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March 25, 1958

The floating point instruction set has been rewritten to incorporate the latest

changes. New instructions have been added and changes made in others.

The twenty-nine (29) attached sheets describe the floating point instructionas

understood by the writer at this time.

Normalize, as used in the instruction set is defined as follows:

1.

LGA:bjn

If UM = 0 and overflow results, shift the mantissa right

[
1 and add 1 to the exponent.
If UM = 0 and mantissa does not overflow, shift it left L
until 1 appears in the high order bit and subtract the
. amount of shift from the exponent.
L

If UM = ] do not normalize, If overflow occurs, it is

lost.
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Add 00000
1. The content of the specified operand Address are combined with the contents

of AB 0-59 and A B (8) as follows

a.

d.

€a = €nm
Operand bits 0-10 are subtracted from A B bits 0-10 under
control of operand bit 11 and A B bit 1.

. e
The larger exponent becomes the exponent of the unnormal- ,,,f;_? Ce
ized result. En

. . L~ 4
Shift the mantissa with the smaller exponent right by the =

amount of exponent difference.

The mantissas are added under control of operand bit 60, as =

modified by SM and A.B (S), using 49 M of the gdder.

w:f'f

"3

2, Operand bits 6:1-63 replace I bits 27-29. ’

3.

a,

If UM = ] the result replaces A B bits 0-59 and A B (s)

If UM = ]l and 2 mantissa overflow occurs, the sum replaces
A B bits 0-59 and A B (s) and the lost carandxcator is set.
Carry is lost.

B /  »f” um=]
If UM/,Qﬁnd the result is "0“ the Lost Significance indicator . wm=0
g&mt (48] . The result re- )
places A B bits 0- 59 and A B (s), 7
If UM = 0 and the result is not ''0"', The result is normalized
and replaces A B bits 0-59 and A B (s).

4, Indicators which may be set are 30, 34-41 and 57-60.

Note: After the instruction is executed 3 the operand is not available / i e
in any addressable machine register, , Lok~ fsad
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<~/ Augment 00010

1'

2.

The contents of the specified operand address are combined with AB
bits 0-59 and AB(S) as follows:

a. Operand bits 0-10 are subtracted from AB bits 0-10 under control
of operand bit 11 and AB bit 11.
b. The larger exponent becomes the ‘ekponent of the sum.
c. Shift the mantissa with the smaller exponent right by the amount
of the exponent difference.
d. The mantissas are added under control of operand bit 60 as modi-
fied by SM and AB (S), using 49 bits of the adder.
_opera,nd bits 61-63 replace I bits 27-29. ”’7“ ,Pﬁaﬁ,m_ “
a.
’ , 48 t2~59
b. f the sumdiffers from ,ABJ,&,,, mra,;—gwit is set to 0
c. If UM=1 and result # 0, the,normalized result replaces AB bit 0 to 59
and AB (S). If UM=l and carry occurs, the Lost Carry ind1cator is
set and result replaces AB bits 0-59 and AB (S). Carry is lost.”
d. If UM=0 and result £0, the normahzed result replaces AB bits 0-59

and AB (5).

4

Indicators which may be set are;34-41 and 57-60.

In both cases where the result is 0, the result is entered in AB bits, 0-59

and AB (S).
The Lost Significance Indh:ator is set only when the algebraic sum is 0,

and not when the sign of the sum differs from AB (S).

et AP ﬁ,ﬁ,ﬂ%ﬁmﬁ wnsdarpd ] 'l
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Add to Memory 00100

1.

The contents of the effective operand address is combined with the
contents of AB and AB (S) as follows:

a. Operand bits 0-10 are subtracted from AB bits 0-10 under control

of operand bit 11 and AB bit 11.
b. The larger exponent becomes the exponent of the unnormalized result.
c. Shift the mantissa with the smaller exponent right by the amount of

the exponent difference.
d. The mantissas are added under control of operand bit 60 as-mnodi-
«fied Dy AB (S). using 49 bits of the Adder.
’ Nz ol by sm
Operand bits 61-63 replace I bits 27-29.

=.

™,

a. If UMal, the result replaces bits 0-63 specified by the effective
operand address. : B
If UM=1 and overflow of adder occurs, the result goes to the /
effective operand address and the lost carry indicator is set. '
Carry is lost,

b. If UM=0, the normalized result replaces bits 0-63 of the effective

operand address, A

P
If UM=0 and result is ''0"', Lost Significance Indicator is set. —

' (48718 subtracied [y¥om the exponent)and the result replaces bits
0-63 of the effective operand address.

AB is not changed by this instruction. Note that the flag bits which were
brought out in step 1 were stored back in step 3, unchanged.

v N
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Add to Mwaﬁnitude 10000

1. This operation is the same as add, except as follows:

ae

- be.

Ce.

The mantissa add is performed as if the sign of the
accumulator were positive.

The sign of the result is the original accumulator sign

ayyp ,
’I'he sign of the result is the inverse of the original
accumulator sign,

ALk a’t’ wilekag, o g,
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Add to Memory Magnitude 10100

1. This operation is the same as add to memory except as follows;

a. The mantissa add is performed as if the sign of the aeewmulater> es

were positive.

b. = The sign of the result is the original aw sign AB (S), if
no recomplementation was performed

V‘/
c. The sign of the result is the inverse of the original acém;——

sign if recomplementation was performed.

SER g
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N

/
Add Double 01000

1. This operation is the same as Add Single except:

a. AB bits 12 -107 is a 96 bit mantissa which is added to the con-
tents of the effective operand address.

b. The sum has a 96 bit mantissa which, along with its exponent,
replaces AB bits 0-107,

e,

2. Indicators which may be set are 30, 34 -41 and 57 - 60,

G0 amsons 2l G4 (Ll
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Interchange Augment 10010

1.

This command is the same as augment except that:
M
a. ALt may be modified by SM

B. The result is set to 0 if the sign of the sum differs from the
operand sign.

G .M amathfr m
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Add Double to Magnitude 11000

1. This operation is the same as Add Double except:

a,

b,

»

The addition is performed as if the sign of the Accumulator, AB{ S)
were positive,

The sign of the result is the original accumulator sign in AB (£}

inverted if g recomplementation were performed. The resultant

sign replaces AB(S). %
| ~ nlips
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Add Mantissa 00011

Bits 61 - 63 of the effective operand address replace I bits 27 - 29,

2

- | rlotisa
Bits 12 -59 of the effective operand address are added to AB bits ;
12 « 107 under control of AB (S) and bit 60 of the effective opexand “ :

ot

addresé, as modified by SM, AB bits 0-11 is the resultant dxponent,

If UM=0, the result is normalized and replaces AB bits 0-107 and |
AB (s).

If UM= 1, the result replaces AB bits 0-107 and AB (s),

a. If an overflow occurs, the result replaces AB bits 0-107 and
AB (S) and the Lost Signifiemee indicator is set.

Indicators which may be set by this command are 30, 34 -41 and 57 - 60,
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00101 ’
"

The contents of AB bits 0-59 and AB (S) T, U, V, replaces the contents |
of the effective operand address as follows:

" a. AB bits 0-59, either normalized or unnormalized as specified

2.

el sl e e

-wr -y e T

by UM, replaces effective operand bits 0-59.
b. AB (S) as modified by SM replaces effective operand b1t 60.

c. AB (S) bits T, U, V, replace—btta effective operand 61 63.

| Indicators, which may be set are 37-41 and 57-60.

Contents of AB are not changed by this instruction. ’ : //%

PR SIS AL INBL P . “

Note: AB (0-59) and AB (S) are unchanged by this instruction.
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C) Store Low Order 01101
1. IHUM=1

a. AB bits 60 - 107 replace bits 12 -~ 59 of the effective operand
address.

L
b. AB (S) as modified by SM replace bit 60 of effective operand
|

address.
c. AB (5) bits T, U, V, replace bits 61-63 of effective operand v
address.
d. AB bits 0-10 minus 48 under control of AB bit 11 replace bits v
0-11 of effective operand address.
2. IHUM=0
a. Then (b) and (c) are the same as in 1 above.
b. Subtract 48 from AR hit.0- .],Q under control of AB bit 11.
- c. Normalize AB bits 60-107 and the exponent from preceding
() step.
d. The normalized result replaces bit 0-59 of the effective operand
address.
e
This command is used to store the low order portion of a double man-

tissa in AB. AB is not disturbed.

—
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Square Root and Store 11110

1.

Y

This square root of AB bits 0-59 replace bxts 0 59 of the effective
operand address mw-«se 4Bk QF:n sat. .

AB (S) as m?chhed by SM replaces bit 60 of the efiective operand
address.

AB (S) bitse T, U, V, replace bits 61-63 of the effective operand
address.

.
Indicators which may be set are 17, 33, 37 -40, and 57 - 60. !

If the sign AB (S) is minus, the Improper Floating Point Resgult

v

indicator is set. This command is independent of UM. ja Nwé’t a*

¥
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Round and Store 10101

1.

Al is added to AB at bxt 60 with AB bits 12 - 107 considered positive.

st

ARbits 60167 are-set-to-0. M%«mw{?

AB (S) as modified by SM replaces bit 60 of effective operand address.

If UM =0, the result is normalized and-replaces-AB-Bit-0w59r—AR-(S),
wemaing the .same. replaces effective operand address
bits 0 to 59, and AB (S) bits T, U, V replace bits 61-63 of effective
operand address.

If UM=| ‘*

a. AB (S)Areplaces bits 60-63 of effective operand address.

b. If the result of operation (1) overflows, zeros are entered in bits

12-59 of effective operand address amed ddree=p. Lost
Carry Indicator is set. AB bits 0- lﬁ'i:”;'eplace bits 0-11 of effective
operand.

c. If no overflow, the result replaces bits 0-59 of the effective oper-

and address, ard-AB-bitsladfe

 Indicators which may be set are 31, 36- 41, and 57 - 60,

‘_ﬁ‘g&m@w Gk 4
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Borrow and Store 11101

1. AB-bits 60.-107are-vet-to-O-

2. AB (S) as modified by SM replaces AB (S) and bit 60 of the effective
operand address,

3. AB (S5) bits T U V replace bits 61-63 of the effective operand address.
4, AB bits 0-11 replace bits 0-11 of the effective operand address.

5. If AB bits 12 to 59 are_0, omit step 6 and set zeros in bits 12 to 59
of effective operand address.

| in position

(/ 6. The absolu;e value of AB bits 12 to 59 mjnus 1, subtract
N 59, replace bits 12 to 59 of the effective opera.nd address.

7. If AB bits 12 to 59 are not 0, set them to 0 and seta ]l in AB bit 12.
AB bits 0-10 minus 47 under control of AB bit 11 replaces AB bits 0-11.
Y AB Lt e O By mat e [
Indicators which may be set are 36-41 and 57-60.
These indicators are set for the results in AB. 7 This command is jinde-
pendent of UM, This command is used to provide a coupling between
single precision numbers for multiple precision routines.

[}
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Store MR 11111 S
M
If UM =1, the contents of M- bits 0-63 replace the contents of the

effective operand address.

re normalized., The result

MR wohawged 2

ke of 44 4F Gt o

L \:2
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Compare

1.

2.

March 19, 1958

01010

Bits 61 - 63 of the effective operand address replace I bits 27 - 29,

If UM=0, the contents of bits 0-59 of operand address and AB bits
0-59 must be normalized before compare is done. Then compare
is done as follows:

a.

b,

C.

d.

Operand bit 60 as modified by SM is compared to AB (s).
Operand bit 1! is comparec'iq to AB bit 11,
Operand bits 0-10 are compared to AB bits 0-10,

Operand bits 12 - 59 are compared to AB bits 12 - 59,

I!t UM= 1, no normalization is done and the comparison is done the
same as above, Note that when UM= 1, there is no assurance that
the comparlson results are correct except when the mantissa azgns
are different or both numbers are known to be normanzed

The indicators which may be set by this command are 61 - 63,

AB 4 M»«\W
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Shift Mantissa

1. AB bits 12 to 107 are shifted by the amount specified by bits 0-10 of
the instruction, Bit_ 11 of the instruction as modified by SM determines
whether shift is left or right, If bit lllis 1, shift right. If bit 11 is

If a 1 is shifted left past bit 12 of AB, the Incomplete Field indicator
is set. If the amount of shift is greater than 96, AB bits 12 - 107 are
set to 0, ‘ '

2. Indicators which may be set are 17, 31, and 57 - 60,

a2
MM
dote phogf 2
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Add Exponent Immediate 11011

1.

Bits 0~10 of the instruction are added to AB bits 0-10 under control of
AB bit 11 and instruction bit 11 as modified by SM. Result replaces
AB bits 0-11, T

Indicators which may be set by this instruction are 36 -41.

This command is independent of UM.
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Add Exponent 01011

3.

Bits 61 - 63 of the effective operand-address replacé I bits 27 - 29,
Bits 0-10 of the effective operand address are added to AB bits 0-10
under control of AB bit 11 and operand bit 11 as modified by SM.
Results replace AB bits 0-11,

Indicators which may be set are 36 -41.

This command is independent of UM,
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Divide Double

1.

This operation is the same as divide except:

-

b.

c.

d.

No round is performed,.

I owiheiivtu e e e

¢
The unnormahzed remainder rmglaces MR bits 12 - 59. The mw/yi«(
exponent of the dividend minus 48 replacea MR bits 0-11,

fim
The sign of the dividend replaces MR-sigay and MR bit 60.

STV N o3

A 96 bit dividend is used.

Indicators which may be set are 30, 32, 33, 36 -41 and 57 - 60,

Biowany, ?’ 4% Vaq it v paihing |
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Interchange Divide 10111

1. This operation is the same as divide except that:

P
a, A B bits 0 -59 and A B (S) specify the divisor. b o ‘
1 M

b. Operand bits 0 -~ 60 become the dividend /
C. A B (S) may be modified by SM before being combined with operand
bit 60 to determine the sign of the quotient,

C

C
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2.
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Divide 10000

If UM=1, the All Ones Counter-and Left Zeros Counter are set to 0.
The operand is specified by the effective operand address.
a. . Operand bits 61-63 replace I bits 27-29.

b. If operand bits 12-59 is 0, set the Zero Divisor indicator (32)
and omit the remaining steps.

IRSys——

Normalize the %gg%uhtor contents (AB bits 12-59).
a. If UM=l, the amount of the shift is counted down in the Left
Zeros Counter. A negative result may occur,

The rounded and normalized quotient (Accumulator divided by operand)
replaces bits 0-59 of the accumulator. AB (S) is set according to the
original AB (S) and operand bit 60 as modified by SM.

If UM is 1, and the contents of the left zeros counter are greater than O,
Lost Carry Indicator (30) is set.

Indicators which may be s#t by thie command are 30, 32, 36-41, and
57"60‘

No quotient is produced if the divisor is zero. A zero quotient is pro-
duced if the dividend is 0. If the mantissas are not properly scaled in
the unnormalized case (UM=1l), the amount of misalignment is avail-
able as a positive count in the Left Zeros Counter. If there were more
leading zeros in the dividend than in the divisor, the number is avail-
able as a &g&g_ﬁ@gﬁpﬁin the left zeros counter.

Note 1: that the mantissa of the quotient is rounded to 48 bits.

Note 2: Although AB bits 60-107 are not effected by this operation, they
all assumed to be zero for determining the quotient.

: y V - 7‘”’"&”
fV{;}/“: P /‘f;é ,/ ‘ "j) "vvi" AP Ly e (s ;“LZ(DJ
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(») Multiply. 00110

1. The contents of the effective operand address operates on A B bits
0-59 and A B (8) as follows:

a. Operand bits 0-10 are added to A B bits 0-10 under e
control of operand bit 11 and A B bit 11,

b. Operand bits 12~59 multiply A B bits 12-59, The
sign of the product is determined by operand bit 60
as modified by SM and A B (s).

2. Operand bits 61-63 replace I bits 27-29.
3. If UM = ], the mantissa result truncated to 48 bits and the
exponent result replaces A B bits 0-59 and A B (s).
4, If UM = 0, the normalized mantissa product truncated to 48
bits and the exponent result replaces A B bits 0~-59 and A B
UL
&/ 5. Indicators which may be set are 36-41 and 57-60.
4 .
/"\‘\\’w
) /
ST ..} Note: The mantissa of the product is truncated to 48 bits after
normalization occured,

[}
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Multiply Double 01110

1.

This operation is the same as Multiply except the full 96 bit mantissa
product is developed, which replaces AB bits 12 - 107, either normalized
or unnormalized as determined by UM, ’
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C Camulative Multiply 01100
1. The content of the MR register is multiplied by the content of the
effective operand address.

474
a. MR bits éﬁ:ﬁare added to operand bits 0-10 under control of
MR bits #& and operand bit 11.
N

-123
b. MR bits 116--——5-9 is multiplied by operand bits 12 ~ 59 under control
of MR sign and operand bit 60 as modified by SM. The product
has a 96 bit mantissa.

2. The product developed in step 1 is added to AB in the same manner as
a double precision add is performed. All conditions apply that apply
to Add Double except SM bit has no affect on the add.

wpa—

3. The final result replaces AB bits 0-107 and AB (8).
4, Indicators which may be set are 30, 34 - 41 and 57 - 60.

If an exponent overflow or underflow occurs in step 1, the proper indica-
tors will be set and an invalid result will be obtained.

4]
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Load Double

v

1. Same as Load Single except that AB bits 0 - 107 and A B (S) are set
to zero in step 1,
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O Load Single 00001
13
1. AB bits 0-59 and AB (S) are set to 0.
2. The contents of specified operand address is loaded as follows:
a. Operand bits 61-63 replace I bits 27-29.
b. Operand bits 60 as modified by SM replaces AB (S).

c. Operand bits 0-59 either normalized or unnormalized as specified
by UM replaces AB bits 0-59. T , uy :
xf é% ﬁ?’" /wiw?“‘% e;/ ‘ﬁé)
3. Indicators which may be set are 37-41 and 57 - 60. AT

L
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<,/ Load With Flag 10001

1. This command is the same as Load except that operand bits 61 - 63
replace AB (S) bits T, U, V as well as replacing I bits 27 - 29.




1.

Load MR

March 18, 1958

11100

The contents of the specified operand address is operated on as follows:

a.

b.

CQ

d.

Operand bits 61-63 replace I bits 61-63.

Operand bit 60 as modified by SM replaces MR sign and-MR-bit-60.

, e
1f UM=], operand bits 0-59 replace MR bits g=%9.

If UM=0, operand bits 0-59 are normalized and then replace MR

bits Que59. :
F4-103

Indicators which may be set are 37-41 and 57-60.




