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Disclaimer

Although this program was tested by its author prior to submission,
no warranty, express or implied, 18 made by the author or IBM as to
the accuracy and functioning of the program and related program
material and no responsibility is assumed by the author, or IBM in
connection therewith,
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Title: SCION II ( Floating Point for 1401 Systems )

Author: John Discola
IBM - Los Angeles East
6252 East Telegraph Road, Los Angeles 22, California

Date: August, 1961

Purpose: A,

Bh
Equipment
Specifications
Source
Language:
C.
D.
F.

SCION II provides the programmer with the ability to generate - with one
system deck - a complete source program deck containing customized floating
point operations ready for SPS assembly, In particular, the SCION system will
process a preliminary SPS program containing floating point macro-type instruc-
tions and create linkages to the floating point subroutines which are themselves
generated initially by the system deck, These subroutines are customized in re-
gard to the size mantissa to be used and the compilation - on a "call" type
basis - of the subroutines required by the source program. Also compiled op-
tionally is a tracing routine to aid in debugging whose operation at object
time is controlled by the source program,

The mantissa sizes that may be compiled range from 4 digits to 16 digits by
increments of 2 - viz, 2-4, 2-8, 2-8, 2-10, 2-12, 2-14, and 2-16 character-
istic-mantissa type floating point format,

The arithmetic operations are FAD, FSB, FMP, and FDV, Mode conversion
operations included optionally are floating-to-fixed ( FIX ) and fixed-to-floating
( FLT ) conversions, Their capabilities are 3 and 2 times the mantissa size,
respectively,

SCION {I avails to the programmer desirous of maximizing execution efficiency
attendant "one-for-one" SPS coding and/or does not have the 1401 Fortran hardware
configuration,

IBM 1401 Model B, C, D, E, or F with the following special features:
1. Multiply-Divide
2. Advanced Programming

SPS 1i

Two digit characteristic { excess-fifty mode ) gives the following range for floating
point arithmetic operations:

.1000..6 x 10730 ¢ ,9995,.9 x 1049
Accuracy: Subroutines truncate significant digits of results after normalizing,

Storage Requirements;
All operations plus tracing
no, positions=939+6xan; where An= n-4; and n=mantissa size

SCION subroutines are not restricted to memories larger than 4K since the Modify-
Address {MA) instruction peculiar to the larger memory configurations is not used in

any of the subject routines,

Index registers 1, 2, and 3 are used by the subroutines, This should not concern the

programmer because they are restored to their entry conditions at exit time., One proviso

is made however, namely - that word marks are not left in their tens and units
positions at entry time,
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The SCION System

The expressed purpose of this system is to avail to the
programmer coding an application for the 1401 the

ability to incorporate into his program "tailored" floatw

ing point operations with a minimum of difficulty, In
particular, the programmer may make a determination
of the optimal mantissa field size required by the al-
gorithm of an application in order to maximize execus
tion efficiency and available memory work-area space,
It should be noted that this is not possible with fixed
word length type computers,

SCION II provides this capability as its primary func
tion in addition to allowing macro-type coding of
floating point operations in the mother SPS language,
Including assembly, the system (source to object pro-
gram) may be considered a two pass proposition,

The first pass is the SCION pass which requires only
the system deck, a control card, and the source pro=-
gram with macro instructions, This pass initially
generates a deck of floating point subroutines in sym-
bolic form based on the specifications indicated in the

A, Subroutine Generation

The SCION control card specifies mantissa size { on )
in card columns 6,7, Actually the sizes possible range
from 4 digits to 16 digits by increments of 2, Conside
ering the 2 digit characteristic they are nominally:
2-4, 2-6, 2-8, 2-10, 2-12, 2-14,and 2-16,

Six floating point operations are available in SCION 11
- four are the arithmetic operations of addition, sube

traction, multiplication, and division ( FAD, FSB, FMP,

and FDV ), The remaining two are fixed-to-floating
and floating-to-fixed mode conversion operations { FLT
and FIX ). Two or more of these individual operations

may be compiled on a "call" type basis, However, the

arbitrary selection of combinations of particular opera=-
tions is not entirely possible because of the dependencze
of some routines to others, Figure 2, illustrates figurie

tively these dependencies and indicates the control card

constant ( p ) to be punched card column 8 specifying
the scope of operations to be. compiled, For example,
P=35 will compile all the operations,

.
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Figure 2,

control card, It then processes the source deck -
reproducing it exactly except for the macro instruc=
tions, in which case it generates two legitimate SPS
instructions that represent the linkage to the afore=
mentioned subroutines, It simultaneously produces a
1403 listing of the resulting symbolic source program
with annotations indicating errors in macro coding,

The SCION control card designates three things to the
processor: the mantissa size, the number of routines
required, and whether or not a special tracing routine
is to be compiled with the routines,

The tracing feature may be of invaluable assistance
in the debugging of the program without the use of
a great deal of 1401 time because of a selective
tracing option that is programmable in the source
program,

The cards produced from the SCION pass can be used
immediately for SPS assembly without the addition
of any other supplementary decks, Figure 1 illustrates
diagrammatically the two passes described above,

The tracing feature that may be compiled with the
operations is called by TRACE in the SCION control
card in card columns 9-13, This routine does not

become functional at object time until an instruction in

the source program "turns on" the trace, This instruce
tion is symbolically in the source program:
HHE HHBRE B
B TRACON
RER HRREEE HERRRE
Upon encountering any floating point operations fol-
lowing this instruction the print area will be cleared
and the following information is printed at the 1403
after execution of the operation:
« floating point pseudo operation code
» actual A-field address
actual B-field address
contents of Afield
contents of Bufield
contents of answer field (AC ) or
contents of FIX field ( REG }
NSI ( next sequential instruction )
eg. BXXX

AN wN -
* 2 o o

~
.

All subsequent floating point operations will be
traced until another instruction is executed which
turns the trace off, and it is symbolically:

HER HHREEE  BRE

B TRCOFF

HHE BERREE B

The output of the sample program of Section III
illustrates the use, results, and format of the trace
operation,



B. Macro Instructions and Linkage

The second function of the SCION system is to te-
create the source program and to substitute two entry
instructions for every macro-type floating point instruc-
tion that is encountered in the original source program,
This entry and linkage to the subroutines is performed
ostensibly by two SPS instructions - viz,

#EE BREEEY  RRAAES

B SCION

op AAA BBB

#i# HHHRE B

The second instruction ( 7 characters ) in reality is the
entry data that designates the operation type and the
two data addresses. It should be noted that this in-
struction is not executed, The linkage created within
the routines returns at exit time to the first position
following this "dummy" instruction, This should imply
immediately that this position must contain a valid
operation code with word mark to preclude a Process
Error Stop.

The following is an epitomy of the functions of this
portion of the first pass in addition to the creation of
the aforementioned entry instructions:
1, reproduce all normal SPS information per card
in their normal sequence,
2. reproduce the supplementary fields of the macro
instruction into the first of the entry instructions.
3. Increase the line count by 1 and create an abbre-
viated form of the source macro instruction into
comments field of the second entry instruction,
4, Check for invalid macro cperation codes,
5. Simultaneously print an image of each SPS card
produced.

Certain symbolic labels and addresses will common to
both the subroutines and the source program in order to
afford a working correspondence between the source pro-
gram and the subroutines, All results of floating point
operations are left in one of two fixed fields in SCION.
These fields are addressed AC andREG and their explicit
functions are outlined in Section II, Three labels also
have correspondence with the source program - TRACON,
TRCOFF, and SCION, The index registers #1, #2, and

#3 are defined by DCW's - X1, X2, and X3, respectively,



1I.

The Floating Point Operations

A. Form of Data

The form of the floating point data word/field used
and accommodated by the SCION subroutines is simi-
lar in nature to earlier schemes that have been used,
The word/field consists of a .two digit characteristic
in the "excess-50 mode" and a mantissa which may
be one of seven sizes as indicated previously. The
range of the mantissa is -1,0{M < 1.0

eg: 324,56789 is represented in memory as:
5332456789 ( .32456789 x 103)

One should note that the ordering is characteristic-
mantissa which is logically more desirable., This or-
dering allows simplified and faster methods for the
determination of relative magnitudes between datum.,

B, The Operatioys

Six floating point operations are provided in the SCION
package. These operations differ in method somewhat
from the normal 1401 arithmetic operations in which
the result is left in the B-field thereby destroying the
contents of one of the operand fields, The result of any
SCION operation is left in a fixed field AC located
within the memory space reserved by the subroutines

( except for the FIX operation }., The answer field AC

is addressable in the source program and may used as
the operand of any other instruction,

1, Floating Addition and Subtraction
FAD/FSB AAA+/_ BBB—tAC

The mantissa answer field is a result of trunca-
tion subsequent to normalization within this field,
A positive mantissa is always left unzoned in AC,

N

Floating Multiply
FMP AAA x BBB—>AC

A N_) product field is developed and truncated

as in 1., where N, is the mantissa size.

w
.

Floating Divide

FDV  AAA / BBB—DAC
A (Nm+1) quotient is developed and truncated

as in 1,

Note: In all of the arithmetic operations indexing is
allowed. Indexing of the A-operand of the
following FLT and HX operations is also allowed
except when using index register #3,

The sign of the mantissa is always associated with the
units position of the word/field and conforms to the sign
or zoning standards of the 1401,

The following are the stipulations that are made concern-
ing the condition of the floating point operands upon en-
try to the arithmetic operations:

1. Word marks must not exist in any position of the
operand following the high order position of the
field. A word mark in the high order position
is optional,

2, The unmits position of the operand field should be

' zoned with a B-bit for negative datum.

3. The operand address of the floating point instruc-
tion should always be that of the units position
of the field.

4. Fixed-point to Floating-point Conversion

FLT AAA,L—>AC, where L is a literal placed
left-justified in the symbolic B-field which speci-
fies the number of A-field decimal places,

The maximum length of "unword-marked" A-field
that may be floated is { 2 Ny, }. Truncation and
normalization are as in 1,

It should be noted that the decimal point in the
A-field is an assumed position; that is, it does not
physically exist as a memory position,

S. Floating-point to Fixed-point Conversion

FIX AAA, L—REG, where L is a literal placed
left-justified in the symbolic B-field which speci-
fies the number of REG-field decimal places.

The size of the REGafield which is left with the
fixed data is { 3 Nm+1 }e

All data that exceeds the capacity of the REG
field will be placed right-justified in the REG
field in the original floating point form with the
character X separating the characteristic from the
mantissa,

Note: Concerning blank or partially blank fields =
no guarantee is given for proper operation should
blanks exist in any operand field except for the
FLT instruction , Blaunks are legitimate in the
A-~operand field in this operation and the resulte
ant AC field will not be left with blanks,



C. Example Results of Floating Point Operations

Assume the following data fields in memorys

211000000250999999985033333335

§_06666667g_§55555555398765432180000000009

- BER 3_<_xxx><xxxx§ _&xxxxxxxxxxxxxxxxxxxxxxxié
FYEEREE c E
S0 << |d< G
FAD (A B 5119999999 '
FAD |A |C  |5066666670

FAD |AC (D  [0000000000

FSB |B  |A  |4410000003

FSB |[E  |AC 15555555555

FMP {B  |C 5033333332

FMP |[E |G 9999999999 (1

FMP |F |AC |0000000000

FDV [C  |B 5033332333

FDV |F=4 |G |0000000000 (2

FDV |[E  |F  |9999999999 (3

FLT |G |8 |58555555908

FLT |D-4 |3  |5350666600

FIX |c |5 0000000000000000000033333
FIX |[E |20 5555555500000000000000000
FIX [E |10 0000000000555555550000000
FIX |6 o 0000000000000076543216X98

(1) Characteristic Overflow, , ,see Section IV, A,
{2) Characteristic Underflow. ,see Section IV, A,
(3) Division by Zero,,...c... see Section IV, B.




M. Sample

Problem

SPS Listing of Sample Problem Input

060
070
080
090
091
100
120
110
130
140
1%0
166
170
180
190
200
010
020
030
040
0%0
060
070
080
.081
090
100
110
120
130
1%0
160
170
180
190
200
020
030
030
080
031
060

090

1010
1020
1030
1040
1080

10
10
10
10
10
10
10
03
07

12
10

3070
3080

* THE FOLLOWING S A PROGRAM DESIGNED TO
* TLLUSTRATE THE USE OF SCION AND TO

% CORRORORATE THE OPERATION RESULTS SHOWN

L ON PAGE 4 OF THE SCION WRITEUP,

*
STARY

LAREL

MOIMON D »

NS1
AFLD
RFLD
ACFLD
OPCODE

cc
MCW
MCW
MCW
MCwW
MCW
cc
W
€s
[
FAD
FAD
FAD
Fsn
FsA
FMP
FMp
FMp
FDV
Fnv
FDV
FLT
FLT
F1x
Flx
Flx
Fix
Fxp

nec

OCW
DCwW
DCW
DCW
DCw

#NOTE SCION
» LOCATED

END

0PCODE
AFLD
BFLD
ACFLD
NSt

0298
TRACON

s}

MMAAITDOMAN TN DM DI >

[}

G
TRCOFF
START

LR B IR B BB IR Y

CONTROL
AFTER P
START

0209
0226
0247
0272
0299

WEONAPPBPIND
(a] n

=)

]
~
DR 2T
(@]

5110000000
8099999999
-3033331333
~83066666670
5555885888
9876843210
noooonnonno
NST

A-FTELD
R=FIELD
AC~FIFLD/REG
0P A B
CARD *SCIONDBSTRACE#®
ACKAGE DECK =1



1402 QOutput of SCION Pass

111,

13M

1401 1403 PLANNING AND TESTING SHEET

<4
o
w
(8] o o o w
Z QYOI < VOO C AUV UM TN - O D
£ o
@ - - S S - R,
[« = *
s ) a w
< Q =) s}
[aTSV} 4 4 Q9 2 WD WL UL WO 0L WW O s <
it O 0 0 @ D 6 & & > > > m = X X X X O -4
ZDd e qd 4 € NN X X E D DD Ao e o= o e X -
CcIZDa L T ¥ T O T T T T T PO TR TR TR T n
—_ D $ * 2 & 5 & & * 5 B &£ T S 6 & % % ® [ lad
[ IR Ox
Zxe . . - e S — ——
O e = - [23%4
—_2Zx —
TOC X O
e wo
x -2 L]
O <O w
OO~ O LV
x o w ood
awaw OOMOoOIoO & ax
o, . . . . . . } e QOMMN—D N DYO
<0 W Lol 1t oV Iig) [co I s BNV I o BN o BN « BN =] OOMONNG (=] 7
T TN O O O N = O O QOMIOVNVIO QD d -
AT+ CNINOVONOY (8] (8} O 0O 0O 0 o o o OOMONITIO Juw O
— QLooo0 [ B R R A -~ T L. R R T OOMOVNND WS
- -t
(ST P
2 L~ COMONOVO 000 Ou
——— 3 g
£ = = —O OO i |
Qxow . - e _ TmOO0VWOW | |0 LO
-0 . - - TVADNNCOZLDLO0W
o< t 1 11 ot e
oo [ P w (B2 4
[T =) (&) OZ Z Z zZz ZT Z T ZT Z Z2 ZT Z 2 X2 2 Z Z Z U+ NQ b=
—OZ QO VOO O O 0O O O OC OO0 O U 0O 0 0 0 O 0 Ox o
= OO [ P TR O alom o et e e e e e e e e em e e e e e e O Wt
(= [T ] NELD U DUV QO L L L LU UL LW LU O LWL VO E- L
- Ccamal O QNI NQANDNUNTNLVILNIOVL DL NCVIONIIULILIONOSUIS S S S 2 s 838 8 80 N
Z
wtseSs LZCCE a a x X X X X £ ®= ELTLXs 5
- LOVLOLLLL »n 4 9 O N ’ LOIVOVIQOVVVW <
(5] CU222220S000NONUNTONONOXL T2 O20000DVOD © QO €@ @ O © OICOOOOCOOOOOM00O w
ocoLow oo
—tN TN W
COOOO - [ATETS TS
==, w QOLOMM
[=leloTata o) ) . —_ UV
- < [ JTEWTT-4
v) -t AOVQWOULLZADIO

DODVOmOIDVOD=Or= O I Dre e O D= D= (D O O D (D e (O D 3 IO
OR- 00~ CON™M.ITUIN O OPP T RO O~ O Ovmrm (NONNIMIF 2 LD O R e CO O T OO O O O e i O D)

. v

i

COOOOOOMND

———— e o o pm (3 (D O e

[elelalslalblelalelel do ]
VIO OO ONMUWNIWNO

OO0 NNDOOLOQOOCUOLVLOLWOODLOVOLO
ONONONONOVON OV O == U O O OOV OV O ON OV OB ON O N N O O

kS - - r . >

T

NOOOLOLOO
NNV NI I A vy
COOVOVVOVOCLO

€3c9¢C

« @ o

[
Q
R
&)

-
”m oM om

2
28
2
30

o]

34




o

III. SPS Post-List of Total Program after Assembly, Page 1 of 4
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Error Conditions

A. Overflow and Underflow

Two special conditions, peculiar to floating point
arithmetic, known as Overflow and Underflow occur as
4 consequence of operations yielding answers that are
not in the range of numbers prescribed for excess=-50
floating point.

The overflow condition exists when a resultant charac-

teristic is larger than 99. The SPS coding shown below
indicates the manner in which this condition is detected
and acted upon by the SCION subroutines ( the charac-

teristic is accumulated in IR#3).

#i#h AR BEERE #

B OVR X3 -2 1

#if HHHERE BB 8
OVR NOP * 41

MCW 9 AC

MCW AC

B EXIT

HER HEHREE  BEEEE

The point of the matter is that the SCION subroutines
simply replace the AC-field with all nines when overflow
is encountered. A normal exit is made and no other in-
dication of the existance of overflow is given other than
the contents of the AC-field,

B. Division by Zero

When an attempt is made to divide (FDV ) by zero,
SCION replaces the AC-field by all nines and procedes
to make a normal exit, This condition is detected with-
in SCION by the first instruction in the divide { DIVZZZ )
subroutine.

HHERAE  HHE BREREEE  Bpspes #
D1v B ALL9S HIORB 0
REREIE B REEERRE pesEEr #

One should note that the zero B-field determination is
based on the presence of a zero in the high order po-
sition of the mantissa of the B-field, Actually the
A-field address, ALL9S, is the label of the second in-
struction of the Overflow routine thereby maintaining
the uniqueness of any special overflow procedure used,

The task of modifying the division-by-zero logic of
SCION explained above is different than the procedure
given for overflow and underflow, What is required is
an overlay of the A-field address of the DIVZZZ instruc-
tion with the address of the routine programmed by the
coder. It is important, however, that the programmer
subsequently return to RESZZZ,

The important thing to observe about the SPS coding
shown is that the first instruction of the OVR entry is

a No-Operation code with the next instruction address in
the A-field. Therefore, if the programmer finds it neces-
sary to treat overflow in some special manner he has
available to himself the ability to overlay the NOP in-
struction to effect one of three options:

1. Halt and proceed.
2. Halt and branch to a special routine,
3, Branch immediately to a special routine,

The last two options must be accompanied by a subse-
quent return to OVR+4 ( OVRZZZ+4 )} or to EXIT
( RESZZZ) if further processing is desired,

The Underflow condition is somewhat similar to the Over-
flow logic except that is detected by finding the resultant
characteristic (IR#3}) to be negative; whereupon, the AC
field is replaced by all zeros and normal exit is made,

Again, the first instruction of this error condition entry
( UNDZZZ )} is a NOP type instruction, Hence, the same
modification procedures as were explained for overflow
are applicable for the special treatment of the underflow
condition

12.
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V. B. Restrictions and Precautions

Index registers #1, #2, #3 are utilized by SCION.
Upon assembly of the total program the subroutines
will have defined these index registers by DCW's
designating each as a' three position field, Within
the subroutines these index registers are used as ac-
cummulators, therefore, it is imperative that no
other word marks be entered into these fields or that
the high order word mark be removed at entry time,
If the index registers are used in their normal manner
this should of little concern to the programmer, bee
cause the SCION routine preserves the contents of
these registers,

The first card produced for the stipulated SCION
subroutines will always be an ORG 0333, However,

if the programmer desires to map the subroutines
some other place in memory he has this opportunity
to change the ORG card before SPS assembly, In

this event, there does exist one restriction that the
work areas of the subroutines not be located in
memory above 3999, This restriction is a result index
register logic peculiar to memory above 3999,

Instruction modification using the SPS device of
character adjustment relative to the executing
instruction ( eg - MCW *_5 ) should be utilized
with discretion for the two following reasons:

1. Subsequent patching

2. Macro instructions are actually eleven
characters in length, but appear to be
seven characters at the SPS level,

An example of erroneous coding is:

HHE AREREE BB ERS
MCW ADRES # 414
FAD TANGT ANGLE
MCW AC 0000

One correct method would be:

B RREEEE Bhpaes

MCW ADRES LBL 6

FAD TANGT ANGLE
LBL MCW AC 0000
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