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MATH SUBROUTINE CONVEIVTIONS 

Array Storage Assumptions 

W e  sha l l  define the standard method of storing arrays t o  be 

as follows: 

1, 	 One-dimensional array a re  stored -

x1 E L 


X 2 ' L + 1  


0 

I, 


0 

2, 	 Two-dimensional arrays of order m x n may be enibedded 

i n  a la rger  array of order E4 X Ne Let A = (aiJ), 

5:i = 1 , 2 9 , . . . , m  and j 1y2,ro.tn,  Then standard storage 

is defined t o  be 

a11 c L  a12 E L + EiZ aIn  E L + (n - 1) Me.. 

e L 	+ 1 a s L + E 4 + 1  E L -I-(n - 1)M + L a o  
22 

a d e L + m - s L + M + m - l  am E L + (n - 1)M + m - Lo. 

Unless the  nature of the  routine is such as t o  indicate 

a more general type of stortzge i s  required, th i s  w i l l  

be the storage assumption made by subroutines. 

Types of DczLa 

Math subroutines operate with two types of data: (1)float ing 

point nunibers and (2) parameters o r  fixed point integers, The 

f loat ing point nuxkiber is the  standard f:loating point n&er of the 
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machine. An integer w i l l  be a posit ive 18 b i t  quantity occupying 

the leftmost 18 b i t s  of a half word, i . e * ,  an integer I should 

appear i n  R half word as follows: 

Types of Routines 

There w i l l  be two classes o f  math subroutines, f’unctions 

and routines, defined as follows: 

1, Functions are  characterizedby the f a c t  that they have 

only a single  result ,  and furthermore, t h i s  i s  a 

f loat ing point result .  W e  f i r t h e r  subdivide f’unctions 

in to  two classes: 

a. Functions which have only a srtngle argument 

of input ( f loat ing point ). 
EXAMPLE: The elementary f’unctions, Sin X, etc. 

be Functions which have multiple argument input. 

EXAMFTE: The determinant of a matrix. 

2. 	 Routines are characterized by the f ac t  that they have 

multiple output. 

EXAMPLE: A Runge-Kutta routine f o r  solving simuLkneaus 

first order a f f e r e n t i a l  equations. 

Calling Sepencea 

1. 	 Functions of Class I w i l l  have the  following type calling 

sequence : 



L t -
 c 
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Enter with the argument i n  tlhe accumulator 

LVI, $15, $ f- 1 .  

BE, function 

BE, ERRl 

BE, ERR2 

BE, 	 ERRn 


return here with the  resu l t  i n  the accwmuhtoro 

The indicators must r e f l ec t  the s ta tus  of the argument 

upon entry and the resul t  upon exit. It is clear that the 

foLLowing form is sufficient t o  describe the necessary 

calling sequence : Function (ERRl$ ERR2, . .,ERRn) 
2. 	 Functions of Class I1 will have t h e i r  arguments appearing 

i n  the calling sequence Just  fo:llowing the branch t o  the 

subroutine, The form of the ca:Lling seqyence is  as 

follows: 

BE, 	 f’unct 

OP, 	 arg 2 


0 

OP, a r g n  


BE, ERRl 


BE, ERR2 


e 

0 

BE, E m  


return here w i t h  the single resu l t  i n  the accwnulator. 


W 
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The precise form and meaning of OP, arg is  defined i n  

the 	following section. The following form is sufficient 

t o  define the  necessary cal l ing sequence: 

Function (arg 1, arg 2, ...,arg n, ERRL, ERR2, ..*, m). 
krg 	i represents resu l t  and input. Upon exit, the indicators 

w i l l  r e f l ec t  the s ta tus  of the result .  

3. 	 For routines the form of the  cal l ing sequence is  as follows: 

LvI, $15, $ +-


BE, roukine 


OP, arg 1 

0 

0 

OP, arg n 


BE, E m  


return here. 

The following form is suf f ic ien t  t o  define the cal l ing 

sequence : 

Routine (arg ll.*., arg n, ERRl,...,ERRm). 

Form of Arguments f o r  the Calling Sequence, 

Arguments for the calling sequence and their  associated operations 

are  of the following %me: 
1. 	 The location of f loa t ing  point da ta .  The entry in the  

cal l ing sequence i s  BE, X (I) where X (I) is the effect ive 

address of a f loat ing point opermd. Imy be any index 

register from 1,...,12. 
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2. 	 A parameter or  integer, The entry i n  the call ing 

sequence is  of the form.BE, N (I)where the effective 

address M (I) is the integer. The most f'requent 

example of such an entry should be of the form BE, 5.0, 

Either N appears as an expl ic i t  integer, o r  is defined 

by a synonym card, 

3, 	 A location of an integer, The entry i n  the call ing 

sequence is  LVI, , FIVE (I)where Five is the 

location,of a half word containing an integer of the 

form i n  2, FIVE must not be defined by a synonym card. 

4. A location of a flullction or' a piece of code. The 

entry i n  the call ing sequence is  

BE, 	 funct 

or, 	 BE, error  

wherever an integer is reqtxired i n  the call ing sequence, 

the user w-y use e i ther  fo:m 2 or  3. The code i s  so 

written that it is immaterial which type of entry is 

used fo r  integer entry. 

Restrictions on the subroutine user 

In order that  indexed arguments ma;y appear i n  the COS., index 

regis ters  1,2,, ..,12 may be used f o r  this  purpose. 

Index $15 w i l l  be used f o r  link.age and $13 and $14 must be f ree  

f o r  use upon entry. They w i l l  not be saved by the subroutine. 

Special machine regis ters  such as the accumulator, remainder 

register, e tc ,  cannot be used as the location of subroutine arguments. 

Index regis ters  0 - 12 are  allowed, but 13 - 15 are not. 

Subroutines w i l l  assume that upon entry the "Standard Fix-ups" 

(as defined by the supervisor) are  operative, If the user has gone 
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non-standard with regard t o  fix-ups programs, it i s  h i s  responsibil i ty 

t o  see t ha t  the "Standard Fix-ups" have been restored. 

Certain indicators m y  be al tered by the  subroutine without 

having t o  save the  indicator regis ter  (;8IND). O f  the  maskable 

indicators, these are : 

--Class %€E 
Instruction except ion Cata fetch only 

Result exception Lost carry, partial field, 
Zero Divisor 

Nesult exception - floating point All 

Flagging All 

All non-maskable indicators except f o r  the noisy mode indicator 

may be al tered by the subroutine. 

The error  ex i t s  w i l l  be the last entr ies  i n  the call ing sequence. 

Restrictions on the subroutine coder 
-~ ~ 

If the subroutine affects  indicators other than those listed, it 

must save the indicators and restore them. An effort shouldbe made 

t o  determi.ne the indicators t h a t  a subroutine can a f fec t  and publish 

these w i t k t  the  subroutine write-ups. If a subroutine needs a 

different fix-up routine from t k  standard then the indicator reg is te r  

and mask reg is te r  must be saved and restored and the  standard technique 

fo r  changing the interrupt table  w i l l  be used, 

Arguments from the C,S. must be obtained by using an LVE 

Instruct ion. 

Tndex regis ters  0 thru 12 must be saved and restored if they are  used 

by the subroutine. Furthermore, index regis ters  1thru  12 must be i n  a 

restored rrtatus when an LVE is given i n  the subroutine t o  fetch an 

argument from -the call ing sequence. 




