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64 RG SIGNIFICANT SQUARE R0OOTj§ (R}

TO (T)e e o ¢ a ¢ ¢ o o o o
64 RG ADJUST SIGNIFICANCE; {(R) PER

(S) TO (T)e ¢ o o o o o o o o o o o 121
64 RG ADJUST EXPONENTS (R) PE

(S) TO (T)e o o o o e o o o e o o o 122
B RG CONTRACTS 64 BIT (R) TO 32 BIT (T). 122
B RG ROUNDED CONTRACTS 64 B8IT (R) TO

L J o ‘. * 121

32 BIT (T)e « o o o o o s o o« o o o 123

64 RG TRANSMITS (R) TO (Tle o o o o o » o 124
64 RG ABSOLUTES (R) TO (T)e o o o o o o o 124
64 RG EXPe3j (R) TO (T)e o o o o o o o + o 124
64 RG PACK} (R)y (S) TO (T) o o o o o o o 124
64 RG LENGTHS (R) TO (T)e o o o o o o« s« o 124
64 NT SHAP) S===-- >T AND R==~--- >S ¢ & o e 125
84 NT LOADS (T) PER (S)y (R)e o o o o o o 125
64 NT STORES (T) PER (S)sy (R) o o ¢ ¢ o o 125
E VT ADD U: A+B'-“>Co e ® & ® e o e e o 125

ﬁ VT ADD L; A+B"'—>Co e ® e o o o » e e 125

E VT ADD N; A+B““>Co e e e © & e e o 126

64 VT ADD ADDRESSS] A+B~===>Ce o o « o o« o« 126
E VT SUB U; A-B‘-“>Co s e . . . * . e 126

E VT SUB L; A‘B“">C¢ e e e e o ° . * e 126

E VT SUB N; A‘B"‘->C0 e o . e o o a e o 126

6“ VT SUB ADDRESS; A‘B““->Co e o o e e @ 127
E vT MPY U; A¥Be===>C4e o o o o o o o o o 127

E VT MPY L; A’B-"‘>Co ® @ e ® o o o s o 127

64 vT SHIFT; A PER B====> C o o ¢ o o« o o 127
E VT HPY S; A‘B‘-“>Co . s . s o . . e e 128
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E BR COMPARE INTEGER, BRANCH IF (A)
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+ (X) GT (Z) e o © & ® © ° 9 o o o 1“0
NA BR BRANCH TO IMMEDIATE ADDRESS;

(RY+I(48 BITS)e o o e o o o o e« = o 146
E VM TRANS"IT LIST"‘>INOEXED Ce o o o o 1“7
E VM TRANSMIT REVERSE:A""C s & o o e o 1“9
ILLEGAL o ¢ o o o o o o o o o o o o 149
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1.0 SCOPE

Thlis Is a model Independent CPU- specification for
the CYBER 209 tine. Section 2.0 tists specification
numbers for each mode! where Information that is
model dependent can be obtained from the functional

specification.

This Is NOT a3 reference manual for user®s groupsSe.
This document is written expressly for logic
deslgners and diagnostic programmers.

1.1 Definition of Radlx and Power Notatlion

FORTRAN notation is used to Indicate numbers raised
to a3 powere. For exampley, 2 raised to the 47th power
would be written 2¥*47.

The followlng method Is used to indlcate the radix of
numbers. The number will be fotltlowed by a radix
indlcator enclosed in brackets with "B8*" Indicating

binary or base 2y D™ indicating decimal or base 10,
and "“H"™ indicating hexadecimal or base 1b6.

For examplet

100(D) = 64[H] = 1100100(B1
2.0 APPLICABLE ODOCUMENTS
Model 205 - 10358025 Functlonal Computer
Speciflcatlion
- 10358026 TIimlng Specification

3.0 PERFORNANCE REQUIREMENTS

3.1 General Description
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3ele1l Instruction Formats and Types

3e1ele1 Instruction Formats - all flelds are 8 bits unless .

otherwise specified.

- D D D D D R W D D L WE D VD AP > WD D W WD D D A D S W WD W WD D MR D UD WS WP U WS W WD W W W Mh A W W WP W B D D WS W W

H F H G I ¢ H A { Y : B H Z H C H
{Functiont Sub- toffset! len.i j{offsetilen. & (C.V. ilen.s & 1
i iFunctlonifor A | base tfor B ibase ibase ibase H
H : H taddress! taddresstiaddressiaddress!
H H H H H H H H H
Jel.1e1e2 Format 2

H F H G : X H A { Y @ 8 H Z H c H
{Function} Sub- t0.Ve ! base ! O.Ve ! base i O.Ve iresult |
: {Functlonilene. fiaddressilen. &iaddressi len. &ilen. & |
: H tbase H { base 1 ! base ibase H
H H 1 H ! H H H H
Jel1e1e1.3 Format 3

H F { G H X } A H Y ¢ g8 1 4 H C !
tFunctiont Sub- lindex ¢! len. &! Index! len. &! Iindex { len. &1}
H tFunctlonifor A { base | for B! base { for C { b3ase H
H 1 H : ! i H H H

3.1.1010“ Format 4

S D W . =D WD R WD A W YD D D - W =S W D R AP W D WS WP S CE W W = > -

H F H R H S 1 T |
ffunctionisource !sourceldesti- !
H H 1 H 2 tinatlon }
H H H H H

J.1.1.1.5 Format S

F H R 1
Functionidesti- H I48

fnation H

bl

1

1]
1

oo ww oo we
jre ma su we
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30101.106 Format b5

H F H R :

tFunctionl Desti- | I16

H ! nation {

H ! H

3010101.7 Formaf 7

' F H R } S H T H
iFunctlonl * ! * H * :
H H H ! :
e H i H H
3et1ei.1.8 Format 8

! F H R H S H T H
iFunction (RegisteriRegisteri! base

H i H ! address

1 1 4 .

[} L] ‘ *

3.1.1.1.9 Format 9

H F H G H S ! T H
tFunction { Sub- H x H * H
H tFunctioni H !
{ H H H H
3010101.10 Format A

H F H R H { T ¢
{Function 1Reglister! *x ! Reglister !
H H : H H
{ H H i H
3.1.1.1.11% Format 8

H F § G { { T H
tFunctlon ! Sub- : ! base H
H iFunctlioni { address H
{ H H ! H

NOe.

i BDATE Jana.y
N PAGE 3
] REV. A

37100670

1380

Described ahere used

cleared to zeros

*¥ Unused areas must be
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3e1¢1¢1412 Format C

- D WD - D S D P WD S N W WD L WS WD W WD E W WD S WD WD WD WD WD WS WD W WD AD Wh W WS WS WD WD W

H F H G t X ¢ A Y i B { ¥4 i C H
1Function! Sub- Reg~- iReg-ri{Index! Base {Reg- i1Reg- 1|
{ {Functloniisteriister! {Addresstiisterilisteri
3e1e1.2 Instruction Types

Jele1.2.1 Reglster Instructlions (RG)

In the register instructions, all operand sources
and atl result destinations are registers. Ry S,
and T each deslgnate the contents of one of 256
registers.

A register may be used to hold one or both source
operands as well as the result, Special case? if
register g0 is designated as a source or result
reglster, see A.2 Section 3Jel.7e

Unless stated differently in the instruction
description In all reglster-to-reglster operatlions,
the contents of the source registers are unchanged
and the destination reglster Is cleared before the
result Is transferred Into it.

3e1e1e2.2 Index Instructions (IN)

The index instructlons are used primarily in
performing numerlcal calculations on field lengths
and addressese.

The term, replaces, means replace only the speclified
bitse. The phrase, replage the rjght-most 48 bits esay

implies that the left-most 46 bits are not altered.

30101243 Branch Instructlons (8R)

8ranch condltions may be determined by examining
slngte bltsy a 24-bit or 48-bit integers, 32-blit or
64-bit integers, 32-bit floating polnt operands or
6b-bit floating polnt operandse. A speclal branch is
provided to enter and leave the Monitor program. All

item counts in branch instructions are In half-words.
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Jelele2eb

Vector Instructlons (VT)

The vector Instructions perform operations on ordered
scalars.

Referring to format 1 under section 3.1.1.1.1y the
vector instructlion designators are defined as
follons?

F - ejght-bit instruction code
G - elght-bit sub-operation code
Xy Y - elght-bit designators, each specifying

one of 256 registers holding address
offsets for the source operand
fieldse.

A,B - eight-bit designators, each specifying
one ot 256 registers holding base
addresses and field lengths of the
source operand fields.

Z - eight-bit designator specifying one of
256 registers holding the bhase
address of the control! vectore.

Cc - eight-bit designator specifying cne of
256 registers holding the base
address and the field length of the
destinatlon field. If C+#1 iIs used by
the Instruction, C must be even,
since C+1 is formed by using the
teft-most seven bits of the C
deslgnator and forcing the right-
most bit to a one. I[f C+4 is used
and C Is oddy the reference to C and
C+i Is undefined.

C+1 - elght-bit designator specifylng a
register which holds the offset for
both the control! vector and the
destination fleld. C+1 always
references gn odd reqgjster. See the
preceding paragraph. Note that the
usage of C+1 Is cdecendent upon bijt
2 of the G designatore.

(Continued)
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3ele1e2els {Cont*d)

The bits of the G field (numbered from left to right

!

H

H

H 3 description of the use of these bits
H for slgn controle. The G bit charts in
H the Table of Contents provide a quick

{ reference to which instructions provide
H this feature.

}

as are all fields) are interpreted as follows?
8it No, ¢ State ! Description H
—_— H 4 H
0 ‘ 0 { 64~blt operands (words) H
H i t 32-blt operands (half-words) H
i H 0 i ¥*control vector operates on bilnary ones H
—_ H {4 %t *control vector operates on binary zerags_ |
2 H 0 { do not offset destination field and H
H H control vector H
H 1 i offset destination field and control H
: 4 vector H
3 H 0 { normal source stream A :
H 1 1 **brogdcast repeated (A) H
L H 0 i normal source stream B H
i 1 i _**broadcast repeated (b) !
5 i These bits are used for sign control for |
6 H some of the Vector and Vector Macro {
7 H instructions. See Section 3.1.4+9 for i
] 1
H H
H H
: H
! H
i H

T Sm S0 Se S0 Se Be ce 0 Ch G0 90 e e w6 Se B6 we Ne on S8 e e

*If the eight-bit designator Z is zeroy no control
vector Is usedy so bit 1 of G Is undafined.

**T1f bit 3 and/or 4 of G is a 1, then 2ither the A
and/or B source fleid is a constant used as each
element of the respective vector stream and the
associated offsets are Ignored. These constants are
found In the registers specified by A and B,
respectively. If blt 3 and/or 4 s a one and bit 0 of
G Is a oney reglster A and/or B 1Is a 32-bit register.
The result of broadcasting both repeated constants A
and B is undefined for instructions which do nat
terminate due to flliing the result fieldy i.ee¢y the
Select instructions, Cgy Ciy C2+» and C3.

(Contlnued)
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The base address {which deflnes the location of the
first operand of vector) and the vector fleld lengths
are obtalined in the manner shown below. '

The reglisters addressed by A and X contain fthe
followings

A D D - > S N W W e G WS WP D S S W WD S WY wn T WS TS WD WD D W WN AR GS WS G R TR Wh R WA S P W WD WS W R W ww -

H 32 sign bits
H for the offset

- R W W W P T W W W . W We WP el WS G W W e WP WS wh WR WP Y WP G G A W e WD WS MR R R WS WM R WD AR AP W W W - -

If the offset does not contaln 32 leading slgn bpits,
the instruction is undefined.

The portion of the vector which would be Included in
vector stream A is as follows?

D - D n - S S W D S - R WS W WP WD WD WD AN D WD WD WD WD WS TR R D WA WD WL E WD WR GRS D R TR WD W WD W W T W W W

- - - - W . W WD G A T W D > Wn WD D W W wn W - -

)=
Q
Q.
)
®
"]
]
@
o)
(7]
o
>
Q
Q
B
(1]
0
")
e we co ow os D

: H

The operation of subtracting the offset from the
fileld length must result In a vector length which

is posltive and less than (2**¥16) in magnltude. If
the resulting vector length is not positive and less
than (2**16) In magnitude, 1t will be treated as a
zero vector lengthe.

(Contlnued)
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The register addressed by C contains the following?

H
C ! Fletd Length ¢ Base Address
1 1
bit 0 15 16 63

If vector C is specified as having an offset (bit 2
of the G designator is a one)y register C+41 contains

the offset.

32 sign bl?g for

{

Not Usad H the offset offset
[ ]
%

Ce+1

.. e oe

- o o=
jee e oe

blt 0 15 186 47 48 63

If C+1 is used In the executlon of an instruction, C
should be specified as an even register. It C is
oddy the reference to C and C+1 iIs undefined.

Control Vector

When contraol vectors are specified (Z deslgnator

# 0)y 3 single unique bit from the control vector
Is associated with the storing of each result
element In the output fleld and the setting of the
data flag for that result. When a bit within a
control vector prohlilbits the storing of a result
element, the previous contents of the assoclated
result vector element are not altered nor (s the
data flag register modified. The nth bit read from
the control vector prohibits or allows the storing
of the nth result into the result vector. Bit one of
the G designator selects whether 3 zero or a one
control vector blt allows the storing of a result,
It bit one ot the G deslignator lIs a zero/one, store
the nth result if the nth bit ot the control vector
W3as a one/zero, respectiveliy.

{Continued)
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Reglsters Z and C+1 contaln the following Information
reltating to the control vectors

H H H

(Z) H Not Used H Base Address }
H H H

H H 32 sign bits H H

(C+1) ¢ Not Used H for the of fset i offset H
H H H H

bit 15 16 L7 48 63

Control vector Z uses the same fleld length as result
vector C.

The starting address of the control vector Is
obtained by adding the offset and the base addresse.

Since offsets are item counts, the same offset is
used for both the result vector and for the control
vector. The offset lndlcafe; a bit offset when used

with the control! vector.

3ei1e1e2+5 Vector Macro Instructions (VM)

Vector macro instructions perform in much the same
manner 3s vector Instructions.

Some vector macro Instructions do not form result
vectors but store thelr result in ona or two )
reglsters which are specitied by the instructions.
For these Instructlonsy the control vector has
neither length nor offset and controis the use of
element(s) of the source vector(s)} also, blit 2 of
the G field is undefined and must be set to zero.
Note that C and C+i deslignate 32-bit registers when
bit 0 of the G designator specifies 32-bit operands.

For the other vector macro instructlons (those having
result vectors), the control! vector has the same
connotation as In vector Instructions. The B7 and BA
instructions do not use control vectors,
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3e1ei1e2.6 Sparse Vector Instructlons (SV)

Due to arithmetlic reduction, many elements of a
vector may be reduced to zeroj} therefore, except for
thelr positional signiflcance,y, they need not be
carrliled along as floating point numbers., In orcder to
conserve both storage space and calculating time, a
group of instructions make possible the expansion and
compression of vectors of this type; i.e.y Sparse

vectors.

A sparse vaector consists of a vector pairy, one of
which is a bit string, identified as the order vector,
and the other Is a floating polnt array ldentified as
the data vector.

A sparse vector is typically formed by first using
the Compare Instructions to generse an order vector.
A normal vector with "near zero"™ elements in 1t is
then reduced to a sparse vector with the Compress
instruction. The Compress uses the generated order
vector 3s 3 means to throw out all "near zero™
elements. See the instruction descriptions for 3C,
C4y CSy C6 3and C7. BC 1Is the Compress and C4-C7 are
Compare instructions.

A sparse data vector, belng simply an ordered set of
floatling polnt scalarsy is Iindistinguishable in-
format from any other vector. However, a sparse data
vector has an associated sparse order vector which
determines the positional signiflicance of the
elements ot the sparse data vector. For example, a
sparse data vector A and its associated sparse order
vector X may be represented as follons?$

A WD A D - - - D WD S WS R WD G G AP = D W WD D = WS WD W W AL D - - -

{neartia i a inearinear! a HE- inear | Original
+

{zeroi! 1 1 2 lz2ero!lzeroi} 3 1 4 1zero | Vector

—— . - - - - - - -

/  eemeeemceccccmccc—m—caaa—-
: | a ! a a ! a i Data Vector A
H H 1 21 3¢ 4
{ ~e~ceccccccccccccecccn e
Sparse / A A A A
- - Vector \ | HE
{ et
H 10! 1144 Qt DiI1Y 110t Order Vector X
\

{centlinuead)
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The sub-operation code and élgﬁf-bif designators have
the following meanings for sparse vector Instructlons
(see Section 3.1.1.1.2 for sparse vector format)s:

F - eight=-bit instruction code

G - elght-bit sub-operation code - bit g of
the G field lIs used in this set of
instructlons as follows?

State Interpretatjon
o 64~-bit operands
1 32-blt operands

Bits 5, 6 and 7 of the G field are used for sign
control. See Section 3.1.4.9 for descriptions of the
use ot these bits with the above instructions.

G bits 1 and 2 are used to select the logical
operation to be performed on the order vectors X and
Y to form order vector Z. Bits 3 and/or 4 of the G
fletd, when set to one, are used to broadcast A
and/or 8y respectivelye.

AyB - eight-blt designators, each specifying one of
the 256 registers holding the base address of
3a source sparse data vector.

XyY - eight-blt designators, each specifying one of
the 256 registers containing the base address
and the fleld length of the source sparse order
vactors associated with source sparse data
vectors A and By respectively.

Cc - elght-bit designator specifying one of the 256
reglsters contalning the base address of the
result sparse data vectore.

Z - elght-blt deslgnator speclifying one of the 256
registers contalning the base address and the
tield tength of the result sparse order vector
assoclated wlth result sparse data vector C.

(contlnued)
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(A)3(B) —=eeme—ee=- e e D L it atndadaide bl l
or (C) H Not Used* H Base Acddress H
0 15 16 63
{(X)g(Y) ~-mccmcmcrccc e c e e s e r e — e m e o — -
or (Z) H Fietd Length H 83se Address {
0 15 16 63

3e1ele2.7

* At the completion of these instructlions, the
length of the resulting sparse data vector
is placed in the left-most 16 bits of
register C.

Neither offsetting nor indexing Is performed by

"the sparse vector instructions. The field

lengths assoclated with source sparse data
vectors A and B are not used., These lengths
are determined by the number of ones in their
sparse order vectors. The field lengths ¢f the
source sparse order vectors X and Y and the
result sparse order vector Z are jitem counts
in bits.

String Instructlons (ST)

The string Instructions perform manipulations on
strings of eight-bit bytes.

Instcuction Format

The string Instructlons use Format 3 (see Section
Je1e1.1.3)

F
G
X
A

- eight=-bit instruction code
- elght-bits unused
’Y’z
’BQC

- elght-blt reglster designatorss the registers
contain addressing information for the fields
to be used.

{contlnued)
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(A),(B), 1! _ H :
& (C) H Field Length H Base Address H
{X),(Y)y 1} H H
£ (2) H Not Used § Index H
bit 0 15 16 63

3.1.1.2.8

If any of the elght-bilt designators, X, Y, or Z, are
set to zeroy, indexing is not used tor that stream and
the address of the Inltlal byte Is obtalned from the

base addresse.

- — - . - n - T AP WS D S AR W W WD e WL WD WP WS WP WR WD WD Wh WS WD A UGS W WD WP B S WP S AR W @ - W - =

} Not Used Data Field Used
A A
H H
Base Address Base Address
+ Index
' H
<= IndeX========~=--~ >1

Note that the length of the data field used is the
same as the field length found In the register
containing the base address. Indexing does not
affect the field length used whereas offsetting does
{see offsetting in vectors 3.1.1.2.4) The string
instructions do not have offsetting and the vector
Instructions do not have lndexlng.

Loglcal String (LS)

The LS (logical string) instructions have indices and
filelds [dentical to those of the ST (string)
instructions except that the [tem counts and indices
are In bits instead of bytes. The LS operations are
performed 3as bit operations on bit boundaries while
the ST operatlons are performed as byte operations

on byte boundarjies.
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3¢1¢12.9 Monitor Instructlons (MN)

Monitor Instructlions perform as described only when
in Monitor Mode. When not In Monitor Mode, the
Monitor instructlions perform as an lllegal
Instruction would (see Sectlion 3.1.4.2.2).

Jelel1e2.10 Non-Typical Instruction (NT)

The format and operation of these Instructions are
completely described under the Indlvidual instruction

write-upse

Jele2 Operand Size Definition and Addressing

The following operand definltions are Implled
throughout the specificatione

Word - - A 64-bilt gquantity, the address of the
left-most bit always being a multiple of

64 base 10.

Hal f-word - A 32-bit quantity, the address of the
left-most bit always being a muftiple of

32 base 10.

Syte - An 8-bit quantity, the address of the
feft-most bit always being a muttiple of
8 base 10.

Groups of bits In an address should be thought of as
addressing various units of storage as illustrated
in the chart belowe.

(continued)
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Jele2 (Cont*d)
IR L B R il bl B > 57 58 59 b b1 62 63
HE AR e LRt e DR DL L H
bit position | NN\ H H H H H H H
In a3 registerti----=-<-=<-- AN N i it :
or an in- ! H H H H
structlion H H H H H
word { H H ' H
H H H H H
{<=-=Address of Word--=-=--- > : H H
! H ! H
{<--Address of Half-Word=-==-- >4 H H
H H {
R R R Address of Byte~=========~ > H
{ H
{€em e Address of Blt-=—====eecr e ncceee >

Within 3 word, bits, bytes, and half-words are always
numbered from teft to right, The lowest addressed
bity, bytey or half-word is always the left-most bift,
bytey, or half word in the word. :

Al) addresses _are 4B8-bjit guantitjes and contain
enough information to reference a specitic bit.
Depending on the usage of an address, a certain
number of the right-most bits in the address are
ignored. For exampley, If a3 byte Is being read, the
right-most three bits of the address being used to
reference It are lIgnored. Depending on the
instruction, operands are counted on a bity byte,
half-word or ward basis.

H { ! H { H
tbyte 3 ‘byte 4ibyte Sibyte 6ibyte 71

D D D P W D D P D D D - - W D A D D A EE D = D D P WS S WE D AR S GRS Y W YD S WS D D W VS P - S B B W - - -

pit 0O 7 8 15 16 23 24 31 32 39 40 47 48 55 586 63

The above flgure [llustrates the relative location of
each bit, byte and half-word within 3 64-bit ward.

{Contlnued)
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If It [s necessary to add addresses and item counts
{indices or offsets), the Item count is shifted left
end off until It is property aligned with the
address. Binary zeros are attached to the right end
of the quantity belng shifted.

The result of the addltion always addresses a
quantity having the same unit 3as the item count. for
instance, [f a byte count Is added to any address,
the result references a byte. This means that the
right-most three blts of the address will be ignored.
The following chart summarizes the process of adding
an item count to an address and shows which bits are
ignored In the resulting address.

- D D - - D - - - P - W - - WD e A wE Wy W W W s - - e

16 57 58 59 60 61 62 63
Base AddresS~-==—=c-=-cecoccaccaa<a> H ! H H : I
H H H H
/ , } H H H
$ 16 22 63! H H :
e ettt : H H
tA. words | ¥** i words it 08 00 ¢t 0 O0OC
e ettt H : H
item H -1 H H
counts ! 16 21 63! H H
{indicest = <=-ccccrcmmrcrmc e cm e : i
or oft- iB. half- R ‘half-words i 00 ¢V 00 OO0 ¢
sets) 7/ Words ~-- e -cesemcmceccccce—ec—e——~ : i
\ 16 19 6314 !
iC. bytes {**libytes { g 00 !
et e Rt H
H 16 631
iDe Dits tbits i

]

\

{continued)
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3¢1.2 {(Cont*d}
i6 57 58 59 60 61 62 63
/| eeeceee——— - e S - - - - —————— -
H | H H H H H L
¢« eeeeeccccceccec e e s e a e e e e e s e =
! 1 H H H !
1A, wWords }<=-==-8Bjts used=> <== ¥ ccec-c--- >1
H H H H { !
resul t- | H H H H
ant {B. half- {<~==-Bjits used=-===> <=====-= ¥ =>]
address-—i words i ' : Lo
es H H H H
iC. bytes {<=-=-8jits used--=--~=—-=-=- > <= ¥ =>|
H H | H
H H '
{0. bilts HE R it Bits usad-=========-==-- > ¢
\ H H

¥ These bits In the resultant address arevignored.

¥* These bits in the index or offset are shifted off and do not
enter the address calculatione.

The registers associated with any Jobo or the monitor
reside in the flrst 256 bB4-blt words of its
associated virtual space or absolute memory,
respectively. References to these portions of mamory
will cause the Instruction to be treated as illagal
in either monitor or jJob mode. The only exceptions fto
this rule are the B7 and BA Instructions with G-bit 7
sete. INn this case the output vector C (for the E7
instruction) or the input vector B (for the B8A
instruction) must be contained in bit addresses 0
through 3FFF.

Instructions are addressed on full word and half-word
boundaries. The Instruction address counter wilil,
thereforey be incremented by a hatt-word after
executing a 32-bit instructlion and by a full word
after executing a 64-bit Instruction. This allows
instructions to be packed contiguously In storage.
The following chart illustrates the various ways
Instructions may be packed within 64~-bit words.

(continued)
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3.1e2 (Conf'd)
blt position
0 31 32 63
t 32-bit Inste. i 64-bit inst. upper |
HE R e R e L b L e bttt e e e D L it H
i 64-bit Inst. lower H 64-pit inst. upper |
R e D R itk R HE Y e Ll bt R H
{ 64-bit Inst. lower { 32-bit inst. !
e e R R R bR bt HE R e T el H
H 64-bit instruction H
HE R e Rl i R Dt bl HE R b Bl Dl R ket H
1 32-bit inst. H 32-oit inst. H
Note that a branch [s possible to any of the
Iinstructions. The tower 5 bits in any branch adcress
will altways be jinterpreted as zerose.

3e1e3 Termination Rules

For instructions which terminate upon exhauéflng the

length of a data fieldy data string or vector! it

that ltem Is exhausted prior to the first operand

tfetch, the instruction becomes a3 no op; no data Iis

fetched and no data flags are altered.

1. Exhausting a vector which has an offset.

A vector |Is deemed exhausted prlor to the first

operanc fetch It the result of subtractlng the

oftfset from the field length is zero or negative.

For cases of zero fleld length, the resulting

vector length used is the right-most 16 bits of

the two®s comolement of the offset. If this

16-bit quantity is zero or negativey, the vector

Is deemed exhausted prior to the first operand

fetch.

A vector Is exhausted when the resuilt ot
subtracting both the offset and the number of

operands encountered thus far ... from the field

length zeroe.

(continued)
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2. Exhausting a vector which has no offset and
exhausting other data flelds or data stringse.

The string, fleld or vector is deemed exhausted
prior to the flrst operand fetch if its length

Is zero or [f the result of subtracting the
offset from the fleld length is zero or negative.
These strings, fields and vectors are exhausted
when the result of subtracting the number of
elements encountered thus far from the fijieid
length Is zero.

Vector Instruction Termination

Vector instructlons terminate when the result vector,
vector Cy 1Is exhausted. Source vectors which are
exhausted tefore the resuit vector Is exhausted are
extended, as required, with machline zeros In additive
operations or normallzed ones In multiptication or
division operatlons.

Vector Macro Instruction Termination

Vector macro Instructions with result fields (as
opposed to result registers) extend short source
fields with machine zeros or normalized ones and
terminate in a fashion ldentical to the vector
Instructions. The B7 and BA instructions do not use
extension and terminate upon exhaustion of the Index
flelde The other vector macro Instructions do not
extend short source fields, but instead, terminate
when elther source field Is exhausted. For vectaor
macro instructions of this type, i.e.y the Select
instructions Cg, Ciy C2 C3y and DC broadcasting both
source fields cause an undeflned condition to existe.

Sparse Vector Instruction Termination

Sparse vector Instructions termlnate when order
vector Z (the result grder vector) is exhausted. If
the Z deslignator Is zero or It the Z length Is zero,
no data flags are set and the instruction is a no ope.
Zero length or short source order vectors are
extended, 3s requlred, with zero bits. If order
vector Z has a non-zero length and the C designator
Is zero, the results of the Instruction are

undefined and an illegal operand will occur if 3
store into C vector 1ls required.
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3s1e3elt String Instruction Termination
String instructlons terminate when the result string
C is exhausted, source strings that are shorted than
the result string C are extended with zeros unless
othernise speciflied.
3:1:4365 Tables of Termlination/Instruction Type/Field Type
M-Zero = Machine Zero,
N-One = Normallzed One
No-0Op = No Operation
NA = Not Appllcable
I = Input
0 = Qutput
String Instruction Terminating Conditions
Instruckion § A Fieldg (I} C Fi;ld (0)
Code Result if |Type of |A field Result if |C Field
A field isjextansicnjlength init-;C fiela is,length init-
exhausted [if any ially zero exhausted |ially zero
Fa Extend 8 design-{ Extend Terminate No-0p
ator Byte
Logical String Instruction Terminating Conditlons
Instruction A ;iold I} B Fiﬂla {I} < Fielﬁ {0} -
C
ode Result if |[Type of A field Result if |[Type of 8 fiaeld Result if {C field
A field is|extension|length init-|B field is{extensionjlength init-}C field isjlength init-
: exhausted |if any iaslly zero |exhausted |if any ially zero exhausted {ially zero
T FO.FINF2 ;
F3.F4.F§ Extend laro Extend Extend Zero Extend Terminate| No-0p
FF? Bits 8its
Sparse Vector Instruction Terminating Conditions
Instruction - A Fiela (I2 - VH“B F&;]; {I» — C Fielg (O;
oce Result if Type of A/X field Result if Type of 8/Y field Result if C/Z field
A/X fiald is| extension| length init-j B/Y field is| extansion | langth init-|C/Z field isjlength init-
exhausted if any }3&¥y zero exhausted if any ially zero 2xhausted ially zero
AO.ALqAQ NA NA . Na NA NA NA NA NA
A4Y5AS AL X Fleld (I} Y Fleld {1} Z Field {0}
AB84AT.4AB xtend 4] Tero txtana txtand lero txtend Terminate No-3p
ACSAF i fits ] Bits
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VECTOR INSTRUCTION TERHINATING}CONOITIONS

| Instruction A Field {I} B Field {I} C Field {0}
Code . . ; ;
i‘:e?ilgltdifis ;I'z;l;isfon ;Aenfgitel'lidinit- ge?iuelltdlfs eT:thi:ifon linfglteédinit— gé?iilltdlis fenf;fl'}dinit— Cpntrol
;xhausted if any ially zero |exhausted | if any ially zero {exhausted |ially zero Vector
80, 81, 82 Extend M-Zero Extend Extend M-Zero Extend Terminate No-Op Yes
83, 84, 85
86 87 @A
88, 89, 8B| Extend N-One Extend Extend N-One Extend Terminate| No-Op Yes
8C & 8F
90, 91, 92 Extend M-Zero Extend NA NA NA Terminate | No-Op Yes
& 93
94 & 95 Extend M-Zero Extend Extend M-Zero Extend Terminate No-Op Yes
96, 97, 98 Extend M-Zero Extend NA NA NA Terminate No-Op Yes
a9 & 94
9B g 9D Extend M-Zero Extend Extend "M-Zero Extend Terminate No-Op Yes
9C Extend M-Zero Zxiend NA NA NA Terminate No-Op Yes
VECTOR MACRO INSTRUCTION TERMINATING CONDITIONS
Instruction A Field (I} B Field {I} C Field {0}
Code Result if Type of A field Result if | Type of B field Result if [C field
A field is | extension | length init4 B field is | extension | length init-| C field is [length init-| Control
exhausted | if any ially zero | exhausted | if any ially zero | exhausted |[ially zero | Vector
B7 Terminate | NA No-Op NA NA NA NA NA No
B8 Extend M-Zero Extend NA NA NA Terminate | No-Op Yes (0)
BA Terminate | NA No-Op NA NA NA NA NA No
Cd, Cl1, C2 |Terminate| NA No-Op Terminate | NA No-Op NA NA Yes (I)
& C3 * *
DO & D4 Extend M-Zero Extend Extend M-Zero Extend Terminate | No-Op Yes (0)
D! & D¥ Extend M-Zero Extend NA NA NA Terminate | No-Op Yes (0)
DA & DB |Terminate! NA No-Op {NA NA NA NA NA Yes (I)
DC Terminate| NA No-Op Terminate | NA No-Op NA NA Yes (1)
DE Extend N-One Extend Exit Loop | NA No-Op Terminate | No-Op Yes (0)
DF NA NA NA NA NA NA Terminate | No-Op Yes (0)

¥*These instructions may terminate for reasons other
than the exhausting of field tength.




tCONTROL DATA ENGINEERTING NO. 37100670
S , DATE Jan., 1980
{ Corporation ! SPECIFICATTION PAGE 22
g S . REV. A
---=-==-SUPER COMPUTER OPERATIONS =~--=-===
3¢1e¢3.5 {Cont*d)
TERMINATING CONDITIONS FOR NONTYPICAL (32-8IT FORMAT)
INSTRUCTIONS HAVING MULTIPLE OPERANOS
Instruction R Field {I} S Field {I} T Field {0}
Code
Result if R Field Result if S Field Result if T Field
R Field'is length init- S Field is | length init- T Field is length init-
exhausted ially zero exhausted ially zero exhausted ially zero
14 Exit Loop No-Op Exit Loop | 26T R Pits | 1. rinate No-Op
‘ Skipped
15 & 16 Exit Loop No-Op Exit Loop | No-Op Terminate No-Op
17 NA No-Op NA No-Op NA H No-Op
18, 1A & 1B NA NA NA NA Terminate vo-Op
19 NA NA NA NA .Terminate* No-Op
1C & 1D Exit Loop String of all Exit Loop | No-Op Terminate No-Op
l's
1E Terminate* No-Op NA NA NA NA
IF Termirnate No-Op NA NA NA NA
28 NA NA NA NA Terminate* No-Op
D Terminate No Data o N_A o NA Terminate No Data
data Trans- Transfer to data Trans- Transfer
fer to Reg Reg file fer from from Reg.
file. Reg file file

* These instructions may terminate for reasons other than the exhausting of the field length.

NONTYPICAL (64-BIT FGRMAT)

INSTRUCTION TERMINATING CONDITIONS

Instruction A Field {I} B Field {I} Z Field {02
Code
| Result if Type of A field Result if | Type of B field Result if | Z field

A field is | extension | length init-| B field is | extension | length init-{ Z field is {length init-| Coatrol

exhausted [ if any ially zero | exhausted | if any ially zero | exhausted |ially zero | Vector
B9 NA NA NA NA NA NA NA NA No
BB, BC NA NA NA NA NA NA Terminate | No-Op No

*

& BD {I} {1
C4, C5, Extend M-Zero Extend |Extend M-Zero | Extend Terminate | No-Op No
Cb & C7 {02 {0}
C8,C9 Terminate! NA No-Op IExit Search NA Exit Search| NA NA Yes(O)
CA, CB Iteration Iteration
cC Terminate|{ NA NO-OP NA NA NA NA NA No
CF Terminate | NA Ne-Op Extend M-Zero Extend NA NA No
D8 & D9 Terminate | NA No-Op |NA NA NA NA NA Yes (I)
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Deflnltions and Rules

-~

Overlap of Operand and Result Flelds

It the result tleld overtaps a source fjield such that
elements of the result are stored in the source field
pefore elements In this portion of the source field
3are read, yndetined results may gccuyr. That (s, the
source 2alements may be the original elements or they
may be the newly-stored elements. The Instruction®s
results may become undefined. Note that some sgecific
instructions prohibit any overlap of source and
destination fieldse. This restriction is included in
the appropriate Instructlon descriptions.

Self-Modifylng Programss, Undefined Instructions and
Undetined Operands

Self-Modifylng Programs

As a3 general ruley, self-modifying programs are not
allowed, For further details and limjitations see
the Indlvicua! model speclitlcatlon listed under

section 2.0.

Programmer note: The (05 instruction "void stack and
branch'™ should be used to ensure prooer execution
when utllilzing self-modifying code.

Illegal Instructions

An iInstructlon with an unused function code is
termed an lllegal Instructlon and causes the
following?

A. It In Monltor Mode, an automatic branch to the
address specifled by the contents of absoilute
reglster 4 s executed.

8. It in Job Mode,y, an exchange to Monitor Mode is
performed wlth execution beginning at the address
specified by the contents of absolute register 3,

C. Any reference to the monitor or Job®s register
‘ file via an absolute or virtual bit address will
be treated as If an lllegal instruction h3ac been

per formed.,
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Jelelha2e3 Undeflned Instructlions

The Instructions with a deflned F code but which

el ther have undefined blts set or specify an _
undeflned operatlon cause undeflned results. Note,
that In Job Mode, the key-lock-virtual storage
mechanism cannot be overcome even by an undefined
instruction. Thus the only storage areas which can be
atffected are the pages assligned to the current job
for which the write tockout bits are not set., Of
course, in Monitor Mode no such memary protection
exists.

3elelbe2e5 No op Instructlons

The instructions that are deflned as No op
instructlions do not fetch data and do not alter data

flags.

3.1.4.3 Floatlng Point Format



- . . ———r D o -

{CONTROL DATA | ENGINEERTING NO. 37100670
DATE Jan., 1980

- A ws EE - wn wr  an o an -

! Corporation | SPECTIFTICATTION PAGE 25
"""""""" - REV. A
------- S UPER CoMPUTER O PERATIONS ~=-====-=

Jelebe3ed 32-8Blt Floating Polnt Format

-=- bit 0, exponent sign bit o~
{

-------------------- * exponent blnary point

{-- bit 8, coefficient slgn bit

H Vv
HEE RS L e B LR bl b Db E b Dl R H
H H H !
H { H
H H H H
----------------------------- ¥ coef.
H H 9 31 1 binary
point
: t ‘
H H H
! 8-blt signed H 24~-bit signed H
H exponent H coefflcient H
0 7 38 31

32-bit tloatlng point number

There are two 32-bit hailf-words In every 64-bit word.
A 32-bit floating point number occupies a halft-word,

A zero is 3 positive sign blt and a one is a3 negative
sign bit for both the exponent and the coefficient,

Both the exponent and the coefflclent are expressed
as two's camplement signed Integers. Numbers are of
the form (2¥*X)*c where c is the 24-bit signed
coefflcienty, X is the 8-plt signed exponent, and the

base s 2.

The range of coefticients is from 803000 to 7FFFFF
base 16 which Is from minus 8,388,608 to plus
8,388,607 base 10.

(Continued)
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3.104-3.1 ‘Cont.d)

The range of useful exponents is from 90 to 6F base
16 which Is from minus 112 to plus 111 base 10. The
values of 70 through 8F base 16 all fall Into a
special end case range as defined by the folliowing
table. X Is any hexadecimal digit.

Elerent Representation
Machline Zero BX XXXXXX (H)
Indefinite TXXXXXXX{H)

Examples of 32-bit floating point format represented
in base 16.

+1 oo 030001
+1 normalized EA 400000
-1 00 FFFFFF
-1 normallzed E9 800000
+256(01 0o 000100

A floating point number is normalized if the
coefticlent slgn plt Is different from the next bit
to the rlghte. This condition implies that the
coefficient has been shifted to the lett as far as
possible. Note that an all zero coefficient requires
special attentlon for normatllzed operatlions (see

Jelelbe7) d
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3el1ele3e2 64-blt Floating Point Format

-=-= bit Dy exponent sign bIit -
H

\

H H H

H H {

H : H

-------------------- ¥ exponent blnary point

! 1 i5 |
[}
E ]

{ {-- bit 1649 coefficient slign bit
o

H v
HERE R ettt e Dt Rt i S H

H H H H
! H H

H H H H
---------------------------- ¥ coef.,

' { 17 63 & binary

point

H H H

H H H

! 16-bit signed H L8-bit slgned H

! exoponent H coefficient H

! H H

0 15 16 63

bit A\ /
"}

64-blt floating polnt number

A 64-bit floating point number is contained in a
64~-bit wnorge.

A zero is a paositive sign bit and a3 a2ne is a negative
sign bit for both the exponent and the coefficlent,

Both the exponent and the coefflcient are expressed
as two's complement signed Integers. Numbers are of
the form (2**X)*c where ¢ iIs the 48-pit signed
coefficlenty, X ls the 16-bit signed exponent, and the

base Is 2.

{(Continued)
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The range of useful coefficlen¥s is from 8000 0000
0000 to 7FFF FFFF FFFF base 16 which is minus
140,737,488,355,328 to plus 140,737,488,355,327 base

10.

The range of useful exponents is from 3000 to 6FFF
base 16 which Is from mlnus 28,672 to plus 28,671
base 10. The values of 7000 through 8FFF base 16 all
fall into a special end case range as defined by the
following table. X is any hexadecimal digit.,.

Element Representation

Machline Zero BUXXXXXXXXXXXXXX(H)

Indefinlte TXXXXXXXXXXXXXXX{H)
Examptes of floating point format represented In base
i6

+1 , 0000 0000 0000 0001

+1 normalijzed FFD2 4000 0000 0000

-1 0000 FFFF FFFF FFFF

-1 normallized FFD1 8000 0000 0000

+256{01 . 6000 0000 0000 0100

A floating point number (s normalized if the
coefficient sign bit is different from the next bit
to the right. This condition implies that the
coefflcient has been shifted to the left as far as
possible. Note that an all zero coefficlient requires
speclal attention for normallzed operations (see

3e1ebe7)e
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3.1.4.5

3e1.b4.5.1

3'1.“’.5.2

End Cases

It Iindefinite Is used as an opérand in a floating
polnt instructiony, both the upper and the |ower
results are Iindetftinite.

For the cases listed below, 0 represents machine zero
and N represents an operand whlich is nelther machine

Zero nor indefinite.

Indefinite
0
Indefinite

0

QO

0
N
0

TR
I+
ZZo
Zo00O
[ o]
QZTO
[T
Zoo
NN N
o Zo
(T

0
N

[+ |+ I+

Floating Point Compare Ruleé

Several of the iInstructions compare two floating
polnt operands fors

(s)
{(s)
(s)
(s)

3. equality {(r)
be non-equality (r)
Ce greater than or equal to (r)
de less than (r)

Alv W il

For these axamplesy, the first operand is represented
by (r) and the second operand by (s).

One or Both Operands Indeflnlite

If one operand is indefinitey no compare condition is
met since indefinlte is nott gregter thap, less
thans, gegual toy nor not equal to any other operand.

It both operands are indeflnite, the (r) = {s) and
the (r) > (s) conditions are met since Indefinlte is

defined equal to Indefinite.

Neither Operand Indefinite but One or Both Operands
Machine Zero

Any non-incefinltey, non-machlne zero operand with a
positive, non-zero, coefficient is strictly greater
than machlne zero.

Any non-indefinite, non-machline zero cperand with a
negative coefflclent Is strictliy less than machine

Zero.
{(continued)
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3.10‘00503

(Cont*d)

Machlne zero ls equal only to [Itself and any number
having a non-indefinite exponent and an all zerao

coefflicient.

Neither Operand Indefinite Nor Machine Zero

A.

If the signs of the coefficlents of the two
operands are unllkey the operands are unequal
and the operand with the positive coefficient is

the ltarger of the two.
If the signs of the two coefficients are alike, 3

floating polnt subtract upper is performed;
operand r minus operand S.

Condition met criterla are analyzed as follons
for 64/32 bit compares?

a. If the upper 48/24 bits of the result

coefficient are all zeros (r) = {s)
be If the upper 48/24 blts of the resuift
coefficient are not all zeros {(r) # (s)

Ce If the result coefflcient is positive
{r) > {s)

de It the result coefficlent is negative
(r) < (s)

The above criterla (a and b) for equality and
non-equality do not guarantee that {f r = s, then
s = r when the following is true:?

ES The operands have unequal exponents.

be ™1™ bits exist In any of the right-most bit
positions of the coefficlent which will be
shifted off the right during altlignment of the
smaller exponent. For examples

0 16 63
r = 10004! (12 digits) H
S: ---------------------------------
{0000} {14 digits) X

- e - - - . - - . .- WD WD WD - . =D —n - — - -

Exponent difference = &
If x = 0 then r = s Implies s = r

{continued)
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If x # 0 then if r = sy-s # r
or if s =ry r #£s

The order of events of the floating point subtract
upper Is flrst to complement the subtrahend, then
align the coefficient associated with the smaltler
exponent and finally to perform a floating point add
operation. The following is an example of r = s but
S #£ ra.

0100 gooa 0000 1001

Operand r
0104 0000 00aa 0100

i u

s
Complement s 0104 FFFF FFFF FFOO
Align r 0104 0ggo0 04490 0100 i
Add allgned g10b4 0000 0000 0000 1

r and
camplemented s

Since the upper 48 bits of the result coefflcient are
all zeros, the palr of operands are conslidered equal.
Howevers, if the operands are interchanged, the
following happens?

Operand r = 0104 0000 0000 0100
s = 0100 pooo 0000 1001

Complement s 0100 FFFF FFFF EFFF
Align s 0104  FFFF FFFF FEFF F
Add r and 0104 0000 0000 0100

complemaented, 0104 FFEE FFFE FEFF F
aligned s 0104 FFFF FFFF FFFF F

Since the upper 48 blits of the result coefflcient are
not all zeros, the pair of operands are considered

unequale.

Upper and Lower Resulfts

The tloating polnt add, subtract and multiply
instructions generate 3 result coefficient twice the
length of the source operands® coefficients. The
teft and right halves of thls result are called the
upper result (U) and the lower result (L),

respectlivelye.
{contlinued)
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The sign bit of the lower result®*s coefficient is not
atfected In a lower operation and remains at zero in
two's complement arithmetic. The other blts of the
lower coeffjcient receive no special treatment,.
Remember that a lower result is not meaningtfu! alone,
but it must be used in conjunction with its
assocliated upper result. The data flags resuiting
from the lower result pertain only to the lower

result,
Zeislebotl Right Normalization

When the result coefficlent overflows its register, a
right shift of one place is necessary. In this case,
the entire 385-bit (47-bit for 32 bit operands)

result is shifted right one place with sign extension
and one lIs added to the exponent. This operation is
known as rlght-normatization and it is done, when
necessary, even if normatization is not explicitly
specitied by the instruction. This may cause exponent
overflow; If so, the result Is set to indefinlite and
data flag bit L2 may be set.

Jelelboeboe?2 Floating Point Add

Regardiess of their slgns, both operands®
coefficients are extended to 94 bits (46 bits for 32
bit operands) in length, not including sign, by
addling 47 (23 for 32 bit operands) zaros to the right
of their binary points.

The exponents of the two operands are compared and
the 94-bit (46-bit for 32 blt operands) coefficient
ot the ooerand having the smaller exponent |is
effectively shifted right one blit and its exponent
increasaed by one, successlively until the two
exponents are equal. The sign of the shiffed
coeftficlient is extended from the left to the right
during the shift. Negative coefflcients approach a
minus one and positive coefflcients approach zero as
they are shifted.

The add Is a 94-bit (46-bit for 32 bit operands)
operation, not Includlng sign. Right normallzation
takes placey it necessary. The coeffticient for the U
result is the left-most 47 bits (23 bits for 32 bit
ooerands) and the coefficient for the L result s the

{continued)
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right-most 47 bits (25 bits for- 32 blt operands) of
the S4-bit (46-bit for 32 bit operands) result.

The exponent for the U result is equal to the larger
of the two operand exponents,. Right-normalizatlion
will Ilncrease this value by oney If It occurred.

The exponent for the L result is 47 (23 for 32 bit
operands) base 10 less than the U resuit®s exponent
for all cases except threet

3. Right-normalizatlon causes the U exponent to
overflow} the U result iIs set to iIndefinitej the
L exponent will be 6FD1 (53 in the 32-blt case)

base 16.

De If tThe U result®s exponent minus 47 (23 for 32
bit operands) base 10 causes exponent underflow,
machine zero iIs stored as the L result.

Ce It either or both operands were indefinite, the U
and L results are Indefinite.

Floating Polnt Subtract

The floating point subtract operation is pertformed by
complementing the coefficient of the subtrahend and
performing a floating point additlion operation. The
complementation is a 48-bit (24-bit for 32 bit
operands), two®s complement operation and is

per formed before the operands are extended to %S4

bits (46 blts for 32 bit operands).

Note that the subtract operation is not alwnays
commutative. In other words it is not always true
that A-8 = -({B-A). Thls characteristic wlll be
observed If the following Is true of A and B3

a. The exponents of A and B are not equal.
be *1* blts exist Iin any of the right most bit
positions of the coefflclent which wlil be

shifted oft the right durlng atignment of the
smaller exponent,

(cont lnued)
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Example of A-B # =-(B-A)?1 '

A
8

0104
0100

o

CGCMPUTER.

6FCB
6FAC

ENGINEERTING
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NO.

PAGE 34

REV.

37100670
DATE Jan., 1980

A

OPERATTIONS

807E
3FS0

These two 1 bits will be

exponent allgnment.

Complement B

-8 = 0100
Align 313
-8B = 0104
A-B?
A = 0104
-8 = 0104
0104
A-8 = 0104
Align B¢
= (104
Complement Al
-A = 0104
-{8-A)?
8 = 0104
-A = 0104
0104

-(8-A) = 0104

89F2

ASFA <--

shifted off during

3053  COA2 5A06
F305  3COA 25A0 6
6FCB  807E 89F2
F905 _ 3COA _ 25AQ 6
6800 B3C88 AF G2 6
6800 3C88 AF 92
06FA  C3FS DASF A
9034  7F81 760E
06FA C3FS5  DASF A
9034 7F84 _ 76DE_
972F 4377  Sg6D A
6800 BC88 AF93
last bit

This difters from A-B In the

positlione
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Results of the Floating Point Multiply Instruction

When two floating point numbers are multiplled, the
lower result retains the 47 (23 for 32 bit operands)
teast slignificant product pits generated. The sign
bit of the lomer result is atways set to zero and the
exponent of the lcwer result Is the sum of the two
source operands® exponents with the exceptions listed
below?

The upper result retains the 47 (23 tor 32 bit
operands) groduct bits immediately to the lefft of the
bits retained by fthe lower product. The sign of the
upper product®s coetticient follows the normal rules
of algebrae. The exponent of the upper result is the
sum of the two source operands® expanents plus 47 (23
for 32 bit operands) with the following exceptions?

3. The sum of the source operands® a2xponents {olus
47 (23 for 32 bit operands) base 10, 1f upper
result) exceed 6FFF (6F for 32 bit operands)
base 16 for which case the result exponent is set
to indefinite,

b The sum of the source operands® exponents (clus
47 (23 for 32 bit operands) base 10, 1 f upper
result) iIs less than 3000 {9g for 32 bit
operands) base 16 for which case the result
exponent is set to machine zeroe.

Ce Either or both operands are indefinite for which
case the result exponent is set to indefinite.

d. Nelther operand is Indefinite but either or both
operands are machine zero, for which case the
result exponent iIs set to machlne zeroe.

Except for the calculation of signiflcance, it either
operand has a coefflcient of 8000 0000 0000 (800000
tor 32 blt operands) base 16 and an exponent of X,
the operand wlll be treated as thougn its coefficient
were CO0O0 0000 0000 {(Coooog for 32 pit operands) base
16 and its exponent mere X+1i.

The Floatlng Point Dlvide Instruction

The quotient from the divide operatlon lIs the result
of dividing the prenormalized, integer coefticient of
the divisor into the Integer coefficient of the

dividend gesnerating a 47-blt (23-bit for 32-bit
ooerand quotients). Except for the calculation of

(Continued)

R,
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significance, 1if elther operand ‘has a coefficient of
8000 0000 0000 (800000 for 32 bilt operands) base 16,
the operand wllil be handled as though Its coefficlent
were CO0OC 0000 0000 (C00000 for 32 bit operands) base
16 and its exponent increased by one. HWhen the divide
hardware normallzes the divisor coefticient, the
number of places shifted jeft Is added to the
exponent of the quotient as defined belon.

The exponent of the result will be given by the
following equationt -

{Exponent of Dividend)
(Exponent of Divisor)
(constant - NC)

]

Exponent of Quotient

]

where the constant 1s 46 (22 tor 32 bit
operands) base 10 and NC Is the number of places
shifted left to prenormalize the divisore.

The right-most blt of the quotient [s neither rounded
nor adjusted. The remainder is not retained. The
sign of the quotient*s coefflicient follows the normal
rules of algebra.

Normal ized Upper Results

The normalized add and subtract Instructions generate
an intermediate result identlcal to the final result
of the add U and the subtract U instructions.
Normallzation of the intermedlate, 48-bit (24-bit

for 32 bit operands) coefficlent result then takes
place as follows?

The coefficlent is shifted left one blt and its
exponent ls decreased by oney successively, until the
sign bit and the pit immediately to the right of the
slgn blt are different. During this shifty zeraos are
attached to the right end of the coefficient. It
reducing the exponent by one causes exponent
underflow, the result of the normalization overation
is deflined as machine zero.
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Double Preclislon Results

Several Instructlons © -
DA SUM (Ag + A1 + A2 oo + AN) TO C AND C + 1
DC VECTOR DOT PRODUCT TO C AND C + 1 ‘

produce double preclslon results. The double
precislon adc¢ operation is nothlng more than a
floating point add producing both an upper and lower
result simultaneous!y and retaining both of these
results for the next floating point add operation.
Thus the partlal result in 64-bit arithmetic conslists
of 94 coefficient bits plus sign information and in
32-bit arithmetlc consists of 46 bits plus sign
Information. The DOT PRODUCT instructions add both
the upper and lower results of the multiply
operatlons to the partlial resul ts of the add
operatlons as described above.

Because of speed consideration, the accumuiative
results for double preclision are crder dependent and
may vary from model to model. Precautions will be
taken to Insure that results do not vary on a
particular model due to interrupts.

Floating Point Square Root

Except for the cafculatlion of signiticance, if the
operand has a coefficient of 8000 0000 0000 (800000 .
for 32 bit operands) base 16 the operand will be
handled as though its coefficient were C000 0000 0000
(C00000 for 32 bit operands) base 16 and its exconent
Iincreased by one.

The result of a floatlng point square root operation
is produced by performing the following stepsz?

1. Determine and record the slgnificance of the
coefficient of the input operand.

2. Transform the input operand Into lts positlive
forme

3e It the exponent of the input operand Is odd,
reduce It by one and multiply the coefficient
from step 2 by two. If the exponent [s even, do
not modlify It.

(contlinued)
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4a gbtain the square root of the coefficlent from
step 3. Attach enough "p™ bits to the right end
of the coefficient to altow 47 answer blts to be
produced (23 answer bits for the 32-blt square

root).

Se It the original inout operand was negative,
complement the 47 (23 for 32 bit operands) answer
bits produced in step 4. If the original input
operand was positive, do not modify the answer
bits from step 4. :

6. Form 3 result exponent by dividing the exponent
from step 3 by two and subtracting 23 from it
(subtract 11 for the 32-bit square root).

7e Adjust the answer bits from step 5 so that They'
produce a coefficlent with the same significance
as that recorded from the input opoerand in step
1. AdJust the exponent obtalned in step 6 so 3s
to compensate for the change in magnitude of the
result coefficlent.

8. A source operand having an all-zero coefficlent
will produce a result with an all-zero
coefficient whose exponent has been effectively
divided by two by being rlght shifted one place
with sign extension. If the source operand is
negative, data flag bit 45 s set. If the source
operand is Indefinite or machine zero, the
result will be indefinite or machine zero,
respectively. In these two cases, data flag bit

45 is not set.,

J.1.4e8 Significant Results

The signlficant blt count for a tloating polnt number
is equal to the number of bit positions in fthe
coefficlent (excludling the sign bit) minus the left
shift count necessary to normalize that number. An
all zero {or an all one) coefficient has a
signiflcant bit count ot zero. Note that for a
non-zero coefficlent that Is an exact power of two,
the positive form of the coefficient has a
signliticant blt count that Is one greater than the

{continued)
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significant blt count of the negative form of the
coefficient. The significance of an input operand is
determined from the operand as orlginally read from
a register or from central storage beftore any
operations such as slgn control, the handling of 3
coefficient of 8000 0000 0000 (800000 for 32 bit
operands) or the Jleftt shift for odd exponents in

square root are performed.

Significant arithmetlic determines which of the

source operands has the smalier significant bit count
and records that count; and then, after the
arithmetic operation, determines the significant bit
count of the resuit after any necessary sign
correction. The input significant bit count and the
result significant bit count are then compared. It
the result significant bit count is less than the
input significant blt count, the result coefficient
is left shifted (with zeros shifted in) by the
difference in significant blt counts and the expgonent
is reduced accordingliy. If the result and inpuf
signlficant blt counts are equal, the coefficient is
not shifted nor the exponent adjusted., If the resuit
signlificant blt count is greater than the input
significant bit count, the result coefficient is
right shifted {(end-off with sign extenson) and the
exponent increased accordingtly. Note that tor
multiply, the entire 85 bit resuit (47 bjits for
32-bit multiply) Is shifted as required.

Exponent overflow, exponent underflow and divide
fault cause forced results as usual, Ad}usting for
slgnitlcance can cause exponent overflow or underflow
or it can take a result out of exponent overflow or
underflow.

Jelele9 Sign Control

Certaln vector, sparse vector and non-typical
Instructions provide an operation calied sign control
on the input operands. For these insructions, oits
S5y 6y and 7 of the G field have the following
signiflcance.

2ir 5 3it_ e

0 0 Use the operands from the A stream in
the normal manner.

lenant intiad)
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0 1 Complement the coefflcients of the
operands from the A stream before
using them. :

i 0 Use the magnitude of the coefficients
ot the operands from the A stream.

1 i Complement atl positive coefficlents
of the operands from the A streanm
before using them. Negative operands
Wwill not be altered.

Bit 7
0 - Use the operands from the B stream In the
naormal manner.
i Use the magnitude of the coefficients of the

operands from the B streame.

Any complementation necessary to achieve the required
operand state Is a two's complement operation and is
performed before operands are used in the specified
arithmetic operation. Complementation in sign
control is as described in section 3elebe6.3
“Floatlng Point Subtract™.

Any significance calculation necessary In performing

an Instructlon {s made before the above mentloned
complementation occurse.

({cont inued)
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The following Instructions have»slgh control$

A Operands :
{(Bit 5 § B Operands

Instruction Bit 6) (Bit 7)

83,81,82 Vector Add X X X

84,485,806 Vector Subtract X X X

83,89,88 Vector Multiply X X X

8C,y 8F Vector Divide X X X

33 Vector Square Root X X 0

A0y,AL,A2 Sparse Vector Add X X X

A4 ,A5,A6 Sparse Vector X X X
Subtract

A8 A9, AB Sparse Vector X X X
Multiply

AC 4 AF Sparse Vector X X X
Divide

CF Arithmetic X X X
Compress

08 Maxlmum of A to C X g 0

Ds Minimum of A to C X 0 0

X = 0 or 1 bit is legal

g - This bit must always be set to
zero

The Operand Flow Chart on the following page
illustrates the order of operatlons when slign control

is selected.
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Item Count (field lengths, offsets, indices, etce.)
All fleld lengths, offsets, Indices, shift counts,

etc.y, are Item counts which speclty a number of
bitsy bytes, half-words or words.

String_Indlices

In all strilng Instructions indlces are item counts
in bytes. Indices are different from the offsets In
the vector lInstructions. Offsets are timited to
(2*¥¥16) -1 while string indices are limited to
(2**45) -1 for byte Item counts and {2**42) -1 for
word item counts). Since byte indices are left-
shifted three places before they are added to a base
address, the left-most three bits of a string index
are not used and must consist of extended signe. In
a simltar manner the left-most six bits of word
Index must conslist of extended sign. Overtlows are
Ignored when adding iIndices to base addresses.

Where an item count gther than an index is

contained in a 48-bit field, there snall be at least
32 consacutive and identical sign bits. Sign bits
must always be extended to the left to fill the

16-bit or 48-blt fleld containlng It.
The item count ypnit is specified by the instruction
title Ilne code (see arrow).

Example

v
8 ST MOVE BYTES LEFT; A->C

3.2¢1.249 F8 3
The 8 indicates that field lengths and Indices are
expressed In bytese. Any deviatlon from this method
of specifying the units for the various item counts
would be Indicated In the Instruction description or
Iln the descriptlon of the Instruction type. The
instruction type refers to ST (string), VT (vector),
etce.

An Jndex may be elther positive or nagative in sign.
The maxlmum magnlitude of an Index Is a tunction of
its usage. The Index is shifted to the left end-off

{(continued)
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zero/three/five/six places before the addition to the
base address when the unit for the Index is -
blts/bytes/hal t~words/words.

An gffset may be either positive or negative in sign
and must have a magnitude of less than (2*¥1{6).

A field 1l2ngth must be positlve In sign and have a
magnitude of tess than (2**16); the use of a negative
field length causes that length to become strictly
undefined. Offsets are subtracted from the flielag
length in vector iInstructliony but note that for a
negative offsety, this amounts to increasing the
length specification since subtracting a negative
quantlity Is addition.

Data Flag Branch Register

General Descriptlon

The data flag register is designed to give the
programmer 3n automatic branch to a special routine
for certaln operandsy results, conditions, etc.,
without his having to pay the time penalty of
expllcitly checking these condltions in his program.
It a condition which has been previously selected to
cause an automatic branch occurs during an
Instructlony, the address of the next instruction
which would have been exacuted Is stored into the
address portion of register 01 and a branch [s made
to the address contained in reglster 02. Zero, one
or several more instructions may ke executed before
an automatlic branch actually takes place. The amount
varies from modet! to model.

The data flag register is stored Into word four of
the invisible package.
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PRODUCT MASK DATA™
FIELD FIELD FLAGS ~ FREE FLAGS
: 16 bits : 16 bits : 16 bits | 16 bits
D% 13 151 % 119 311 % 135 471 % 154 631
02 1618 3236 ws 5o 63

*3jits g through 2, 16 through 18, 32 through 34, 2nd
48 through 50 of the data flag register are
undefined. Any attempt to sample, set or clear these
bits Is meaningless and the resuilt of any
instruction trying to do so is undefined,

3eie6e2e1l Oata Flag Bits

Data flags 35-47 indicate conditions that have
occurred; l.ey bit 37 is set at the end of a CC
instruction if no match is found.,. Note that ancther
CC Instruction which flnds a match wil!l not clear bit
37 Bits 35~-47 are cleared only by the Data Flag
Register Bit Branch and Alter, and the QJata fFlag
Register Load/Store instructions.

For data flags 41 through 46y Iinclusivey, If a control
vector [s belng used, the current control vector bit
must be permissive in order to set any of the data
flags; leeey It a divide fault occurred, but the
control! vector bit for that result element was not
permlssivey the divide fault data tiag would not be
s2t by that result element.

3eleBe2.2 Mask Bits ‘ .

A mask bit Is associated with each of the data flags.
The mask bits have the functlon of selecting the
conditions for which the programmer wlshes an
automatic data flag branche.

{contlnued)
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It is Important to note that the associated mask bit
need NOT be set In order to set a data flag bit. .The
mask functlon Is solely one of enabling a particular
data flag to cause a blt to set In the product field.
The order in which the mask bit and its associated
data flag blt are set s [Immaterial, as the result Is
the same; that isy thelir associated product bit is
set.
3-10602-3 Product Bits
fach product bit Is the dynamic togical product of a
data flag bit and Its associated mask bite. Data flag
branches are performed when there is at least cne gne
in the product register and the data flag branch
enable bit lIs set.
3.1.62.4 Data Flag Branch Enable Bit
The data flag branch enable bit, bit 52, must be set
for an automatic data flag branch (DFB) to occure.
Bit 52 is automatically cleared by the hardware when
a DFB takes place. It must be reset with a Data Flag
Register Bit Branch and Alter or a Data Flag Register
Load/Store Instruction to re-enable the DFB.
3¢1¢6e245 Oata Flag Register Blit Assignments

Product 8it

H Mask B8it

H H

H i -0ata Bit
H 1t

v VYV

3-19-35

Soft Interrupt. Monltor software can set blt 35 of
a Job's Data Flag Branch register while the register
Is stored In the Job®'s Invislble Package. Ity after
exchanging back to )Job mode, bit 35 and its
corresponding mask bit (bit 139) are set, 3 normal
Data Flag 3ranch occurse.

{contlnued)
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3.1eH662.5 (Cont*d)
4-20-36 T~
Job Intervs!l Tlimer

5-21-37

Select, condition not met., Instructions Cg through
C3. No match on CC instructlon.

6-22-38
Unusede.
7-23-39

The binary result exceeds the range of +((2**47)-1)
to ~(2¥*47) for the 10 instruction.

8-24-410

8it 40 is the Incluslive OR of bits 37, 38 and 39.
Bit 24 masks blt 40. Bit 8 Is the togical product

of bits 24 and 4g.
93-25-41%

Floating point dlivide faultt The divisor has an all
zero coeftficient or the divisor as read from the
register file or from central storage Is machine
zero. If the divisor and/or the dividend is
indefinitey, no divide fault exists. If a divisor
causes a3 divide ftault, the quotient (s set to
Indefinite. The exponent overflow and result machine
Zero data faults are not set by a divide whose
divisor caused a divide fault.

10-26-42

Exponent overfliow? The exponent of the result is
larger than 6FFF (6F for 32-bit arithmetic) base 16.
Results are not checked for exponent overflow until
after the exponent adlustment for normalization or
significance has taken place. In the adjust exgonent
instructions, if 3 left shift exceeds the number of

{(continued)
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places requlred for normalization, thls data flag Is
set. Exponent overflow causes the result to be set to
indefinite; therefore, the Indefinite flag will

always be set on a exponent overflow. This exponent
overflow data flag Is not set if either source
operand fraom central storage or the register file Is
indeftinite or by a dlvide Instruction whose divisor
causes a divide ftault,

11-27-43

Result Machine Zerot The exponent of the result
returned to central storage or to the reglster file
is less than 9000 (30 for 32-bit arithmetic) base 16.
Result Machlne Zero may be caused by exponent
Junderflow or by one or more of the input operands
being machine zero. The Result Machine Zero data flag
bit is not set by a divide whose divisor causes 3
divide fault.

12-28-44

BIt 44 is the Inclusive OR of blts b1, 42 and 43.
Bit 28 masks blt 44, Bit 12 is the logical product

of bits 28 and 44.
13-29-45

A negative source operand was encountered in a square
root instruction. The square root of the absolute
value of the operand is formed; and the two's
compliement of this square root is stored as the
resulte.

14-30-46

An iIndefinite result was placed into central storage
or Into the register filececes Or ... either or both
operands of a floatlng point compare were Indefinite.

An Indeflnite result may be caused by one or both
operands of a floating point arithmetic operaton
beling Indefinite or by the occurrence of either a
divide fault or an exponent overflow.

15-31-47

A breakooint Hit has occurred. {See the 04
Instruction descrintion).
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3¢1.6¢246 Free Data Flags

8it 51 Is the dynamic Incluslve OR of the product
tfielde This bit is set If any of bits &
through 15 are set. Bit 51 cannot be cleared
directly.

Bit 52 Is the data flag branch enable bite. If blt 52
is 3 one and blt 51 becomes 3 one {or vice
versa) a data flag branch occurs at the end of
the current Instructlion. See 3.1.6.3 for
additional information. Bit 52 is
automatically cleared by the axecution of a
data flag branch.

Bits 53, 54 and 55
There are no product or mask oits associated
with blts 53, 5S4, and 55. Bits 53y 54y and 55
are Initlallized during the initial phases of
the instructions (unless the instruction is a
no op -- see Section 3.1.3) ahich may set any
of theme Thus, it pertinent, these bits must
be sampled before executing another
instruction which woutld alter their orevious
statee. The settling of bits 53, 54, and 55
does not cause a data ftag branch.

Bits 56 through 53
There are no product or mask bits assoclated

with blts 56 through 63. The purpose of bifts
58 through 63 ls to assist software In
determining what operation caused data flag
bits 41y 42, 43, 45 and 46 to go set. Far
instance, If after an automatic data flag
branch blt 58 was set it would indicate that
the operation causing the fault was issued
early in the program because of the execution
time of divide/square root is much longer

than say a multiply or add. Because of
possibie parallel operation between scalar and
vector blts 59 through 63 being set would
Indlcate that bit 41, 42, 43, 45 and/or 46 wWas
set by the vector operation but could have
also pbeen set by a scalar operatlon. If bits
59 through 63 are not set and yet 41,y 42, 43
4S and/or 46 are set indlicates that they were
set only by a scalar operation. Example, if 23
vector operatlon generates a divide fault

{contlnued)
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both bits 41 and 59 will -set as a divide
fault but a scalar Instruction alone will only

set bit &41.

\
Bit 53 - Result tield all zeros \ logical string
Bit S4 - Result field mixed ) / instructions
Bit 55 - Result field all ones / FO through F7
Bit 53 - Ones were counted \ 1E count
Bit 54 - Undefined / leading eguals
Bit 55 - Undefined /
Bit 53 - Undeflned \
Bit S4 -~ Multipie hits \ D08 and 0S¢
Bit 55 = Undefined / Maximum and

/ minimum
Bit 53 - Whotle flald scan, no hit \
Bit S4 - Undetfined \ 28, scan egual
BIt 55 - Undefined /

- /

Bit 56 - A CPU gate assocliated with
the Maintenance Station
monitoring ccunters (See
Functional Computer
Specification listed in
Section 2.0)

Bit 57 - A CPU gate associated with
the Maintenance Station
monitoring counters (See
Functional Ccmputer
Specification listed in
Section 2.0)

Bit 58 - A scalar divide/square root operation set bits L1,
42, 43, 45 and/or 4b6e.

Bit 59 - Vector box floating point divide fauff, duplicate
of bit 44 caused by a vector.

Bit 60 - Vector box Exponent overflow, duplicate of bit 42
caused by a vectors,

Bit 61 - Vector box machline zero result, duplicate of oift
43 caused by 3 vector.

{contlinued)
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Bit 62 - Vector box square root resuit -Imaginary, duplicate
of blt 45 caused by a vector.

Bit 63 - Vector box indefinite result, duplicate of blt 46
caused by a vectors,
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3163 Data Flag Branch (OFB)

If a bit In the mask fleld 1s set and its associated
masked data flag blt Is set, the associated bit in
the product tfield becomes a one. 8it 51 in the free
flag fleld also becomes 3 one slnce it is the dynamic
Inclusive QR of blts & through 15 of the product
field.

It bit 51 is a one from above and it pit 52 is 3lso
set (this is the OFB enable pit), AN sutomatic OfB
occurs. The DFB takes place sometime following the
termination of the instruction which caused the OF8
condition to exlst. The axecution ot the OFB sets
+he bit address of the next instruction into the
right-most 48 blits of register 01 and a branch is
made to the bit address contained in the right-most
48 blits ot register 02. The DFB enable pit In the
tlag mask reglster (pit 52) Is automatically cleared
at this time. The left-most 16 bits of register 01
are cleared to zero by a OFBe The address in
register 01 goints to zero, one or more instructions
removed f{rom the lnstruction causing the DF 8.

Programmer Note?

DFB*s are disabled when Dit 52 is cleared. 3ut it
bit 52 is reset before eliminat ing all the DFB
condlitionsy another DFB will occur which will change
the return address in register 01 and the machine may
wind up in a “tight toop" it proper caution is not
takene Sampling pit 51 for a zero pefore setting bit
52 witl prevent this sltuation for all cases except
those involving the Job Interval Timer. When using
the Job Interval Timer,y 17 should be remembered that
the setting of bit 36 in the DFR occurs
asynchronously with respect to instruction executlion
once the Job Interval Timer is loaded. Thus the timer
may set bit 36 after the check of bit 51 and pefore
the branch to the contents of register 01. One method
of handling thls sltuation Is to examine the contents
of register 01 upon entering the routine for handliing
Data Flag @ranches. It reglster 01 indicates that the
branch occurred outside the DFB routine, then
raglster 01 could be copied to a temporary focation.

{(contlnued)
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3010603 (Cont'd)

If register 01 Indicated that the branch had occurred
withln the DFB routlney then register g1 would not be
copied to the temporary location. At the conclusion
of the OFB routlne, a branch would always be taken to
the contents of the temporary locatlion.

A simpler method Is to comblne the setting of bit 52
and the branch to the contents of register 01 into a
single 33 instruction {33603401) .

3.1.7 Register Fille

For register operatlons, the 8-bit instruction
designators directly address the 256[(0) registers of
the register file. DOuring program executlion

(monitor or Job), these registers reside In the CPU‘'s
register file. When an exchange operation occurs,
the registers are stored into the first 256(0]1 memory
tocations of the particular }Job or monitor mode
orogram beglnning at bit address zero (absolute
address if In monitor mode and virtual address if in
Job mode). The registers may not be referenced as
memory oy thelr associated moni tor or }Job program.
The only exceptlons to this rule are the B7 and BA
instructions with G=-bit 7 set. (See the B7 and BA
instructions in this speclification)e.

Figure 1 shows a map of the register file and the
relationship between the register, its storage
address and its 8-bit designator. The number an

the right represents the blt address and the number
on the teft Is the value of the 8-bit designator for
the 64-bit reglster case. The number inside the
register reporesents the value of the 8-bit designator
for the 32-bit operand case. Note that any reference
to 32-bit register one is undef ined.

{continued)
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Bit Address

- virtuatl in a
Jjobs absclute

Bit in a Monitor

- > A S D W S WD WS WD A W P > w T AR WSS SR W U AR e an el an e

13 2 ! 3 1040e0040(CH)
2 : ------ ; ........ : ....... ; ....... £0...0080CH)
o y
/ \
D e L L L L !
7F 1 FE16 ! FF16 30...1FCO(H)
805 -------------------------- go...zonotH)
N y
/ \
FF ;-------o-~---------‘—-f -------- £0...3FCOLH)

- D W S W D A D R WD = S W WD R wn P An S WD WD WD W WD W WD wS WD -

Figure 1 Register File
Reglster File Restrjctlong
A. Register Zero (Job or Monlitor Mode)
1. Ouring an exchange operation the contents
of the trace register (register zero) and the

appropriate memory location for register zero
are exchanged (swapped) .

Monitor to Job: = ====—-——--———ose---==-<
iBefore { After H
tExchange! Exchangel

------------------------------------- {emmmemm==]

tAbsolute Address Zero i A H c H

R etttk b it R il HERE LT R H

tVirtuatl Address Zero H B H 8 '

R bt b b i e == R il :

{Trace Reglster H C | 8 H

- 4 > > - > - e WD . > - S WP P WP S W A MY W W A WP P W Am T S WS MR m e S oam W @ eSS

(contlnued)
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3ele7 (cont®d)
Job to Monitors? o~
{Before ! After §

tExchange! Exchangei

1Absolute Address Zero H A H A H
R B e e LS Sl I R !
tVirtual Address Zero ! 3 H C H
leceeeemmmmmm——emccsmemmm— e - R R ki !
tTrace Reglister H c H A H

—-‘--*--—---—--_--—-‘------—‘---,--——----ﬁ--—--C

If monitor and Job mode share a3 common register
fite (see E this section), the following will
occur upon an exchange operation (monitor to Job
or Job to monitor}?

- W AP WS e e S WR AR Sm AP Wh WS D R - e m e

iBefore | After !
{Exchange! Exchangei

--_-....w...a..--”..._..-_..-__..__...._..‘__-_—__:¢-_-_--_..=

tAbsolute Address Zero H A H 8 i
R itttk i bty R ettt R bt H
tVirtual Address Zero H A H -B H
tTrace Register i~ 3 H 8 H

- - P - D WD D WS W G S P AR T YR An e W WP W W D Mm e =D W m T W e

During a 70 (Swap) Instruction involving register
zero as part of the register fleld, note a
required pecullarity. Although the current
contents of the trace reglster are sent to

the approprlate memory location for register
zero, the current contents of the trace register
are not al tered.

- G A S - . WD - GRS WD S W R =

iContents iContents

{Before 70 tAfter 70 H
[ . ]
{Memory location for H H H
ireglster zero H A H 8 H
R ittt ikl R d s H
tTrace register H 3 H B H

--—._—————-—-.o--—----—-—---,---—------——-—-——----—-.

{cont lnued)
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J3ele? {cont®*d)

2. Register Zero when referenced by 2 designator
will provide machlne zero as an operand
except when used 3s 3 source register faor
a base address or other descriotion for a
vector or string instruction, in which case
register zero will appear to contain 64=-zero
bits. The use of a zero address may c3use the
instruction to be treated as an illegal
instruction as defined in Section 3.,1.10. It
register zero Is specifled as the destination
register, the instruction tyoically performs
normally with data ftags being set, if
warranted, but no data ls stored. Some
instructions become undefined 1t reglster
zero is specified as 3 destination register.

The table 3.1.7-1 is intended to define what
operand is obtained when reglster zero is
specifled for a source operande. To simplify this
charty, the use of register zero as 3 destination
regisfer has Deen lgnored. A blank in the chart?
indicates where 1t Is either not possible to
specify register zero or it may only be specified
as a destination register. The deslignators Ry S»
Ty Gy Xy Ay Y, B, Z and C are used for
convenience although they do not aoply to all
instructionse. Utitization ot the tollowlng
symbols is made.

Result HWhen Register Zero is Referenced

Symbol for an_0Operand
M Machine zero 1s provided.
8000 0000 0000 0000(H) 64-pbit mode
8000 0000[H] 32-bit mode
A i All zero ls provided.
z All zero In the used portione.

In this Instance the left-most bit
is not used thus machine zerc and
all zeros are indistingulshatle.

N Iinstructlion performs as 3 NO=0Pe

(cont inued)
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3etle? (cont*d)

D.

C No control vector Is used.
0 A mask of all ones is providede.

3. The BA instructlon can read register zero for
datae. See the respective instruction
descrliptions for detailse.

64-3it Registers Gne and Two (32-Dit registers 2
through 5)

If data flag branches are belng used, 64-Dit
registers one and two must be reserved
exclusively for that use. Register one is the
data flag branch exlt address and register two
nolds the data flag branch entry address.

Monitor®s 64-81t%t Registers g-F[H] {32-blt
registers g-1F(H]

Raegisters zero, one and two have the restrictions
listed In A and B above. Registers 3 through 7
are used for fthe iltlegal Instruction, exit force,
external interrupt and storage access interrupt
entry pointse.

32-38it Reglster 0One (right-most nalf of B4-Dit
register 0)

Any reference fto 32-bit register one Is undefined.
Common Register File for Monitor and Job Modes

Monitor and Job modes will have perfectly
overlapping register flles It monitor executes
an Exit Force instruction (09) with either
designator S or the contents of register S equal
to zero. In an exchange from monitor to JobD
mode, the monitor®s register flie is stored
starting at absolute bit address zZeros while the
job*s reglster tlte Is loaded from the tirst 256
locatiaons of its virtual page zero. Register S
contalns the absolute address of the Jobs virtual
page zero (see Exit Force instruction). When
register S specifles an address of zeroy the

{continued)
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301.7 (Conf.d)

register flle contents are .nofl changed. This
appllies to exchange in both directlions. Alsos
since the rlght-most 15 bits of reglster S must
contain zeros (see Exit Force instruction),
oniy 3 perfect overlap may occure.
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3.1.8 Real Time Counters

Jel1.861 Free Running Clock A

This clock consists of a free-running 47-bit counter
and a positive sign bit for a total of 48 bits. It
can be stored into register T using a "Transmit Real-
Time Clock to T* (39) instruction. This counter
increments at a one MHz rate.

Jeie8.2 Monitor Interval Timer

The *“*Monitor Interval Timer"™ is 3 32-pit timer that
decrements at a one MHz rate.

This timer can be loaded from Registar R using the
Transmit (R} to Monitor Interval Timer (0A)
instruction, when the computer is in Monltor Mode.
The timer can be activated by loading it with
anything but all zeros. Once [t Is activated,

it will decrement untll 1t reaches zero or 1is
deactivated. When the tlmer Is decremented to zero,
it will cause an external interrupt on channel 17
whlch must be processed like any other external
interrupt.

The timer is deactlvated by the following methods?

1. Master Clear
2. Loading with all zeros

3. Decremented to all zeros (when [t Is decremanted
to all zeros and caused an external interrupt,
it will be Inactive until loaded with some value

other than zero).

3e148.3 Job Intarval Timer

The Job Interval Timer is 3 32-blt counter
decrementlng at a one MHz rate.

Thlis clock can be loaded (in Job Mode only) from
register R using a 3A (Transmit R to Job Interval
Timer) instructlion. Once loaded,y, the timer continues
to decrament untl! elther an exchange to monitor
mode occursy the timer decrements to zero, or the
timer is loaded with a value of zero. If an exchange
to monitor mode occurs, 'the decrementing of the Job

{continued)
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Interval Timer 1s stopped and the current contents
of the timer are stored in the Invisible Package.
When the execution of that Job iIs resumed, the Job
Interval Timer ls loaded from the invisible package

and resumes decrementing.

When the timer decrements to zerocy bit 36 of the
Data Flag Branch Register will be set. Thus, |If
the corresponding mask bit is sety 3 data fiag
branch would then occur during the next RNI.

The timer may be deactivated by loading it with a
value of zero. This does not cause bit 36 of the
Data Fiag Branch Reglister to be set. Master clear
will also deactivate the Job Interval Tlimer.

The Timer is deactivated by the following methods:?

i. Master Clear
2 Loading with a value of zero
3e Decrementing to zero

The contents of the Job Interval Timer may be
sampled by use of the 37 instruction (TRANSMIT
JOB INTERVAL TIMER TO T). Thlis does not
deactlivate the counter.

Virtual Addressing Mechanism

The virtual addressing mechanism provides a method
of allotting central storage to Jobs in the system.

Definlitions Associated with Virtual Addressing

Monltor Mode and Job Mode

The CPU automatically goes Into a hardware state
called Monitor Mode at the time an interrupt is
honored or at the time an Exit Force from a Job
is performed.

{continued)
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-

When in Monitor Mode, interrupts and the virtual
addressing mechanism are disabled. This causes
CPU addresses to be absolute addresses. Any
interrupts which occur are saved until the Monitor
program executes elther an Idie or an Exit Force

instruction.

The Idle instructlon enables the interrupts and
merely idles until an interrupt occurs.

The Exlt Force instruction actually causes the
hardware state to change to Job Mode and the }ob
execution to start. Durlng Job Moce, the interrupts
are enabled and the virtual addressing mechanism

is used by the CPUe.

3e1¢9e1.2 Page

A page consists of a block of contiguous words of
central storage. All the words in 3 o3age are
identifled by a common page identifier. This
identifier is an absolute address which focates

a page in absolute storage. The following table
identiflies the page sizes. "

Page Sizes (64=bit words)

Small Larage
512(01 65453600

2,048I1D)1

8,132(D)

The size of the small page is selected by bits g and
16 (bit 0 of Key 0 and 1) in the 3rd word (keys) of
the Invisible package. The bits are interpreted as

follows?

{contlnued)
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3e1e9e1.2 {cont®d)
ﬁl.l’.s " -~
)i} 18

0 0 All small pages will De interpreted
by the )Job as 51210] nordse.

1 0 Small pages are 2,048{0] words.,
1 i Small pages are 8,142[0]1 words.
0 i Undef ined

Virtual Address

Addressas origlnating in the central processor
(when not in Monitor Mode) are virtual addresses
whose bits have the fallowing interpretation?

Virtual Address - 48 bits

/\

/ \

Virtual Word Address = 42 bits

/\

- e wn D W . W = o - WS W W UL P D ww S Cm S W

A A A A
! : H !
H H ] emem e bit identifler -
H 1 H
1 i eeeccma=- - - byfe lden?ifler -
H H 3 bits
H :
i meeemcmmeme————— - word identifier -
! n bits
i
..................... virtual page identifier -
m bits

{continued)
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where m and n are deflned as shown in the following
table?l
Page Slze m n
{64-bit words) {bits) {bits)
512001 33 9
2,048[0) 31 11
8y 192101 29 13
654536001 26 16
JeleTells Associative Words

Assoclative words contaln the information necessary

to map a virtual

They have one of the

depending on the page size?

address into an absolute address.
following three formats,

Absolute Virtual

Page Address Lock Page Identitier

{16 bits 1* 112 bitsi33 bits H 512 word
e it by R B dedadedy e it : page
114 bits 1/71% 112 blitsi31 bits {1/ 2,048 word
e adniebadede Labl Rt o i page
112 bits (/7% 112 bitsi29 bits 1//7% 84192 word
A i j-=limem———- HE kit ! page
! 9 bitsi///7i* 112 bitsi26 bitsis///7/7:165,536 word
-------------------------------------- page
0 8 15 19 30 31 S6 63 A
Bits 14-15 and 62-63 are not used in associative

word

Bits
word

8its
word

9-145 and 57-63 are not used
defining 65,536 word pages.

(cont inued)

definlng 3 2,048 word pages.

12-15 and 60-63 are not used In associative
definlng a 8,132 word pages.

in associative
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* Bits 16, 17, and 18. . -
3 _bit code Interpretation
000 end of the page table
001 null associative word
010 small pagey, has not been
referenced by the CPU
011 large page, has not been

referenced by the CPU

100 small pagey, has been referenced
by the CPU _

101 large page, has been referenced
by the CPU

110 small page, has been alterec by
the CPU.

111 large page, has peen altered by

' the CPU

In the above table, the word referenced means that a
Jjob has made a storage reference to the page defined

by the 3ssociative worde.

The record of references and alterations contained in
bits 16, 17 and 18 of associative word for page zero
refer only to the upper half of the page.

Altered means that a CPU Job Mode program has done a
write operation on at least one Dbit on the page
dafined by the associatlive word. When In Moniter
Mode, the CPU does not use the associative hardware
and alteration or referencing by the Monitor program
is not recorded in the associative words.

3.1.3.1.5 Associative Reglsters {(AR) and Space Table

Each computer has a fixed number of hardware
assoclatlve reglsters which hold associatlve words
for faster accessibillty. The remainder of the
assoclative words are In central storage starting

at a fixed address. The portion of fthe total tist

of assoclative words which are 1in central storage

is referred to as the space table, The contents of
the hardware associative reglsters, when in storage,
are stored beginning at absolute 4000(H]J.

{continued)
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3.1.9-106

3.19.1.7

_Assocjiative Reglsters

Absolute Stanrting
Address of Space
Table

Number of

16 t4oolHI]

Page Table

The page table Is the complete table of associative
words and lncludes both the AR and the space taple.
These associatlve words define the pages currently

altotted space In central storage.

Absolute Address

The absolute address is the combination of the
absolute page address from the associative word

in the page table and the word, byte and bit
identifiers from virtual addresses, Thae following
figure itlustrates the construction of the abolute
address for each page size.

Absolute Waord Byte and 3it
Page Address Identifier Identifliers

- - A - - S A . = WD S WD WP S W S AP Ay o - - -

516 bits { 9 bits i 6 blts 1 512 word page
D Tire Uil mits i 6 bifs i 2,048 word page
§ o e wm o > — o - - e - o D WD - - ? e an s - - ]

512 bits H 13 bits % 6 bits ; 84192 word page
T T e oire i 6 bifs 165,536 word page

- . > - - . - . —— - S e P W R D - m W A - - - -

The maximum storage address capacity of each computer
1imits the number of bits used for storage reference.
Consequently, a3 number of left-most bits of the
absolute page address are ignored and must be seat to
zero. The follonwing table shows the number of
left-most blits that are ignored for varlous storage

size.

(cont inued)

DATE Jan., 1980
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Maximum Storage Capaclty Number of Left-Most Bits
(64-bit words) of Absolute Page Address
Ignored
524,288 6
190484576 5
2,087,152 4
44,194,304 3
8,388,608 2

——------——-----—----‘----—----— ---—---.----———-_---_-

When in Monitor Mode, all CPU addressas are absolute
addressese.

3.109-108 Lock

A lock is a 12-bit quantity contained in an
associative word used to associate a page of
central storage with a Job or Jobs whlch will
reference the page.

301.9.1.9 KeYS

Each }Job has four 12-bit keys assigned to it by the
Monltor. If a Job is to use a virtual page, the job
must have the key matchlng the lock associated with
that page.

-—--—-———---—-------—c—-‘--——cc —-——----—-————-—-_--—.¢

—-.—-———---—-—g—-----_-—--—--------.o-—.—-——--._.—_— - - -

*g, *i1, *2, and *3 are four 4-blt usage lockout
codes assocliated with Keys 0y 19 29 and 3s
respectively. These 4-bit codes have the following
significancel

bit 0 - bit 0 of key 0 and 1 (bit O and 16) are used
to detine small page size (see Sec.
3.1.9.1.2) bit 0 of key 2 and 3 (pbit 32 and
48) must be set to zero

bit L - if set, focks out CPU wrlte operations

pit 2 - if set, locks out CPU read operations
bit 3 - it set, locks out CPU instruction references

{cont inued)
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3+19.1.9 {cont*d)

It a key matches the lock of an -associative word,
but the usage attempted is locked out by that key*'s
lockout blts, an access interrupt wlll occure.

See Section 3.1.10 for the location of a Job's keys
within the Invisible Package.

341362 Operation of the Virtuat Addressing Mechanism

A virtual address is sent trom the cantral processor
to the storage virtual addressing mechanisme. The
virtual addressing mechanism compares the virtual
page identifier from the address against the virtual
page ldentifier of each entry in the page table. It
a match iIs found, and if fthe lock associated with the
matching virtual page identifler is matched by one of
the four keys possessed by the requesting tob, a hit
has been made. If a hit is made, the absolute page
address assoclated with the hit-producing page table
entry is attached to the word identitier from the
central processor address. This combination forms

the absolute address used to reference storage.

If the end of the page table is found and no hit has
been madey 3 storage access interrupt occurse. It a

hit Is made, but the operation is prohibited by the

usage lockout bits, a storage access interrupt

QCCUrsSe.

For a more detailed description of tne pége table
search, see indlividual model specification as listed

in Section 2.0«

3¢1¢93 Access Interrupts

A storage access interrupt occurs whenever a page
referenced by a CPU job does not have Its associative
word in the page table or 1f an attempt Is made by a
CPU Job to violate the usage code of a page as
detined by the key matching the fock.,

An access interrupt may be caused by any storage
reference made by the CPU, even in the middle of
a vector or string instructian. The virtual address
causlng the interrupt and informatlon blts as tao the

{cont inued)



- . - e e e W

{CONTROL DATA i EN'GINE £ RINSG NO e« 37100670
DATE Jan., 19380

- - e e . o - -

{ Corporatlon i sPECIFTIC ATION - PAGE 76
--------------- REV. A

------- S UPER CoMPUTER 0 PERATTIONS ===="7=7%
3¢1¢93 {(cont®d)

reason for the access interrupt are stored (along
with the current contents of the invisible flags
and Invisible reglsters) into the Invislible Packagee.

An access interrupt will generate the following entry
in word address E(H) of the Jjob°'s Invisible Package?

--——-—--—----------_-—-‘—-‘-—-- - > - - —— = W s . = B S

%Unused:Cause%Vlrtua! address causing V7777777713

H { pitstiinterrupt vyl 777777%
0 11 12 15 16 54 55 63
8its 0 through 11 are not used and will pe set

to zZerosSe.

Qefinition of cause bitss

git 12 8it 13

0 1 Write operand violation attempted
1 0 Assoclative word not in the page
table
1 1 *Assocliatlve word not In the page
table
and reference attempted was a
write operation
Bit 14 = 1 Read operand violation attempted
Bit 15 = 1 Read instruction violation

attempted

*Note that that is the only case where mnore than one
of the cause bifts would be set.

Bits 55 through 63 are undeflined and . may not always
be zeroe.

Bits 16 through 54 contain the virtual sword address
which caused the access interrupte.

The CPU then reverts to Monltor Mode and a branch is
made to the absotlute address contained in the
right-most 438 bilts of the Monitor®s register 7o

The Monlitor program takes care of allocatling space
for and/or procuring the requested page. After this
is done, the Monltor can start the 0D exactly wnhere
it teft off via an Exit Force instruction.
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3.1.10 Exchange Qperations and Invisible Package

The purpose of the exchange ls to change the prime
role of the CPU from Monitor Mode to Job Mode and
from Job Mode back to Monitor Mode.

The exchange operation from Monltor to a Job is
always accompllshed with an Exit Force instruction.
This causes the contents of the Invisible Package to
be locaded Into the appropriate registerss; the mode
to be changed from Monitor to Job enablling the
virtual address mechanism and interrupts; and
execution to bpe begun as specified by the Invisible
Package. Note that this may be the restarting of a
previously iInterrupted program.

The Exit Force instructlon, the channel interrupt

and the 3ccess interrupt are the three normal ways

of getting from a job in Job Mode to the Monitar
program in Monitor Mode. Attempting to execute a
Monitor-type instructlon in Job Mode or attempting

to execute an undefined op=-code comprises the fourth
nay to get into the Monitor mode. Except for the
starting point in the Monitor pragram, the operaftion
performed In getting to the Monitor are identical for
the four. Sufficient information to restart this Jjob
l1s stored into the Invisible Package and the mode is
changed from Job to Monitor., The Monitor program is
executed starting at the absolute address contained
in the right-most 48 bits of the Monitor®s register

37 5, 6, or 7.

Monltor register, the

Method of getting contents of which Is
to _the Maonjtor ysed to set P
i« Attempt to perform an Register 3

ittegal instruction or a
Monitor-type Instructlon
Iin Job Mode*
2« Attempt to perform an Register &4
iltegal instruction In
Monitor Mode¥*

3. Exit Force Register 5
Le External Interrupt Reglster &
S. Storage Access Interrupt Register 7

*See section 3.1.4.2.2

{cont inued)
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The right-most ten bits of the absolute starting
address of the Invisiblte Package must be ZzZeros.

The Monitor must set up an invislble package for
each jJob. There Is NO Invislble package for the
Monitor program itsetf,

To start a Job Initially, the Monitor must clear
the entire Invisible Package area except for the
Keys and the Program Address areas.

It 3 Job is to be re-enteredy, the Monitor ghoyld
net alter any of the Invisible Package except for
possibly the Keys.

For a more detalled description of the exchange
operationy, and the size of the invisible package
{nhich may vary from model to model) see the
appllicable computer speciflcation as listed in

Section 2.0.

(continued)
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3e¢1.10 {cont*d)
. Abcsolute
INVISIBLE PACKAGE Word Address
.///////////! Program Address ' 3XXX--X00
V11100170078 Breakpoint §xxx--x01
: Keys {XXX-=X02

177777777777 //////////////////////////////////EXXX~-XD3

P D D AP W S Gn WD A WS W WP U D W AR S R P E D L AL WL YR L R WS G TS UE WD WE Wb e WP W AP An R WS W wh W e
- . . D D P . = . . . e e W W e W WP W P W D NN WD wm S AR N M S R G W WD R TR G AL W AR S AN W W W wn
- wh - s - b AR A R R NS W We VW WD WE WA W VR WE ND WS e MR W WS W AP em Am W

mmwmw e memw e ! c e eccet R e et Em e e o W e - - -

- A e D WD AP WP D G . - — D WD > Am D W U D D WD A A D G UD AP UD D AL A W W WS AP R WP W Wn WP an v

Set bit for EBCDIC Mode)

- e D - A > > W W S ws W D W WD GE R WD S WD W D S AR W R D W AR WS R W R W W W S WD Wy . - -

GASCII Mode Bit (Clear bit for ASCII Mode =

- A - > - D . . Y - D W - = D W WP G D AL WS WP WP N . WS W WD WD W WS M G S D > e v ww W . - -

H D D W WS - G D S D AP S WD AP A R W WP YR WE WD WE WS UE S A WS W Wh WS A VD VD WD R W D B WD W A D D -

://///////////////////////////////////////////// XXX=-=-X08

- D R D . W W A W S vm WD WD WP W R WP P TR AL WD e A D WP WS WS WE D AR WS =R Mp WS R WS We WP S WS W W W

- D AR D AP . D D D A P P P - D D D - Ay WD WD W WD WD W D WD W WD WP AP WS WP W WS W W NP WS WD W —> > -

D YD s S WP S WD E P = S WD TS AP WD P WD WS TR R VD WS WS ML D WS WS MO W W WD R WS WS WD WD WD GD W TR W W = W W

D D AR D W W WS R W P W . D W R W W U D R TR L D W YR WD WD WD WS L WD D WS WS AR Wn e Wn = W W

pogd
0
0
®
Y]
7]
-
3
-
o
9
R
[
©
-
>
Q
Q
R
(1]
%]
")
[ ald
(@]
[s1)
C
N
®
><
>
>
[}
1
x
o
m

. - - - . . . n . > Wb S N . AP WS WD D WE WS AD D G AR D WA W D D W W W WS WD - = . Wb

P A D G D D T S - P - - - P WP R WS WP WP WD G WS A WP A = WP D S S WD WD AP D W MD WD WD WE R W W W e - -

- D WR W WS WS . R S o A > W W WP D S WP WD B e GE N R A b WD WS D Ge AP WL AR WS AR D P WL W AR W W >

- . B . > WD D W WD >t A WD —- D P P D D D - - D D VD WD AP S A > - - - ——— > -

V1710777772007 777777777777777777777777777777777 P XXX==X2?

D D WP D D D Wt P P P - wp WD - W WD D D N . WD - .- - - D GB ws A WP WD W W D D D S - - - - - -

Fach of the computers returns the same information in the
non-crosshatched areas. The definition of the cross-
hatched areas and size of the package are model
dependent. For specific detail see the applicable machine
speciflcation as llsted in Section 2.0.
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Per formance Characterlistics
Instruction Descriptions BN

The instruction titles (3.2¢1.1 - 3.2.1.256) are
written In the following format?

3.2e1¢ XXX AA B8 CC DD NAME OF INSTRUCTION [AX]

the function code 00-FF([H)]

where AA

B = the format types,y, 1-C

CccC = the number of bits In the cperand
{1 single bit
8 bytes
32 half-words
64 words
E elither 32 or 64-Dbit
8 both 32 and b6L4L-bit
NA operand size not applicable
D0 = the instruction type

Blank Undefined
BR Branch
IN Index
LS Logical String
MN Monitor '
NT Non-Typlical
RG Register
ST String
SV Sparse Vector
VM Vector Macro
VT Vector

The G bit usage charts in the table of contents use

the following symbols. Pasltions in the G bit usage
charts without symbols are undefined and must be set
to zero.

G bit
E - Either 32 or b4-bit operands 0
C - Control vector 1
0 - Offset 2
B - Broadcast : 3y 4
S - Sign Control 5y 6y 7
X - Defined in Instruction Any

{continued)
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3e2e1

Function

G-Bits

2

Q
0
0

8n
81
82

o e o=

Ce Re 2o Br Gw 9e wm en e

)

"

j

n

87

nnl |

C
_E_C 9

| wof wul

8¢c

80

8t
—_8F

- on oo we

G-Bits
3__4

Function
code

5

2

1

i}

- e ee we se

(72,

m
o} oof oo} o] ]
O Of Of Of O
CauQnLC
EEEE..J
S« O\ MY Y
oy O Oy O O

on oo v on oa

.o oo me oo we e we oo

ddaddddo

s LA Lyl w

on) on| o QOA eow| ool oc| o=

(e
O

S

96
97
19

-® pe v *w e "o o= o

. ow o=

>

20
9€
9F

"o we o=

(continued)
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ENGINEERTIN G
SPECIFICATI 0 N
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I

{
9
(]

Function

(cont*®d)
Code

tCONTROL DATA

Corporation
ee=====- S U P ER
3¢201

L]

-n W C® ew S e Se we Se e ec ST =0 && 90 89 - o® e e Sw e Ae e S0 e S Ce 98 O9 &% eo

!
nurin | vy vy ’QHS X%, v N> >d >d>q > > | >d P bt
0 * q
Aq (449 199 A9 T PPy A

Al vy v v (%, wN X< >q > > >q ><
7)
-

oo ooy |y (oo o o - ] <] O] > > X o > oo |
m
'

oo | oo o nJB o] o o O M bt o |

XvJX > > > | > | >]> > o >q > >q > > X o X

sd >d>d | >d x| >1 |X]>] LvA > 1VAXvAXTAX (3 >

I —. ! ! 1
“ 1|
jEE I8 rJ t ul Wy L uA nﬂvAvAXXXX EEEEC&—CE
! o

ool oo} oof wof =] wof oo} oo| oo == oo| | =] o=] o=} - — oLcLuLuioo_o'aLoLnLcLoLc el oof oof =
.

o« O M} o LY Naoolaoloioiusw O Q 0.L7,3.u=,6.LAu9.AWMCnuchE

a a} al « <« < < <« af < | | g aja ¢ O o of ol o ey of oy ey | ey e oy oy oo} o} oY

| 5 o
U | w O _

-w Bw BT S8 me S me Be ®C we Ox s= o oo S5 o< ‘I!!‘lll'.!l’lllllillll'lllIl‘l

(cont inued)
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A
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z
n
[
[}
J
1
|
i
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!

------- SUPER COMPUTER OFP

3.2.1 {cont®d)

Function G-Bits Co

olel el ol

k0 |00 K00 fo J00 K0 KO [0 §N
0 {0 ko ko o o [0 [0 &

@]
(A
-}.--or-.--\.ap.-c).‘

Lnirnmmmnrnmmm::

< < DX P

O KOO
0 > WO
e o fn
OPDO

o~
& Imim

2
-]
”’-.

o-.-..-oo--o.---—-o---“-o-u

CF & 8 S .S S

Functlion G-Bits

Code 04 3__ & s 6 .7
0q E__C B__8
Dt £
D2
03
D4
DS

__D8
07
ps8
09
QA
08
510
[]0]
pE
DF

O o N

km kM
21 2
of o

m M imimim
ol ol 3 o1 P

-.“--o“-........o-..-a...-..

me sa ea ma me ve 4= ms =u oo =e wa 4= ee o= =w
e lae |oe low |oa o Jou |oe oo jon [on |oe |+ o= foe |ee

3.2.1.1 060 & NA HMN IDLE

Wwhen in Monlitor Mode, enable the external interrupts
and idle untll an external interrupt OCCUrsSe. The Ry
S and T deslignators are undetfined and must he set to

ZRT O
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02

03
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Instrume
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The bres3
preakpol

64

ENGINEERI N G

sPECIFICA T ION
coMPUTER
ILLEGAL

ILLEGAL S

KEYPOINT - MAINT ENANCE

NO. 37

DATE Janes

PAGE 84
REV. A

OGPERATTIONS

tructlon is for use only with the

ntation Monl toring System.
pendent,

NT BREAKPOINT—HAINTENANCE

kpolnt instructlion transfers R to the

nt registere.

maintenance snd program debugging aid

the Job*

- - - -

V1777773
{ UNUSED!
W1/71771%

s Invisible Packagee.

—--_.‘---—-_-———-_—-

P -—-----—----‘--

v/ /7777 USAGE/ /5

BREAKPOINT ADORESS {UNUSED! BITSiI/ /i
/177774 1/ /0

A

UNUSED==~=~

100670
19380

- . - - -

This operation is
see applicable machine speclfication
under section 2.0

The preakpoint register is a
and is saved

In

The preakpolnt functlon compares the addresses of

specitied categories

addressSe.

1f a match ocCCursS, bit 47 o

Branch register is set.

Usage bits 61 and/or 52 may be
breakpoint tunct

cPU read operands respectivelye.

61 - BREAKPOINT
62 - BREAKPOINT

USAGE BITS

ON CPU READ OPERANDS

{cont inued)

jon for CPU write operand

ON CPU WRITE OPERANDS

ot requests with the breakpoint
¢ the Data Flag

set to specify the
s and/or
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------- S UPER COMPUTER OPERATIONST S ---====-=
3e2¢i7 {cont*®d)

This Instruction Is only enabled during Monitor Mode.
In Job Mode It becomes a no op. °

The modes are set up by executing this instruction
with a "1™ in the appropriate R designator bit and
are cleared by executing the instruction with a
"g*" in the same bit locatione.

The R designator bits are defined belows

R_DESIGNAIQR BIT
8 Disabie error correction on atll
Read buses,
9-145 Checkword bits to be

complemented.,

Programmer Note?! These bits must be set to zero
before any Monitor to Job exchange Operation. If
these bits are not set to zero via an g6 instruction,
the connection network could produce invalid data on
the Read and Invalid data could be written into

Mmemory.

The S and T designators are undefined.

A description of each of these faults can be found
in applicable model specification under section 2.0,

Test Operation

SECDED FAULTS

The test 1ls iInitiated by executing an 06 instruction
Wwith bits 9 through 15 selected of the R designator
to complement the respectlve checkword bits of
half-waords 0y 1y 2y and 3 on the Write Scalar bus to
central memory. B8y appropriate selection of data
bits and complementation of checkword bits when
writing in memory, one should be able to generate
SECOED taults on all Read buses. This should aillow

{continued)
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{ Corporation | s PECIFTIC ATION . PAGE 87
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------- SuPER COMPUTER OPERATIONS ==m=""=
3.20107 (Con?‘d)

3,2.1.8

3.2¢19

3.2+1.10

complete checking of the Read SECDED hardware and
also the fault recording hardware for type and
address of the faulte.

The forced complementing of the checkword bits is
dliscontinued by executing an 06 instructlion wWith
bits 9 through 15 of the R designator.

07 ILLEGAL

g8 & NA MN INPUT /O0UTPUT PER R

when In Monitor Mode? Activate the channel flag
designated by the R designator and exit to the next
sequential instructlion. If the R designator
specifias a non-existent channel, the operation

of this instructlion is undeflned.

The S and T deslgnators are undefined and must be
set to zeroe. '

09 & 64 BR EXIT FORCE

From a }Job to the Monitort Exchange to the Monitor
program. A hardware branch is then taken to the
address deflined by the right-most 438 blts of the
Monitor®s reglster 5. For this cases the Ry S and T
deslgnators are undefined and must be set to zero.

From the Monitor to 3 job: Exchange to the Job
whose Invisible Package is located starting at the
absolute bit address contained in register T and
whose virtual page zero (equlivalent to starting
address ot reglster file to be loaded) starts at
the absolute bit address contained in register Se
For this case, the R designator 1Is undeflned and
must be set to zero. If either the S designator

or the contents of register S are equal to zeroy
the Job®s register fite and the monltor®s register

file are identical.

{cont inued)
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------- SUPER COMPUTER OPERATIONS ----==--
3024110 {cont*d)

{Not Used H ¥ { useful bits**i * H

0 15 16 63

Reglster S =T Bits 0-15 are not used

3e2.1011

Je2e01.12

3¢2+1.13

3o2.1.1k4

* These bits must always be set to zero or this
instructlon Is undefined.

**The amount of central storage actually on a system
wlil determine the number of useful bits on a given

systeme.

The number of useful and unused Dbits Is model

‘dependent and related to memory size. See applicable

mode! specification listed In section 2.0

0A & 64 MN TRANSMIT (R) T3 MONITOR INTERVAL
TIMER

When In Monlitor Mode, transmlt bits 32 through 63 of
6L-bit register R to the Monitor Interval Timer

{see Section 3.1.8). The teft-most 32 bits of
register R are lgnored. The S and T designators are
undefined and must be set to zero.

08 ILLEGAL
0C & 54 MN STORE ASSOCIATIVE REGISTERS

00 & 64 MN LOAD ASSOCIATIVE REGISTERS

When in Monitor Mode, Store/Load the contents of the
assoclative registers Into/from absolute addresses
4gg0(H), etc. The Ry, S and T designators are
undetlined and must be set to zero. The contents of
the associative registers are undefined following the
execution of the STORE ASSOCIATIVE REGISTERS

instruction,
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! Corporation ! SPECIFICATION PAGE 89
------------ - REV. A

------- SUPER CQOMPUTER OPERATIONS =--=-==-=
3241415 QE & 64 MN TRANSLATE EXTERNAL INTERRUPT

Each bit In the External Interrupt Reglister (EIR) is
assoclated with an external I/0 channel, or the
Monitor Interval Tlmere.

External _Intercupt Register Bit Assjgnment
Not Avaijilable

0
1 I/70 Channel 1
2 ! 2
3 H 3
4 ! 4
5 H 5
6 H 6
7 H 7
8 ! 8
g H 9
10 i i0
i1 : 11
12 1 12
13 : 13
14 : 14
is v 15
i6 I/0 Channel 16
17 Moni tor Interval Timer 17

Translate the lowest numbered bit set In the EIR
into Its associated flve-blt code and transmit this
code to the right-most five bits of register T. The
left-most 59 bits of register T are cleared to zero.

Examine the EIR and if onty one bit is set, the
branch condglition is met. The branchy 1f taken, is
to (S) + (R) where (S) Is an index in hal f-words and

{R) lIs the base address.

The exit, be it a branch or not, clears the bit (and
onty that bit) in the EIR corresponding to the
channel designator which was transmitted to

reglister T.

It the T and S designators are equal, the
interrupting channel deslgnator will also be
the branch IndeX.

Bit zero of the EIR wlll pever be set as It is
reserved for malntemnance purposes.

If no bit In the EIR Is sety this instruction sets
T to all zeroces and no branch is taken,
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{ Corporation SPECIFICATTION PAGE 99¢g

----------- REV. A

------- S UPER COMPUTTER COPERATIONS —-ceca-==

3.2+1.106 OoF L4 64 MN LOAD KEYS FROM(R) s TRANSLATE ADDRESS(S)
TO (T)

When in Monltor Mode load the four keys found in
register R Into the virtual address key registerse.
The virtual address found In register S is then
translated Into an absolute bit address using the
four keys Just loaded and the associative words of
the page tables This absolute bit address Is stored
in the right-most 48 bits of register T. If no
translation is possible before the end of the page
table is encounteredy the right-most 48 bits of T ara
set to zero. The associative word actually used to
m3ke the translation is left Iin the top assoclative
ragister (associative register zero)l. The page table
is dynamically pushed down, It necessary, when
searching for the associative word used to make the
transiation. This Instruction uses the page tatle as
contained in the Associative Registers and the Space
table In memory. The locations In memory correspond-
Ing to the Assoclative Reg Isters {see the 0C and 00
Instructlons) will not be re ferenced durling the
execution of the OF instruction. The left-most 16
bits of register S are transmitted to the correspond-

Ing position in register T.

The 3-bit sizey, alteration and reference code In the
associative word Is not changed by this instructione.

The entire address range {including bit addresses 0
through 3FFF base 16) are acceptable inputs to the
OF iInstructlione

S G WD WD W WD D S W D WD W T UM D D Ay D D A W D > D D WS WD P WD D D -

{///%iKey 0i///iKey 1i///7iKey 2i///iKey 3% Register R

P AR Wh D WD D WS WD G NP ER AP CD D D - - P D GBS W R TR Gm A AP W WD 4P WD Wb VR B W

bit 0 4 15 20 31 36 47 52 63

Bits 1-3, 17-19, 32-35y and 48-51 of register R are
not used by this Instructlione.

DD s A G D G P D D D - A - D - — - —— D > WP D D w = wn = - > = -

H H absolute bit address H Register T
blt 0 15 16 63

H H virtual address H Reglster S
bit 0 15 16 63

{cont inued)
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3. 201.16

3.2.1.17

3¢2¢118

3(2.1.19

3.2.1.20

----- REV. A

“

SUPER COMPUTER OPERATTIONS =ammee=-=

(cont*®*d)

Bits 0 and 16 of fhe key word must be appropriately
set/clear to Indicate the desired small page size.

10 A 54 RG CONVERT BDC TO BINARY, FIXED LENGTH

Convert the packed BCD number in register R to a
signed (two's complement) blnary number and place

the result into the right-most 48 bits of register

T The converslon is undefined for binary results
greater than +(2**47)-4) or less than -((2**47)3

thus the largest decimal number that may be converted
Is +1404737,488,355,327« The ASCII/E3DIC sign code
for the BCO number is In bits 60~63 of register R.

Data flag bit 39 will be set for numbers outside
this range.

It the input number is not a valld BCO number, the
results are gndefined. Blts 0g~-15 of Register T will
be cleared tao zeroe.

11 A 64 RG CONVERT BINARY TO BCD, FIXED LENGTH

Convert the right-most 48 bits (two®s complement
binary number) of register R to a packed BCO number
and place the result In reglister T« The result is a
number having 15 digits (4 bits per digit pius the
slgn In the lower bits - bits 60-63). The binary
range is + ((2**47)-1) too =-(2**47). During Job
mode, the sign blts generated are conditioned by the
ASCII/Z/EBCDIC bit in the )Job®s invisible package.
Ouring monitor mode, only ASCII codes wl!! be
generated,

12 7 64 NT LOAO BYTE; (T) PER (S), (R)
13 7 64 NT STORE BYTE; (T) PER (S), (R)

Load/store a byte from/into the address specifled by
(R) + (S), where (R) Is the base address and (S) is
an item count of bytes Into/from bits S& through 63
of register T. The remalning blts of T are cleared
on a3 load and lgnored on a store.
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R Field

T Field

3.2.1.22

DATE Jan., 1930

€

SUPER COMPUTER OPERATTIONS ==ccen-=

14 7 1 NT BIT COMPRESS
Compress blit fleld R per length S into bit fietd T.

The length in bits of segments in the source field
to be transmitted to the destination fleld and the
base address of the source field are found in the
left-most 16 blts and the right-most 48 bits of
register Ry respectively. The tength in blts of
segments In the source field to be skipped is found
in the left-most 16 bits of register S. The length
and base acdress of the destination field are found
in the left-most 16 bits and the right-most 48 bits

of register Ty, respectively.

Transmit from fteft to right a portion of the R field
equal to length R to the T fleld and skip the number
of R field bits equal to length S. This operation is
repeated until the T fleld iIs exhausted. If the
field length specified by R or T is zero, the
instruction is treated as a no op.

--=--8ASE ADDORESS R

TR ST GR n AR T G R AR R TR D D S S W O D W R WD R WD WD S D W AP WD D D A AP WD > > D e W W W D WP = - -

D AR AR W G5 D W s W D D D WD S WD WD N D " D WD WP W D WD - =S e R W D W A wn D .- W P D D - W =W wb >

ilength Riiength Stlength Rilength Silength R !
H { ! H H H

N /
\'
----BASE ADDRESS T Only this portion
H of R3 Is transmit-
v ted due to length
H R4 : R2 ! R3!
H H
HEE L length T ===c=vw-- >!
H H

15 7 1 NT BIT MERGE
Merge bit fields R and S into bit field T.

The length In bits of segments of the R fleld to be
merged and the base address of the R field are found

({contlinued)
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------- SUPER COMPUTER K OPERATIONS ===-===--
3020122 {cont*d)

in the left-most 16 bits and the right-most 48 bits
of register Ry respectively. The tength in bits of
segments of the S field to be merged and the base
address of the S fletld are found in the left-most
16 bits and the right-most 48 bits of the S
reglster, respectlvely. The length In bits and the
base address of the destination field are found in
the left-most 16 bits and the rlght-most 48 bits of
register T, respectively.

Transmit from teft to rlght a segment of the R field
equal to length R followed by 23 segment of the S
field equal to length S to ftield T. Thls operation
is repeated untlil the T field is exhausted.

If bits 16 thru 63 of S are zero, logical zeros will
pbe placed in thelr respective filelds in the T fieid.
If the field length specified by Ry S or T is zero,
the Instruction ls treated as a nNno-0p.

BASE ADDRESS

- R TR D WS WS WD WGP W WS WS wh WS WS WD S WE R We e S W T W S

FIELD R R1 H R2 H /

- D - - D WD W D P S WS AR B W AP U Am WL WD YD WS G A A A -

I<=-length=>1{

' R H
Portion of S2 not transferred
{BASE ADORESS _A_
v / \
FIELD S H S1 § S21/7//71 \

- D WD D W W AL WD D WS W WD WP WP CE P WD WS R WM W e uS W WD -

i<-length=->!<-length=>
s S
BASE ADDRESS

FIELD T R1 i S1 H R2 : s2 i

- - D W b = D AP S M W e S WP WS W A S G D S D - D WS N W D WD A s S -
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FIELD S

Mask blt fields R and S into blf¥fle1d Te

The length in bits of segments of the R field to be
masked and the base address of the R fleld are found
in the left-most 16 bits and the right-most 48 bits
of register Ry respectively. The length In bits of
segments of the S field to be masked and the base
address of the S fleild are found in the left-mcst 16
bits and the rlght-most 48 bits of the S register,
respectively. The length in Dbits and the base address
of the destination field are found in the left-most
16 bits and the right-most 48 bits of register T,

respectivelye.

Transmit from left to right a segment equal to length
R starting at the base address of field R to flatd To
Next transmit to field T a segment of Field S egqual
to length S starting at the base address of S plus
length R. The next segment of R 1is transmitted to
field T from address R ptus length R plus length Se !
This operatlion is repeated unti!l the T field is
exhausted.

If bits 16 thru 63 of S are zeroy fogical zeros will
be placed in thelr respective flelds in the T field.

If the field length speclfied by Ry Sy or T is zeroy
this instructlon is treated as @ NO—=0D.

!BASE ADDRESS

\'}
! R4 H ' R2 H \
t<-length=->! t<~length=>1
H R H H R {
Only this portion of
S2 is transmitted
due to Length T.
{BASE ADDRESS A
v / \
{ H Si H H S2i///71% \
1<=-length=->1 t<=-length=->1
H S H H S H

(contlnued)
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{BASE ADDRESS L
y .
FIELD T ¢ R1 ! Si { Rz ¢ S2 i
| <ommmmmmm === length T ===ce===s-==-" ->1
3.2.1.24 17 ILLEGAL
3.2e125 18 ILLEGAL
3.2.126 19 ILLEGAL
3e2e1e27 1A ILLEGAL
3420128 18 ILLEGAL
3.2.129 1C 7 1 NT FORM REPEATED BIT MASK WITH LEACING

ZEROS

Form a repeated mask In tield To The mask [Is a
string of zeros followed by a string of ones.

The length (Iin bits) of the string of zeros is found
in the left-most 16 Dbits of register R. The length
(in bits) of the repeated mask is found In the teft-
most 16 bits of register S, The tength (in bits) and
the starting address of field T are found in the
feft-most 16 bits and the right-most &8 bits of
reglister T, respectively. The instruction terminates
when the T field Is exhausted. If length R is greater
than length S, the instructlon is undefined. If
length R 1is equal to length S, a string ot Zzeros is

formed,

STARTING BIT ADDRESS

---—-_Q—--———--_—--—-—---—---———-- - n - W e e WS SR W WD S Sm o S

H H H t
R i R ====—- >3 HE R ===—~ >{ 1
H length { H length H :
! : '
R iaindnind length S =-—=—==—=<==-< > !
! {
{<—===mmmm=m == === jength T ====-==-—=-==-=--==-==7=77" >
H !

For length R equal to zero, a string of ones is
tormed. For length S equal to zero, the instruction

Is performed as 3 NO~=0P.
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tengthi

. e 06 e S0 me oo o~ e

Jo2.1.31

_---‘—-———__¢—---—_--¢—----—-—-—--——-—-—

--—’--—Q—-—-q-----“--“"---——‘ - e s s = - W B WS W - -

<= R=>1

- - e = > =

ONES
Form a repeated mask iIn fietd T. The mask is 2
string ot ones followed by a string of zeros.

The length (in bits) ot the string of ones 1s found
in the left-most 16 bits of register R. The length
(in bits) ot the repeated mask is found in the Jeft-
most 16 bits ot register S. The length (in bits) and
the starting address of field T are found in the
jeft-most 16 blts and the right-most 48 blits of
register T, respectively. The instruction terminates
when the T flietld Is exhausted. If the fleld length
speclfied by S 1Is zero, the instruction performs as
a no-op. If length R Is greater than length Sy the
instruction is undefined. If length R is equal to
length S, 3 string of ones is formed. For tength R
equal to zero, 3 string of zeros is formed.

- wm av @ W en W W e =

- - - - - =

{1 <=R=>

-
-— wa

e me we ee e se s ~e

1€ 7 { NT COUNT LEADING EQUALS

The bits of field R, starting with the bit to the
immediate rlght of the left-most bit of the field,
are scanned from left to right untit a bit unegual
to the teft-most bit Is encountered. The count of
the number of blts equal to the left most blt is
stored in the right-most bits of register T.

The length (In bits) and the pase address of the
field are contalined in the left-most 16 blts and

the right-most 48 bits of register R, respectivelye.
Reglster S contalns an index In bits nhich is acded
to the base address to form the starting bit address

(continued)
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of the fleld. The Instructlon terminates nhen either
a blt unequal to the left-most field bit is
encountered, or when the entlre fieltd has been
scanned. In the |atter casey the count stored will
bpe the field jength mlnus onee.

-- STARTING ADDRESS
{jeft-most bit)

--—--—o-—-_-_—--—-—-.‘--_—--—---— - . W v s A W W R S - - - -

o—-——--¢--¢—----—-—-—----o--n-- - -

------—-_------c——--_---—----—

The entire T register is cleared before the count is
stored into ite.

Data Flag bit 53 is cleared during initlation of this
instruction and then set to a one if the left-most
bit was a one.

iF 7 { NT COUNT ONES IN FIELD R, COUNT TO (n

The bits of field R are scanned from left to right
and the number of binary one bifts countede. This
count is stored in the right-most bits of register T.

The length (in bits) and the base asddress of the
tield are contained in the left-most 16 bits and the
right-most 48 bits of reglister Ry respectivelye.
Register S contains an indeX in bits which is added
to the base address to form the starting bit address
of the tield. The instruction terminates when the
entire fleld has been scanned.

The entire T register is cleared before the count is
stored Into ite

20 8 32 BR BRANCH IF (R) EQ (S) (32 BIT FP.)
294 8 32 BR BRANCH IF (R) NE (S) (32 BIT FP.)
22 8 32 BR BRANCH IF (R) GE (S) (32 BIT FP.)
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23 8 32 BR BRANCH IF (R) LT (S) (32 BIT FP.)

Conditionally branch to the address In 64-bl?t
register To.

R and S are 32-bit registers containing floating
point operandSe

The S operand is subtracted from the R operand. The
branch decision is made on the result of this
subtract according to the *"floating point compare

rules® In 3.1.4.5.

Data flag?l blt 4b.

24 8 b4 BR BRANCH IF (R) EQ {S) (64 BIT FP.)
25 8 64 BR BRANCH IF (R) NE (S) (64 BIT FP.)
26 8 54 BR BRANCH IF (R) GE (S) (64 BIT FP.)
27 8 b4 BR BRANCH IF (R) LT (S) (64 BIT FP.)

Conditionatlly branch to the address in B4-blTt
register T.

R and S are th-bit registers containing floating
point operandsSs

The S operand ls subtracted from the R operande.
The branch decision-'is made on the result of this
subtract according to the “fioating point compare
rules™ in 3.1.4.5.

Data flag bit 46
28 7 8 NT SCAN EQUAL

Scan field T indexed by S, from left to right untili
the first byte equal to byte R is founds Stop the
scan and increment index S by the number of unegual
bytes scanned. If no byte is found equal to byte Ry
the S lilndex Iis incremented by the nunmber of bytes in
the T field.

The length In bytes of the operation and base address
of the operation are found in the left-most 16 Dits
and the right-most 438 pbits of register Ty
respectlvely. The right-most 48 bits of register S
contalns 3 slgned index. Byte R 1Is found In the
instruction word. Index S is an item count in hytes

{cont inued)
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and s left-shlfted three places before it Is added
to the base address. o .

Data flag bit 53 iIs set If no equal s found.

29 ILLEGAL

2A B B4 RG ENTER LENGTH OF (R) WITH I (16 BITS)
Transfer the right-most 16 bits of this instruction
to the left-most 16 bits of register R. Leave the
right-most 48 bits of register R unchanged.

28 4 64 RG ADD TO LENGTH FIELD

Add bits 00 through 15 of reglister R to bits 48
through 63 of S and store the result in bits 00
through 15 of register T. Bits 16 through 63 of
reglister R are transtferred to blts 15 through 63 of

register T.

LOGICAL EXCLUSIVE OR (R}, (S), TO (T)
LOGICAL AND (R)Y,(S), TO (T)
LOGICAL INCLUSIVE OR (R),(S), TO (T)

2C 4 64 RG
20 4 B4 RG
2E & 584 RG

These instructlons perform the Indicated logicat
functions listed belowe The function occurs bit by
bit on the 64-bit operands contained in the registers
designated by R and S. The resutt in each case is
stored in the register designated by T.

EXCLUSIVE OR AND INCLUSIVE OR
R 3 R=$ R-3 R*S
0 0 0 0 0
0 0 1 0 1
1 0 1 0 1
1 1 0 1 1

It the R or S designators equal zero, reglister zero
will contain machine zero.
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3.201-’48

3.2.10“9

2F 9 1 BR REGISTER BIT BRANCH AND ALTER

This Instructlion examlnes bit 63 of register T. As
specified by the G designator 3 branch lIs made to
the address contained in the right-most 48 bits of
reglster S. The branch Is made according to G bits
0 and § as followns?

GG G1
0 1] do not branch
0 1 branch unconditionally
i 0 branch 1f the oblect bit was a one
1 1 branch [t the object bit was a zero

After the branch declsion has been made and regardless
of what that decision wasy the oblect bit is altered
according to G bits 2 and 3 as follows?

G2 G3
0 0 do not alter the ob)Ject bit
0 1 toggle the object bit to the other
state
1 0 set the objJect bit to a one
1 1 clear the object bit to a zero

If the branch [Is to be taken, the branch address

will be determined as follows?
G bit 5 =0 Register S contains the branch address.
G bit 5 = 1 Branch to the address formed by adding

{G bit 6 = 0) or subtracting (G bit &6 =
1) the S designator (used as a
half-word Item count) shifted ieft 5
places to the program address register.

30 7 64 RG SHIFT (R) PER S TO (T)

This instruction shifts the 64-bit operand from the
register designated by R and stores the result into
the register designated by Te. The S designator
specifles the type and amount of the shift. It the
S designator is In the range from 0 through 3F base
16 (0 through 63 base 10), the operand from register
R Is shifted left end-around the number of specified

(continued)
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3+2¢1.50

3.2.41.51

places and then stored In register T. It the S
designator iIs In the range from FF through Ci base 16
{-1 through -63 base 10), the operand from register T
is shifted right with sign extension and then stored
into register T. For this casey, bit zero of the
operand from register R iIs considered to be the sign
bit of the shifted operand. The number of right
shifts Is equal to the two®s complement of the S
designator., If for exampley, S Is equal to FE base
16y the operand from register R shifts right two
places. If the S designatoer is greater than 3F base
16 or less than Ci base 16y the results ot this
Instruction are undefined.

If the R designator is equal to zero, register z2ero
Wwlll provide machine zero. This instruction does not
test for machline zero or indefinite or set any data

flagse.

31 7 ©64 B8R INCREASE(R) AND BRANCH IF(R) 2 0

Increment the contents of the rlght-most 48 bits of
reglister R by ocne. The upper 16 bits of register R
are not altered and arithmetic overflow is lIgnorede.

If the result from above is 48 zerosy go to the next
sequential instruction. If the 48-bit result from
above is non-zeroy branch to (S) + (T) where (S) is
an [tem count of hal f-words and {T) is the base
addresse. The resulting address for the branch is
undefined If the R designator is equal to elther the
S designator or the T designator.

32 9 1 BR BIT BRANCH ANO ALTER

Reglster S contains the address of the oblect bit.
This Instruction reads up the word containing the
object bit and examlines the bit. The branch Is then

made according to G bits g and 11

GO G1
0 ] do not branch
0 1 branch unconditionally
i 1] branch If the objlect bit was a one
b 1 branch it the oblect blt was a3 zero

{continued)
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After the branch declislon has been made and
regardless of what that decision was, the object bit
Is altered according to G bits 2 and 3 as follcows?

G2 G3
0 0 do not alter the object bift
0 1 toggle the object bit to the other
state
1 0 set the object bit to a one
1 1 clear the ob)ect bit to a zero

1]

NOTE: If GO and G2 and G3 0, do not reference the

object bit at all.

If (Gg = 1) and (G2 and G3 = 0) read, but do
~not write the objlect Dit.

If the branch is to be taken, the branch
address will be determined as follows?

G bit 5 = 1 Branch to the address formed by
adding (G bit 6 = 0) or
subtracting (G bit 6 = 1) the T
deslgnator. (used as a half-word
item count) shifted left S
pltaces to the program address
registeres

3.241452 33 8 4 BR DATA FLAG REGISTER BIT BRANCH AND
ALTER

I iIs a six-bit designator speclifying an object bit In
the data flag registers,

The object bit In the data flag register Is examined
and the decision to branch is made according to G
bits 0 and 1.

GO G
0 0 do not branch
0 1 branch uncondltionally
1 0 branch if the ob)ect bit was a one
1 1 branch if the oblect bit was a zero

{continued)
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After the branch decision has been made and
regardless of what that decision was, the oblect bit
is altered according to G blts 2 and 3 as follcns?

G2 G3
0 0 do not alter the objlect bit
0 1 toggle the objJect bit to the other
state
i 0 set the oblJect bit to a one
1 1 clear the object bit to a zero

Programmer Note! It [s meanlngless to try to glter
bits in the product fleld (bits 0-15) since the
product fjield is strictly a function of the
appropriate data flag and flag mask bitse.

It the branch is to bé taken, the branch address

will be determined as followss$
G bpit 5 =0 Register T contains the branch
address

1 Branch to the address formed by
adding (G bit 6 = 0) or
subtracting (G bit 6 = 1) the T
designator (used as a half-word
item count) shifted teft 5
places to the program address
register.

G bit 5

Since the 33 Instruction may begin execution without
waltlng until the machine has completed all
operations (for exampley, the scalar divide®'s data
flags may not have reached the Data Flag Register),
the data flag bits may set on any minor cycle during
or after executlon ot the 33 instruction.
Consequentliy, any data flag bits that set after the
objJect bit Is sampled will not affect the operation
of the 33 instruction, but will be retained in the
Data Flag Reglster for follow on sampling.

3¢2e¢153 3 4 64 RG SHIFT(R) PER (S) TO (T)

This Instruction shifts the 54~-bit operand from the
register designated by R and stores the result into
the register designated by T. The reglster

designated by S specifies the type and amount of the

(continued)
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shift. If the rlght-most byte of cegisfer S Is in the
the range from 0 through 3F base 16 (o through 63
base 10), the operand from register R is shitted left
end-around the number of specitled places and then
stored into register Te If the right-most?t bpyte of
reglster S 1s in the range from FF through Ci1 base 16
(-4 through -63 base 10}y The operand from register R
Is shifted right with sign extension and then stored
into register T. For this case, pit zero of the
operand from register R is consldered to be the sign
pit ot the shifted operand. The number of right
shifts is equal to the tno's complemant of the
right-most pyte of register S. It the right-most pyte
of register S [s greater than 3F or less than Ci base
164y the results of this instruction are undefinede.
The left-most seven pytes of reglster S are ignorede
If the R designator is equal to zero, register zero
wit! provide machine zero. This instructlon daes not
cause a test ftor machine zera of indefinite or set

any data flagse.

35 7 64 BR CECREASE (R) AND BRANCH IF (R) # O

Decrement the contents of the right-most 48 bits of
register R by one. The upper 16 pits of register R
are not al tered and arithmetic overflow is ignored.

If the result from above is 48 zerosy 90 o the next
sequential instruction. If the 48-bit result trom
above is non-Zeroy branch to (S) ¢ (T) where (S) is
an ltem count of hal f-words and (T) is the base
address. The resulting address for the branch is
undefined it the R designator is equal to either

the S deslgnator or the T deslgnator.

36 7 6&% BR BRANCH AND SET(R)TO NEXT INSTRUCTION

After storing the address of the next sequential
instruction into register Ry branch to (S) + (M
where (S) Lls an item count of hatt words and {1) 1is
the base addressSe gits g through 15 of register R are
forced to zeros. Bits 59 through 63 of reglister R are
undefined. It the R designator is equal to the S
designator the results of this instruction 3re

undeflned.
{cont inued)
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NOTE: It S=0, and R=T, this iInstruction sets
register R to the half-word address-  of the next
instruction and the program contlnues at the next
instruction., This is 3 way to sample the program
address reglster (P).

3424156 37 A 64 NT TRANSMIT J0B8 INTEVAL TIMER TO (T)

Transmit the contents of the Job Interval Timer into
bhits 32-63 of register T, Bits 0-31 are cleared to

zero. The R and S designators are undefined and must
be set to zero. This instruction does not deactivate

the timer.

When executed in Monitor Modey, the operation of this
Iinstruction iIs undefined.

3.2.1.57 - 38 A b4 IN TRANSMIT (R BITS (J0-15) TO T BITS
(00-15)

Replace the left-most 16 bits of register T with the
left-most 16 bits of register R.

3.2+1.58 33 A 64 NT TRANSMIT REAL-TIME CLOCK TO (T)

Transmit the contents of the Real-Time Ciock to bits
16 through 63 of register T. BIlts 00 through 15 are
cleared. R and S must be zero.

3.241.59 3A A 64 NT TRANSMIT {(R) TO JOB INTEVAL TIMER

When executed In Job Mode, thlis instruction transmits
blts 32 through 63 of 64-bit register R to the Job
Interval Timer. S and T must be zero. {See Sections

Jelebe3 and 301-803’0

When executed In Monitor Mode, this Instruction
performs as a No-ope.

3.2.1.60 38 A 64 BR DATA FLAG REGISTER LOAD/STORE

Transfer the contents of register R to the data flag
reglster and the original contents of the data flag
register to register T. The transfer to and from the
data flag reglister will not occur untii all
outstanding operatlons that affect the data flags are

{continued)
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completeds This is not true for the Job interval
timer and breakpoint Inputs. The S designator Is
undefined and must be set to zero. The R and T
designators may be the same and this will swap data

flag packages.

NOTE?S An Immediate data flag branch results at the
termination of this instruction if the new
contents of the data flag register meet the
approoriate conditions.

3C &4 32 NT HALF WORD INDEX MULTIPLY(R)*(S) TO (T)

The right-most 24 bits of register R and S contain
signed, two's c¢omplement integers. Their product is
formed and stored into the right-most 24 bits of
register T. The Jleft-most 8 bits of reglster T are

cleared to zerose.

It the product or either operand exczeds the value,
+((2**¥23)-1) the result is undefined,

30 4 64 NT INDEX MULTIPLY (R)*(S) T0 (T)

The right-most 48 blts of registers R and S contain
signed, two's complement integers. Their product is
formed and stored Into the right-most 48 bits of
register T. The left-most 16 bits of register T are
cleared to zerose.

If the oroduct of either operand exc2eds the value,
+((2**47)-1) the result is undefined.

3E 6 64 IN ENTER(R) WITH I (16 BITS)

Clear register R and transfer the right-most 16 bits
of thls instruction to the right-most 48 bits of
register R (the sign of the {6-bit immediate operand

is extended through bit 16).
3F 6 64 IN INCREASE(R) BY I (16 3ITS)
Replace the right-most 48 bits of register R by the

sum of those bits and the right-most 15 bits of this
instruction (the sign of the 16-blt immedlate operand

{continued)
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Is extended through bit 16 for-the addition).
Arithmetic overflow Is lgnorede.

3e2¢1465 40 & 32 RG ADO Uy (R)+{(S) TO (T)

3.2+166 41 & 32 RG ADD Ls§ (RY#{S) TO (T)

342.1.67 k2 4 32 RG AO0D Nj (R)+(S) TO (T

3.2+1.68 43 ILLEGAL

3.2.1.69 L4 4 22 RG SUB Uy (R)Y-(S) TO (T)

3e2e1e70 45 4 32 RG SUB L5 (R)-(S) TO (T)

3e2¢1e71 ke & 32 RG SuUB N3 (R)-(S) TO (T)

326172 47 ILLEGAL

3¢2¢1.73 48 4 32 RG MPY Us (RY*(S) TOo (T

302174 L3 4 32 RG MPY Ls (R)*(S) TO (1)

3¢2¢1e75 LA ILLEGAL

3e2¢1.76 48 4 32 RG MPY Ss (R)Y*(S) TOo (T)

3e2e1e77 4C &4 32 RG DIV Us (RY/(S) TOo (T)
These instructlons perform the indicated floating
point arithmetic operation on the 32-bit floating
point operands contained in the registers designated
by R and S. The result In each case is stored in the
register designated by T.
U signifies that the Upper Result of the opeation is
returned; L signifies the Lower Result} S signifies
the Significant Result] and N signifies the
Normal ized Upper Result.,
Data tlagst bits 41, 42, 43 and 46

3.2.1.78 40 6 32 IN HALF WORD ENTER R WITH I(16 BITS)
Clear register R and transfer the right-most 16 bits
of this Instruction to the right-most 24 bits of
register R {the sign of the 16-bit lmmediate operand
Is extended through bit 8).

3s2¢1479 4E 6 32 IN HALF WORD INCREASE R BY I(16 BITS)

Replace the rlght-most 24 blts of register R by the
sum of those blts and the right-most 16 bits of this
Instruction (the sign of the 16=-bjit Immedliate operand
is extended through bit 8 for the addition).
Arithmetic overflow is Ignored.



{CONTROL DATA ! ENGINEERTING NO. 37100670
--------------- DATE Jan., 1980
! Corporation ! SPECIFICATTION PAGE 108
--------------- . REV. A

------- PER COMPUTER OPERATTIONS ~--cn=-=

3¢201.80

3.2.1.81

3.2.1.82

4F 4 32 RG DIV S3 (R)/(S) TOo (T)

This Instruction performs a Divide Significant
operation aon the 32-blt floating point operands
contained in the reglsters designated by R and S.

The result is stored in the register designated by T,

Data flags: bits 41, 42, 43 and 46
50 A 32 RG TRUNCATE; (R) TGO (T)

Transmit to destination register T the nearest
integer whose magnitude is less than or equal to the
32-bit floating point operand in origin register R.
This integer is represented as an unnormalized 32-bit
floating point number having a positive exponent.

It the exponent of the source operand is positive
(greater than or equal to zero), the operand is
transmittec directty to the destination register.

If the =2xpaonent of the source operand is negative,
the magnitude of the coefficient is shifted rignt end
offy, and the exponent is increased by one for each
bit position shifted untif the exponent becomes zero.
Zeros are 2xtended on the left during the shift. If
the coefficient of the source operand is positive,
the shifted coefflcient with zero exponent is entered
Into the destination register. If the coefflicient of
the source operand is negativey, the two's complement
of the shifted coefficient with zero exponent is
entered into the destination register,

If machine zero Is used as an operand, 32 zeros are
returned as a result,.

Data ftlagt bit 46
51 A 32 RG FLOORS (R) TO (T)

Transmit to destinatlion register T the nearest
integer less than or equal to the 32-blit floating
point operand in origin reglster R. Thls Integer is
represented as an unnormalized 32-bit floating point
number having a positive exponent.

If the source operand®s exponent is positive (greater
than or equal to zero), the operand is transmitted
directly to the destination register.

(continued)
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It the exponent of the source operand is negatlve,
the coefficient is shifted right end off and the
exponent Is increased by one for each bit position
shifted untll the exponent becomes zero. Sign bits
are extanded on the left during the shift. The
shitted coefflclent with zero exponent is entered
into the destlnation register.

If machine zero is used as an operand, 32 zeros are
returned as a result.

Data flags bit 4o

3201483 52 A 32 RG CEILINGS(R) TO (T)

Transmit to destination register T the nearest
integer greater than or equal to the 32-bit floating
point operand. In origin register R. This integer is
represented as an unnormalized 32-bit floatlng point
number having a positlve exponent.

If the source operand®s exponent s positive {(greater
than or equal to zero)y the operand is transmitted
directly to the destination register.,

If the exponent of the source operand is negative,
the tWwo's complement of the coefficient is shifted
right end off and the exponent is increased by one
tor each bit position shifted until the exponent
becomes zero. Sign bits are extended on the left
during the shift, The two's complement of the shifted
coefficient with zero exponent is entered into the
destination reglister.

If machine zero is used as an operand, 32 zeros are
returned as a result.,.

Data flag? bit 46

3.2.1.84 53 A 32 RG SIGNIFICANT SQUARE ROQTj§ (R) TO (T)

Transmit to 32-bit register T the square root of a
32-bit tloating point operand in register R.

Data flagst blts 43, 45 and 46
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3.2¢185

3+2+1.86

54 4 32 RG ADJUST SIGNIFICANCE; (R) PER (S)
TO0 (T

-

Adjust the signlificance of the floating point operand
in register R and ftransmit it to resutt register T.

A signedy two®'s complement, integer is contained in
the right-most 24 bits of register S. The absaolute
value of this Integer is a3 shiftt count.,

If the shift count [s positlve, shift the operand's
coefficient left the number of places specifiec¢ by
the shift count or by the number of shifts needad to
normallze the coefficlenty, whichever is smaller. In
either casey the exponent of the operand Is reduced
by one for each place actually shifted. An atll zero
coefficient wiil be shifted teft the number of places

speclfied.

If the shift count is negativey, shift the operand’s
coefficlient right the number of places specified by
the shift count and [Increase the exponent of the
operand by one for each pilace shifted. It R is
indefinitey, T will be Indefinlte and data flag bit
46 Is set. If R Is machine zeroy, T will be machine
zZero and data flag bit 43 wll] be set,

This Instruction is undefined If the absolute value
of the shift count is greater than 23 base 10. Note
that the addition of the shift count can cause eijither
exponent overflow or exponent underflowe.

Data flags? bits 424y 43 and 46

55 4 32 RG ADJUST EXPONENTS (R} PER (S) TO (T)

Transmit the adlusted operand from ragister R to
result register T. The exponent of the result is set
equal to the exponent of the operand In register S.
The coefficlent of the result is formed by shifting
the coefficlent of the operand from register R.

The shift count used Is the difference between the
exponents In registers R and S. If the exponent in
reglster R is greater/less than the exponent [n
register Sy the shift is to the left/right,
respectively. For zero coefficients in register R,
the exponent from register S Is coplad to register
T with an all-zero coefficient.

(contlnued)
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(Cont*d)

It 3 left shift exceeds the number of places reguired
for normallzatlony the result is set to indefinite,
and data flag bit 42 is set. If either or both
operands are indefinite or machlne zero, the result
Is set to Indefinites INn thls case, data ftag bit 46
Is set and data flag bit 42 iIs not set.

Data flagss blts 42 and 46

56 7 32 NT SELECT LINK

For certain vector operations (See Table 1),y this
instruction provides the ablility to combine two
vector operations Into one single operation., The
link instruction accompiishes this by chalning the
output of the first vector®'s function to one of the
Inputs for the second vector®s function. The }ink
instruction must be followed immediately by the two
vector instructions to be linked such as?

- - WL W D AD at o > ww G wws e

YD D D . . - > D P WP A = T WD D WS WP G P WP WS WD WD WE W S WE Wn W WS WE v -

The entire operation wil! be done a3s one vector with
function F1 preceding function F2. Deslgnators 22,
C2y (C+¥1)2 and G2 bits 1y 2 will be used to specify
the output stream and designators 21, Ct, (C+1)1 and
Gi{ bits 1, 2 wil! be ignored. Between the two
vectors there can only be two input streams {one A
and one B8) with one broadcast value or one [nput
stream with two broadcast vatues (one A and one B).
Which streams and which broadcast values are selected
are specifled by G1 bits 3y 43 G2 bits 3, 4 of the
vector Instructions and R bits 3, 4 of the !ink
Instruction. See Table 2 for possible combinationse.

The two inputs to the first functlion F1 are A1
(selected by deslgnators X1, A{ and Gi1 bit 3) and B1
(selected by deslignators Y4, B1 and Gi bit 4). The
two Inputs (I2 and J2) to the second function (F2)
are the output of F1 and either input A2 (selected Dby
deslgnators X2y A2 and G2 bit 3) or input B2

{continued)
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{selected by designators Y2, B2 and G2 bit 4}. The
Input contiguration to F2 s determined by R bits 3
and 4 of the llnk Instruction.
{ R bits (State !Interpretations H
HE et il HE e e e Bl D D R R D ik H
H 100 1P3ss H
! e R it L L L P P R L Pt !
LI o ‘01 1Select A2->12, F1i->J2 and ignore 821
! R R e L L P P PP e !
H 110 1Select B2->J2y, F1=->I2 and igncre A2!
: e R e :
H 111 1Select F1->1I2 and Fi1->J2 and ignorei
h ! H 1B2 & A2 H
lomemmmm- i R et e S T L !
{ g-2 H H :
! 5-7 H iUndefined and must b2 set to zero H
Stream A
H H
H H
HE e I emeeme | mmemecea—-
H 1OR?¢ | HE L 2 il >{0R 1 {OR1 H
————>] ' H H |~ > H H
{ H ! ! H H } :
Broadcast--->1A11} H Broadcast~->1A2 1} 1121 :
: : : - - - o ..-->: : :
.- F1 i H {-=-1 F2 1 STREAM C2
Broadcast--->10R} HE bt bl e m—————— --3 ! OR: HE R R el >
H H H -——->1 H :
o N o :
-—-—->iB11 H Broadcast=>i0R le==ww=-= >i1J2i H
---------- : : - B —r e - - -
} $
-------- >i1B2

Stream B

{continue

- wo - an -
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3.2.1.87 (Conf‘d)

G1 bit 0 and G2 bit 0 must be egual.,

G1 bits 5-7 apply to Fi.

G2 bits 5-7 apply to F2.

S and T designators of lInk are undefined
and must be set to zero.

JABLE 1

Instructions that can be used Iin a3 link operatian.

o0 0 00

- - - - - D S G WP D S R WS D e e G e e G W L S WD WD wm e AR W S P D AD WP W WD WS WS T > - -

{ FIRST VECTOR (F1) f SECOND VECTOR (F2) E
L iinstruetion { ¥ tInstruction :
P 1osa P :
2190 i2 0 :
A {3 ias,00,08 :
i 180,81,02,03,84,85,867  180,81,82,83,84,85,06!
: L 387190191992 3 L 187,90,391,92+C4%,4CS, s

iC6,4C7

- - - - D > D UD D = R UR WP AR GR D AL WD R WP S W W WD D WD WP W WD P e Y S W P A AP W - WD W W . D -

* Functlonal unit number wheret

i« Array shift

2. P3cky EXponents, Array Logical
3. Array Multiply

4, Array Add

0 The operation is undefined if the instructions
selected for F1 and F2 have the same functional
unit number.

{continued)
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TABLE 2

Combinations of R, Gi, and G2 bi}s 3 and 4 that can
be selected.

- - AP A W D D WS . A R ——— - - - D WD > > > VR WS WD B W W O W W = em e em

-————-o---------‘—‘-’-—ua-——-‘-—-a-——--—----———-.----———

o Combinations other than above produce undefined
resultse

3.2.1.88 57 ILLEGAL

3.2.1.89 58 A 32 RG TRANSMIT3 (R) TO (1)

Transmit the operand in 32-bift register R to 32-bit
register T.

3¢2¢1.90 59 A 32 RG ABSOLUTE; (R) TOo (T)

Transmit the absolute value of the 32-bit floating
point operand In reglster R to register T.

3.2.1.91 SA A 32 RG EXP.3 (R) TO {T)

Transmit the exponent from the left-most 8-Dift
positlons of the origin register R to the right-most
8-bit positions of destination register T. The sign
ot the exponent Is extended through bit 8 of
destination register T, the teft-most 8 bits of the
destinatlion reglster are cteared to zerose.

3.201.92 58 4 32 RG PACK; (R), (S) TO (7

Transmit a 32-bit floatling point numoer to the
destination reglster Te The exponent of the number
is obtaineag from the right-most 8-bit oositions of
register R and the coefficient Is obtained from the
rlght-most 24-blt positions of register Se
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5C A B RG EXTEND3 32 BIT(R) TO o8& BIT(T)

Extend the floatling point numter. from 32-blt register
R Into a 6u4-bit floatlng point number and transmit
the result to 64-bit reglster T. The value of the
resulting i16-bit exponent lis 24 less than that of

the orlgin operand®s exponent, The coetficlent Is
obtained by transmitting the right-most 24 Dbits of
the orlgin register into bits 16 through 33 of the
destlnation register. The right-most 24 bifts of the
destination register are cleared to zZero.

If R is inaefinite, T Wwill be indefinite and data
flag bit 46 will be set. If R is machine zero, T
will be machine zero and data flag bit 43 will be sete

Data f]ag: bit 43 and 46

so A B RG INDEX EXTEND3; 32 BIT(R) TO 6&4 BIT(T)

Extend the floating point number from 32-bit reglister
R into a b4-bit floating polnt number and transmit
the result to 64=-bit register T. The value of the
resulting 16-bit exponent is the same as the origin
operand's exponent. The coefficient is obtained by
+ransmitting the right-most 24 bits of the origin
register into bits 490 through 63 ot the destination
register. Blts 16 through 39 of the destination
reglster are set to the sign of the origin
coefficient.

If R is indefinite, T will Dbe indefinite and data
flag blt 46 will be set. If R is machine zero, T
will be machine zero and data flag bit 43 will oe set.

Data flag? olt 43 and 4b6

SE 7 32 NT LOADS (T) PER (S), (R)
SF 7 32 NT STORE; (F) PER (S), (R)

Load/store 32-blt register T from/into the address
speclfied by (R) #+ (S) where {R) is the base address
and (S) Is an ltem count of hal f-words. Note that S
and R are 64-blt registers and that the item ccunt

is shifted lett flve places before the addition.
overflow from this addition Is lgnored, if it occurs.
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60 4 B4 RG ADO U3 (R)+(S) TO ()
61 4 64 RG ADD L3 (R)+(S) TO (T)
62 4 64 RG ADD N3 (R)+(S) TO (1) \

These instructlions perform the indici?ed ftoating
point arithmetic operatlon on the 64-bit floating
polnt operands contalned In the registers designated
by R and S. The result In each case is stored in the
register designated by T.

U signifies that the upper result ot the opaeration is
returned} L signifies the lower result; and N
signifies the normallzed upper result.

Data ftagst bits 42, 43 and 46
63 4 6L RG ADD ADDRESS; (R)+(S) TO (T)

This instruction adds bits 16 through 63 of register
R to bits 16 through 63 of register S and stores the
result in bits 16 through 63 of register T. Bits 16
through 63 are treated as 48-bit, positlve, unsigned
integerse. Arithmetic overflow is lignored. Bits 0
through 15 of reglster R are transferred without
modification to bits 0 through 15 of register T.

B4 & B4 RG SUB U3 (R)=(S) TO (T)
65 & 64 RG SUB LS (R)=(S) TO (1)
66 & B4 RG SUB N3 (R)=(S) TO (T)

These instructlons perform the indlicated floating
point arithmetlc operation on the b4-bit floating
point operands contained In the registers designated
by R and S« The result in each case is stored In the

register designated by T.

U signifies that the upper result of the operation is
returned; L signities the lower result; and N
signifies the normalized upper result,

Data flagst bits 42, 43 an 4B
67 4 B4 RG SUB ADDRESSS (R)-(S) TO (T)

This instruction subtracts bits 16 through 63 of
reglster S from bits 16 through 63 of register R and
stores the result in bits 16 through 63 of register
T. Bits 16 through 63 are treated as.48-blt, positive
unsigned integers. Arithmetic overflow is ignored.
Bits g through 15 of register R are transferred
without modiflcation to bits 0 through 15 ot

~am i~ dAm~ T
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3.2.1.105 68 4
3.2¢1106 69 &4
30261107 64
3¢42+1.108 68 4
J.2.1.109 6C &4
These
point
point

by R and S.

SPECIFICATION

COMPUTER

64
64

64
64

RG MPY U3
RG MPY L3
ILLEGAL
RG MPY S3§
RG DIV U3

instructions perform the
arlthmetic operation on the 64-bit floating
operands contalned in the registers designated

(R)*(S)
(R)*(S)

(R)*(S)
(R) /7 (S)

ENGINEERTING

TO
TO
T0
TO

€

OPERATTION

(1)
(1)

(1)
(1)

37100670
DATE Jan., 1930
PAGE 117

REV. A

NO.

indicated ftioating

The result In each case [s stored In the
register designated by T.

U signifies that the upper result of the operation is

returned;
the significant result,

Data flagss

3¢241.110 60

This
register designated by R

4

b4

L signifies the

bits 41, 42,

RG INSERT BITS;S

designated by T.

(R)

T0

lower resulty

43 and 46

(n

S signifies

PER (3)

instruction inserts the right-most pbits of the
into the register

- W - > - W D D " D D WS W W WD AP > U D W D WP U wp WD D M AP D D P WP W AR D WGP U D WD WD WD WP - - -

Reg R H

/ Reg T 1
H

H m :
HE R il B >
H bits H
A
INSERT H
H
v
HE m : H
fCmmmmm e >4 * '
{ ! blts H H
A * These bits are unaltered

(cont inued)
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3.2.1.110 (Cont*d)
{ H H { :
Reg S ¢ 0---0 4 m | O-—m—mmemmmmm e e e aea 0! n
: H ! H }
0 9 10 15 16 57 58 63

32410111

Reg R

Reg T

8its 10 through 15 of the register soecified by S
contaln the number {(m) of right-most bits to be
inserted., The right-most 6 bits of register S specify
the the bit number (n) In register T where the left-
most bit of the Inserted data witl be placed. BRits

0 through 9 and 16 through 57 of register S are
undefinad and must be set to zero.

If the R designator Is equal to zero, than register
zero will provide machine zero. It m»m plus n is
greater than 54[D)y, or if m [Is equal to zero, the
results of this Instructlion are undefined.

bt & 64 RG EXTRACT BITSy (R) TO (T) PER (S)
Thls Instruction extracts bits from the register
designated by R and stores them into the right-most

portlon of the register specified by T. Reglster T
is cleared before receiving the extracted bits.

D - A A D - - D AD D D D W CE WD WS UL W - . P D D —n WS WA D D WD > D D Wy W D > W - - =

D D A W W D A WD A - D D WD En - - D, D S - = D W WP WS D > A . - WDy - AP D =D —> m . - - - -

T AL A WD NP M T R S S R WS WP - D D . D D W W —D =D D - WS D D WD WD W D D - - D - P > D W ED A wm = -

AL - - - " - - D WP P S YR WD WD WD W B v — - - AD D WP W WP N we w WD WS W > WP B WD Wh W S WS wm W e wn -

{continued)
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30201111 (Cont*d)

- W WP PGP W WS WS WS UD AR WP e P W e W Sh am

! : H i :
Reg S { 0-=--0 3 m ! po=========== e Sutndababababe 0 ! n i
: ! : H H

--‘---------—¢-“—-----—n—-a--'--———--—-‘--—--‘------.

Bits 10 through 15 of the register specified by S
contalin the number (m) of bits to be extracted from
register R. The right-most 6 bits of register S
speclify the teft-most bit number of the extracted
bits. Bits 0 through 9 and 16 through 57 of register
S are undefined and must be set to zeroe.

If the R designator is equal to zero, reglster zero
will provide machlne zero. Itf m plus n is greater
than 64[01, or if m Is equal to zero, the results of
this Instruction are undeflined.

30201112 6F & 64 RG DIV S5 (R)/(S) TO (T)

This Instruction performs 3 Divide Signlflicant
operation on the &4-bit tloating polnt operands
contalned In the registers designated by R and Se.

The result is stored in the register designated by T.

Data flags: bits 41, 42y 43 and 46
3.2.1.113 70 A 64 RG TRUNCATE; (R) TO (1)

Transmit to destlination register T the nearest
integer whose magnltude iIs less than or equal to the
magnitude of the 64-bit floating point operand Iin
origin register R. The integer is represented as an
unnormalized 64-bit floating point number having 3
posltive exponent.

If the exponent of the source operand is positive
{greater than or equal to zero), the operand is
transmitted directly to the destination register.

If the exponent of the source operand is negative,

! the magnlitude of the coefficient is shifted rlight
end offt and the exponent Is increased by one for each
pit position shifted until the exponent becomes zZero.
Zeros are extended on the left during the shift. It
the coefficient of the source operand is positive,

{continued)
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the shifted coefficient with zerc exponent 1is entered
Into the destination register. If the coefficlient of
the source operand is negative, the two®s complement
of the shifted coefficient with zero exponent is
entered into the destlination registere.

If a machine zero is used as an operand, b4 zeros are
returned as 3 resulte.

Data tlag: bIY L6
74 A 64 RG FLOGRS (R) TO (T)

Transmit to destination register T the nearest
integer less than or equal to the 64-bit floating
poinft operand in origlin reglster R This integer is
representad as an unnormallized 64-bit floatling point
number having a positive exponent.

If the source operand*®s exponent is positlive (greater
than or equal to zerod)s the operand is transmitted
directly to the destination register.

It the exponent of the source operand is negative,
the coefficlient is shifted right end off and fthe
exponent is increased by one for each bift position
shifted untll the exponent becomes Zero. Sign bits
are extended on the tett durlilng the shitte. The
shifted coefficlent with zero exponent Is entered
into the destination register.

If a machline zero is used 3s an operand, 64 Zzeros are
returned as a resulte.

Data flag? bit L6
72 A 64 RG CEILING; (R) TO (1)

Transmit to destinatlon reglster T the nearest
integer greater than or equal to the pL-bit floating
polnt operand in orligin reglster Re This integer is
represented as an unnormalized e4=-bit floating point
number having a posltive exponent.

If the source gperand*s exponent is ooslitlve {(greater
than or equal to zero), the operand is transmitted
directly to the destlnation register.

(continued)



R Xt iaadhndndiadtiend

"N G INEERTING NO. 37100670

1CONTROL DATA ¢ £

--------------- ‘ DATE Jan., 1980
{ Corporation | sPECIFIC ATION : PAGE 121
""""""""" REV. A

------- S UPER CoMPUTER 0 PER AT IONS =======<

3.2.1.115 (Cont*d)

If the exponent of the source operand is negative,
the two's complement of the coefficient is shifted
right end off and the exponent Is increased by one
for each bit positlion shifted until the expanent
becomes zero. Slgn bits are extended on the left
during the shifte. The two's complement of the shifted
coefficiant with zero exponent 1Is entered into the
destlnation register.

If machine zero {s used as an operand, 64 zeros are
returned 3as 3 result.

Data flag?l bit 46

3.2.1.116 73 A 64 RG SIGNIFICANT SQUARE ROOT; (R) TO (T)

Transmit to register T the square root of the 64-bit
floating point operand in register R.

Data flags? bits 43, 45 and 46

3024010117 74 & ©64% RG ADJUST SIGNIFICANCE; (R) PER (S) 10 (1)

Adjust the significance of the floating point operand
in register R and transmit 1t to result register T.

A slgned, two's complement integer is contained in
the right-most 48 bifts of register S. The absolute
value of thils integer is 3 shift count. The left-
most 16 bits of register S are ignored.

If the shift count is posltive, shifft the operand's
coefficlent left the number of places speci fled by
the shift count or DYy the number of shifts needed fo
normal lze the coefficlent, whichever 1s smaller. In
elther casey the exponent of the operand is reduced
by one for each place actually shifted. An all zero
coefflcient will Dbe shifted left the number of places

specl fied.

It the shift count is negative, shift the ooerand's
coefficient right the number of places specified by
the shift count and increase the exponent of the
operand by one for each place shifted.

{cont inued)
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30241119

This instruction Is undefined I f the absolute value
of the shift count is greater than 47[(0]. Note that
the addition ot shlift count can cause elther exponent
overflow or exponent underfiowe.

It R Is indetinltey, T will be definite and data flag
bit 46 will be set. If R is machine zeroy, T will be
machlne zero and data flag bit 43 will pbe set.

Data flagst Dbits 42, 43 and 46

75 & 64 RG ADJUST EXPONENT; (R) PER.(S) Te (M)

Transmit the adjusted operand from register R to
result register T. The exponent of the result s set
equal to the exponent of the operand in register S.
The result [s formed by shifting the coefficlent of
the operand from reglister R.

The shift count usad is the djifference between the
exponents is register R and S. If the exponent [In
register R Is greater/less than the exponent in
register Sy the shift is to the left/right,
respectivelye. For zero coefflcients in register R,
the exponent from register S is copled to register T
with an ail-zero coetfticient.

If a teft shift exceeds the number of places
required for normalizationy, the resuilt Is set to
indetinite and data flag 42 Is set. If either or
both operands are indefinite or machine zero, the
result [s set to indefinite. In this case, dats flag
bit 46 is set and data filag bit 42 is not set.

75 A B RG CONTRACT3 64 BIT (R) TO 32 BIT (T)

Contract the B84=-bit floating péinf number from
reglster R into a 32-bit floating point number and
transmit the result to 32-bit register T,

(continued)
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3e2¢1.119 (Cont*d)

) Input Exponent Result -~

7FFF Resul?t Indefinite
] Indefinite Data Flag L6

7000

6FFF Result Indefinite
H Data Flag 42, 46

0058

0057 ) Result exponent 24[(D) larger
] t+han Input exponent
H Copy left-most 24 bits of
H input coefticient

FF78

FF77 Result machlina zero
: o Data Flag 43

89000

The 24-bit result coefficient is copied from the
feft-most 24 blits of the 48-bit source coefficient
(bits 15 through 39). This has the effect of
contracting all negafive'source coefficlents, whose
absolute values (neglecting the exponent) were less
than or equal! to (2**24), to 3 minus one.

Data flags? Dbits 42, 43 and 46

3.2.1.120 77 A 8 RG ROUNDED CONTRACTS &4 BIT (R) TO 32 BIT
(7

Perform a rounded contract operation on the 64-bit
tloating point number in register R and transmit the
32-blt floating point result to 32-blt reglster T.

A positive one is added to the origin operand in bift
posltion 40. If overflow occurs the exponent 1s
increased by one and the coefticient is shifted right
one place. The left-most 2L blts of this 48-bit sum

{continued)
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3021120 (Cont*d)

! are then transmitted to the 24-blt coefficient
portion of reglster T. Each non-endcase result
element®*s 8-bit exponent is 24{D1 (25(D) iIf overflonw
occurred) greater than the corresponding source
element®s exponent.

Data flagst bits 42, 43 and 46

3.2.1.121% 78 A 54 RG TRANSMITS (RY 70 (T)

Transmit the 64-bit operand In register R to
register T.

302414122 79 A 64 RG ABSOLUTE; (R) TO (T)

Transmit the absolute value of the 64-bit filoating
point operand in register R to register T.

Data flags? bits 42, 43 and 46

3¢241.123 7A A 54 RG EXP.; (R) TO (T)

Transmit the exponent from the left-nost 16-bit
positions of orlgln reglster R to the right-most
16-bit positions of destinatlon register T, The sign
of the exponent Is extended through bit 16 of
destination register T. The left-most 16 bits c¢cf the
destination register are cleared to zearos.

362411204 78 4 64 RG PACK; (R)y (S) TO (T)

Transmit a 64-bit floating point number to
destination reglster T. The exponent of the number
is obtained from the right-most 16-bit positlons of
register R, and the coefficlient Is obtalined from the
right-most 48-bit positions of register S.

3.241125 7C A 64 RG LENGTH; (R) TO (T)

Transmit the left-most 16-bit positions of origin
register R to the right-most 16-bit positions of
destination register T. The teft-most 48 bits of the
destination reglister are cleared to ZzZeros.
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Move to destination flelid Ty, a portion of the
reglster flle beginning at the 64~-bit register
specified by the right-most eight bits of register S.
Transmit source tleld R to the register flle
beginning at the 64-bit register specifled by the
right-most eight bits ot register S.

The left-most 16 bits of register R and T specifty

the fieid length In words for the source and
destination fleldsy respectively. The fleld lengths
of the source and destination tields may be different
but each must be even. A zero fleld length indicates
no transfer for that field. Any transfer of wards
into or out ot the register file that becomes
exhausted of registers (i.e.y beyond the bounds of
the register flle), causes the Instruction to become

undefined.

The right-most 48 bits of registers R and T specify
the base address of the source and destination
fields, resoectively. These addresses must specify

an even b64-bit word in central storage. Bits 57
through 63 of register R and T are undefined and must
be set to zero. Qverilap of the source and destination
fields is atlowed only it the base addresses for both
fields are equal.

Reglsters Ry Sy or Ty, may be in the range of the
registers being swapped.

The starting register In the file specified by the
right-most eight blts of the register specified by S
must be an even register or this instruction will be
treated as 3an undefined instruction. For additional
material see Section 3«1.7 on the Register File,

127 7E 7 64 NT LOAD; (T) PER (S), (R)

128 7F 7 64 NT STORES (T) PER (S), (R)
Ltoad/store 64-bit register T from/into the address
specified by (R) + (S) where (R) [s the base address
and (S) is an ltem count of wordse.

362414129 8o 1 £ VI ADD U5 A+8---->C
3.2.1.130 81 1 E Vvl ADD L3 A+B---->C
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3¢2¢1.132

SUPER COMPUTER OPERATIONS -===-=--

82 1 E VT ADD N§ A+B=--=-=>C

These instructions perform the Indicated floatlng
polint arithmetlc operations on elements of vectors
A and B. The results are stored into vector C.

U Signifies that the upper result of the operation is
returned; L signlfles the lower result and N
signifies the normalized upper result., Sign Control
Is permitted, see 3.1.4.9 for details.

Data flagst bits 42, 43 and 46

83 1 6% VT ADD ADDRESSS A+B=---->C

This Instruction adds blts 16 through 63 of the
elements of the B vector to bits 16 through 63 of
the elements ot the A vector and stores the results
in bits {6 through 563 of the elements of the C
vector. 3its 16 through 63 are treated as 48 bit,
positivey unsigned integerse. Arithmetic overflown

is lgnored. 8its 0 through 15 of the elements of
the A vector are transferred without modification
to bits 0 through 15 of the glements of the C vactor.
8it 0y 54 6y and 7 of the G designators must be set
to zero.

8k 1 E VT SuB U5 A-B--=-=>C
85 1 E VT SuB L; A-B==-=-=>C
86 1 E VI SuB8 N3 A-B---=>C

These operations perform the indicated floating point
arithemtic operations on elements of vectors A 3and B.
The results are stored Into vector C.

U signlifles that the upper resutlt of the operation Is
returned; L signifies the lower result; and N
signifles the normallzed upper result, Sign Control
Is permitted, see 3.1.4.93 for details.

Data flagss: bits 42, 43 and 46



- - > wn n -

{CONTROL DATA 1! ENGINEERTING NO. 37100670

P e e

-———— DATE Jan., 1980

! Corporation ! SPECIFICATTION PAGE 127
———— . REV. A

------- SUPER COMPUTER OPERATIONS --==-=--

302014139

87 1 64 VT _ SUB ADORESS; A=B-=--->C

Thls instructlion subtracts blts 16 through 63 of the
elements of the B vector from bits 16 through 63 of
the elements of the A vector and stores the results
in bits 16 through 63 of the elements of the C
vector. Bits 16 through 63 are treated as 48 bit,
positlve, unsigned integers. Arithmetic overflow

Is ignored. Bits 0 through 15 of the elements of the

A vector are transferred without modification to
bits 0 through 15 of the elements of the C vector,
Bit 0y S5y 6 and 7 of the G designator must be set
to zero.

88 1 E VT MPY US A*¥3===-=>C
89 1 E VT MPY L3 A*¥B-~-=>C

These instructlons perform the indicated floating
polnt arithmetic operations on elements of vectors A
and B. The results are stored into vactor C.

U signifies that the upper result of the operation is
returned; L slgnifles the lower resuit;y and S
signifi2s the significant resuilt. Sign Control is
permittad, see 3+.1.4.9 for details. .

Data flagst bits 41, 42, 43 and 46
8A 1 64 VT SHIFT} A PER B=----> C

This Instruction shifts the 64-blt elements frgm
source vector A by corresponding elements from source
vector B and stores them into result vector C. It
the rightmost byte of the efement In vector B is in
the range from 0 through 3F base 16 (0 trhough 63
base 10)y the element from vector A iIs shifted left
end-around the number of specifled places. If the
rightmost byte of the element In vector B is In the
range from FF through Ci base 16 (-1 through -63 base
10)y the element from vector A Is shifted right with
slgn extenslon. Blt 0 of operands In vector A is the
sign bit for extension and the number for rlght
shifts is equal to the two’s complement of the
rightmost bytes of operands in vector 3. It the
rightmost byte of elements from vector B s greater
than 3F or less than Ci base 16, the results are
undefined. The leftmost seven bytes of elements in
vector 3 are lgnored.

(cont inued)
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34241139 {Cont*®*d)

G bits 0 and 5-7 are undefired_and must be set to

Zer e
3.2.1.140 88 1 E VT MPY S§ A*B---=>C
3.2.1.141 8C 1 E VT DIV Uj A/B-===>C
3.2.1.142 80 ILLEGAL
3.2.1.143  8E ILLEGAL
3.2.1.144 8F 1 E VT DIV S§ A/B~=-=>C

These instructions perform the indicated floating
polnt 3rithmetic operations on elements of vectors A
and B. The results are stored into vector C.

U signifies that the upper result of the operation is
returnedy L signifies the lower resulty and S
signifiss the slgniticant result. Sign Contro!l is
permitted, see 3.1.4.9 for detalls,

Data flagss blts 41, 42y 43 and 46

3.2.1.145 90 1 E VT TRUNCATES A-=-==>C

Each element of result vector C iIs the nearest
integer whose magnitude Is tess than or equal to the
magnitude of the corresponding flioating point element
of source vector A. This Integer is represented by
an unnormalized floating point number having a
positive exponent.

If the source element's exponehf is positive (greater
than or equal to zero)y the element is transmitted
directly to the result tield,

If the exponent of the source element s negative,
the magnitude of the coefficient Is shifted right end
otf and the exponent Is Increased by one for each bit
position shifted until the exponent becomes zero.
Zeros are extended on the left during the shift. If
the coefficlent of the source element s positive,
the shifted coefficient with zero exponent is
transferred to the result field. If the coefficient
of the source element is negative, the two's
complement of the shifted coefficient with zero
exponent [s transferred to the result fleld.

The Y and B deslignators and bits 4=-7 of the G
designator are undefined and must be set to zeros.

(continued)
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If machine zero Is used as an operand element, the
result element will be all zero.

Data flags BIt 46

94 1 € VT FLOORjA--=>C

Each element of result vector C Is the nearest
integer less than or equal to the corresponding
floating polnt element of source vector A. This
integer is represented by an unnormalized floating
point number having a positive exponent.

It the source element's exponent |is positlve (greater
than or agqual to zero), the element is transmitted
directly to the result field.

If the exponent of the source etement is negative,
the coefficient is shifted right end off and the
exponent is Increased by one for each bit position
shifted until the exponent becomes zero. Sign pits
are extanded on the left during the shift. The
shifted coefficient with zero exponent Is transtferred

to the result fielid.

The Y and B8 designators and blts 4=-7 of the 6
designator are undefined and must be set to zerose.

If machine zero Is used as an operand element, the
resulting element will be all zero

Data flag: blt 46

2 1 € VT CEILING;A--->C

Each element of result vector C is the nearest
integer greater than or equal to the corresponding
floating point element of source vector A. This
integer is represented by an unnormalized floating
polnt number having 3 positive exponent.

If the source element®s exponent is positive (greater
than or equal to zerol, the element is transmitted
directly to the result field.

(continued)



- - - -

{CONTROL DATA ! ENGINEERTING NO«. 37100670

DATE Jan.s 1980

i Corporation 1§ SPECIFICATTION PAGE 130
--------------- i REV. A

------- SUPER COMPUTER OPERATTIONS =-==-===
321147 {Cont*d)

342014148

3.2+1.149

If the exponent of the source element is negative,
the two®s complement of the coefficient is shifted
right end off and the exponent Is increased by one
far each blt positlon shifted unti! the exponent
becomes zeroe. Sign bits are extended on the jeft
durlng the shift. The two®'s complement of the shifted
coefficient with zero exponent [s transferred tog the

result fleld.

The Y and B designators and bits 4-7 of the &
deslignator are undefined and must be set to zeros.

If machlne zero is used as an operand element, the
resulting 2lement will be 3lt zero.

Data flag?: bit 46

33 1 E VT SIGNIFICANT SQUARE RQOT; A-==>C

This instruction forms the square root of each
element of vector A and places the result in vector C.

The Y and B designators and bits 4 and 7 of the 6
designator are undeflned and must be set to zerao.
Sign Control is permitted, see 3.1.4.9 for detsils.

Data tlags bits 43, 45 and 46

34 1 E VT ADJUST SIGNIFICANCE; A PER B--->C

Adjust the significance of the floating point
elements from vector A and transmit them to result

vector C.

Slgned, two®s complement Integers are contalned in
the rightmost 48 (24) bits of the elements from
vector B. The absolute value of these integers are
shitt counts,

If a shift count Is positive, shitt the coefficient
from vector A teft the number of places specified by
the shift count or by the number of shifts needad to
normalize the coefficient, whichever is smaller. In
elther casey, the exponent of the element Is reduced

(continued)
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by one for each place shifted.. An all zero

coefficlent will be shifted tett the number of places
speclfied.

If the shift count Is negatlve, shift the element®s
coefficient right the number of places specified by
the shift count and increase the exponent of the
element by one for each place shifted.

The result stored in vector C is undefined If the
apsolute vatue otf the shift count is greater than
47(01 (2301 for 32-bit operands). Note that the
addition of the shift count to the exponent can cause
either exponent overflow or exponent underflion.

If A Is indetinite, C will be indefinite and data
flag bit 46 is set. If A ls machine zero, C will be
machlne zero and data flag bit 43 will be set.

8its 5-7 of the G designator are undafined and must
be set to zerosSe. '

Data flags:? bits 42, 43 and 46
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3.2.14150

3.2.1.151

35 1 E VT ADJUST EXPONENTS A PER B-=->C

Transmit ad)justed elements from vector A to result
vector C. The exponent of a result element 1s set
equal to the exponent of the associated element from
vector 8. The coefficient ot the result elements are
formed by shifting the coefflcients ot the operand
elements from vector A.

The shift count used is the dif ference between the
exponents of associated elements from A and B. If
the exponent of the element from A is greatar/lis2ss
than the exponent of the element from 84 the shift
is to the teft/right, respectively. For zero
coefficients in vector A, the exponent from

vector B Is copied to vector C with an all=-zerag

coefflclent.

If a left shift exceeds the number of places reguired
tor normalizatlon, the result is set to indefinite,
and data flag bit 42 is set. If either or both
operands are indefinite or machlne z2ro, the result
is set to indefinite. In this case, data flag bit 46
is set and data flag bit 42 is not sat.

Bits 5-7 of the G designator are undefined and must
be set to zeros.

Data flagst bits 42 and 46
% 1 B VT CONTRACT; 64 BIT A-=-=->32 BIT C

Fach 32-bit floating point element of result vector
C is formed by contftracting the corresponding 64-blt
floating point element of source vector A. Each
non-endcase 8-blt result element®s exponent is 24001
greater than Its source element*s exponent. See

the 76 lInstruction (Register Contract) for detait.

Each 24-bit result coefficient Is copied from the

‘left-most 24 blts of its 48-bit source coefficient

{bits 16 through 339). This has the effect of
contracting all negatlve source coefficlents, whose
absolute values (neglecting the exponent) were less
than or equal to (2**24), to a minus one.

The Y and 3 designators and bits 0, 4y S5y B and 7
of the G designator are undefined and must be
sat to zero.

Data flags:? bits 42, 43 and 4b6.
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3.2.1.152 37 1 B VT ROUNDED CONTRACTS; 64 3IT A~-->32 BIT C

Each 32-bit floating point element of result vector

C Is formed by performing a rounded contract
operation on the corresponding 64-bit floating point
element of source vector A. A positive one is added’
to the aorigin operand in bit position 40, It
overflow occursy the exponent is increased by aone and
coefficient is shifted right one place. The left

most 24 bits of this 48-bit sum are then transmifted
to the 24-bit coefficient portion of the result
vector element,.

Each non~-endcase resuit element®s 8-bit exponent is
24T(D) (25(0) if overflow occurred) greater than the
corresponding source element®s exponent,.

The Y and B designators and bits 0, 4, 5, & and 7 of
the G designators are undefined and must be set to

Zeroe

Data flags? bits 42, 43 and 46

Je2+14153 98 1 E VT TRANSMITj;A--->C
Transmit source vector A to result vector C.

The Y and B designators and blts 4-7 of the G
deslignator are undefined and must be set to

Zerose.
3214154 99 1 E VT ABSOLUTEjSA--->C

Each elament ot result vector C Is the absolute value

of the corresponding element of vector A. The

vectors contaln floating polnt elements.

The Y and B designators and bits 4-7 of the G
deslgnator are undefined and must be set to zeros.

Data ftagt bpits 42, 43 and 46

3-2.10155 gA 1 E VT EXP.; A-"'>C
The elanents of result vector C are formed by storing
the exponents from input vector A into the right-most
portion of the coefficients of vector C. The sign of

{continued)
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the exponent ls extended left tp the coefficient sign
blt position. The exponent portlon of each element of
vector C iIs cleared to zero.

t

The Y and B designators and bits 4-7 of the G
deslignator are undeflined and must be set to zerose.

98 1 E VT PACKjA, B--->C

Transmit to result vector C a 564/32 bit floating
point numbar produced as follows. The result is
formed by transmitting the right-most 16/8 bit
positions of an element of source vector A (exponent)
to the left-most 16/8 bit positions of resuit vector
C and the right-most 48/24 bit positions of an
element of source vector 8 (coefficient) to the
right-most 48/24 bit positions of result vector Ce

SC 1 B VT EXTENDS 32 BIT A--->64 BIT C

The elements of result vector C are formed by
extending the 32-bit floating point operands of
vector A into. 64-bit fioating point operands. The
value of each ot the resulting 16-bit a2xponents is
24[D] less than that of the corresponding source
element®s exponent. The coefficient of each result
is obtained by transmitting the right-most 24 bits of
the corresponding source element Into bits 16 through
39 of the result elements The right-most 24 bits of
each result are clieared to zeros.

If bit 3 of the G designator iIs set, indicating
broadcast of the A register, the 8-bit A deslignator
will be interpreted as a 32-bit register designator.

It an element of vector A Is indefinite, the
carresponding element of vector C will be set to
Indefinite and data flag bit 46 set. If an element
of vector A is machine zero, machine zero will be
stored in vector C and data flag bit 43 will be set.

The Y and B deslignators and blts 0, 4~7 of the G
designator are undefined and must be set to zeros.

Oata flag? Dbit 43 and 46
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3.2.1.158 9D 1 E VT LOGICALY Ay B====> C
This instruction performs the bit Py bit logical
operation selected by G bits 5-7 between source
vectors A and B8 with results stored in vector C.
1G567= 1} 000 0043040 041 ¢ 100 ¢ 101 } 110 P11
H {EXCL. OR!AND! OR{ISTROKE!PIERCE!IMPLI.}INHIBITIEQUIV.:
H H H H H H 1 _ 1 - H _ i
tA B } A-B tA.B1A+BI{A.B) 1 (A+B) ¢ A+B | A.B { A-B3 |
g0 o0 t 0 H D B I | 1 HEE | H 1 ! 0 H 1 :
10 1 ! i 0V 1t 1 HE | : 0 H ] : aJ H
i1 0 H 1 t g ¢+ 1 ¢ 1 | 1 1 H 1 ! -0 ¢
11 H 0 i1 1 0 it 0 H 1 H 0 H 1 H
3021159 9E ILLEGAL
3.2.1.1680 3F ILLEGAL
32414161 A0 2 E SV ADD U} A+B-->C
30201-162 Ai 2 E SV ADD L; A+B"‘>C
32411863 A2 2 E SV ADD N3 A+B-=>C
3e2e1e164 A3 ILLEGAL
321165 A 2 E SV SuB uU; A-8-->C
34201166 AS 2 E SV SuB Lj; A-8-->C
3.2+1167 A6 2 E SV SUB Nj A-B-->C
342¢1.168 A7 ILLEGAL
3.2.1.169 A8 2 E SV MPY U; A¥B--=->C
3.2.1.170 A 2 £ SV MPY L; A¥B--=->C
362010171 AA ILLEGAL
3210172 AB 2 E SV MPY S; A¥8--->C
3¢2¢1173 AC 2 E SV DIV Uy A/B--=->C
321174 AD ILLEGAL
3.2¢1.175 AE ILLEGAL
3.2.1.176 AF 2 £ SV DIV S A/B--->C
These Instructlions perform the Indicated floating

point operation on etements of sparse vectors A and 8
and return the resuilts to sparse vector C.
Ils read from sparse vector A whenever a one bit is
encountered in order vector X.
from sparse vector B8 whenever a one bit is found in
A zero pit In sources order vector

order vector Y.

causes machline zero

An element

An element Is read

(normalized one for multiplies

and dlvides) to be used as the associated A and/or B
elemente. :

{contlnued)
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L e ———— S UPER CaMPUTER ,0 PERATIONS ~~=c-="e

3.2+.14176

(Cont*d)

Output order vector Z Is a bit by_bit loglical
functlon specitied by G bits 1+ and 2 as follows?

G bit 1 G bit 2

0 0 Z equals the logical or of X and Y
for add/subtract operations.

Z equals the logical and of X and
Y for multiply/divide operations

g 1 Z equals the logical and of X and
Y for add/subtract operations.
Z equals the logical or of X and
Y for multiply/divide operations.
1 0 Z equals the logical exclusive or
of X and Y for all operations.
1 1 Z equals the logical implication
of X and Y for all operations
X X oR AND EXCLUSIVE QR - IMPLICATION
0 0 0 0 0 i
0 i 1 0 1 0
1 0 1 ) 1 1
1 i 1 1 0 1

An output element of sparse vector C is generated for
each 3§ bit In order vector Z.

These Instructions follow the rules for Sparse Vector
Termination,

The resulting tength ot sparse vector C |Is
transferred to the length specification portion of
reglster C.

U signifies that the Upper Result of the operation is
returned; L signifles the Lower Result; N slgnifles
the Normalized Upper Result 3and S signifies the
significant result. Sign Controf s permitted, see
301-&.9 for detalls.

(continued)
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37100670

DATE Jan., 1930

{ Corporation ! SPECIFICATION PAGE 137
"""""""" REV. A
------- SUPER COMPUTER OPERATIONS =--===--

342014176

{(Cont*d)

NOTE: Oata flags are set only for output elements

of sparse vecto

r Ce

-~

G bits 3 and/or 4 are used to broadcast A and/or B,

respectively.

Data flagst blts 41, 42, 43 and 46

Sparse Vector Filoating Add Exampie

- A D D S - P W D W wn e R WS WD S W WD A NP WD WD W T W W W W AP AR e wn e e we -

- o e > - . G . S A e W WP AR WD WS WS W N W D WD WD W S WP WE AR W WP NS A - - -

Before fxecution

Register

Address 4000

3000

o
o
=]
o
i

03
04
05
06
ig
08

(LS L T T R TR 1

£
o
£
o

0007000000003000
0000000000004000
0008000000005000
0000000000006000
0005000000007000
0000000000008000

. W WS Wy = e W - e

P L R AR R R R R

- — = - WP W WM WE D A AR R AP W D N G - WD AD WP W wm v W Wh W

D A . - - —D . AP Ay UD D P D AR D D D D W - —— -

- P AP W A e D VS S Gp L WS W W W W AL R WD R wn e WR WE W W WS W W an =

- D -~ B . > P D D e WD R WD L W R MR AR S AR G e A e e R WD s

{continued)

32 bits
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CATE Jan., 1980

¢ Corporation i SPECIFICATTION PAGE 138
"""""""""" . REV. A
------- SUPER COMPUTER OPERATIONS =-ccc=n=

3.2.1.176 {Cont*d)

Address S5000-5007

D WD NS R P - D - CE T - . G - W D W D D - v D WN wn A — -

After Execution
Registers 03y 04y 05y 06 and g7 are unchanged.

Boo7o0000008000

1]

Register 08

Address 8900 ~- 80Cg

. U D D - D R YD W D W W D W D U D WL WD D CD R AR D W W = D v WS W Wm A W = e WD w W - - - -

I A ! B8 tA +# B 1! B i B tA "+ 8 ¢t 8
o0 g ¢ 1 1+ 2 i3 2 4¢ 5 1
\ /7 \ /

v v

32 bits

R UD w en  — P E AD Wm WP R R W WD A WD ey P AP W W Tm W W R W WS W W = - -

D D - - D D WD WD D D D D D D D > G W ES G Am . - - -

{continued)
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{CONTROL DATA ! ENGINEERTINSG NO. 37100670
--------------- ; DATE Jan., 1980
{ Corporation ! SPECIFICATTION PAGE 139
““““““““ - REV. A

------- SUPER COMPUTER OPERATIONS ===-=--=
3.2.1.176 (Cont*d)

Sparse Vector Floating Polnt Multiply Examples

F G X A Y B Z C
tA 8!8 gio &4ig S!g 6'g 70 8ig 9
Before E£xecutions
Register 04 = 0008000000001000
05 = pQooo000000002000
06 = 00080000000030080
07 = 0000000000804 000
08 = 0009000000005000
09 = 0000000000006000
Address 2000 - 2060
1 A t A ! A i A {
H g S 2 i 3
1500 - 1307
P10 gt gt L ptg vl
4000 - 40AQ
HE { B i B i B i B i B H
H 0 i i : 2 H 3 : 4 H S :
\ /
"
3000 - 3007 32 bits
HE | I T U R/ R S SO R, (N S S S O A T
\n__/
v
After executiont 1 bit
Register 044 054 06y 07y and 08 are not

changed.
Register 09

Address 6000 6040

- S P s s = A =D am s > - > - -

- - D - . . - h o > . e > - - - =

g003000000006000

- mn - - — D - . > - AP S G W = S W WP = - - -

- = P wh Y D w —h G e P W A AL D = - WD . —



P e R adhadiadinnd

{CONTROL DATA ¢ ENGINEERTINGEG NO. 37100670

- e - D - -

DATE Jan., 1930

! Corporation | SPECTIFICA T ION . PAGE 1LQ
.............. REV. A
------- SuUPER COMPUTER OPERA T IONS ==-=-===
3.2.1.177 80 C E BR COMPARE INTEGER, BRANCH IF (A)

+ (X) EQ (2) ‘
5.2.1.178 B1 C E BR COMPARE INTEGER, BRANCH IF (A}

+ (X) NE (2)
3.2.1.179 B2 C E BR COMPARE INTEGER, BRANCH IF (A)

+ (X) GE ()
3.2.1.180 B3 C E B8R COMPARE INTEGER, BRANCH IF (A)

+ (X) LT (D)
3.2.1.184 B4 C £ BR COMPARE INTEGER, BRANCH IF (A)

+ (X) LE (2)
5.2.1.182 BS C E BR COMPARE INTEGER, BRANCH IF (A)

+ (X) GT (2)

If bit 0 of the G deslignator is cleared/sety
registers A, X, C and Z are 64/ 32 bits respectivelye.
Registers B and Y are always 64 bitse

G bits 1 and 2 must be set to Zero.

These instructlons are executed in the following 5
steps?

1. Form the sum of the 48-bit (24=-bit If G bit 0 = 1)
intaegers from the rightmost portion of registers
A and Xy ignoring overflows. It designators A
and/or X equal zeroy machline zero will be

supplliede.

2. Read register Z. If the Z designator is equat to
zero, 48 zeros (24 zeros if 6 bit 0 = 1) are
read as rlght-most bitse

3. Store the following Ln register cs

o The sum from step {1 is stored into the
rightmost 48 bits (24 bits i1t 6 bit 0 = 1) of

register Ce.

o The leftmost 16 bits (8 bits if G pit 0 = 1)
of register A are copled into the leftmast

portion of register Co.

{continued)
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{CONTROL DATA !¢ ENGINEERTING NO . 37100670
----------- -———- DATE Jan., 19530
{ Corporation | SPECIFICATION PAGE 141
--------------- REV. A
------- SUPER COMPUTER OPERATTIONS ==------
302010182 (Con?‘d)

4. Compare the sum forbed in step 1 with register Z

as follows? hs

o G blt 3 =0 The Integers compared are the
48-blt (24 bits it G bit g = 1)
result cf step 1 and the
rightmost 48 bits (24 bits if G
bit 0 = 1) read from register ¢
in step 2.

o0 G poit 3 =1 The integers compared are the b4
bits that are stored into
register C in step 3 and 64 bits
read from register Z In step 2.
This compare is deflined only for
the Bg and B1 instructions (EQ
and NE).

When both G bit 0 and G bit 3 are
1 the [Instructions are undefined.

o G bit s =0 The integers compared are
interpreted as signed two's
compitement numbers,

o0 G bit & = 4 The integers compared are
interpreted as unsigned numbers.,

The following table indlcates the ordering of numbers

from largest to smallest as controliad by G bit 4.
{ 0 H 1 !
{Largest ! 7F === —em—- FF ] FF w==—==——-- FF :
H H { 7F ==<====-- FE ! FF e-wewaew- FE H
H H { . 1 . H
! : H . } . H
! H H . H o H
H : ! 00 —=~=m——- 01 ! 80 ~—=mm—m——-- g1 H
' ! I 00 =====--- 00 i 80 ~~====-- 0o :
H H ! FF =wemee=- FF ! 7F =~ =mm——- FF H
H H ' o H . H
H H H . H . !
H Y H . ! . !
{Smallest ! 80 ===~ m——- 01 i 00 ~==="=-- 01 !
' ! 80 =-——===-= ] } 00 ~====--- ] H

- D M e =D WP S W W S > e W W M P N e Gy W W S D WS WP W NS W WD A WL WD WD R U Wh Gn CE WA W e G TR W VR W W W W @ W W A e W

{c

ont inued)
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B1
82
B3
84
35
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2¢1.182

OOOOO0O0

mmmmmm

NT
NT
NT
NT
NT
NT

ENGINEZERK 1L .«
Datc oo, .
SPECIFICATTION PAGE 142
’ REV. A

P ER COoOMPUTER OPERATIONS =~<ccn===-

(Cont*d)

-

~

5. If the speclfled compare condition js met the
instruction performs as fol lons?

o G bit 5

o G b

it 5

= 0 Branch to the address formed by
adding the hatfword item count
from reglster Y left shifted S
places to the base address from
reglster B.

i

{ Branch to the addiress formed by
adding (G bit &8 = 0) or
subtracting (G bit 6 = 1) the
hal fword item counts from the B
and Y designators (16 bits),
leftt shifted S5 placesy to the
program address of this
Instruction.

If the specified compare condition js not met, the
instructions will continue execution at the nexf

sequential

inst

ruction,.

If any of the following conditions occur, the
of these instructions is undefined.

operation
o G bit 0
o G bit 3
o G bit 5
o G bit 7
COMPARE
COMPARE
COMPARE
COMPARE

COMPARE
COMPARE

= 4 and G blt 3 = 1

= 1 for B2, B3y, B4 and BS

= g and G bit 6 = 1

=1

INTEGERy SET CONDITION IF (A4) + (X) EQ (Z)
INTEGER, SET CONDITION IF (A) + (X) NE (2Z)
INTEGER, SET CONDITION IF (A) + (X) GE (2)
INTEGER, SET CONDITION IF (A) + (X) LT (2}
INTEGER, SET CONDITION IF (A) + (X) LE (Z)
INTEGER, SET CONODITION IF (A) + (X) GT (2)

If bit 0 of the G designator is cleared/set,

reglisters
respective
set to zer

G bit t =

Ay Xy
ch
Qe

Yy C and Z are 64/32 bits
Register B is not used and must be

0 and G bit 2 =1

(continued)
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i Corporation | SPECIFICATTION PAGE 143
"""""""" A4 REVQA
------- SUPER COMPUTER OPERATIONS =--===o=

3.2.1.182 {(Cont*d)

These instructlions are executed In 5 steps of which
the first four (compare) steps are [identical to the
first four steps described for B0 through BS '
instructions with G bits { and 2 equal to zero
(Compare Branch)

If the specifled compare condition js, met the
instruction performs as follows?$

Store into register Y and 64-bit quantity
(32-bit if G bit g = 1) 000---001 and
continue executlion at the next sequential
instruction.,.

If the specified compare conditlion js not met, the
instruction performs as follows?$

Store into register Y and 64-bit quantity
(32-bit if G bit 0 = 1) 000---000 and
contlnue executlon at the next sequential
instruction.

4. Comoare the sum formed In step i1 with register 2
as follows

The integers compared are the
438-bit (24 bits It G bit g = 1)
result of step 1 and the
rightmost 48 bits (24 blts it G
bit 0 = 1) read from register 2
in step 2.

]
o

o G bit 3

The integers compared are the b4
bits that are stored Into
register C in steo 3 and 64 bits
read from reglster Z In step 2.

1l
WY

o G bit 3

Thlis compare is deflned only for
the Bg and B1 iInstructions (EQ

and NE).

When both G bit 0 and G bit 3 are
1 the Instructions are undefined.

0 The integers compared are
Interpreted as signed two's
complement numberse.

o G bit &

{continued)
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37100670
Jan., 19380
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A

P )

The Integers comopared are

Interpreted as unsigned numbers.

The following table indlcates the ordering of numbers
from largest to smallest as controlled by G bit 4.

- - AP P > R D W R D G D e M AP W P D W W WP UR AW WS CE AP W GRS W L W WD W e > B

- am - -

- -

- an on - - -

- - - - -

-y = - - -

- - - D G A . P W S W D WD WD WD WD D WS MW WD W W W W N e G MR WD P W R W W Sm W W R D m ek an S W we mem S e

If any of the following conditions occur,

the

operation of these instructions s undefined:?

3¢2.1.182
tLargest
H H
H H
H v
tSmallest
o)
o
o
o
80 C E BR
BLf C E BR
B2 € E BR
B3 C E BR
B4 C E BR
BS C E BR

If bit 0 of the
registers A and
Registers B and

G

G bit 0
G bit 3

G bit 5

n

i1 for B2,

1, G bit &

1 and G bit 3

B3,

1

B4 and BS

1 or G bit 7

The C designator is egual

COMPARE
COMPARE
CCOMPARE
COMPARE
COMPARE
COMPARE

bit 1 =

BRANCH
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH

FePey
FePoy
FePey
F.P-,
FePey
F.Po’

{ and G bit 2

IF
IF
IF
IF
IF
IF

{continued)

(A)
(A)
(A)
(A)
(A)
(A)

i

=1

to the Z designator

£EQ
NE
GE
LT
LE
GT

(X)
(X)
(X)
(x)
(X)
(X)

Y are always 64 bits.

G deslgnaor ls clearad/set,
X are 64/32 bits respectively.

Registers C
and Z are not used and must be set to zeroe.
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35

ENGINEERTING NO. 37100670
DATE Jan., 1980

Corporation i SPECIFICATIO N : PAGE 145

OOOO0O0

mmmmmm

NT
NT
NT
NT
NT
NT

REV. A

SUPER COMPUTER O0PERATIONS ---==--<

{Cont*d)

These instructlons compare the two floating point
operands from reglsters A and X according to the
floating point compare rules in Section ZeloeltaSe

If the speclfled compare condition is met, the
instructions perform as follows?

0 B8ranch to the address formed DY
adding the halfword item count from
register Y, jeft shifted 5 places,
to the base address trom register B.

1}

o G bit 5

Branch to the address formed DY
adding (G bit &6 = 0) or subtracting
(G blt 6 = 1) the hal fword item
counts from the B and Y deslgnators
16 bits), left shifted 5 placesy to
the program address of this
instruction.

|
[

o G bit 5

If the specifled compare conditlon is not mety the
[nstructions will continue execution at the next
sequential instruction.

If any of the following condltions occury the
operation of these instructions is undefined?

o G bit 3 =19 6 bit 4 = 1 or G bit 7 = 1
o Designaor Z and/or C not equal to zero
o G bit 5 =0 and G bit 6 =1

Data Flagt bit Lb.

COMPARE F.P, SET CONDITION IF (A) EQ (X}
COMPARE F.P, SET CONDITION IF (A) NE (X)
COMPARE F.P, SET CONDITION IF (A) GE {X)
COMPARE F.P, SET CONDITION IF (A) LT (X)
COMPARE F.P, SET CONDITION IF (A) LE (X)
COMPARE F.P, SET CONDITION IF (A) GT (X)

If bit 0 of the G designator Iis cleared/set,
reglisters A, X, and Y ae 64/32 bits respectively.
Registers 34 C and Z are not used and must be set to

Zero.
{contlnued)
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{CONTROL DATA | ENGINEERTING NO. 371130670
--------------- | DATE Jan., 1980
{ Corporation ! SPECIFICATTION/’ PAGE 146
““““““““ . QEV. A

------- SUPER COMPUTER OPERATIONS --~====-=

3'2010182 (Cont*d)

1]

G bit 1 =1 and G bit 2 1 -~

These instructions compare the two floating point
operands from registers A and X according to the

floating polnt compare rules In Section 3.1.4.5.

If the specified compare condition is met the
instruction performs as follows?

Store Into reglister Y and 64-bit quantity
(32-bit if G it g = 1) 000=---001 and continue
execution at the next sequential instruction.

If the specified compare condition jg not met, the
instruction performs as follows?

Store into register Y the 64-bit quantity
{32-bit it G bit 90 = 1) 000---000 and continue
executlon at the next sequential instruction.

If any of the following conditions occur, the
operation of these instructions is undefined?

o} Any one of G bits 3 through 7 is set

-0 Designators By Z and/or C are not equal to zero

Data Flag: bit L4L6.

3.2.1.183 B6 S NA BR BRANCH TO IMMEDIATE ADORESS; (R)+I(48
BITS)

The right-most 48 bits of register R contain an item
count of half-wordse. The right-most 48 bits of the
instruction word contain an immediate operand which
is used 3s a base address. An unconditional branch
Is taken to the branch address formed by adding the
item count to the base address (the item count is
shifted teft S places before the addition and
overflowy, if any, is ignored).

A dlirect branch Is taken to the base address from the
instruction word if the R designator is zero or if
the right-most 43 bits of reglster R are zeros.



{CONTROL DATA ENGINEERTINGEG NO. 37100670
DATE Jan., 19380

{ Corporation | SPECIFICATION PAGE 147
““““““““““ - REV.A
------- SUPER COCMPUTER., OPERATTIONS =---=--=-=-=

3.2.1.184 B7 1 E VM TRANSMIT LIST--->INDEXED C

This lInstructlon scatters groups of elements from
vector B into vector C. The locations of the element
groups In vector C are specified by the item counts
contained In the right-most 48 blts of each element
of vector A. The first group of elements from vector
B Is transmitted to vector C beginning at the address
formed by adding the first item count from vector A
to the base address In register C. The second group
of elements from vector B is then transmitted to
vector X beginning at the address formed by adding
the second item count from vector A to the base
addressin reglster C. This continues until vector A
{s exhausted.

The elements of vector A are 3always 64=-bit elements,
while the elements of vectors B and C are 64=-bit or
32-bit as a function of G-bit 0. Before the addition
of the item count from A to the base address in
register Cy the item count is left-shifted 5 places
for 32-bit operands and 6 places for 64 bit operands.

When G bit 5=1 vector A is replaced by a fixed
increment speclfied by the rightmost 438 bits of
register A+ The addressing of vector C is thenj;
CyCAyC+2AceeesyC+(N=-1)A where N is the field length
specifiad by the leftmost 16 bits of register A and
still determines the total number of groupse. The
fixed increment A Is shifted left & (G bit g=g) or S
(G bit 0=1) places before it Is added to C.

The Y and 2 designators are undefined and must be

set to zero, thus there can be no offset for the B
fietd nor control vector fo the C fliatd. There are
no fleld lengths for vectors 8 and C. The left-most
16 bits of reglster C are ignored excepnt when used,
as described belowy, to specify the number of elements
in each group to be transmitted. Note that atll groups
contaln the same number of elements.

(continued)
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{ Corporation | SPECTIFICATTION PAGE 148
““““““““““ . REV. A
------- SUPER COMPUTER OPERATIONS--------

3.2.1.184 (Cont*d)

- - - D D D AP . . W S WS . A W AP W W WS WS W WS WD AP WP P D S L A e WD W WS WD W W WD Wy G A WD D S A D A WD - S > = - -

Elements of vectors B and C are 64-bit.

Elements _of vectors B and C are 32=bjt.

H

4

H

! Undefined and must be set to zero.
4 -
}

H

Ng broadcast of vector B.
Broadcast vector B permlitted only with G-bit

6 set to zero.

o

e o

Use Vector A

e we *e ew on SO Be e Be ve ow e

-—

e en Se co o6 Ce s wo PO we e e o

- - P > > D - D D D — D > A WD E mn WD W W WD R WE e W WP W e W e P W WP W W WA LG WD UD Y Y e WE e W W B S A W e e

The number of elaments In each group to pe
transmitted is fixed at one. Thus 3 single
element from vector B is transmitted to

vector C for each element of vector A. For
this casey, the left-most 16 bits of register C

are ignored,

The number of elements In each group to be
transmitted Is specified by the jeft-most 16
bits of register Cs If the ieft-most 16 bits
of register C are zeroy this instruction is a
no=-9ps._ (No Broadcast B8 f G-bit 6=1.)

e Be w0 wo a0 00 we co we se en an

%7

All elements of outout vector C must reside
within the range of absolute or virtual
addresses 0 through 3FCO0. Reference to the
register file as central memory in this case
is therefore alloweds This Instruction and
the BA iInstruction are the only instructions
which permit thls type of reference to occur.
If atl addresses for vector C are not
contained In the register flle, this
instruction Is undefined.

. - - - D W AP W W e W WS G D W A D NS - D W D D W W W Ve W W W N > e WL We AR WS Gm Th We D W WP CS W wn e W T D D G e - -

[]
]
!
H
;
!
H
!
H
}
H
H
0 { Vector C resides in central memory.
!
{
{
H
!
H
H
H
H
!
H

WO Sh SV AW G BC e ne A6 Te BT o Be PO WE Ce e G6 G 6 ~o we Se ee ea

TO On @9 Be A me S we e co o6 oo as

¥ It both G-bit & and 6 are set, this instruction is
undefined.

*%¥ I¢ both G-bit 6 and 7 are sety this iInstruction is
undefined.
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3.2.1.185 1 E VM TRANSMIT REVERSE A
Yransmit, in reverse ordery

The last element of vector A
vector C, the next to Ist elemen

second element of vector Cy etcCe

is ¢t
t

Any overlap causes this instructi

gnators and bits
d must

The Y and 8 desl
designator are undef ined an

This instruction terminates wnen
exhaustade.

Transmit Reverse Example

- - - > - — - -

----———---—--—.-———----—-—-—----—-----

- > T wh o wm = W wm D - s

H
. H H
H HH '
HEE T Rkt C offset-———-- >4 H
$ HR; v
H not altered 181716151433 211i04*
{{uoem—mem e == length of vector C---
!

* Jectaor A Is exhausted pefore vect
zeros are transferred to fill out
vector Ce.

For the abave example, assume the
zero (no control vector used).
TLLEGAL

3.2.1.186 B9

NO. 37100670
DATE Jan., 1980
PAGE 149

REV. A

P e b

---)C

vector A to vector Ce

he first etement of
of vector A Is the
on to be undefined.

3-7 of the G
be set to zZeros.

vector C is

Machine Zeros

- . . - . W, WD - > A w am D

- - D W wh WP AR R WS Wm = W

so machine
inder of

or Cy
the rema

Z designator »was
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i Corporation ! SPECIFICATION . PAGE 150
--------------- REV. A

------- SUPER COMPUTER OPERATIONS-----=-=
3.2.1.187 BA 1 E VM TRANSMIT INDEXED LIST--->C

This instruction gathers groups of elements from
vector 8 into vector C. The locations of the element
groups in vector B are specified by the Iltem counts
contalned in the right-most 48 bits of each element
of vector A. The first group of elements transmitted
to vector C come from vector B beginnlng at the
address formed by adding the first item count from
vector A to the base address in register Be. The
second 3roup of elements transmitted to vector C
come from vector B beginning aft the address formed
by adding the sascond item count from vector A to the
base address in register B. The groups of elements
are stored in vector C in consecutive order. This
contlnues untit vector A is exhausted.

The elements of vector A are 3! ways 54-bit elemants,
while the elements of vectors B and C are 64-bDit or
32-bit as a function of G-bit 0. Before the addition
of the item count from A to the base address in
register B, the item count is teft-shifted 5 places
for 232-bit operands and 6 places for 64-bit operands.

When G bit 5=1 vector A Is replaced by a fixed
Increment specifled by the rightmost 48 bits of
register A. The addressing ot vector B is then;
ByB+AyB+2Aycecee9B+{(N=-1)A where N Is the tleld length
specified by the leftmost 16 bits of register A and
still determines the total number of groupse. The
tixed increment A Is shifted left 6 (G bit §g=0) or 5
(G bit 0=1) places before It is added to B

The Y and Z designators are undefined and must be

set to zero, thus there can be no offset for the B
field nor control vector for the C field. There are
no field lengths for vectors 8 and C. The left-most
16 bits of reglster B are ignored except when used,
as described below, to specify the number of elements
In each group to be transmitted. Note that all 3roups
contain the same number of eifements.

Broadcasting lIs not used by this instruction.

{continued)
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3.2-10187 (Conf'd)

__.-__-_..-----,-_,---_--------_--_---_-_- —------_—----—--o-—-—

1G-BITI{STATE! INTERPRETAT ION !
: ---------------------- At ee e mem— - e ————— - m === - - - - - ;
H o ! (1] { Etements of vector B and C are b64-bite :
t ! 1 { Elements of vector 8 and C are 32-bit. H
HEE R R emmemmmme—memmmeom==—ss—oSssSsS-ssSsSoTEIITTITOT '
S Sl ! Undefined and must be set to zero. H
e et P B i '
H 5 H 0 1 Use vector A H
H H 1 { Use fixed increment A (X designator must = o)
HE ek HE R R e badndadede ettt J R s adaintatdaddid e H
H 5 1 0 ¢+ The number of elements in each group to be H
H H ¢ transmitted Is fixed 3t one. Thus a single H
H H t element from vector B is transmitted to H
H H { vector C for each element of vector A. H
H ! i1 For this cases the left-most 16 bits of H
{ ! { register B are ignored t
H H H !
H H 1 { The number of elements in each group to {
H { 1 be transmitted is specified by the left- H
H 1 { most 16 bits of register B If the lefft- H
H H ! most 16 blits of register B are zero, this H
H { ! instructlon is a no-0De. !
*7 -0 Vector B resides in central memorye
1 All elements of input vector B must reside

within the range of absolute or virtual bit
addresses g through 3FCD. Reference to the
reglister file as central memory 1is therefore
allowned. This Instruction and the B7 are the
only Instructions which permit this tyoe of
reference to ocCcCur. It alil addresses for
vector B are not contalned in the register
tile, this instruction is undefined. All
references to Register Zero are to the Trace
Ragistere.

@ oo pe S0 oa oa =e eo e oo o o - we
- S0 Gn bh S6 Te A4 e Sa Se 6 S= % so oo
on G Sm GO N at G e SO me S a8 s oo as

‘—--_--——--_..--—-——-—....——--—--‘—-.——---a.-- - e v w ww —e - - W WD - S

* If both G-bit 6 and 7 are set, this instruction Is
undefined.
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3.2+1.138 B3 2 E NT MASK; A, B---->C PER Z

Elements of vector A and elements of vector B are
merged to form result vector C as directed by order
vector Z. When a blnary one is encountered In crder
vector Z, the next element of vector A is inserted
into result vector C and an element of vector 8 Is
skipped. When a blnary zero lIs encountered in order
vector Z, the next element of vector 8 is Inserted
into result vector C and an element of vector A is
skipped. The resulting length of vector C is
transmitted to the tength specification portion

of register C.

If bit g of the G designator is cieared/set, the
operand size Is 64/32, respectively. The X and Y
deslgnators and bits 1y 2y 59 B and 7 of the G
designator are undefined and must be set to zero.
Bits 3 3and & of G are used to broadcast the constants

(A) and (8) respectlively.

This instruction terminates when order vector 72 is
exhaustade. No lengths are recognized on vectors A

and B.
3.2.1.189 BC 2 E NT COMPRESS} A---=->C PER Z

Vector A is compressed by forming sparse data vector
C which is composed of the elements of vector A
assoclated with binary ones In sparse order vector
Z, i.e.y, those elements of vector A in positions of
binary ones (G bit 1 equal 0) in sparse order vector
7 are selected and inserted, In ordery, Into sparse
data vector C. If G bit 1 is set, the elements of
vector A in positions which correspond to t he
positlons of binary zeros In sparse order vector

7 are inserted in sparse data vector Ce.

The resulting length of sparse data vector C is
transferred to the length specification portion
of register C. If bit 0 of the G designator is
cleared/set, the operand slze is 64/32 bits,
respectively. The X, Y and B designators and
bits 2-7 of the G designator are undefined and

must be set to zero.

(continued)
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3.2+1189 {Cont*d)

3.2.1.190

This Instruction terminates when sparse order
vector Z is exhausted. The length speciflcation
portion of registers A and C lIs lgnored.

80 2 € NT MERGE} A, B8---->C PER pA

Elements of vector A and elements of vector B are
merged to form result vector C as directed by order
vector Z. When a binary one Is encountered in order
vector 2, the next etement of vector A is Iinserted
Into result vector C. HWhen 3 pinary zero lis
encontered. ln order vector Zy the next alement of
vector B is inserted Into resul t vector C. Note that
no elemants of A or B are skipped if G bit 7 is a
zero. If G bit 7 ls a oney the corresponding operand
of B Is skipped tor each A operand stored, but A is
not skipped on B stored. The resulting length of
vector C Is transmitted to the length speciflication
portion of register Ce

If bit 0 of the G designator ls cleared/set, the
operand size is B64/32, respectively. The X and Y
designators and blts 1, 2 S and 6 of the G
designator are undefined and must be set to zera.
8its 3 and 4 ot G are used to broadcast the constants

(A) and (8), respectivelye.

If G-bit 7 is a zeroy, the operation is called merge.
If G-bit 7 Is a oney the operatlion ls called
decompresse.

If G-bit 3 or L is a one, the operation is calted expande.

This instruction terminates when order vector Z is
exhausted. No lengths are recognized on vectors A

and Be
{continued)
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------- SUPER COMPUTER OPERATTIONS -=======

3¢2+41+190

{cont*d)
BO Hergé Instruction Examples o

The Z-bit string is used for 3all
G-bits not indlcated are zeroese.

- S WS W D A P WD Gh L w S D e P AP WP P W ER e WE W WS AR G G Wn Eh e e -

- s > W W AP G SR U W W D R e P WA - G D e P N WP AR S W A AP W TH W e s m wn wn w

- - D WD W > wn WD WP > A > o o

- D S D S Gp W D Y B Wmwh VS WD - -

- A A " A - - - - -

three examples.

- . WP . D e . WE e e W n - -

--------- -- ! : !
v v v Vv

C 1 B0 ! B1 ! A0 ! AL ! B2 ! A2 ! B3 ! A3 ! B4 !
A A A A A
! ] ! ! !
! ! ! ! !
| ! : ! !
! ! R !
: ! ! ! emmmemm—meemce—ee—-- -
! ! ! ! !

8 { BO ¢ B1L ! B2 i B3 I B4 !

- A " > A D - - =D W =S D D WD R S D WL S wh
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Example 2 BD Decompress G-bit 7=1

—-—---——------——----¢

A 1 Ap ! AL 3 A2 ! A3 =
! ! : H
! ! : !
! ] |  ememmmememme—memme-=-o=-
! {  mmmeme—m——-- -———- !
P : !
----------- ! H !
! ! ! !
v v \" v
c :80:81:A03A138h2A2:86=A3=88:
A A A I A

--.—__..—¢__..---—-—-—-—--_—.—---—-----——-—---——---

--—a—-——------—-———--—--_--—-‘—----———.‘_—-—----

Example 3 BD Expand G-bit 3=1

A Broadcast (A)

——-——---—--—--——--—---c‘---------—-----——-u.-—-

-.--—--_--——-—-¢------—-—-—--——----‘—--

- - - - e -

--—_---——‘———-----‘——------

- - - - -
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3.2.1.191 BE 5 64 IN ENTER (R) WITH I (48 BITS)

Clear register r and transfer the rlghf—mosf 48 bits
of this instruction to the right-most 48 bits of

reglister Re.
3201192 BF 5 64 IN INCREASE (R) BY T1(48 31TS)

Replace the right-most 438 blts of reglster R by the
sum of those bits and the right-most 48 Dbits of this
instruction word. Arithmetic overflow is ignorad.

3.2¢1¢193 co i £ VUM SELECT EQ3 A EQ By ITEM COUNT T0 (C)
321134 Ci i E VM SELECT NES A NE B, ITEM COUNT To (C)
342414195 cez ¢ E VM SELECT GE3 A GE B, ITEM COUNT TO (C)
3.2.1.196 C3 1 £ VM SELECT LTS A LT B, ITEM COUNT TO (C)

Each element of vector A is compared with its
associated element of vector B. This operation
proceeds until the compare condition (A = 4 %y 2 4 <
8) 1Is met or until the shorfer of the two vectors is
exhaustade If broadcast is selected for field A or
field 8 (but not bothi the lnstruction will terminate
when the non-broadcast tfield terminates.

If the compare condition is met, the item count is
equal to the number of pairs of elements encountered

-up to (pbut not incltuding the pair meating the
condition). If the compare condition is not met, the
item count Is equal fto the length of the shorter
vector (where the shorter vector®s length is
determined after the offset adjustment). The item
count is stored into the right-most 48 bits of a
cleared register Ce.

The control vector, if used, determines which pairs
of elements are compared. The item count, 3s
described above, lncludes all palrs of elements
encountered, not only those which were compared.

It a control vector Is used and either vector A

or B is exhausted before 3 permissive control vector
element is encountered, noO compares 3re made. In
this case, the item count stored is the length of
the shorter vector minus its of fset.

(contlnued)
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3.2.14196 (Cont*d)

Each element of vector B Iis subtracted from the
correspondlng element of vector A. The operaticnal
declsion Is made on the resuilt of this subtract
according to the *“floating polnt compare rules”

in 3'1010.5

Bits 2, and 5-7 of the G deslgna?or'are undefined
and must be set to zero.

If the C designator Is zero, the results of this
instruction are undefined.

Data flagss bits 37 and 46.

3.2.1.197 Cse 1 E NT COMPARE EQ3 A EQ B ORDER VECTOR
---— Z

3.2.1.1938 c5 1 £ NT COMPARE NE3 A NE B OROER VECTOR
————> 7

3.2.1.199 ce 1t € NT COMPARE GE3 A GE B ORDER VECTOR
- - Z

3.241.200 c7 1 € NT COMPARE LT3 A LT B ORDER VECTOR
———e> 7

Successive elements of vector A are compared with
successive elements of vector Be If the compare
condition (A =, #, 2, < B) specified by the
instruction is met, the corresponding bit pf the
result order vector A is set. If the compare
condition is not met, the corresponding bit of

Z 1Is cleared. The Instruction terminates when

the Z field Is fillede.

The bits of the G designator are interpreted as

follows?
8it State Interpretatjion
0 g operands are 64 blts long (words)
b operands are 32 bits long (halt
words)
3 0 normal vector A
1 broadcast the constant In register A
4 0 nermal vector B
1 broadcast the constant In register B

The C designator and bits 1, 2» 5, 6 and 7 of the G
daesignator are undefined and must be set to zero.

{contlnued)
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------- SUPER COMPUTER .OPERATIONS--=77777"

3241200 (Cont*d)

Reglsters X and Y contain offsets for vectors A and
By, respectively. When a constant is broadcast for
ejither vector, that vector has no length and the
offset is lgnored.

The lengths and base addresses of vectors A, B and Z
are contained 1In registers Ay B, and Z, respectively.
The lengths of vectors A and B are In words or hal f-
wordse The length of vector Z is in bitse.

Each element of vector 8 is suptractad from the
corresponding element of vector A. The operational
decislon ls made on the result of this subtract
according to the "ftoating point compare rules*”

in 3e1.4.5.

Data flag: DLt 46

3.2.1.201 cs8 { E NT SEARCH EQ3 INDEX LIST -===>C
3.2.1.202 63 1 E NT SEARCH NEj INDEX LIST -===>C
3.2.1.203 CA 1 E NT SEARCH GE3 INDEX LIST ---->C
3.2.1.204 CB 1 E NT SEARCH LT; INDEX LIST =-=--->C

For each element of vector Ay, search and compares

. against the successive elements of vector 8.
Terminate each search iteration when a Hit (A =, %y
>y < B) 1Is made or when vector B has been exhausted.
After each iteration, clear the element in result
vector C and transmit to it the index of the etement
in vector B which caused fthe search iteration to
terminate. Regardless of whether 32 or p4t=-bit
operands are usedy, the resulting indax is a 64-pDift
word with the Index In the right-most 48 bifs. The
jett-most 16 bits are cleared to zero. For examoley
the sixth index In vector ¢ appropriately shifted
and added to the address of the first element of
vector 8 will form the address of that element of
vector B which caused the search iteration assoclated
with the sixth element of A to terminate. The
instructlion terminates when vector A is exhausted.

G Designator Bjits

it State Interpret3tion
0 0 A and B operands are 64 blts long.
1 A and B operands are 32 pits longe

{continued)
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Je2e1e20b (Cont*d)

Bit State Interpretation
1 0 Contro! vector operates {allows store
into the C vector) on binary ones.
1 Control vector operates on binary
ZerosS.
2 o Start each search iteration at the
beginning of vector 3,
1 Start each search iteration at the

tocation of the hit found in the
previous search jiteration.

A control vector (see Section 3.1i.1.2.4) may be
specifiad by the Z designator with each bit of

the control vector associated with 3 single element
of vector C {(thus controlling the storage of an index
into that specific element). No length nor offset is
recognized for the control vector. This instruction
performs as if a search iteration is performed for
each elament of vector A regardless of the control

vector.

The end of vector B acts llke a hit, thus the index
stored for a search iteration which exhausts vector

8 will be equal to the iength of vector B. Note that
It G bit 2 = t, atl following search iterations will
start and end at the end of vector B. If the length
of vector B is Initially zero, al! indices storead
will be zero.

For elther the case of vector B being exhausted with
G bit 2 = 4 or the length of vector B being initiaily
zer oy search iterations for each element of vector A
will continue to be performed until vector A is
exhausted. Thus, an indefinlte element anywhere

In vector A will always cause Data Flag Bit 46 to

be set,

The X and Y designators and bits 3-7 of the 6
designator are undefined and must be set to zero.
No tengths nor offsets are recognized on vectors

C and Z.

Each elament of vector B is subtracted from the
corresponding element of vector A. The operational

(continued)
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------- SUPER COMPUTER OPERATIONS --mc-==-

3¢2+1.204 {(Cont*d)

decision is made on the result of this subtract
according to the "floatlng polnt compare rules*? in

3e1.445 .
Oata flags? bit 46

3.2.1.205 CC 3 64 NT BASKED BINARY COMPARE; A EQ/NE (8)
PER (C)

This Instruction searches source field A (Referance
Field) for a match with the contents of the register
specified by the B designator. The contents of the
register specitied by the C designator serves as a
word mask such that the instructlon makes a word-by-
word comparison only when there are snes in the
correspanding bit positions of the mask. Bits of the
reference fleld and the contents of 3 are considered
to match wherever there (s a zero bit in the mask

Wworde.

The Y and Z designators and G-Bits -5 are not used
and must be zeroes. G-Bit 7 = 0 and 1 to search for
equality and inequality, respectively. Registers B
and C are 84-blt quantities.

The A index is incremented by one after each word
searched nat resulting In a match. However, if no
match 1Is found, the A index is increased by the
length of the A field. When a match is found, the A
Index provides a means of locating the word of the
reference field matching the contents of B.

Index increments for mask binary compare,

Fleld Dats Flag Bit 37 Index Ingrement

A 1 Full Increment (No
Match)

A 0 Partial Increment
{Match)

Data flags bit 37
3.2.1.206 CO0 5 32 IN HALF WORD ENTER (R) WITH I(24 BITS)

Clear register R and transfer the righnt-most 24 bits
ot this instruction to the right-most 24 bits of
reglster R.
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3e201.207 CE S5 32 1IN HALF WORD INCREASE (R} BY I(24 BITS)

34241208

Repilace the right-most 24 bits of register R by the
sum of those bits and the right-most 24 bits of this
instruction word. Arlithmetic overflonw is ignored.

CF 1 E NT ARITH. COMPRESS) A---->C PER B

Sparse data vector C and its associated sparse arder
vector Z are ftormed by performing a floating point
compare operatlion between elements of vector A and
elements of vector B. For elements of vector A whose
value is greater than or equal to tha associ{ated
efement ot vector By the element of vector A becomes
an elemant of sparse data vector C and the associated
sparse order vectar bit (s made a one. For elements
of vector A whose value is less than the associated
element aof vector 8y no element is stored (or
skipped) in sparse data vector C and the assoclated
sparse order vector bit is cleared to zero. Note that
the sign control bits ot the G fleld may specify
operations on the elements of vector A and/or B
before the "“floating point compare™ is made; however,
the element of Ay if stored into C,y, will be the
original element as read from vector A. Registers

X and Y contain offsets for the A and B vectors

respectivelye.

It bit g of the G designator is cleared/set, the
operand sfize is 64/32 bitsy respectively. If bit

4 of the G deslgnator is sety, register B contains a
constant which Is broadcast for vector B. In this
casey the Y designator Is lgnored. Bits 5, 6 and 7
of the G designator specify sign controlj see

section 3.4.4e93 for details. Bits {, 2y and 3 of the
G designator are undefined and must pe set to zero.

This instruction terminates when vector A is
exhausted., Upon termination, the number of operations
performed (the bit length of the generated sparse
order vector) is stored into the length portion of
register Z and the number of operands copied into
sparse data vector C is stored Into the length
portion of register Co The Z and C register results
are undeflned it the Z and C deslignators are equal.

The B field is extended with machine zero when the
B fleld iength [s exhausted.

{(continued)
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342414208

- -

{(Cont*d)

Each element of vector B ls subtracted from the

correspondingg element of vector A. The

operational declislon Is made on the resuilt of
this subtract according to the "floating point
compare rules”™ In 3.1.4.5.

Data ftlagt bit 46

Arlthmetic compress example (broadcast B)

O D W S e WS W mE W e WD T AR WS S e A AP W WD TS W WP WD G WS G WD WD GE T W e WS m W G W wm = -

S AT N WS A W D G - YD WS A D AP WD AT D D D W Y D YD GG .- W n > W D - - D - > B we -

Bafore axacution

Register 05 = 0000000000000001

06 = 0007000000010000
07 = fleating point constant B
D8 = 00000000D0020000
09 .= 000000G00C00G30007

8it address 10000 - 10180

W L W D GD - D A D e D D M D W WS D WD T G W YN - - - -

b4 bits

Is not examined due to the offset of 1%
from register g%

where

>

> 8

»
W -
I v

w

e =a
>
&
A
[o9)

>
(2
]

(continued)
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3.241.208 (Cont*d)

A

> B
65 -

After execution
Reglster g5y 06 and g7 are unchanged.

08 = 0006000000020000
09 = 0004000000030000

Bit address 20000 - 20005

- - . WD - D S WY W . VR e W . — - -

- s P - e W, " e S WS W D A D WD = wS - -

Bit address 30000 - 300Ca

R e A YD AP W =D AW W =D S WD Y W —S

64 bits
3.2.1.209 po 1 E VM AVERAGE (A{N)+#B{N))/2=--=-=>C{(N)
The Nth element of result vector C is the normalized

sum of the Nth elements of vectors A and B divided by
twos Dividing by two is accomplished by reducing the

exponent of the sum by one.

Bits 5-7 of G designator are undefined and must bpe
set to zerao.

Data flagst Blts 43 and 46

3.2.1.210 DL 1 E VM ADJ. MEAN (A(N+4)+A(N))/2==-==> C(N)
The Nth element of result vector C is the normalized
sum of the Nth and Nth + { eltements of vector A
divided by two. Dividing by two is accomplished by

reducing the exponent of the sum by one.

The Y and B designators and bits 3=-7 of the G
deslgnator are undeflned and must be set to zero.

Data flagst bits 43 and 46
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3.2.1.211 D2 ILLEGAL

3.2.1.212 D3 ILLEGAL

3021213 04 1 £ VM AVE. DIFF. (A(N)-B{N))/2=--==>CI(N)

The Nth etement of result vector C is the normalized
ditference of the Nth elements of vectors A and B
dlvided by twoe. Dividing by two is 3ccompliished by
reducing the exponent of the di fference by one.

Bits 5~-7 of the G designator are undefined and must
be set to zeros.

Data flag: bits 43 and 46
3.2.1.214 0SS 1 E VM DELTA (A{N+1)=A(N))}~===>C(N)
The Nth element of result vector C is formed by

subtracting the Nth element of vector A from the
Nth + {1 element of vector A. Normalized arithmetic

is used.

The Y and B designators and bits 3-7 of the G
deslgnator are undefined and must be set to0 zero.

3.2¢1215 D6 ILLEGAL

342414216 D7 ILLEGAL

3e2e1e217 b8 1 E NT MAX. OF A TO (C), ITEM COUNT TO (8B)
3.2.1.218 03 1 E NT MIN. OF A TO (C), ITEM COUNT TO (B)

Search and compare {(using floating point compare
rules) the successlve elements of vector A for the
maximum element and transmit it to register C. The
number of elements In vector A before (but not
including) the maximum element is the item count
which is stored Into the right-most 48 bits of a
cleared register B. The instruction terminates

when vector A Is exhausted.

In the event of multiplie maximum elements, data flag
S4 wilt be set and the first of the multiplte maximum
elements examlned wlll be the one recorded. In this
case these elementsy, although equal, are not
necessarlity identical.

If an indefinite element is encountered and examined,
register C Is set to Indefinite and data flag bit 46
Is set. In this casey, the contents of register B and
data flag bit 54 are undefined,

(continued)
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3201218 {(Cont*d)
G._Designator Bits

Bit State Interpratation
0 ] A operands and register C are 64 bit
1 A operands and regjister C are 32 bit
1 i} Control vector operates (causes the

element of A to be examlned) on
binary ones

1 Control vector operatass on binary
zeros
5 0
1 Sign control (see section 3.1.4.9)

A contral vector may be specified by the Z designator
with each bit of the control vector 3associated with a
single 2lement of vector A (thus controlllng the
elements of vector A which are examined)., No offset
nor length Is defined for the conftrol vector. If the
control vector is used and it has no permissive
elements in [ty no elements of vector A are examined
and the contents ot register C are undefined. In this
casey the item count in register 8 iIs the length of
vector A minus the A offset,

The length and base address of vector A are in
register A. Register X contains the offset for
vector A.

One of the Sign Control (section 3.1.4.9) ooerations
is available by the use of G-bit S5. By setting this
bity the magnitude of the elements of vector A are
compared, The unaltered etement as rsad from vector
A wlllt be stored Into register C.

The Y designator and bits 2y 3y 4y & and 7 of the G
designator are undefined and must be set to zerag.

The B and C Register results are undefined {t the B
and C designaors are equal.

The D9 (Minimum of A to C) Instructlon Is identical
to the preceding description with the word minimum
substituted for maximum.

Data tlagst Dpits 46 and Sbue.
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3.2+.1.219

3.2¢1.220

———- REV. A

«

PER COMPUTER OPERATTIONS -=-=-----

DA 1 E VM SUM (AQg+A1+A2...AN) TO C AND C#i

The doublie precision unnormallzed floating polint
sum of al! the elements of vector A is placed

into the registers designated by C and C+1. The
Upper Result and the Lower Result are stored into
reglsters C and C+4iy respectively. The instruction
terminates when vector A is exhausted. Register C
must be even. If register C is odd or zero, the
instruction results are undefined.

Data flag bit 43 is determined only oy the final
result and wilt be set if the Lower Result Is machina
zeroy, regardless of the value of the upper result,

If the Upper Result Is Indefinite, the Lower Result
is undefined. Data flag bits 42 and 46 will be set
normally as required on any one of the Add
operationse. '

If a control vector iIs speclified and contalns no
cermissive elementsy, the result Is machine zero

and Data Flag 43 s set.

The Y and B designators and bits 2-7 of the G
designator are undefined and must be set to zero.
There is no length speclfication nor offset for

control vector A.

Data flagss bits 42, 43 and 46

D8 1 E VM PRODUCT; (A0, A1y AZ2...AN) TO C

This instruction forms the Slgnificant Product of the
successive elements of vector A and stores it Into
register C. The number of significant bits in the
partial product is ad)usted after each
multiplication.

Data flag bits 43 and 46 are determined only by the
final result. Data flag bit 42 will be set [t any
muitiply operation overflows.

The Y and B designators and bits 2-7 of the G
designator are undefined and must be set to zero.
There is no length speclification for control vector
Z. The instruction terminates when vector Z |is
exhaustead.

{(continued)
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362414220 (Cont*d)

If the C deslgnator is equaf t6 zeroy, the results of
this instruction are undefined.

If the control vector contalns no permissive
elements the result is a normalized onee.

Data flags: blts 42y 43 and 46

3.2.1.221 0c 1 E VM DOT PRODUCT TO {(C) AND (C+1)

Multiply vector A by vector B and form the sum of the
products. Double precisiony unnormalized arithmetic
is performed. Bits 2-7 ot the G cesignator are
undefined and must be set to zero.

The Upper Resutt and the Lower Result are stored in
‘the registars deslignated by C and C+1, respectively.

Data flag bits 43 and 46 are determined only by the
final Upper and Lower Result. If the Upper Result is
indefinitey, the Lower Result s undefined, Data flag
bit 43 will be set jf the Lower Result is machine
zero, regardless of the value of the upper result.
Data flag bit 42 will be set if any multiply or
additlon operation overflows.

There iIs no length specitication for control vector
Z.

Register C pust be even. It register C Is odd or
zeroy, the Instructlon results are undefined.

If the control! vector contalins no permissive
elements the result is machline zero and Data flag 43

is set.

Data ftags? bits 42y 43 and 46

0D ILLEGAL
DE TLLEGAL

[
L ]
NN
L]
o
[ ]
NN

.
L3
L]
W N
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3.241.224 DF 1 E VM INTERVAL3A PER B8---->C

Thls instruction forms a resuilt vector C whose
initial element is the constant from register B and
whose succeedlng elements are greater than the
preceding etement of vector C by the constant
contalned in register B. Thus, the sacond element
equals the first etement of C pius the contents of
B the third element equals the second element plus
the contents of B, etc. Arithmetic 1ls unnormnalized.

If a control vector Is used, the "last element™ is
the Jlast element formed even though it was not stored

into the destinatlon field.

If a non-permisslive bit In the control vector is
encounteredy, the addition operation is performed and
the result retalned but not stored In the result
vector. If the result of this operation is
indefinitey, the appropriate data filag willl not be set
until a permissive bit is encountered Iin the control
vector thus allowing a3 result to be stored In the
result vector. Qverfiow will be set on the next
permitted store even It the iferative step which
overfioaned was not stored.

It the A designator is zeroy, thls is treated as a
broadcast register and 8000----0 is read from the
reglster zero. The X and Y designators and bits 3
through 7 of the G designator are undefined and must
be set to zeroe

Data flags: blts 42y L3 and 46

3.2.1.225 ED ILLEGAL
362414226 E1 ILLEGAL
3:261.227 E2 ILLEGAL
30241228 E3 ILLEGAL
3.201.229 EL ILLEGAL
3.2.1.230 ES ILLEGAL
3¢241.231 E6 ILLEGAL
3.2.1.232 E7 TLLEGAL
342614233 E8 TLLEGAL
3.2.1.234 ES ILLEGAL
3421235 EA ILLEGAL
34241236 EB ILLEGAL
3241237 EC ILLEGAL
30201238 ED ILLEGAL
3.2.1.239 EE ILLEGAL
3e2.1.240 EE ILLEGAL
3.2.1.2041 Fo 3 1 LS LOGICAL EXCLUSIVE OR A, B---->C
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321242 Fr 3 1 LS LOGICAL AND Ay B-=-=-=>C
Je2e1.243 F2 3 1 LS LOGICAL INCLUSIVE OR Ay B====->(C
3e2+1.2404 F3 3 1 LS LOGICAL STROKE ~ Ay 8====>C
3261245 Fe 3 1 LS LOGICAL PIERCE Ay B=-=-=>C
3e2¢1e246 | FS5 3 1 LS LOGICAL IMPLICATION Ay B==-=--=>C
3.2.1.247 F6 3 1 LS LOGICAL INHIBIT Ay B=-==-->C
3e2¢1e248 F?7 3 4 LS LOGICAL EQUIVALENCE Ay B=~==>(C
The above instrucions perform the indicated bit by
bit togical functions on binary fields A and B and
store the result into fleld C.
TRUTH TABLE
H H {EXCLs ORIAND! CORISTROKEIPIERCE!IMPLILIINHIBITIEQUIV. !
P ! ! ! H ! 1 _ _ : 4
tAt B ! A-8B tA.B1A+Bi({A.B) {(A+B) { A+B | A.B t A-3 |
gl o H 0 i ot ot 1 { i i i ' 0 i i H
i0 1 H 1 v 01 1 H 0 H 0 { 0 H 0 H
t1 t 0 ! 1 I I T | 1 { 0 ! 1 i 1 H 0 i
12 T S R g 1 0 {2 H 1 L H 1 H
Binary field Ay, B and C are strings of bits. The
operation proceeds from left to right and terminates
when the C field is exhausted. Item counts are bit
counts.
Fields A and/or B are extended automatically with
binary zeros if they are shorter than field C.
The G designator is undeflned and must be set ta
ZerosSe
Data flags: Result fleld alt zeros bit 53, result
field mixed bit 54, and result fieid all ones bit 565,
362414249 F8 3 8 ST MQOVE BYTES LEFT; A---=->(C

Thls instructlon moves source fleld A to resutt tield

Ce
to right.
source

Thus,

position of the result fleld.

{continued)

The bytes in the field are considered from
the most significant byte of the
tield is moved to the most significant byte

lett
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3201249
3¢2.1.250
3.2416251
3.2.1.252
3261253
3e2¢1254L
3. 201.255
3.2.1.255
4.0

5«0

6.0

c

PER COMPUTER OPERATIONS -==--===

(Cont*d)

The Y and G deslgnators are not used and must be
Zeroese. o

If the origln ftleld ls shorter than the destination

tield, the destination tield lIs filled In with the
repeated byte found In the B deslgnator ot the
instruction.

If the origin field Is longer than the destination
tield, the opoeration is truncated when the
destination fleld Is exhausted.

F9 ILLEGAL
FA ILLEGAL
F8 ILLEGAL
FC ILLEGAL
FOD ILLEGAL
FE ILLEGAL
FF ILLEGAL

TEST REQUIREMENTS (not appllcabie)
PREPARATION FOR DELIVERY (not applicable)
NOTES

ASCII/EBCDIC Reference Charts
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The following table defines the control characters used in the
ASCII Reference Chart. '

----—--‘---—-—---—-~----‘—---———---

{NUL Null {DLE Data LInk Escape (CC) i
H H : {
1SOH Start of Heading (CC) 1DCL Device Control 1 H
H H H
1STX Start of Text {(CC) 10C2 Device Control 2 H
H H H
1ETX End of Text {CC) 10C3 Device Control 3 H
H H H
20T End of Transmission (CC) 10CL4 Devlice Control & (Stop) H
'ENQ Enguiry (CC) 1NAK Negative Acknowledge (CC) 1
H : {
1ACK Acknowledge (CC) 1SYN Synchronous Idle (CC) H
{BEL Bell (audlble or tETB End of Transmission B8lock H
H attention signal) ! (CC) H
18S Backspace (FE) {CAN Cancel }
{HT Horizontal Tabulation {EM End of Medium H
H {punched card skip (FE) H . H
{ {SUB Substitute H
{LF Line Feed (FE) H H
H {ESC Escape H
tYyT Vertical Tabulatlon (FE) H - 3
H tFS Flle Separator (IS) H
'FF Form Feed (FE) H {
H 1GS Group Separator (IS) !
{CR Carriage Return (FE) { '
H tRS Record Separator (IS) :
1S5S0 Shift ouft H H
H 'US Unit Separator (IS) H
1SI Shift In H H
H i 1 H
H {DEL Detlete H
H 1 H

-——--——-—--————-------a--o—------ ‘_..--_..‘-----,.--_.._--_-----_--_,-

NOTE? (CC) Communicatlon Control

(FE) Format Effector
(IS) Information Separator

In the strlct sensée, DEL is notf a control character.
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<
------ -SuUPER COMPUTER OPERATTIONS =-="="""
ASCII REFERENCE CHART
(o Jo Jo o lo Jo Jo jo |1+ 11+ |1 B 1 1
~lo lo o o |1+ |+ |1 |1 |0 Jo o Jo 1t [+ |1 |
Sl ol ol 1l vl ol ol v v ol of v v oy 01t
} -1 ol 11 ol 1| ol 1| ol 1| of 1f of 1| of 1| ©of 1
°8 P76 %5 pepare bt | N ol 1l 213l als|sel 718l olio]n 12131415
ROW ¥ w @l © o] el F
00O00OC o] NUL |OLE| SP | O | @ P \ p
000 I 1 somjoci| t | v | Al alalaq
0010 2 stx|oc2| " | 2] 8 | R b | T
0011 3 ETx|oc3l # | 3 | C | S| ¢ | s
0100 4 EoT|oca| $ | 4 | o | T | d | ¢
01 01 5 ENQ|NAK| % | 5 | E | U | e u
o110 & |ack|sw]| a S| F v ]|t | v
o1 11 7 geLletel > 7| 6 | w | g | w
1000 8 gs [CaN| ( | 8 | H | x | b | x
1001 9 Wt lem| v o | T | Y| iy
1010 10| LF [suB| * | | T | Z | i |z
101 1 1@ vt |esc NI RERE
1100 2 @ FFlFs | 4 | < | L v ]t |
11001 3 o|cr|os| - |=|m]|]|m]|}
1110 1w @l solRrs| .| > N Al |~ .
IR 15 (B si|us | / o | | o |0EL EO
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EBCDIC REFERENCE CHART

>~10 |o |o jo Jo {o jo o 1 1 1 1 1 1]
[ o lo]o o |1 vty fo oo lo |1 |
— | 0 0 1 1 oy O 1 1 0 ol 1 1 o4} 0
l | r - ol +} of 1| of 1 ol 1 ol 1| ol 1] of 1
bg b7 bg bs bg bz by by coL.
l 1 1 l 1o |1 ]2 |3|a|s|e | 7|89 |10 12]3
ROW ¥ (A | 8 | @ o
0000 o) NUL | DLE sPi & | - {l}
000 I i SOH | DCH / 0 il o~ Al v
0010 2 STX | 0Cc2 SYN b | k | s B | K
0011 3 ETx | DC3 c | 1 t c |t
011 00 4 . d m u D M
O 1 01 5 HT LF e n v £ N
0110 6 35 €78 f o | w Fl o
01 11 7 DEL ESC | EOT [—g p . G | P
1000 8 CAN h q y H Q
1001 9 | EM N r z 1 R
1010 10 (A) 1]
1 01 1 i@ vT . $ y #
1100 12 ] FF | Fs pcal < | ¥ | % | @
11 01 13 (D) CR | GS | ENQ|NAK | | y -1 ?
1110 14 (E)] SO | RS |ACK + , > | =
1o i5 )] st | us |eectsus| M A 2"




T 3 - - - - - 1 - —_—y - "
| [ 0 0 o ] ] ] [ Q 1 \ | 1 ] ) 1 1 N
by [ ° ¢ [ 1 1 ' 1 ° ° 0 0 ! 1 ) )
b o ° ) 1 0 ° 1 ) [} [ ) 1 0 ° ) \
bg ° 1 ° \ [ 1 [ ) [} 1 o ' { ° ' ° )
coL N - - T
T " 2 13 N ”
ba b3 b7 By 0 ! 2 3 ‘ 5 & ? i s | = 8l ic) 10} 1®) (F)
A0!
+ : -
NuUL 319 4 SP Iél 19 P m 1 i B

000U [ 120981 | 12:11-9.81 | nopuncn | g 84 117 (B AT/ 098 11200 0981012090 112198 1120086002 B 2 1108 |12 11084
yuL 00| DLk 10]{SP  40({0 FO|w@IC|P O1f - 9y 9rfos 20 ! “ u8 i " oY ne
A, | oF 40 quieyr ool e B B S 3 S A SENSS....% (AL VN AP
SOH 0ey ' [ A Qa . a

0 0 0 V 12 941 1941 12-8-7 i 1211 11-8 [120-1 {1211 8091 9.1 (12082 l1e 2109 s linoaa 2itay (120984
sor o1 | oct R 4F [V Fi[ACI|Q OB{a 81|y o8|sos N 4 42 49 "y AG 1 v uo
STx o2 8 ) “ . 1

00 1 0 2 1292 1.9-2 12-2111-9 {12.0-2 [12-11-9|09 2 1 9H 2 12093 1110y 2 IR EE TR AT RIS
STX 0z ! pcz 12 BC2/A DY|u 82)r 93Fs 2 lcc 1A 43 62 o AA uA [N
{1x pCa c s < v [

00 1 3 129 11-9.3 12-310-2 {12-0-3 | 11-0-2 |0 9-3 9.3 12094 111092 12-0 8-1 11.0-8 3 1271008 517194
t1x 03| 1Mm 13 CCI|S E2{c 83|s a2 23 1 42 63 80 At [T LF
to1 ) [ T \ ;

61 00 a g 9 6.4 12-4/0-3 (1204 [11-0-3 |0.-9-4 94 12-09-5 ' 11-0-9.4 12-0 8 2 11084 12 1V p-44{11-0-9 8-2
tO1 31 | oca 3C 0CA|T E3]o  B4aly  Ad|BYP 24 | PN )a a5 | 64 8A ac uC €A
ENQ NAK € u L3 u ‘

0 1 g i s loves 9-4-5 125/04 1132-0-5 1104 [958 9.5 12096 1110 95 12043 IEEE 1201 086(11.09.8.3
ENU 20 | NAK 30 EC5|u Eale 85 u  Ad|NL 15 | RS ™ 46 5 88 AD ) £8
ACK SYN ¢ v | r ;

6 1 1 0 6 (u9sw g2 126105 112-0-6 ‘1 oy |12.96 9.6 iPeur lnose 2084 11080 127 1108:6[1008a
ALK 2€ | SYN 32 FC6{V ES {1  8G,v A5 |LC 06 | UC 6 4l 60 5 Ak st | A £C
BE L VETH q w ™ |

o 1y 7 0987 ,096 127106 .112-0-7 [11 06 |19 12-9 8 12094 {110 0.7 12085 oK Vo rinooss
BEL  2F | ETw %] D17 FIIGCI w E6lg 8 lw  AG it 17 |Gt o4 a8 6/ O Ak bt I
8s Tcan | 8 H X N - - . i —

10 00 8 11-9.6 f11-9.8 12-8-5 | 8 12-81 0.7 112-0-8 1107 {098 98 1281 11-0-9-8 12086 2N GHI 120982 |11 0985
8 16 | can 18 4Dy FB HCEIx EZ|n 88 l. A7 28 38 a9 68 BE | 0 ca £e

e e B . nes o R e L : R
" 9 M . Ty :

o0 9 0-8 112009 '11-08 |09-81 981 2.9 11080 o8/ 2oy [1oosy [1o9ss

— Y E8{. 8,y A8 9 39 51 69 Bt 81 ch et

2 1 ¢ N
o of 09 12111 {1109 |06-9.8-2 9.8-2 1201 9.2 {12.11-0 sy f2mor [vnovsa 12nooe
2 €9ly 9i{, Aglsm 24 A 52 10 90 PRINY cC [ iwvmr €A

| \ Y

oo "u‘, 1282112 11-2 Wiz o 0-9-8-3 983 9 3102200 090 (120182 121000 1120985 ]12-11.0.9.8.3
. e PRI R cojcuz 28 |cus sl 53 i 94 ') cu )
‘ = ; e BB 8 R - S LY

Voo "(_1, 082012 11-3; 1211 |0y g-a 1794 120194112 11 0.9 2| 218 3 (121104 120986 (12110984

€0l 41| ] ua 2| s 04 ) 2 9b da | oy ct £C

[ F b e B8 o DN . SN R :

| 1
I B nazizaiafhie 1729 81 ] Vo os iz 0932084 L2000 (12098 |1211098s
i N ' t sl 94 DO | HiH 09 | RES ‘a 5 | 13 [ i CF O
5 N ! R . el I
LI B N M8z s 10-1 {12982 {986 2 avesi2nosaliznes 1 noe 1w os2li2110886
S O5Fin 95| . Al [SMM oA It 55 2 4t m 0A X
' o 0EL I ) leo T T
T T B } . - 11-6/0-85(12-11 61297 ] 11983 {11.0-9.1 V200-9 711200095 192 1086 120007 12 1008 512010087
L ; 60 o 96| DEL 07 ] Cuy i 5) | ot 8/ | 08 [
- . 2 . == SR DU SR ] e
LEGEND ASCIl Characier

Card Code

E8COIC £8COIC
Character Code
(Hexadecimal)

- - .-

14€200J0)
viva 10d31NDD!

uo

!
H

4 3 d0 S

NOI1VISNY¥L 310083 ONV S3000 0OdVO C3IHONNd HIIM (IIOJSV)
43 1 nNndwWODI
NOI1VIIJdIJ3IdS
9NI ¥ 33 NI9NS

*A3d

9.1 39vd
¢euer 3ivao
*NN

T ANNT ;0O

INI NOTIVWSO4NI ¥04 3003 QEVONVYIS TVNOILVN NVIOI¥3IWV

-

SNOTIT 1 VY 3dd0

v

JONVHO N

- an e am - -
~

o0e6l



: _—
0 0 I} [} [ 0 ° ° ) 1 l 1 ) 1 1 \
T 0 [ ° 1 1 1 ) 0 0 0 ° \ \ 1 )
2 o [ 1 o [} ) \ ) [ ) 1 0 0 1 \
3 [ 1 [ [ \ 0 1 [ 1 [ 1 [ 1 0 1
BITS 1Sy
LEX y B A a c o € €
PR .3 ¢ ! ? ‘ ® ¢ : ao “n a2 an (e us)
| NUL OLE i sp s - { H ! o
00600 0 112:0-9-8 1/12-11-9 8-1]11-0-8-8-1 | 12-11-0-8-8-1 | no punch | 12 " 12-11-0 12-0-8-1 | 12-11-81 |11 0-8 1 {12-11-0-8-1 |}12 0 11-0 0-8.-2 0
NUL 00O 0 8 w0l s 20/|8 26 - 20 c3 [ o1 o8 ) 0 |\ 5C |0 30
SN : 508 ] 2 ) ~ A 3 [
000 [ 12 9-1 11-9.1 091 9-1 12-0-91 | 12-11-8-1 | 0-1 12-11-0-9-1 } 12-0-1 12-11-1 11-0-1 12-11-0-1 1241 - 11-0-91 1
n 81 81 AD Ag |/ 2F He ) 61 ] bA |~ 1€ A 41 3 4A 1 N
FS SYN b 3 s 8 K s 2
0-9-2 9-2 12-0-9-2 | 12-11-8-2 | 11-0-9-2 ] 12-11-0-9-2 } 12-0-2 | 12-11-2 1.0-2 |12-11-0-2 | 122 -2 0-2 2
12 82 | SYN 16 A AA 82 8C | b 62 | & b8 |4 3 pale 42 |k ay |s 53 |2 32
13 ) ' C 1 T 3
0-9-3 9-3 12-0-9-3 | 12-11-9-3 1 11-0-9-3 | 12-11-0-9-3 | 12-0-3 | 12-11-3 | 11-0-3 | 12-11-0-3 | 12-3 n-3 0-3 3
13 83 [%) A2 A8 83 BD | ¢ 631 6C | 1 14 os|c - a3 ac | 54 |3 33
BYP PN ] m v () ™M v] 4
0-9-4 9-4 12-0-9-4 | 12-11-9-4 | 11-0-9-4 | 12-11-0-9-4 | 12-0-4 | 12-11-4 11-0-4 | 12-11-0-4 | 12-4 e 04 )
90 84 94 Al AC 84 BE jd m 6D |u 5 Dcl o 44 im 40 |y 55 |4 k)
[ NL LF RS a v € N v 5
010 5 I 12-9-8 11.9-9 0-9-5 9-b 12-0-9-5 | 12-11-9-6 | 11-0-9-5[ 12-11-0-9-5] 12.0-6 | 12-11-5 | 11-0-6 |12.11-05 | 12-5 11-5 0-5 5
M 09 85| LF 0A 95 A4 AD 85 BF | 65! n 6E | v 8 oD | € as | N ag | v 56 |5 3
c 85 €Ta ucC ' ° w f [ w 6
a1 i1 aQ 6 |l 129-6 11-8-6 0-9-6 9-6 12-0-9-6 | 12-11-9-6 | 11-0-9-6 | 12-11-0-9-6 ] 12-0-6 | 12-11 6 | 11-0-6 [12-11-06 | 12-6 M- 0-6 6
86 | 8S 08 EYE 17 96 A AE B6 co i ) 6f | w I} DE 46 | 0 aF | W 57 {6 36
- €L i S EOT e o . - G 3 X 7
vt b |29 1.9-7 0-9-7 9.7 12-0-9-7 1 12-11-9-7 | 11-0-9+7 | 12-11-0-9-7 | 12-0-7 | 12-11 n-g 2 {12-11-0-7 12-7 - 0-7 )
oEL IF 81| ESC w ] EoT 04 A6 AF 87 clly 61 p ‘ 18 G arfe 50 | X o8 |7 37
3 CAN q M M ) v 8
ioo00| 8 (1298 11.9-8 0-9-8 3-8 12-0-9-8{ 12-11-9-8| 11-0-9-8| 12-11-0-8-8 | 12-0-8 | 12-11 8 1t-0-8 [12-11-0.8 | 12-8 -8 0-8 8
91| can 8 88 98 A7 80 88 c2ln q v 19 EO| M 48| Q IRRS 59 )8 38
RLF EM . ¢ 1 [ R F3 )
1oat 9 1 12-9-8-1 |11-9-8-1 098-1 8-8-1 12-8-1 11-8-1 0-8-1 8-1 12-6-9 | 12-11 8 | 1-0-9 |12-11.0.8 | 12-9 -9 0-9 9
BO | EM 19 89 99 A8 81 89| - 60 69 ¢ 12} 1A [ 29| A 52 |2 5A |9 19
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