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PREFACE

This manual contains diagrams for use with System/360 Model 40 2040 Processing Unit, Field
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Manual, Order No.SY22-2840.
System/360 Model 40 Functional Units, Field Engineering Manual of Instruction, Order No. SY22-2843.
System/360 Model 40 Theory of Operation, Field Engineering Theory of Operation Manual,
Order No. SY22-2844.
System/360 Model 40 Power Supplies, Features, and Appendix, Field Engineering Manual of
Instruction, Order No. S223-2845.
Power Supplies, SLT, SLD, ASLT, MST, Field Engineering Theory of Operation Manual, Order
No. SY22-2799. This manual may be used for maintenance or instruction purposes. It contains Data Flow
Charts, Simplified Logic Diagrams (SLD), Condensed Logic Flow Charts (CLF), Malfunction Analysis
Procedures (MAP), and 1401/1460 Emulator Flow Charts.
The EC level of Control Automation System (CAS) Logic Diagrams referenced within this manual
is 255263. ALD references are at EC level 254814 for all diagrams except the 1401/1460 emulator
flow charts, which are at EC level 255264. The Mid-Pac power supply is at EC level 255055 and

the 2.5 kHz HF Power Supply is at EC level 266316. Subsequent engineering changes may alter the con-
tents of this manual.

Fifth Edition (January 1970)
This manual, Order Number SY22-2842-3, is a reprint of Y22-2842-2 incorporating
changes released in FE Supplement Y22-6809, November 28, 1969.

Changes are continually made to the specifications herein; any such changes will be
reported in subsequent revisions or FE Supplements.

This manual has been prepared by the IBM Systems Development Division, Product
Publications, Dept B96, PO Box 390, Poughkeepsie, N.Y. 12602. A form for
readers' comments is provided at the back of this publication. If the form has been
removed, comments may be sent to the above address.
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ROS Field

CE CcK CG
——A—
p 0 1 2 3 0 0 1
CN=15 _
Function
Register P 0-3 4
v vy
KD Control
P 0-3 Register
v
To Skerv
Control —
To Function To Decoders For
Check Ckts ALU Control
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Load Reg F Function| Note 1 Set Dj A
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Sel . Emit
K Field Bit 0 FReg 0-3
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A +P1
+P1 N
OR
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FIGURE 509.

SELECTOR CHANNEL CONTROLS (SHEET 1 OF 2)
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Flow charts are provided for most machine instructions as tools
to assist in diagnosing errors. To be used effectively, their basic
philosophy and intended purpose must be understood.

Flow charts are a graphic representation of the complex sequence
of loops or routines in CAS diagrams. Insignificant CAS blocks are
not represented in the flow charts. In most cases, the notes in the
decision blocks are taken directly from CAS diagrams for quick
reference to actual CAS blocks. Flow charts guide the customer
engineer fo the correct CAS block and shorten diagnostic time.

Each figure contains a flow chart, objectives, instruction and
data formats, the condition of STATS, the contents of registers at
reference points, and the CAS page numbers. When an instruction
has more than one format, all possibilities are shown. DMC ver-
sion 4 was used to determine the data on these flow charts. The
top right chart gives the section and routine numbers for each flow
chart.

At several points (represented by circled numbers) in the flow
chart, the current status of the input data is recorded for reference.
These stop points can be duplicated with the use of Stop on ROS.
The use of predetermined data aids in checking the machine oper-
ation quickly. If a machine failure is data-sensitive, the data
can be changed to cause a failure.

Figure 618 is an example of how the flow charts and the DMC
test procedure can be used to isolate a machine trouble. If a
branch on condition failure that does not result in a hardstop oc-
curs, Figure 618 may be used to locate the failure. First, load
DMC and call in the test section and routine indicated in the chart
(Section 120, Routine 10). When the DMC title prints on the con-
sole printer, enter the console keyboard L120/C.10/B/. This will
read in and loop Section 120, Routine 10.

The flow chart (Figure 618) has four check points (circled num-
bers). These check points can be used by placing the proper ROS
address in the data switches and the address compare switch to
Stop on ROS. By comparing the actual data in the registers with
the predetermined data, the failure can be isolated to a small
section of CAS QE 031.

The flow charts are only a starting point; they do not replace
the need for a thorough understanding of CAS symbols and dia-
grams. These flow charts also provide standard data for effective
communication when discussing machine problems with area
specialists or plant personnel .

FIGURE 599. HOW TO USE FLOW CHARTS
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SECOND HALFWORD SECOND HALFWORD SECOND HALFWORD SECOND HALFWORD SECOND HALFWORD INVALID INVALID INVALID INVALID
FETCH FETCH FETCH FETCH FETCH oP oP op oP
aDeel oDeoL QD@bl QD@L QD@sL AT Qo121 oDigL QDoo! QD! QDoaL QDoaL
2ND LEVEL [FUNCTION BRANCH|ON LOw 4 BITS OF | P CODE
—_, e - —_——— —_——— e e e e - ’—______]
THIRD HALFWORD THIRD HALFWORD
| FETCH FETCH
|
I Y R,
RR RR RR RX RX RX RS SI sS sS
S F F H F F S C L AND L D
E | L A V] L H o O M o E
a X ) L L o o N ¢ u G ¢
v £ A F C A R T L i i
£ ) T TT R cT c M
N 1 w w | AND (o] A A A
c p N 0 o NL L L L L L
\ ¢ ¢ 5 5 % ' % EXCEPTIONS
N i
G N 4 PG H 2 —
T ? lo} é 5 ———
! T
N N T
T T s g
E
SHEETS SHEETS SHEETS SHEETS SHEETS SHEETS SHEETS SHEETS SHEETS SHEETS
QceaL QHEL QKL QHE3L QHaLL oKeeL ocouL QBLAL QDL2L QDL To
QCo4l QH@2L QKL QHOBL QHO2L OK@3L QCL51 GDo8L oDI3L oD131 TRAP
QELL OHETL QHZ9L QHIOL obgel QHEAL OP@4l QRIGL
QEZ2L QH1a! QEAL QPoOL QP@bL
QEZ3L oLogl
Qsiol

FIGURE 601.INSTRUCTION FETCH MICROPROGRAM




ENTRY DATA

1

Al n co c Do D
[ s avor lonf 0 1 ><| msnaooreus2 Jori okl w

R2]

K H YA Y8 FUNC__ YCI YCD IZT
| |

|°"r‘4'7[‘ 3Ioocc|xooo

b NORMAL=0
EXECUTE = 1
”X
T D2
7 B9 3
OBJECTIVE

TO READ 2ND HFWD OF
INSTRUCTION FROM MAIN STORE
AND PERFORM A FUNCTION BRANCH
ON THE LOW ORDER 4 BITS OF

THE OP CODE

HALFWORD

IST LEVEL

UPDATE INSTRUCTION
ADDRESS TO NEXT
INSTRUCTION AND
WRITE IN LOCAL STORE (47 )}

FULLWORD

LST LEVEL

UPDATE INSTRUCTION
ADDRESS TO MNEXT
INSTRUCTION AND

WRITE IN LOCAL STORE 47

[

[mn 2ND HAI FWORD "I

OF INSTRUCTION

YES

NO EXAMPLE SHOWN,

X2=0
r
oD@il :
]
YES ~ pouo NO X
]
1
FORM ADDRESS OF OFND 2 FGRM ADDRLSS OF OPND 2 ! FORM ADDRESS OF OPND 2 FORM ADDRESS OF OPND 2
(LOW HALFWORD FOR RX (LOW HALFWORD FOR RX _: (LOW HALFWORD FOR R X (LOW HALFWORD FOR RX
T~ T T|FULLWORD) FROM CONTENTS[” =~ ~ FULLWORD ) FROM CONTENTS FULLWORD) FROM CONTENTS
FULLWORD)  FROM D2 I OF B2 + D2 OF X2 + D2 OF B2 + CONTENTS OF X2+ D2
1
1
e - e - w e e o o e o - - R
NO PND 2 YES OPND 2
ADDRESS - YES ADDRESS NO
W VALID
2ND
RX HALFWORD LEVEL RX FULLWORD
2 — FUNCTION BRANCH - »
()
9 = 3 v [ o ON LOW 4BITS OF OP o d o 3 S 5l g o
w 3 us a ?_ E S SOE_ w pur! [ [ a o« a § E 3 = 9
o | = o v 4 FULL OR HALFWORDY g g g 9 = =z o s 2 3| 9
ol < o ol > > > ol & © > ©
g g 2 S IEEE S (v7) FEEEEEREREEEREEEEEEE
OHD3 | oH29l] | [oHoe)| @ QHEIL @ QHaILL Euaul |o+4¢u] oHa] | aiz9t]|[oHiot

HO8

A

FIGURE 602.2ND LEVEL INSTRUCTICN FETCH, RX FIXED POINT

(8
(§

Iomaul onatt | [oHant |omzm| @ @



ENTRY DATA

AD Al 8! 0 cl DO oI
ADDROF OPNDZ | g1 | o |
HIGH HFWD

SKEW f: YA Y8 FUNC YCl| YCD 127
| or2 [ R [ 4 4 ] occ | ooxo
SHORT =0
RX LONG =1
ode | Rl X2 D2
0 7 1 15 19 31
OBJECTIVES

FORM THE EFFECTIVE ADDRESS
OF OPND 2 AND PERFORM
A FUNCTION BRANCH ON THE

LOW ORDER 4 BITS OF THE OP CODE

INVALID
ADDRESS

UPDATE INSTRUCTION
ADDRESS TO NEXT
INSTRUCTION AND WRITE IN
LOCAL STORE 47

L

SHORT
PRECISION

IST LEVEL
INSTRUCTION

UPDATE INSTRUCTION
ADDRESS TO NEXT
INSTRUCTION AND WRITE IN
LOCAL STORE 47

READ 2ND HALFWORD
OF INSTRUCTION

YES NO

K~

NO EXAMPLE SHOWN,

FCRM ADDRESS OF OPND 2 FORM ADDRESS OF OPND 2 FORM ADDRESS OF OPND 2 FORM ADDRESS OF OPND 2
FROM D2 FROM CONTENTS OF FROM CONTENTS OF FROM CONTENTS OF
B2 + D2 X2 + D2 82 + CONTENTS OF X2 + D2
NO NO
TRAP
ROUTINE
2ND
F
oIS OF op
ol 9 2] o o 9o @ o ODE >
g 2 2| 2 3 2 2 2 El a
of 3 = S| s s s S 5 o
13 Z z z z z z z ] =
b4 4|
S0 DO71 QDd71] @ Euzg

FIGURE 603.2ND LEVEL INSTRUCTION FETCH, RX FLOATING POINT (QDO51)

ADD UNN
SUB_UNN

INVALD
ADDRESS



ENTRY DATA NO EXAMPLE SHOWN,

A Al 8! co Q D0 o!
Ly
l INSN ADDER Ion 0 E><] INSN ADDRPLUSZ]OPINTH R3
IMMEDIATE
DATA FF SI
SKEW H J YA Y8 FUNC__ YCI_YCD 12T
1}
4
A I B =
RS
OF Code [ K1 [ ®3 [ 82 D2
0 7.1 1519 3
s
LOP Code | 12181 ] [3]] |
0 7 519 3
OBJECTIVE
TO READ 2ND HFWD OF
INSTRUCTION FROM MAIN
STORE AND PERFORM A
FUNCTION. BRANCH ON
THE LOW ORDER 4 BITS
OF THE OP CODE.
RS
1ST LEVEL
INSTRUCTION
FETCH
QDOOL
INCREMENT INSTRUCTION INCREMENT INSTRUCTION
ADDRESS TO NEXT ADDRESS TO NEXT
INSTRUCTION. INSTRUCTION.
SET Yb=0Q SET Yb=1
READ 2ND HALFWORD OF
INSTRUCTION
WRITE NEXT INSTRUCTION
ADDRESS IN LOCAL
STORE (47)
TNWALID NSRS, TES
557
NO
REWRITE 2ND HALFWORD TRAP
OF INSTRUCTION. ROUTINE
FETCH CONTENTS OF
B2(Rs) OR BL (S1)
TesT
St BL=0 s e RS & B2:0
o o TEST n 10
82/81=0
$I AND BI70 {Q0 #0) RS AND B270
FORM OPND L ADDRESS FORM OPND L ADDRESS FORM OPND 2 ADDRESS Irom OPND 2 ADDRESS
FROM Dl FROM CONTENTS BL PLUS DI FROM CONTENTS B2 PLUS D2 FROM D2
|
2ND LEVEL 2ND LEVEL
FUNCTION BRANC FUNCTION BRANCH™\
ON LOW 4 BITS OF - ON LOW 4 BITS OF
OP CODE o el | 5] . oP COD
w| x| o w a9l ol T} 4
sl 2| ¢ o 0 £ APEENE 3 gl gl o
;§g° w 9 4 & ool o = 2| gl 5| 5| 3| = 2 a2 al e 9le e
=] o < -l = - Ul z2l w [v] -
- a - [ B S [
'5"53325.:5 g g € sl 5 5 g&’;—;g%i ;g&;;&ig
2 ¥ 2| 2| & O] o] % 5 z HIEE IR 15| | <| | S HEIE R EE E R
rodigroaigrondlicroey ooe] foooede.o Jfgeso ) eufecisees ealfawe]laes)
81 10 @ QSLOL CED4 OLODL 0. @

FIGURE 604 ,2ND LEVEL INSTRUCTION FETCH, RS AND SI OPERATIONS (QD031)




ENTRY DATA
A0 Al co

80 8! c D0 DI
ADDR OF 15T HFWD ~TADDR OF 2ND HFWD T
R T [><!opzr 0 IOHNSN loﬂovz: ) I L2 I

SKEW YA Y8 FUNC YCl

YCD

1Z1

e = T

J
.
o [ 17 T o |+ o [w

SS

L OPCode [ LV J12 [B1 | D1 [ 82 [ D2 J
0 7T 15 19 B 7y
] ] ] []
1 1st HEWD | 2dHPWD | 3rd HFWD |
1 ' ! !
UPDATE INSTRUCTION
ADDRESS TO NEXT
INSTRUCTION AND
WRITE IN LOCAL
OBJECTIVES STORE 4 7

TO FORM THE EFFECTIVE ADDRESS

OP OPND L AND OPND 2 AND PERFORM

A FUNCTION BRANCH ON THE LOW ORDER
4 BITS OF THE OP CODE

READ 2NOHFWD
OF INSTRUCTION

FETCH CONTENTS
OF B1

NO

FROM 157 LEVEL
INSTRUCTION FETCH

YES
81=0

~~"

READ 3IOHFWD
OF INSTRUCTION

— e c— — ——

FORM _ ADDRESS FORM _ADDRESS
OFf OPND 1 HIGH OF OPND 1 FROM
HFWD FROM HIGH HFWD
CONTENTS OF FROM DI
B! PLUS D1
FETCH CONTENTS
OF B2
N YES
FORM ADDRESS FORM ADDRESS
OF OPND 2 HIGH OF OPND 2 HIGH
HFWD FROM HFWD FROM
CONTENTS OF D2
B2 PLUS D2
READ OPND 2
HIGH HFWD
Z OF OP COD! a
§ o w =
o = N < ol o o 9 2
pr Wl wl w o o ] P b <
N > > 0 z « g 5| £ 3] =
> > > >
2l 8 g § 2 5 s ¢ z z| z[ 2 o o
QD121] QPpal] QPO 4] Qro 41 QD121 op121] | [Qrgel QD131
apizt] [aepizl PP6L

U @ @ Qm:“

FIGURE 605.2ND LEVEL INSTRUCTION FETCH, SS LOGICAL

EDITAND MARK|

NO EXAMPLE SHOWN,



ENTRY DATA

A0 Al 80 2 . 00 DI
ADDR OF 15T HFWD [ ADCRGF 20D ] T I
| | ><jorz| o| pDOROE2 ort for2i 11 | 12
SKEW YA v8 FUNC _ YCI _YCD_izT

i

7]4

T oec [

I_on I 4
ss

[CFcose JLT L2 [ BT ] D 3_233| D2 ]
& LI 3 I
i Ist HFWD i 2nd HFWD } 3rd HFWD ]
OBJECTIVES

TO FORM THE EFFECTIVE ADDRESS

OF OPND 1 AND OPND 2, AND PERFORM
A FUNCTION BRANCH ON THE LOW ORDER
4 BITS OF THE OP CODE.

FROM 157 LEVEL
INSTRUCTION FETCH

UPDATE INSTRUCTION
ADDRESS TO NEXT
INSTRUCTION AND
WRITE INTO LOCAL
STORAGE 4 7

READ 2® HFWD)
OF INSTRUCTION
YE
NO \nl-o/ S
FETCH CONTENTS READ 3*° HFWD
OF BL OF INSTRUCTION
S l______ __Qbial_
QD111
READ 3™ HFWD FORM ADDRESS
OF OPND L LOW
OF INSTRUCTION R e
D1 PLUS L1
FORM ADDRESS
OF OPND | LOW.
HFWD FROM
CONTENTS OF
81 PLUS D1 PLUS L1
FETCH CONTENTS
OF B2
NO YES
B2=0
FORM ADDRESS FORM ADDRESS
OF OPND 2 LOW OF OPND 2 LOW
HFWD FROM HFWD FROM
CONTENTS OF D2 PLUS L2
82 PLUS D2 PLUS L2
2L EVEL
UNCTION BRANC
l ON ‘l.g:I c‘ BITS
-
& 8
& <
O -
ol 3 g 9 9 9 ¢ 2 ¥ g 2 o 9 o
2d ¥ o F F & & = ol £ o 5 & 3 3§
>
109 9 2 g 2 F 2 28 8 3 3 3 § 2
D121 RIGL o121 D121 131 p13t| | jobi3t D121
101] RIQ. D12 D12 00134 131 loD1L oD121

FIGURE 606 2ND LEVEL INSTRUCTION FETCH, SS DECIMAL

NO EXAMPLE SHOWN,



FIRST LEVEL OP DECODE (0D@@L)

100

xJ D AL 1Y) 8l ] c1 o@ ol SKEW H REG J REG FUNCTONREG YA YB YCI YCD 12T

[ RFWD OF INSTR. ADDR]OPZ @ 1 ———"]" HFWD OF INSTR ADDR+2] "' HFWD OF INSTRUCIION] _OP1 | 4 7 | 4__ 4 [ = looRgeep[><] @ [><]
EXECUTE

2" LEVEL OP DECODE
X@ RR SEQUENCING (QD@@1)

: ‘
X1 RR FIXED POINT (QD@Z@1)
[ — ] RL_@ {R2

X2, X3 RR FLOATING POINT (LONG AND SHORT PRECISION) (QD@b1)

[———————"CF7 @ 1Rz _q | OPND 7 WIGH HFWD JOPI OP2] RI _RZ | R2

NORMAL*®

X4 X5 RX HALF AND FULL WORD (0D@21)

[AOR OF OPNDZ LOWHIWD] R1__ © Jor2 R { ] —— ] OP2
MAIN STORE READ JUST GIVEN

Xb,X7 RX FLOATING POINT (LONG AND SHORT PRECISION) (QD@51)
[BPROFOPNDZ HCH HFWD] RIL & —————1 [————1 or2

(SPECIFICATION CHECKEDLOW BIT OFRI CHECKED ~ MAIN STORE READ JUST GIVEN
BUT NOT HIGH BIT

X8 RS BRANCHES AND SHIFTS AND S| CONTROL (OD@31)

RS W Rl Ry T S P Rl 1 B 7% HFWD OF INSTRUCTION] 0P 2
s) L] N A a ToP2 X* 7] Qﬁurwoormsmucmn[ OP2

£ x NoT veT FoRMEDT o {Nomma

1S OBTAINED FROM a+YCD EXECUTEs)

X9 SI LOGICAL AND RS. LOAD AND STORE MULTIPLE (QD@31) ™ IR ™.
RS [ADBR OF OPND 2 HIGH HFWD ] RI___R3 | ——>=—]OP2 Rl | @ —><] 2 HFWD OF NSTRUCTION] _ OP2 111X XXX DCRIZD X %
sl OF OPND | HIGH HFWD 127 oP2 2" HF WD OF INSTRUCTION oP BPC X )

LOW BT OF OPND] ADDR

XD $$ LOGICAL (QDii1) LOW BITOF OPND 2A00R

RO 7 HIGH W] L TG JADOR OF OPRDLRICH HFWD] [ off [ 37 [———1 © n

(F TRANSLATE OR TRANSLATE AND TEST GIVE A CARRY (MAIN STORE READ JUST GIVEN) (LOCAL STORE (41) IS READ OUT)

INTO THE EXTENDED BYTE OF OPND 2 ADDRESS, THE
CORRECT VALUE OF THE EXTENDED BYTE IS
OBTAINED FROM G + YCD)

XF S DECIMAL (QDIi1)
[ OPND 2 ADDRESS *+ L2 JOP2__© : L2 @ | OPNDIL ADDRESS+ LI | | oP2 T 472 T 4@ 1 sur_ [geRpedd] @ [o<I><

LOCAL STORE (4@) CONTAINS L2 @@ LI
LOCAL STORE (41) CONTAINS OPND | ADDR+ L]

A

FIGURE 607 MACHINE STATUS AT I1ST AND 2ND LEVEL FUNCTION BRANCHES



ENTRY DATA - RR

AO Al 8! Cl D0 D!
OP1]OP21 RI
H H 1 i

KEW H YA Y8 FUNC YCI YCD 1Z7
e —— ~ NS N7
e T =TT e [ [ 0 IX
NORMAL =0
EXECUTE =1
ENTRY DATA - RX
AD Al 8! 1 DO D!
LOW HFWD Rl 01 OP2} R1 |
SKEW H J YA Y8 FUNC YC! YCD 1ZT
v 1§
= e B A S T
NORMAL=0_J L__ATEVEN=0
EXECUTE =1 A10DD =1
RR
| OP Code | RI | R? |
0 7 1 15
RX
ode | Rl | X2 D2
0 7 n 15 19 31
OBJECTIVE
THE RICHTMOST 32 BITS OF THE PSW RR ENTRY
ARE STORED IN THE REGISTER
SPECIFIED BY R1
THE BRANCH ADDRESS IS FORMED
TO REPLACE THE INSTRUCTION ADDRESS .____,@
IN THE RR FORMAT IF R2=Q
THIS INDICATES: NO BRANCH READ INSN CT.
OP CODE FROM LS
DS5—RR SET Y5=0
45— RX HALF
YES NO

FIGURE 608.BRANCH AND LINK

LEAVE INSN
CT IN A REG.

-

BRANCH AND LINK BALRO!, 02 DMC SECTION 121, ROUTINE 11

ROS REG 1

38A 4F006262
3A8 4F006262
3E2 4F006262

ENTRY FROM
BRANCH ON CT

FORM BRANCH
ADDRESS FROM
REG SPECIFIED

BY R2

¥

WRITE INSN CT
INTO LO HFWD OF
RL SET ILC FOR
HFWD INSN

L

TO BRANCH
ON COUNT

REG 2

00006268
00006268
00006268

AREG BREG C REG
6260 5060 6262
6268 2000 6262
6268 4000 6262
RX ENTRY
FROM
FETCH

FORM BRANCH
ADDRESS

TARGET OF AN
EXECUTE INSN

WRITE INSN CT

INTO LO HFWD RI REG
SET 1LC FOR

2 HFWD INSN LENGTH

—— — — —— — — — —_

¥

FORM MASK
PORTION OF PSW
AND WRITE INTO
HI HFWD OF Rl

UPDATE INSN
CT FETCH NEXT

INSN HFWD

DD
YES~OR iNvaLID NS

ADDRESS

D REG
0512
0512
4F00



ENTRY DATA
A0 Al 80 8l co c 00 DI
80 — .
r INSN ADDR l><!><] INSN ADDR PLUS 2 Iomlorz: R1 xﬂ
SKEW H J YA Y8 FUNC__ YCI YCD 1zT
1)
oooo[4:7]4:4|ooccrxooo| ||o
) INSERT KEY = 1
o SET KEY =0
[OP Code | RI | R2 |
0 7 n 15
OBJECTIVES.
SET STORE KEY.

THE KEY OF THE STORAGE BLOCK
ADDRESSED BY THE REGISTER
DESIGNATED BY R2 IS SET ACCORDING
TO THE REGISTER DESIGNATED BY RL
INSERT STORAGE KEY.

THE KEY OF THE STORAGE BLOCK
ADDRESSED BY THE REGISTER
DESIGNATED BY R2 IS INSERTED IN
THE REGISTER DESIGNATED BY RL

[ rexcupsw |

[ rewritE PSW |

FETCH OPND 2
HIGH HFWD

SUPERVISOR
STATE

YES

FETCH OPND 2 LOW
INTO MAIN STORE ADDR
COMPLETE EXTENDED
TE FROM OPND 2
HFWD ALREADY
OMPLETE

Emm OPND.2 HIGH nrﬂ
ALL MAIN STORE

NO EXAMPLE SHOWN.

MAIN STORE CYCLE 15 IN OPERA
AT THIS TIME TO PREVENT
INTERRUPTION BY THE I/O WHILE
THE PS W IS IN THE READ OUT ST,

SAVE PROTECTION KEY
FROM ST REGISTER,
REWRITE OPND 2

HIGH HFWD TRAP F ISA

FETCH OPND 1

{
4 BITS OF .
NO «” MAIN STORAGE DES

ET NEW STORAGE KEY INSERT STORAGE KEY
WRITE OPND L INTO OPND 1
K3 FETCH ADDR OF NEXT

ESS=@
CIFICATION REWRITE OPND 1
ERROR AND MAIN STORE

FETCH OPND L AGAN) INSTRUCTION
EWRITE MAIN STORE

RESTORE_PROTECTION |
KEY TO ST REGISTER

[ REWRITE OPND LJ-—C'K&C&W)

FETCH ADDR OF NEXT
INSTRUCTION
|
QoceM e e e e e e e e — -
oMp41

FIGURE 609 SET AND INSERT STORAGE KEY



ENTRY DATA

Al Al BO 81 DI
ADDROF OPNDZ | o1 | o :><[on omoz CONVERT TO BINARY CVB DMC  SECTION 167, ROUTINE 05
LOW HFWD H LOW HFWD
ROS REG 5 REG 6 AREG BREG CREG D REG
SKEW Jr FUNC _YCI YCD 12T @  31F  000068C4 000068C0 6AF8 2000 0000 0000
LO” >.<I HE I><I><[ MAIN STORAGE 68C4 = 000000000001 408C
i MAIN STORAGE 68C0 = 6000000000000580
2AF  FFA42580 2040 2001 0000 0000
2A0  FFA42580 0000 2000 0000 0000
MAIN STORAGE 6AF8 = 000000000001 408C
| OP Cod el RUI x2] 82 ] D2 ] ®@ 2C0  bbbb0580 62C8 2000 0000 0580
1

nm 15 9 3
OBJECTIVE

TO CONVERT 15 DECIMAL DIGITS ( )

PLUS SIGN TO BINARY AND STORE
SET UP LOCAL
THEM IN A GENERAL REGISTER STOR ADDR TO
STOR DIGITS
a7

WRITE OPNDS
BACK TO MAINSTOR

XFRD
ALL DIGITSTO
LOCAL
TOR

OPND 2 NOT ON

DOUBLE WORD BOUNDAR YES

THIS LOOP|S REPEATE
UNTILL ALL 16 DIGITS ARE
OCAL STOR LOCATIONS

7 -
TWO DIGITS PER LOCAL
STOR WORD

FIRST TWO DIGITS
OF HFWD
TO LOCAL STOR

READ NEXT HFWD
FROM MAIN STOR

SECOND TWO
DIGITS OF HFWD
TO LOCAL STOR

I

SET Y7=0 SET Y7=1

INVALID
DIGITS

THE TEST FOR
ZERO IS STOPPED
AT THE NEXT TO

TEST
FOR LEADIN

o1 OR LEADIN LAST BYTE
ALUA0 ‘
INVALID
Y@ =@ ADD LEFT DIGIT NEXT
z)erpavgsrre DIGITS Y@ =1 ADD RIGHT DIGIT NEXT
SIGNIFICANT BYTE Y1=32 BIT OFLO
SET Y@ =1 Y7=SIGN
PLACE LEFT DIGIT
OF BI IN SKEW REG
YES ~LEFT DIGIT
=0 NO
SET LEFT DIGIT SET A REG = 0
INTO SKEW REG
A REG = DREG
RICHT RIGHT LEFT
DIGIT
| (2=1) )
ADD RIGHT DIGIT ADD LEFT DIGIT
TO PARTIAL SUM TO PAKTIAI 5UM
(IN REG D) (IN REG.D)
SET YO = 1° SET YD - @
T | @1 = NO CARRY NOT LAST DIGIT
/\ @@= LAST DIGIT NO CARRY
21 20 DIGL#SAND L440 1 1L 1@ = CARRY LAST DIGIT
YCD CARRY T 11= CARRY NOT LAST DIGIT
SET AREG - @
TO INDICATE
LAST DIGIT

j —

PROPAGATE

._@

CARRIES

YES LAST NO

DICIT

QMP21

—— e — o —— o — — e e e e o ~— -

oMo41 | ama3l

LSH PARTIAL SUM (X2)
RSH PARTIAL SUM (+-2)
SKEW RSH VALUE ro c.|vz
X8 RESULT ADD TO LSH

VALUE TO GIVE xxo

MULTIPLY PARTIAL
SUM XI@

COMPLEMENT

RESULT IF NEC FETCH NEXT
DIGIT FROM
LOCAL STORAGE

|

READ 1ST TWO

BYTES TORESULT
REG SPECIFIED TEST NO
BY RL FOR OFLO

BRANCH MINUS

ON SIGN

l SET YiI=1 l

|
|
|
|
|
|
|
|
|
|
YES || L
|
|
|
|
|
|
|
|
|
|
[}

LOOP PERFORMED FOR EACH DIGIT
UNTIL ALL DIGITS HAVE BEEN CONVERTED

Yi=1
STAT SETTING FOR PROGRAM LOOP
[(PARTIAL SUM + NEXT DIGIT) X1¢F]
PASS Y4 Y5 Y6 H
PREPARE FOR NEXT g @ o I
I FETCH READ FINAL 2 @2 1 @ 15
TWO BYTES TO REG 31 1 @ 15
SPECIFIED BY R1 4 1 @ @ I
RESET Y1 =@ s 1 @ 1 14
6 1 @ 1 13
7 1 e 1 n
LATER 1 @ 1 12

FIGURE 610 CONVERT DECIMAL TO BINARY



ENTRY DATA

LOAD POSITIVE REGISTER DMC SECTION 16D, ROUTINE 01, STOP ON MS 6100

Al 8! (] (4] ) ROS GP REG 2 AREG BREG CREG
$<"T° tefo] GPND 2 JorrJor2l w1 [ w2 ] 381 00000001 6100 220 0001
1 A LOW HFWD 1 388 0000bbbb 61FF 0000 0001
168 bbbb00OT FFFF 0000 0001
SKEW i 3 YA e FUNC __YCl YCD 1ZT CONTINUED ON FLOW CHART NUMBER 615
I oP2 l 1XXXX0 |>1<l o0cC [ 0000 8 1C9 00000001 6101 7030 0000
. 1EE 00000001 6108 0000 000
L.}
RR
om7 s
OBJECTIVES
TO PERFORM THE RR FIXED POINT
SIGN OPS. LOAD AND TEST, LOAD
COMPLEMENT, LOAD POSITIVE, LOAD
NEGATIVE. (FOR DESCRIPTION OF
OBJECTIVES OF EACH INSTRUCTION
SEE PRINCIPLES OF OPERATION
MANUAL)
LOAD AND TEST LOAD COMPLEMENT LOAD POSITIVE LOAD NEGATIVE
)
PASS OPND 2 BYTE 3 COMPLEMENT OPND 2 COMPLEMENT OPND 2 COMPLEMENT OPND 2
FOR LATER IZT TEST. BYTE 3 INTO AL BYTE 3 INTO AL IN BYTE 3 INTO AL IN
FETCH OPND 2 FETCH OPND 2 CASE SIGN IS CASE SIGN IS POSITIVE
HIGH HFWD HIGH HFWD FETCH OPND 2 FETCH OPND 2
] £
T T HIGH nsw? HIGH H wlo
SET YCD=SICN SET_ YCD =INVERSE
P on Sone 2 OF OPND 2 OF SIGN OF OPND 2
TO SEPARATE LD REWRITE OPND 2 REWRITE OPND 2
AND TEST AND LD HIGH HFWD HIGH HFWD
AND COMPLEMENT
REWRITE OPND 2
HIGH HFWD
CLEAR OPND 1
LOW HFWD
COMPLEMENT OPND 1 ‘
BYTE 2INTO AD LD LS ey SIGN
CLEAR OPND 1 WD M N
HIGH HFWD PRESET O SN OF OPND T
COND REG TO @l
COMPLEMENT TEST TOAD AND TEST

COMPLEMENT OPND 2
BYTE 1 WRITE RESULT
LOW_HFWD

LD+ AND OPND 2
IS PLUS
LD- AND OPND 2

1S _MINUS

PASS OPND 2 BYTE 1
FOR LATER 1ZT TEST.
WRITE OPND 2 LOW
(UNCOMPLEMENTED)
AS RESULT LOW

S @ FETCH INSTR
COUNT TEST SIGN FOR RESULT
TEST FOR ZERO RESULT
TEST FOR FIXED POINT OF LO'S
WRITE_RESULT HIGH HFWD

FIGURE 611 FIXED POINT SIGN OPERATIONS (QHO71)

D REG
1022
0022
0022

0000
0022



ENTRY DATA - RR

BRANCH ON COUNT BCT 02, 05 DMC SECTION 122,

A0 Al 81 co cl Do o1 ROS  REG?2 REG 4 REG 5
'ﬂ—rlﬁmmor ND O <|> O <l T 38C 00000002 00000001
LOW HFWD OPTjOP21 RI "—l 38 0000bbbb 00000001
3C9  bbbb0O0O 00000001 00006542
SKEW H 2 YA v8 FUNC _ YCI YCD I1ZT
L)
I—oooo [ — owcc | x000 o [XX]
NORMAL=0__J
EXECUTE = 1
ENTRY DATA - RX
A0 Al 80 81 o al 00 DI
v L
| OPND 2 ADDR lmLoj><[opz RS> | i |
4 A
SKEW H 3 YA Y8 FUNC __YCI YCD iZT
v
or2 |>:<] 0 2 00cC | xoxo ADD I LJ
NORMAL=0__J [___ Al EVEN =0
EXECUTE = | A1 0DD =1
RR
| OP Code | RI | R2 ]
RX
de [T G 02
0 7N 519 7
OBJECTIVE
THE CONTENTS OF REGISTER Rl
ARE ALGEBRAICALLY REDUCED BY ONE.
IF RESULT IS ZERO, NORMAL INSTRUCTION
SEQUENCING TAKES PLACE .
IF NOT ZERO INSTRUCTION ADDRESS BCTR
IS REPLACED BY BRANCH ADDRESS
| [ENTRY FROM '
[ SET Y5-1 ] BRANCH QEQIL FORM BRANCH
! AND LINK | ADDRESS IN H REG
! | READ LO HFWD
YES NO | OPND 1 FROM

READ INSN ADDR
FROM LOCAL STOR

L

ADDRESS

FORM BRANCH

READ OUT LOW
HFWD OF OPNDI
FROM LOCAL STORE
(REG RI)

[

EXIT TO
BRANCH
AND LINK

ROUTINE 25

AREGBREG CREG D REG
00006542 6546 6040 6548 0625
00008542 6542 6002 6500 0625
6542 0000 6500 0000

LOCAL STORE

LOW HFWD.

SUBTRACT L FROM
3YTE 3 OF OPND |

READ OQUT HIL HFWD
OPND | FROM LOCAL

CLEAR INSN ADDR
IN LOCAL STORE
PROCESS CARRY
THRU BYTE 2

CARRY
FROM BYTE
2

OR BYTES | AND 2

OPND | TOGETHER

REWRITE OPND | TO
LOCAL STOR

STOR
BYTE
No 3 OF OPND Yes
' 20
OF
YES

PRGCESS CARRY CLEAR INSN
Ot BYTES | AND ADDRESS IN

]

BYTES O REWRITE
OPND I TO LOCAL
STOR

LOCAL STORAGE

9]

4
TEST BYTE @
OF OPND |= @

FIGURE 612, BRANCH ON COUNT (QE011, QE021, QEO13)

UPDATE INSN
ADDRESS FETCH
NEXT INSN FROM
BRANCH ADDRESS

OR INVALID
ADDRESS

IFETCH
ENTRY
4

NO

BYTE \YES

P=0

FETCH NEXT INSN
USING ADDRESS
IN INSN ADDRESS
LOCATION (1C) IN
LOCAL STOR

i QEg21

QE@ 3L




ENTRY DATA

A0 Al B0 81 [«01] Cl DO D)
LIS
i

CONVERT TO DECIMAL  CVD

ROS
31D
2CD
2FE

:

REG 0

FFA42580
FFA42580
FFA42580

SKEW H J YA Y8 FUNC _ YCI YCD 27
|| ]
| oP2 ]>o<l o 1 2
1 1
RX
[opcode [ RY [ x2] 82 ] D2 ]
0 71 15 19 30
OBJECTIVES —~Q
TO CONVERT A 3i BIT BINARY
[READ HIGH ORDER|
WORD PLUS SIGN TO 15 4 BIT DECIMAL a0 o omer
DIGITS PLUS 4 BIT SIGN peos LOCAL STOR
TEST ADDRESS
A
a9 L LU0 _SIGN AND_  ALUO
| —
STORE - SIGN
YES NO hd IN SKEW REC
COMPLEMENT
REDUCE COUNY OPND |
IN HREG BY |
SHIFT OPND |
ONE BYTE LEFT

1
[l
[}

o= e e e e e e e m e e S emsemes o ——— =

1
1.
Il

LOAD J REG' WITH
15 CLEAR LOCAL
STORE O-1I5
STORE OPND 2
ADDR IN LOCAL
STORE POSITION IS
PLACE CONTENTS
OF C@ INTO AP

BINARY ADD THE
FIRST HIGH ORDER
BYTE TO ITSELF
CP:AD +CP
REDUCE J REG
8y |

]

DECIMAL ADD ANY
CARRY FROM
PREVIOUS STEP

INTO 81 REG, ALSO

ADD 8] REG TO

ITSELF
REDUCE | REG
B8Y |
CsA

FIGURE 613.CONVERT BINARY TO DECIMAL

FIRST STEP AFTER EXIT WE Al

EXAMPLE OF LOOP 2

DMC
REG 8
00000010
00000010
00000010

< 21
N BYTE = 0 CONDITION

BYTE N C® = 1000 G@P1= DECIMAL 129
DECIMAL ADD J REG -1 BINARY ADD J REG-|

Bl-BI+8L

CoMle@4@4C 13

Comet+l 1

': Com=2+2 9

| Comeats 7

Ll

' CoAReiHS 3
Combdsmin 1

CARRY= 206464 4C

INTO CO® WHICH THEN BECOMES THE NEXT
SENIOR DECIMAL BYTE

LOOP 3 CONVERT
NEXT HIGH
ORDER BYTE

ANSBL+CO +CL

LOOP 4 CONVERT
NEXT HIGH
ORDER BYTE

SECTION 167, ROUTINE 12

AREG BREG CREG D REG
6AF8 4000 0000 0000
6AFD 4000 1000 0010
G6AFE 4000 0000 016C




ENTRY DATA

SET PROGRAM MASK DMC  SECTION 124, ROUTINE 24 STOP ON MS 6800
oA w___u © _ o 0 ol o ROS  REG I AREG BREG CREG D REG
ToraT 11 I 38 3000000 6B00 4010  6BO2 0410
1 1 I>f'<l°P H k2 @ 34 3F000000 6B02 4010  6BO2 300
SKEW H J YA v8 FUNC__ YCI YCD I1ZT
T 1
]>o<] 00cC ] X000 0 N
1 1
NORMAL = 0
EXECUTE =1

RR

[ OP Code | R | R2 |
0 7115

OBJECTIVES

BITS 2 - 7 OF THE GENERAL REGISTER
SPECIFIED BY R1 REPLACE THE PROGRAM
MASK AND CONDITION REGISTER. BITSO -1
AND 8 - 31 OF REG Rl ARE IGNORED.

READ OUT
REGISTER RL
TO D REG

SET CC BITS
INTO

Y2 AND Y3

READ PSW FROM
LOCAL STORE
POSITION 4.6 TOD}
SET BITS @-7
OF REG RI1 TO DO

QC@dL
—_——— e —— — — ]

FIGURE 614 SET PROGRAM MASK



ENTRY DATA- RR EXAMPLE CONTINUED FROM FIGURE 611
A0 Al 8l I 0o D!
T T N2 T

l>|<]mi otr|o]  Flewo |or|or2iwm]| ]
H ) YA v8 FUNC _ YCI_YCD_i2T
1] |

| orz | mx 1 oo [ e | occ | oo

ENTRY DATA - RX

A0 Al 81 co al 00 oI
i D =D ===
l LOW HFWD R0t OF2| RI

SKEW H ) YA Y8 FUNC_ YCI_YCD_iZT
H

[ or [ [ | oxc | xo0 | a0

"R

OP Code | R1 | R2 |

0 7T 15

RX

[oPCose [ RIT X282 ] D2 ]

0 7 n 15 19 31

OBJECTIVES

TO PERFORM THE INSTRUCTIONS

COVERED BY RR AND RX (FULLWORD)

FIXED POINT ARITHMETIC RX RR
AND LOGIC OPERATIONS 2ND LEVEL

NSTRUCTION
FETCH
QDOOL

5 O g |o (&)
= 3 o S o <
2 o |5 5 s o, BEIE |5 b o g
« [
5 e 5 BB B RERBEELEEEE
SET YO=1 TRAP IF ISA 1 FETCH OPND 2 HIGH HFWD
TRAP IF ISA SET INDIRECT | L SET INDIRECT FUNCTION REGISTER
OR PSA FUNCTION REGISTER QHIOL 1
T c———__29 Y e 10
FETCH OPND 1 |
LOW HFWD TO OPND 1 ] |
D REGISTER LOW HFWD LOW HFWD.
FOR STORING SET INDIRECT SET INDIRECT REWRITE | [LFETCH OPND L LOW HFWD) CLEAR OPND 1
I FN REG. FN REG. OPND 2 \ LOW HFWD
SET TNORECT | | GoND 2 OPND 2 i S !
]
T LOW HFWD LOW HFWD |
REWRITE l
OPND 2. |
LOW HFWD |
l | [Pnocess BYTE 3
| REWRITE OPND 2 HIGH HFWD
DECREMENT MAIN STORE 1
ADDRESS OF OPND 2 I |
QHZL1L ! QHOGL
|
|
YES OMPARES NO | NO
(v4) |
|
COMPARE BYTES 3. PROCESS BYTE 3. L | A
REWRITE OPND L LOW HFWD FETCH OPND 2 HIGH HFWD
FETCH OPND 2 HIGH HFWD A
OAD
NEITHER o 4 Jone 00 LOAD
'y
ROCESS BYTE ZL M PROCESS BYTE 2
P FETCH OPND 1 HIGH HFWD.
ETCH OPND L HIGH HFWD. [ FETCH OPND 1 HIGH HFWD SET IZT=1. PRESET CONDITION
PRESET CONDITION IN D REGISTER FOR STORING CLEAR OPND L HIGH HFWD REGISTER = @1
REGISTER = @1
RX RR NO T
OR RX
NO YAX7) r7)
RR YES
PROCESS BYTE 1 PROCESS BYTE L. COMPARE BYTES L.
COMPARE BYTES 1. ] WRITE RESULT LOW HFWD WRITE RESULT LOW HFWD REWRITE OPND L LOW HFWD
REWRITE OPND 2 HIGH HFWD REWRITE OPND 2 HIGH HFWD @
-—
LOAD STORE \
OPERATION
01 (Y6x5) ADD & SUBT LOGICAL n
[ ¢ SUB
—————— do o Meeme L QHOLL
QH@21
[COMPARE BYTES @. [COMPARE BYTES . PROCESS BYTE @. CESS BYTE O.
FETCH ADDR OF FETCH ADDR OF FETCH ADDR OF ETCH ADDR OF
INEXT INSTRUC TION NEXT INSTRUCT NEXT INSTRUCTION
| D S
Fanie1
bridpliiy la:m; A :IER;TEC&PI;?GN"L%ISH;:\Q e
SET CONDITION REGISTE
@1 IF OPND 1 LESS (FOR LOGIC OPS) TO g”éo#oﬂ’& unlgglsrri:;vo.
(ALUO FOR COMP ALG.)) g? :: ﬁg‘@z‘s‘%ﬁsﬂfp ACCORDING TO:
(YCI FOR COMP LOG CARRY (YCI)
@3 IF OPNDS EQUAL (IZT) (ALREADY _PRESET) WRITE RESULT HIGH HFWD. e LT oD Yo (v2)
1@ IF OPND 1 MORE SET CONDITION REG TO: ZERO RESULT (IZT)
@L IF RESULT MINUS

OO IF RESULT ZERO (IZT)
1@ IF RESULT PLUS

YES

TRAP
ROUTINE
QCoLL

FIGURE 615.RR AND RX FIXED POINT ARITHMETIC AND LOGIC



ENTRY DATA

SET CONDITION
REGISTER TO 0@

PRESET TO 10

LEAVE CONDITION
REGISTER UNCHANGED

FIGURE 616.RX FIXED POINT ADD AND SUBTRACT

ADAI‘))R oF om:l - < < > ADD REGISTER AR 08, 07 DMC SECTION 14,
L QW HFWD Ri oI oP2 | Rl | ROS  REG7 REG 8 AREG B REG
@) 395 66666666 22222222 64IE 7080
() 1E2 6666bbbb 22222222 6666  700E
SKEY 4 3 e AL FuNC _vel YeD 121 (D 1E4 bbbb8838 22222222 6444 8888
[ o2 | s | st | oocc | xoa [ aoo [ | | @ 1EC G8sssssss 22222222 6424 8888
X L__ LOWBIT OF MS
ADDR
[OPCode [ R1I T x2 T 82 ] D2 ]
0 7 n 15 19 3
SUBTRACT
IND LEVEL
14STRUCTION
FETCH
Qbd2L
SET UP CONSTANT SET UP CONSTANT
OF LILLLLIL. OF 11141111
ADDRESS OF LOAD ADDRESS OF
ND | LOW HALFWORD| 1 LOW HALFWORD)
|
OBNCTIVES NO
THE HALFWORD SECOND OPERAND IS
ADDED TO OR SUBTRACTED FROM THE
FIRST OPERAND AND THE SUM IS
PLACED IN THE FIRST OPERAND TRAP
LOCATION. THE HFWD. 2ND OPND ROUTINE
IS EXPANDED TO A FULL WORD FETCH OPND L LOW. QCoLL
BEFORE THE.ADDITION OR SUBTRACTION REWRITE OPND 2
B PROPAGATING THE SIGN-BIT VALUE
THROUGH THE 16 HIGH ORDER BITS
OCESS BYTE 3. PROCESS BYTE 3.
FETCH NEXT FETCH NEXT
INSTRUCTION ADDRESS INSTRUCTION ADDRESS
1 —
PROCESS BYTE 2.
FETCH OPND 1 HIGH
(1) OPND 2- 10
(Y6)
CARRY OR BORROW
OPND L HIGH HALFWORD 1 (YCL) oL OPND L HIGH HALFWORD
(UNCHANGED) WILL FORM WILL BE INCREMENTED
T HICH HALFWORD OR DECREMENTED BY 1
TO FORM RESULT HIGH
[ WRITE ResuT tow ] WRITE RESULT LOW PROCESS BYTE L WITH PROCESS BYTE 1 WITH
: SOOSDDODD. CONSTANT OF
CHANGE CONSTANT L1111
10 QQQOQPQ0Q
PROCESS BITE ©
WITH CONSTANT.
REWRITE OPND 1 HIGH SET_CONDITION WRITE RESULT LOW
AS RESULT HIGH. REGISTER 10 @1
PRESET CONDITION REWRITE OPND | HIGH
REGISTER TO 10 AS RESULT HIGH
e FIXED POINT 11
OVERFLOW
_____ d “RESULT SIGN™ ———— b
YEs r 1 o MINUS 10 r
| e T - § S |
SIGNIFICANT
(1z7) INSTRUCTION ! T L ICH- [ WRWE RESULT HGH ) WRITE RESULT HIGH
FETCH ' RESISTEK TO @1
GDOPL | S
|
| WRITE RESULT HIGH, SET_CONDITION
YES | PRESET CONDITION REGISTER TO Ll
: REGISTER TO 1O
| EST
| MASK FOR TRAP
TRAP
|
1
|
J

ROUTINE 20
CREG D REG
2222 1A78
2288 2222
0088 8888
0026 4780



ENTRY DATA - RR

FIGURE 617.RX COMPARE ALGEBRAIC

AO Al 8l co Cl DO DI
T T T COMPARE DMC SECTION 105, ROUTINE 46 STOP ON MS 618C
+ " + or1for2i R1 | R2 | ROS  REG 2 AREG BREG CREG D REG
312 00000010 6826 2000 0000 0010
SKEW H J YA Y8 FUNC __ YCI YCD IzT ::é oooooomwllg mémc oooom m 009:
N | — — | ' _— ~— NIV -
< | = | oxe [ x| ST CONDITION CODE = 00
NORMAL = 0
EXECUTE = |
ENTRY DATA — RX
A0 Al 8l co Cl D0 D!
ADDR OF OPND 2
| LOW HFWD | R i 0 ':Y] OF2| r1 | H
SKEW H YA Y8 FUNC___YCI_YCD izT
T
|onl>:<]o 2[oocc|xoxlleD
RR
| OP Code | RI | R2 ]
0 7 11 15
RX
ode | R1 | X2 D2
0 7. 115 19 3
OBJECTIVE
TO COMPARE THE FIRST OPERAND TO
THE SECOND OPERAND AND SET THE
CONDITION CODE ACCORDING TO
THE RESULT. 2ND. LEVEL
INSTRUCTION
FETCH
QD21 METHOD
COMPARISON IS FROM LEFT TO RIGHT, AS FOLLOWS:-
O— L COMPARE SIGNS ;
IF DIFFERENT, SET CONDITION REGISTER ACCORDING TO SIGN OF
OPND 1 (IF PLUS SET 10; IF MINUS SET O1)(TIME 3 CYCLES);
FETCH OPND I IF SAME, THEN
HIGH HFWD 2 TEST HIGH 16 BITS OF OPND L FOR SIGNIFICANCE (i.e. FOR NON-ZERO
IF PLUS AND FOR PRESENCE OF ANY ZERO BIT IF MINUS);
IF SIGNIFICANT, SET CONDITION REGISTER TO SIGN OF OPND 1 AND
EXIT (TIME 4 CYCLES);
IF NOT SIGNIFICANT, THEN
3 COMPARE BYTES 2 (SEE DIAGRAM);
IF NOT EQUAL,SET CONDITION REGISTER ACCORDING TO THE
INEQUALITY, AND EXIT (TIME 5 CYCLES):
IF EQUAL,THEN
4 COMPARE BYTES 3 AND SET THE CONDITION REGISTER
YES ACCORDING TO RESULT (TIME b CYCLES).
f— 32 8ITS
ofND 1 | BYTE @ | BvTe 1 [ Bvte 2 [ eyTe 3
REWRITE OPND L HIGH HFWD Fm——————— !
REWRITE OPND 2 OPND 2{ _ PSEUDO SIGN ] |
@//;\ COMPARE COMPARE
PND BYTES2
{ PLUS \SIGN/ MINUS ;
FETCH NEXT FETCH NEXT
INSTRUCTION INSTRUCTION
ADDRESS ADDRESS
‘ OPND L +
MINUs _~D PLUS MINUs _~0P PLUS omoé -
.
OPND L -
OPND 2 +
FETCH OPND L LOW HFWD FETCH OPND LLOW HFWD, SET CONDITION
PRESET CONDITION PRESET CONDITION REGISTER = 1@
REGISTER = 1(. REGISTER=D L
SIGNIFICANT  SIGNIFICANT
PLUS MINUS
|
1Z
NOT SIGNIFICANT
liswmz OPND L LOW HFWD.
Iniwmr: OPND 1| LOW HFWD.J
CONDITION REGISTER ALREADY
OPND L SET TO:
< OPND 2 ND I 1L® IF OPNDL >OPND 2
BYTE 2 HI, @1 JF OPNDI<OPND 2
Lo LO OR EQUAL TO HI
OPND 2 BYTE 2 l
SET CONDITION SET CONDITION OPND2
REGISTER = ¢§1 REGISTER = 1@
PRESET  CONDITION
REGISTER = @1 INSTRUCTION
FETCH
QDPPL
HI OR
EQUAL OR HI/ EQUAL TO Lo QHRIL
———————————— T - ——71 OPND2 BYTE 3 [~~~ — 1~~~ — = — = = — = Gupal
| e [ OPND I<OPND 2
REWRITE OPND L LOW HFWD CON t
ITE OPND L LOW HE I | |RewriTe oPND 1 LoW HEwWD. DITION_ REGISTER
REGISTER = 10 U |

INSTRUCTION
FETCH
QDOOL

SET CONDITION
REG I STER= b

'CONDITION REGISTER
ALREADY = 1




ENTRY DATA - RR
Al

o

SKEW H YA v FUNC__ YCl_YCD 1z
0 1 oocc | o001 0
ENTRY DATA - RX
A0 Al ” cl 00 1
ADDR o oz o1 ofm
KEW H YA ) FUNC__ YCI YCD 1ZT
or l><i><| 0 | 00cC [ 1 0

RR

0 7 N s

RX

0 7 159 3

OL'ECTIVE
THE UPDATED INSTRUCTION ADDRESS IN THE
PSW IS REPLACED BY THE BRANCH ADDRESS
IF THE STATE OF THE CONDITION CODE IS
AS SPECIFIED BY THE 4 BIT MASK CARR'*D
IN THE RI FIELD OF THE INSTRUCTION

ENTRY

BRANCH ON COND
RR_ENTRY

READ INSN ADDRESS

BRANCH ON CONDITION  BCR F, 05 CRBITS =00 DMC SECTION 120, ROUTINE 10

REG 0 REG 5

00000002 00005D8C
00000002 0000508C
00000002 00005D8C
00000002 0000bbbb

FOR BRANCH

BRANCH ON COND
RX_ENTRY

TEST
MASK AGAINST

AREG BREG CREG

1ICD4 703 1CD6
5228 A000 6228
1ICD6 9000 1CD6

6324 0000 &31E

ZERO

EMITTED
QDD

TO THE H REG ADDRESS IN H REG
NO YES
R2:= @
) i ey
MASK AGAINST
Y2 AND Y3 EMITTED
TesT Q100
MASK AGAINST
P01
Test NONZERO
ZERO
Mt MASK AGAINST £ ”‘1&%0
1999 e
FETCH  BRANCH UPDATE INSN
ADDRESS ~ FROM ADDRESS FETCH
LOCAL STOR NEXT INSN HFWD
(REG R2) FROM MAIN STORE

FIGURE 618.BRANCH ON CONDITION RR AND RX (QEO31)

FETCH NEXT

INSN HFWD ‘FROM
BRANCH ADDRESS

OoDD
OR INVALID

UPDATE  INSN
ADDRESS FETCH
NEXT INSN FROM
MAIN STORE

D REG
07F2
07F8
07F2
0705



ENTRY DATA - RR

AD Al 1] co Cl D0 0!
ol o T [o OPND 2 l 'Iﬁ' : J MULTIPLY RR FORMAT MR 02, 05 DMC SECTION 16D, ROUTINE 20
! LOW HFWD OPljoP2! R1 | R2 ROS REG 2 REG 3 REG 5 AREG BREG CREG D REG
399  O399FFDF 00000030 AAAAAAAA  65E4 0399 AAAA  1C25
SKEW H J YA Y8 FUNC  YCl YCD 12T 938  AAAAFFEF  FFFFbbbb AAAAAAAA 0000 0000 0000  AAAA
op2 AD 00cC 800  AAAAFFEF  FFFFbbbb AAAAAAAA FFO2 EFEO 0000  A080
HIGH HFWD H 92C  bbbbFFEF  FFFFFFEO  AAAAAAAA FFEF  FFFF 0000  A080
ENTRY DATA - RX
AO Al 1 co cl D0 D!
OPND T
(oo [u | o T><Jon| 0 T> ]
SKEW H J YA Y8 FUNC  YCl YCD iZT pyerra I
B} T
| or2 I>L<| o 1 2 | occ INSTRUCTION
RR

OP Code | RI | R2 ]
0

7 1 15 oOo—— SPECIFICATION ERROR
D

XOR FUNCTION

‘ SUQ FUNCTION
OMPLEMENT MULTIPLICAND TO FORM X1

ULTIPLE & STORE IN WORKING AREA
F LOCAL STORE

. ]

ILerr SHIFT XL MULTIPLE TO FORM X2 LSH FUNCTION
MULTIPLE & STORE _

FORM RESULT DIRECTLY BY SHIFTING "

RIGHT OPND2 WITH A 32-BIT <—Gouwmm 10 xz"xi)

YES
DIRECT ADD FUNCTION
DISPLACEMENT TO THE LEFT ADD X1 AND X2 MULTIPLES TO FORM

X3 MULTIPLE & STORE LSH FUNCTION

LEFT SHIFT X3 MULTIPLE TO FORM Xé

STORE X1 MULTIPLE OF MULTIPLICAND
IN WORKING AREA OF LOCAL STORE

MULTIPLE AND STORE
Qe Y\
|
|
i
HIGH HALFWORD IS SET |
AS REQUIRED DURING |
PROCESSING SET LOW 3 HALFWORDS OF PARTIAL |
PRODUCT TO ZERO § | ORDER OF
T R
__QJesL_____ g F J MuL I:UE ID‘G'T'S PROCESSING
@_/—~ oli]2T3]4]s5]6}7]
18T
SEE ORDER OF PROCESSING 2ND
IF YES, CARRY IS ADDED 3RD
TO PROCESSING OF NEW 4TH
MULTIPLIER DIGIT STH
QJ@3L oTH
TTH
8TH
FETCH X1.X2.X3 OR Xb
——————————— —"’_——"‘"""‘—“——"‘———“‘“—‘I MULTIPLE APPROPRIATELY ]"—---—"——“‘——“'-“—-"""""—"—‘—"“
'
ADD OR SUBTRACT MULTIPLE TO/FROM
PARTIAL PRODUCT WITH @.4.8 OR 12 LOOPS -
BIT LEFT SHIFT ACCORDING TO SEE SEPARATE
Qip4l POSITION OF MULTIPLIER DIGIT FLOW CHART,
QlgbL WITHIN HALFWORD
QP71
[ FETCH x6 MuLTIPLE |

FIGURE 620.RR AND RX FIXED POINT MULTIPLY



Even Register

32 Bits E]

«——OPND 1—»
(Multiplicand)

Odd Register
31 Bits S

31 Bits

«¢——— OPND 2—
(Multiplier)

e Product >

The Multiplicand is located in the Odd Register of the Even/Odd pair specified by R1.
in the Register pair, overwriting the Multiplicand.

The product is stored

Method

1. The Multiplicand is complemented if it is negative.

2. X1, X2, X3 and X6 multiples of the Multiplicand are formed and held in Local Storage. Each multiple
occupies 2 half-words and for X3 and X6 multiples the extended bits of the high order half-word are
used to store the overflow bits.

3. The low order half-word of the multiplier is read to D. Each hexadecimal digit of the multiplier is
analysed using a function branch. Multiples are added to, or subtracted from a partial product
according to the digit value as shown in the table.

Multiples Used Multiples Used
Multiplier No Carry Carry In Multiplier No Carry Carry In
Digit In Digit In
0 No Op. +1 8 -2-6 (+16) -1-6 (+16)
1 +1 +2 9 -1-6 (+16) -6 (+16)
2 +2 +3 A -6 (+16) +1-6 (+16)
3 +3 -2+6 B +1-6 (+16) +2-6 (+16)
4 -2+6 -146 C +2-6 (+16) -3 (+16)
5 -1+6 +6 D -3 (+16) -2 (+16)
6 +6 +1+6 E -2 (+16) -1 (+16)
7 +1+6 +2+6 F -1 (+16) (+16)

The (+ 16) for multiplier digits which are greater than or equal to 8 is dealt with by forcing a carry
into the next most significant digit position. Multiples are added, or subtracted form Skew and byte offset
appropriate to the position of the multiplier digit within the half-word.

Register H addresses the multiples in Local Storage and during the Add/Subtract loop each half-word
of a multiple is read to Register C. Register J addresses the Even/Odd register pair. The partial product
is stored as shown in the diagram, half-words being read from the register pair to Reg. B.

The partial product is stored in the result register pair in Local Storage and in the Data Flow Reg. A,
as shown in the diagram, half-words being read from the register pair to Reg. B. for processing.

PP (01) PP (10) PP(11) oo .1
LS (10) Reg. A LS (11)| Product.

Half-words located thus.

Zero Low 3 half-words of partial product ->

Low half-words Order of
. 4 5-6 17 -
of multiplier I processing.
1st N - Multiples are added or subtracted
' 2nd Ml‘\l{lt:itillse:il)ii with Skew and byte shift appropriate
3rd = S to postion of multiplier digit.

>
4th  ultiples of Digit

This forms partial product LS (01) Reg. A. LS (10) LS (11)

High half-word

of multiplier 5th

tn > (Multiples of Digit 2 The numbers in brackets afterr PP
—
Tth and Local Storage e. g. (0l)are
8th. binary and refer to the low order
> two address bits.

This fooms final product correctly in the

Even/odd pairs of result register in Ls (00) LS (01) LS (10) LS (11)

Local Storage.

4. The process is repeated for the High Order multiplier half-word. The sign bit of the multiplier is
treated as a Data bit, so that the correct two's complement form of a negative product is produced
automatically.

5. The result is complemented if the original multiplicand was negative.

FIGURE 621.RR AND RX FIXED POINT MULTIPLY, NOTES.



ENTER
QJP8L.

ABBREVIATIONS:

MPLE = MULTIPLE OF MULTIPLICAND (OPNDL)
MPLR~ MULTIPLIER (OPND 2)

PP(L)- PARTIAL PRODUCT LOWEST HALFWORD

MULTIPLES
B-28BITS
- 32 8ITS

——
>

i

ANALYSE
NEW MPLR.DIGIT
(FNB)

IS RIGHT ADJACENT
PLR.DIGIT > 8?2
LUO -EVEN DIGITS

(rL -ODD DIGIT

[Teree [evier [ sviez

CEXTEND BYTE

| svres |

rrrrrrrrrrrrrrirry

OCAL

NEW DIGIT=3 & NEW DIGIT=F & LoD i A
ICHT ADIACE FETCH LOW HFWD OF X1,X2,X3 OR X6 MPLE o]

Dia 28 ACENT RIGHTADIACENT |\ CCORDING TO TABLE IN FiG.

SET YCD =1 TO INDICATE
THIS MPLR.DIGI 8 &

2) 2ND MPLE. (IF NEEDED) TO BE SUBTRACTED.

< NEXT MPLR DI

—1

SET Y@=1 IF 2ND. MPLE. NEEDED.
QJ@3l
_ YES |

SET INDIRECT FUNCTION TO ADD-OR SUBTRACT

- ACCORDING TO TABLE IN FIG.
| FETCH PR (LDKI®) FROM RESULT Rea(ml(m) RS MEANS FETCH PA ,Q'WE",?&UC’
|PROPAGATE SICN OF £ OVER | L ] HIocAL SO ?5’6”3‘?;%%" RESULT REG. 00 IF
T _ADJACENT
LEFT ADJACENT © —_——— w MPLR. HIGH HFWI
bl oIBaL
——— e ___c@n| s
AICN\
DIGIT IN MPLR,
i HFWD
(v2,v3)

DIGIT
40RO

IMPOSE 8-BIT LEFT SHIFT ON
MPLE. FOR PROCESSING

IMPOSE 12-BIT LEFT SHIFT ON
MPLE .FOR PROCESSING

USE BYTE
SHIFT TO LEFT
WITH

PROCESS (LE. ADD{SUBT TO PP.)
WITH BYTE 3 OF MPLE.
REWRITE LOW HFWD OF MPLE.

PROCESS WITH BYTE 2 OF MPLE.
FETCH HIGH HFWD OF MPLE.

USE SKEW
WITH BYTE
SHIFT TO LEFT

DIGIT
70R3

IMPOSE 4-BIT LEFT SHIFT ON
MPLE.FOR PROCESSING.

b |

3
PROCESS (LE. ADDJSUBT TO PP
WITH BYTE 3 OF MPLE.
REWRITE LOW HFWD OF MPLE.

PROCESS WITH BYTE 2 OF MPLE,
FETCH HIGH HFWD OF MPLE.

PROCESS WITH BYTE 1 OF M
WRITE NEW PP(L/(1@) IN
RESULT REG. (LL/(®)

IFETCH OLD PP (2D]@D) |
FROM RESULT REG. (12)/(®L)

IF LOW HFWD OF MPLR:

IF HIGH HFWD OF MPLE:

PP(LL)KEPT IN RESULT REG.(11) IN L.STOR;
PR(LZ)KEPT IN REG.A IN DATA FLOW,
DKEPT IN RESULT REG.(1D) IN L.STOR,

[BP(LL)KEPT IN RESULT REG.(L)IN L.STOR)
PP.(LB)KEPT IN RESULT REG(1D) IN L. STOR;
PR(BL)KEPT IN REG. A IN DATA FLOW,;

PP.(@@) KEPT IN RESULT REG.(BL)IN L STOR

PROCESS WITH BYTE 1 OF MPLE.
WRITE NEW PP(LLY(1®) IN
RESULT REG. (11) J(12)

PROCESS WITH BYTE @ OF MPL|
FETCH OLD PP (DL)(@@) FROM
RESULT REG. (1Z)@1)

1
512'-,",\ DIGITS

WRITE NEW PP.(@L)/(@9) IN
RESULT REG. (1OW(@L)

o4l

l
|
5 ogur 1

I

— ——_L

PROCESS WITH BYTE @ OF MPLE
WRITE NEW PP.(1@) IN RESULT

WRH’E NEW PP.(@1) IN RESULT
REG.

PROCESS WITH BYTE @ OF MPLE. 1
REWRITE HIGH HFWD OF MPLE | | ;
PROPAGATE CARRY/BORROW
- — — INTOLEFT ADJACENTBYTEOF | |
|_ [ [" T]PP.& STOR IN RESULT REG.UOKL)!
PROPAGATE CARRY/BORROW REWRITE HIGH HFWD OF MPLE.
INTO LEFT ADJACENTBYTE OF | | ESS WITH EXTEND BYTE OF |
| PP.£ STOR IN RESULT REG(U@N®L IMPLE. REWRITE HIGH HFWD OF MPLE |
| 1 A‘
aiga | ) ' !
| c bOR2 | [FETCH LOW HFWD OF X6 MPLE.
1 MPLRDIGIT |  [SET INDIRECT FUNCFION TO:
PROCESS WITHBYTE @ OF MPLE.| | (Y3) ADD IFYCD =@ ;
REWRITE HIGH HFWD OF MPLE. | |SUBTRACT IF YCD =1
1 | TO0R3 PROPAGATE SIGN OF PP.TO SET YO =0
LEFT ADJACENT BYTE. |
PROCESS WITH EXTEND BYTE FETCHPRP ) FROM RESULT
OF MPLE. PROPAGATE SIGNOF| | /720 | [REGU@YIN LOCAL sTOR.
PP TO LEFT ADJACENT BYTE & YCD |
STOR IN RESULT REG.(10)/(L) ]
I
|
[l
|
_

STORAGE SITUATION NOW CHAI
PP(1 I)KEPY IN RESULT REG. (1
PP @) KEPT IN RESULT REG A
1) KEPT IN REG.A

.P (BD)KEPT IN RESULT REG (21).

RN

6/%

REG.(1@)
LRocsss WITH BYTE @ OF MPLE v
CLEAR RESULT REG. (D9). PROCESS WITH EXTEND BYTE
OF MPLE.
PROCESS WITH EXTEND Bm_l FETCH HIGH HFWD OF MPLR.
OF MPLE.
|REWRITE HIGH HFWD OF MPLE. |
YES
OPND.L-
NO I _

FIGURE 622.RR AND RX FIXED POINT MULTIPLY, DETAIL OF LOOPS




ENTRY DATA - RR

A Al [ 1] C! D0 [»]]
Sa_i i COOPNB 2 H FIGURES 623 AND 624 DR 8,0 DMC Section 170 ROUTINE 20
4 R1 | O Lkzl 0 | LOW HEWD IOPI oP2! R Rzl
ROS REG O REG 8 REG? AREG BREG CREG DREG CAS
SKEW H J YA Y8 FUNC _ YCl YCD 1iz1
T T (@ 398 80000000 CO000000 80000000 657C 8000 0000 1D80 QU241
|on|lllx:XXX°l>:<|0°CC]°°°°]><|><l°I°] 973 80000000 3FFFbbbb 80000000 0000 0000 8000 FFFF  QJ271
1 } 9CD 80000000 bbbbbbbb 00000000 0000 0000 FFFF FFF8  QJ221
R2 9F0 80000000 bbbbbbbb 7FFFbbbb FFFF 5555 0000 0000 QJ211
8DA 80000000 bbbb0000 7FFFFFFF 0000 0000 0000 0000 QJ211
ENTRY DATA - RX
AD Al 1] Cl DO 1
I ADDR OF OPND 2 I i §ZI i :$Zl$é I
LOW HFWD Rl [ ] OP2}] R1 | e
SKEW H J YA Y8 FUNC _ YCl YCD 12T
]
[on DTS 0 17 o Jowa [ a0 DA 0]
NORMAL=0__ } } LOW BIT OF
EXECUTE = 1 OPND 2 ADDR
RR
[ OP Code | R1 T R2]
0 15
RX
Rl [ x2 D2
0 7 115 19 3l
RR DIVIDE RX DIVIDE
2nd LEVEL
INSN FETCH|
OBJECTIVES
FOR FIXED POINT DIVISION THE DOUBLE LENGTH
DIVIDEND (OPERAND 1) IS DIVIDED BY THE DIVISOR
(OPERAND 2) , THE QUOTIENT AND REMAINDER
REPLACING OPERAND 1.
IN_THE INITIALISATION MICROPROGRAM BOTH
OPERANDS ARE MADE POSITIVE. X1,X2,X4 AND X8
MULTIPLES OF THE DIVISOR ARE FORMED IN LOCAL
STORAGE. THE DIVIDE LOOP IS ENTERED AFTER A
TRIAL SUBTRACTION FOR DIVIDE CHECK.
NEGATIVE
COMPLEMENT OPERAND |
(DIVIDEND) POSITIVE
l
NEGATIVE
SET ALU FUNCTION REGISTER
TO SUQ TO COMPLEMENT POSITIVE
OPND 2 (DIVISOR)
[ 0J241
COMPLEMENT DIVISOR IF
NECESSARY, TEST MAGNITUDE
OF DIVISOR.
DIVISOR 11
22 MAGNITUDE
ALUAO ALUO
[DIVISOR | < 21 ] I 25 < |DIVISOR [ < 2% J p—s |
L “HALFWORD" CASE SET Y4. "FULLWORD” CASE (owisor z] SET Y7 |
UOTIENT
NEGATIVE SIGN
SUBTRACT | DIVISOR| FROM
DIVIDEND. THIS MEANS THAT LS| POSITIVE
COMPLEMENT OF QUOTIENT I
WILL BE FORMED BY THE
DIVIDE_LOOP
_ounsL
| .
ﬂ?{’ész"g,\ﬁso&%o}fm FROM XL X2 X4 X8 MULTIPLES
REMAINDER. OF |DIVISOR| IN WORKING AREA
OF LOCAL STORAGE, FOR THE
HALFWORD CASE ONLY 2 BYTES
ARE REQUIRED FOR EACH
MULTIPLE. THE EXTEND BITS
OF THE HIGH ORDER BYTES
ARE USED
0J261 I R Y -1 §
l QJ271
USE X8 MULTIPLE FOR TRIAL
| SUBTRACTION.
| YES DlVI;\®
T
PREDICTED |
STORE SIGNS AND CONDITION
REGISTER. INITIALISE STATS FOR
{ADD BACK DIVISOR TO DVIDEND] I DIVIDE LOOP
IVIDE
LooP
Q211
QJ251 ) <
0J241 POSITIVE

COMPLEMENT DIVIDEND TO
RESTORE OPERAND 1

" FIGURE 623 RR, RX FIXED POINT DIVIDE INITIALIZATION



NO YES
[

EACH QUOTIENT DIGIT IS FORMED BY COMPARING IN
o TURN X8 ,X4,X2,X1 MULTIPLES OF THE DIVISOR WITH
THE PARTIAL REMAINDER(PR) A MULTIPLE IS SUBTRACTED

IS SHIFTED LEFT 4 BITS BETWEEN THE FORMATION OF

SELECT X8 MULTIPLE USE SUCCESSIVE QUOTIENT DIGITS.
EXTEND BITS FOR COMPARE

Qlaal

COMPARE USING HIGH ORDER

FROM THE PR. WHEN THE PR IS HIGH OR EQUAL, THE PR.

QJlail

JADD 1 TO QUOTIENT DIGIT |

BIRACT MULTIPLE FROM
AL REMAINDER

BYTE OF MULTIPLE HALFWORD ’ FIXED
POINT
' DIVIDE
SEL i
MULTIPLE
(YoYL |
| 'ADD NEW QUOTIENT DIGIT TO
| QUOTIENT HALFWORD
PRHIGH I
m |
COMPARE USING HIGH ORDER |
BYTE OF MULTIPLE HALFWORD |
PR HIGH
1l |
YcD STORE FIRST HALFWORD OF
| @—| |ouorient
EQUAL |
DOUBLE QUOTIENT DIGIT
SELECT X2 MULTIPLE USE |
EXTEND BITS FOR COMPARE ‘
| HAL
PR.HIGH PAREN_ PR LOW | NO e
4 veo ﬁw | s
ALU IFT LOW ORDER HALFWORD)
EQUAL I F PARTIAL REMAINDER
| 4 BITS LEFT
[COMPARE USING HIGH ORDER |
BYTE OF MULTIPLE HALF WORD |
| SHIFT HIGH ORDER PR HALF-
WORD 4 BITS LEFT
| SET QUOTIENT DIGIT= @
DOUB € QUOTIENT DG.T | QUOTENT NEGATIVE
SELECT X1 MULTIPLE USE (Y5,
HIGH ORDER BYTE FOR COMPARE |
| POSITIVE
FORM AND STORE I
| l@nmmsnr OF ouonsNrJ
PR.HIGH COMPARE PRLOW '
o by Tcp?? |
EQUAL | MAINDE NEGATIVE
| N
I Q)
COMPARE USING LOW ORDER | POSITIVE
BYTE OF MULTIPLE HALF WORD Icomn.msm REMAINDER I
PRHIGH COMPARE PRLOW | o
u YCD ALUAO oL |
EQUAL
I STORE REMAINDER RESTORE
ADD | TO QUOTIENT DIGIT. | CONDITION CODE TO Y2,Y3.
lri'_'Al;lE YCD =@ TO DISTINGUISH |
————————— ______.Q_’.z.zi_.____l NSTRUCTG
H
QJ23l | QDPGL
No I
COMPARE LOW ORDER |
HALFWORDS OF MULTIPLE |
AND P.R.
PR, |
YES R NO
(xcn |
SUBTRACT MULTIPLE FROM RESTORE QUOFIENT DIGIT BY |
RTIAL REMAINDER SUBTRACTING L l

FIGURE 624 FIXED POINT DIVIDE LOOP




ENTRY DATA . LOAD POSITIVE, FLOATING POINT LPER DMC SECTION 19C, ROUTINE 01,
|$0;AZII—!TL e T b STOP ON Ms 6OFA.
1|op21 R 1
H or2f 01 ”J 4 T HIGH HEWD IOP OPz R | R2 ROS  FPREG 00 FP REG 06 AREG BREG CREG D REG
A45  FOFOFOFO OF 1E2D3C 6OFA 0069 6OFC 3006
SKEW. H J YA v8 FUNC _ YCI_YCD I1ZT A2C  FOFOFOFO OF 1Ebbbb 8FFA  2D3C OFIE 3006
T T D BF6  bbbbFOFO OF1E2D3C O0FA 2D3C OFIE 3006
r R2 I M0 1 Xx01 l>r<[ 00CC I 00X0 BEF  OFIE2D3C OF1E2D3C SFC  2D3C OFFE  47C0
[ R2 3 [} SHORT =0
LONG =1
RR
[OP Code ] R1 ] R2 ]
0 7 n 15
OBJECTIVE FROM FROM 2ND LEVEL
TO PERFORM THE RR FLOATING " INSTRUCTION
POINT INSTRUCTIONS LOAD, HALVE aog TRUCT
LOAD COMPLEMENT, LOAD AND TEST,
LOAD NEGATIVE AND LOAD
POSITIVE (FOR DESCRIPTI 1 OF OBJECTIVES OF ARG
EACH INSTRUTION SEE PRINCIPLES
OF OPERATIONS MANUAL) LOAD HALVE LOAD COMPLEMENT | LOAD AND TEST  LOAD NEGATIVE LOAD POSITIVE
SET 12T=1 FETe oD 2 INVERT SIGN INVERT SIGN INVERT SIGN OF
FETCH OPND 2 SET ALU FN.REG OF OPERAND 2 FETCH OPND 2 OF OPND 2 OPND 2
0 RIGHT SHIFT |  |FETCH OPND 2 FETCH OPND 2 FETCH OPND 2

| ] L, |

LOAD O

PROCESS OPND 2
NEXT (OR 15T) BYTE
REWRITE OPND 201

3RO PASS 15T PASS

TAKE INVERTED SIGN G ORRIEAL\_TAKE ORIGINAL SIGN

SIGN AS FINAL
RESULT

CLEAR
OPERAND 100

2ND pASS

1
ADJUST SIGN
RESULT
REWRITE OPND 201
SET 12T

ELEAR OPND 101 I

CLEAR OPND 1 (@1)
15T PASS
CLEAR OPND 1 (11)
3RP pASS

PASS OPND 2 BYTE L PASS OPND 2
FORLATER |ZT BYTE L FOR LATER
TEST CLEAR 12T TEST
OPND 1 (@1) ICLEAR OPND 1 (@1)
SET COND. REG. SET COND. REG.
1@ FOR PLUS @1 FOR MINUS
LONG ORSH?SLC SHORT

PRECISION

LONG
PRECISION 157
PASS

LONG PRECISION
3R PASS OR
SHORT

PRECISION

PROCESS OPND 2
NEXT BYTE
WRITE RESULT
(@@) 157 PASS
(@1) 2N° pass

\

FETCH OPND 2 (10)
FIRST PASS
FETCH OPND 2 (L 1)
SECOND PASS

FIGURE 625.RR FLOATING POINT SIGN OPERATIONS

PROCESS OPND 2
NEXT BYTE
WRITE RESULT
(B9@)  SHORT
PRECISION
WRITE RESULT
IZ)LONG PRECSION
3RO PASS

PROCESS OPND 2
LOW BYTE
FETCH INSN
COUNT

TO WRITE RESULT (1)
(SHORT PRECISION) OR RESULT
(LL) LONG PRECISION, AND
TEST 12T FOR ZERO RESULT




ENTRY DATA
AD Al 81 («!] Cl DO D1 N s
T I I OPND 2 l T ] O EXAMPLE SHOWN.
]
§l<| orjoiR)? HiGHHFwp | OF1|OF2] R1 | R2
SKEW H YA Y8 FUNC YC! YCD I1ZT
1
I 2| oo §oxxon [ s | occ | oxo | xor I [ | |
R2—+ L _______SHORT=0
RX LONG =1
ode | Rl | X2 D2
[} 7 n 15 19 3l
RR
[OP Code | R1 | R2 ]
0 7 1 15
| QK@21 l QK@3L
I M FROM
’ INSTRUCTION msmucnor« RX ENTRY
FETCH FETCH
INSTRUCTIONS INSTRUCTIONS
SINGLE & DOUBLE - I l SINGLE & DOUBLE
—— SET STATS. SET STATS. T E—
coMpage | FETCH EXPONENTS. l TEST TOP BIT OF R1 CSMP"RE
SUBTRACT |NORMALIZED FOR CORREC T SPECIFICATION] suanucr} NORMALIZED
ADD
UNNORMALIZED ADD } ,NORMALIZED
sus } l | FETCH EXPONENTS sus }
I COMPARE EXPONENTS TO:— I COMPARE EXPONENTS TO —
1) CALCULATE EXPONENT DIFFERENCE(ED), I 1) CALCULATE EXPONENT DIFFERENCE (ED),
2) SET STAT FOR EXPECTED RESULT SIGN; 2) SET STAT FOR EXPECTED RESULT SIGN;
| 3) SET ALU FN TO ADD OR SUBTRACT, 3) SET ALU FN TO ADD OR SUBTRACT,
WITH OR WITHOUT SKEW. | WITH OR WITHOUT SKEW.
v I !
DOUBLE LENGTH oro'ggm SINGLE LENGTH SINGLE LENGTH DOUBLE LENGTH
| UNGTH 2 —— | [ N _LEN QKp41l
L ~ ] | QKO71L
EXPONENTSI (OPND L=OPND 2) EXPONENTS (OPND 1,< OPND 2) QKo8l
FETCH OPND 2 & STORE l EXPONENT: , FETCH OPND 2 & STORE
IN WORKING STORE ~ IN WORKING STORE
QKP71
QK@8l TEST ED FOR REQUIRED TEST ED FOR REQUIRED
NUMBER OF DIGITS OF NUMBER OF DIGITS OF
PRE-NORMALIZATION PRE-NORMALIZATION
EXPONENT SHIFT SHIFT
XPONENTS EXPONENTS EXPONENTS EXPONENTS
(OPND 1 >0PND 2) (OPND 1<OPND 2) (OPND 1< OPND 2)

CALCULATE GUARD DIGIT|
AND STORE IT IN
WORKING STORE

CALCULATE GUARD DIGIT
AND STORE IT IN
WORKING STORE

TESTED. QKQ4l
NO ~ror BvTeSTES QK®S51
SHIFT OK @61

QKILIL

TEST ED:
NO «“For ByTE DYES
SHIFT

l
|
l
l (OPNDIZOPND 2)
|
I
I
I

TESTED.
NO ~Forevte TE
SHIFT

|
1

LOOP
EXPONENTS
(OPND1>OPND 2 )
€ NO BYTE SHIFT

(leD1=Al>B1 TYPE)

LOOP
EXPONENTS
(OPNDL > OPND2)
| € THERE IS BYTE SHIFT
(e D1=AL>BF TYPE)

1 |
|

QKL21

FIGURE 626 .FLOATING POINT RR AND RX (QK021, QK171)

| l

| |

LOOP

EXPONENTS I
(OPND 1< OPND 2) l

& NO BYTE SHIFT
e AL=BL1>DI TYPE)

I

LOOP
EXPONENTS
(OPNDI<OPND 2)
€ THERE IS BYTE SHIFT
(ie AL=B1>D@ TYPE)

] QK131

(SHEET 1 OF 2)

SH2



SH1

QK111
QK121
QKI31
ARITHMETIC
ARITH (ADD ¢ SUBT) COMPARE QK141
[ or COMPARE QK151
WRITE INTERMEDIATE
RESULTINTO OPND 1
LOCATION [ REWRITE OPERAND 1 ]
TEST FOR ' TEST EXPECTED RESULT
NEITHER 1. OVERFLOW | OVERFLOW SIGN STAT & 1ZT LATCH
2. RECOMPLEMENT | ] & SET CONDITION
3. NEITHER SHIFT INTERMEDIATE REGISTER ACCORDINGLY
, RESULT 1 DIGIT RIGHT
QKI51 NO LOST YES
SIGNIFICANCE RECOMPLEMENT
TNCRENENT I FETCH TNSTRUCTION
COMPLEMENT EXPONENT BY 1 COUNT
INTERMEDIATE
RESULT
i \
QKI71 EXPONENT : ;
NO E
OVERFLOW YES TO
INSTRUCTION FETCH
— QK151
UNNORMALIZED NORMALIZED NORMALIZED
or
UNNORMALIZED
. NO TOP DiGIT YES
[ ZERO
TEST EXPECTED RESULT SIGN
STAT AND SET CONDITION
REGISTER ACCORDINGLY 2O NEXT DIGIT YES
I ZERO
J
[ FETCH INSTRUCTION COUNT
SHIFT INTERMEDIATE SHIFT INTERMEDIATE
RESULT LEFT 1 DIGIT RESULT LEFT 2 DIGITS
QK161
QK171
10 DECREMENT
INSTRUCTION FETCH EXPONENT BY | EXPONENT BY 2
YES EXPONENT NO
UNDERFLOW
UNDERFLOW UN&EEFKLOW ON
STAT
OFF SET UNDERFLOW
l INVERT SIGN ] STAT ON
ON UNDERFLOW OFF
MASK

INVERT SIGN

TEST SIGN PLUS

MINUS

SET CONDITION
CODE TO 01

SET CONDITION
CODETO 10

]

TRAP ROUTINE

TRAP ROUTINE

FIGURE 626. FLOATING POINT RR AND RX (QK021, QK171( (SHEET 2 OF 2)

SET CONDITION
REGISTER TO 00

REPLACE
INTERMEDIATE RESULT
BY ZERO RESULT

TEST
FOR MASKABLE
TRAP

I FETCH INSTRUCTION COUNT]

.

TO
INSTRUCTION FETCH




ENTRY DATA

A0 Al 81 0 Q 00 1
I'—_Ov_rwm D 2 T“ i S @Z:$ZI Sé I
HIGH HFWD RijO1I H

LOAD FLOATING POINT SHORT DMC SECTION 195, ROUTINE 03,
STOP ON MS 6158

ROS  FP REG 00 A REG BREG  CREG
A1l ABSB7BIB4321DCBA 6ES8 2000 0082
SKEW H J YA Y8 FUNC _ YCI _YCD 2T BF9 - ABSB7F1B4321DCBA 64ESS 0000 5555
\ 174 ABSB7B1B4321DCBA 6E58 0000 5555
or2 1 |><| ooce I oxo XOR 1F5  AB6B7BIBA321DCBA 0939 00F0 0000
SHORT = 0
LONG =1
RX
ode | RI | X2 | 82 D2
0 7 1 15 19 3l
OBJECTIVES
STORE FLOATING POINT
THE FIRST OPND LOCATED IN THE FLTG POINT
REG SPECIFIED BY RL IS STORED AT THE
EFFECTIVE ADDRS GENERATED BY X2,D2 AND B2.
THE STORED OPND AND THE CONDITION CODE
REMAIN UNCHANGED
LOAD FLOATING POINT
THE SECOND OPND WHICH IS LOCATED IN
MAIN STORE AT THE EFFECTIVE ADDRESS GENERATED
BY X2, B2 AND D2 IS PLACED IN THE FIRST OPND
POSITION WHICH IS THE FLTG. POINT REG.
SPECIFIED BY R1.THE LOADED OPND AND THE
CONDITION CODE REMAIN UNCHANGED
FLOATING POINT FLOATING POINT
LOAD STORE
SETBO REGBTER h
SET BBREGISTER 83 = B FOR SET Y@~ 1 AND 16 CR 9812 FOR

TRAP IF ISA SHORT OR LONG

1 CR BL@@ FOR
LONG

FETCH OPND L
OPND 2 HIGH HFWD HIGH HFWD TO
TO C REG AND D REGISTER FOR
REWRITE STORING
INCREMENT MAIN STORE OPND 1
STORE ADDRESS
CLEAR OPND L HIGH HFWD AND
HGH HEWD REWRITE
OKPPL
OH@4L - _
INCREMENT INCREMENT
MAIN STORE STORE ADDRESS
ADDRESS FETCH OPND L
CLEAR OPND 1 TO C REGISTER
2O
ADD STATS TO B@
AND TEST ALUS
FOR EXIT. LOAD
OPND 2 OR REWRITE
OPND 1 FROM C REG
FETCH NEXT
HFWD OF OPND 2
LOAD-EXIT LOAD STORE =NO EXIT

OR S}'ORE ?

(@)
EXITP?
STORE-EXIT ALU6 LOAD-NO EXIT

ADD A HALF_TO
CLEAR OPND 1 OPND 1 LOW HFWD) ADD A HALF TO DDA MMLE
o WD INTO D REGISTER R1 ADDRESS SheDpREsS
: FOR STORING TRAPIF ISA 5 REG FOR

STORING TRAP

j IF ISA OR PSA

| —©,

LOAD AND REWRITE
OPND 2 LOW HFWD
OR STORE AND
REWRITE OPND 1
LOW HFWD

LOAD-ODD PAS
STORE-EVEN PASS

OPND 2 INTO C REG
(FOR LOAD)
STORE OPND 1 OR
REWRITE OPND 2

l

LOAD RL ADDRESS

HIGH HFWD. OPND 2

INTO C REG. (FOR
LOAD)

STORE OPND 1 OR

REWRITE OPND 2

STORE-ODD  PASS
LOAD-EVEN PASS

FIGURE 627, FLOATING POINT LOAD AND STORE (SHORT AND LONG)

D REG

5AF0



ENTRY DATA— RR
AD Al Bl Cl DO [»]]
1
=T 1= > TonforT o] o]
Jd . 1

co
OPND2
HIGH HFWD

SKEW H J YA Y8 FUNC _ YCI_YCD_IZT
1
v T | e [T e [0 s
[ SR ) L _SHORT=0
LONG =1

ENTRY DATA — RX

AO Al 81 co o] 00 D!
ADDR OF OPND 2 il o
HIGH HFWD

SKEW H J YA Y8 FUNC  YCI _YCD 2T
B |
Lo | == | =] oxc [ ox [ xx DY
I} SHORT = 0
LONG =1
RR
[[OP Code T R1 T R2 ]
0 7 1 15
RX

[opcCode I r1 ] x2] 82 | D2 J
0 7 11 15 19

OBJECTIVE
TO SHOW THE INITIALIZATION FOR FLOATING POINT DIVIDE/MULTIPLY

OBJECTIVE
TO SHOW THE INITIALISATION FOR FLOATING POINT DIVIDE/MULTIPY

FLOATING POINT MULTIPLY, SHORT NMER DMC SECTION 1CC, ROUTINE 01, STOP ON M$
60F2, THIS OPERATION WILL USE FIGURES 628 AND 629.

ROS FP REG 00 FP REG 02 A REG BREG CREG D REG
Al8 45100000 45100000 60F2 co09 4510 3C20
AAG 45100000 45100000 60F4 2040 4510 0000
Ag7 45100000 45100000 60F4 2045 4510 4510
ADO 45100000 45100000 4AF4 0010 0020 200C
AF5 45100000 45100000 4AF4 0010 0020 200C
FIGURE 629
0, 887 45100000 45100000 0000 0060 4A10 0000
v), 8F7 45100000 4510bbbb 0000 0000 4510 0000
8 92F 45100000 4510bbbb 0000 0000 4510 0000
O 930 45100000 4510bbbb 0000 0000 0000 0000
(9 93¢ 45100000 bbbbbbbb 0000 0000 0000 4500
D, 84C 45100000 bbbbbbbb 0000 0000 0010 4500
12 BCE 45100000 bbbb0000 0100 0000 0010 4500
(19 9AE 45100000 bbbb0000 60F4 4910 0100 0000
RX FLOATING|
FETCH
A INVALID
A VAUD REGISTER
COPY OPERAND 2 FRACTION TO TRAP
LOCAL STORAGE LOCATIONS ROUTINE
2,3 - MULTIPLY SHORT Qcoil

@.1- DIVIDE SHORT
©.1,2,3 MULTIPLY, DIVIDE LONG
SET WO = OPERAND 2 SIGN.

—0

NO OPERAND 2

DECREMENT OPERAND 2
CHARACTERISTIC.

SKEW OPERAND 2 FRACTION
LEFT | DIGIT POSITION

OPERAND 2
FRACTION ZERO

NO OPERAND 2 YES
W
|- _oua
QJi3l
YES

NORMALIZED

lser Y@= SIGN OF RESULT |

NO OPERAND 1

‘ NORMALIZED

DECREMENT OPERAND |
CHARACTERISTIC.
SKEW OPERAND 1

YES

aIzm

FLOATING
POINT DIVIDE

DIVIDE

FRACTION 1 DIGIT LEFT

OPERAND |
FRACTION ZERO
(1zm

CHECK (vs)

ROUTINE ®\ DIVIDE
QceLL n

FIGURE 628.FLOATING POINT MULTIPLY/DIVIDE INITIALIZATION  (SHEET | OF 2)

MULTIPLY MULTIPLY /

SH2 SH1



Q141 SH1 SH2 QJ141

COMPUTE INTERMEDIATE]
CHARACTERISTIC

COMPARE FRACTIONS. SET
FLAG (Y1) IF FRACTION 1 2
FRACTION 2. SKEW FRACTION

2 LEFT 1 DIGIT POSITION,
YES Sﬁpo?ﬂfg@ NO COMPUTE CHARACTERISTIC
OF RESULT

NOTE UNDERFLOW
IN LS45

‘ L

NO

EXPONENT
OVERFLOW

SH1 EXPONENT NO NOTE OVERFLOW
UNDERFLOW IN LS45
1
( J Q51 [
QN7
FORM2BYTES OF EACH MULTIPLE
R
STORE TRUE ZERORESULT OF FRACTION 2 AND STORE IN
LOCAL STORAGE WORKSPACE .
FOR MULTIPLY THE MULTIPLES
ARE X2,3,6; FORDIVIDE X2,4,8
MULTIPLE
COMPLETE
(Y4)
DI
IVIDE MULTIPLY /DIVIDE MULTIPLY
QJI161 QJ161
INSERT CHARACTERISTIC AND l INSERT INTERMEDIATE COPY 5 MOST SIGNIFICANT
SIGN IN RESULT REGISTER CHARACTERISTIC IN RESULT BYTES OF OPERAND 1 AND
LOCATION. SET PARTIAL INTERMEDIATE CHARACTERISTIC
PRODUCT TO ZERO TO LOCAL STORAGE WORKSPACE .
SETPARTIALPRODUCT TO ZERO
NO FRACTION 1
> FRACTION2 R
(\@)] -
FUNCTION BRANCH ON
FIRST DIGIT OF OPERAND 1
SHIFT OPERAND 1 SKEW FRACTION 1
LEFT 1 BYTE POSITION LEFT 1 DIGIT POSITION <-\@

DIVIDE DIVIDE
LOOP

QJ281

MULTIPLY
LOOP

LOOP

QJ281 QJo31

FIGURE 628. FLOATING POINT MULTIPLY/DIVIDE INITIALIZATION (SHEET 2 OF 2)



THE FRACTION OF THE FLOATING-POINT FLOATING

OPERANDS ARE MULTIPLIED USING THE POINT MULTIPLY
SAME ALGORITHM AS FOR FIXED POINT INITIALIZATION

MULTIPLY. THE MICROPROGRAM IS QU161
WIDELY SHARED; STAT Y4 1S NORMALLY
SET FOR FLOATING-POINT.

FUNCTION BRANCH ON DIGIT
VALUE WITH CARRY FROM RIGHT 0

ADJACENT DIGIT AS C COND

DIGIT = 0 WITH NO
CARRY FROM RIGHT
ADJACENT DIGIT OR

F WITHCARRY FROM
RIGHT ADJACENTDIGIT

1

Q03! FETCH LOW HALFWORD OF MULTIPLE SELECTED
ACCORDING TO DIGIT VALUE AND CARRY FROM | — no 10 00 0
QJo41 ADJACENT DIGIT. SET YCD IF THIS DIGIT > 8 TO
INDICATE A CARRY FORWARD TO THE NEXT DIGIT I
AND THAT IF 2 MULTIPLES ARE REQUIRED THEN
THE SECOND IS TO BE SUBTRACTED. SET YO IF 2
MULTIPLES ARE NEEDED. I e ° ° °
1 10 %m o1 00
OFFSET SKEW NO SKEW SKEW (Y2,Y3) SKEW NO SKEW
OFFSET NO OFFSET NO OFFSET
ADD/SUBTRACT MULTIPLE ADD/SUBTRACT MULTIPLE ADD/SUBTRACT MULTIPLE
TO/FROM PARTIAL PRODUCT TO/FROM PARTIAL PRODUCT TO/FROM PARTIAL PRODUCT ADD/SUBTRACT MULTIPLE
WITH MULTIPLE SHIFTED WITH MULTIPLE SHIFTED WITH MULTIPLE SHIFTED TO/FROM PARTIAL PRODUCT
12 BITS LEFT 8 BITS LEFT 4 BITS LEFT
[ . ] L ]
SHORT/LONG SHORT/LONG
(Y5) (v5)
SHORT SHARED LOOP TO PROCESS
2ND AND 3RD HALFWORDS
OF THE PARTIAL PRODUCT
T 2ND MULTIPLE
(Y0)
CONTINUE PROCESSING QJos1 NO QJo41
MULTIPLE AND PARTIAL \
PRODUCT 2ND-MULTIPLE N QJOo51
QJO41 (vo)
QJo71 RESET YO. RE-ENTER LOOP TO
ADD/SUBTRACT X6 MULTIPLE
YES 2ND MULTIPLE ACCORDING TO YCD
(Y0)
®
NO SKEW YES ~
) -
RESET YO. RE-ENTER LOOP TO
ADD/SUBTRACT X6 MULTIPLE NO
ACCORDING TO YCD R
———] ‘ @ EXTEND SIGN OF PARTIAL
PRODUCT OVER EXTRA BYTE.
@ @ - SET NO SKEW, NO OFFSET,

NO SKEW YES
(r3)

EXTEND SIGN OF PARTIAL
PRODUCT OVER EXTRA BYTE

SHORT EXIT FLAG

(Yé)

SHORT/LONG
(Y5)

LONG

SET OFFSET, NO SKEW.

FROM MS DIGIT
OF 001 FRACTION
Y1)

EXIT FLAG FOR BYTE

SELECTLODIGITOF LO BYTE
FOR BRANCHING. USE Y1

CARRY

(Ye)

SET SKEW, OFFSET SELECT HI
DIGIT OF HI BYTE FOR BRANCHING

YES

SELECT X1 MULTIPLE. RE-

ENTER LOOP TO ADD THIS
TO THE PARTIAL PRODUCT
WITH APPROPRIATE OFFSET

POST-
NORMALIZATION
REQUIRED

NO

YES | >

—©

Y3 IS SET BUT
SKEW IS NOT
USED

—®

QJos1

SELECT LO DIGIT OF
HI BYTE FOR BRANCH-
ING. USE Y1 FOR
BYTE CARRY

QJos1

SET EXIT FLAG (Y6).

FETCH HIGH ORDER BYTE
OF OPERAND 17O D. SET
SKEW, NO OFFSET. SELECT
HI DIGIT FOR BRANCHING

NO EXPONENT YES

UNDERFLOW

[ NOTE UNDERFLOW
IN LS45

Expom YES

OVERFLOW

NO

|
NOTE OVERFLOW
IN LS45

~—0) X

SHIFT PARTIAL PRODUCT
1 HALFWORD RIGHT.

RESHUFFLE RESULT FRACTION
TO FINAL FORMAT. INSERT
CHARACTERISTIC AND SIGN.
RESTORE CONDITION REGISTER
TOY2, Y3

FETCH NEXT HALFWORD
OF OPERAND 1 TO D.

QJ11

SET EXIT FLAG (Yé)
WHEN LAST BYTE IS
FETCHED. SET SKEW,NO
OFFSET. SELECT HI
DIGIT LO BYTE OF HALF+
WORD FOR BRANCHING

OVERFLOW

TRAP ROUTINE
Qi1

FIGURE 629. FLOATING POINT MULTIPLY LOOP

CHECK LS45
FOR OVERFLOW
or UNDERFLOW

NEITHER

FROM DIVIDE
FIGURE 630

UNDERFLOW

J

|-FETCH

TRAP ROUTINE

QJ281




FLOATING POINT DIVIDE, SHORT DER DMC SECTION 1C6, ROUTINE
09, STOP ON MS 6238

ROS FPREG 02 FP REG 06 AREG BREG CREG DREG

Q) As6  45150F75 42345000 1A28 4700  150F 7500
(@ 96 45150F75 42345000 1A28 4700  150F 7500
®) 986 45150F75 42345000 0000 4701  150F 7500
9C9  45150F75 42345000 O0D14 4701  15FB 7500
EACH DIGIT OF THE QUOTIENT FRACTION IS FORMED BY COMPARING ®
PARTIAL REMAINDER IN TURN WITH THE X8, X4, X2, and X1 MULTIPLES @ 9E3 45150F75 42345000 068A 4702  07FB 7500
OF THE DIVIDED. WHEN A MULTIPLE IS LESS THAN OR EQUALS THE ® o1 ASI150F75 42345000 068A 4703 0171 7500
PARTIAL REMAINDER IT IS SUBTRACTED BETWEEN THE FORMATION OF
SUCCESSIVE QUOTIENT DIGITS. THE PARTIAL REMAINDER 1S SKEWED @ 9ED bbbb0F75 42345000 0645 4515 0171 7500
LEFT ONE DIGIT POSITION. 9EF bbbbOF75 42345000 6745 4515 0034 5000
(®) A6k 45671000 42345000 0045 1000 0000 0000

ODD/EVEN PASS
(ve)

: EVEN

ODD/EVEN oDD

QUOTIENT BYTE
(Y5)
STORE QUOTIENT BYTE IN INSERT QUOTIENT BYTE IN
LOCAL STORAGE. SET NEXT LOCAL STORAGE. SET NEXT
QUOTIENT BYTE TO ZERO QUOTIENT BYTE TO ZERO
FLOATING POINT
DIVIDE
INITIALIZATION | FIGURE 628
Q161 NO QUOTIENT VES
- COMPLETE

SKEW PARTIAL REMAINDER
DOUBLE QUOTIENT BYTE

FIGURE 629

SELECT 8 MULTIPLE. COMPARE
HIGH ORDER BYTES OF MULTIPLE
AND PARTIAL REMAINDER

QJ281

QJ221

PR HIGH COMPARE PR LOW SELECT
1 10 - - NEXT MULTIPLE
(Yo, Y1)
Equal 00 [TSELECT 4 MULTIPLE. DOUBLE ol
QUOTIENT BYTE COMPARE HIGH
ORDER BYTES OF MULTIPLE AND "‘( )
PARTIAL REMAINDER

PR HIGH
11

COMPARE

0
Equal 0 SELECT 2 MULTIPLE. DOUBLE
QUOTIENT BYTE COMPARE HIGH
ORDER BYTES OF MULTIPLE AND
PARTIAL REMAINDER
PR HIGH PR LOW

COMPARE

n

EQUAL 00
SELECT 1 MULTIPLE. DOUBLE

QUOTIENT BYTE COMPARE HIGH
ORDER BYTES OF MULTIPLE
AND PARTIAL REMAINDER

PR HIGH
11

COMPARE

COPY QUOTIENT BYTE
TO REGISTER AO

COMPARE NEXT 2 BYTES
OF MULTIPLE AND PARTIAL
REMAINDER

PR HIGH PR LOW

COMPARE

TBJ11

rlNCREMENT QUOTIENT BYTE EQUAL

[ INCREMENT QUOTIENT BYTE

QJ221
Q] COMPARE REMAINING PARTS
OF PARTIAL REMAINDER AND
MULTIPLE
PR HIGH OR LOW COMPARE PR LOW
SUBTRACT MULTIPLE FROM RESTORE QUOTIENT BYT?J

PARTIAL REMAINDER

- ©

FIGURE 630. FLOATING POINT DIVIDE LOOP



ENTRY DATA

%55 A o - L <l 20 D) TEST UNDER MASK
HIGH HFWD 2 1 00 Jorz] 00t >><| 2N HEWD OF INsN | ROS REG6  REG7
1 h 343 OOFFFFFF  FFFFFFFF
36D  OOFFFFFF  00005DSC
T4 OOFFFFFE 00006000
SKEW H ) YA ve FUNC __ YCI 1zr
| T
or2 00cC X00X
NORMAL = oW oF
EXECUTE = 1 OPND 2 ADDR
s)
[OPCode T 12 T 81 ] D1 ]
0 7 (T 3
OBJECTIVES
THE STATE CF THE FIRST OPERAND
BITS SELECTED BY A MASK ( IMMED
DATA 12) IS USED TO SELECT A
CONDITION CODE.
AND MASK
AND MASK WITH WITH BYTE

[UPDATE INSN. ADDR.
READ FROM MAIN

TO INSN|
FETCH

FIGURE 631 .TEST UNDER MASK (QPOOT)

BYTE READ FROM
MAIN STORE (DP)

READ FROM MAIN STORE
(D1) PRESET CONDITION

PRESET CONDITION REGISTER = 3
REGISTER =3
NON - ZERO ZERO
SET CONDITION
REGISTER = @
LOAD INSN ADDR TO
A REG
LOAD
INSN. ADDR. FROM
LOCAL STORE TO A
REC. TO INSN
FETCH
oDPPL

YES

UPDATE INSN ADDR
READ FROM MAIN
STORE

TO INSN
FETCH
Q0oL

ALREADY PRESET =3

DMC SECTION 134, ROUTINE 06
AREG BREG CREG DREG
01A2 0100 1001 0000
01CB 0400 0401 0000
4E24 0202 0200  F2FF

TEST IS ZERO



ENTRY DATA

A0 Al T 1] co cl DO Dl
DDR OF OPND 2 T ]
I HIGH HFWD R Raj’><l><i><l 2ND HFWD OF INSN
SKEW H YA B FUNC__ YCl YCD izT
I OP2 i oocc | xo10 l Q
NORMAL =
EXECUTE =1

OBIECTIVES

TO ADD THE LST OPND (RL) TO THE 2ND OPND (R3)

AND COMPARE THE RESULT WITH THE
3RD OPND. (R3 OR R3+ L), DEPENDENT ON THE

OPERATION (BRANCH ON INDEX HIGH OR BRANCH

ON INDEX LOW OR EQUAL) THE RESULT OF
THE COMPARE WILL CAUSE EITHER THE

BRANCH ADDRESS (B2 + D2) OR THE INSTRUCTION

COUNT TO CALL THE NEXT INSN.
1ST OPND = RL (CONTENTS OF)
2ND OPND = R3 (CONTENTS OF)

3RD OPND = R3 IFR3 IS ODD (CONTENTS)

OR R3+L IFR3 IS EVEN
BRANCH ADD = B2 + D2

FIGURE 632.BRANCH ON INDEX (QE041)

BRANCH ON INDEX HIGH BXH 06, 08 DMC
AREG BREG CREG
6800
0F20
0000
3000

ROS
34C
3E5

3CB
3EC

REG. 6 REG 8

7FFFFFFO 00000001 62CE
7FFFbbbb 00000001 62CE
7FFFFFF1 00000001 62CE
80000000  800045AC 4E24

POSITIVE AND
NO OFLO

¥

ADD LOW HFWD
OPND 1 TO LO
HFWD OPND 2
RO. OF LOCAL STORE

SET UP SUBTRACT‘'Q’
FOR COMP OPERATION

SET UP SUBTRACT ‘P°
FOR COMP OPERATION

ND 3
NO A\ YES
COMPARE LO

HFWD OF RESULT

OF OPND L AND OPND
2 WITH LO HFWD
OPND 3

REWRITE SUM

OF OPND.1 AND
OPND 2 INTO REG. 1
LOW ORDER

—®

P

RO HIGH ORDER
RL AND R3 ADD
OPND 1 TO OPND 2
HIGH ORDER HFWD

!

RO OPND 3 AND
COMP. IT WITH
RESULT OF OPND L

NO OFLO AND

AND OPND 2

NEGATIVE OR

\@

RESULT

OFLO AND
POSITIVE

READ INSTN CT
INTO A REG

READ HIGH ORDER
HFWD RESULT
OPND L AND OPND 2
TO R1

OF_COMPARE
W

USE BRANCH ADDRESS
ALREADY FORMED IN
A _REG.

READ HIGH ORDER
HALF WORD RESULT
OPND L AND OPND 2
BACK TO RI

SECTION 172, ROUTINE 08

6602
0600
6000
3026

D REG
F2CE
FFF1
7FFF
4780



ENTRY DATA
A0 Cl DO D1

Al 80 8! co
ADDR OF OPND 2 v NO EXAMPLE SHOWN.
| fich trwo “'T R 1 ><_Jorz| w1 1 ><] vres 2-3 oF nsn |

SKEW H J YA Y8 FUNC _ YCI_YCD 12T
T R
I o2 I><|>o<l 00CC I X010 I Q
1 1
NORMAL =0_}
& EXECUTE = 1

[[oP Code T RI T R3 [ 82 [ D2 ]
0 7 n 15 19 kil

YS=SET SYSTEM MASK
Y8 s ID= INHIBIT DUMP

Y93 MI = MASKABLE INTERRUPT
OBJECTIVE

TO ALTER SYSTEM MASK PSW BITS @-+7
READ SECOND OPERAND FROM MAIN STORAGE

2 PLACE CONTENTS OF 2ND OPND
FROM FROM
INITIAL PSW
B B N

INTO PSW BITS @57
S
SET + 64 TO SEY Y531 OF SYSTEM MASK
PSW ADDR SET J REG=4 4 IN LOCAEL STOR

READ NEW SYSTEM
MASK FROM

MAIN STORAGE

READ CURRENT SYSTEM
MASK TO BREG

SET INHIBIT
DUMP STAT AND
MASKABLE
INTERRUPT STAT,

PRIVILEGED

SET Y8+=11ID
SET_Y9:1MI OPERATION

BYTE ADDR ODD g il

Y5 OR EVEN ALU7

XFR SYSTEM MASK
FROM D@ TO B@
READ INSN ADDR
FROM LOCAL STOR
SET EXTERNAL
MASK

XFR SYSTEM MASK
FROM D1 TO B9
READ INSN ADDR
FROM LOCAL STOR
SET EXTERNAL
MASK

_!.__]

AND CHAN INTS
WITH SYST MASK
RESET YD STATS
(1D AND MI)

UPDATE INSN ADDR
SET MASKABLE %%I;TE INSN
INTERRUPT LATCH

TOoI
FETCH

FIGURE 633, SET SYSTEM MASK (QC021)



ENTRY DATA

A0 Al 8l co cl D0 oI
I ABOK OF OPND 2 I JT’
HIGH HFWD B i><1092[ Ri E><><E><I

SKEW

H J YA Y8 FUNC _ YCI YCD 12T
| oP2 [>:<l mx toxxxo | oocc [ X00X

t—Rl—23 NOrRMAL=0_} { LOW BIT OF

EXECUTE =1 MS ADDR
RS
[OfCose [RIJR3 |82 [ D2 ]
0 7 11 15 19 3l
LOAD  MULTIPLE

OBJECTIVES

FOR LOAD MULTIPLE THE REGISTERS
STARTING WITH THE ONE SPECIFIED
BY RL AND ENDING WITH R3 ARE
LOADED WITH THE 2ND OPND.
STORE MULTIPLE THE CONTENTS
REGISTERS R1 THRU R3 ARE
LOADED INTO MAIN STORE
STARTING AT THE ADDRESS
SPECIFIED BY OPND 2

Rl IN Bl REG
TRAP_IF

OPND 2 HIGH
HFWD TO CREG

AND REWRITE

LOAD MULTIPLE LM DMC SECTION 12C, ROUTINE 07, STOP ON MS 63C0

ROS

351
174
1F5

STORE OPND | HIGH
FWD AND REWRI

AREG  BREG
6080 OF00
60BE OFFO
60BE OFFO

INVALID
TRAP
ROUTINE
Qacoll
INCREMENT MAIN
STORE ADDRESS FETCH OPND
CLEAR OPND TOC REGISTER
TEST CURRENT
RL=R3 FOR EXIT
LOADOPND2 OR
REWRITE OPND |
FROM C REG
FETCH NEXT
HFWD OF OPND L
00 LOAD — EXIT STORE — NO EXIT
O , I n
10 01
STORE—EXIT LOAD—NO EXIT
ADD A HALF TO
OPND L LOW HF ADD AHALF TO &x"goo{«es{_s
| CLEAR OPND | INTO D REG FOR R1 ADDRESS oasclls#no
LOW HFWD STORING TRAP IF ISA FOR STORING
TRAP IF ISA
OR PSA
LOAD AND REWRITE
OPND 2LOW HFWD
OR STORE AND
REWRITE OPND | 1 2
LOW HFWD

—0

INSN
FETCH
QD2 oL

FIGURE 634.RS LOAD AND STORE MULTIPLE (QHO41)

——CRERED

LOAD R1 ADDRESS
HIGHHF WD OPND 2
INTO C REG
(FOR LOAD)
STORE OPND 1
OR REWRITE
OPND 2

D REG
m
6000
6000



ENTRY DATA

A0

Al

Cl

D1

ADDR OF OPND 2
HFWD

8! co
Rl i R3 !><lopz

0o
I
RI J'><l 2ND HFWD OF INSN I

SKEW v: ;1 YA Y8 FUNC  YCI _YCD 121
[ or I>:<[ mix_ 1 oxxxo | occ [ xon0

| Sy — t NORMAL =0

EXECUTE = 1

RS
[[OP Code | R1 [ R3] B2 ] 02 |
) 7 11 15 19 31
OBJECTIVES

TO PERFORM THE RS LOGICAL SHIFT OPERATIONS
(FOR DESCRIPTION OF OBJECTIVES OF EACH INSTRUCTION
SEE THE PRINCIPLES OF OPERATIONS MANUAL)

NO EXAMPLE SHOWN,

SHIFT LEFT  SINGLE ARITHMETIC
SHIFT RIGHT SINGLE ARITHMETIC
SHIFT LEFT DOUBLE ARITHMETIC
SHIFT RIGHT DOUBLE ARITHMETIC
SHIFT LEFT SINGLE LOGICAL
SHIFT RIGHT SINGLE LOGICAL
SHIFT LEFT DOUBLE LOGICAL
SHIFT RIGHT DOUBLE LOGICAL

LEGEND
SYMBOL | MEANING ACHIEVED IN u PROG BY
It SHIFTLEFTL | LEFT SHIFT FUNCTION
a SHIFTLEFT4 | PASS O FUNCTION WITH SKEW
LLAL | SHIFTLEFTS |LEFT SHIFT FUNCTION WITH SKEW
...8L | SHIFT LEFT+8 | ADD A BYTE SHIFT TO LEFT
16L SHIFTLEFT16 | HALFWORD SHIFT TO LEFT
IR SHIFT RIGHT L | RIGHT SHIFT FUNCTION
«:8R | SHIFT RIGHT+8 | ADD A BYTE SHIFT TO RIGHT
«.16R | SHIFT RIGHT+16{ ADD A HALFWORD SHIFT TO RIGHT
EXAMPLE
(4LL6R) +{IR)| SHIFT RIGHTL3 | PASS O FUNCTION WITH SKEW SPLIT THE 6BIT COUNT INTO 2 PARTS.
WITH HALFWORD. SHIFT TORIGHT HIGH 2 BITS FORM °16S COUNT®;
(LOOP 2), ALL FOLLOWED BY RIGHT LOW 4 BITS (COMPLEMENTED FOR RIGHT

SHIFT FUNCTION (LOOPb)

SHIFT) FORM "CONTROL BYTE® FOR
DETERMINING SHIFTS OF 8,4,261

N\ /7
NO & SHIFT LEFT ’%silm-m NO & SHIFT RIGHT

| SHIFT LEFT 16 PLACES |

LOOP 5

|DECREMENT 18's COUNT ]

\smn LEFT
YES & SHIFT LEFT| \_OR RIGHT? / |YES & SHIFT RIGHT LoOP 2 }—or-
| | [SHIFT RIGHT 16 PLACES |

o

| DECREMENT 185 COUNT]

]
|
QLo4l QLOO21 |— QL@21
QL@31 l QL@3L
___________ .
SHIFT LEFT 7 (8L) +(1R) QLe2l SHIFT RIGHT 9 (8RH-(IR)
SHIFT LEFT 8 (BL)- SHIFT RIGHT 8 (8R)
SHIFT LEFT 9 (1L.8L) SHIFT RIGHT 15 (LL16R) SHIFT RIGHT 7 (IL8R)
SHIFT LEFT 1 (1L.8L) +(iL) SHIFT RIGHT 14 (IL16R) +(1L) SHIFT RIGHT 6(LL8RM-(IL)
SHIFT LEFTLL (4L8L) +(IR) SHIFT RIGHT 13 (4L.16R)+({1R) r————— SHIFT RIGHT 5 (4L.8R)+(IR)
[— SHIFT LEFT12 (4L.8L) SHIFT RIGHT 12 (4L.16R) (———SHIFT RIGHT 4 (4L.8R)
SHIFT LEFT I3 (1L4L.8L) SHIFT RIGHT 11 (IL4L.I6R) SHIFT RIGHT 3 (1L4L8R)
{T- SHIFT LEFT 14 (LLALBL)+(IL) |——I—smrr RIGHT 10(1L4LI6R) +(1L)
I&“ |1L8I.|4LOLml LooP3 16R | 4L16RL4L 1681 LOOP 2 R |IL8R [4L8R}

SR

SHIFT LEFT?
SHIFT LEFT IL
SHIFT LEFT 8
SHIFT LEFT9
SHIFT LEFT 12

SHIFT LEFT L (1L)
SHIFT LEFT 2(1L) +(1L)
SHIFT LEFT 3(4U+ (IR)
[ SHIFT LEFT 4 (4L)

SHIFT LEFT S(IL.4L)
£smn LEFT bUIL4L) +(1L)

IL | 4L JiL4

L
LOOPL

SHIFT LEFT 3
SHIFT LEFT L
SHIFT LEFT 4
SHIFT LEFT S

FIGURE 635, SHIFTS

SHIFT LEFT 2\
SHIFT LEFT 6J

SHIFT RIGHT 8
SHIFT RIGHT 7
SHIFT RIGHT 4
SHIFT RIGHT 3
SHIFT RIGHT &

SHIFT RIGHT 2, L %i?h

>,
[

¢<— SHIFT RIGHT 1 (LR) «—

IR
Loor b6

QL@S5L

ARITHMETIC

LOGICAL




ENTRY DATA
[}

0

Cl [,1] Dl

A0 Al 80
I ADDR OF OPNDI1 I 12
HIGH HFWD

C

T T
0 : 0 I OIZNDHFWDOFlNS'iI

SKEW H

OP2
1

J

1

YA Y8
00CC X00X

FUNC  YCI YCD I1ZT

NORMAL =0
EXECUTE =1

[OPCode [ 12 T BT ] D1
0 7 15 19

OBJECTIVES

TO AND, OR, XOR OR MOVE THE
IMMEDIATE DATA WITH THE BYTE
SPECIFIED BY B1, DL.

THE CONDITION CODE IS SET
ACCORDING TO RESULT FOR THE
AND, OR, XOR OPS. IT IS
UNCHANGED FOR THE MOVE OP

TABLE L

STAT SETTING

oP MOVE AND OR

XOR

|INDIRECT PASS P

FUNCTION AND OR

XOR

B1 REG

GOCRXPID| LLLLLLLL
AT PONTA

Bo000000

o | g L °

Y STATS AT
FONT 8

POINT A
RXGIQIW

PONT C

STATS AT wcaxaxolmxma mxmlmlmo

R B N

LOW BIT OF
OPND 2 ADDR

@ RESULT
CR=Q@Q

@ RESULT
CR=01

AND NI

ROS

349
368
368

XOR

FROM
INOLEVEL

SET FUNCTION
REG TO *OR”

YC0 = &

SET FUNCTION
REG. TO *AND"
SET YCD =1

SET Bl =L1114111)

DMC SECTION 137, ROUTINE 01
A REG B REG C REG
032C 0000 4003
032C O0FF 4003
01Co DFFF 4001

SET FUNCTION
REG TO PASS P
STORE STATS N
REG Bl

USE FUNCTION USE FUNCTION
REG TO PROCESS REG TO PROCESS
BYTE IN OL BYTE IN DP
YES YES /
ISA 15A

NO

NO
RESULT
ZERO
WRITE BACK RESULT,
CR= L FOR AND
OR XOR
STATE RESTORED
FOR MOVE

YES @

WRITE BACK RESULT
CR= @@ FOR AND|
OR _XOR

STATE RESTORED
FOR MOVE.

FIGURE 636 SI OPERATIONS, AND, OR, EXOR, MOVE (QP0O1)

D REG
0000
0000
4400



ENTRY DATA

ADAI;:( OP?:(;I 0 - C°§<" CI‘><r 002___ND ...ng‘ NO EXAMPLE SHOWN.
|LOWHFWD [ 12 §><l°” 10 OF INSN J

SKEW H J YA Y8 FUNC YCI YCD 121
OP2 * 00CC X010 Q
NORMAL =0
EXECUTE =1

Sl

(CFcde I 17 T BT ] o]
0 7 519 3

OBJECTIVES

WRITE THE BYTE DESIGNATED BY THE OPERAND
ADDRESS IS MADE AVAILABLE AS A SET
OF DIRECT-OUT STATIC SIGNALS. THE I2
FIELD IS MADE AVAILABLE SIMULTANEOUSLY
AS A SET OF TMING SIGNALS.

READ A DIRECT-IN DATA BYTE IS ACCEPTED
FROM AN EXTERNAL DEVICE AND PLACED
IN THE LOCATION DESIGNATED BY THE
OPERAND ADDRESS .

READ

WRITE
DIRECT

DIRECT
SET Y5 = @ SET Y5 =1
SETJREG =4 4 SETJREG = 4 4

F————t————

| |

| READ OUT PROG. |

| MASK INTO C REG. |

READ BYTE OF DATA ]

| (OPND 2) FROM MAN |

' STORE I

L

SUPERVISOR STATE SUPERVISOR SUPERVISOR STATE

AND WRITE STATE AND READ
00 n ALUZ0 10 o
READ OR WRITE
PROBLEM (vs) PROBLEM
STATE STATE
WRITE BYTE OF WRITE BYTE OF
WRITE BYTE OF OPND 2 BACK TO| OPND 2 BACK TO WRITE BYTE OF

OPND 2 BACK TO MAIN STORE MAIN STORE D 2. 95
MAIN STORE SETY7=1 IF
OPND 2 ADOR 1§
0oDD.
WRITE BYTE OF
DATA FROM D@
OR D1, F ADDR 0 LOOP ON THIS
EVEN OR ODD TRAP MICROPROGRAM
TO DATA REG. acgil WORD UNTIL HOLD
{OROPs.
TO INSN STORE DATA
FETCH IN B REG.
QDI AL

FIGURE 637, READ DIRECT AND WRITE DIRECT (QC031)



ENTRY DATA

Cl DO D!

AO Al 81 0
3 LOAD PSW  LPSW DMC
[ ® i R | > [or2| w1 1 >><T] wvres 23 oF s | ROS
344
4CC
106
SKEW H J YA Y8 FUNC _ YCI _YCD 1ZT 12¢
T
op2 wcc | xo0 | a
NORMAL =
EXECUTE = 1
Sl
(FCede I 17 To1] D1 ]
0 7 15 19 31
Lood PSW Y7 Is On
Ins on Y4,Y5,Y6 Are Off
Exit From Store PSW Routine
/® | A=A+ 40
RESET Y5
SET Y6, Y7 |
L Set Up The Address Of The First Half
Set 1D and MI Word From The New PSW Into Main
5 On is Sef' Clear LSTOR Location 44 Storage .
System Mask
Instruction
0l 11 in Storage
QCo021

Byte Address Even
Y5 On

Address And
Y5

Byte Address Odd
Y5 On

Yes

Byte Address Even
Y5 Off

l

A REG
6050
65E0
0834
O0CAC

Byte Address Odd

Y5 Off

Set The New PSW's
First Half Word Into
LSTOR Loc. 44 (Hex)

Initiate Log Out
Machine Error

Set External Mask
Latches From

Syst. Mask Bits la
New PSW Reset ID

Set Mask Latches
From System Mask Bits
in New PSW Reset ID ond

)

|Clear LSTOR Loc 44 (Hex) |

Reset YO,Y1,Y4,
Y5,Y6,Y7

Of New PSW

Clear LSTOR Loc 4§ ond 47
(Hex) Set Y2, Y3 To CC Value

FIGURE 638.LOAD PSW  (SHEET 1 OF 2)

Off

SECTION 124, STOP AT MS 641E

B REG C REG
0000 2000
0004 0000
0004 0000
3000 3004

Set Key Reg To New Key Value

Reset Error Stat

9

SH2

D REG
4908
0CAC



QCO051

QCo071

Wait Loop

SH1
o ¥

SetWait And Enable
Latches To New Value From
Bits 14, 130f The New PSW

0

Yes Wait Bit No

—NO‘_Y”

Write Into LSTOR Loc.
46 (Hex) The 3rd Half
Word From The New PSW
Read Out Of Main Stor-
age The Instruction Asked
For By The New PSW.

Write Back To Main

Reset Key Register Set

Instruction Address

Asked For By New PSW

Into LSTOR Loc 47 (Hex)
Set CPU_Mode

|

[ Resermi

Go Back To Store
PSW Routine (Invalid
Trap) QCOT1

Invalid Invalid Or Odd

Set INT Code 6 To Bl
Clear Ingr Buffer LSTOR
Loc. 43 (Hex) (Late Reset
Y6-Y7)

A

Storage The Fetched
Instr. Put LSTOR Loc -————-aco 9
46 (Hex) Back Into C 51—
Set | -O State J Register Il GoTo I Fetch 1
L ——7 !
| I I
Write Back To Main ! v 001 I
No Yes LT - Storage The Fetched L Lfetch QD001 _ |
l._______. Instruction
WRITE ZERO IN
Reset Y4, Y5 'S'::I;gc;:m BUFFER Write Into LSTOR Loc.
Y6, Y7 46 (Hex) The 3rd Half
Word From The New PSW
Back But With IC Bits O -7
Updated Set Y4, Y6, Y7
| Off LDB? On

(Late Reset Y6)

Set INT Code 5 To BI
Write Updated IC (IC+2)
To LSTOR Loc 47 (Hex)

Is It
An External
interrupt,

MPX SC1 SC2

FIGURE 638 LOAD PSW  (SHEET 2 OF 2)

Set Interrupt Code Into Reg.
B1 Write Loc 46 (Hex) Of
LSTOR Back In This With The
CC Again Set Up From The
Y2, Y3 Stats Set Y6

v

Go Back To Store
PSW Routine
Qco

LDB = Load Stat
CAS Sheets QC021, QC091, QC071, QCO51



ENTRY DATA

Cl

1}

A Al 8 0
WN
OH HEWD R r3 !><]on

DO
v
R | LMZND HFWID OF INSN I
1 A

SKEW H YA v FUNC _ YCI YCD izT
RI><§><[ nx XXX0 ] 00cC I X010 ]
— NORMAL =0
EXECUTE =1
FROM
L INSN
FETCH
ok [N B
0 70 1519 3
SET INHIBIT DUMP LATCH
CLEAR LOCATION @8 IN
EFFECTIVE MICRO PROGRAM ADDRESS LOCAL STORE
CONTENTS OF B2 + D2
RL R3 = STATS SETTINGS -
READ OUT LOCAL STORE
LOCATION 4 4
OBIECTIVE

TO PERFORM THE DIAGNOSE INSTRUCTION

DETERMINED BY THE SETTING OF THE YA AND YB

STATS

THIS IS THE SYSTEM
MASK PROTECT
PART OF LOCAL STORE

(RL)
YA

POPD
[ o7
@209
o120
o190
o100
14"
o190

XFER LOCAL
STORE TO LOCAL
STORE ( FROM

EXTENDED WORD,

(R3)
Y8

200!
2011
1291
1000
2000
o010
o110
gL

FUNCTION
XFER LOCAL STORE TO LOCAL STORE TO ONE EXTENDED WORD

XFER LOCAL STORE TO LOCAL STORE FROM ONE EXTENDED WORD

CLEAR A LOCAL STORAGE WORD

XFER A LOCAL STORAGE WORD TO BUMP
XFER BUMP TO LOCAL STORE

CYCLE A BUMP WORD

CYCLE SPLS WORD CPU

CYCLE SPLS WORD MPX

SET YA STATS =RL SET YB STATS
= R3 WRITE EFFECTIVE ADDR.
INTO LOCAL STORE LOCATION 38

UNDUMP

SET EFFECTIVE ADDRESS INTO
ROAR. VALIDATE H & J REG
RESET INHIBIT DUMP STAT.

READ OUT FIXED POINT REG
ZERO INTO A REGISTER .

TRANSFER LOCATION | ADDRESS
TO H.REG. TRANSFER LOCATION 2
ADDRESS TO J REG.

DIRECTION
OF TRANSFER
(6)

READ OUT IST LOCATION CLEAR IST LOCATION
TO C REC.

PSELL (XFER) Y4 =@
CLEAR 2ND LOCATION XFER
LOW ORDER BYTES. 5108 OR

CLEAR LS
(v4)

READ 2ND LOCATION LOW|
ORDER BYTE INTO C REG

READ OUT 2ND LOCATION BYTE
INTO b REG.

Y4 =1 (CLEAR)

gl

SET EXTENSION BITS FROM IST
LOCATION TO BL REG WRITE
THE CONTENTS OF 5T LOCATION
TO THE LOW ORDER PART OF
THE 2ND LOCATION

WRITE BACK 2ND LOCATION
INTO THE CX REG.

LOW ORDER BYTE. SET BL REG

[

!

STORE HIGH ORDER PART (3
MODFIED BY EXTENSION BITS)
OF 2ND LOCATION IN LOCAL
STORE .

RESTORE CONTENTS OF LOCN |
OR WRITE LOW ORDER BYTE
OF 2ND LOCATION WITH
MODIFIED EXTENSION BITS(CREGY

LOCAL
STORE ONLY

SET TRAP CODE 2 INTO BL
REG. RESET INHIBIT DUMP
LATCH READ EFFECTIVE ADDR.
INTO LOCAL STORE LOCATION

@8

TO TRAP
THIS ADDRESS
MUST REFER TO THE
Low ROF A
PAIR OF ADJACENT
LOCAL STORE LOCHS

AX Al

AD
ADDRESS OF | ADDRESS OF
IST L.S. LOCH2ND LS.LOCH

OPERATIONS
(

WRITE BACK THE CONTENTS OF
FIXED POINT REGISTER @ READ
OUT MAIN STORE OR BUMP.

XFER

NO EXAMPLE SHOWN.

j‘ PSW BIT 15=1’

IS INFORMATION
WAS STORED IN

LOCAL STORE
TO BUI

CLEAR FIXED POINT REG ONE
ORTWO SET REG BL TO

@3 47
STORE TAG

CPU CHAN TAG

WRITE CONTENTS OF MAIN
STORE JUST READ OUT TO FIXED
POINT REGISTER ONE WRITE BACK
MAIN STORE.

WRITE B REG ( STORE PROTECT
DATA ) TO LOCAL STORE FIXED
POINT REG. ONE.WRITE BACK
MAIN STORE

YES

YA‘01¢G

=018

CYCLE STORAGE PROTECT WORD

OPERATION

TO CLEAR IT.

STORAGE MODIFICATION

READ AGAIN MAN STORE

OPERATION

READ AGAIN MAIN STORAGE TO
READ OUT SPLS STORAGE

SET NEW DATA INTO THE STORAGE|
PROTECT RECISTER .

1

WRITE BACK TO SPLS THE

FIXED POINT REGISTER ZERO.

INTO LOCATION L WRITE BACK TO MAN g%TENTS OF AXED POINT REG
| w— STORE THE CONTENTS OF
r FIXED POINT REGISTER
TWO OR FIXED POINT REG
WRITE BACK THE CONTENTS OF LIF Y4= [ (LS TO BUMP)

NO (LOCAL STORE TO BUMP)

INSN
FETCH

YES ( BUMP CYCLING)

YES

END OF CYCLING OP. OR XFER
LOCAL STORE TO BUMP. TRAP
IF THE STORAGE ADDRESS WAS
INVALID.

FIGURE 639, DIAGNOSE INSTRUCTION (QS 101)

10
INSN
FETCH

TRAP F THE STORAGE ADDRESS
WAS INVALID PSA AND YM ARE
NOT CHECKED Y@=@

O
INSN
FETCH

TURN ON Y7 TO EXIT NEXT
TIME ROUND, CONTINUE
CYCLING READ AGAIN MAIN

STORE



ENTRY DATA

AD Al 81 Cl D0 D!
R ND 2 L H ADDR OF OPND 1 TRANSLATE TR DMC SECTION 183, ROUTINE 02  STOP ON MS 617A
HIGH HFWD HIGH HFWD 1

THEN STOP ON MS 617A

ROS AREG BREG CREG D REG
cis 6A68 0000 6868  FFFF
SKEW H YA Y8 FUNC _ YCl YCD I1ZT g‘: :‘7’:: &: g;:: gg::
1
onl4:z|>«<]oocc|ooxx|°*l><l><w crc 6868  FF68  &7CC  CCFE
tL—LON BIT OF OPND 2 ADDR
LOW BIT OF OPND 1 ADDR
ss
LOPCode | L 181 ] DI | 82 D2 ]
0 7 519 X v
OBJECTIVE

BYTES OF THE FIRST OPERAND, ARE

USED AS ARGUMENTS TO REFRENCE THE

LIST DESIGNATED BY THE SECOND OPERAND
ADDRESS. EACH RESULTING FUNCTION BYTE
REPLACES THE CORRESPONDING ARGUMENT
BYTE IN THE FIRST OPERAND.

FROM 2nd LEVEL
INSN FETCH

CLEAR WORKSPACE IN LOCAL 7
STORAGE LOAD ADDRESS /
OF FIRST ARGUMENT BYTE /

DECREMENT
AND TEST
LENGTH COUNT (YcD)

RESULT ADDR
EVEN (x6)

READ NEXT ARGUMENT
BYTE FROM MAIN STORAGE STORE EVEN ADDRESS STORE LAST RESULT BYTE IN
I RESULT BYTE.READ NEXT EVEN ADDRESS

ARGUMENT BYTE TO D1

oDD
START CASE
(v6)

OoDD

—®

USE DL AS ARGUMENT
BYTE

USE qus AS ARGUMENT

BYT T J
— @

FORM ADDRESS OF FUNCTION
BYTE BY ADDING ARGUMENT
BYTE TO ADDRESS OF
OPND 2

CARRY
TO EXTEND
8ITS OF
ADDRES S
(vcp)

| PrOCEss CaRRY |

READ FUNCTION BYTE FROM
MAIN STORAGE

NO

START CASE

(vs)

NO
STORE RESULT BYTE IN ODD STORE RESULT BYTE IN
ADDRESS.THE EVEN ADDRESS ODD ADDRESS

BYTE WHICH WAS BUFFERED
IN LOCAL STORE LOCATION
(49) IS STORED AGAIN

FORM ADDRESS OF NEXT 2
ARGUMENT BYTES

FIGURE 641.5S TRANSLATE



ENTRY DATA

A0 Al 81 co cl 00 DI
ADDR OF OPND 2 N ADDR OF OPND 1 T
HIGH HFWD ! HIGH HFWD [>I<]

SKEW 7 ) YA YB___FUNC _YCl YCD izt
o | 4 1 2 [T [ occ [ox [ o
[=—"Tow i or ornb 2 adR
LOW BIT OF OPND 1 ADDR
s
[Fede I T o[ o1 & o7 ]
y 7 T 3% ry

OBJECTIVE
BYTES OF THE FIRST OPERAND ARE
USED AS ARGUMENTS TO OBTAIN

BYTES FROM THE LIST
DESIGNATED BY THE SECOND
OPERAND ADDRESS. THE OPERATION
PROCEEDS UNTIL THE FIRST OPERAND
FIELD IS EXHAUSTED OR UNTIL A
NON-ZERO FUNCTION BYTE IS
REACHED. IN THE LATTER CASE THE
FUNCTION BYTE AND CORRESPONDING
ARGUMENT ADDRESS ARE INSERTED
IN GENERAL REGISTERS. THE

CLEAR WORKSPACE IN

i LOCAL STORAGE.
CONDITION CODE IS SET BY THE LOAD ADDR OF FIRST
OPERATION. BOTH OPERANDS REMAIN ARGUMENT BYTE

UNCHANGED.

DECREMENT
AND TEST LENGTH

READ 2 ARGUMENT BYTES
FROM MAIN STORAGE

o L PlOCESIS CARRY J

READ FIRST FUNCTION BYTE
FROM MAIN STORAGE

DECREMENT
AND TEST LENGTH

ZERO

INSTRUCTION
FETCH
QPO3L
QPO

TRANSLATE AND TEST TRT
ROUTINE 02 . STOP ON MS 6182
ROS A REG B REG
Cl1A 6750 0000
CD4 6794 0094
CE6 6794 1088
____QrpbL _
Ve ord71

WHEN THE ADDR OF THE FIRST
ARGUMENT BYTE IS ODD, THE
BYTE IN THE EVEN ADDR IS
IGNORED AND EFFECTIVELY THE
FIRST BYTE IS USED TWICE

THIS PART OF
THE MICROPROGRAM
IS SHARED WITH
$S TRANSLATE

COUNT

ADD ODD ADDR ARGUMENT
BYTE TO ADDR 2 TO FORM THE
ADDR OF THE SECOND
FUNCTION BYTE

CARRY TO
EXTEND BITS OF

r PROCESS CARRY |

FIRST
FUNCTION BYTE
ZERO

NO

FETCH SECOND FUNCTION
BYTE FROM MAN STORAGE

SECOND

FUNCTION BYTE NO

ZERO

FORM ADDR OF NEXT 2

INSERT FUNCTION BYTE
IN  GENERAL REGISTER 2

ARGUMENT BYTES

RN

L

INSERT ARGUMENT ADDR
IN GENERAL REGISTER 1

1

NON=ZERO

SET CONDITION REGISTER
=2 IF LENCTH COUNT- @
=1 F LENGTH COUNT

QDOPL

FIGURE 642 SS TRANSLATE AND TEST

INSTRUCTION
FETCH

DMC SECTION 185,
CREG D REG
6850  FFFE
6750 4409




ENTRY DATA

AD Al 8! cl D0 )
L ] OPND 1
HIGH HFWD HIGH HFWD H
SKEW H J YA Y8 FUNC___YCI
T
rmz[4:2><]mc[wxlm
LOWBITOF _______ $¢  LOWBITOF
OPND 1 ADDR OPND 2 ADDR
ss
@gl [ ) Te2] o2 ]
7 519 B Iy
OBJECTIVES

THE FORMAT OF THE SECOND OPND (SOURCE)
1S TO BE CHANGED FROM PACKED TO ZONED
AND EDITED UNDER CONTROL OR THE FRST
OPND (PATTERN)

FOR FULLER DESCRIPTION OF OBJECTIVES REFER
O PRINCPLES OF OPERATION MANUAL

YCD

1ZT

EDIT DMC SECTION 1EE, ROUTINE 01, STOP ON MS 60F8

ROS A REG BREG CREG
® cic 66E0 0300 66C0
), DAD 66C0 038F FO40
©, DC4 66C0 40BF FO40
(4) DB4 66C0 BFBF 4040
O, D94 66C4 FEOO 4040

READ FRST PATTERN
CHARACTER AS FiLL
CLEAR WORKSPACE IN
LOCAL STORE SET UP
ASCI1 OR EBCOIC ZONE [N}
— ca—
SET ODD START 912]./@
FLAG (Y2)RESET
S TRIGGER (Y6)
SET Y2=1 FOR | W«
EXIT AFTER AFTER NEXT
NEXT BYTE £
]
DD=DIGIT SELECT
L = SIGNIFICANCE STAR
1@~ FIELD SEPARATOR
L1 = MESSAGE INSERT
F; 11
RESET S TRIGGER
Y6).RESET NO ONNES
LT NON-ZERO
FLAG (Y7)USE FLL
CHARACTER FOR
RESULT
::)Elfs'g:ég REFILL SOURCE
DIGIT BUFFER DICIT_BUFFER USE FILL LEAVE PATTBN
CHARACTER CHARACTER
FOR_RESULT UNALTERED
—|.orlal
OPL1]
- SOURC|
o DIGIT ZERO
| [INSERT MARK
I ! SET RESULT
GEN. REGISTER
! LS £ NON ienc;
M FLAG (Y7
IOPI3L et
|
SET S TRIGGER(Y
SET RESULT
NON_ZERO (Y7) USE SOURCE
USE SOURCE DIGIT AS RESULT
CHARACTER
QP
QPl2l
SET
CONDITION
CODE
|
} INSN
FETCH
| QD@L
I e e e
—
L] T
B «DIGIT SELE
| 1 )1 xsucuﬂcmg START
1 1 1@ -FELD SEPARATOR
11 =MESSAGE INSERT
L —_—— -

FIGURE 643 EDIT, EDIT AND MARK ( QPO91, QP101, QP121, QP131, QP141) (SHEET) OF 2)

SH2

D REG
666C
40BF
BFBF
408F
4040



SEE FIG 644

UNALTERED

FOR SOURCE

DIGIT BUFFER
REFILL OPERATION

LEAVE PATTERN
ICHARACTER
UNALTERED

L

SET MARK FLAG(W)
SET S TRIGGER (Y6
SET RESULT NON
ZERO(Y7) LUSE SOURCE
OIGIT AS RESULT
CHARACTER LEAVING
N_ADR UNDISTURBED|

[STORE 2 RESULT
BYTES

RESET 'S’
TRIGGER (Y6)

— e — —f e ——y

[QPI3L [ e 3
ADDR IN GEN | 1@

] RECISTER |

b F —-J

Y2 =1 - LAST CHAR OR ODOD START CASE
Y3 =1 - EDIT & MARK

Y4 = | - MARK FLAG

Y5 = 1 - CURRENT PATTERN ADDR ODD
Y6 =1 -5 TRIGGER ON

Y7 = 1 -RESULT FIELD NON ZERO

SH1

FIGURE 643 EDIT, EDIT AND MARK (QPO?I, QP101, QP121, QP131, QPMI) (SHEET 2 OF 2)



OBJECTIVE

THIS SUBROUTINE IS USED BY THE EDIT MICROPROGRAM TO FETCH
UP_TO 4 DIGITS FROM THE SOURCE FIELD. THE FORMAT OF THE
DIGITS IS CHANGED FROM PACKED TO ZONED. THE DIGITS ARE
PUT IN A LOCAL STORAGE BUFFER FOR USE WHEN REQUIRED

IN THE MAIN EDIT LOOP. SPECIAL CODES ARE SET IN THE
BUFFER FOR SIGNS OR INVALID DIGITS.

READ 4 SOURCE DIGITS
FROM MAIN STORAGE

TO REGISTER D.

UPDATE SOURCE ADDRESS
USING REGISTER C

¥
| PREFIX DIGIT d2 WITH ZONE |

[TPREFIX DIGIT d3 WITH ZONE
WORDEEONE |
o u;:cu. STORE LOCATION

FWORD[ G [0 10 1 0 /
TO LOCAL STORE LOCATION TO LOCAL STORE LOCATION
(2.2) NO (2.2)
TO LOCAL STORE LOCATION
(2.1)
YES
READ HALFWORD FROM LOCAL
STORAGE LOCATION (@,2)
TO REGISTER B
HALFwORD[@_KSIGNIZONE 40 |

FORMED IN REGISTER B

ROZONE[ @ [ZONE] di |
TO LOCAL STORE LOCATION

FIGURE 644 SS EDIT, REFILL (QP 091)



ENTRY DATA

INSN FETCH
QDOOL

AD Al ] co Cl DO D!
DRE PND 2 L I ADDR OF OPND 1 MOVE NUMERIC DMC SECTION 17D, ROUTINE 01, STOP ON MS 6108
Imcn HFWD | !SZI HIGH HFWD |$—<— I
4 ROS AREG BREG CREG D REG
® co2 6978 0000 6958 FIF1
©) CB2 6978 0000 697A FIF1
SKEW H J YA Y8 FUNC _ YCI_YCD IZT 3) C8E 6958 FI00  &9FF 0000
l or2 l 4 1 2 |>:<| 00CC l 00XX I oR @ cxc 6958 0001 6901 0100
1 1
T———"TOW BIT OF OPND 2 ADDR
l———— LOW BIT OF OPND 1 ADDR
sS
ggodel [ N D1 | YA D2 ]
7 15 19 31 35 47
OPND 1 = DEST
OPND 2 = SOURCE
OBJECTIVES
FOUR BITS FROM EACH BYTE OF THE SECOND
OPERAND FIELD. REPLACE THE CORRESPONDING
4 BITS IN THE FIRST OPERAND.
FOR MOVE NUMERIC THE LOW ORDER 4 BITS
ARE USED, FOR MOVE ZONES THE 4 HIGH
ORDER BITS. FOR OVERLAPPING FIELDS
MOVEMENT IS LEFT TO RIGHT THROUGH EACH
FIELD, ONE BYTE AT A TIME.
SET INDIRECT FUNCTION FOR
MASKING OPERATION °‘AND
FOR MOVE NUMERIC *ONP"
FOR MOVE ZONE
TEST
11 10 LOW ORDER L
ADDR BITS
Y67
[[UPDATE SOURCE ADDRESS | [ SET Y7=1 ]
BUFFER ODD ADDRESS
SOURCE BYTE TO B@
| UPDATE SOURCE ADDRESS |
OVERLAP IS DEFINED AS
DESTINATION ADDR=SOURCE
ADDR + L.IN THIS CASE BITS FROM <
THE FIRST SOURCE BYTE ARE SET YCI=L IF_OVERLAP |
PROPAGATED THROUGHOUT THE
DESTINATION FI
YES
okQML ]
OP@S1 1
MASK UNWANTED BITS FROM READ NEXT 2 SOURCE BYTES| |
SOURCE AND DEST BYTES SET BYTE OFFSET FLAG (Y7) |
Fomme- - |l
i !
ADD NUMERICS OR ZONES :
FROM SOURCE BYTE TO DEST
BYTE 1 [ UPDATE SOURCE ADDRESS |
|
:
| UPDATE DEST ADDRESS | 1
1
|
\
YEs —— L e _Ylcount$e ___________OPg4L
OVERLAP, :- °P¢ll
|
NO 1
1
|
|HOLD RESULT BYTE IN 86 | 1
{ MASK EVEN ADDR SOURCE MASK TWO SOURCE BYTES
| BYTE AND BUFFER BYTE FOR FOR ZONES OR NUMERICS
| ZONES OR NUMERICS ONLY ONLY
1
1
|
[}
1
[
: lilST STORAGE BYTE TO J Iooo ADDR SOURCE BYTE TO
| LLOCAL STORAGE BUFFER LOCAL STORAGE BUFFER
|
l
[}
: MASK TWO DEST BYTES FOR
NUMERICS OR ZONES ONLY
e e SURU I QP@LL
! QP@21
!
[}
1
[
|
! [USE FIRST SOURCE BYTE FORM 2 RESULT BYTES AND
{ BOTH BYTES OF RESULT XFER TO MAIN STORAGE
I |
[}
|
\ [ UPDATE DEST ADDRESS |
QUN NO Iy appne j_org2L
QP@SL
STRUCTION FAD NEXT 2 SOURCE BYTES]
LR A o ______|orgu
r QP@LL
|
|
1L L 1
QP@S1 l 2 AND TEST COUNT, $0 10
QP@P3L _‘l ALU7 YCo
IFORM LAST RESULT BYTE ] ;
AND INSERT IN MAIN STORE] ,
@ - 1
| [WSNFETCH
\ QDOOL
1
[}

FIGURE 647 SS LOGICAL OPERATIONS - MOVE NUMERIC, MOVE ZONE



ENTRY DATA

AO Al 81 0 Cl Do D!
OPND 2 L H ADDR OF OPND 1
HIGH HFWD HIGH HFWD 1

YA

ROS
Co4
CBO

Y8 FUNC _ YCI YCD 1IZ1 C5A

KEW H
T
orP2 I 4 i 2

)
-3
[ =t | oocc | omxx

CB5

sS

t &————LOW BIT OF OPND 2 ADDR
LOW BIT OF OPND 1 ADDR

ode 1 Dl [ 821 D2

L ] 8!
15

7 19 31 35

OPND 1 - DEST
OPND 2 - SOURCE

OBJECTIVE

BYTES FROM THE SECOND OPERAND FIELD ARE COPIED
IS LEFT TO

TO THE FIRST OPERAND LOCATION. MOVEMENT
RIGHT THROUGH EACH FIELD A BYTE AT A TME

2ND LEVEL

INSTRUCTION
FETCH
oD11L

MOVE CHARACTER DMC

AREG BREG
6CF8 0300
6CF8 0303
0008 F8F9
6CFC 6C00

11 10 LOJIEéI\DER 1 (1]
ADOR BITS
(v&Y7)
l SET Y7 J
L
I'auma ODD ADDR SOURCE
BYTE TO 8O
[ UPDATE SOURCE ADDR I
1 'OVERLAP IS DEFINED AS
ADDR. AND. SOURCE ADDR
[ssr YCl=1 IF OVERLAP ADDR AND SOURCE ADDR
1S PROPOGATED THROUGH -
el | e SN o
Qrds51 T DEST BYTE
L 3)
P p— J— p— — — —
— (I T
SET BYTE OFFSET FLAG. (Y7)
| Reao oestvamion | L _ 1 I READ 2 SOURCE BYTES I |
— 11
INSERT FIRST SOURCE BYTE (. A
IN_ODD ADDR i [ veoare source apor |
| ueoate oest aooR | |
|
NONZERO
YES NO I
rnurrsa FIRST BYTE TO ao] |
| laumn ODD SOURCE svn] [ READ DESTINATION ]
| 10_CO
| aES overLAP DO .0
| () K
| [coPY FiRsT SoURCE To BOTH [[copy 2 source erTes 1o
| DESTINATION LOCATIONS 1 STORAGE DESTINATION
|
r———————————-———— —————————————— -
[ [ UPDATE DEST. ADDR |
NON ZERO l———————————————————l ——————————
|
READ 2 SOURCE m:?l
UPDATE_ SOURCE_ADDR

SERT LAST BYTE N EVEN
DDR DESTINATION LOCATION

FIGURE 648.5S LOGICAL OPERATIONS, MOVE COMPLETE

INSN
FETCH
oboal

SECTION 141, ROUTINE 18, STOP ON MS 676C

C REG D REG
0008 F8F9
00FA F8F9
6C02 F8F9
6CFE FCFD

| OPDSL
QrPdLlL




ENTRY DATA

AO Al 80 8l 0 [« DO )
| ADDR OF OPND 2 L ><I ADDR N COMPARE LOGICAL CLC  DMC  SECTION 141, ROUTINE 08, STOP ON MS 631C
HIGH HFWD ! HIGH HFWD *
ROS AREG BREG  CREG D REG
COA 6C00 FDOO 6C00 0001
CBO 6C00 FOFD 6C02 0001
EW H J YA Y8 FUNC__ YCI YCD izZT C59 6C00 0001 6CFC 000!
X T i cB5 6C02 6CFC 6CFA 0203
[on Tt 7 [T o [ >IXIXIX]
LOW BIT OF OPND 1 ADDR LOW BIT OF OPND 2 ADDR
$s
[BFCode I T8 1 D1 [ 2] D2 ]
0 7 5 19 KIS Iy
DEST = OPERAND 1
SOURCE = OPERAND 2
OBJECTIVE
THE FIRST OPERAND' IS COMPARED WITH THE SECOND OPERAND
AND THE CONDITION CODE IS SET ACCORDINGLY. THE OPERATION
PROCEEDS FROM LEFT TO RIGHT AND TERMINATES WHEN
EQUALITY IS FOUND.
1 10 @1 ("1
1 1 ADDR BITS
6,17
READ FIRST BYTE OF oPNDZ [ SET Y7 =1 ]
FROM MAIN STORAGE
UPDATE OPND 2 ADDR. l
BUFFER ODD ADDR BYTE
OF OPND2 IN REGC B@
]
| urDATE SOURCE ADDR | OVERLAP
TEST 1S
REDUNDANT
/ FOR COMPAR
ADDR OF
900 tRsT BYTE OF EVEN
OPND 1
(Y7)
oPg4t 1 -
GP@SI ] 1
READ FIRST BYTE OF OPND 1 SET BYTE OFFSET FLAG (v7)] |
FROM MAIN STORAGE READ 2 BYTES OF OPND 2 |
Fm————————F————-
|
COMPARE NOT EQUAL I [ uPDATE OPND 2 ADDRESS ]
BYTES |
| @
|
| 2680 DECREMEN
P . AND TEST
[ uppATE OPND 1 ADDR | } LENCTH COUNT
| (Yco)
l QP@4L
r NON_ZERO QP@1L
|
|
| YES NO
|
I BUFFER ODD ADDR BYTE MOVE 2 BYTES OF
| OF OPND 2 TO REG C® OPND 2 TO B REG
! |
|
| READ 2 BYTES OF OPND 1
| UPDATE OPND 1 ADDR
|
| COMPARE OPND L (REG.D)
L AND OPND 2 (REG B)
- - === Q@ ______ QP@SI
NOT EQUAL _“esucy or\_ EQUAL
\ COMPARISO|
NON ZERO
LENGTH COUNT
READ 2 BYTES OF OPND 2
ZERO UPDATE OPND 2 ADDRESS
OPERANDS INSN FETC = 1T - = = = = T GR&paAr T —-—"——-"——-"7 - - - - - QPO
EQUAL
CONDITION QDBBL QP@3L QPPLI
CODE=9 BECREMEN
11 AND TEST

LAST BYTE OF OPND 2
TO REG BO@

!

READ LAST BYTE OF OPND L
FROM MAIN STORAGE

I T S ————

NO'

SET CONDITION REGISTER
=1 IF OPND 1 LOW
=2 IF OPND 1 HIGH

INSN FETC
QD@L

FIGURE 649_.$S LOGICAL OPERATIONS, COMPARE

ALU7

OPERANDS

EQUAL
CONDITION
CODE=9®

LENGTH COUNT

INSN FETC
QD@aL

OPERANDS
QUAL

CONDITION

CODE=@




A1dWVX3 3AIAIQ TYWIDIA “1S9 RNOLS

- a PRE-LOOP: LOAD BOTH OPERANDS FROM M.STORE INTO L.STOR.
CALCULATE @92, 4@9. 295, 937(H) + 99,99,9() LOAD 2x DIVISOR IN L.STOR O L. ST
COMPUTE RESULTANT SIGNS AND STORE IN Yb,Y7

LOCAL STORE Q SIGN = 2= « «(¥6) REM. SIGN = DIV SIGN=4(Y7)
DIVIDEND(ENTRY) PARTIAL REM.
DivISOR 2 5 DIVISOR PARTIAL REM. N L. sToRe] SKEW MULTIPLES USED
s ) 15 (ovres ~ADDRD~ &/ OR | SEQUENCE TO FORM
; ! 1 Z 4 Funoeaunso) OFFSET QUOTIENT DIGIT
$] 9999 4] 9 9 9 8 9| # 9 2 9 2
8] 5 9 3 7 9 20 4 TRIAL
DIVISOR QUOTIENT DIVIDEND | 19 2 9 SUBTRACT
9 204 185 59 37]s0
~ A ~ - L |
9 9 9 9 9)d 9 z¢4¢9:z|915a9:x|1<-—‘ ¢
| GENERATE
! | : P! 929 4 ~2-2-2-2-2+1
)l | il g 9209 QDIGIT 9
899 99 I: . Iy 5 93 17]73o
| L - = - —
284 10 8 2] 11 @ 20 4 el
l [ I 8 299 Q —2-241 41
- — = |u.stor
199990||l ! $ 9 3 7] 50 |ayre 9,2
| == -
$ 41 8 4 9: P! : #28 4| _ |cenerate
(. | 1 8 4 9150 Q DIGIT @ -240 41
¢¢¢¢¢:|l, s 9 3 7
[ I
[ o0 4 GENERATE
4 1 8 495 gL QDIGIT4| _o_o_
[ 1 8 4 9 C STOR 2-2-2+41+1
3 9 9 99 bl 9 3 7 SO v
Y =l BYTE @4
DIVISOR I
1 86 4 99 9l | 8 49 GENERATE
OPf 2 9 9,99,9- l | — -2+
9 9 9 9 9 9 937 so |QDIGIT I
' —
! GENERATE
¢osgpg sl 2e 5@ QoIGIT 8
! \ —_— - [2-2-2-2—2+1+1
1 7999492 g@ 37 | SO |LSTOR
| BYTE I8
DIVIDEND ] - - = SENERATE
orl [09.20.40929593,7+] sSg@ 7 g5 g QOGITS| _a_g_24)
7 CHARACTERS i 4 9 9 9 95 [ I ] 30 |L.STORQ
(3 DIGITS +§) | e e — e BYTE S+
] REMAINDER ~- - | 2 2 No |euoTienT EXIT TO
1 —
. g1 212 op. |COMPLETED QRIb6I
QUOTIENT REW: ATTACH SIGNS TO Q AND REM
P B P204185—|BFL224] € - - - - - - - — - - - e e e e EXIT: .
orL [88--229184485-{¢9 < THEN MAIN STORE Q AND REM.

4 CHARAGTERS 3 CHARACTERS
(7 DICITS+#S) (5 DIGITS+S)



NO OFFSET PATHS

ADDRESSING CASES (LOCAL STORE)
L2 TVEN L2 ODD
DIVISOR D D D o} D D
D o) D
PART REM. o b o ° °
15 R
R R R R R R R R R R R R R
R R R R R R R R R R R R R
8| R R R R R R R R R R R R R R R R
M T 1
H [
] ! I |
1 1 | 1
NO OFFSET NO OFFSET NO OFFSET NO OFFSET
NO SKEW SKEW NO SKEW SKEW
L2 EVEN L2 EVEN L2 ODD L2 ODD
: 1 ' '
| | | |
| | |
LAST PASS

ADD OR SUBTRACT
FINAL BYTE
WRITE DIVISOR BYTE
TO LOCAL STORE

ADD OR SUBTRACT
PENULTIMATE BYTE
WRITE DI VISOR BYTE
TO LOCAL STORE

ADD OR SUBTRACT
PENULTIMATE BYTE
WRITE DIVISOR BYTE
TO LOCAL STORE

ADD OR SUBTRACT
NEXT BYTE
WRITE DIVISOR BYTE
TO LOCAL STORE

ADD OR
FINAL

SUBTRACT
BYTE

ADD OR SUBTRACT
FINAL BYTE

ADD OR SUBTRACT
PENULTIMATE BYTE

READ NEXT
REMAINDER BYTES
TO A REG

ADD OR SUBTRACT
FINAL BYTE

FROM

QRIS1

1

DECREMENT BYTE

NEXT DIGIT
ENTRY

OFFSET PATHS

ADDRESSING CASES (LOCAL STORE)

DECREMENT
COUNTER IN BL

OFFSET

YES

(v4)

ASS

LAST PASS
(Ycb)

ADD OR SUBTRACT
BYTE @ AND FOLLOWING
EVEN BYTES
WRITE DIVISOR BYTES
TO LOCAL STORE

ADD OR SUBTRACT
BYTE L AND FOLLOWING|
ODD BYTES
READ DIVISOR MULTIPLE
FROM LOCAL STORE

WRITE REMAINDER
BYTES IN
LOCAL STORE

IN LOCAL STORE

WRITE REMAINDER
WORD N LOCAL
STORE

EADINC BYTES PROCESSED
IN PAIRS UNTIL COUNT=Q
THEN EXIT DOWN PATH

APPROPRIATE TO REMAINDER
BYTES AND DIVISOR LENGTH
IN_LOCAL STORE

PARTIAL REMAINDER ADDRESSED BY J REG. AND USUALLY HELD IN A REG.

DIVISOR MULTIPLES ADDRESSED BY H REG. AND HELD
DIVISOR LENGTH COUNT HELD IN Bl REG.

IN D REG.

QUOTIENT DIGIT FORMED IN B@ LOW ORDER 4 BITS
FIGURE 652 DECIMAL DIVIDE ADD/ SUBTRACT PATHS ( QR141)

ANALYSE RESULT AND SET
UP FOR NEXT IX MULTIPLE
OR 2X MULTIPLE OR

START NEXT Q DIGIT.

WRITE REMAINDER

WRITE REMAINDER

WRITE REMAINDER

BYTES TO BYTES TO BYTES TO
LOCAL STORE LOCAL STORE LOCAL STORE
READ NEXT READ NEXT READ NEXT
REMAINDER REMAINDER REMAINDER

BYTES TO A REG.

BYTES TO A REG,

BYTES TO A REG.

ADD OR SUBTRACT
PENULTIMATE BYTES

ADD OR SUBTRACT
FINAL BYTES

ADD OR SUBTRACT
FINAL BYTES

l

ADD OR SUBTRACT
FINAL BYTES

NOTE:- TO DISPLAY EIGHT ADDRESSING CASES
WITH CLARITY, BOXES HAVE BEEN

REPEATED AND BRANCH SHARING

IGNORED.

DAD
ORDSQ
PART REM PLUS

OR MINUS

COUNTER IN REG. BL L2 ODD L2 EVEN
READ OUT
PARTIAéyﬁEE?AINDER D D D D D )
DIVISOR
D D D D D D D D
PART REM.
ADD OR SUBTRACT 15
BYTE ® AND FOLLOWING R R R R R R R R
EVEN BYTES R R R R R R R R R R R R R R R R t
READ DIVISOR R R R R R R R R R R R R R R R R
BYTE TO D REG 8
T T T _—
] 1 I !
! ] | ]
]
INITIAL | | 1
ENTRY TO NO LAST YES : ' | I
OFFSET PASS . | 1 ,
| | |
| 1 1 L ]
1 OFFSET OFFSET OFFSET OFFSET
SKEW NO SKEW SKEW NO SKEW
L2 oDD L2 ODD L2 EVEN L2 EVEN
1 T ; T
! : ! |
ADD OR SUBTRACT H | ' 1
BYTE L AND FOLLOWING NOT
ODD  BYTES opp SKEW L2 EVEN
WRITE ODD OR EVI
DIVISOR MULTIPLE YP Ys




ENTRY DATA

D REG
F790
5C01
0000
0060
005C
5C00
5CE0
025C

A0 Al 80 8! co cl DO D1
ADDROF OPND 2 [ ool 0 1 2 | o | ADOK PND 1 DECIMAL MULTIPLY DMC SECTION 1E8, ROUTINE 02, STOP ON MS 6192
PLUS L2 H PLUS LI H ROS AREG BREG CREG
g E02 6790 C000 6771
2 €06 678E 000C  670C
SKEW. H J YA Y8 FUNC __ YCl YCD 1ZT & £ prhad oo e
N | 4 1 0 looccioooo @  E47 6771 0300  10C2
1 1 ® E62 6771 5C00 0700
5 ©® EB2 6771 0700 0020
@ E72 6771 0200  O7FB
[ OP Code [ L1 [ L2 |81 | DI 1 82 D2 ] ® 47 6771 025¢ - 025¢
0 7 11 15 19 3 rvd
DATA 15 DIGITS +SIGN (MAX LENGTH)
?p:o 2 gy [MuLTipLicaND  [D2[s [DI DECIMAL @
OPND 2 MULTIPLY
IGITS MUST BE ZERO
DIGITS MUST BE 2 . A — PREDICT AND STORE PRODUCT
f = SIGN IN LOCAL STORE, STRIP
orND 1—+[F] [ MuttiPuer  Jos]s Jou] SIGN FROM OPND 2
LAST DIGIT OF PRODUCT ALWAYS ZERO 4 PRODUCT
TO OPND 1
s QR3PL _
QR3 L1
LOCAL STORAGE
2 [ oARTIAL GENERALLY
z T
LOAD MULTIPLES OF OPND 2 PRODUCT
INTO LOCAL s1o)ns (H LOADS 7
4X,J LOADS 1X 8| 4x
u [ Muurece | L SERREES
nf1x BY J REG
13| MULTIPLE
QR314
— — — — — — o com— — — — — — — — — — — — — — — — — a—
.1 @ QR321
COMPLETE SET UP (COUNTS ETC)
CLEAR PARTIAL PRODUCT AREA
IN LOCAL STORE
@-3IF Li<8 @-TIFLI>8
STORE CONDITION REGISTER IN
LOCAL STORE.TO FREE STATS
Y2,Y3 FOR OTHER USE
QR324
QR33!
-®
EFFECTIVE
END OF
MULTIPLIER ?
EXTRACT NEXT MULTIPLIER
DIGIT XX1 + XX9.XX@ NO NO
OP XXA PROPAGATE CARRY
EXAMINE REMAINDER OF
[ sET uPExTRA DIGIT =1 | OPND | FOR ALL ZEROS
-4 ¢ DIGIT RECODE TABLE
INVALID () [y4 vs| ve Y7
@,A OR Bt /FUNCTION EFF | SIGNS |SECOND| CARRY |vB
DIGIT fIst 2nd| CYCLE | -UP
*? |-]-] - 2 |-
RESTORE CR FROM LOCAL Deis ® L 12]1-1 @ 2 |2
STORE XX 1= XX9 2 |ole| | 2 |2
[DIGIT RECODE IN Y8 _STATS }- < 3 1ol L @ 16
4 o] - [] [ [
) |0 1 ? i
YES NO
INVALID 220 ¢ ConD IS YALID OR A T 19
7 Lief 1 1 E
8 [L]1] | G
SET ADD/SUBT FUNCTION SET 9 {11-1 @ i
LOCAL STORE ADDRESS OF *kAI-]-] - 1 1-
MULTIPLE IN J REG B~F INVALID
l # @ INVALID IF CARRY
SET LOCAL STORE_ADDRESS s
OF PARTIAL PRODUCT IN ("™ FROM PREVIOUS DIGIT . Q)
QR3sl [ QR361

LOCAL STOKE

ADD OR SUBTRACT LOOP
FORM PARTIAL PRODUCT

IN LOCAL STORE BY ADDING
OR SUBTRACTING IX OR 4X

DURING ADD LOOP
LL tz | s CR 411
DECREMENTED ADDR | 4 2
ADDR | HJJ

NEXT MULTIPLE DIGIT

MULTIPLES . WHEN MULTIPLE IS
EXHAUSTED CARRIES AND
BORROWS ARE PROPOGATED

ORDER ZERO
N OPND 1

STORE AND

PRODUCT SIGN

RESTORE CR FROM LOCAL
SET UP

— s — —

FIGURE 653 DECIMAL MULTIPLY

ADD/SUBT
NEEDED,

[SET Y6 =@ FOR LAST PASS STAT|

STORE PRODUCT IN MAIN
STORE USING J AND Y7 FOR
PRODUCT CNT. H.ADDRESS'S
PARTIAL PRODUCT




ENTRY DATA

AD Al 8! Q! [ }
T AS?,.. OPND 1 PACK DMC SECTION 181, ROUTINE 02, STOP ON MS 622C, THEN STOP ON
PLUS L2 or2] 0 | L2 [ 01 pwsu < MS 62D2, THIS WILL INSURE THAT THIS IS THE FIRST PASS THROUGH THE LOOP.

ROS A REG BREG CREG D REG
cos 45CE 2010 6500 2000
SKEW |;| : YA YB FUNC YC! YCD I1ZT 866 65CD 0F00 &5CB 0000
o 12 | e 10 axe [ oo [>STPXPXIPX] o%F 4500  EFO0  65CF 0000
1 1 84 6208 EFFF 6501 0000
ss
OP Code | L1 [ L2 | 81 D1 [¥] D2 DEST=OPND 1
7 15
. :) STATS
QBJECTIVE | Y3 2 2D OF SOURCE MARKER
IV FETCH FIRST SOURCE BYTE =
OBJECTIVE AND UPDATE SOURCE ADDRESS Y6 = ROUTING STAT
THE FORMAT OF THE SECOND OPERAND IS Y7 = @
CHANGED FROM ZONED TO PACKED AND
THE RESULT IS PLACED IN THE FIRST OPERAND
LOCATION
SOURCE REVERSE DIGITS OF DESTINATION | -— Q)
[ZTa3 Tz Jd2 [sicN] d1 | uneackeD BYTE AND UPDATE DEST
\ DEST
[¢e3 T 42 | dt [SIGN] mckep BCD
[READ OUT FIRST DEST BYTES |
NO
N
NO SCE)lélRCE Ag‘% YES
TEST
(Y%
COUNT
NO AND TEST YES
DEST FOR END.
(YCD)
FETCH SOURCE BYTES AND
IUPDATE SOURCE ADDRESS l —@®
TO
INSN
FETCH
READ NEXT DEST WORD AND
UPDATE DEST ADDRESS
11 ONE BYTE ONLY [0} D1
‘ AND TEST SOURCE
BYTE POINTER
Y4
EXTRACT RH DIGIT FROM D@ EXTRACT RIGHT HAND DIGIT EXTRACT RH. DIGIT FROM DL
FROM NEXT SOURCE BYTE
FETCH NEXT SOURCE BYTES FORM RESULT BYTE [EXTRACT RH DIGIT FROM D@ |
UPDATE SOURCE ADDRESS 3 OCT
[ExTRACT RH DIGIT FROM D1 | FOR RESULT BYTE
D@ DIGIT DI DIGIT
FORM RESULT BYTE
DI DIGIT D@ DIGIT
READ OUT NEXT DEST BYTES
UPDATE DEST ADDRESS
TEST
DEST BYTE
POINTER
[sm BYTE IN DEST BYTE @ ] [srone BYTE IN DEST BYTE L ]

FIGURE 654 DECIMAL PACK (QR101, QRI11)



ENTRY DATA

AO Al ,Ig 8! co cl DO 1

ADDR OF OPND 2 T LTW
| PLUS L2 I°'2 B YT 4

SKEW H J YA Y8 FUNC _ YCI YCD I1ZT

4 1 2 ] 4 1 0 I 00CC I 0000
1 1

ss
L OPCode [ L1 J L2 | Bl | DI ] 82 D2 |
0 7 1 15 19 3 ¥

OBJECTIVE

TO PLACE THE DIGITS AND ZONES OF OPERAND 2 IN

UNPACKED FORMAT IN OPERAND L USING

THE ZONES 1111 FOR EBD1C OR ©1®1 FOR ASCII
DATA FORMAT EXAMPLE

ACKED cource

DESTINATION

UNPACKED CHARACTER
ZONE=1111 EBDIC
ZONE =101 ASCII

~—0
]

FETCH FIRST
SCOURCE BYTE

REVERSE DIGITS OF
FIRST BYTE AND
UPDATE DEST. ADDRESS

!

READ FIRST
DESTINAT ION BYTE

L |

UNPACK DMC SECTION 181, ROUTINE 01, STOP ON MS 40E4, THEN STOP ON MS
618A, THIS WILL INSURE THAT THIS IS THE FIRST PASS THROUGH THE LOOP,

ROS AREG BREG CREG D REG
co7 65CE 3010 65DO 2000
440 65D0 1000  65CF EF00
474 65CD 0000  65CC 0000
47F 65CF  FOEO  65CF FEFO

SCOURCE=OPND 2

DEST. =OPNDI

/ STAT USAGE  \

Y 4 SCOURCE BYTE POINTER
Y6 DEST.BYTE POINTER
Y7 END OF SOURCE MARKER

TEST DEST.

BYTE POINTER

STORE BYTE IN DESTINATION
BYTE & AND SETYb =0

l

BYTE 1

STORE BYTE IN DESTINATION

|

AND SET Y6 =1

(<
ANDTEST

ZERO DESTINATION NONZERO
LENGTH

OUNT
ANDTEST

NONZERO

1

FETCH NEXT SOURCE
BYTE AND UPDATE
ADDRESS IF NECESSARY

UNPACKINTO 2 BYTES |

OURCE LENGT

ZERO

FORM 2 BYTES ZONE ZERO
SET Y7 = |

| |

NONZERO

READ OUT
DESTINATION BYTE

|

TEST

DESTINATIO

BYTE POINTER
(Y6)

READ OUT
DESTINATION BYTES

READ OUT
DESTINATION BYTES

| L

STORE FIRSTBYTEIN
DESTINATION BYTE &

STORE FIRST BYTEIN
DESTINATION BYTE |

| [

STORE FIRST BYTE
IN DESTINATION BYTE @
AND UPDATE ADDRESS

STORE BOTH BYTES
AND UPDATE
DESTINATION ADDRESS

1

—0

FIGURE 655 DECIMAL UNPACK (QR101, QR121)

READ OUT NEXT
DESTINATION BYTES

STORE SECOND BYTE
DESTINATION BYTE 1

L |




ENTRY DATA

AD Al 8l 1 DO )
o2l o T 2] o ADDR MOVE WITH OFFSET MVO DMC SECTION 17C, ROUTINE 10, STOP ON MS 6586
PLUS L2 B 'PLUS L1 1
ROS AREG BREG CREG D REG
SKEW. H J YA Y8 FUNC __ YC! YCD 1ZT co3 68C2 1010 6998 F8C1
H 855 6998 2010  699A 0000
N‘Lzl‘ 4loocc]><l><|>q>@ 868 68C1 0000  68CO 0011
84 6594 OOFF 6901 1220
S
OP Code [ L1 [ L2 [ B) DI B2 D2
7 15 1 3 r
OBJECTIVE
THE SECOND OPND IS PLACED TO THE ST BYTE OF D> 2
LEFT OF AND ADJACENT TO THE LOW FROM MAN STORE
ORDER 4 BITS OF THE FIRST OPND. REDUCE OPND 2
ADDRESS BY L
NOTE I
OPND 1 = DEST
OPND 2 = SOURCE READ ODD OR
EVEN ADDRESS
DIGIT INTO B@
SET Y6 =1
SET Y4 = [ F ODD
SET Y4~ IF
EVEN.
FETCH LST DEST.
BYTE FROM MAIN
STORE . REDUCE
ADDRESS B
FORM LST DEST
BYTE FROM R.H. LEFT HAND SOURCE
SOURCE DIGIT & DIGIT IS LEFT IN
RIGHT HAND DEST, THE SKEW BUFFER
DIGIT.
S S 1.~/ S

k\® QRI11L

NONZERO ~DeST LENGTH N\ _ZERO
COUNT= @
YCD)

READ HFWD. OF SOURCE
DATA FROM MAIN
STORAGE . REDUCE ADDR.
BY L

SUBTRACT 1 FROM
SOURCE _COUNT.

EXTRACT LEFT EXTRACT LEFT
HAND DICIT HAND DIGIT
FROM D@ FROM DL

EXTRACT NEXT FORM ZERO
RIGIT HAND DIGIT IN HIGH
DIGIT ORDER BYTE

STORE DEST.

BYTES N

MAIN STORE.

-

SOURCé COUNT
YCI

NONZERO

STORE DEST.
BYTES AS
ZEROS

INSN
FETCH

FIGURE 656 DECIMAL MOVE WITH OFFSET



ENTRY DATA

A Al 8 co o) 0o 1
1

I apor OF 0D 2 Jorz] 0 112 | o | Aoouor'omofl% NO EXAMPLE SHOWN.
1 A A A

SKEW

K

SS

FUNC _ YCl! YCD IZT

_—

YA 8
2 ] 4 0 ]ooccioooo

OP Code | L1 J L2 | BI [*]] 82 D2
7 1 15 19 3

OBJECTIVE

TO SHOW BY MEANS OF A GENERAL
FLOW CHART DECIMAL ADD, SUBTRACT,
COMPARE AND ZERO ADD.

INSN
FETCH

Sus.
QD131

LOAD OPND 1 FROM MAIN

STORE TO LOCAL STORE,
LOOP 1

ERROR

ADD OR SUBTRACT
OPND 2 FROM OPND L
STORE RESULT IN LOCAL STORE. ERROR
LOOP 2 SPEC.

ERROR

ADD
SUBT.

ZERO ADD COMPARE

SET CONDITION REG. SET CONDITION REG,
ACCORDING TO RESULT ACCORDING TO RESULTS

STORE RESULT IN
MAIN STORE.
LOOP 3

TO
INSN
FETCH
DEC
O'FLO

ISA
PSA

FIGURE 657 GENERAL FLOW CHART FOR DECIMAL ADD, SUBTRACT, COMPARE AND ZERO ADD (QR001, QRO21, QRO11, QRO31)



ENTRY DATA

Al [ Q %) ]
ADDR OF OPND 2 T DECIMAL ADD FIGURES 658 , 660, 651 DMC SECTION 1E2, ROUTINE 01, STOP ON
lon oi2]o [
2 i PLUS L) " A

MS 60E
zos AREG B REG CREG D REG
15 6C67 A0SO 69AE  FC6I
H YA Y|
KEW . L FUNC _YCl YCD 12T DéA 69AE  051C 69AC  ICFF
« 1 2 | 4 o [ occ [ oo DW DA 69A8  05IC 6910 1010
D4 6C67 6005 0265  000C
ss
FIGURE 660
OP Code | L1 J L2 | B1 DI [ D2 ©, D53 6Cé7  6F10 0265 000C
3 © 02 6C67  6F10 024F 0000
@ Dis 661 6910 106F 0000
® Do38 6C6l 0Cl0 106F 0000
OBJECTIVE
TO LOAD OPERAND 1 INTO LOCAL STORE
IN PREPARATION TO THE MAIN ADD LOOP F'GURED‘% 6C61 oclo 106F 0000
FOR SS DECIMAL COMPARE, SUBTRACT AND ADD D46 69AE 0COoD 104F 1CFF
D32 69A8 1010 1048 1010
DSC 69A8 1000 4000 1010

DECIMAL DECIMAL
SUBTRACT ADD

DECIMAL
COMPARE
READ LENGTH COUNT OUT READ LENGTH COUNT OUT READ LENGTH COUNT OUT B REG=L200L1

TO B REG. SET YB = 1OQO TO B REG. SETYB=1100

TO B REG. SET YB =000
1 |

Tt T TS T T TTTTT T T QROD1L
[ suetRacT 1 FROM LI |

]

READ ADDR OF OPERAND L
INTO LOCAL STORE
LOCATION 4 2

!

ADDR OF OPERAND L TO

A REG. READ FIRST TWO BYTES
OF OPERAND | FROM MAIN STORE|
READ L20@LL1-1 TO LOCAL
STORE LOCATION 4 @

IF OPND I ADDRESS 1S ODD|
SET Yb=1

L1-11S LOCAL STORE
LOCATION FROM WHERE
OPND 1 IS STORED

[SET L1-1 TO H AND J REG

ODD OR
EVEN OPND |
ADDR(Y)

[DECIMAL SUP @ FROM DO | [DECIMAL sup @ FROM DI |
[ |
VALID INVALID

FOR INVALID DATA

TEST

oL 00 SIGN OF OPND | 1t 10
AND TEST FOR ADD
r T MINUS OPERATION Y5 T ]
[ SETYS =@ ] | SETY7=1 ] L SETYT7 = 1 | | SETYS5=1 ]

[ | l |

(Y3 TEST
10 FOR LAST BUT ONE o1 11
BYTE AND ODD START
L0 ADDR Y6
[sTORE BYTE IN LOCAL STORE] IF ODD ADDR (Y6) READ READ FIRST BYTE TO LOCAL
OUT MAIN STORE STORE DECREMENT H REG

UPDATE OPND 1 ADDR
CLEAR NEXT LOCAL STORE

LOCATION
STORE BYTE IN LOCAL STORE LOOP TO <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>