>

to drop sign

| |

Sign
handling.

> 2 v 3 v A
e S5 Format:
I | rc | u | L ‘ 1 H. B2 I”ozl
Diagram 5-14 0 78 niz 151 19 20 132 35 36 47
e Purpose: Multiply Ist operand (in storage} by 2nd
SS I-Fetch operand (in storage) and place result into 1st
A etch, operand location.
} Basic multiply add
GIs or subtract sequence
for left digit.
o e * — !
Specification Yes Digit No
test, invalid
N— M|
B | Y
| No Specification Yes i I
valid
* Product
e e byte store. | Y
Y] e S
(int tion) right-4 shift to
interrup . . drop digit.
l . | _l
Multiplier Multiplicand
{eft-adjust request.
sequence,
C l___ — ‘
' 2
L2 Multiplier No
restoration. right-4 shift

Multiplicand zero
test and partial
product store.

Complete multi-
plicand byte fetch.

.

Basic multiply add
Yes | or subtract sequence
for right digit, and

Remaining
multiplicand

L No

/

Contains Multiplicand Address
and Final Product Address D

¥ =0 shift right-4 sequence.
Invalid data End o
(interruption), P:
A) Overall Flow Chart
- ’ am| Contains Multiplier Address
RD IC CA
23 " 0 23

Contains Partial Product
(Left-Adjusted)

" mm| Contains 2 Digits
of Multiplicand

15 24[31
16 123 32139

40[47 | 56| 63
48 | 35

Contains Multiplier
(Left-Adjusted)

3 an - - ) !
S RS T RT RA - RB
_ 31 32 63 ~31] 32 634 67
8 15 24 31 40 47 56 63 4 0o 7 16 23 32 39 48 55 64 67
0 7 | 16 23 32 39 48 55 50"*::5 f 8 15 l 24 3 l 40 47 56 63
| ; l | I Umper o T ' —l'—" _-I—
Additions or | |
- Subtractions

|

Invalid Digit
Detection

Invalid Digit
Detection

— Serial adder used for
0 7 addition or subtraction

Diagram §-305. Decimal Multiply (Sheet 1 of 7)

5-305, Sh 1

(7/70)

of multiplier from partial
product, one byte at a time,

Parallel adder used to
manipulate data and

to perform right-4 shifts .
PAL is also used as an

auxiliary register, PAA

B) General Data Path

it e T S e



S

N

N

) SN

T R T Rk

Diagram 5-14

SS I-Fetch.

No {(Multiply)

QTO31

Gote 1st operand
(multiplicand) from

SDBO to ST.

¢

Add L2 to IC ond
Request 2nd operand

(multiplier). Transfer
D to STC.

'

Transfer L] and L2
from E(8-15) to
F(0-7).

;

Reduce |C by 8 to
address next double ~
word of multiplier.

QS041

Divide

E to B and then to F.
ABC set to 111 to

select B byte.

Yes

~_

Gate multiplier
from SDBO to AB.

'

Set ABC per
1C(21-23).

'

Set STAT F if multi-
plicand (destination)
sign Is minus.,

'

Set STAT E if muiti-
plicand (destination)
sign is invalid.

Y

Transfer low=order
multiplicand digit
from ST to F(0-3).

'

Transfer instruction

address from LSWR
to S.

l

Diagram 5-306

Divide
operation.

GIS
(QT031 and Q5041)

Objectives:

1. Place multiplier into AB.
2. Initiate sign handling.

3. Save iow=-order digit of multiplicand in F.

F |
Digit. | L2
o 34 7

v

SS Format :

FC

L1

L2

31 |44 o1

B2 ” D2

0

78

1112

15 16

¢ 20

332

Purpose : Multi;.aly Ist operand (in storage) by 2nd
operand (in storage) and place result into st operond location.

Conditions at end of |-Fetch:

1. Main storage request for doubleword containing

33 35 47

low-order byte of 1st operand (multiplicend) has
beer issued per D.
2. D contains low-=order byte address (contents of

GPR addressed by B], + D1 + L1) of Ist operand.

3. IC contains high-order byte address (contents of

GPR addressed by B2, + D2) of 2nd operand

(multiplier)

INCORRECT
SPECIFICATION

'

Place E(12-15) into
T(60-63) and gate
T complement to PAA.

Y

Gate E(8-11)
to PAB.

-

Subtract
L2 from LI.

12 {8
and smaller
than LI

SPECIFICATION
TEST (Q5041)

Objective:

Verify that L2 is less than 8
bytes and smaller than L1.

(Q5041)

Objective:

Restore instruction address to IC and

Gate instruction
address from §

to 1C .

force interruption.

l_

Set interrupt code
triggers and
force end op.

'

Diogram 5-22

Program
inferryption.,

Diagram 5-305. Decimal Multiply (Sheet 2 of 7)

Sheet 3
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Sheet 2
| MULTIPLIER LEFT- — -
ADJUST SEQUENCE
A (QS041) Transfer instruction | During left-adjust sequence,
address from S to instruction address is held in
Objective: PAL, and hold. PAL by 'HOLD' micro-order.
Fetch full multiplier from storage and transfer
to ST. High-order multiplier digit must occupy 4
leftmost byte (byte 0) in ST. ' _I
Gate L2 from STC is set to where the right-
> E to STC. most byte of multiplier will be
placed after left adjustment.
Move multiplier
sign byte from AB : T:_'unsfe_r performed
to ST (PEf STC). via SETIQI adder.
B .
Set STAT C if
multiplier sign is
minus. Set STAT E
if multiplier sign or
| .{ units digit is invalid.
>
Yes .
C S l_
No ,_Yes Reduce L2, ABC
ABC =0 : r ’
c | and STC by 1 count.
I SO el I
T Issue IC request for
additional multiplier
> Reduce L2, ABC, and bytes. ' r .
STC by 1 count, | J Gate instruction Full multiplier has been
‘ address from PAL fetched. Instruction address
l to 1C. | is restored to IC.
Stop CPU clock e L
for two cycles,
o then gate multi-
Move next multiplier plier from SDBO
D byte from AB to ST. to AS. |
| ]
w— w—— r -
Set STAT A if Set STAT E if
multiplier digit(s) multiplier digit(s)
’ is not zero. ] iS invulid-
._l . e J
E _ I MULTIPLIER RIGHT-4 SHIFT TO
‘ DROP SIGN (Q5041)
I L2 in E(12-15) was . ) o
Add 1 to " reduced 1 below Gate high-order multi- Objective:
E(12-15). zero. It is now | plier bytes fram 5to _ o o
restored to zero. PAA and shift right 4. Shift multiplier right 4 to eliminate
- _ _ i ‘ sign and transfer to AB.
> i ‘L T ] ‘
To perform correct * * -
Set STC gafing of L2 from I - |
to 111. Fto$. f Hold PAL to save last Transfer shifted | A(4-31) contains high-
1 high~order multiplier result from PAL | order multiplier digits
- — | digit. to A. | excluding last digit.
- 1
F G b T
ate F{4~7) to
5(28-31) per L2 RESTORATION (QS041) ! I |
STC. | Objective: - I
N ‘ Trdnsfer last high~ B(&4-67) serves as
| L2 count must be restored to E(12-15} before °'_'df-"' multiplier temporary storage
entering the multiply add or subtract loop. digit from PAL during right=4 shift.
- - (64-67) to B(64~67), l
> Add 5(28-31) to | 5(28-31) contains }
E(12-15) (in | L2. E(12-15)is
paratliel adder). |  zero. ' ¢ *
. _ l i 4 - _
Gate low-order multi- | Gate B{64-67) to
plier bytes from T to : PAB(28-31) and
PAA and shift right 4. shift right 4.
Gate L2 from PAL ' - J
G to E(12~15). | ]
| | Transfer shifted resuit
from PAL to B.
D |
H Sheet 4
Diagram 5-305. Decimdl Multiply (Sheet 3 of 7)
»

5-305,Sh 3 (7/70)
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Sheet 3

No

NN

STAT A

Y

Set STAT G to re-
cord zero multi-
plier condition,

Yes (Multiplier £ Q)

set

No

Signs

Y

Place minus sign

Yes

alike

Y

Place plus sign

1

SIGN HANDLING (QS041)
Objective:

Test STAT F and STAT C to
establish sign of product.

into F(4-7). into F(4-7). o
Digit ' Sign
0 314 7
r
Sheef 7 SET ABC Ctnd
STC per L2,
F !
Digit | Sign
0 314 7
Cross~gate F
to SAL and
gate SAL to F,
Sheet 5,6
Digit Is Digit s Test Digit Is Digit is 5
invalid Zero diglE: - 4 or Less or Greater
SAL{4=7) |
' I
Set | Adds 1 to the next
. . STAT D . I mUltip“Eund
Set progrom interruptior >y | (destination) digit
interrupt’ latch. [f no Y Y —— L
higher-priority |
inferruption, execute Place O into Place 0 into To extend true number
program interruption AB(64-67) . B(64-67) . on subsequent right " —_— | e
(Diagram 5=22). 4 shift.
| Set I Generates hot carry to
STAT H I gate multiplier (source)
- digit 2's complement.
' g
J L
Reset Add AB byte (frue) l
STAT G. to ST byte (true) —
and place result To extend 10's
into ST. Place 2 into complement on
B(64-67). | subsequent right
4 shift.
Y I
End op . Yes
{ Add AB byte (com-
plement) to ST byte
: (true) and place
Reduce ABC and result into ST.
STC by 1 count. '
Reduce ABC and Yes
STC by 1 count,
l _ Y Y
— .
R?d:.lc_e multiplicand Reduce ABC and Reduce ABC and
digit in F(4~7) by | STC by 1 count. STC by 1 count,
count .
— Y l =
Set | Generates hot
Set ABC and STAT H . I carry to next
STC per L2. l byte .
i
BASIC MULTIPLY l —_—
ADD OR SUBTRACT : | :
SEQUENCE FOR ncrease multi- :
. e d] let
LEFT DIGIT (QS041 Yes Digit in plicand digit in | ::b:f::rrinn compiete
AND QS071) F(4-7) = 1 F{4-7)by | count. | )
L
Cbjectives: l
1. If multiplicand digit is 4 or less, ——
multiplier is added to partial | |
?Ff_oc;u: "U";f_ﬂl of fimes spec- Set ABC and | To prepare for next
iItted by multiplicand digit, STC per L2, | cubtraction.
2. If multiplicand digit is 5 or greater, I
multiplier is subtracted from partial
product number of times speci-
fied by 10 minus value of multi-
plicand digit. Diait
Yes . igrt No
3. If multiplicand digit is zero, no in F4-7) =7
addition or subtraction cycles
are required.
Sheet 5

Diagram 5-305. Decimal Multiply (Sheet 4 of 7)

7201-02 FEMDM (7/70) 5-305,Sh4



Sheet 4

—_— e —_—— ———— | l"— PARTIAL PRODUCT RIGHT-4
| SHIFT TO DROP DIGIT (QS071)
A r
I . . { Transfer low~order . - Objective:
Set D(21-23) ]!:;D designate produc!‘ | half of partial prod=
| per STC. yte for store operation. | | | vet from T to LSWR. Shift partial product right 4 (to drop
| - . low=order digit) and place into ST.
| | |
> Transfer low=order | ) l — |
partial product | P | B(64-67) was set to
digit from ST to F Product | Gate $(0-31) to Gate B{64-67) 0 if partial product is true
| Sign IDigit PAB(32-63 to PAA(28-31) b '
1 F{4-7}. 0 g 3|4'5JI - AB( ). ’ or to 9 if complement. |
" To indicate that 1 -
B Reduce L1 by byte has been :
I count - processed. J Shift parallel adder PAL(32-35) is
! right 4 to PAL(32-67) extended with -
; __ 'S " | Oor?.
> ' . | !
PRODUCT BYTE STORE | To'save low=order
‘ [ssue D request to (QS071) I za;fézf;';f 67). | digit of partial
store low-order . | Product from S.
partial product Objective: i ' |
bytE- ' §
Store low~order partial product
byte into main storage. I
C Hold PAL to save | . y
high-order partial _ | I
- Crc:_nss-gai'e F through product from S,
serial adder and gate
to ST per STC.
l | |
’ \ I No Yes (invalid Digit or Sign)
Set Mark trig-
I ger per STC, | | v
Sheet 4 |
Selected ST byte ]
‘ |
D | l -=-r
Transfer high-order | Original S contents
I partial product from | excluding low-order
| | PALtoT. | digit.
. Transfer low-order : Original
Pﬂl’fiﬂl PI'OdUCf from ' . T contents.
]

LSWR to S.

Low=Order

Yes (Multiplicand = 0)

Transfer high-order
half of partial prod-
vet from T to LSWR. | |

ﬁ L - —

| S and T contents

must be interchanged.
Subtract 1 from |

mul tiplicand
address in D. |

Place 0000 0001

into F.

Gate 5(0-31) to PAA

Add F to D (com- |
tcom (32-63) and B(64-67)

plement) in par-

B contains original
low=-order digit

|
|
|
I |
|
!
l
l

= allel adder. to PAB(28-31), from S.
ra—— I '
. . Low=-order digit )
Complement result S-hlﬂ' paraliel adder | from S inserted (
and gate o D. { MULTIPLICAND REQUEST right 4 fo PAL. I e T
(QS07T1) | )
> _ . .
Objectives:
I. Reduce D address by 1 and
| ° tolicand request multiplicand from
equest multiplica storage . | .
| per D address. Gate PALto T.
l 2. Set STC to point at new
~ _ ' mmmrd multiplicand byte .
G
| |
Transfer high-order
! SD"};]SIé)per | ;l:-aS;;i:I pr;c!uct from ' High~Order Low=Order
. to >.
b .
Sheet 6
H
Diagram 5-305. Decimal Multiply (Sheet S of 7)
| <
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SR o —— A ——

N 2 v 3 \ 4 4 v 5 v B
Sheet 5
~— v
Yes No
- > No STAT Yes
D
set ¢
L | Multiplier must be | Transfer low-order Temporarily vacate T
Reset STAT H. | ~ added to partial prod- partial product from to gate in new multi-
| uct one more time. | T to LSWR. plicand.
_ - g |
: B J MULTIPLICAND ZERQ TEST
o | - -1 .AND PARTIAL PRODUCT
STORE (Q5081)
Set ABC and
STC per L2, Objective: . No Yes
N | . | All significant multiplicand digits have been ¢ 1
processed and partial product is stored as l
product into main storage. If L1 field is not Gate Gate
zero, the remaining multiplicand digits are SDBO(0-31) 5DBO(32-43)
’ - tested for zero. : to T. | to T,
Add AB byte (true) '
S
Y to ST byte (true)
and place result -
Y | _ into ST, y
Set STC to correct
~ Transfer partial product] T byte by forcing 1 to -
from ST to AB. STC(0).
C | " -
i Mo ABC =0 Yes | | |
Set ABC per L2 .
to select 1st Reduce ABC and Reduce ABC and ' l Yes No
partial product byte. STC by 1 count. STC by 1 count, -
_ | | | ' v
’ i ‘ | l _ . Add 1 to digit in next Gate next multi-
~ multiplicand byte and plicand byte from
o gate to F, ST to F
.t Remaining multi- fo k.
- Gate multiplicand Request multipiicand ng muih

| plicand digits.must —
be tested for zero.

[ . I

from SDBQ to ST.

\“ o i l

Reset STAT G.

per D address.

F
e oy § e .
Set STATE if Digit | Digit

Designates first
multiplicand byte
for zero test.

e . | L - | l

’ L Transfer low=order

e . partial product
v from LSWR to T,

l

Set ABC and STC
per L2,

Set STC per

0 34 7
D(21-23).

digit(s) is invalid.

Remaining rmulti-
plicand in T is
destroyed.

Gate multiplicand
byte from ST to
serial adder and
S ‘ test for zero.

COMPLETE MULTIPLICAND
BYTE FETCH (Q5071)

Obijective:

Gate 8 bytes of multi-
.plicand from SDBO to T.
Select next byte of muylti-
plicand in T and transfer
to F.

| No ‘i"es

Transfer partial prod- .
uct byte from AB |

» v | to ST.

e Sheet 4 }

{_____._______
|
|

Y

Reduce ABC, STC,
and L1 by 1 count,

Set mark frig-
ger per STC.

N
F l ] Sheet 7
e Issue D request
to store partial Yes No

product, }
T_

Reduce ABC,
STC, and LI
by 1 count.

No (STC = 0) ' |

L1 =111

¢ Y I | *

Reduce D address by
8 and request addi-
tional multiplicand.

Gate SDBO

’ to 5T.

- | G

End.op.

.
H Diagram 5-305. Decimal Multiply (Sheet 6 of 7)
N
>
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> | 2 v -3_ v 4 v 5 v 6

Sheet &

A | .-
l Digit = 10 or Greater Digit =0 Test Digit = 4 or Less Digit = 5 or Greater I
digit in
| SAL{4-7)
Place 9 into Place O into Reset STAT's Set STAT's D |
| B(64-67). B(64-67). Dand H.,, and H, I
> -
I
F Set STAT Place 0 into Place ¢ into _ .
D. | | B(64-67). B(64-67). ‘
: |
- L n R
Transfer low-order Add AB byte (true) Add AB byte (com-
partial product to ST byte (true) plement) to ST byte l .
digit from ST to and place result (true) c_:nd place
, F{4-7) into ST. result into ST.
g |
c | . |
Add 1 to next Reduce ABC and Reduce ABC and
| digit in F{0~3), STC by 1 count. STC by 1 count, |
| ] .
> Trar:sfer low-order | Initicte right : Reduce ABC and Reduce ABC and |
I zr t"_’rl t‘:’i‘;;; I 4 shift. STC by 1 count, STC by 1 count,
m . -
| ' I
| T
Decrease multi- | Generates hot
D 8313(2;31)352452% plicand digit in Set STAT H carry to next o
I to PAB(28-31) F@-7) by 1 count, byte . |
T . Increase multi= | T d 1 com-
| Shift porallel adder | | High=order partial Set ABC and plicand digit in | plete subtraction.
right 4 to PAL@32-67).1 | PLEEF = STC per L2. F(4-7) by 1count. |
!
| -
Transfer PAL(32"63) Set ABC and STC l To prepare for T
to T and PAL{64-67) per L2, | next subtraction. -
E | to B. | )
| ~
| l
_ Transfer low-order
partial product from ~
LSWR to §. ~
> :
. l I
| -~
! Transfer high-order I
partial product from
T to LSWR. |
F
BASIC MULTIPLY ADD OR SUBTRACT SEQUENCE FOR I
I 1§ moltiplier is zero, RIGHT DIGIT, AND SHIFT RIGHT 4 SEQUENCE (QS071
v No (Multiplier # 0) l .S and T contents need AND Qs081) P
= ! not be interchanged. I
Objectives:
| | B8 contains original | | 1. If multiplicand digit is 4 or less, multiplier is added to partial product I
> ' g;%(g-i])aafgg low-order digit 4 - number of times specified by multiplicand digit. ~
I fromS.
to PAB(28-31). L ‘ 2. If multiplicand digit is 5 or greater, multiplier is subtracted from partial l
product number of times specified by 10 minus value of multiplicand
digit. ' I
-~
3. If multiplicond digit is 0, no addition or subtraction cycles are required.
Shift paraliel adder | . I
G right 4 and gate PAL 4. After exit from add or subtract loop, low=-order pertial product digit is
: (32-63) 1o T. saved in F(4~7) for subsequent store. Partial product in ST is shifted o
right 4 to drop low-order digit, and a branch is made to left-~digit I g
I sequence .
| . . |
| > .
Transfer high-order High~Order Low=Order ™~
partial product from 0 31]32 |
b LSWR to S. _
|
| Sheet 4 oo
eet
H
Diagram 5-305. Decimal Multiply (Sheet 7 of 7) -~
’ -
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7201-02 FEMDM

> 3 4 5 V 6
SS F t:
N Diagram 5~14 ° ormats,
[ e lLllLZ‘BIHDI B2 sz]
SS I-Fetch. 0 78 N2 1516 1920 N2 I35 47
. ..
w ® Purpose: Divide 1st operand (in storage)
by 2nd operand (in storage) and place
A _ result into Ist operand location (quotient
is leftmost in Ist operand location;
remainder is rightmost).
.\\-._,_,,...f' GIS.
S
>
Specification
test .
e - wmvarevad
— B
No Specification Yes :
¢ valid
| | - - L
M |
Incorrect i Divisor left=
specification ’
(interruption). adjust sequence,,
> L l ]
] |
8 Dividend fetch and Generate
e left-adjust sequence. | quofient
sequence.,
C _
Restore L1 and {ﬁsssemble dl':\"lfor Yes Invalid,
- q L2 to E i in AB and divi- data
> . dend in ST,
S e
Righ']' Next Left
T sequence
o Trial sub-
D traction. Y L..
I Right digit I Left digit
- sequence. sequence.
- Ne Remainder Yes I . Y
L P l positive l ¢ ¢
_ . | Yy —
| Initiate dividend i Cnrre.cf low-order
— left=4 shift. Interruption. I remainder byte.
E + Yes
More More I
N
2 dividend Yes Yes dividend Process quotient
L required required sign byte .
> Y
— y y .
o Complete | Fetch next dividend -
dividend byte and complete )
left-4 shift, left-4 shift. Store remainder.
~—— - J - !
F A) Overall Flow Chart
S
Contains Dividend Address =~ | Contains Divisor
and Quotient Address IC CA Address
— 0 _ 23
> 21 23
e | Designates | Contains | Designates Divisor
. >TC CS| Dividend F RFl Quotient ABC  CW Byte in AB
R 0 2| Byte in ST 0 7 2| Prren
| 0 7
| [ 8 [15 24 | 31 40 ] 47 56 ] 63
- G 0_J_7 16 | 23 32 | 39 48 | 55
- ' Contains Dividend - I Contains Divi
S RS I - ins Dividen A RA B I R ontains Divisor
0 31 132 53| (Left-Adjusted) 0 31 |32 43 : 64 o] (Left-Adiusted)
— ) 7?_IL5]6 23%23 40__47 5663 0 7 16 23 32 39 48 55
2 39 ‘ 48 55 8 15 24 3 4 -
> Paralle! adder is used
e to manipulate data and
; to perform shift operations .
_ PAL is also used as an
I auxiliary register.
B g“"“”d_DiQ” Invalid Digit 4 63 4 63.7 67
etection Detection 4
/
| j
H ' PAA
SAL AS Serial adder is used
o 0 for subtraction of
0 | 7 divisor from dividend
——-I—— one byte at o time.
B) General Data Path 4
N .
>
Diagram §5-306. Decimal Divide (Sheet 1 of 9)

(7/70)

5-306, Sh 1



m.
Diagram 5-14

P e———

SS I-Fetch.

I_GIS (QTO031
AND QS041)
Objectives:
1. Place divisor info AB and set ABC
to the low-order divisor byte.

| Save Ll and L2 in F.

2. Test dividend sign for validity.

Yes

Gate divisor from -
SDBO to AB.
Set. STAT E if

dividend stgn is
“invalid; set STAT
F if minus,

Subtract L1 from
D to set adress of

high-order byte.
Reset STAT F.

> oy

Gate L2 from
E to STC.

5-306,Sh2 (7/70)

B i ey o T LI L O R PR

Gate Ist operand
(dividend) from
SDBO to ST.

v

Add L2 to {C and
request 2nd operand
(divisor). Transfer

D to STC.

Transfer L1 and L2
from E{8-13) to
F(0-7).

| -
Reduce IC by 8 to

adddress next double-
word of divisor.

STC set to where
rightmost diviser
byte is placed ofter
left adjustment.

e ———————

o

-

Set STAT G to
record that
divisor is 5 bytes
or greatfer.

Transfer instruction
address from LSWR |
to S.

Sheet 3

Diagram 5-306. Decimal Divide (Sheet 2 of 9)

E to B and then
to F. ABC set

to 111 to select
B byte.

Diagrem 5-305

Multiply operation.

I

— ]

V | ' 5

e 55 IFormct:

[ o Jule]e [fo]ejfo]

Y 78 n 12 15 16 19 20

o Purpose: Divide 1st operand (in storage}
by 2nd operand (in storage) and place
result into st operand location (quotient

~ is leftmost in 1st operand location;
remainder is rightmost).

e Conditions at end of {=Fetch:
1. Main storage request for doubleword
containing low=-order byte of st

operand (dividend: has been issued per D.

2. D contains low-order byte oddress
(contents of GPR addressed by Bl,
+ D1 + L1) of Ist operand.

3. IC contains high-order byte address
{contents of GPR oddressed by B2,
+ D2) of 2nd operand (divisor).

3 2

35 36

47,



Sheet 2

_ y R S

Place E(12=15) + 1
into T(60-63) and Gate E(8~11)
| gate T complement | to PAB.

‘ to PAA. - T |

Subtract
SPECIFICATION TEST (QS041) L2 from L1.

Obijective:- | | L .

Verify that divisor is less than 8 bytes
and smaller than dividend. |

e S AR EEEEEsssens sl NN el R A — |

INCORRECT SPECIFICATION (QS041)

in PAL by 'HOLD'
micro-order.

. hold.

[ } | Obiective: I I S — _ J
' g?:; G Restore instruction address to I
. IC and force interruption. | — - -———— = —— ——
DIVISOR LEFT=-
l‘ —_ ADJUST SEQUENCE
; . (QS041)
Transfer instruc- I SDE":::E::FT:;::S_
- I tion address from I tion address is held L
S to PAL, and - | Objective:
|

Gate instruction
| oddress fromS
to IC.

| Fetch entire divisor
from storage and
. transfer to ST.

Move d | ll;{igh-'order divisor
ve divisor sign . . yte must cccupy
byte from AB (per I serial odder. leftmost byte in ST.

ABC) to ST (per

STC).

—

Transfer performed

Set interrupt code
triggers and force

end op. I

i
Set STAT C if '
divisor sign is
' ‘minus; set STAT
| S— - —t

14
il L ] inireiniienll A e e ————— L) L ] bl AETE—

| | (Divisor
| Fetch
e . r— —— — —— . S — — i , o Yes Complete)

Reduce L2,
ABC, and

|
STC by 1
count,
I Gate instruction Issue [C request
address from PAL for additional
l to IC. divisor bytes. l
| — 1 |
Gate divisor from
SDBO to AB. |
L —— |
Reduce L2,
* ABC, ond ‘
- — STCby ) :
l Cﬂunh l
| L2 restored to zero l |
Add 1 to L2 count bto perform subsequent

in E(12-15). | branch on L1 count.

S

Move next divisor l
byte from ABto ST,

] e L ] W I L L - J—

| _
v '
Set STAT E if _I
divisor digit(s)
is invalid. . Sel' STA.T A H: 1
divisor digit(s)
. is not zero.

T LO
Divisor

HO
Divisor

Sheet 4
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Sheet 3

DIVIDEND FETCH AND LEFT-
ADJUST SEQUENCE (QS041
AND QS051)

Gate high-order
divisor from S to
PAA and shift

right 4 to PAL.

Objectives:

Divisor is shifted right 4 and heid in PAL and LSWR. Sufficient
number of dividend bytes is fetched to perform trial subtraction
(at most, two dividend fetches are required). Dividend bytes are
placed into ST, where high-order byte occupies leftmost position.
Original D address is restored to D to reflect quotient address.

»

Hold PAL to save
last high-order
divisor digit.

Transfer shifted
divisor from PAL
to A,

A(4-31) contains
high-order divisor
I digits excluding

last digit.

Transfer last high-~
order divisor digit
from PAL(64-67)
to B(64-67).

B(64-67) serves as
temporary storage
during right 4 shift.

Y

Gate low=order divisor

from T to PAA and shift

right 4 to PAL.

Gate B(64-67) to
PAB(28-31) and
shift right 4 to PAL.

Traﬁsfer shifted
divisor from

PAL to T.

Transfer shifted
low—-order divisor
from T to LSWR.

Request dividend
per D address.

Set STC to 000 to

select leftmost
byte in ST.

Gate L1 from E(8-11)
to PAB(60-63) and
shift right 4 to PAL.

PAL(64) =0

T ——

Original low=-order
| S digit has become
high-order T digit.

.

Gate dividend byte
from AB (per ABC)
to ST (per STC).

———-
|

Yes

=
I
I
L

This branch senses
E(8-15). Because
L2 is zero, test is
for L1 only.

Y

Reduce L1 by 1 count
and increase ABC and
STC by 1 count,

1 count.

Dividend in ST was
I displaced by divisor
and must be refetched.

Where high~order
dividend byte
ill be placed.

—

To place high~order
L1 bit in PAL(44) for
subsequent branch.

Y

Set STAT D to
record that
dividend is less
than 8 bytes.

Transfer high~order
divisor from A to

PAL, and hold.

|
|
\
|
|
\
|
|
|
|
|
|
|
|
|
\
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1
|
l
I
|
1

Gate dividend from
! SDBO to AB and set
ABC per D(21-23).

r

i
| _
I

TDuring dividend left
| adjust sequence,
high=order divisor
is held in PAL.

Diagram 5-306. Decimal Divide (Sheet 4 of 9)

5-306,Sh 4 (7/70)

Increase ABC
by 1 count.

——eed

4

Transfer high-order
divisor from PAL to A,

Y_

Increase D by 8 and
request dividend per
D address.

'

Gote D to B.

s sl ——

I 1 Y 1

Gate B to parallel
adder and subtract 8.

Gate PAL to D.

Transfer high~order
divisor from A to PAL,
and hold.

Gate dividend from
SDBO to AB.

|
|
|
|

Reduce L1 by 1 count
and increase STC by

To free parailel
adder for D |
incrementing. ]

Restore D address
for subsequent
quotient store.

Sheet 5
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N

N

' S

—_————— e e e e e e ek

2 v 3 4
RESTORE L1 AND L2 TO E (QS051)
Objective:
Left adjustment of 1st and 2nd operands has
destroyed original L1 and L2 counts in E.
These counts are restored to E.
Y -""I |
——
Transter L2 count : F(4-7) to PAB(60-63). F | I
from F(4-7) to Shift right 4 to PAL. L1 I g2
B(64-67). l Gate PAL(64-67) to B. o 314 7 I
| —
= |
| L2
63164 &7
Y

to F.

Cross~gate F
through serial
adder and gate

v

Transfer L1 count
from F{4-7) to
E(12-135).

Neo

Yes

F{d-7) to PAB

(60-63). Gate
PAL(56=63) to

E(8-15).

il e e R AR ey

(Divisor is 5 Bytes or Greater)

;

v

Gate L1 from
E(12-15) to
PAB(60-63).

Gate L2 from
B(64-67) to
PAB(64-67) .

f

Shift left 4 to
PAL and gate
PAL(56-63) to
E(8-15).

u ! 12
8 112 15

Sheet 6
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Transfer high-order
divisor from PAL
to A.

Reset
STAT G.

'

Transfer low-order
dividend from T

to B.

Transfer high-order
dividend from S to T.

'

Transfer low=order
divisor from LSWR to S.

'

Transfer high-order
dividend from T to
LSWR.

Transfer low=-order
dividénd from B to T.

'

Transfer low=-order
divisor from S to B.

r

Transfer high-order
dividend from LSWR
to S.

ASSEMBLE DIVISOR 1IN AB
AND DIVIDEND IN ST (QS051)

Objectives:

High-order divisor is transferred

trom PAL to A.

transferred to B.

A

HO

Divisor

If divisor exceeds
4 bytes (STAT G set), low=-order
divisor is in LSWR and must be

LO
Dividend |

HO
Dividend

LO

Divisor

o |
Dividend

LO

Divisor

LO

Divisor

- Dividend

LO

HO

Divisor

LO

Divisor

HO
Dividend

10O
Dividend

7201-02 FEMDM

(7/70) 5-306,Sh 5



>
TRIAL SUBTRACTION (QS051
IAND QS061) |
A .
Obijective: Set STAT H o
| generate hot
Subtract divisor from dividend to verify carry for trial :
that quotient and remainder will fit inte subtraction,
destination field.
. | |
B | I
I Add AB byte (com-
plement) to ST byte |
(true) and gate
result to SAL,
> . l 1 |
| M | Set STAT A if
PRI | result is not zero.
N | - Set STAT E if
o | result is invalid.
C - I | I
| No”  ABc=0 Yes I
> l i |
| Reduce ABC and Reduce ABC and
| STC by 1 count, STC by 1 count.

Yes Carry No
> | Sheets 7, 8, 9 from SALO)
l U |N|T|"Z"T'E6'&'EDFF|BTEFTZ'§H{FT"_"__"____________I
INTERRUPTION (QS061) | @sost)

E | Obijective: I ; I Objective: l
Set appropriate interrupt trigger o | Shift high=order dividend
I force interruption. | porﬁon left 4. I
> I I I - Transfer high-order |
l l T digit from T(32-35)
to B(64-67). I
| No Yes w I
F | | Transfer low=order
dividend from |
‘ { T to LSWR. |
Set 'divide Set 'invalid I I ¢ I
> check' trigger. data’' trigger. | |
I | | | l Gate high-order Gate dividend R l
' I dividend from S ~ digit from B(64-67) |
l | T l I to PAA(32-63). to PAB(64-67). | |
« I - S
I Reset STAT G. | l ‘
I I | I Shiﬁ paraliel Original 'h'igh-ordel; T
I I | adder left 4 digit becomes low-order
| + | l | fo PAL . S digit.
> : |
; l - I | I I I
I. | l Transfer fow-order Gate high-order I
H . l | dividend from dividend from s LO T HO
I i::[ :pﬂir:;?;ilg.i:r;nt?;:ueptior; o I LSWR to S. PALto T. Dividend Dividend I
m inferrup _ ' N i i '
tateh - 1F no Riaheremmiori I l I (Not Shifted) (Shifted Left 4)
I interruption, execute program | '
| interruption (Diagram 5-22). ' I I _J
> | s o .y - T T S - T T =

Diagram 5-306. Decimal Divide (Sheet 6 of 9)
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e

e L

Sheet B

Sheet &

<
)

v - 4

STAT D set if divi=
dend is less than 8

bytes. See dividend
fetch and left adjust
sequence (Sheet 4).

Gate low-order
dividend from S

to PAA, shift

left 4 to PAL, and
gote PALto T.

Y

Transfer high-order
dividend from LSWR

to S.

Add D oddress (com-
- plement) to 8 and
gaote result to D,

Y

Reduce L] by 1
count.

Y

v

time (from entrance E), ST contains dividend.
Thereafter {entrance J), ST contains partial

remainder.

l

: Dividend left 4
| shift completed.
|

Transfer low-order
dividend from T
to LSWR.

—

Set STC to correct T
byte by forcing 1 to
STC(0).

£

Set STAT G to
enter left digit
sequence .

v

Gate dividend
byte from ST
(per STC) to F.

Y

Restore low=order
dividend from
LSWRto T.

!

— E—— EE— E— ——

Gate SDBO Gate SDBO
{0~31) to T. (32-63) to T.
Y

| Initiate restoration
| of quotient address
| to D.

I Requested dividend

| bytes (at $SDBO) are
|placed inte T.

1

IINext |low=order byte saved
[Fn F. Remaining bytes are
destroyed and later refetched
Ione aft a time.

Gate D to parallel

adder, complement,
and gate PAL to D.

Y

| Complete restoration
| of quotient address
} to D,

L

Gate L1 from E{8-11)
to PAB(60-43} and
shift right 4 to PAL.

PAL{64) = 0

|
ITo place high-order
IL1 digit in PAL(44)

[for subsequent branch.

than 8 bytes .

Set STAT D to record
that dividend is less

|
| Additional dividend
| fetch not required.
| (see Sheet 8).

£

Transfer digit from
F(0-3) to T(460-43).

After left 4 shift,
T 15 extended with
next low-order

dividend digit.

Y

Transfer digit from
F{4~7) to B(64-67)
and clear F,

F is subsequently
used to record
number of sub-
tractions,

I——-———-—I

S HO T LO

COMPLETE DIVIDEND LEFT 4 SHIFT (QS061)
Objective:

All dividend bytes have been fetched from storage .
Shift low-order dividend {in S) left 4, and swap Sand T

No Yes contents.
FETCH NEXT DIVIDEND BYTE AND
COMPLETE LEFT 4 SHIFT (QS0s1)
increase D address i
by 8 and request L[‘a?iferdh;gh-c‘;_rder
next dividend bytes . lewe
4 Objectives: te LSWR.
¢ Increment dividend address {in D) by 8 and obtain 8 +
I bytes of dividend from main storage. Select required —_—
'Tfu{'tsfer high-order | See Note 1. divideyd. byte from SDBO i:'lnd transfer to F. S?I?c:t ' F is subsequently
dividend from T [_ next_ d.lglf from F{0O~3) and insert as low-order digit Reduce Li by 1 | used to record
to LSWR. of dividend or p:::rﬂcl remainder (as opplicable) in count and clear F. I number of sub-
T. _Transfer digit from F{4-7) to B(64-67) and save ' tractions .
until next left 4 shift. |
Y Y
Set STC per Set STAT G to
D(21-23). enter left digit
sequence.
Y Int ti
es (Interruption) No Yes {Interruption)
i Sheet & Note 1: When this sequence is entered for the first + - Sheet 6

Gate low-order
dividend from §

to PAA, shift

left 4 to PAL,

and gate PAL to T.

!

l
I
]
|

Complete dividend
teft 4 shift.

+-
|
|
|
1
J

Transfer high-order
dividend from LSWR

to S.

5

HO

Sheet 8

T LO .
Dividend

|

Set ABC and
STC per L2

'

Add 1 to F to record
one complete sub~
traction,

Yes

Carry
from SAL(D)

i

Reduce ABC ond
STC by 1 count.

!

Add AB byte (com-
plement) to ST byte
(true) and gate re-
sult to ST.

Dividend Dividend Dividend
(Shifted) {Shifted) (Shifted) (Shifted)
GENERATE QUOTIENT SEQUENCE
(Q5061)
Set ABC and
STC per 12,
Objectives: '
Subtract entire divisor from high-order dividend *
until no-carry condition results from SAL(Q). This + +
condition indicates that partial remainder has — |
gone negative. Quotient digit is developed in Set STAT H to .
F{(4-7) by incrementing F once for each :mplere generate hot :-m-:fer high-order |
cobtroction. carry for sub- ividend from 5 to | See Note 2.
fract sequence. PAL, and hold. |
Note 2: When this sequence is L
entered for the first %
time, ST conkiins .
dividend. Thereafter, *
ST will contain partial
remainder. Add AB byte (com-
plement) to ST byte
Note 3: This action occurs (true).
simultaneously with
transfer of low-order +
partial remainder byte.
to 7. If dividend is + + Yy - .
greater than 8 bytes, -
low=-order dividend Gate partial re- Se[tt .."':TATfA i re-s t Transfer low=-order ]
byte in T is replaced mainder from SAL sst;-A-;-sEn?f zerc;. >c dividend from T .
by low-order partial to ST (per STC). Do tresuin s to LSWR. |
remainder byte and vene |
must be corrected at
later time (see Sheet
8).
|
Yes STAT E No See Note 3. I
set ]
Yes ABC No
Sheet & =0

Diagram 5-306. Decimal Divide (Sheet 7 of 9)

Sheet 8
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LEFT DIGIT SEQUENCE (QS053 AND Q5061)

Gate high=order
partial remainder
from PALto T.

|
I Continue to hold
high=order porticl
| pa
i remainder in PAL.
|

Y

Reduce quotient
digit in F{4-7)
by 1 count.

| too often.

| Divisor was subtracted
| from dividend once

!

Cross=gate F
through serial
adder and gate

L , bﬂﬂk"DF-

Quotient

7

Transfer low-orde

partial remainder
from LSWR t6 S.

Objectives:

Subtract 1 from quotient in
F{4~7} to obtsin correct
quotient digit. Shift divi-
dend {or partial remainder)
left 4 and insert next low-
order dividend digit into
|low-order position of ST.

Set STCto O to
select high—order

byte in S.

_q
r - Portial:
Remainder Remoaoinder
(Not Shifted)]  (Shifted)
Yes
I Continue left 4
| shift initiated
| during quotient
| generation.
4

C ". }

Y

Transfer first digit

| . Transfer high~order
: of h?-urder' partial partial remainder
. remainder from $(0-3) from T to LSW
to F{4-7). om [ to LSWR.

, B ‘ ' ) Gate low=-order partiol

g;:::) i:n;? remainder from S to
» (4-7) to PAB PAA(32-63). Gate
(60—63) . 3(64-67) to PAB
) (64~67 |

!

!

reset STAT G to
enter right digit
sequence,

Goate PAL to T and

{ High~order digit from
! low-order remainder
| becomes low=order

| digit of high~order

| remainder.

B(64=67) contains
next low-order
dividend digit.

i Sy SYEm TSRS E——

D | |

Shift paraile! adder
left 4 to PAL and
gate PALto T.

'

Left 4 shift
completed.

fonis- ipely ppiey  fsisieh slge—

5  HO Particl
Remainder.

(Shifted)

Transfer high~order
partial remainder

J

/ from LSWR to S.,

T LO Partial
Remainder

(Shifted)

Sheet 7

v

Sheet 7

RIGHT DIGIT SEQUENCE

Continue to hold
partial remainder
in PAL .

(QS05t and QQ5061)

Objectives:

¢ quotient byte.

Reduce quotient
digit in F{4=7)
by 1 count,

Yes

Divisor was sub-
tracted from divi-

dend once too
often.

No

Set STC per D(21-23)
to designate ST byte
for quotient transfer,

to designate ST

Set STC per D(21-23)

for quotient transfer,

i

Store quotient byte per D address. Shift dividend
{or partial remainder} left 4. If dividend fetch is not
required (STAT D set), proceed to generote next

'

byte

!

!

Transfer high—order
partial remainder

from T to LSWR.

{per STC).

Tronsfer quotient
byte from F to 5T

(per STC),

Transfer quotient
byte from F to 3T

¥

Y

Set mark trigger
per STC and store
ST per D address.

Set mark trigger
per STC and store
ST per D address,

Y

S LO Partial

T HO Portial

Y

Gate high-order
partial remainder
from PAL to T.

Clear F and set
STAT G to enter
left digit sequence,

!

'

Transfer {ow-otder

Reduce L] by 1
count and increase
D address by 1
count ,

Remainder Remainder portial remainder
(Not Shifted) (Shifted) from LSWR to S.
-7 :
Set STC to 0 fo | Sontinue left 4 |
. shift initiated
select high~order I e opgn
byte il"l 5. l Lrl'g {'."|I.I'D en
| generation.

Y

STAT D set if
dividend fetch
15 not required
(see Sheet 7},

Sheet 7

Reset

STAT H.

]

Transfer low-order

partial remainder
from LSWR to T.

Y

Gate L2 to STC

partiol remainder
bytein T.

to select low=order

v

| and pactial remainder |

| bytes.
{

Objective:

Add low-order divisor byte once to the
low-order remainder (or dividend) byte
to obtain correct data in ST. See Note 3

on Sheet 7.

Add AB byte (per
ABC) to T byte
(per STC) and
gate result to T,

Y

r

Transfer corrected
low-order partial
remainder from T

to LSWR.

Y

Gate high-order
partial remainder
from PAL to 7.

i

Transfer low~order
partial remainder

from LSWR to S.

Y

Retum to left or
right digit se-
quence, as ap-
plicable.

Diagram 5-306. Decimal Divide (Sheet 8 of 9)
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I Correct low=order
| portial remainder
| byte by adding

i low=order divisor

{ byte once.

S LO Partial
Remoainder

1 T - HO Partial
Remainder

(Shifted)

(Not Shifted)

Transfer first digit
of low=-order partial
remainder from 5(0-3) ¢
to Fl4=7). .
uat Sheet 6 Gate S to parcilel T {
adder. Shift por- | )
- allel adder left 4 Left 4 shift
Gate T to PAA (High-order digit from to PAL. Gate PAL | 1 |  completed.
(32-63) and llow=order remainder o T. | |
F(4-7) to PAB |becomes |ow=order B
(60-63) |digit of high-order ¢ |
' _I Iremainder. I~ _
‘ ‘/ Traensfer high=order
N rtial remain
'HO Partial [T LO Partial fm v gff
Remainder Remainder
Gate PALto T, (Shifred) (Shifred)
]
CORRECT LOW-ORDER
- REMAINDER BYTE
I To allow oddition (Q5051 AND QS061)
I of low~order divisor
Sheet 7



-~ | Sheet 8 Y
STORE REMAINDER ROUTINE Objective: l
(QS051 AND QS061)
Transfer remainder from AB to ST and store at
L PROCESS QUOTIENT SIGN BYTE low=order destination address; remainder sign
(QS051) must be same as that of dividend.
A Obiect; | 4
jective: ' ———
I — — — -
Establish sign for last byte of quotient . ! ABC wos set
e d Set ABC and | Trensfer remainder
and store byte per D address. STC per 12. See Note 4. sign byte from AB l per L2. I
(per ABC) to F,
l - |
¥ T |
-.\h_!
- | c ' . Remainder sign
’ Gate dividend | si;:'lmci ; ;:Lf;:’“ must be same
sign byte per | Totest for ’ v as dividend sign.
STC to serial ' dividend sign.
adder bus B. |
e |
y | ' T
T L ¢ '
B
Set STAT E if | Set STAT F if f:!fe?ragi;ﬁ -;.?-3.:
dividend sign dividend sign | | remainder byte.
is invalid. is negative .
. > I — Y
To designate where Transfer AB byte
Set ]STCé per quotient sign byte (per ABC) to ST
D(21-23). | is to be placed. ' byte (per STC).
. | | _
o _
C Ve : See Note 5.
_— L Set Mark trigger
per STC,
No (Signs Not Alike) Yes (Signs Alike) '
l alike l
P Gate minus (=) Gate plus (+) - No Yes
- F il - =
to F(3-7). Quotient | Sign to F4-7). 12=0
- o Digit 3{4 7|
T | i STC=7 Yes yer No
| - Transfer remainder | l |
D from ST to AB via
| paralletl adder. Store ST per D
Yﬂ address .

e } Y v

Increase ABC and Sheet 6
STC by 1 count,
) Transfer quotient byte Reduce L2 by 1 .
o > from F to ST per STC. count. Increase D by 8
Note 4 : to ubfaindl;axt
. torage address
STC is set to select dividend : ;
sign byte in ST. Remaining l for remainder .
. high-order bytes in ST contain
final remcinder. | |
Set Mark trigger
per STC and store
Note 5: ST per D address. increase ABC and
E STAT C is set if divisor is STC by 1 count.
R negative. See Divisor . Reduce L2 by 1
Left-Adjust Sequence (Sheet 3), ' count,
——-T - Reduce STC by 1 STC has been
| , count to designate incremented
’ | Increase STC T? designate wh:are | remainder sign byte once too often.
L by 1 count high=crder remainder | |
) byte is to be placed. | | _ |
T L
o Transfer remainder '
sign byte from F
Increase D by to ST and store per D.
I to reflect | I
F remainder address.
o | " v |
End op.
N | I
N |
| Diagram 5-306. Decimal Divide (Sheet 9 of 9)
R
G

H
S

>
N
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