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1103 NORMALIZED
FLOATING POINT ARITHMETIC ALGORITHMS

Introduction

This report presents a set of algorithms intended to accomplish the
following four instructions:

1. Floating Add (FAuv) Form in Q the normalized rounded
packed floating point sum of the contents of u and the
contents of v.

2., Floating Subtract (FSuv) Form in Q the normalized
rounded packed floating representatien of the contents.
of u minus the contents of v,

3, Floating Multiply (FMuv) Form in Q the normalized
rounded packed floating point product of the contents
of u by the contents of v.

4. Floating Divide (FDuv) Form in Q the normalized round-
ed packed floating point quotient obteined by the div-
ision of the contents of u by the contents of v,

Conventicns
Any real number can be represented, at least approximately, by
(x+227)+2Y, where x is a 27-bit real number such that ¥ < |x| < 1, and where
y is an integer or zero, The 1103 packed normalized floating peint represent-
ation selects that subset of the above approximations such that -128 = y < 127,
The floating point word structure is:

1 8 2

S C M

where
S=0if x> 0, S=14f x <0;
-1)5[ @ - 2727) 8 + (-1)% M+2-27|and

[ (28 -1)s+ (-2)%c] - 128,

X

y
0D then S =0C =M= 0,

where if x

Thet is, S and M define the l's complement gpresanﬁationns x-227,

r
while C is the representaticn of y + 128 , or, when S =1, s the 1's comp-
lement form of y + 128.
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If the mantissa becomes zero, or if the characteristic became neg-
ative, as the result of one of the four fleoating point instructions, the
result left in Q would be a positive zero,

If the characteristic exceeded 255, an alarm is initiated,

Registers

“Besides the registers now found in the arithmetic section of the 1103,
these algorithms require the following additicnal registers:

C register, an 8-bit register, the contents of which are

always treated as non-negative, It carries no sign bit,
The bit positions of the C register are designated

D register, an 8-bit register similar to C. Its bit pos-
itions are dencted

Dt? D6 D5 th D3 D2 Dl Do.

S register, a 9-bit subtractive accumulator, The bit
positions cf S are denoted

The arithmetic in the S5 register is assumed to be ones

complement. Sg is used as both an overflow bit and a
sign bit. This register must be able to be ccmplemented.

Irensmission Paths
The folloving transmission paths are also required:
From (X34 ~== Xo7) to G,
From (87 === 8g) to (X 3,--- X57). transfer input
From C to D,
From C éuhtractivaly to S.
From D to C. |

From Ay to X,



Floating Add

lf UAK —> SAR, Clear C, D, S, X. Initiate read.
X35 = 1 X35 = 0

Clear A, Q, Complement X Clear A, Q

Set Xg to 0, Xg —» C
Complement X Set X; to 0, Xz — C

Add X to A, subtract C from S, ¢ —> D, X —> Q.

I VAK —y SAR, Clear C, X, Complement S, initiate read

Complement X Set XG to 0, Xg —> C
Set to O — O
Complement X, B‘:lbggact C from S Subtract C from S

S8 =1 8 =0

Complement S, clear A, 34 — SK
Add X to A
Clear X Clear G, 34— SK
Complement X

Q' x'l D"%’c

8 =0 sko

LA=1 btraect 1 £ s
Add X to A ’ s Bubtrac rom S, 1 from SK

LA (SK) places, C —» S 8K =0 SK # 0
Complement S ‘

%®When the number n is put into SK, this means a left shift of n places is to be
called for,

next page



LA-1 Clear S
LA-1, C—S
Complement S

PAK

abl = a7l abl # a7l

#(Entry for divide)

e IA - ¥ | Round

lAdd 1 %o 8
sg=0 | s8=1

l

A -1 Alarm
PACK

g6l = a7l abl # a7l
i Test A I Round

A=0 A¥0 a7l # a6l | a7l = abl

Clear Q A -1 =1 | Add 1 to 8
Resume PACK e e

se=0 | s&=1

|

PACK l l ATARM }

abl = a7l a6l # a7l

l IA - 1, Subtract 1 from S i Round

] g

next page



a7l % abl a7l = abl

m-l,sa-l[

l o

Clear Q l
Resume ‘ PACK

Floating subtract is the same as floating add, except that where (v)
is entered into X in add, (v)!' ie entered in subtract.



Multiply

UAK —» SAR, Clear C, D, S, X, Initiate read

|

Clear Q, test X '

X35=1

|

X35 =0

Complement X
X —a Gy 82t Xg to O
' Complement X
X —= Q, subtract C
from S,

X —> Cy set X to O

X —— Q, Subtract C
from S,

VAK — SAR, Clear C, X, initiate read

l

l Test X,
X35 =1 X35 =0
Complement X, Clear A Cleaz A
xc—»c,setxctoo —> G, 8et X 10 O
Corplement X, Subtract C Subtract C from S
from S,
Complement S, Clear C l
Test S8
S8 =0 S8 =1
128 — C 128 — C
ubtract C from S Bubtract C from S
Test S8 Test S8
58 = 1 38 =0 S8 =0 S8 =1




Clear Q
Resume

Initiate multiply
8 — SK
IA - (SK) places, Clear X

abl # a7l abl = a7l

Round Th: = 1
abl = a7l abl # a7l

A -1

Fs Clear Q Round
Rasume

abl # a7l abl = a7l
‘LA - 1, Subtract 1 from 8 PACK

S8=0 S8= 1

|

Clear Q
| mox | Lear ¢ [




Divide

UAK — SAR, Clear C, D, 8, X, Initiate read,

[;E—];arﬁ ‘

35 =1 X35 =0
Complement X
Xg = C, set X to O Xy — C, set X5 10 O

Complement X

l |

Add X to A, Subtract
¢ from S,

|
VAK —» SAR, Clear X, C, Complement S, initlate read

X35 =1 X35 =0
Complement X Xc—} G, set X5 to O,
— C, set X» to O
Complement X, Subtract C Subtract C from S,
from S
Clear C
128t — G5 34— 8K
88 =0 | g = 1
Subtract | Subtract l
C from S C from S
S8 =1 S8 =0 S8 =0 58 =1
[;lam ] l ‘ Clear Q
T A R Resume

LA (SK) places, Clear Q
Ini't.iq.ta divide




Clear X
Complement X

Q! — X', Clear A
Add X to A

|

Set SK to 27, Clear X
IA (SKS places

|

To addition end,*

PACK

Clear X, Clear Q
Al —. X
(87 == Sg)=—> (X34 =—Xo7
X — Q
Resume

—_

"Round.

Clear X ‘

Set 134 to 1

a7l = 0 I a7l = 1

7

Compleme

_ﬂ:ﬂ

|

[Add XtoA |




