,11

11

in arithmetic operations and

functions 8

14

in array indexes and functions
in mathematical functions

relative error 19
REPEAT
bit string 4
character string 6

17

43

shift-and-assign, shift-and-load {(real

operations) 10
SIN

complex arguments 38,39
real arguments 23,24
SIND (real arguments) 23,24

SINH
complex arguments 38,39
real arguments 38,39
SQRT
complex arguments 35
real arguments 19,20
SUBSTR
bit string 5
character string 6
SUM 45
TAN
complex arguments 40
real arguments 25,26
TAND (real arguments) 25,26
TANH
complex arguments 40
real arguments 30,31

truncation

in array indexes and functions
in mathematical functions 18

43
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