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INSTRUCTION FOXMATS

b=pbit instruztion coues (1 or 2 parcejs)

----------------- F = Instruction code
( | I | ]
(& 1 61 &1 4 ) i X register designators
{ | | I b| ] = for operand source
S eeeesccccccc e K and destination

F i ) K K = 20 bit constant

bl ol I R AR R

codes (1 parcel)

F = Instruction code
] n = b-0it coastant
]
] }] = X register designator
- tor operand source

codes (1 or 2 parcels)

( [ )|
it f S it F = Instruction code
F } K Jsk = X register designators
iniatadatedab et d o hntadiadtdtitiiaddiad Seee- tfor operana source
[ | | ] and destination
[ 8 I 4 | 20 ]
{ i | ] K = 20-0it o~ogram constant
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80UJd INSTRUCTION CODES

Program error exit
Logical product of (X}) ani (Xk) to X]
Logical sum of (X}) plus (Xk) to X}

Logical difference of (X)) minus (Xk) to X}

Copy (Xk) to X)
Copy complement of (Xk) to X}
Shift (X)) left by (Xk) or right if (XK) is negative

Shift (X)) right by (XKk) or left it (Xk) is negative

Floating DP sum of (X)) plus (Xk) to X}
Floating UP difference of (X]) minus (Xk) to X]
Floating divide of (X}) by (XK) to X}

Population count of (Xk) to X)

Floating DP product of (X)) times (XKk) to X}
Integer product ot (X}) times (Xk) to X}

Program c¢rror exit

Clock
perioas

873

873
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dibits/hexe

0150

U101

0102

0103

6110

0111

0112

0113

0120

0121

0122

0123

6130

0131

0132

10
11

12

14
15
16

17

18
19
1A

i8

iC
iD

1E

Transmit kK to X}

Transmit coasplement k to X])

Integer sum of (X]) plus kK to X]

Integer difference of (X)) minus k to X]

Unpack coefticient of (X]) to Xk

Unpack exponent of (X)) to Xk

Pack coefficient Xk and exosonent X} to Xk

Integer difference 0 - (Xx) to XJ

Begln system call [MTF]

End system call {(MTF)

Block reaa input channel (X)) to address (Xk)

Block write output channel (X}) from adar.{xXk)

Read channel request to X] [MTF]

Enter XA from Xk ([MIF]

Program error exit

Proaran errcr exit

clock
periods

2
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@ -.iats/hexe periog,

2231 20 Store (X)) data into memory at address K 1
a'!\

c231 21 Store (X)) data into memory at aiJdress (Xx) 1
o

g2a32 22 Read/storet! data at addr. < to X} / (X)) to addr. K 15+
&

0203 23 Read/store! data at addr.(Xk) to XJ / (XJ) to addre(Xk) 15+
&
"

0210 24 Read data at address K to X] 15+
)

0211 25 Read data at address (Xk) to X} 15+
o

0212 26 Read program at absolute address K to X] 15+
Y : ~

0213 27 Read program at absolute address (Xk) to X} 15+
o
& v220 28 rRead program at aosolute address P + K to X} 15+
@ 0221 29 Transmit P + K to X) 3
® 0222 2A Transmit K to X]) 2
P 0223 28 Transmit XA to X] 2
»

0230 2¢C Set Interlock flags from Xk (IPF) 1
]
; 0231 2D Clear interlock ftlags from Xk (IPF) 1
|
3 0232 2E rRead interlock register to X} Fd
)
; nn33  2F Read internal clock to X} . 2
E
)
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; 0500
!
: 0331
!
‘ 0302
0303
;
G
0310
0311
o
ﬁ 0312
o
0313
o
f’ 0320
O o321
O 0322
§> 0323
‘
©
!
"~ 0330
o
|
o 0331
g
‘é‘ ‘352

L0

'Q dibits/hexe

30

31

32

33

34

36

37

3A

38

3C
30

3E

Jump to P + K

Set

Jump to P

Jump

Jump
Jump
Jump

Jump

Set
Set

Set

(X))

to

to

to

to

to

(X})

(X))

(X))

(XJ)

Subroutine

Library exit to (X)) + k [2it 62 of X}

Jump to K

txchange

P ana call

K it (X})

K it (X])

K it (X])

K it (X})

K it (X))

K if (X])

P and call

P and call

subroutine at P + K

in ~ange

not in range

is equal to zero

Is not equal to zero

is positive

iIs negative

suordutine at K

subroutine at (Xx)

P & call lilbe routine at addr.

P & call lipe ~2ut.e at addr.(Xx)

exit to (X)) + kK

exit

K [clear PRF)

[clear PRF]

[set/clear PRF]

clock

perliods

7-18+

7-18+

3-7-18+

3-7-18+

3-7-18+

3-7-18+

3-7-18+

3-7-18+

7-18+

7-18+

18+

18+

7-138+¢

18+

7-18+
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. 13xX 7x
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i XX 8x
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{
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-
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! 22XX Ax
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i 23XX Bx
v
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. 30xX Cx
¥
i 31XX Dx
‘ 3JZ2XX Ex
)

33IXX Fx

X

)

clock

Periods
Save lower (X)) tor n bpits : 2
dlank lower (X)) for n bits 2
Left shift (X)) by n bits 3
Right shitt (X)) by n bits 3
Integer sum ot {X]) plus K to Xi ) 3
Integer sum of (X}) plus (Xk) to Xi ' 3
Infeger difference of (X)) minus (Xk) to Xi 3
Floating sum of (X]) plus (Xk) to X1 8
Floating difference of (X)) minus (Xx) to Xi 8
Floating product of (X}) times (Xk) to Xi 8/3
8ranch backward i words If (X)) < (XK)A . 3=7-18+
Read data at address (X)) + K to Xi 15+
Read data at address (X)) + Xk to Xi 15+
Store data at adaress (X)) + K from Xi 1
Store data at aduress (X)) + (Xx) from Xi | i
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INTRODUCTION

35J0 system Is 3 multi-processor system with four 8000 processors
"M - ~n; a conmon 256K 64-Dit word menory (figure 2-1). The processors
{ﬂa-nqnicate nlth an I/0 station, maintenance control unit (MCU), bulk
@ --+-2"y» and disx files through the conmon menory via sixteen independent
: /. channels. The I/0 station (typically a 6030 station configuration

o~ a 7000 I/0 station ) handies all I/3 9perationse.

Each of the four 8000 processors is an Indeoendent comoutation unit
including arithmetic units, sixteen 64-pijt operating rejisters, and

¢ 3 twelve word instruction stack (tigure 2-2). Part 1 of this manual
lists the instruction repertoire for the 8000 processors, and Part 3
grovides descriptive information for each instruction. Each processor -

& execuytes programs or progranm segments stored in the common memory upon
command or assignment by the operating system software or programs
operating under the control of the operating system. The 85600 operating

@ system software will be described in a separate manuale.

&
8600 System Parameters
I~ 8000 Processor Unit (13 modules)
- b64~bit Internal word
= binary computation In fixed ooint and floating point tormat
& = twelve word instruction stack

= synchronous internal logic with 8 nanosecond clock period

q&‘ Memory (67 modules)
= 256K words ot |inear select memary (64-bit wo~ds)
- b4 independent banks ,
- 4096 words per bank
= 250? nanosecond read/write Cycle time
= 8 nanosecond per word maximum transfer rate

I/0 Section (7 modules)
= 16 channels
= each channel full dupiex
= 40? nanosecond per 64-bit word maximum transfer rate

P

The 8600 system is the result of a development program to Pp~ovide computing
capaclty substantially beyond that of the 7600 systems. By using the
multli-processing capabilities of the 8500y computation in the 8600 is
expected to average ten times as fast as corresponding computation in the
7600 system. The 8600 [s not machine code compatible with 7600 systems.,

The 8600 is physically packaged in 125 pluggable modules (5" x 8" x 2.5"),
There are 13 modules in cach of the four 48000 processors, 57 modules in tne
memory, and & I[/0 modulcs. In the manuai sections which followy, the systenm
oni{Jtion will be described in teras ot moaule functions when practicaple,

A st NGB e SR v T~ Yy p— _“ ..,....w.,. o .—'w‘ S W &w* - cﬁ R
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* Normalize
* Floating divide * Initial shift et e ——- -——-
* Population count e eccccc s [ ]
B R ( ] -==[ FLOATING |
( ] -==[ FLOATING ] [ I MULTIPLY )
-=-=[ FLOATING 1 [ I ADD ) == I MODULES ]
: Igg-—~-- -~~~ - [ | MODYLES ) [ [ [ MA ]
( MOJULES ] [ [ FA ] [ [ ec=we- mmceccccaas
: { [ DA ] [ ==cccccccce-- -- [ [ M8 ]
O [ emcccceccacaaa [ FB ] [ =ecccecccccccccaa
( D3 ] cecccccccccnccaa [ MC ]
- e EE e E e e A L X W X W N
° ) | A
‘: . i - i [
. I I L ! - - e e - - -
° i ! i
E i ] |
: 6 6 6
o ° 4 4
X [ ] I
! | | |
F‘ v v v
. ( ] * 16 X registers
© -==-l RIGISTER 1 * Shift
i t MODULES 1 * Boolean
: == bits 1 ¥ Mask
[ [ [ RA 0-15 1 * Pack/Unpack
el { ceeeccccnec=ae=-= ¥ Long a3dd
(u\ { [ [ RB 16-31 1 -~ ¥ PPR register
[ [ eececcccocccac-a-
MEMORY<= = = = B4 = = =>[ [ RC 32-47 1
[ ==ecceccccccccac-- see
[ RD 48-63 1] Fige
[P — - s ws ws 2..5
{ INSTR. ] [ INSTR. ]
( HORD ] see [ ADDRESS ] see
Mz MORY = =64~ =>( STACK ] Figse MEMORY <= 20 = =>[ STACK ] Fige
{ MODULE ] 2-4,5 SA ( MODULE ] 2-4
) [ IA ]

¥ Instr.addre.stack
* P register

¥ CIW register

IPT register



8000 PROC:zZSS0R

' o [7structlion HWord Stack & Instruction Address Stack Modules (tigs.2-3, 2-4)

]e instruction word stack (IWS) contains twelve 64~-0Dit registers which hojq

. ¢-03r31 instruction woras for execution. The instruction stack information

is essentially a moving window in the progjram code. tach NnewWw word entereg

in the IW3 is enterea fron memory twWwo Words anead of the program instruction
«# word currently neing executed, and at the sane time tne oldest previously

executed instruction word in the stack is discardede The INWS allons the

) proaram to branch back to previously executed instructions still in the IWsS
# vithout referencing memorye

v It may be necessary in program code to occasionally complete a b4-bit Iin-

,« struction word with one parcel pass (0033) jnstructions. This must be done

: to avoid starting a two parcel instruction in the fourth parcel of an in-

i struction word. 0One parce] Pass instructions are also Jused to pad out an

i@ Instruction word so that the next Instruction will be the first parcel of

: an instruction word (this is necessary for branch entry points because a
branch instruction destination address must begin with a new word).

i Program instruction words in memory and the IWS are divided into four i16-
! bit flelas called parceis. An 8000 Instruction may occupy either 1 or 2
o Parcels. l=-parcel instructions consist of a by 6y or 8 bit Instruction

. Codes and two or more designators (iy J, K)o 1In 2-parcel iastructions,

' the k designator is expanded into a 20-bit operand K (see page 1-0 for

@ Information on Instruction word formats).

t .-----------------ﬁ-----------—------Q--------u—--------—---.
‘ { 15 i 16 { 16 I 1o ]
a ----‘------------------------------O---------‘------‘----_--ﬁ
‘ [ 32 | 32 }
’ ----’--------’-’------- -_-‘---‘---------------‘~------------.
17 [ 1o | 32 | i6 )}
L ( 16 | 16 I 32 ]
y .---------‘---------------------------------------------‘---_
{ 32 i 16 { 16 ]
L Instruction Combinations in Memory and IWS
d
? bu-olt instruction words are read up one at a time from the instruction word
9 stack IWS into a bu4=bit current instruction word register CIWe. From the CINW
? esch Instruction word is gated one parcel at 3 time to the 15-bit instruc-
: tlon parcel translator IPT where each parcel [s interpreteg for execution.
Q The IPT controls ail of the dita transmnission paths betneen the sixteen vper=
f ating registers and the arithmetic units contained in the four register
i moaules ana seven tunctional unit nodules (figure 2-2).

O
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: 1 = IA module | cecaeesememcmmcn mecccmmmmmmeea
- tree
‘w)_: Iv module
Fige 2-3 IA and IW MODULES = IWS and CIW Control
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|
{ e rccaer e ccc e e n e cen -~ - Comwmme— XA blts 05-12
i cmccnce———- - from RC module

; | -
E”f“ . I \ IFA + 1 7
, R | ===bDitS=-==<-=\ Adder /<==aa-o
! | === 1 1 00-19 ——eee- I
' ‘(ﬁh | Y [
i R V v v ~meecccccccaa- S—mecececccccccccaaa
v . ] | mmemeeeaee IF ]
\ : N3A 1 1 [ select ]l==>] Register ]
} ' R .- ( 20 oits ]
|y meemmemeeeee | it T T eyupspIpia
3 A | | |
. | [ bits bits
'Y  mmmemceeccececeo 00-19  05-19
b I P registers Jeeeemccccceceeoccmenon ] v
; t in Jococommaaaas I I
) [ IA & IW mod,]~- | | l [ § ]J¢===== XA counter
! ceeecccecccanas | R ! I ————— bits 00-04
{ A | | | I I IA moduie
tw | v v v v v
5 [ select ) \ P+L / \ P-i / { select ]
'5:) cmcoccamane R - - - o cmw- - - - - w- - -
E A A A | | I
4 | | | | | !
o [ meeeecaa : [ l
! | cerecccccccaa. cmeccccan I
{
i | i
¥ Branch address |
‘ from ceseecccccccccccccaaa |
RA & RB | |
) <T}odules v v
e e B, S S S S e T mC R cnnmenmewesommnwna
) ——eeeaaa t select ]
o / | e eseccccccccccccccnna e
/ | | _ {
/ I bits bits
) / v 08-19 00-07
/ e —--- | |
RA -=>[ & 1 [ |
17 bits 08-19 [ } |
fraom | | | {
: RC & RO | v v |
7] modules Y Seeemcecccccccaa- 1
E I \ RA / I
§ | \ Adder / [
] data mm——— 0\ bits 08-19 / 1
?w~ storage==<>( + ]  ccaa- adad Dt ————- |
i reference ===-=- { |
? group A v v
. b e e e e
b PRF t 20-bit ]
/ ( Storage AJddress Register ]
g (19 48 I g7 o}
P e e tac e mmm———aa e m e e e rc e e, ——
'O |
E _ \l
i o SA4 module
| Fige 2-4 1N MOUULE - Storage Address Components
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Keyister Moaules (flgure 2-5)
X rejisters

X registers are the operating registers for each 48000 processore. They
a @ (ndividgually designated in this manual by di-oit symbols X0U thru X33.
These registers are each b4 bits in lengtn and serve as operand source and
destination regyistersy, operand adiress registers, and indexinhng registerse.
tach register is a clear/enter type regjister with gated clock pulse cont-
role Uata will remain in an X register untii a control condition generated
in the X register access control unit specifically gates a clock pulse to
cliear the data and enter new dataes At most one X register can be cleared

:_andwaaicnadnuL&nmnnnmdatawat the end of any given clock period,

T T e g T e e ?- ——— wl- oy e g ,4,0 R =

AT

Comaunicatlion between the X registers and the arithmetic networks involves
a substantial merging of b4=-bit data oatns and distrioution of 64~-bit data
pathse Aimost every arithmetic networg has at least one data path to the X
registers and one data oath from tne X registerse The floating point mod-
ules have multiple bu=-bit paths. The merging and distribution tunctions
are performed in 64=-bit static networxs oreceeding and following the X reg-
isterse.

—/



moescsecacoce —ececccca~ - - - - floaflng 231
( PPR ] | modules
v [ mode conde RA XA FL ] |
: cmemeecccccecccaaea ————- I = = fle multipiy
' [ modules
«(pg ) P (XK)(=XK) K K =k mask I
j | | i | i | I [ - fle divide
PR P v v vV V. v v I modules
; P D e LT P . P
; P ( b4h-bit ) [
C o o [ operand register 8 ) L
, | | eeeeaee- cemmcecceca—aa o
K v Vv | (R I |
@ =memeesscecccacccecccce | eceeccca- - mmeea- - eceeeema- (T
- { b4-bit ] ! (integer] [shift]l [ pack/1 I | | = memory
; ( operand register A ] | [ adder 1 [ 1 lunpack] | | | | modules
'Y eemceccccca ceeccscana= | meremccen- . meccces scccce-a I I I |
¢ | | } } I R
. I ! ! | I I
& v v v v v VVVYV
| t )
e ( static merge networks ]
i ( )
g G EEE Gl DS GG DA U GRS e WD W e PR X Y Ty - e W W as e W e W e W e e
- Temeccccccaaa i
[ X reglster) )
" [ access Jo = e e e e e e e .-
w ( control 1] - [
i e cceccccacaa v
W (f\ O T TR T T I 1 1| ) RA moduile
= [ | I i l | [ { ] bits 00-15
] - ee -- 16 | eeecew- -
> t 1 [ X registers I 1 RB module
; ( { | | , | ]l bits 16-~31
e - ee - b% oits - -
¥ C ¢ 1 1 I 1 RC moduie
’ ( § { I iy J9 K i )} bits 32-u7
¥ L 1 [ | I | ] RD module
4 (00101102103110141114112113120121122123130131132133) bits 4L8~63
2 I R I I I I
g V V vV VvV Vv Vv v v V V. V VvV VvV v v
d [ XsyX)eXKk ) ( ]
F' [ Selection)===>] static distribution network ]
- [ control ( ]
, WSS RS A AR A W - en an s o - D n WD EN A S ER G GG UD T Oh R D G e - AR S L L G D SR YD R e W R e - e e
! l I
! Xs X} Xk
b I I ]
! v v v
:
v
; Flge 2-=% REGISTER MUDJLES RA, RBy RGCy RD
k 2-7
T

Va.
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"X RESERVATION FLAGS

There Is a reservatlion flag for each of the sixteen X reglsters In an 8000
mocessorse  HWnen sety the flajs remain set until specitically cleared,.

% anid clear conditions can never botn exist in the same clock perjiod,

X reservation flags are forced clear on dead start.

{

h Khen the instruction parcel translator (IPT) issues an instruction parcel
which designates an X register as the destination register, the reservation
flag for that register is sete This tlag prevents suosequent instructions
fron reading the contents of the X register until new data nas been transe
mitted to the registers The contents 3f an X register is always read one

«—Sleck peried.alier. insiruction issue, therefore the reservation flaj is
cleared 1 clock period pefore nea data is transmitted to the register to
allow subsequent instructions to read the new data as soon as if is
avallapled

Examplet
! €<= cPo “=>|<== cP1 -=>|<~= cP2 ~=>|C== cP3 -=>]
‘ .--‘-------‘---------_-------‘-"--‘---. .......... - ek @ e e -
k { Instr issue, etc.l Read X30, etce | New data to X33 J
~ { Set Xxs0 flay I Clear X30 flag | ]
é Instruction A
- { Instr issuey etcel Read X30, etcCe
; ('\ { Set X12 flag I Clear X12 fiag
Y ceceaenaa cemmmmmm— e cmeme——— cem———
é Instruction B
‘
~
~
.
ﬁ

=3

O

n
i
[« 3




RAJRB4yRC 4RO modules RAyRByRCyRD modules

.&‘ g T

Ao

e

T R TR T

e g T

" TS e

g T

-X})..register XKk register
{ I
v v
[ oe=bit [ 64-pit ]
{ X} input 3 complement =>[ Xk input ]
[ register ] [ register 1
l i
| |
v v
L Pre-add Shift Network ]
[ two 96-0it operand registers }
|
|
v
( 97-bit Add ]
{ operation ]
|
|
v
[ Signiticant 31t Position ]
( Determination ]
|
|
v
[ 96=-bit ]
{ Normalize Shitt ]
i }
| |
v v
[ Single ] ( Double ]
[ Precision Result ] { Precision Result ]
| |
| |
Y] v
Xl register X] register
RAyR34yRCyRO modules RAsRByRC4yRD modules
Fijge 2-5 FLUATING AJD MUODULES FA, FO

2=-9
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RAyK34yRCyRD moduies

=10

RAyRB,RC,RD modules

X] register XK register
v v
v v v v v v
bit 63 bits 48-52 bits 0=-47 bit 63 bits 48~62 bits 0=47
sign exponent coefficlent sign exponent coeffjiclent
l }
! \
| c—em—— ceccmcn——— ceemmce—-
ot v v v v
X) Xk [ X) bits 0-47 1 [ Xk 32-47] [ Xk 16=311 [ Xk 0-15 ]
2 .slan Sdefe. [._comalement ) [ comple J [ comple } [ comple )
| | ( it neg. ] [ if nege J [ If nege 1 [ if nege 1
v v e eeeecccccccccns ccmccccccac aa ceme = - cemecccce-a --
® eeeeeaa | | | i
{ ftorm ) I 3rd pass 213 pass 1st pass
{ result] v v v v
( siagn ) | meeeeeccccca-a. cecmmn- Db L bt L L
e cman. / /
| / form 16 X 48 /
. I / logical products /
[ / of matrix Junctions /
l / /
. . ------------------------ ---------------------
| |
‘- | v
‘ I X | Xk R e LT --
: I  exponent exponent [ 1st level 3d3 }
: f\ | | i { of bit products )
‘..
; | v v  eeeeeccccccccceceeo
y | seccdccenncsnccncaaa l
i‘ [ innipbit it ) v
e I U integer multiply ) e LLD L LD EL PR
} | weccececcccncncccnn-a { 2nd level ada 1
; | | I { of pbit products ]}
-
L | v v Seeeee=-- Sesseeece-
§“M“““m— o il |
. [ X} 1 1 XK ] v
I 0 48=-52 1 [ 48-52 ] e L L L LR
I { comple] [ complal { 3rd level aigd )
; I [if negel [If nege) [ of bit proiducts ]
| maemeacnceae eoecoocoenas - L I R T m--—-
i | | | |
¢ I v v v
‘ ' R L - - e o - | S Em e eSS e e e e e e o e m o - e e -
r I T X) expvet XK expe ) [ 95 oit coefficient result register ]
. It 4+ 48 If OP ] (left snift 1 for F” normalize) ]
i | memecctnccncccnaa == essec-- el s
; ! [ ! I [
. sign exponent bits 48-35 bits 0-u47 blts 0-563
f it ng3 bDits 4d=-52 singjyle prec. Jouble vrece. intejer mult,.
! | | | | |
i ! | | ! ]
S DI X3 X X} Al
’ v v v Vv
f B T T P ’\"\9;:5‘91’((4‘1&0 Modul @S~=mrccccncnccancncaan-
f
! Fiag 2ay FLCAT Lo MULTIPLY MUJULES MA, 8B, MC
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8600 MEMORY
ceal o organlzation of tne 8530 memory Is snown in figure 2-10 on

(545) trom the IW moaule. The storage access control (SAC) unit
~uines the priority of stordge access reguests when tnwo requests
coeur siindltaneouslye. SAC also controls the entry of addresses into
tre 3tereje uddress stack (SAS). HWhen the SAS data pbacks up because of
~e23ry conflicts, the SAC Stops Instruction issue until the conflicts
rave oveen resolvede.

b

. { Je
. ( . tsltowing pajes Storajge gddresses arrive at the storaje address
' -

St

The storage word stack (SKS) is a buffer area for 54-pit data words
nhich are to oe written into memory.

Tne o4 memory buank moaul es provide a linear selection type core menory
with a total capuclity of 255K words of 64=-Dit length (K = 1024). Each
E4<bit word is aauressed Separately. The memory is arrangea in 64 banks
{one-bank per memory bank module) ot 4K words each. Each bank is
independent of the other 63 bdnks.

Tne maximum data transtfer rate between memory as a3 unit (64 banks) and
other ourts of the system is one word each clocik perizi. Each memory
bank has o nine?? cloch period access tine from arrival of the storage
aadress to readout of tne ok=bit words The total read/vrite cyctlte time
for a memory bang s 3227 Clock periodse In randon adaressing of
memory by all four processors for programn data,y, Instructions, and Inputy/
output channel dgata, an average rate of 1d to 1527?27 memory banks in
iﬁ&ratlon at one time Is anticipated.
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il A AP M i 00t o - b st B0 5 40w

« PO IW ===20==>
| Pl IW ===-20-->
P2 IH e==20(==>

P3 IW ==<20~-->

s o st s g

PO

Pl

P

P3

reg
reg
reg

reg

-=bl4~>
-=64->
-—by=>

-=bl4=>

. v

Pl <~==pf=e==- l
RA'QB’QCQRO Pl €Coewjfmccna } I/0
modul es P2 Cmw=plema-a | A
P3 Cm==plYme==a]| |
| i
Pl €==c=pfocaca] 68
In Pl <==wpyomw===| |
modules P2 €=c=plmee=a | |
P3 C==efhlecw=-=] I
i W e P b . ‘ A A
| read |
IQ module I data |
I - U e e w e e
[ L o4 ]
20 -[ MEMORY ]
I [t BANK ]
v -[( MODULES 1
LR -- [0 MMO0Q00Q ]
[ STORAGE ) [[eccrmeccccccnaa
{ ACCESS ] address (rr mMM0001 ]
[ CONTRIL Je=e=meee {2 «cecccaaa > “[([-mmcrcccccc e
[ STORAGE 1 [{l MHOO001 )|
{ SA ADDRESS] “[[eemmcccccccccnca
ceeccccnccccca- ftt mMM0003 ]
l ~[[erreee= R
| [l MMOOLO ]
| ([~ m—eece-
go wWrite [0 MHo0011 ]
| “[[wermcrccncaa -——
v ({0 MMOD12 )
—eccssmnmm - ——- c([~mceccccnccacan
[ STORAGE ] } [[l eoee ]
[ WOXD STACK ] write data “[[==rremrcccaa- --
[ & PARITY Jeaee §f =m===> ({0 M10321 ]
[ GENERATE ) “[[=mmmecccncnaa --
[ SHW MODULE 1] ({0 n1n+d322 1
ememamamame———- e[[ewcccccccncana—
n (ir MMo323 ]
| “([-mremmcrrccccan
b4 [t MM0S30 ]
| “[[--rrmmmrnceea -
l [0 MM0331 1
I e ———m—--
170 [l MM0332 ]
[ccccccccccccana
[ MMO333 ]
Fige 2-10 3500 MIHMORY



ESERIgr -

TG TR T TS T T

Ld module SA module SA module
via M1 module go write via MM module
{ | |
68 | 12
b C . | l
! 68=bit | L ] { 3o ) [ 12-bit ]
. darite reyjlster | spares ) [nwritel { address register 1}
cesmmcc - R e ke [ FF 1 Srreccrcccrrcc e -
r o eecas=s [
l |
72 l
| v
' D AP AN ED A SR G S W D D TS UR R R D ED S G E D WA O
v [ 1o X 2506 ]
cmve- { read/virite drive ckte 1
go ==>[ & ]} [ comoinations ]
wWrite ec--- e e L L R -
| I
i - |
| |
[ v
' P D D CE G W TS IS TE D D h e e W D W R W as e
v creccnccmcca- -- { ]
- { 72 ] { module stack ]
{ + 1=72->[ augment J=>==0=¢c=>[ ]
L [ generators 1] | [ Sixteen 72 x 256 planes ]
A R -——- v ( ]
[ | eeeee- R R L -
('\ | |
] . > . e - meema .- -
| §
| Y
go ==>[ & 1 { 72 )
wrjite ee--a ' { sense ]
Inverted a [ amplifiers ]
. ' L R YK T I i, - -
| 1
- = @ J2e =~ ~ = |
l |
| Y,
[ 72-bit ]
[ read register ]
e ’.,:‘Av;,,,,....,,‘, - ' ' ‘
| | I
b4 b3 bl
| | |
v v v
IH nodule I/0 X rege.
4o parity moudles
()
Fige 2-12 MeMORY BANK MUODULE MM
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bu-bilt

> | SWS RANKS
U | eememaae sessccces ee- ---=---
bits : { Jo==>{ A Joeme=>{ ]
trom e=«<«=>[gelect] e acccw [ select 1
o [ rank le===>[ 8 Je===>{ and 1
( PO 1] cmccmase [ merge I\
Y Go enter «>! J===>[ C Je===>[ TR
. XX 5 Y - memeo oo e oocawe oo l
‘ ) |
- : Go exit i
|
~ 64 : wemecnaw cemcccna- wesecccee= |
bits v t Jewe>( A Jeeaw>[ DI |
S 2 ant+ 21 e o ) 51 =T el 5 RN Seaa- QD R |
< Pt { rank J===>( B Jee==>( select 1 |
[ P1 ]  eecccece=- [ and ] [
Go enter «>[ Je==>{( C lJe====>[ merge 1 |1
< cemcsccca cemscecne= { ) I |
‘ -=>[ 1 1 mrecccccaa to
/ ceeccncces | [ Parity 1==> MM
< b bits - mecrceccas/ A | | «=>{ 4=-bits ] mouules
0 from I[/0 e==>( Jee==>[ I/0 1 Go exit v v / R L ikt
) [ &1 el bl ——e——- etV 4
- Go enter ==-=>[ ] [ o4-bit 1/
eme- [ merge ]
[register]\
P \ [P -
- A A \ [ 64-bit ] to
‘ i | ==>[ exit J==> MM
j‘ Qﬁ\ | eesseea- ceececec cemseccca- | [register] modules
; 'S - { Je==>{ A Jeee=>( 1 L T
; from weee=>[salect] ceescccn= [ select 1] |
o P2 ( rank Je==>( 8 Je===>[ and ] |
| { P2 ] LR [ merge ] |
i 6o enter =->([ Jee=>[ c Jo===>[ ) |
" A |
? ' Go exlit !
: i
> e mmmmeees mmmeeeeo- —mememee- -
' bits . ( Jawa>] A Jomea>] 1 7/
' trom =e--=>{select] cemesccne—- ([ select 1/
- P3 [ rank 1===> B Jl====>[ and ]
, o L P3 ]  s=ecce--- ( merge 1
.. Go enter ->( J===>( C Jo===>[ ]
L sETEsess seesEsess TETmSsssss-
i A
" Go exit
1/0 o====ew-= >( ]
Pl ===re==- >{ Go )} to
'l ~ommeeee > [ drjte Jemm- >k
P ===~===- >( merge }] moaulies
( P ==memema >{ )} »

Fhade d=13  STURAGE WORD 3TACK MODULE SW
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{
( MODULES
-.-[ [

t t
(
( [IP Ch 10-13 ]
[ ecececccccacccaa
(IP Ch 20~ 23 ]

(IP Ch 00-03

(IP Ch 30-33 1]

<

External
I70
Statlon

Flg.

[ DATA & ]
{ ADDRESS ]
——e>( FAN-IN ]
/ [ MODULE Je= 20-bit => SA
/ (IQ ] address module

/ L L X R X X X LA X X ¥

64 bits data
& 20 bits address

/
/
/
/ ..............
-/ [ DATA FAN-QUT]
l/ { PARITY CHK )<= 68=-bit =-- MM
] b4 [ RTC MODULE ] read module
J€mmew bts === ]
] data [IR J== 4x20 ~-=> 1IN
l]€2=e ececccccccccaaa modules
- \
\
20
bits
begin.
address  z eececcccccccccao
\ [ ] Xk beglinning
\ [ I/70 CONTROL 1 address
== MODULE J<== 4x20 --- DB
[ ] moduies
[IO ]
[ PARCADD.REG.]
[INTERLOCK REG]
[ MASTER CLOCK]
( MODULE ]
[IS ]
2-14 8600 I/0 SECTION
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a EXCHANGE PACKAGES

An exthange package consists of sixteen o4~-bit data words (XDW) and

one

bu=-blt exchange parameter word XPWe The RA and FL fields in the ex-

h ™ nge parameter word specify storage increments of 253 word units. XA
bclflies exchange package location with the lowest order 5 bits removed.

mode conditlon RA XA FL P

N e A W S Wl D WD G S SO D G A PR AD D T WGP M S G WP U WD R G TE D D ED D WD D TP AP T AP R ED WD WD OB WD WD W WD W T WD WP WD WD WS WD P D D G WD WD WD T D Wb WD W e

& | 8 | 12 I 8 | 12 I 20 ]

W UG WD D D NN D G P OB NS YD AU R G L D R R R D S R D D D D UD D D D ED G WD ER D ED D WD DGR W ED G R D W GP D D D WD WD WP U W WD D WD W TR G W

Exchange Parameter Word

A The--exehange-package-resides-in -fow storage addresses at address multiples
of 32. The X reglster aata words XDOW appear first in memory followed
by the exchange parameter word XPWe The 15 jocations folliowing an

s exchange package can be used for system functions related to the exchange

package.
s o : memory
. 0t ]
{ ]
[ ]
R { ]
o [ ]
4 ]
he 32 [ XDW !
[ (16 words) ]
> [ XPH (1 word) ]
i t ]
{ ]
- 64 [ XDW ]
, [ (16 words) ]
[ = = o e = 2o === ]
. e e
( ]
. C ]
| 96 { XDW ]
- ( (16 words) ]
" SR SRR
{ XPHW

-
[

Y
"

Lot

L

“xchange sequence moves the exchange parameter word flrst, followed by

f3 register data 3and the other registers in order. The exchange
! :?PP worda (XPH) for the 4arriving exchange packaje goes [Into the X0
“7 tor one clock periode It later moves ifito a holding register

L
"} in the register modulese



Nt ar e v mm w. o o

& nt32) X00 ]

. + 1 X01 ]

4‘ ...... A DS E G P S e @ DD D T D D SN W TS D D D AP D D E e WS WD WD D W an w @

N (ﬁ’ + 2 [ X02 ]

@ + 3 1 X03 !
+ 4 X10 ]

‘ S mwmoaanowee e - e e e oo L R E T R R R F R R R N gy L0 X T A A e S memomoome -
+ 5 [ X11 ]

) + 6 X12 ]
+ 7 X13 ]

‘ -‘---.ﬂ--------‘--------- ....................................
+ 8 I X20 ]

r + 9 x21 ]
+10 [ X22 )

‘ --_---O-‘---‘----- ...........................................
+11 X23 ]

9 +12 X30 ]
+13 [ X31 ]

a ..... - s we @ o - s o> e @ e TS DDA D DD WP D D Gh AN W e W D D W WD D D D D D G W e e e

o w1 - X32 ]

9 f\ +15 X33 )
+16 [ mode | cond.! RA I XA FL P ]

‘ -.-.-m-'--—---l ......... ‘------l ---------- ‘ -------- e oo -ow

63 60 59 52 51 40 39 32 31 20 19 0

9

5 MODE FLAGS CONDITION FLAGS

9 bit bit

; 63 MTF - monitor flag 59 Object program call

allonws I/0,
9 prevents interrupt 58 I/0 channel request
' ol Al e s e s s B M B v i i A bt s e
62 PRF - program reference flag 57 Time Interval

¥ adds RA to

? program address 56 System cali

A 61 IPF - Interlock flag 55 Data field limit

L allons access to

;" Interlock register 54 Program tield limit

P OVF - FP interrupt 53 Program error exit

RN interrupts on Fp .

;’ LR overflow/indetinite 52 Overflow / lndetinitg

e &

! Q

o £ -+ EXCHANGE PACKAGE
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I/0 CHANNEL REQUEST

A channel request mechanism Is common to all I/0 channels. This mechanism
lmactivated by an input RF. The channel number [s encoded and presented

égjbll processors over a 4-bit channel request path.

The channel request mechanism scans the processors for a processor with no
monltor flagese HWhen one is foundy the channel request flag is set In the

processor parameter register PPRe.

This causes an exchange exlt to a monlitor program which can read the objlect
program parameter wWword and determine the cause of the exit. The monitor

-Arogram can.then read.the 4=blt channel numoer from the channel request

pathe The reading process advances the channel request mechanism to the

"'next channel reqguest, If anye.

" The monitor program uses the 4-bit channel number for a table lookup to

determine the mode of the requesting channel. If the request can be sat-

1lsf1ed by the monitor program, the Interrupted obj)ect program [s resumed.
It a new program must be initiated, the monitor program updates the running

time for the terminated program and exchanges to a new XA.

PRSI A

)



FLUATING POINT ARITHMETIC
7 Floating point arithmetic calculations are peformed in the 8000 processors
using a packed b54-bit format for number representation. This format rep-
o #msents 3 signea binary Integer coefficlent times two with a signed binary
frafeger exponent. The coefficient field contains 49 pits and the exponent
.«eld 14 bitss The remaining bit is used to indicate an out-of-range con-
# dltione.. .

. : out-of-range
' { flag Integer
, | exponent : coefficlent
' : | | |
v v v

coefticlent I R R R el bl L e T |
- I ; 8Slgn ====>(1111 14 ] L8 |
L ‘ 1| R R R L bl [k Tt S P -1
. 63 62 61 L8 47 0
Ju
o Floating point format
9

The coefficlent field in the floating point format is not contiguouse The
d sign of the coefficient occupies the highest order bit position in the 64-
bit worde The remainder of the coefficient resides in the lowest order 48
bit positions.s If the exponent field and the error flag are replaced with
? coples of the sign bit (as in the unpack instruction 0110) the resulting
taormat Is the normal Integer representation.

3 ‘ue exponent field in the floating point format occupies the bit positions
2**¥48 through 2*%**6l. This ticld represents exponent values ranging from

2¥*¥(-13) to 2**(+13). The bits in the exponent field in the packed floating
? point tormat consist of the bits in the integer exponent (in ones complement

form) wlith the highest order bit complemented. The complementing of the

highest order exponent bit results in a tormat which represents the floating

) point numbers in such a way that their increasing values are also
~monotonlically Increasing when viewed as b4-bit Integers. As a result of

thls property,y, comparison tests of two floating point quantities can be done

P In the Integer adder rather than in the Slover floating point adder.
Floating point quantities with negative coefficlents are packed with tne

exponent fieid complemented in order to preserve the above relationship for

? negative nunoers.

Bit position 2**62 In the floating point format contains the out-of-range
} flag. This flag is set when the exponent in a floating point calculation
. exceeds 2**(+13) or if the result is indefinlite. This flag Is considered
. set when the values of the two highest order bits in the floating point
5) format disaagrees. Further floating point operations in which thls flag
appears set [n one of the operands results in aborting the normal sequence
) and generating a result with the out=of-range flag set,
Floating point calculations which underflow the exponent range are aborted
and the result replaced with a word of all zZero Bits.

SO
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* { NARY ARITHMETIC

-

Blnary arithmetlc In the 8000 processors is performed in a modified ones
complement additive mode. The sum of two binary numoers In a normal ones
complement additive mode is defined by the recursive Boolean expressions

below,
Let m = number of bit positions in adder
A(l) = addend bit 1|
B(l) = augend bit |
C(i) = carry into bit position i
S(i) = sum bit i
Where | = 091929393490 eaegm=-1
Then C(i+1) = A(l) eandeB(i)eoreB(i)eand«Cli)eor.C(i)eandsA{i)
C(0) = Cim)
S(1l) = A{l)eaNdeanNoteBl(i)eandeenNoteC(l)eore
Bli)eandeenNoteC(l)esandeenotesA(i)eor,

-

Cll) eandeenotesA{l) edandeenoteB(l)aore
kvA(l)-and.B(i).and.C(l)

L I
? %qe modification to the above mode consists of replacing a resulting sum

of all one bits with a result of all zero bitse An 8000 processor adder
therefore has only one form of zero as a resJdlting sum.

Subtraction is performed by compliementing the subtrahend and adding to the
minuende
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8000 INSTRUCTION CODES

0000 Program error exlit 0220 Read program (P + K) to X}
U1 Loglical Xx) ®* Xk to XJ 0221 Trancsmit P + K to X}
6732 Loglical X) + Xk to X} 0222 Transmit K to X]
.03 Loglcal X} = Xk to X} 0223 Transmit XA to X)

0010 Copy Xk to X} 0230 Set IP fiags from Xk (IPF)
0011 Complement Xk to X) 0231 Clear IP filags from Xk (IPF)
0012 Shitt X] lett by Xk 0232 Read IP flags to X}
0013 Shitt X} right by Xk 0233 Read internal clock to X}
0020 Floating DP X} + Xk to X) 0300 Jump to P + K-
0021 Floating OP X} = Xk to X) 0301 Call subroutine at P + K
0022 Floating X} 7/ Xk to X] 0302 Jump to P + K if X} in range
0023 Population Xk to X]J 0303 Jump to P + K If X] error
0030 Floating DP X} * Xk to X} 0310 Jump to P ¢+ K If X} Is zero
0031 Integer X} * Xk to X] 0311 Jump to P + K If X} not zero
0032 Program error exit 0312 Jump to P + K If X} positive
0033 Pass 0313 Jump to P + K It X} negative
0100 Transmit kK to X) 0320 Call subroutine at K
0101 Transmit -k to X] 0321 Call subroutine at Xk
0102 Integer X} + K to X) 0322 Call libre. routine at K [cl PRF]
Q“ws Integer X} = k to X] 0323 Call libr. routine at Xk [cl PRF]
0110 Unpack coelfficient X] to Xk 0330 Subroutine exit to X} + k
0111 Unpack exponent X] to Xk 0331 Libe. exit to X} + kK L[set/ci PRF)
0112 Pack Xk * 2 ** X] to Xk 0332 Jump to K
0113 Integer 0 - Xk to X) 0333 Exchange exit
0120 3egin system call [MTF) 100X Save lower Xj for n bits
0121 End system call [MTF) 101X Blank lower X) for n bits
0122 Channel X) to (Xk) [MTF} 102X Left shift X] by n bits
0123 Channel X]J from (Xk) [MTF) 103X Right snhift X) by n bits
0130 Channel request to X] [MTF]} 11XX Integer X)] + K to Xi

. 0131 Load XA from Xk [MTF) 12XX Integer X] + Xk to XI

" 0132 Program error exit 13XX 1Integer X} - Xk to XI

0133 Program error exit

C200  Store 1ata (K) from X] 20XX Floating X] + Xk to Xl
¢C0L Store Jata (Xk) from X| 21XX Floatinyg X] - Xk to Xi
- %2 Read/store data (K) and X) 22XX  Floating XjJ * Xk to Xi
- 4 Jead/store uata (xk) ana XJ 23XX Jump to P - i it X} < Xk
W,
‘0 feud gsta (K) to X| 30XX Read Jata (X] + K) to Xi
: TUud data (XKl to X) J1XX Read gata (X] + Xk) to Xli
Y onro e gn /) to X JexXxX Stere aatas (X) ¢t K) from «ij
Yl owrogram (Xxx) to X| 33XX Store data (X] + Xx) from Xi
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NOTES

The following pages of instruction descriptions
are numbered with the instruction codes shown in
the box In the upper right corner of each pagee.
The Instruction codes are shown in quaternary or
dibit notation and parentheticalily in hexldecimal
notation.

{ 0331 ) [ 103X 1] [ 23XX ]
{ ] { ] [ )|
[ (30) 1 { (4C) 1 [ (Bx) 1
8-blt 6=-bit 4-bit
Instruction Instruction Instruction
code code code

..This section makes extenslive use of abbreviations

and special terms which are tisted in the Index In
Appendix A together with a3 reference to the page

Where each term iIs defined.

Parenthesls are used to indicate the contents of a
reglister, es«gey (X)) indicates the contents of the
X reglster speclfied by the } designator.

G

@
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| 0000xxxx | Program error exijit [. (00) 1]

This instructlion format Is treated as an error condition and, lf executed,
Wwill set the program error exlt flag In the exchange parameter worde Thils
condition flag will then cause an exchange jump to address (XA). In this
case all Instructlions which have issued prior to this instructlon will be
run to completjion. Any Instructions following this instruction In the
eu#pen#u&ﬁﬂ#fee++on~woreun++4~ﬁ®+~be-exeeutedr - Hhen all operands have
arrived at the operating reglsters as 3 result of previously issued
Instructions, an exchange Jump will occur to the exchange package
designated by (XA).

The J . and k designators In this lInstruction are ignored.s The program
address stored in the exchange package on the terminating exchange jJump is
advanced one count from the address of the current instruction word. This
is true no matter which parcel of the current instruction word contalns
the program error exit instruction.

This lInstruction format Is not intended for use in normal program code.
The program error exijit tlag Is set in the exchange parameter word to
Indicate that the program has jJumped to an area of memory which m3y be |n
pa?ge but 1s not valld program code. Thils should occur when an incorrectly
hed program jJumps Into an unused area of the memory field or into a data
le'd! S B e A
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{ o oddTIYKKTT ™ Lloglcal product of (X)) and (Xk) to X] .i )
e mmecemcann (01)

'0 W B wawm

i i?\is Instruction causes operands to be read from the XJ and Xk registers,
«@ forms a bit-bit loglical product, and enters the result in the X) register,
J“Each of the bits In (X)) iIs acted upon by the corresponding bit of (Xk) to
form a single bit in the resuit entered in the X) register. A sample com=
putatlon Is llsted below In di-bit notation to illustrate the operation
'performed and Includes the four possible bit combinations that may occure.

Sample operandst (X}))
o (Xk)

33332222 11110000 01230123 01230123
01230123 01230123 33332222 11110000

01230022 01010000 01230022 01010000

S

"o

'a Resul t¢ (X))

i

This Instructlon is intended for extracting portions of a 64-bit word dur-
2 Ing data processing as aistinguished fronm numerical computation. Together
© with other boolean and shitt instructions it may be used to manipulate
+ alphanumeric or other coded data not related to the 64-bit machine Word
2 length,

ISSUE CONDITIONS

X] register is free one clock period after instruction issues
s~ XK register is tree one clock period after instruction issues .
X register Input path Is free two clock periods after [ssue

P PN SR

9
?

|
i
|

9 EXECUTION TIMING

3
No executlon delays possible after this instruction issues from IPT,.

9

A CPQ Instruction [ssues from IPT

/ Transmit ) and k designators to reglster modules
? Set X} reservation flag '

ft CP1 ' Read (X}) to operand register A

i Read (Xk) to operand register 8

! Clear XJ reservation flag

5 CpPe2 Transmit logical product of (A) and (B) to X}

}

?_NOTES

‘t - VR Bt o 3 Y L

le If the } and k desianators have the same value in this instruction,

! the designated x register content Iis operated Jypdon by a8 copy of this
Same Quantjty. The instruction in this Case Gegenerates Into a copy
instructione. Tne timiny for tnis case will be the same as the timing

' iA for the general case, and no special conflicts will occur. :

“



| e ecesececcce { 0002 1
| 0002))kk | Loglcal sum of (X]) plus (Xk) to X]) [ ]

.p.---—---- [ (02, ]

This Instruction causes operands to be read from the X} and Xk reglsters,
tforms a bit-bit loglcal sumy and enters the result In the X] register.
Each of the 64 bits in (X)) is acted uoon by the corresponding bit of (Xk)
to form a single bit in the result entered in the XJ register. A sample
computation Is listed below in di-bit notation to iliustrate the operation
performed and Includes the four possipble bit-combinations that may occure.
33332222 11110000 01230123 01230123

01230123 01230123 33332222 11110000

Sample operandéz (i]f
(XKk)

i Resul t$ (X)) 33332323 11330123 33332323 11330123

Thls instruction Is Intended for merging portions of a 64-bit word into

a composite word during data processing as distinguished from numerical
computation. Together with the other boolean and shift Instructlions It
may be used to manlipulate alphanumeric or other coded data not related to
the 64~blt machine word lengthe.

. ISSUE CONDITIONS

1: X} register is free one clock period after Instruction lIssues
i XK reglster Is free one clock perjod after instruction issues
y X register input Is free two clock periods after lIssue

& . e e

EXECUTION TIMING

No execution delays possible after this instruction issues from IPT.

CPO, Instruction issues from IPT
Transmit } and k designators to reglster modules
Set XJ reservatlon tflag

’ CP1L ' Read (X}) to operand reglster A
Read (Xk) to operand register B
Clear X]) reservation f{lag

cerP2 Transmit logical sum ot (A) and (B) to X)

i
i

 NOTES

1. It the )} und k deslgnators have the samne value in this instruction,
the designated X register content is merged witn another copy of tne
same quantity and geaqenerates into a4 cooy instructiona The timing is
the same as Iin the general cases No speclal conflijcts will occure.
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&A e cepmemmm = { 0003 ) ("
LY 1 JJa31Ikk | Loglcal difference of (X)) minus (Xk) to Xx]) { )
[ | { (03) )

has ‘ T “
‘ .

| :

Wi aeen eaee w ©

This Instructlion reads operands from the XJ and Xk reglisters, forms the bit-
@ <by=blt loglcal difference of (X)) mlnus (Xk), and enters the resulting 64- ¢
bit word In the X) rejistere. ' :

1

o , Samplet (lower 4 bits) (X]) = 1010 &
P ' (binary) {(Xk) = 1100

@ (X)) = 0110 ©
: ‘
!

This instruction Is Intended tor comparing blit patterns or for complementing

# bit patterns during data pProcessing as distinguished fron numerical comput- €
ation. Together with the other boolean and shift instructions it may be used
to manipulate alphanumeric or other coded data not related to the 64-bit

# machine word lengthe. 473
2 ’ ©
# ISSUE CONOITIONS (3
’ Qf‘XJ register [s free one clock period after instruction Issues

J Xk register Is free one clock period after Jnstruction issues @
i X register input path Is free two Clock periods after issue

’) ©

' EXECUTION TIMING

? No execution delays possible after this instruction issues from IPT. 5]

cPo Instructlion issues from IPT _
? Transmit | and k designators to reglster modules @
- Set X) reservation fiag

’ crPi Read (X)) to operand register A [
‘ : Read (Xk) to operand register B
Clear X) reservation filag

7 Q
'CP2° Transmit loglcal difference of (A) and (B) to x)
1 o
NOTES
1 i. It the ] and k designators have the same value In this instruction, L]
a logical difference is formed hetween two identical quantities,
The result will be 9 word of all 0's written into reglster X)J. The
‘ timing tor this case Is the same as the timing for the general casee. @
w/
) (&)
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) ceccncee
B TR { 0010
! 1 0010))kk | Copy (Xk) to X] { )
R { (04 ]
’ . \ .

-

This Instruction reads a 64-bit word from the Xk register and enters the
anord An the X} register,

j'Thls instructlon Is intended for moving data from one X register to another
Asterc. as.rapldly as possible. No logical function is-oerformed on the
;- data.

-
{

! ISSUE CONDITIONS

? Xj‘reglsfer is free one clock period after instruction issues
. Xk reglister |is free one clock perlod after Instruction issues
a X register Input path is free two clock periods after issue

i
i ,
i‘EXECUTIUN“LLnLNG,
‘;. 1 Buw W
No execution delays possible after this instruction issues from IPT.
? CPO Instructlion issues from IPT
) qtk Transmit } and k designators to register moduiles

) Set X} reservation flag

l.EIf the } and k designators have the same value this Instructlon wilil

read a H4-bit word from the designated X register and then write the
. 'same information back into that X register. The timing for this case
¢ will be the same as the timing for the general cesey and no speclal
A . conflicts will occur,.

; cP1L Read (Xk) to operand register 8
% Clear X) reservation tlag

! CP2  Transmit (8) to X|

.

| NOTES

-

i

)

v



e Aiime [ 0011 )
* | ioilllkk | Copy complement of (Xk) to X]) ( ]
P ekt { (05) 1

j o

9

-

This Instruction reads a 64-bit word fronm the Xk register, complements the
the word, and enters the result In the X} reglster,

This instruction is intended for changing the sign of a fixed or floating
polnt:quantity as quickly as possible, Tnis Instruction is also useful In
data processing for inverting an entire 64-bit tielde The } and k desig-
nators may frequently have the same value because the result is generally,
but not necessarily, returned to the same X registere.s

ISSUE CONDITIONS
X} reglster is free one clock period after instruction Issues

Xk .reaister is free one clock period after instruction issues
X register Input path Is free two clock perliods after lssue

'

: %;gcquON TIMING

.....No .execution delays possible after this Instruction issues trom IPT.

CPO Instruction issues from IPT
Transmit | and k designators to register modules
-Set X} reservation flag

CP1 Read (Xk) complement to operand register B
Clear X)) reservation flag

CP2  Transmit (B) to X}

1. Deslgnators ) und k have the sane value
The | and & designators Will frequently have the same value in this
Instruction. In this case, the Quantity read from the designated X
register is comnlementied and retuyrned to the same X register,. The
Timing is the sume as for fhe general case,.

©



et ke [ 0012 ]
11 0012))kk | Shitt (X)) left by (Xk) or rilght If (Xk) negative ( ]
it ] - [ (06) 1
by p em - mwoe
~ Tnis instruction reads a 64-blt operand from the X) registery shifts the
N operand teft or right as specitled by (Xk)y and enters the resuiting oper-
and back Into the X} reglster. If (Xk) Is positive, the data lIs shifted
lett circuiarly the number of bit positions designated by (XKk)e If (XK)
® |s negative the data Is shifted right (end off) with sign extension the
number ot bit posltions designated by the magnitude of (Xk). Sample shift
. operations are listed below in bilnary notation.
Sample (b4 bits)t (X)) operand = 10110000¢se40+4000000800
< (Xk) = 0..0100 {(X}) resuilt = 00000000eeeees00001011
i
i Sample (64 bits) ¢ {X}) operand = 01100000.e040.00001000
N {Xk) = 1..1101 (X)) result = 00011000eeeee«00000010
>  sample (64 blts): (X)) operand = 11000000ceesee00100010
‘ (Xk) = 1..1100 (X)) result = 11111000eeees«00000400

This Instructionis for use in data processing where the shift count (Xk)
is derived by program computations It (s also used for correcting the
coefficlient of a floating point number when the exponent has been unpacked
Into an X rejister.

Q?:UE CONDITIONS
X} register Is free one clock period after instruction issues
Xk register is free one clock perjiod after instruction Issues
X register input path is free three clock periods after issue

EXECUTION TIHMING
No execution delays possible after this Instruction issues from IPT.

Cﬁﬁ “Eﬁgfraétion issyes from IPT
Set XJ) reservatlon flag

cP1 Read (X]) to operand register A
Read (Xk) to operand register B

cpe i éégin operand shift
Clear X} reservation flag

Cr3 FComplete operand snift
Transmit result to X]

NITES
1. It the operrand olts are all 1*s or all 0*s they are treated in the
Same manner as any other bit pattern and the timing Is the same as
for the gencral casce

(M/e. If (XKk) Is 0 (either all 1's or all 0*®s bDinary) the iastruction reads
The operand from register XJ and returns it unaltered to register X!.

The timing for this case Is the sane as for the general case.
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ﬁ: LA k=35 ( 0013 )
|1 co13))kk 1 Shift (X)) rlight by (Xk) or left if (Xk) nege ( ]
\’ - @ m o s O [ (07, ]

w Tnis‘'instruction reads a bu4-bit operand from the X) reglster, shifts the

~ operand right or teft 3s specified by (Xk)y and writes the resulting
ooerand back Into the X) reyister. It (Xk) is positive, the operand |s

« shifted right (end off) wWith sign extension the number of bit positions
deslignated by (Xk)e If (XKk) is negative, the operand Is shifted left
circularly the number of bits designated by the magnitude of (Xk). Sample

«# shift operations are Ilsted below in binary notation.,.

Sampie (64 blits)t (X)) operand = 10110000+4e¢4+.00000000
2 (XK) = 0..0100 (X)) result = 111110131.e¢4«+00000000
|
2 Sample (64 blits)?t (X]) operand = 01100000eeeess00001000
) (Xk) = 1.01101 (X}) result = 10000000¢eeeee00100000

J This instructlon Is for use in data processing where the shift count (Xk)
Is derlved by program computation. It is also used for correcting the

coefticient of a floating point number when the exponent has been unpacked
" Into an X registers

J ISSUE CONDITIONS

; Q' X] register is tree one clock perlod after instruction issues
’ Xk reglster is free one clock perlod after instruction Issues
X register input path Is free three clock periods after issue

3 EXECU(ION TIMING

s No execution delays possible after instruction issues from IPT.

e

Z cPO

Ihsfruétlon ilssues from IPT
. set XJ reservation flag
!
i CPL  Read (X)) to operand register A
’ kead (Xk) complement to operand register g
‘ cp2 Begln opersndy snift
! Clear X) reservation flag
" 'CP3 ' Couwplete operand shift
Transalt resuit to X}
NOTES

(”\
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| 0020})uk t Floating double precision sum ( )]
(ﬁ(--—---~-- of (X)) plus (Xk) to X]) { (08) 1

1

This Instruction forms the tloatlng double precision sum of two floating

» point operands read from the X] and Xk registers, and enters the (onWer

g

halt of the result in the X} reglister.

The two operands are not rounded In this operation and may or may not be
normalizeds They are unpacked from floating polint format and the exponents
compared. The coefficient Wwith the smalier exponent is shifted down by the
difference of the exponhents so as to align blts of corresponding signlf-
icancey and a 97-blt adder forms a double precision 1°s complement sume.

The exponent of the 48-bit lower half coefficlient entered in X} iIs 48 dec~-
Imat less than the exponent of the uposer half coefficient.

If an overtion of the highest order coefficient bit occurs during the add
operationy, the result coeftficient is displaced one bit and the result
exponent is corrected by one count,

The double precislon sum Is normallzed and the upper half result is there-
fore normalizedy but the lonwer half result Is note.

Thils instructlion Is intended for use in floating polnt calculations Involv=-

7 double precision or multiple precislone. Used together with the single
. eclsion FP sum fnstructlion 20XXy this Instruction forms a double pre-
clslion sum in two X registers with no loss of precisione

ISSUE GONDITIONS

X} reglster 1s free one clock period after instruction Issue
Xk treglster Is free one-clock perlod after instructlion lssue
X reglster Input path Is free elght clock periods after issue

; EXECUTION TIMING

R

No execution delays possibie atter this instruction issdyes from IPT.,

e

Y



s EXECUTION TIMING (continued)

T R i — iy .

-

CPO

CP1L

cpPe
CcP3

CPu4
cPs

CPa
Con

CP8

Instructlon issues from IPT
Transmlt | and k designators to register modules
Set X} reservation flag

N hd

Read (X)) to floating add module FA

Read (Xk) to floating add module FA

Compare exponents

Transmit coefficlents to pre-add shift register
Select smaller exponent

Shift coefficients for bit alignment
Transmit coefficients to 97-pit adder

Form double precision sum
Transmit DP sum to blt position network

Determine significant blt position
Transmit result to shift network

Perform S6=-blt normallize shitt
Clear X)) reservation flag

-~ Enter tower halft of result In X}

Rl XN NI

[ (08) 3
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- e e en - -

i
{ 1 002l1))hk | Floating double preclision difference ( ]
------ conm—e of (X)) minus (Xk) to X} [ (09) 1

(?3 cemroo-

This instruction forms the floating double preclision difference of two
" floating point operands read from the X} and Xk registers, and enters the
lower half ot the (X)) minus (XK) resuylt in the X] register.

"The tWo operands are nof rounded Iin this operation and may or may not be
* normalized. (X)) and complemented (Xk) are unpacked from floating point

format, tne coefficient with the smaller exponent is shifted down by the
' difference of the exponents, and a 97-oit adder forms a double precision
{ 1*s complenent sume The exponent of the 48-bit lower half coefflicient
entered in X) Is 48 decimal less than the exponent of the upper half
coefficients -

If an overflon of the highest order coefficient blt occurs during the add
operatlon, the result is displaced one bit and the exponent [s corrected
by one count.

The doubte precislon difference is normalized and the upper half result
ls therefore normalized, but the lower half result is not,.

This Instruction Is Intended for use In floating point calculations In-
ﬁrﬁving daouble precision or muitiple precision. Used together with the
A 2le precislon FP difference Instructlon 21XX, thls instruction forms
a 96-bit Jdouple precision difference in two X registers with no loss cf
‘ preclision.

o ISSUE CONDITIONS

X} register is free one.clock perlod after instruction lIssues
Xk register Is free one clock period after Instruction issues
X raglster input path is free eight clock periods after issue

EXECUTJON TIMING

‘No executlon delays possible after this Instruction issues from IPT.



o EXECUTION TIMING (continued)

CcPt

CPO

cpP2

CP3

o
CcPs5

GPb
cer

cPs

"Instruction issues from IPT

Transmlt } and k deslgnators to register modules
Set X] reservation tlag

Read (X)) to floating add module FA

Read complement of (Xk) to floating add module FA
Compare expocnents

Transnlt coefficients to pre-add shift register
Select smaller exponent

Shitt coefficlents for bit ailgnment

Transmit coefficients to 97-bit adder
"Form double precision sum

Transmit DP sum to bit position network

Determine slgnificant bilt position
Transmit result to shift netvork

Pertorm 96~bit normalize shift
Clear X) reservation flag

Enter lower half of result in X]

g Iy s (REy o

- oo

[ 0021 )
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............. { 0622 1

| 0022))kk | Floating divide of (X]) by (Xk) to X] ( )

THIS "Tnetructlon reads operands from the XJ and Xk registers, forms a
~floating point guotient, and delivers this result to the X} register.
The dividend operand Is (X)) and the divisor operand is (Xk)e These
~operands are assumed to be numbers in floating point format. The

remainder from the division process is discarded.

ISSUE CONDITIUONS

X) register is tree one clock period after iInstruction lissues
Xk register is free one clock perlod after instruction issues

EXECUTION TIMING

()



R L 0023 )
|7 1332811k 1 Ropulation count of (xk) to X} t
{7 eeeemamans - L (08)

This lnstruction reads an operand from the Xk register, counts the number
of 1 blts [n the operana, and enters the count in the X} register, The

« word entered in X} Is In positive integer format. It (Xk) 1s all 1°'s, a3
count of 64 decimal Is entered In the X) reglister. If (Xk) Is all p°s,

4 4 zZero word s entered In the X) register.

This Instructlon |s intended for use In data processing where a degree of
coincldence Is desired,

o

< ISSUE CONDITIONS

X} reglster Is free one clock period after instruction Issues
9 Xk reglster Is free one clock period after instruction Issues
X register input path Is free five clock perioas after issue

s
EXECUTION TIMING

s £

, No execution delays possible after this instruction issJes from IPT

2 CPO Instruction issues from IPT

: Transmit } and Kk deslignators to register modules

‘ Set X] reservation flag

? Cel Read (Xk) to input register in DA module

? cPe Form partial sums

' cP3 - Form partial sums

| CP4 Form count result in DB module

Clear X} reservation flag+

- CPs Transmlt resuit to X| in register moduies

NOTES

le If the J and k designators have the Same valuey the onerand is read
trom and the count sfored back into the same X register,.

&

L))

€y
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| 0230}k | Floatina douvnie precision product { ]
LR E LRl S of (X)) times (Xk) to X] L (0C) 1

- o @ wo o W -

This instruction reads two normalized fioating point operands from the
X} and Xk rejisters, torms a floating point double precision product, and
enters the lower half of the result In the X] registera

“fhe fwo opcrands are unpacked trom floating polnt format (ihe operands are
not rounded). The exponents are added to determine the ecxponent for the
result. The recsult exponent s 48 decimal less than the exoonent of the
upper hatf coefficlent (the upper half coefficlant is extracted with the
13xX instruction).

The coefticienis arc multiplied as slaned integers to form a 96-bit double
precision intecoer product. The lower nalf of this product is then extract-
ed to torm the %48-bit coefficlent for the result. If the double preclsion
product has only 95 significant bits, a 1-bit normalizing shift is perform-
ed before extracting the lower halfy and the exponent for the resuit is
corrected by one counta

Thls Instruction Is intendea for use In multiple preclision floating point
calculations. Uscd together with the single precision FP multiply
Instruction #2XX, thls Insfruction forms a 95-bit double preclision product
» two X rcgisters Wwlth no loss of preclision.

ISSUE CGONDIVIONS
X} register is free one clock period after instruction issues
Xk rceulster Is free onc clock period after instruction issues
X reglster fnput path Is free eight clock perjods after [ssue

EXLCUTTON TINING

No oxceution delays posslible after this Instruction issues from IP7T.
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CPO

Aum o

cPi

cP?
cP3

CP4

CP5

CP7

cP8

-en 0m e wasw-o

. { 0030 )
{ ]
[ (0C) 1

- W o e

" EXECUTION TIMING (continued)

Instruction Issues from IPT
Transmlt }J and k deslgnators to reglister modules
.Set X) reservation flag

Transmit (X)) and (Xk) to floating multiply module MA
Perform slgn corrections
Separate exponents from coefficients
Form tlrst 16x48 product
Form second 16x48 product
Form third 16x48 product
Merge the three 16x48 products Into 96-bit result register

Clear X} reservation flag

Enter lower 48 bits of 96 bit result and exponent result in Xj
(entire bb4-blt result complemented if negative)

SR et s a4 e

L

¢
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| Go031])kx | Integer product of (X)) times (Xk) to X) { 0031 1]

P L L X t ]

t oo)

This instruction reads two operands (limited to 48 bits plus sign and slagn
extension) from the X} and Xk registers, forms the product, and delivers
the result to the X} register.

The instruction is performed in the fioatling multiply unit (the exponent

RTINS T TE portion 18 Aot used)e =

P

The operands are multiplied as signed integers to form a 96-bit producte.
The lower 64 bits of this product are extracted and entered in the X]

registera.

ISSUE CONDITIONS

X) reglsier 13 free one clock period after insturction issues
Xk register Is free cne clock perlod after Instruction issues
X reyister input path is free eight clochk perioas after issue

. ijtcurlou TIMTNG

No executlcn delays rpossipble after thls instruction issues from IPT,
cPo Instruction issues from IPT

Transmit )} ana Kk designators to reglister modules

Set XJ reservation flay '

crPi Transmit 7x}) anid (Xx) to fleoating multiply unit
Pcrform slon corrections

cre Forn first 1€x48 praduct
P33 Form socond 1b»4d product

Ci'a Forr third 16x0:8 produci

Leo Herge the three 1ox43 products into 3e=-pit result register
cry Clear X} reservalion tilag
(S Cnter lower i bi1s of Sop=~bit rezult in X} (complemented if negl)

3
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] 0u3Z2xxxx | Program error exit ( ]

lnig instruction format Is treated as an error conditlion and, if executed,
wlll set the proaram error exit flag In the exchange parameter word. This
condition flag will then cause an exchange Jump to address (XA). In this
casa all instructions which have issued prior to this instruction Wwill be
run to completion. Any Instructlons tollonwing this instruction in the
current jinsfruction word will not be executed. When all operands have
arrlved at the operating reglsters as a result of previousiy lssued
Instructionsy an cxchange Jump  witl occur fto the exchange package which
Is designated by (XxA).

+

The '} and Kk designators in this Instruction are ijnored. The program
address §Yored in the exchanqe package on the terminating exchange jump is
advanced one count from the address of the current instruction worde. This
Is true no matter which parcel of the current instruction word contalins
the program error exit instructione.

Inis Instruction format ls not intended for use Iin normal program code.
The program ¢rror exit flag is set in the exchange paramcter word (XPW) to
indicate that the projram has Jumped to an area of memory which may be in
ranje but Is not valld program code. This should occur when an incorrectiy

‘”\ded program jumps Into an unused area of the memory ftleld or Into a data

Aelq.

©
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I 0033xxxx | Pass q
{

AT L !

Thils Instruction is a *do-nothing® Instruction and is typically used to

fill proyram instruction words where necessary to match Jumd destinatlons
. With word boundarliess The } and k deslgnators are not used and are norm-
“ally zeroy but non-zero values will have no effect on the lastruction.

ISSUE CONDITIONS
None
EXECUTION TIMING
CPO0 Instructlon parcel in IPT

Instruction lssues

qr\ CP1 Next instruction may Issue

e

-
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122k Lo Transmlt kK to X) [ 0109 3}

P e dbed

{ (10) 1

This Instruction torms a 64=bit word with the 4-bit integer specified by k
in the lower 4 bits of the word and 0°s in the upper 60 bitss The result
is entered in the X} registers.

ISSUE CONDITIONS

X} register Is free one clock period after instruction issues
X reglister input path Is free two clock perlods after issue

EXECUTION TIMING

No execution delays possibie after this Instruction issues from IPT

CPO

cri

NOTES

Instruction issues from IPT
Transmit
S5et X} reservation flag

} and k designators to register modules

Enter k Iin lower & bits of operand register 8
Clear )\j

cihrter

()

reservation filag

in X}

“

&

o

R



h Transmit -k to X] { 0101 )
[ ]
[ (11) )

This instruction forms a b64=bit word with the complement of the 4-bit
L.intagep.specdf-ied by-k-4n the -tower 4 bits of the word and 1's in the
upper 50 bltse The resulilt Is entered In the X} register.

" ISSUE,CONUITIONS.

X} register 1ls free one clock perlod after Instruction issues

X register Input path Is free two clock perlods affer issue
EXECUTION TIMLNG

No execution delays possible after this instruction issues from IPT
G d fnsfructlon issues from IPT
Transmit § and k designators to register modules

1 } Set X} reservation flag

cPi Enter complemenmt of k plus 60 bits of 1*s in operand register B
Clear X} reservation flag

crP2 Enter (8) In X}



i 1 Jid21)ks | Integer sum of (X)) plus k to X) { 0102
! o mmmmmma - - . [
,(‘t
o
This instruction forms a 64-bit sum of the operand read from the X]
register and the 4-bit integer specified by ke The result is entered
# In the X} rejister

E

b

i

- . o

 (12)

Thils Instructlon Is intended primarily for incrementing an operand by

"3 small number. Integer sum instruction 11XX is used for addition of

farger numbers.

ISSUE CONDITIONS

X) register Is free one clock period after instruction issues
X register Inputft path is free three clock periods after issue

/.

EXECUTION TIMING

(‘*No execution delays possible after thls Instruction Issues from IPT.

CPQ - - Instruction Issues from IPT
Transmlt | and Kk designators to register modules
Set X) reservatlon flag

CcPi Read (X)) to operand reglster A
L . -Enter k.In lovwer & bits of operand reglister B
CP2 . Perforn partial add operation
Complete add operation
Clear X) reservation flag
cpy Complclte add operatjion and enter result in X]
NOTES
(
Sy

]
]
]

L")
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Inteaer difference of (X)) minus k to X}

sz rorredie- s

B ekt ap mmeme @ g

{ 0103 )
{ ]
 (13) 1

This instruction forms the 64-bit difference of the operand read from
the X] register and the 4-bit integer speclified by ke The result
Is enterea in the X} register.

‘' Thils Instruction is intended primarily for decrementing an operand by a

numbera.
larger numbers

small
subtra

ISSUE CONDITIONS

X) registers Is free one clock period after instruction Issues

cting

Integer difterence instruction 13XX is used for

X register iInput path iIs free three clock perliods after Issue

EXECUTION TIMING

No executlon delays possipble after this Instructlion Issues from IPT.

cro

ce1

cpe

cr3

CNOTES

Instructlion issues from IPT
“Transmit ) and Kk deslgnators to reglster modules

Set XJ rcservation flag

Read (X)) to operand reglister A
Enter complement of K plus 60 bits of 1°'s In operand reglster B

Perform partial add operation
Conplete add operation
Clear X) reservation flag

gt

Compléte add operation and enter result in X]

-



This instruction reads a bu=-bit floating point operand from the X} reglster

- s an em v e em o
- -

{ J1lullkr 1 TUnpack coefficient of (X]) to Xk [ 0110 )
DR -- ( )
[ (14) )

unpacks the wWord, and enters the 48-bit coefficient plus 16 bits extension
the coefticient sign bit In the Xk reglstere.

» of

exponent coefficlent

/ f=l=lmmame e RE T TP, semmmmmmea- |

(X)) 11111 14 | L8 |
el R R D D N ik e -1
AN /
| out=-of-range /
| flag /
-coefticient sign /
| |
Vv v

R e D T T T ———————— !

(Xk) 16 | L8 i

I===-- e e S REEEERY

slgn coefficient
extenslon

* No test for out-of-range condition is performedy and the out-of-range flag

<

afm exponent blts In (X)) are replaced in (Xk) with coples of the sign bijt.

ISSUE CONDITIONS

! X) register is free one clock period after Iinstructlon issues
XK register is free one clock period after Instruction issues
X register input path Is free two clock periods after issue

EXECUTION TIMING
No execution Jelays possibile after this instruction issues from IPT

CPD Instructlon Issues from IPT
frensmit J and k designators to reglster nodujoes
Set Xik reservation filag

Crit Read (X)) to operand register A
Extrict coefficlient anu sign
Clear Xik reservatjon tlag

[P —— . e e

cp2 Transmit sign extended coefficient to Xk

Hl 5

o
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™ | 0411)}kk | Unpack exponent of (X)) to Xk [ 0111 )

A Y X X [ ]
. fﬂ\ [ (15) 1
-

This Instruction reads a 64-bit floating point operand from the X]
register and unpacks the worde The exponent portion of (X)) Is sign
extended and entered in the XKk register.

b cggttlclent slgn blt -

N \
f \ exponent coefficlent
: : Co R R ——ee-
A (X)) 1111120 13 o 48 1
R R L R e L L L e L |
o ) / | \
h . / | \
i out-of-range | \
, 3 | flag [ \
' : bias \
‘ ‘ | \
U 1 R g g I L L L Ty
A {(Xk) | 51 i 13 !
|oemrmrmenn e ncnane- cerccce | cccccnaa|
sign extension exponent
' Pt

: Qu test tor out~of-range condition is performed.

ISSUL , CONDITIONS
X)'reglster Is free one clock perlod after Instruction [ssues

Xk register [< frce one clock perjod after Instruction issues
X register input path is free two clock periods after issue

EXECUTION TINING
No execution detays possible after this instruction issues from IPT..
CPO0  Instruction issues from IPT
Transait } and Kk designators to register modules
v . 5CY X PPeservaotion tlag
cPi1 Read (X)) to operand reglister A
Extract expononi

Ciecor Xk reservation flag

cre Transalt sign sxtended exponent to Xk



[ 4

L TEmmTmIEmme [ 0112 )
I 011d)jkk | Pack coetfticient Xk and exponent X} to Xk 4 ]
............ { (16) )

- an o > - wn s

L TTRLS InStFUction reads a coefficient operand from Xk and an exponent
operand from X}, packs them [nto a 64-0lt floating point word, and enters

«# the result In. the Xk register,

sign
: exponent extension coefficient
i T i rietreriuiehetaa R LT LN [ REupepny |==mmecna |mormec e cana mem———]
TN TNII2000F77 70000000180 13 1 xk) | 16 | 48 I
e b L R ETETETY| R e |===-= e —===
) , I [ / /
i “l= = e e e e eaal /
- / blas | /
¥ v v v /
l=l=lelmeaana. l=eeaaa S eemecmcemeaaaas |
: (Xk) 12911111 13 | 48 |
F) el R R R Tl LT s e I
A exponent coefflicient

I
out-of-range flag

No test for oust-of-range condition Is oerformed and the out-of-range flag
? bit in the result entered in (XK) is not set.

R

i 2UE GUNDITIONS

X} revister is free one clock perlod after Instruction issues
b Xk reglster Is free one clock period after Instruction Issues

X register Input path is free two clock perjods after issue

' EXECUTION TIMING

No executlon delays possible after this Instruction issues from IPT

CPOD

cr1

CpPe

NOTES

- Instruction issues fronm IPT

Transmit ) and k designators to register modules
Set Xk rcservation tlag

Read (X)) to operand register A
Kead (XK) to operandg reglster B
Clear Xk reservation flag

Transmit exponent of (A) and coefficient of (B) to Xk

8

L5
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T omonoscsanew

;ﬁflisljnk | Integer dJifference of zero minus (Xk) to X]

{ 0113 1
{ ]
[ (17) 1

This Instruction forms the bu4-bit difference of zero and the operand
read from the (Xk) register and enters the result in the X])

Inls Jnstructlion. lswintended.orimarlly tor complementing an operand
without obtaining a negative zero in the result.

. ISSUE CONDITIONS

n

X} .register is frec one clock perlod atter Instructlon issues
Xk register |s free one ciock period after Instruction issues
X ragilster lnput path [s free three clock periods after jssue

EXECUTION TIMING

C

o

No execution dclays possible after this instruction issuyes from IPT.

CPO

crPi
cP2

crPd

Instruction lssues from IPT 4
iransmit ) and k designators to reglster modules
Set X} reservation flag

Enter atl 0°s In operand register A
Complement (Xk) and enter in operand register B

Perform partlal add operation
Clear X} reservation flag

Conmplete add operatlon and=enter result In Xi



ey piget S [ 0120
I 1 0120xxxx | 8egin system call [MTF) {
-------- ———- [ (18)

EXECUTION TIMING

This Instructlon, when [ssued by a processor in monitor mode, sets the
system call flage This flag causes each processor not in monitor mode
to exchange to exchange address XA and sets the system call condition
tlag (SCF) In the In the exchange paraneter word.

~Unfll‘an'énu”§§3fem call instruction 0121 is executed, the system call

condition flag (SCF) remailns set,

This Instruction will be executed only it monitor mode flag MTF in the
exchange parameter word s set. If MTF Is not set, the Instruction is
executed as a pass Instructione.

This instruction is intended to be used to Initiate Inter-processor

communication by causing processors to heed the system call for program
reasslgnments.

ISSUE CONDITIONS

g

(

No execution delays possible after this Instruction Issues from IPT.

CPO Instruction lssues from IPT

. . Do S e 1.

CP1 Nexi instruction .may Issue

-~

]

Q

()



. T ( 0121 1
J12ixxxx | End System Gall [MTF) [ ]
, TTTssssssses [ (19) 1

- oen op e @ e -

This lnstruction, when [ssued by a processor in monitor modey clears the
system cali{ flag (SCF).

Ue¥rie—instructton-wit t—be-exccuted-only it the monitor mode flag MTF in
exchange parameter word is set. If MIF s not set, the instruction is
executed as a3 pass lnstruction.

The lgand‘k designators are ignored In the Instruction.

i

ISSUE CONDITIONS

EXECUTION TIMING

€
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" Lst2000hn | Block Input channel (X)) to address (xk) [(MIF] t
(

........
w

frjis instruction inltiates the input of a block of data arriving on I/0

4 channel (X]) and stores the data In consecutive address locatlions in
“memory Deglnning at aosolute address (Xk). The length of the block of

+ data ls determined by the system I/0 station (I0S)e Only the lower 4 bits
»# of (X)) are used to specify the channel number,

A block of data consists of one or more words sent by the I0S. Each input
J word Is elther 8 blts or 12 bits depending on the channel (X]) selectlione.
~°The inpyt'words ‘are assembled Into b4-blt words for storage In the 8600
memorye. Partially assembied o4=bit words are filled out with 0'se
]
Sample block of elghteen assembled 8-bit words in 8600 memorys

I e DY R S S S S T S S
¥/ (Xk)¢1 1 8 | 8 1 8 1 8 | 8 | 8 1 8 | 8 {

(Xk(42 | 00000 = = = = = = =« = = = - 00000 1 8 | 8 !
d aaeee Gom o mm s m s mmamame-- Ll e R R T VA iy

. [T

Sample block of nine assembled 12-0it words In 8600 memory $

-----—-—t---------—-o--—-o--——-----—-.—-----—------—

: i?\ {XKk) I &l 12 | 12 | i2 [ 12 1 12 |
l’ - A s wn onwn - bl R R Ll L o ) - I wn an on e em

- (Xk)+1 | 00000 - = = = - 00000 | 12 ! 12 I8 1

[}

- Each Ilnput word is accompanied by a word flag sent by the IO0S and is
acknowledged by an 8600 channel resume slgnal sent back to the I0S.
The block input operation Initiated by this Instruction is terminated
by a record flag sent by the 10S to the 8600. Thls record flag must

i not be sent to the 8600 by the I0S until after the receipt of an
8600 channel resume signal acknowledylng that the last word has been
recelved. The rocord flag wlll cause one of the 8300 orocessors to be
i Interrupted,. Another 8600 channel resume wWill be sent to the I03 to
indlcate that the teraminating record flag has oeen acknowledged and
that a processor has been interrupted.

-This instruction will be executed only if the monitor =mode flag (MTF)

in the exchunae parameter word is sete If the MIF is not set, the
Instruction is excecuted as 3 pass instruction.

ISSUE CUNDITIONS

X} register ia free one clock period atter instruction lssuyes
( XIK register s free one clock period after Instruction lssues
x
EXECUTION T IMING
8

G

€

o



[ 0123 1

iﬁﬁlzsjskx I Block output channel (X)) from address (Xk) [MTF] [ ]
--------- - [ (18) 1

.

Thls instruction Initiates the writing of a block of data over output
channel (X}J) from consecutive address locations beginning at the absolute
address soecified by (Xk)a Only the lover & bits of (X)) are used to

_speclfy the channel number. .
A record fiaj Is sent to the recelving device with the first 8-bit or
12=-bjit output data word.

The length of the block of data Is dictated by the system I/0 station (IO0S)
The channel outnut process Is terminated by a record flag sent to the
86U0 by the [0S Hhen the record flag is recelived by the 85600y a parity
status word is sent to the 10S indicating whether or not a memory parity
error occurred while reading the output data from the 8600 memory. A
parity status word of all 0's indlicates that no parity erro~ occurred; a
parlty status word of 1111 (octal) Indlcates that a parity did occur.

To Insure that the proper parity status word Is read, the status word
should not ve read by tne IO0OS until the 8600 has returned the channel
resume signal acknowledalnyg that the terminating record flag has been
recelved and that a processor has been interruptede.

(“’s insfruction Wwill be executed only if the monitor mode flag MTIF In

..e exchanye parameter word ls set. If the monitor mode flag Is not set,
the lnstruction is executed 3s a passe :

ISSUE CONODITIONS

X} register is free one clock period after Instructlion issues
XKk register is free one-clock period after lnstruction issues

EXECUTION TIMING
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.J(d___-_------ [ 0130 )

I 0120J)xx | Read channel request to X] [(MIF] { ]

S, [ (1C) 1

“ - e o oo
4

“MIth}lnstruntfon transmits-to-the (X)) reglster the identity number of the
I70 channel which causea an interrupt. Any subsequent I/0 interrupts are
J disabled until this instruction is executed,

The k designator is ignored iIn this Instruction.
J \
~JInls Instruction.will be executed only If the monitor mode flag MTF in

- the exchange parameter word is sete It MIF is not set, the instruction
J ls executed as a pass instructione.

TN YRR

J ISSUE CONDITIONS

1 XJ;reglster is free five clock perjiod after Instruction Issues
;:QT\

) EXECUTION TIMING

A~
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| 0131xxkk | Load XA trom (XK) [MTF)

nres ot

[ 0131 )
( ]
( (10) ]

This Instruction loads the address contained In the Xk register into the

exchange adaress XA portion of the exchange parameter wnord (XPH).

20-bit address

- GD we s - ---------—-“---‘---------' -------’ - v @ -

XK (////////////////////////////l 7 | 8 I 5 1
st e an o e e e - D em v W O W W o—o---u-----—‘-—-----.-l ——————
63 19 12 | 05 ao
|
8 bits
|
v
--------------------- | e —-- ' - e - e b T h . YR D b B W W
XPH [ mode | cond.l RA Ioxa | FL | P ]
- e oo wn - v e R -l—----—‘ ..... P L T T R X 2
63 39 32 00

“ The ) deslignator is lgnored In this instruction.

This Instruction will be executed only it the monitor mode flag MTF in
' » exchangye parameter word ls sets If MTF iIs not set, the Instruction
- Is executed a3 a pass instructione.

r h fie

_ ISSUE CONDITIONS

" XK regiéter'is free one'clock perisd after instructlion issues

EXECUTION TIHMING

No execution delays possible aftter this instruction issues from IPT

- GPO Instruction lssues from IPT
Transmit k desianator to register modules

CPL Read '(Xk) to DA module

Che 1ransuil XA to PPR register

a
B
%,
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bt

_______ -———— [ 0132 )
| sl RXXKX | ( ]
e mmmm s ———- { (1) 1
e e m e ——— Program error exit - —em—————-
Y 133xxxx | e m————
e mmsmece~. , [ 0133 1

. . [ ]

[ (1F) ]}

This Instruction format Is treated as an error condition and, It executed,
will set the prooram error exit flag in_ the PPR register.s This condition
TTag wiltl i1nen cause an exchange Jumdo to address (XA)e In thils case al|
instructions which have issued prior to this Instruction will be run to
completion. Any Instructions following this instruction in the current

‘instruction word will not be executed. WHhen all operands have arrived at

the operatiny registers as a result of previously issued instructlions, an
exchange Jump wlll occur to the exchange package designated by (XA).

The }J and k designators In these instructions are Ignoreds The program
address stored In the exchange package on the terminating exchange jump is
advanced one count from the address of the current instruction worde This
Is frue no matter which parcel of the current Instruction word contains
the programn crvor exit instructione

These instructions are not Intended for use In normal program code. The
¢ varam error exit flag is set in the PPR register to indicate that the

( aaraem has Jjumped to an area of memory which may be in range but is not
valld proyi ww cuueese This should occur when an incorrectly coded program
Jumps Into an unused area of the memory field or Into a data field.

¢

3

-~



- e wn o w o -

'WI beoox;x« | kKkinkkhkk | Store data at address X from X] { 0200 1

--------- smo-sssseesmo- [ )

{ (20) 1)

g . i
R W * !
g . —wocacaes
’

e p et ottt Sebene ot T B T

This Instructlion writes one 64=-blt word from the X] register Into memory
at the absolute address formed by adding the address specified by K to
the memory reference address RA from the processor exchange packagee.

“CItthe 'tield length FL is exceededy, the memory reference Is aborted and
' an exchange Jump ls mode to the exchange address XA in the processor

exchange pacKage.

It a parlty error occurs in reading the old data at the indicated memory
addressy the error Is lgnored and the processor cperation continues In a
normal manncre.

This Instruction allows a processor to write data Into memory from any
of thé 16 . X registers in the processors

ISSUE CONOITIONS

X) register is free
(A A storage access buffer Is avallable for this processor

EXECUTION "TIMING~

S e ¥
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2L ) Pk | Store data at address (XKk) ftronm X) [ 0203 ]

S instruction Writes one worg from the X] register into memory at the
clute sg0r1ess formed by adding the address specified in the lonwer 2g

the field fength FL is éxceeded, tne MeMory reference is aborted ang
exchange Jump js made to the exchanje address xa In the processor

SRR

a parity erropr occurs jin reading the ojg data at the Indicated memory
r§¢Ssy 'the error js ignored and the Processor operatjon continues in a

J hormal manner|

ISs

P

Mak

——

UE' CONDITIgNS

Xj'regisTor‘ls free one clock perjog after Instruction issues
XK register Is tree one Clock periog atter insfruction issues
A storage access buffer s available fopr this processor

¢
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Ny o ::':z.)éw‘*a-rl‘i-’ s A e et [ 0202 ]
| 0202))kk | khkkkkkkk | Read data at address K to X] and [ )
----------- ittt Store (X)) Into address K  (22) 1

- o = £ . fgha s P

Thls instruction simul taneously?

| resais a word of data from an object program storage field address and

' en'terslthaf word in the X] register; and

stores the original contents of the X} register at the same object

Y+ we.prograe’ Storuyge field addresss

The storage address is determined by adding the K fleld-from the

instructipn td' the object program reference address.
performedjln a twos complement mode.

n i '
«A separate te2t-wbs made. to determine if the value of

i considered as a 20 bit positive iInteger is equai to,

Thnis arithmetic is

the K field
or greater than,

the current object program field lengthe If this Is the case, the object
program [s interrupted by setting the data tield i(imit flag in the
exchange purumeter worde The storage reference is avborted in this case

and an exchange Jump Is made to exchange address XA.

™.

| (gsu& CONDITIONS

X] regi~nter is free one clock period after Instruction issues
A storage access buffer ls avallable for thls processor

EXECUTION TIMING



) emmbcacoa - [ 0203 )
-0 weddiikc | Read data at address (Xk) to XJ and ( )
| cemmememe—m.. Store (X)) into address (Xk) U (23)

This instruction Slmulfaneouslyl
‘ reads a word of data fronm an object program storage field address and
o enters that word in the X) register} and

stores the original contents of the X] reglster at the same object
) projram storage tilela address,

v e

PR ————

The storage address Is determined by adding the current (X)) to the ob)ect
J program reference address, This arlthmetic Is pertormed In a tvos
complement moda,

' A separate test [s made to determine It the value of (XK) considered as a
20-blt positive integer is equal toy or greater than, the current opject
progran field lengthe If this is the case, the objJect program is

I interrupted by setting the data field 1imjt flag In the exchange parameter
Words. Tho,storaye reference is avborted in this case and an exchange Jump
Is made to the, exchange address XA,

i
i
Ly

 ISSUE ConDITIONS

F ti“\x11register Is tree one clock perliod after Instruction Issues
A sforage access buffer is available for this processor

[,

" EXECUTION TIMING

LY
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| 02101 )kk | kKkitkitkkk | Read data at address K to X]) [
{

.. .h PP ol
This instruction reads a word of data from the ob}ect program storage
field and enters that word In the X) register. The storage address is
determined by adding the K fleld from the instruction to the obj}ect
program refercnce addresse This arithmetic s performed in a tno's
compiement mode. )

Py g aee o .

A separate test [s made to determine if the value of the K fleld

considered as a 20-bit positive integer is equal to, or greater thany

the cyrrentvobjest program field lengthe If this Is the casey, the object
proar;m Is Interrupted by setting the data field timit flag In the exchange
parameter worde The storaje reference [s aborted in this case and an
exchange Jump Is made to the exchange address XA.

ISSUE ;CONDLTIONS |
3

X}fregle#ermis free one clock perlod after Instructlion Issues
_A d4torage. arcass buffer is available for this processor

. EXECUTION TIMING

P

» |
{d Hinimum executlon time for thls instruction is 15 clock perliods.

Defgy§,maquccur in the arrlvat ot the data vord at the X register
“due to 'storage bank conflicts o~ other processor confllicts iIn
stdrage access controle

;CPdO ﬂinsirdctlon Issues from IPT
! ' Set X] reservatlon flag

! |

C4 CPOL " “iran<alt “zeroes to operand register A

Transmit K to operand reglster B

CPO02°  Integer add front half

i
'

cp33 Integer add back half

irrans4tt integor sum to RA adder In IW module
Transnit reference flag to SA module

. o DR P S

CPQH - Plewer '8 bits of address arrive at SAC

CPQS ;Uun?r‘lz bits of address arrlve at SAC

Crob ’Acknuwlodgv from SAC

CP1ly GClear X} reservation flag )
{ cP1S Data word arrlves at the X register

By



,-.._t-—-—-'-,'t‘f" L - ( 0211 ]
:5T?1TTQH I"""Read data at address (Xk) to X} [ ]
------------ [ (25) )

c« This Instrectiofi ' resds "a word of data from the object program storage

«J

¥
1

H
i

field and enters that word in the X) register, The storage
address Ils determined by adding the current contents of the Xk
reglster to the object program reference addresse.

This arithmetic is performed in a twos complenent moda,

A separate test Is made to determine If the value of {Xk) consldered as a
20-bit positive integer is equal toy or greater than, the current obJect
program field lenygths If this is the casey the object program is
interrupted by setting the data tield limit fiag In tne exchange parameter
worde The stdrage reference is abarted in this case and an exchange Jump
Is made to the exchange address XA,

S O rat o

.ISSUE?CONQI$IGNS"

i
X)'register is free one clock period after instruction Issues
Xkiregister Is free one clock period after instruction Issues
A storage access buffer Is availaoie for this processor

QU L

EXCUTION "TTHING

\

- ;Miﬁgmqmwaxeﬂuﬁioauiime for this instruction Is 15 clock periodse

Delays may occur in the arrival of the data word at the X register
due to storage bank conflicts or other processor conflicts in
,st%rage,qccgss controle.

N t '

| _
CPOD . Instruction issues fom IPT
‘JAM“_tLﬂmﬁﬁgldzihreservaflon flag
cPO1 Transmit zeroes to operand register A

,Iraqsmlf (Xk) to operand reglster B

i bi
crue 'Integor add front halt
: )

i CPO3* ° “inteiir ‘add back half

Transuit Integer sum to RA adder
Transmit refercnce flag to SA module

CPO& Loner 8 bits of adiress arrive at SAC
CPOS - Loud™ 12 bits of address arrive at S$SaAC
CPOG .Ackngu!vdgo from SAC

‘ CPiQ Clear X) reservation flag

‘”éPiS . Uatd‘word arrlves at the X reglster

B



D e R il ——--- [ 0212 ]
I 0212))kk | kkkKkkkkk | Read program at address K to X) { ]

L N RN R R RN - o oo o [ (26) ]

~
- 2. - P S b Eb A a» o>
al
1
This 1nstruct(on reads a word out of memory at absolute address K
and enters tnat word in -the X} register. (The reference address
* RA and the memory fleld length FL from the exchanye parameter word are
used in this instructlon only If PRF Is sets)

- i

PN S R N DAY e v e s s o g R s

' Dy
| ’ ‘

ISSUE CONDITIONS
]

'" XY ‘register 1S free one clock period after instruction Issues
A storage access bufter Is avallable for this processor

1 v .
i

; . I
EXECUTION’TIMLNG
3 i
“Minlmum cxecution time for thls instruction Is 15 clock perlods.
Delays may occur Iin the arrjival of the data word at the X reglster
due to sterace bank conflicts or other processor conflicts in
storage access controle.

Ny

¥ «k cPQo Instruction issues from IPT
: sef X) reservation flag

CPo1L Transmlt zeroes to operand reglister A
t'Transmit K to operand register B

' CPO2 'nInfeger add front halft
cPO3 Integer add back half

Transmit integer sum to RA adder iIn IW module
Transmit reference flag to SA module

CPiu Lower 8 bits of address arrive at SAC
JCPOS ~M‘U;mlc‘r‘rlé b;tgvof address arrilve at SAC
CPﬁB":ﬂnckﬁoﬁledgc from SAC
CP1ly . Clear XJ) reservatlon tlag
cP1Y Data word arrives at the X register
L
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I ve13))kk | kikkkkkkk |  Read progranm at address (Xk) to X) [ ]
------------- e L [ (27)

This instruction reads a word out of memory at the absolute address spec-
ified by the loder 20 bits the Xk register and enters the word In the X]

P reglster. (The memory reference address RA and the memory fleld length FL

P

from:The exchange parameter word are uJsed Ln this instructlon only it
the PRF IF sat,)

PO
s tme aae .g‘-, ot D et b owotha

. t
ISSUE?CONDITIQNS

/ : ! A
4 X} reyrster 18 ‘free one clock after instruction issues

¥

Xk register s free one clock after instruction issues
A storage access bufter Is available for this processor

? EXECUTION TINING

Minimum executlon time for this instruction is 15 clock 2erlods.

P Delays may occur In the arrival of the data word at the X register

e

due to.aiorage bank conflicts or other processor conflicts in
Qf storage access controle

GCPOO0 Ins#rucflon issues from IPT
Set X} reservalion tlag

CPUL Transmit zeroes to operand register A
: Transmit (Xk) to operand reglister B

~GPC2 - ~Int:oger add front front half

/ CP03 Integer adid back half

Transmit Integer sum RA adder In IW module
Transimit reference flay to SA module

CPC%  ':oin 3 blts of address arrlve at SAC

CPOS Upoer 12 bits of address arrive at SAC

L T .

Cro6 Acknowledge from SAC

CP1Y Ciear XJ rescrvation flag

CP1S Data word arrives at the X register
L

9



memory fleld

0220] ) ki |
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o

Thls Instruction reads a word out of memory at an absolute address formed
by adding sign extended K to the current program adaress Py and enters
that word in the X} register. (The memory reference aidress RA and the

kkhkkkkk | Read program at address (P + K) to X) [ 0220 1

[ (28) 1

length FL from the exchange parameter word are used in this

\”Tn%fru&ffdh“dﬁ1Y'1fwaéWPRwas set.)

3

ISSUE CONDL:10S

X} reglster Is free one clock period after iInstruction Issues

A storag

e access buffer Is avallable for this processor

EXECUTION TIMING

<~

£

Minimum

execution time fo thls Instruction is 15 clock perliodsa.

Delays may occur in the arrival of the data word at the X register
duce to storfage banikk conflicts or other processor conflicts in

storage

CﬁOO

CRIL |

| ,
CrRo2- i

CPO3

H
!

Choe. .
CPOS
CPOv
T

crPibh

access controla.

instivction “issues from IPT
Set X} reservation flag

“Trpnsmit P to operand register A
Transmlit K to operand register B

Inteqger add front half

Integer add back half

“Transmlt integer sum to RA adder Iin IHW module

Transmit reference flag to SA module

Lower- 8 bits of address arrive at SAC

Upper 12 bits of address arrive at SAC
.

Acknowledge from SAC

Cloear.X) reservation flag

Daota word arrives at the X regylster
1

Ser m oty - -

P
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ls 1 U221))Kk | kkickkkkk | Transmit P + K to XJ

This Instruction forms the sum of the current program address P plus a
sign extevdedglncrement Ky and enters the result in the X] reglister. The
’ resulf is'a vbh-bit word nlth 0°s In the upper 44 bits,

L

/ o
ISSUE GONDITIONS

' T

/ X]'register is free one clock period after Instructlon lssues
X registcrilnput path Is free three clock periodgs after issue

s
EXECUTION TIMING

) No execution delays possible after tnls instruction issues from IPT.

cPO 1st instruction parcel In IPT
J Instruction jssues
Transmit } and k deslgnators to register modules
Set X]) reservation flag

éf P1 2nd Instruction parcel In IPT
Enter P ln operand register A

¢ Transmit K to overand register B

cpe Perform a partial add
Cilear! X] reservation flag

i P
cP3 | Complete add operation and enter result in X]
NOTES | - ™" ™
Fye! 4 ]
4,
Yo L4

S



I G22211KK | KKKKKKKK | Transmit K to X}

(7--“--*---"'--—---—--
) - wn e o>

This Instruction enters the 20-bit program constant speclified by the
K field in the instruction In the lower 20 bits of the X) register.
The upper bits of X} are sign extended.

il % 4l
N LY >

0

t

ISSUE CONDITIONS

iy

]

. XV, reglatern, ls ftree.one clock period after instruction Issues
X register lnput path is free two clock periods after issue

EXECUTION TIMING

~No execution delays possible after this instruction issues from IPT

CPO

CP1

cgz

NOTES

. ¢.Instruction lIssues from IPT

‘Sel; X} reservation flag

Iransmit K to operand register B
Clear X} reservation flag

Yenter (B) in X)
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[
1 0223))xx | Transmit XA to X} [ ]
{

- e e M En e e

«# This Instruction enters the 8-bjt exchange address (XA) portion of the
exchange parameter word (XPHW) iIn the X} reglster. The k deslignator is
ignored in tnis Instructlion.

4
The XA portion of XPH contains the exchange package address with the

lowest order 5 bits removeds These lovwest order 5 bits of 0°s are added
#-in--this instruction When XA Is transmitted to X]

" 3 i N %:s v,* g,i .—‘a- ------ - er s - --o----'--s---’ .......... Radiadh B I I R S,

L, XPWi L mode | cond.l RA | XA 1 FL i P )
o T kT E T PR el T L L e
PR 63 - - - 39 \ 32 00
| \
\
Yoo \
! Vv
--““ﬁ--"-----‘--‘- ..... -----‘------,-‘---Q‘ ......
) (X)) : I XA 1 0's ]
--------- -‘-------‘------------------'----_-‘-&“-.
63 12 05 04 a9

s B .
P SUE CONUITIONS

! X} reqlc’ -~ j free cone clock perlod after Instruction issues
X reglstrer input path Is free two clock periods after issue

k] . -
EXECUTION TIMING
No execution delays possibie after this Instruction issues from IPT

. cPo Instruction issues from IPT
! . Set X)) reservation flag

CcP1. Transmit XA to operand register B
Clean X} reservation tlag

t

cP2 Enter (B) In X}

@

[

b



............ [ 0230 ]
Lewe 230 xxXk1y 1. Get Interlock flags trom (Xk) [IPF) ( )
‘(')---;‘---..‘r-;. ; [ (20) )

i

This Instruction sets the Interlock flags specified by the the lower

20 bits of (Xk)e *1° bits in lower 20 bits of (Xk) set the corresponding
bits In the 20-pit Interlock tlag registers *'0° bits In (Xk) do not
change the contents of the interiock flag register.

The ) designator and the upper 44 bits of Xk are Ignored In this
Iinstruction .

This [ns}ﬁuétibn will be executed only if the interilocx flag IPF In the
exchange parameter word is set. If IPF Is not sety the instruction is
executed as a pass Lnsttucfjon.
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o7
Thils Instruction clears any of the 20 interlock fiags speclifled by the
lower 20 blts of (Xk). ‘1* bits In the lower 20 bits of (XK) clear the
<+ corresoonding bits in the 20-bit interlock flag register.s °'0°' bits In
(Xk) do not chanye the contents of the Interjock flay reglster,

L P eyt 4

¢
Clear interlock from (Xx) [IPF] [
(

: [T
[T ~

« The |} designator and the upper 44 bits of
Instruction.

H i

(Xik) are ignored In this

4 This instruction will be executed only iIf the interiock flag IPF in
the exchange parameter word Is sete If IPF is not sety the instruction
~Will he .eilcuicu as a3 pass Instruction,

i e R A S R BT e A oD e 0w
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f'(ai,_‘_-_JB; J, [ 0232 )
23%1]xx I Read interlock flags to (X)) { ]
X [ (2E) ]

* . Vo v e e el - .
- e -

res. o
This instruction enters the contents of the 20-bit interlock register In
the lovwer 20 bits of the (X)) reglster. O0°'s are entered In the upper 44
CBITE Of (X[

’vThg K

designgf%rvls ignored In this Instruction.

2 o e 0T

o
!

» I b R VAT

| ISSUE COMDITIONS
t

X} reglsier’'Is tree one clock period after Instruction issues
X reglster Input path Is free two clock perlods after issue

EXECUTION 1 .16
No execution delays possible after this instruction issues from IPT.

€“~CPG Instructlion Issues from IPT
, Set X) reservation flag

cr1 Yransmit interlock register to operand register B
Clear X) reservation flag

CPZ Enter (B) In XJ

L —
-

¢
aae?



............ { 0233 1

~132551)xx | Read Internal clock to X} { ]
mememmeae [ (2F) 1

A

F The X] reglstér Is cleared and entered with the current contents
of the Internal real time clock countere.

2 This Instructlon is Intended primarlly for use In deftermining the elapsed
—tinc vetwen scieCtod™ O INYS ™ In program execution.

?

ey
it

ISSUE CONDITIONS
’ X ;
. X) reglltzr I3 free one ciock period after Instruction Issues
X reglster input path is free two clock perlods after issue

5

EXECUTION TIMING
' ) ) i

No nxoeciting ielays possible after this instruction Issues from IPT
3 cPO Instructlon lssues from IPT
: Set X) reservation flag
¥ «. crP4 Transmit RTC to operand register 38
Nflte-~ Y} . reservation flag
) cpPe Transmit operand register 8 to X] register

G
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| 0300))kk | kkkkkkitk | Jump to P + X { 0300 1)
( )

gy e emmqrrmm s esse oo
' i , [ (30) )

] Tt - o wnav o> oo

This instruction terminates the current program sequence and Initiates a
neWw Sequence. The value of the K field from the instruction considered
as a 20=bit rositive integer Is added to the current contents of the P
register. HNo turther instructions are lIssued from the current instruction
words. If the Instruction address stacxk IAS contains an address equal to
the new content of the P register, the corresoonding instruction word is
read to the cdr~ent instruction word reglster CIWe. If there Is no address
colncidenge in, the IAS an iInstructlon fetch is initiated for the new

program scauence.

ISSUE CONDITIONS

none

EXECUTION TIMING

‘ qh‘Executlon time for this Instruction is seven clock periods [f the

destlnation address lIs currently In the Instruction address stack IAS.
Mininumn cxecuticn time is 20 clock oeriocds If the destination address
is not in the IASe Uelays may occur in this latter case due to stor-
age bank conflicts or other processor conflicts In storage access

control.

P THL e b b
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e EXCCUTIUN TIHING  (continued)

- p NGH IN,

{

STACK
Instructlon issues from IPT

iransmit P to operand reglster A
Transmit K to operand reglster B

Inteqger add front half

Integer add back half
Transmit Integer sum to P reglster

Coincidence in IAS

"Read IWS to CIW reglster

2 CPOO
cPO1L

F 4
crpoz

o
CPU3

P) 4
CPOY

4 CPOs
CPO6

’

‘ crPo7

Read CIW register to IPT

Next instruction can Issue

JTBRANCH OUI UF s1ACK

‘ cPOD
)

Q“Cpﬂi
F I
, cro2
Y CPOY

t

JInstruction lssues from IPT

Transuit P to operand reglister A
xTraqgmit K to operand register B

Integor add front half

Intéger add back half
Jransmit Integer sum to P reglister

Voo GPOLs s NG CcOINE4dence-in TAS -

'.ocPOn

CPUG

Y ocpor

cros

CPL7

' cria

. MNaow ¢

Set out of stack flag 0SF

Tiansmit P to IFA register
Transnit P to RA adder

t
Transqit reference flag to storage access control

Lower 8 bIts of addiress to storage access control

ycper 12 bits of address to storage

access control

hecanowledye from storage access controi

Instruction word arrives at IWS
Read Iwl to CIW reglster

Read CIW rejister to IPT

R T
| SR |

ruction can issue

i
Xy i

( 0300 )
{ ]
[ (30) 1]

[

2



;fﬁkolj)kn'l kkkkkkkk | Call subroutlne at P + K { 03011
- . - e W W s G Ab S8 W em e S W A - e - [ ]
[ (31) 1

This Instructlon enters the current program address P In the X) register
and causes the current projgranm address sequence to unconditlonally branch
1o g nen piovgtdnl Jdirusssoquance-beglaning at the address formed by
adding the value of the K tield from tne instruction considered as a 20~
"bit positive integer to the current contents of the P register., No
further instiructlons are issued from tne current instruction worde If the
insfiruction address stack IAS contains an address equal to the new content
of the P reglstery the corresponding instruction word is read to the
Ccul'tteni iNow wefidn vord register CIHe It there is no address coincidence
in the IAS an Instructlion fetfch is Initiated for the new program sequencee.

The return address ls entered In the XJ reglster by this Iinstruction for
use by the subroutine on completione

ISSUE CGONDITIONS

Q"X) register Is frce one clock period after Instructlion issues
X reglster input path is free 3 clock periods after issue

EXECUTION TIHMING

Execution time for this instruction Is seven clock periods if the
destination address 1S currently In the instruction address stack IAS.
Mirimie »~xe~utlon tlme is 20 clock periods If the destinatjion address
is not in the IAS. Delays may occur i this latter case duc to stor-
age bank conflicts or other processor conflicts in storage access

controle

-
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it N IIIeTTIATNG  (continued)

. (ﬁ‘mdrl INStack e _—

CPOD i Instructlon Issues from IPT

#
cPOL Transnit P to operand register A
Transmit K to operand register B
PE i ’
crO2 JTransalt (B) to X]
.Inteaer add front halt
P IR e e e son e pmn o et - e
CPO3 Integer add back halt
Transait Integer sum to P register
' o '
CPO4 .Coincidence in IAS
s 0PDS "-at T4YS to CIW register

CP0b6 Read CIW reglster to IPT

;
; 1 g

i

# BRANCH QUT NF STACK

croo Instruction issues from IPT
] : ,
~CPU1 Transnit P to operand register A
qa\ Transmit K to operand register B
' ) .
cPoR Transmit (B) to X}
Integer add front hait -
) ,
CrPD3 Integer add back haif
' Transmit Integer sum to P reglster
i
CPUy No coincldence in IAS
Set out of stack flag O0SF
’ )
- CcPOS Transmit P to IFA reglister
Transmit P to RA adier
Transmit referonce flag to storage access control
. CPRUb Loder 3 bits of address to storage access 6on?rol
ceoz Upper 12 bits of address to storage access control
croa Acknownlicdge from storage access controi
cCPL? Initructlion word arrives at IHWS
i
cP1s Read IWS to CIW register
¢ r1y Read CIH register to IPT
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S 0SU] kK | keikkkkk | Jump to P + K if (X))} in ranje ( 0302 1

- ( ]
- .  (32) 1]

This instruction causes the program sequence to branch to the current
program adJdress P plus a sign extended increment K it (X)) Is in rangey
or contlnue the current program address sequence if (X]) is not In range.
(X)) Is not In range for any of the following casest

i

(X]) = 0311 1241711117 XXXX eeeecssceoe XXXX positive overflow
(X)) = 1000 D0UD 0000 XXXX eesseeceesee XXXX negative overflow
(X)) .= .0011 1111 1111 XXXX eesscevcose XXXX positive indefinite
AXJ); = 1100 GUUD 0000 XXXX eesscececese XXXX negative indefinite
(X)) = 01XX XXXX XXXX XXXX seeseescess XXXX positive out of range
(X)) = T10XX XXXX XXXX XXXX eescececcce XXXX negative out of range

ISSUE CONDITIDNS

X) reglster Is free one clock period after Instruction issues

i

EXECUTION TIMING

C

™.

Execution time tor this Instruction Is seven clock periods iIf the
destination address is currently In the instruction address stack IAS.

S Minimu. excecution time is 20 clock perlods 1f the destinatjon address

is not in the IAS. Delays may occur in this latter case due to storage
bank conflicis or oither processor conficts In storage access control.

I, (X}) is not In range (branch fall through), execution time Is three

clock perliods

ANCH FALL THROUGH

CP0D ~ Instructlon issues from IPT
1ransmnit ] deslanator to register modules

S ¢”dt - lronsmit P to operand register A

Iransmit K to operand register B
Tronsmit (X)) flags 1o IA module
i PO T b}
crPae ? S Begin Integer add of (A) and (3)
Dranch condltion not satisfied

coud MNoext lnﬂfruttlon m3y lssue
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RETONTION 1 iitae (continued)

MANCH INTSTACK

]

CPO% Instruction lssues from IPT

(o241 B} Transmit P to operand register A
_ .Transmit K to operand register B

CP02  'Integer add tront half

?Branch condition satisfled

cPo3 Inteyer add back halt
‘Transm}? integer sum to P reglister

CPO4  Colncidence In IAS
CPO% -wreiDrad " IS 4o CIN register

CPOb ‘RgaquIH reglister to IPT

PBRANCY 0UT 0T LT cK

CpPOO Instructlon issues from IPT
1 — ,
tPoL JJransmit P to operand register A
i“ ' ‘Transmit K to operand regyister 3 .

CPOe Inteaer 2dd front half
Branch condition satisfied

cPO3 Integer add back half
' Traonsmlt integer sum to P reglster

CPO4& No coincidence In IAS
Set out of stack flag OSF

CPO5  Transmit P to IFA register
Transmit P to RA adder
Tran~amjt referonce flag to storage access control

’ CPO6 Lonwer 8 blts of audress to storage access control
CPD? Ubﬁof i¢ bits of adiress to storage access control
crog fcwknowledae from storage access control
ChrL7 Instruction word arrlves at INWS
cria Read IHS to CIW register

%wﬁlv' Read CIW register to IPT

( 0302 1
( ]
[ (32) 1

A 3

[
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1 03U3JJkk | hkikkkkkk | Jump to P+ K If (XJ) not In range { 0303 1

................. cmme—- . ( ]

[ (33) 1}

i
LY e t
I 3 i o eacno e

This Instruction causes the program sejuence to branch to the current
progr=am adJress ? plus a sign extended increment K if (X)) Is not In range,
or continue tne current proaram address seqguence [f (X)) is In range. (X})
is not In range tor any of the following casest

E ]

TTUTTTUXYY = 0111 1111 1111 XXXX eseeesscees XXXX pOsitive integer
(X}) = 1000 0000 0000 XXXX secessecceoecn XXXX negatlve overflown
(X)), = 0011 1111 13111 XXXX eessseacsse XXXX positive indefinite

' (X])j = 1700 0000 0000 XXXX ecessevccece XXXX negaflve indefinite
(X]) = DBLlxx XXXX XXXX XXXX seesssoscen XXXX positive out of range
{X}]) = 10%XX XXXX XXXX XXXX essescsesse XXXX negative out of range

-

ISSUE CONDITIONS

X]freaister is free one clock period after instruction Issues

EXECUTION TIMING

f“\Execu1ion time for this instructlon is seven clock periods if the

v destination oddress is currentiy In the instruction address stack IAS.
Mininun execution time is 20 clock periods if the destination address
Is not In the IAS. Uelays may occur in this latter case due to sforage
bank conflicts or other processor confilcts in storage access controle.
If (X)) is in range (branch fall throuagh), execution time is three
clock periods

BRANCH FALL THROUGH

CPLUD. instruction issuves from IPT
Transmit | deslynator to reglster modules

cPet Traonen it Poto operand reglster A
Transwit K to operand register B
Trun;mlf (X)) flaagas to IA module

CPul Bogin Inteaer add of (A) + (B)
gvranch condition not satisfied

cPag Hext instruction may [ssue

¥}
1)
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;‘.EK&CﬁIIQN»TTM'Nﬂ. (continueaed)
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B

,
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»
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s ANTH IN.RTANK -

cPOL

CpPO2

)

cP03

CPO4

CPO5

CPO6

BRANCH
CrPOO

CPUL

LPUc

CPOJ

Crud

CcpPos

CPOO

croz

CpPosg

CP17

“Instruction Issues from IPT

Tbansmit P to operand register A
Transmit K to operand register B

Integer add ftront halft
dranch condition satisfied

Integer add back half
Transmit Integyer sum to P reglster

;Coircidence In IAS
‘Read IHS to CIW register

Read CIW register to IPT

IR
t

0UT OF STACK

Instruction iIssues from IPT

liransmit P to operand register A
Transmit K to operand reglster B

infeger add front haift
gdranch condition satisfled

Integer add back halt
Transmit inteyer sum to P register

‘o ocvincldence In IAS
Set out of stack flag OSF

iransmit P to IFA register
Transmit P to RA adJer
Transmit reference flag to storage access coatrol

Lower 3 bits of address to storage access control

- Upper'12 bits of address to storage access control

Acknoviledge from storage access control

Instruction word arrives at IHS
Rewd THS to CIW register

Read CIW register to IPT

- > e w -

{ 0303 1
( ]
( (33) 1
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Udtu] s | hkknikhikk | Jump to P + K 1If (X)) equal to 0 [ 0310 ]
P L L L R TN R R K i - [ ]
{ (34) )

This Instructlion causes the program sequence to terminate and branch to
the current program address P plus a3 slgn extended increment K it (X})

is equal to 0y or continue the current program address sequence if (X))
Is not equal to 0. (X}) is equal to 0 for both of the following cases!?

“"““““‘“”T?);'“~”‘UUUUGUUﬁ'.-.....;..{1'00000000“”’0?03’28?0

ISSUE COND;.LUHS

EXCOUL [0H T2alius

(Xj) = 11111111 eeeevccecces 11111111 minus zero

N 4
¢

: :
¢

'X) register is free one clock perlod after instructlon lssues

\~

Execution time for thils Instruction Is seven clock periods it the
deutinci.on address Is currently in the instruction address stack IAS.
Minimum execution time is 20 clock periods if the Jdestinatlion address
is not In the IAS. Delays may occur in thls latter case due to storage
bai: c¢... . i.t. or other processor confllicts In storage access controle.
It (X)) is not eaual to zero (branch tall through), execution time is
three clock perlods

BRANCH FALL THRUUGH

T, A,

CPOOD Instruction issues from IPT
Transmlt ) deslanator to reglster modules

cPOL Transmit P 1o operand register A
. Tranwzmlt K to operand reglister B
CPaprfaorp partial zero test in register modules

cprPo2 Begln integer add of (A) + (B)

v Yransaii o partiael gero test to IA module
Conplete zero test
pranch conaltion not satisfled

cPud3 hext lnstruction may issue
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e

§A¢ ﬁxt;urIJ{:IIHINQ_ (conflnued) U 0310

S

PR WP AP, WP [ 1
3 [ (34) )
@ ERANCH IN STACK e ecnaa
j A [ ' '

f?‘ cjoo * INnstruction issues from IPT
b
w
« »CPIL> 7 Transmit P to operandg register A
Transmit K to operand register g
‘ N .
CPO2 " "Integer add front hait
o CP03 Integer addg back halt
Sewniaait Integer sun TovP register
&  CPo4 Coinclidence In IAs
CpPOsS Read IWS to CIKW register
¥
CPre Neoa?2 CIW register to IPT
o
BRANCH 0OUT OF STACK
?
croo.. Tne*riction fssues from IPT
J CPO1 Transqit P to operand reglister A
Trarismit K to Operand register g
afwoz Integer add front half
CPO3 Inteqér add back halft
) Transmit integer sum to p register

CPO4 No colncidence in IAS
: Set out of Stack flag 0SF
! , - PR . R
CPO5 Transmit P to IFA register
Transmit P to RA adder
Transmit reference flag to storage access contro|

CP06 Lower 8 bits of adcress to storage access control
Ceruy Upper 12 bits ot address to storege access control
CPOS3 Acmnon!edge from stbrage access control

CP17 Instruction wordg arrives at IHWS

Ci'le Keadd LWL to CIW register

CP19 Reda CIW regligter to IPY

]



0311 ) )k | Khkkkkkk | Jump to P ¢+ K if (X)) not equal to 0 [ 0311 )

- m e E M Gk n ek O e S W E e e b [ ]

[ (35) 1}

This Instruction causes the program seguence to terminate aad branch to
the current program address P plus a sign extended increment K if (X§) is
not equal to 0y or continue the current program address sequence if (X))

o it

" ISSUE CONDITIONS

- e TR i ot o

is equal to zero. (X)) Ils equal to 0 for both of the following cases?

GUD00000 eveececesees 00000TGY plus zero
11111111 secececoncne 111311111 minus zero

(x})
(X))

el [ 1}

{
i
t

i

+

O Rt LR T R

X} regisier Is tree one clock period after Instruction issues

EXECUTION TIMING

T

e
—~

Excecution tine for this Insiruction Is seven clock perlods It the
destination address is currently In the instruction address stack IAS.
Ainimun execution time Is 20 clock periods if the destination address
{o act L. t.¢ IAS. Delays may occur In thls jatter case due to storage
bank confiicts or other processor confllcts in storage access confrole
It (X)) Is eaual to zero (branch fall through), execution time is three
clcck porilods :

BRANCH FA*' T"QruGH

cPoo Instruction issues from IPT

cPOL Transmit P to operand register A
Transmif K to operand register B

CPRU2 Beain lhfégéb add
Branch condition not satisfied

-

CPDJ Next dinstruction may Issue
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J

- ".\I‘U\‘ JH IH
f ’. Q
(f>CPUU "

Lo

" cpat

cPo2

CP03

CPOY
CPOS

CPoe

BRANCH our

CPoOO

CPOJ.

'(mlpoe

crPo3
CPOY

cros

CPUG
crPoz
crPosg
CP17
CPL8

Crig

" STACK

instruction Issues from IPT

Transmit P to operand register A
Transmit K to operand register B8

Integer add tront halt

"nt~gnrr add back haif
Transaijt integer sum to P reglster

Coinclidence in IAS
Read IWS to CINW register

Read CIW reglister to IPT

OF STACK
Insfrucfibn issues from IPT

Transmit P to operand register A
Transmit K to operand register B

Integcr add tront half

Integer adu back hatlf
Transmit Integer sun to P register

No coincldence In IAS
Set out ot stack flag 0OSF

Transmit P to IFA reyjister
Transmit P to RA adlder

[ransmit reference flag to storage access control
Lower 4 bits of address to storage access control
Ubper 12 bits of address to storage acces

Acknowledge fron storage access controi

Instruction worg arrives at IWS
Reasd Id5 to Clw realster

Food CIn register to IPT

S control

bl Al K A

[ 0311 ]
( ]
[ (35) ]

¢

o~



I 0312) ki | Kkkkikhkkkk | Jump to P + K [t (X}) Is positive [ 0312 1

D omemen Aubataindtiiaintih ottt { )}
. ;7) S [ (36) 3

This instructlon causes the program sejuence to terminate and branch to
the current oprogram address P plus a sign extended increment K if (X))
Is poslitive, or continue the current program address sequence (if (XJ) is
neqative. '

- e et i . o

~

I L L R R R N e L R

T

Issuc!

. ¢
X} regi-*cr i free one clock perlod after instruction issues

3

CONUITIONS'

EXECUTION TIMING

Exccutis tiv. for-this Instruction is seven clock perjods Lt the
destination address is currently in the instruction address stack IAS.
Minimum executjen time is 20 clock periods if fthe destination address
ls not in tne IASe UOelays may occur in this latter case due to storage

, bank conflicts or other processor conflicts in sftforage access control.
If (X)) is negative (branch tall through), execution time is three
cleck pr- s te Coe

BRANCH FALL THRCUGH

CPOO Instructlon issues from IPT

'CPﬁiwt Transth'P to operand register A
Transmlt K to operand register B

oPo2 s Begln integer add
g ; Branch condition not satisfied

CPU3  Next instruction may lssue

g~ q. *

P ————— e
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)
A\J
x4

» 4ANGH IN STACK

™

g

X F

)

(>

[

'

cern

CrPOl

cPO2

cro3

CPOY
CPOS.

CPOB

.

BRANCH

R

crPOo0

CPOL
C

Lroe

CPO3

CPOL

CPOS5

Cody

crPouz

CrPQO
criv
Cris

£rL9

-

k4
-~

- ¥

o

fu LXECUTION TIMING (continued)

g~

[

“tregtion-issves from IPT

Transmit P to operand register A
Transmit K to operand register 8

Integer add front nhalt

VInfeger add back half
Transmit integer sum to P register

'Coincidence in IAS
. Read IHS to CIW reglster

Read CIW register to IPT

OUT OF STACK
Instruction issues from IPT

Traﬁsmit P to operand reglister A
Transmnit K to operand register B8

inveger add frunt half

Inteaer add back halt
Transmit integer sum to P reglister

No coincidence In IAS
seil ouv of stack flag 0SF

Transmlt P to IFA register

Transmit P to RA adder

Transmit reference fiag to storage access control
cenw O blts of address to storage access control
Upper 12 bits of address to storage acce.s control
Acnnowledyge from storage access control

- Yiactlon vword arrives at INWS

Read IHS to CIW reglister

HNCEIR IV CIW P(,‘})i'a'(‘f" to lf}T M

- s oo W e we

[ 0312 )
( 1
[ (36) )

LY
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METTETLET RN  kekKik 1T urp to P+ K LS (X}]) is nejative ( 0313 ]

I ( )
L (37) 1

iR g Vi SUES) A
: § Y Ho 1 . - aras o
; fyx | Py v

b .

' Thils Instructlion causes the program sequence to terminate and branch to

> th'e current prouram address P plus a sign extended increment K if (X)) is
negatiive,  or continue the current program address sequence |f (XJ) 1Is

\.poﬁltjve." '

. TR s R R P . s

S ' oy o

E
, i [
ISSUE' CONOITIONS

<

X) register is free one clock perlod after Instruction Issues

S e
 EXECUTION TIMING

execution time for this instruction is seven clock periods if the
R destinatjon wddress is currentiy In the instruction address stack IAS.
’ Minlmum execution time Is 20 clock perlods If the destinatjon address
ls not In the IAS. Delays may occur in fhis latter case due fo storage
bank centlicts or other processor conflicts in storoge access conirol.
It (X)) 's ~osltlve (branch tall through), execution time is three
clock periods

BRANCH FALL THROUGH

cenn “netrrction issues from IPT
. CPO1 Transmit P to cperand register A
Transmit K to operand reglister B
cPoe Begln intejer add
Rranch conditicn not satisfied
crod Next instruction may issue
A

i
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L
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T1LNG {continuey)

STACK

"mLirLction issues from IPT

Transmit P to operand register A

" Traaswuit K to operand register B

\Inreger add front haift

Integer add back halt
Transmit intecger sum to P reglister

"Colncidence In IAS

Qa3 TWS to CIW register

ou?

reoa
»
cPO1
P
CpPC2
s CP03
3 CPO4
CPO5
4
Cprlb
k)
BRANCH
b
CPOO
5:6\CP01
» crie
cros
)
CPU4
4
CPQOsS
1
ChOu
cro7r
cru:
Criv
cPis
GP19
4
.

A

Read CIH register to IPT

N STACK
Instruction lssues from IPT

Transmit P to operand register A
Transmlt K to operand register @

Integer add front hatf

Imteaer add bacle halt
Transmit Iinteger sum to P register

No coincidence In IAS
Set out of stack flag OSF

Transmit P to IFA register

Transmit P to RA aagder

Transmit reference flag to storage access control
Luver o bits of gddress to storasge access control
Upper 12 bits ot address to storsge access control
Acknoxledge from storage access control

;n-n:t uw;viUn nul‘d ar‘r‘i\’es a’ IHS

Read 1WS to CIW register

Read CIW register to IPT

- an on o . -

G

€
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pa U3CO ] KR ] FKMKAKKK | Call subroutine at address K { 0320 )

: o [ (38) )

i)

" ISSUE CONOITIONS

N - P

r L3N

This Instruction enters the current program address P in the X] register
and causet the current program address sequence to unconditjionalily branch
to a new orozran address sequence beginning at the address specified by
“the K fiela trom the instructions

1

4

P ~

X] register Is free one clock period after lssue

EXECUTION TIMING

txcecuiasun tume for this Instruction Is seven clock periods Lf the
destination address is currently In the instruction address stack JAS.
Minimum execution time Is 20 clock oeriods if the destination aduress
Is not in the IAS. Delays may occur In this latter case due to

‘q “ storage bank conflicts or other processor conflicts In storage access

control.
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I 0321))kk | Call subroutine at address (Xk) [ 0321 1)

S - ( ]

{‘4, ) ( (39) 1

This Instruction enters the current program address P in the X) register
and causes the current program address seaquence to unconditionally branch
to @ nenw projran address seguence beqinnxng at address specilified by the

~got.terts of *n. i registere -

ISTUE "“”P**’Du,

X} reglster Is free one clock period after Instruction Issues
Xk regisfer i< free one clock period after instruction Issues

EXECUTION TIMING

Executlar time for this instruction is seven clouck perlods if the
destinavion oJdoress is currently in the instruction address stack IAS.
Mirimum exccution time is 20 clock periods if the destination address
Is net ir the IAS. Delays may occur In this latfer case due to
storage bank confllicts or otnher processor conflicts in storage access
control.

A
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o EALCHTIQN YITRA  (continued)

v SANTH IN STACK-

D;‘.

CPdo
‘cPo1
cPo2
CPO3

CPO4

CPds

CPOG

BRANCH
Lkl

croy

(\GPUZ

cP03
CPOYL

CPOS

CPOb
croz
croeg
cPL7
Cris

cPLs

()

L
t Instruction issues from I

‘Transmwlt zeros to operand
Transmit (Xk) to operand

'fnfeger add front halt

"Tntrgee add buck half

PT

reglster A
register 8

Transait integer sum to P reglster

_Goincidence in IAS
Resd IWS to CIH reglster

" Read CIW reglster to IPT

OUT OF STACK
lnstruction issues from I

Transmit zeros to operand
fransmit (Xk) to operand

Integer add front half

Intever ada back half
Transmit integer sum to P

No coincldence in IAS
‘Set out of stack flag 0SF

Transmit P to IFA registe
Transmit P to RA adder

Transmit reference flag t
Lower 8 bits of address t
Upper 1¢ bits of address
Ackndv ledae from storage
Insfructlon word arrilves

Rewad IWS to CIW register

Read CIW realster to IPT

PT

reglster A
register B

reglster

r
0 storage access control
0 storage access control
to storage access control
access control

at IHS

- s e -

0321 )
]
(39) 1]
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I 03221 )JkKk | Kkhkithiix | Catl iibrary routine at adaress K [ ]
[ (34) )
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This instriction clears the program reference flag PRFe The X register
indicated by the ) designator [s cleared and enfereg with the current con-
tents of the P reglstere The P register is cleared and entered with the

_value of *rs ¥V field in.the instruction, The instruction address stack IAS

~

Is clearvd so that all address registers contain 3323333333, No further
Instructions are issued from the current instruction word. Any Instruction
tetches in preccess are discarded on arrival. A nerv instruction fetch is
initiated for the absolute address now contained in the P register.

This (nstructinn is Intended for use by an object program In calling a
resident libraory routine which is outside of the ob)ect program fleld. The
K field In the Instruction contalns the absolute address of the library
routine entrarce, The return address Is entered in the X} register by this
instruction ftor use by the library routine on conpletione

The proaran reference flag PRF is cleared by this instructlion so that the
resident livrary routine code can be executed directly from the resident
locationse All instructions except the tcn data storayge reference gygroup

dnstructions are cxecuted in absolute mode.

( \: [ystruction address stack IAS Is cleared to avold conflicts
ctre2n the old object program which Is rejlative to RA and the Jibrary
routine auaressces which are avsolutes

ISSUE CONDITIONS

X) reglstcer Is frez one clock period after Instruction issue
X register input path Is free three clock periods after issue

EXECUTION TIMING

Minimun execution time for this instruction iz 18 clock periods,
Detays may occur in the arrival of the new instrucitiion word at the
process o IS due 1o storaie bank conflicts or other processor
conflicts in storaje dccess control.,

<n
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[ 0322 1
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. o [ (3A) 1
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«CUTION TIMING (continued)
g - CGNCJI 0 I.Ltiuaction ‘issues from IPT
cPO1 Transmit zeros ta operand register A
P 0 “Trdnsnit K to operand reglster B

Clear proaram referaence tlag PRF
Clear instruction 3duress stack IAS
cPO2 Intecger avad front hatt
: Transmit P to operand register A
b i Conaon
‘ L
CPO3 - Integer add back half
j f Transmit operand recister A to X} register
ym~;WWJmm~5~?rf»fabt~}n+«ger~snm~fo P register
Transmit integer sum to RA adder
Transmit reference flag to 5A module

Crl4 ,?LOnQP 8 blts of adJdress to 3A module

7 CrPC3 ,  UYpprrr.12 bits of address to SA module

CPOb Acknoalcecdge from SA module
(ﬁ)JPiﬁ ? Instruction word arrives at IWS
J ) ) 2 e am gy 7 v - P e
“TCP16 Read IHS to CIH rezlster
7., CP17 . «Read SIH to IPT
. , .
, N

O

@

¢
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ExEGUTIUN TIMING (continued)

»
CPUO

> CPDl

v AR eiawiriey =

CPO2

CPO3

CPO4

cPoy

v CP15
CP16
cP17

T

Ay

LPDG

v

Insfructlon lssues from IPT

Transmit zeros to operand reglister A
lransmit Xk to operand register 3
Clear program reference fiag PRF
Clear Instruction address stack JIAS

’,Inﬁegor add front halt

Transmit P to operand register A

Integer add back half

Transmit operand reglister A to X} reglister
Transmit integer sum to P reglister
Transmit inteaer sum to RA adder

Transmit reference flag to SA module

Lower 8 bits of address to SA module
Upper 12 bits of address to SA module

Acknowledge from SA module

RS s R R A

Instruction word arrives at INWS
‘Read IWS to CIW register

"U2aU CIWto IPTY

LT e A T e € et o

[ 0323 1]
[ ]
[ (38) 1)

o
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"1 03235))kk | Call llbrary routine at adiress (Xk) [ 0323 1

3

cmemmeee -- [ )

{ (38) 1

This Instruction clears the program reference fiag PRF. The X register
indicated by the ] deslgnator is cleared and entered with the current
cocntents of the P registers The P register iIs cieared and entered with
the current contents of the X reglster Indicated by the k designatore.

The Instruction address stfack IAS is cleared so that all address registers

‘contain 330035333353« No further instructlions are issued from the current

current Instructlon worde Any Instruction fetches in process are
discarded on arrivale A new iInstruction fetch is initiated for the
aosolute address nonW contained In the P reglster,

f This instrucfion Is Intended for use by an object proyram In calling a
tresident lacoary rOUTIAB Whith 1s outside of the ob)ect program fielde.

The Xik reglister contains the absolute address of the llbrary routine

entrance. The return address [s entered In the X} register by this

Instructlion for use by the library routine on completion.

The program reference flag PRF Is cleared by this Instructlion so that
the reside . l.trary routine coae can be executed directly from the

. reslident locationse All Instructions with the exception of the ten

data storage reference instructions are executed in absolute mcde,

72 Instruction address stack IAS Is cleared to avoid possible
( Afllcts betneen the old object program code which is relative to RA
anc tre 1itsr:~, routine sddresses which are absolute,

ISSUE CONUITIONS

X} register [s ftree one clock period after instruction Issue
XKk register Is iree one clock period after instruction Issue
X reglster inctut patnh ls free three clock periods after issue

EXECUTION TTMIMG

Minimum execution time for this Instruction is 13 clock periodse.
Delays may..occur In the arrival of the new instruction word at the
processor WS due te sterage pank conflicts or otner processor
contlicts in storage access controla.

>
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CPOO
y CPO1L
" —

cPO2
14

of 1R+
*

CPO¢

CPQS5
q 10§P06
] Cris
: CP16
1
; cP17
(]
[ |
[
]
)

EXECUTION TTMTNE (cent inued)

Instruction issues from IPT

Transmit zeros to operand regjister A
Transmit Xk to operand register 3
"lesr proaran.reference flag PRF- —nw
Clear Instruction address stack IAS

Integ2:r add front halt

~Transmit P to operand reglster A

Tnteger add back hait

Iransmit operand reglster A to X) register
Transmit integer sum to P register
Transmijt Iinteger sum to RA adder

Traismit reference flag to SA module

Lower 8 bits of address to SA modul e

Upper 12 bits of address to SA module

Acknowledge from SaA module

ansTruction word arrjives at InS
Read IWS to CIw register

Read CIW to IPT

[ 0323 )
[ )
[ (38) 1}
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I 0330))kk | subroutine exity computed Jump to (X]) + Kk { 0330 1)
( (3C) 1

This instruction terminates the current program sequence and Initiates a
new seguerc2, The P register [s cleared and entered with the integer sunm
of the content of the X register indicated by the J designator and the
value ot the Kk designator considered as a 4-bit positive integer. No
further Instructions are lssued from the current instruction worde It the
instruction address stack IAS contains an address equal to the new content
of the P register, the corresponding instruction word is read to the cur-
rent Jnstruction word register CIHe If there is no address coinclidence In
the IAS an instruction fetch is inltiated for the new program sequencee.

This Instruction is intended for use by a subroutine In returning to a
calling programe. It may also be used as -a normal unconditional jump to a
computed destinations The k deslgnator Is added to the content of the

X reglster to orovide a convenient venhicle for passing over error exit
instructions wnen a subroutine Is returning to a calling program.

( GUE CONDITIONS

X} reglsier Is free one clock period after iInstruction Issues

EXECUTION TIMING

LACCUrdlu tame for thils Instructlon is seven clock periods 1f the
destination address Is currentily in the instruction address stack IASe.
Minimum execution time is 20 clock periods If the destination address
Is not in the IAS. Delays may occur in this latter case due to stor-
age bank conflicts or other processor confllicts In storage access

control,.
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o EXECUTION TIMING (continued) [ 0330 1
[ ]
(f) [ (3C) 1
®% <ANCH IN STACK cemccca-
] CPOO Instruction Issues from IPT
CPO1 Transmit X) to operand register A
] Transmlt k to operand register B
s’”f“CPOZ' Integer aJdﬂfféh{‘héffﬂ o
»
CP03 . TInteger add bsck halt
- ‘Transmit integer sum to P register
y v

CPOY Coircidence in IAS
P CPOS5 Read IWS to CIH register

CPOS Read CIW register to IPT

) BRANCiH OUT OF STACK

; CPOY) Instruction issues from IPT

i } g

| CPOL Transmlt X} to operand register A
1iransmit k to operand reglister 8

3
cP02 Integer add front halt

o CPO3 Integer add back halt
Transmlt Integer sum to P register

4 CPO4 No colncldence In IAS

Set out of stack flag OSF

CPOS Transmit P to IFA register
Transmit P to RA adder
T.ansmst reference flag to storage access control

CPOo quer 8 b;ts of address to storage access control
CPO7 Upper 12 bits ot address to storage access control
' renrs *“n nlcdge fron sterage access control
? Crivz Instruction word arrives at IWS
) Huple Read IWNS to CIW register
| ?010 TNt 7Y pregister to IPT
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" obj)ect program flelde.

I 03

- s - -

31))kk |

A

’

- 4
3 W

Library routine exlt to (X}]) + k

LR I ]

{set/clear PRF) [ 0331 1)
{ ]
{ (3D) 1}

Thils Instruction sets or clears the program reference flag PRFe Bit 62 of
(X]) causes the PRF to be set if [t is a *“1" or cleared It it is a *“0*.

The P‘reglsfer«ls clieared and entered with the integer sum of the contents
of the X} rejlster and the value of the k designator considered as a 4-bit

positive luiciel.

all

The instruction address stack (IAS) is cleared so that

address reagisters contain dibits 3333333333, No further instructions

are issued from the current Instruction word,

process are discarded on arrival,

Any instruction fetches in

A new instruction fetch is initiated

tor the relatile address now contalned In the P register.

’

This

snSivuciivin 1S~ intended for use by a

library routine outside of the
The X) register contains the return address of the

calling object program relative to the ob)ect program reference address RA.
The k designator Is added to the object program return address to provide
a convenient vehicle for passing over error exit branch Instructions which
may be encoded in the oblect program following the library routline catiing
Zlyious error exits In the library routine may use different
k values to select the various error exit branch Instructlions

dnct

-4 v
P R R o S

The prograr reierence flag PRF Is set by this Instructlon so that al} fu-

F™ce instruction fetches will

be relative to RAe The instruction address

ack IAS s cleared to avoid possible confllcts between the old library
irc nu? cz.c whlch are absolute, and the new object program addresses
which are refative.

rout

ISSUE CONOITIONS

X) Eegister is free one clock period after Instruction lIssue

EXECUTION TIMING

- Miniru~ exccvtlon time for this Instruction is 18 clock perlods.
Delays may occur In the arrival of the new
processor IWS due to storage bank confllicts or other processor

N
o

cenfilints

In storage access controi.

instruction word at the
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3(’%nC»(I§N PIML.NG  (continued)

P
cPaa Instruction lssues from IPT
» cPOL - Tronsmit X} to coerand register A
Transmit k to operand register 8
Set PRF to bit 62 of X)
,.m - o ’; : < ar I AS . . e
cPO2 Integer add front halt
]
- CPO03 Integer add back halt
Transmit Integer sun to P register
y Tmiasodt intcger sum to RA adder
Transmit reterence flag to storage access controj
) CPO omer 8 blts of address to storage access control
. Add RA to integer sum
7 npn = 'mrar 12 blits of address to storage access confrél
: CPOb6 Acknorledge from storage access control
Y
é CP15 Instruction word arrives at IHS
i' nP1s P22 "HWS to CIW register
cP17 Read CIW register to IPT
4
b
1
|
I
i
I

- ————

{ 0331 1
. ]
{ (30) 1

L E T R % ¥ ¥
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) 0332))kk | Kkkkkkkkk | Jump to K [ 0322 1

A g k------- - - - - - - [ ]
T C (36) 1

This instriction causes the current program address sequence to uncondit-
lonally branch to a new program address sequence beginning at the address
specified by the value of the K fleld from the instruction. No further
ino*~Lz*.2 .. = < :ssu=2d from the current instruction word. If tne
instruction address stack IAS contains an address equal to the new
content of the P registery the corresponding instruction word Ils read

to the current instruction word register CIWe It there is no address
coincidence in the IAS an instruction fetch Is initiated for the new

program seqQuences

ISSUE CONDITIONS

EXECUTION TIMING

Exccutlon time for this instruction [s seven clock periods If the
decstination address is currently in the instruction address stack IAS.
Miriimum exerution txme is 20 clock perlods If the Jdestination address
is not in the IAS. Detays may occur In thls latter case due to stor-
age bank conflicts or other processor conflicts in storage access
cortrol..

k
*

.
I



v o i aadativ lcontinued) [ 0332 1
- - ( J
{ (3E) 1
g«panm IN STAGK ceeme———
2 SPG sasawcuwction lssues from IPT
cPO1 Transmit zeros to operand register A
» ITransnlit K to operand reglister B8
cPO2 Integer add front halt
P e o - e e S
CPO3 Integer add back half
Transmit Integer sum to P reglister
-
CPO% Colincidence In IAS
5 TPO - n.22 IS to CINW register -

CPOb Read CIW register to IPT

' BRANCH Q0uT 7¢ _T..CK

CPOD Instructlion issues from IPT "
~GP0 ] Transmit zeros to operand reglister A
fm\ Transmit K to operand register B
crPO2 Integer add front halt
P’ cPoz Irtegyer add back half

Transmit Integer sum to P register

CPOU Me ecjrejdence in IAS
Set out of stack flag OSF

t CcPOS Trancmit P to IFA register
‘ " Transmit P to RA sdder
Transmlt reference flag to storage access control

CPOo Lover 8 blts of address to storage access control
crPaz HInder 12 bits of address to storage access control
CPUS Acknowleage from storage access control

criv instruction word arrives at IKS

cPLg Read IWS to CIW register

nPig Read CIM register to IPT

A




mememece { 0333 1]
ud3sxxxx | Exchange Exit ( ]

This instruction causes the current program sequence to terminate with an
exchange Juap 10 address (XA) which is the sbsolute address of an exchange
pacrajes The |odest order 5 bits have been removed from (XA) because
exchanje packages reside in low storage addresses at address multiples

of Jce

The |} and k designators In this instructlion are ignored. The progranm
addre;s sto-ed In the exchange package in the terminating exchange jump is
advanced one count from the address of the current instruction word. This
is true nc matter which parcél of the current instruction word contains
the e.char.,. wai. Instruction. ;

>

LTS
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e ' ii:n)lnn I Save lower (X)) for n bits { 100X )
: - e - - [ ]
[ (40) ]

e

This inst uctiorn reads a b4-bit operand from the X) register, forms a mask
2 (1's in the lower n bitsy 0°s in the uoper blts)y and pertforms a bit-by-bit

logical product of (X}) and the maske The result is entered in the X}
~rezicter. A Liipgle-of the—instruction ooeratlon IS iisted belonw in binary
P notation. .

Sanple r. = 000100 {n 1

. ; mask 0000 secsecccseseses 0000 1114
Bler =+ 1(1' operand 1011 seeevcccceee 1010 1101

9 Ll T R L R R L R T T N R e

b4=-bit (X)) result gooo esevscescose (000 1101

nn

"

ISSUE CONDITIONS

P ~~ X] register Is free one ciock period after instruction issues
g q X reglster input path is free two clock perlods atter jissue

EXECUTION TIMING

[ CPO Instruction Issues from IPT

i Transmit |} and n designators to register modules
' S»* X' raservation flag

Chi Read (X]) to operand reglster A

, Enter 1°s In lower n bits of operand register B
i " Clear X} reservation flag

cPe Enter loglcal product of (A) and (8) In X)

NOTES

A—




leadir))nn 1. Clonk lower (X)) for n bits ( 101X ]
A A ( )

[ (4&) ]

This Instruction reads a bu-bit operand from the X} register, forms a3 mask
{1*s in the lower n bitsy, 0's in the upper bits), complements the mask, and
performs a bit-by-bit loglcal product of (X}) and the complemented maske.
The result is enfered in the X)) register.e A sample of the Instruction
operation is listed below in binary notation.

Sambletﬂkbk-bits)
n = 111100 [¢======== cmmemaa>]

0000 1111 1111 eeeeeesceecess 1111

mask

1111 0000 0000 LR B BN BX BN B BN BN BN B Y ) 0000
1011 1100 1010 eSe 000000000 1101

- DDA A D DS S N A D DS N Eh DD DG D S an Eh an N ER A

1011 0000 0000 eceoeveeecees 0000

complemented mask
b oo X)) inltial

(x]) terminal

ISSUE CONDLILOWS

‘ (m\XJ register s ¥free one
' X regisierr Input path ' ls tree two clock perlods after lssue

EXECUTION TIMING

CPOD instruction issves from IPT
Transmit | and n deslgnators to reglster modules

st o~y treservation flag

CP1 Read (X)) to onerand reglister A
~Enier 1's3 In lower n pits of operand register B
Clear X} reservation flag
~p2 Ir o .:,ical product of (A) and (B) complement in X)
NOTES
(>
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2 1 1a2n)jnn | Left shitt (X)) by n bits (circular) [ 102X 1]

R R R N [ ]

[ (48) )

?(F) (. 1 ===

[

)

Thils Inst~rct o reads a 64-blt operand from the XJ reglister, shifts the
? operand latt clirculariy by n pit Positionsy any writes the word back into

the X) rejister. n is a 6-bit positive [nteger operand with the 2-bijt

Il designater ~5 the upper 2 bits and tne kK designator as the lower & bits,
¥In the example belowy the n designator jg 000103,

Samptlte (€4 bjits)s {X}) operand
? : i (X]) result

101100U0eveee 00000000
00000000eeeese00001011

In a leff‘cirrulah shitt ooerationy each bit shifted off the upper end of
) the 64-bit word is Inserted in the lowest order bit position.

Thils instruction Is Intended for use in data processing as distingulshed

) from “umerical computationy and is used whenever a data nord is to be shift-
ed to the left by a predetermined numnber of ptaces. If the shift count is
derivad In the execution of a program, Instructions 0012 or 0013 should be

d used,

ISSUE CONDTITIONS

C X, revister is free one clock period after issue
( X reglister input path Is tree three clock perlods after lssue

EXECUTION TIMING

N¢ execution delays possible after this Instruction Issues from IPT

CcPO Instruction issues from IPT
oeT X3 reservation flag

CP1 Read (X)) to operand register A
: . Llear X} reservation flag

cpe Begin operana shift

CP3 Complete operand shift

Transnit operand to X)

NOTES
{ . 1. Te ¢ et ocount is-0 this Instruction resds the operand from reg-
Ister X} and returns i1 unaltered 1o register Xj, The timing for this
casN 5 tho wane as for the gene~al Cascee
{
2e It tine operand vits are all 1°s or all 0°'s they are ireated In the
‘”3 2ane maaner Wi any other pit pattern and the tinmlny Is the saemne agg°
i E ] -

for Toaral cuses

L5

o

G

Fd



1 403n))nn | Right shitt (X}) by n bits (nith sign extension) { 103X 1

{ («C) 1]

This Instruction causes the shitt unlt to read a 64=~bit operand from the X]
reglister to operand register Ay shift the operand right with sign extension
by n bit positionsy and write the word back into the X} register. n is a b-
bit positive integer operand with the 2-bit I designator as the upper 2 bits
“ane M IR uesiynator as the lovwer & bitse In the sample ooeratlions below
the n designators are 111010 and 000011 binarye.

Sampi {u§ vits)yy- - (X)) operand. = 01000000eeceeee000001i11
n = 111010 (X)) result = 00000000eeeees00010000
Sample (64 bits)? (X)) operand = 11000000eeeee«00100010
n - 370 (X’) result = 1111100J)eeaee00000100

Fwﬁn bit shifted off the {over end of the b4~blt word is discarded and the
"hest order bit Is replaced Wwith a copy of the original operand sign bite.

This instructlon Is used whenever a data word Is to be shifted right with
sign extension by a predetermined number of places. If the shift count is
derived in the execution of a program, instruction 0012 or 0013 should be

used.
ISSUFE rnoND~TTOMS

X) register Is free one clock perjod after Instruction [ssues
X register irput path Is free three clock periods after [ssue

EXECUTION TIMING
No execution delays possiblie after this instruction issdJes from IPT

GPu Instruction issuyes from IPT
Set X} reservation flag

cep1 Read (X)) to operand register A
viear X} reservation flag
cpP2 legin operand snitt
. GP3 Compicte operand snift :
t 3 Trantmlt operand to X))

™
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P

o | 11iil)Ri | KKkkhkik | Integer sum of (X)) plus K to Xi { 11XxXX )

oo asmameafhcaotoacaeeeoee [ ]

{ (5x) 1

0

.

. e

S S—

e 2

This instruction forms the 1°s complement sum of the H4-bijt operand read
from the X] reglister and the integer specitied by slgn extended Ke The
» result Is entered In the Xi register. An overflow condition is ignorede.

’dnrsh-uw S DGR SEOE S Y LY ST IR SRR TS S RSN
FC TG ST S LI cneo s

ISSUE CONDITIONS
, B
Xl regl/ster is free one Clock perliod after instruction issues
" X] reglister |s free one Clock perlod after instruction issues
) X it eyisierr anpdt patn Is Yree three clock perlods after jissue

) EXECU "ION V.MING
No execution delays possibie after this Instruction Issues from IPT
cPO Instruction issues from IPT
Transmit ] and k designators to reglster modul es

Se Xi reservatlion flag

)
‘ cP1 Entert(XJ) in operand register A
: L. .7 K In opecrand register B

CP2 Perform add operation
Cluvar X1 reservation flag

CPJ Enter result in Xi

NOTES
A
()

%,

(%

&
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‘) 12lillkk | Integer sum of (X)) plus (Xk) to Xi [ 12XX )

e - ( )

[ (6x) 1]

‘ p : | "i \ i - s a» A ap S o u
L

This Instruction forms a 64=-bit 1°s complement sum of the operands read
trom the X) and Xk registers and enters the result in the Xi registere.

The operands are assumed to be signed Integers. An overflow condition

is lgnoreq.

CThis anstructlon 158 Ihtended for the addition of integers and Is also.
- useful in merging and comparing data fields during data processing.

¢

TNy (3 coeee -

ISSUE;CDNUITIONS A‘“’4Ww

X1l register Is free one clock period after Instruction issues
X} register is free one clock period after Instruction issues
XK regis.er is free one clock period after instructlion issues
X reglster [nput path Is free three clock perfods after issue

EXECUTION TIMING

No executlon uelays possible after this instruction Issues from IPT

: (‘\CPU Instruction issues from IPT
. T-.nc.1t by } and k deslignators to register modules
i Set Xl reservation flag '

i cpP1 Eater (X)) In operand reglster A
Enter (Xk) In operand reglster B

~ GP2  P~~*arm 3dd operation -
L Clear X1 reservation fiag

cP3 ‘aEn?er;resulf in Xi

' NOTES

1. If the ) and k designators have the same valuey the designated 64-bit
aperanyd js added to -itself and the resdlting sum entfered in the Xi
~egister.

2. If the | designator has the same value as the ] designator or the
K designator, this Instruction becomes a replace add instructione.
The Initial (X1) is added to the other operanu and the result then
stored beck In the Xi register,

-
kS
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@ ) L3il)lkk 1 Integer difterence of (X)) minus (Xk) to xiI [ 13XX 1
..... cemenns t ]
~ L (7x) )

?

This Instruction forms the 64-pjt 1's complement ditference of the operands
read from the X] and Xk registers and enters the result of (X)) minus (Xk)

? In the X1 registers The operands are assumed to be signed Integers. An
overflow condition Is ignored.

JTITNIS™Instruction is Infended for Subfraction of integers and Is also useful
in comparing data fielas durlng data processing,

ISSUE CONUITIONS
I EEE .
Xi register Is free one clock after instruction issues
X] register is free one clock after instruction issues
e Xk register Is free one clock after Instruction Issues
X rregivter Input path ls free three clock periods after issue

EXECUTION TIMING

' No execuiion delays possible after this instruction Issues from IPT

. CPU Instruction issues from IPT .
| iransmit ly ) and k deslgnators to register modules
f Set Xi reservation flag

{ ‘CP1 ‘Eniver (X)) In operand reglster A
Compiement (Xk) and enter in operand register 3

- ohe Pevlor i add operation

; Clear X1 reservation flag

‘ CP3 . Enfer result in Xi

(

. NOTES

( 1. If t°.. ] and k designators have the same value, the designated 64-bjt

operand Is subtracted from [tself. The result Is a posjtive zZero
entered in the X registere.

ma

2e If the i dcsignator has the same value as the } deslignator or the
kK desiiynator, this Instruction becomes a replace subtract instructione.
Yhe "~{tisl (Xi) is read as an operand, and the resulting difference
s then ctored in the sanme register,

()

LR Y
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Yl 2011) kKK b Floating sum of (X)) plus (Xk) to Xli [ 20XxX ]
------- ————— ( l

(fﬂ [ (8x) 3

Thls tnstrurti~n forms the double precision sum of two floating point
operands read trom the X} and Xk registers and enters the normallzed
single precision upper halt of the resuylt In the Xi reglister.

"The operands are not rounded in this operation and may or may not be
normalizeds They are unpacked from floatling point format and the exponents
compared, The crefticient with the smaller exponent is shifted down by

the difference o7 the exponents so as to align bits of corresponding
significancey and a 97=bijit adder forms a double precision 1°s complement
sume A 48-bit result coefficient Is read from the upper half of this

SUMe -

If an overfion of the highest order coefficient blit occurs during

the acdlition process, the result coefficient is displaced one bit and
the result exponent is corrected by one counte. The upper half resuit
entered in the Xl reglster is normalized.

This Instruction is Intended for use In floating polnt calculations
where rounding of operands is not desired. This Is the case in multiple
precision aritnmetic and in calculation Involving error analysise.

« A

ISSUE CONDITIONS
Xi register ' is free one clock period after iInstruction [ssues
X)J register 1s free one clock period after Instructlion lIssues

XK register Is free one clock period after Instruction issucs
X reg.s.w anput path Is free eijght clock periods after issue

EXECUTION [IMING

No execution delays posslible after this Instructlion issues from IPT.

L
-
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> EXECUTION

) crPo

CP1L

) cr2

CP3

CPs

CPS

"("\cm

e PP

( CP&

()

TIMING (continued)

Instruction issues from IPT

Trarsmit is | and k designators to register modules. ..

Set X} reservation tlag

Pead (X]) to floating add module FA

Reac (Xk) to floating add module FA

Compare exponents

Transmit coefficients to pre-add shift register
Select smaller exponent

Shift coefficients tor bit allgnment
Transmit coefficients to 97-bit adder

rurm double precision sum
Transalt OP sum to bit position networlk

Cetermine significant bit position
Transmit resu[t to shift network

Perform 96-blt normalize shift
Clear X) reservation flag

Enter upper half of result in Xi

[ 20xX 1
{ ]
[ (8x} ]

o

®

C
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Il 2lii))nk | Floating difference of (X]) minus (Xk) to Xi [ 2iXX 1]
L LR { ]

[ (9x) 1]

o

This Instruction forms the floating point difterence of two floating point
operards rc 41 -Ir.m the X) and Xk registers and enters the normalized result
of (X)) minus (Xk) in the Xi register. The result entered in Xl is the
upper halt of a double precision number,

The operands are not rounded In this operation and may or may not be
normalized. (Xk) is complemented. (X}) and the complemented (Xk) are
unpacked fren “lcating point format. The exponents are compared and the
coefticient with-the smaller exponent is shifted down by the difference of
the exponenis so as to align bits of corresponding signiflicance. A S7=-bit
adder then *“or-s a double oporecision 1°s complement sum and a 48-bit result
coefficient is read from the upper half of this sum into the Xl reglster
together with the result exponent.

It an ovért.ow'of the highest order coefficient bit occurs during the
addltlion processy the result coefficlent Is displaced one bit and the
result exporen* Js corrected by one counte.

This Instruction Is intended for use In floating point calculations where
rounding of op~eards Is not desirede This is the case in muitiple precision
aritnretic «nd In calculation Invoiving error analysis.

a
)

ISSUL Cindaia0d

Xl register Is free one clock period after instruction issues
X} register is free one clock period after instruction issues
Xk register Is free one clock period after Instruction issues
X register input path lIs free eight clock perliods after issue

EXECUTION TIMING

No execi:i01 celay$S possible after this Instruction issues from IPT.
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) EXECUTION TIMING (continued)

o

-

()

cpPo

CP1L

cP2

cP3

cPe
CcP5

CPh

CPs

CPu

Instruction lssues from IPT
Transnit I, } and k deslgnators to register modules
“~t X1 resory~tion filag . v -

Recad (X)) to floating add module FA
20a¢ complement of (Xk) to floating add module FA
Compare exponents

‘Transmlt coefticients to pre-add shift register

-

Select smaller exponent

S“ift coefficlients tor bit alignment
Transm}t coefficients to 9?-bit adder

Farr double precision sum

Transmit DP sum to bit position network

D2termine significant bit position
Transmit result to shift network

Perform 96-blt normalize shift
Clear X] reservation filag

Enter upper half of result In XI

L+
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I 22il)lkik | Floating proauct of (X}) times (Xk) to XI ( 22XX ]
------- ————- ( ]

i [ (Ax) 1

- oA

This Instruction multiplies tWwo normalized tloating point operands read
trom the XJ 2nd Xk registers and enters the result In the Xi register.
The result entered In X1 Is tne upper half of a double precision producte.

The two operands are unpacred from floating point format (the operands are
not rounded). The exponents are added to determine the exponent for the

result,

The coefficlents are nultiplied as signed integers to form a 95-bit doubile
precislon Integer producte The upper half of this product Is then extract-
ed to form *he 4A-bit coefficient for the result. If the double preclision
product has only 95 significant bits, a ‘1-bijt normalizing shift is perform-
ed before extracting the upper halft, and the exponent for the resuilt Is
corrected bv nne count.,

Thils instruction is intended for use In single and multiple precision float-
Ing peoint calculations. Used together with the 012 instruction, this
instruction iorms a 95-bit double preclision product in two X registers with
no loss of precisione.

$;5UE CONDITIONS
X1 reglster 1s free one clock period after instruction issues
X] register is free one clock perlod after instruction issues

Xk register Is free one clock period after instruction issues
X register (nput path Is free elght clock periods after Issue

EXECUTION TIMING

No exec . ii0rn aelays possible after this Instruction issues trom IPT

¢

—
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(
[ (Ax) 1
’ - et W@ - as -
)
EXECUTION TIMING (continued)
Y ,
CPO Instruction issues from IPT
- iransmit iy ) and k designators to register moduijes
’ .
cP1 Transmit (X)) and (XK) to floating multiply module MA
. ?-rfu~1 slan -corrections .
}] Separate exponents from coefficients
ce: roen tirst 16x48 product
)
cpPJ Form second 16x4d8 product
) CP& Form third 16x48 product
CPH Mirg.: 'he three 16x48 products into 96-bit result register
}
(NNCPW Frnte: noper 48 bits In Xi
R
‘
{
()

Q
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| 8Oranch backward I words it (X)) < (XK) { 23xX 1

——— ( ]

{ (Bx) 1

This Instruction causes the current program sequence to terminate and

branch backward the number of wor

(X]) minus
sequence |t
1t
the current

as a L-blt posltive integer becomes

No fturther
It

feod iV

address coincidence in the I1AS,

the branvn cunuitiun {X1)

the instruction address s
new contents of the P regist

DR

ds specified by the i designator if
or contlnue the current program address
is zero or positive.

ls neyative,
minus (Xk)

{XK)
(X))

(Xk) ls satistled, the difterence of
Ister and the i deslgnator considered
the new contents of the P reglistere.
insiructions are issued from the current instruction worde
tack IAS contains an address equal to the
ery the corresponding instruction word is
ion word register CIW. If there ls no

an instruction fetch is initlated tor

<
contents of the P reg

wur ek inustuct

the new program sequencCes

ISSUE CONDITIONS

X}

register is free one C
Xk register iIs free one C

lock period after Instruction issues
lock period after instruction issues

(hlcu*ION‘TIMING

Execution time forAthls instru
destination address 1Is current

Miuimun

is not in
bank ccnfiicts or oiher processor conf

It (x}))
perlodse.

ctlon Is seven clock periods If the

{y in the instruction address stack IAS.
xe.ution time Is 20 clock periods if the destination address
the IAS. Delays may occur in this latter case due to storage
llcts In storage access confrol.
execution time is three clock

- {vk' (branch fall through),

BRANSH FiLL THROUGH

cpan

" CPO1L
cro2

crPO3

JIrenhsmit

Tnstructlon Issues ftrom IPT

(X))
(XK}

to ooerand reglster A
to operznd register B

Transmit
Begin Inteaer add
Branch conditlion not satisflied

Next Instructlon may lssue



D EXEGUTION TIMING (continued) { 23xX 1
fﬁﬁ E (Bx) ;
J LA ANCH IN STACK . cemeeme= -
CPOO Instruction issues from IPT
? cpo1 Transalt (X)) to operand register A
Transmit (Xk) to operand reglster B
’ . GPO? Tateaes adAd frent half
, Branch condition satistied
? CPO3  Sclezt P = | input to P register
) CPO4 Coincidence In IAS
. CPd5  Read IWS to CIW register ]
’ CP0S  Reoad CIW reglister to IPT
)
, BRANCH 0UT OF STACK
’ CcPON Tnst~u<tlon issues from IPT
‘ ’("EPO& Transmit (X}) to operand register A
A Transmlt (Xxk) to operand register 8

) cpPo2 Integer add front half
: Branch condition satlsfied
| CPO. Select P = I input to P register
" vruy N coincidence in IAS
[ Set out of stack flag 0SF
crPos Transnit P te IFA register

Transnit P to RA adder
Transmit reference flag to storage access control

f CPlb Lover 8 bits of aadress to storage access control
| POV noeie 12 bits of address to storage access control
cPos ‘cxknowledge from storage access control
CrP17 Instruction word arrives at IHWS
cPie vedd IWS to CIHW regisier
( °19 ead CIH register to IPT

Q



I ouil}llkn | kkikhkkkk | Read data at address (X}) + K to XI [ 30xx 1

{ (Cx) 1

Thls Instruct'o~ reads a word of data from the object program storage
tfield and enters that word Iin the Xl register. The storage address is
determined by adding the sum of (X}) and the K field from the Instruction
to trhe ob'~zt program reference addresse This arithmetic is pertformed in
@ tWwos conplcment mode.

A serarate te-t [s made to determine [f the value of (X]) + K considered
a8s a <d0-bit positive integer is equal to, or greater than, the current
object program field lengthe If this is the casey the object program is
interrupted by setting the data tield limit flag in the exchange parameter
Word and an exchange jump is made to the exchange address XAe.

ISSUE CONDITIONS

Xi hegister Is free one clock period after Instruction issues
X} realster is free one clock period after Instruction jissues
A storage access buffer is avallable for this processor

EXECUTION TIMING

Minimum execution time for this Instruction Is 15 clock periods.

(”\ O21ays may occur in the arrival of the data word at the X register
die to storage bank contlicts or other processor conflicts in
Si10rage 2Ccess controle.

cPoo }nsjrucflonvlssucs trom IPT

CPOiV: Afrénsmlt (X}) to operand register A
. _Transmjt K 1o”operand register B

cpPoe Integer add front halft

Cr03  Intfeger add back half

Transmit integer sum to RA adder In IH module
Transmit reference flag to SA module

CPU4 Lower 8 blts of address arrive at SAC

SCrO%T T Up el 12 °bits of address arrive at SAC
CHO6 Acknowledge from SAC
CP15 UDatoa word arrives at the X register

[ 4



s me ral -

& | 3tii})kk | Read data at address (X)) + (Xk) to (X1) { 31XX 1}
W e M A W Es A s [ ]
!  (Ox) 3
c{‘ c—rcvcoeccce
Q

- an s a

Thls instruction reads a word of data from the obJect program storage

field and .Aters that word
D determinel by adding the sy
reference addrens.
mode,
DA ——
A separate test |s made to
consjderen
? the current

eXchange Harametar word.

in the x| register,
m ot
This arithmetjc Is performed in a twos compliement

determine jf the value of
%S a 20-bit positive integer is equal
oblect program tield
program {; interrupteg by setting the data
The storage reference is aborted In this case

The storage address is

(X)) plus (Xxk) to the obJect program

(X]) plus (Xk)

toy or greater than,

It this is the casey the objJect
field Itimijt flag In the

leng?h.

D dnu an exchange Jump is made to the exchange address XA.

ISSUE CONDITIONS

Xl reglister |s free one

X] register is free oneg

! Xt recivter is free one
Q“\ A storagye access buffer

EXLCU]ICN 1 4L NG

Minimum execution time
Dclays may occur in the

due to storage bank conflicts or

storag: access controle.

for this instruction iIs

after instruction Issues
atter instruction issues
after instruction Issues
for this processor

clock period
clock period
clock periad
is avallable

15 clock perjods.
of the data word at the X reglster
other processor conflicts in

arrlval

CPOO Instruction issues from IPT

CrPJl iransmit (X}) to operand register 4
Transmit (Xk) to operand register B

CD.Z cr oo oadd fPCnT half

"CPY3 Integer add back half
raasalt Integer sum to RA adder in IW module
Transmit reference flag to SA module

CPl 4 "twor 8 blits of address arrive at 34

cpPos Upper 12 bits of +ddress arrlve ai SAC
hcknowled e from SA4g

CPub

~ TPI1n

rd

GOy aves al

the X reylster

<

e




I 321i))kk | kio-kkkki | Store data at address (X)) + K from Xi [ 32XX 1

i s enEh e e m e e w e ar w - oo - [ ]
)

( [ (Ex) 1]

This Instruction forms an absolute address by adding the address Indicated
by the sun of (X)) and sign extended K to memory reference address RA from
the processur exchange package, and writes one word from the Xi reglister
into memory at that absolute address.

If thz meuory field length FL [Is exceeded, the memory reference is aborted
and ay exchange Jump Is made to the error exit address EEA In the processor
exchange packages If a parity error occurs In reading the old data at the
Inslcotod wewe; Gudiessy the error Is ignored and the processor operation
contlnues in a normal manner.

This instruztion allows a processor to write data iInto memory from any X
register, '

ISSUE CONDITIONS
X1 register is free onc clock perlod after instruction issues
X} register |s free one clock period after Instruction issues
Xk regi ~~ I free one clock perlod after Instruction Issues
A storage access buffer |Is available for thls processor

EXECUTION TIMIWG

No exec'*in ‘2lAays possibie after this Instruction issues from IPT.



- n s ot . - - or = v awwo>w

3‘7333 ISECE Store data at address (X]) + (Xk) from Xi [ 33xx 1

)

3

Py

Ll I DI S [ ]

[ (Fx) 1]

Thils instructton forms an absolute address by adding the address indicated
Dy fthe sum of (X)) and (Xk) to memory reference address RA from the
processor exchange package, and writes one word from the Xi register into

memory at that @bsolute acdress.

It the memory field length FL [s exceeded the memory reference Is aborted

and an exchanae Jump is made to the error exit address EEA In the processor

exchange pdckayes L7 a parity error occurs in reading the oi{d data at the
Indicated memory address, the error is Ignored and the processor operation
continues in a normal manner.

This instiuctlon allows a processor to write data into memory from any X
reglster. '

ISSUE CONu LiIGHS
GN\XI register Is free one clock period after instruction issues
XJ regusaier is free one clock perliod after instruction issues

Xk register i3 free one clock perlod after instruction Issues
A storage access buffer is avallable for this prccessor

EXECUTION TIMING

No execution delays possible after this instruction issues from IPT.

]

<

&

&
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<)

O InDeX
(MQDUREVIATION
@)
() Indicates the contents of tne register, address, etc,
Q speclfled within the Parentnesis
O . Rt TR S RE ST S SR H
e b g ENT T e G TE TR A
)
o - L
g uwel dNd register 8 i
Q
(&
C'v Curient instruction word register
O cp Clock period
" .
oe :i.lue*approximatlon functional unit A
2 D8 Divide approximation functional unjit B
)
J
)
L F 4-bit instruction code
N
FA Flo1'ng agd functional unit A
! Fn tloaiing add functional unit 8
LOFL Fleld length
‘{
B |

PAGE



IWS

x

MA
MO
MM

MTF

NS A

5"

4-01? X register deslignator 1-0
Lower 2 or 4 bits of &6 or 8 bit instruction codes i-0

“As ructlon sddress stack module

* Instruction address stack

Instruétlon fetch address

© Tat.r processor interiock flag

Instruction parcel transiator
Instruction word stack module

Tastruction word stack

4=pit X register designator 1-0
t=-pi{t X reglster designator 1-0
cU=bLi1 progran constant =~ - 1-0
Floating multlipty functional unilt A
Floating multiply functional unit B
Memory bank module
Monitor flag

Cuboconstant iy K 10

Hext stack address

s arrupt flag on overflow/indefinite

A=-2



T ~ Progranm Address regilstep

o ;5 ‘ Processor 0
-3 Processor 1
w2 Y s cessor 2
(’3)3A *.. Processor 3
o) A Lo
PRF Program reference flag
0 -
QprPa Tor.rence oddress
0 RA | . Register moduie, bits 00-15
RB Register module, bits 15-31
ORC. . woaraten MOdU ey b lts 324770
0 RO Reglster module, bjts 4L8-63
RF } Rgcord tlag
SA Storage access control module A
O sas St°rige address stack
D€\W - 'Storage access control module B
Sh Storage word stack modul e
D SKWS ngrtge word stack
)
XA txternal access contro|
) Xd X rrglster specified by iy, |, or x designators
- X0H4 X register data words
Xi A register specifiad by j designator
trxy - X reglster specified by | designatonr
[ XK X register speclfied by k designator
| Xs A ledister speciflied by storage readout
XPR Exchange Parameter register
XPy Exchange parameter word

©C O o o

@

N



QUATERMNARY 0cTAL DECIMAL HEXADECIMAL
tal-0it1y)

0 0 0 0
1 1 1 1
(’} 2 ! 2 2 e
3 3 3 3
v - 4 & S
i1 5 5 5
12 6 6 6
13 I4 7 7
20 10 8 8
T A Dot N I I - g
22 12 10 A
23 13 11 B
i
30 - 14 12 c
31 15 13 D
"2 S 16 . 14 €
33 i7 15 F
1.0 20 i6 10
101 21 17 11
102 22 18 12
Iz 23 19 13
110 24 20 14
1l 25 21 15
. 112 26 22 16
(N\ 113 27 23 17
120 30 2h 18
121 31 25 19
122 32 26 1A
123 33 27 iB
129 34 28 ic
131 .35 29 1D
132 36 30 1E
113 . 37 31 iF
200 40 32 20
2] 41 33 21
202 42 | 34 22
203 43 35 23
21U L 36 24
cll L5 37 25
21¢ 4o 38 26
<13 47 39 e’
270 50 Lo 28
NS 51 41 29
cre 52 L2 2A
! ) 273 53 43 28



-2

54 L
56 L5
4] ) 56 Lo
57 L7
F’ [ L »
o .1
o oy "1
© .
oh e
s N v bess ik T s o e s s A s o
70 .
RERb 71 L2
322 72
3;’\’ 73 ) 1
330 E ke B L o T "?*k’»"" ks .
331 75 .
322 76 .
333 . 77 t. !
1000 . 100 L
Lluu 120 .
1200 140 '
1300 160 1i¢
2000 240 1es
210n , 220 N
L(.Uu 2“'0 :'Jz
2300 260 i/¢c
|
.00, 300 1 s¢
) 2100 - dz20 R
) 3200 340 <l
cvou 7 360 ey
) 10000 500 5y
coulC 1000 S1¢
N 30000 1400 lrd
177 2030 YR
CBUGYD 4000 <o id
; . Jiouuo 6000 Jure
1000000 10000 4ot
c0C0%a0 23000 D
30 30000 102,
iovdoooo Lyooo 1od3bg
Qoafn 1000640 700
JO0duiul 169000 GByluy
¢ ) poeannoan 20000 5HY 56
22000003y LUoOuu 151070
SU00Co00yy¢ 630000 1joubun
loapgppeianag 1003000 iy

2J
32
32
33

3L
35
3o
37

38
39
3A
38

3C
30
JE
3F

LG
50
60
70

80
90
AD
80

Co
Do
EN
Fa

100
200
300

400
6uo
Co0

13000
2000
3008

4000
80490
cooce

10000
2000¢
Juluo
L300y

o

o

@ © O 8 e © o ©

o)

%

O

]



‘\J

o

Q

Q;

O

S0

-
J

O G+ 0 O O G O G © ©=3

——

P
o tt
¢ 3.

<33

Jun
odl
Jo2
RETR

310
311
Vi

313

$20°

321

T 322

o

330
Sul

332,

333

1000
1100
1230
1310

200
2100
2200
2370

3000
310
3200
3300

100130
20000
20090

100000
2nagng
Jedig

i1groong
CUUUUUY
Jogoovo

100.J0u0
20300640
303000100

100030000
230000040
Jubiculul
igacJco0o000

6ty
55
96
57

63
bi
62
PR

bl
5HY
0
a7
73

7t
72

i ?J., .

74
75
76
77

190
124
140
160

240
220
240
260

300
320
340
360

400
1000
1400

2000
4000
6030

10000
20000
30000

46000
100040
143000

200000
tuaooo
600000
1000000

e
Hh
NS

W/

ty vy

112

128
144
1560
176

192
208
224
240

256
512
768

102¢
2048
307¢

4096
glee
12238

16384
32758
49152

65526
15107¢
1900608
262144

3V
50
60
70

80
90
40
30

co
bo
EQ
Fa

i10¢
200
300

400
800
Ccoo

1000
2000
3000

4000
8000
CO0G0

10000
24000¢
Jogooo
40000
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