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SCOPE 

This ls a model independent ·cPO-· specl f lcatlon for 
the CYBER 200 line. Section 2·0 lists soeclficatlon 
numbers for each model where Information that ls 
model dependent can be obtained from the functional 
speclflcatlon. 

This ls NOT a reference manual for user•s groups. 
This document ls written expressly for logic 
deslgners and diagnostic programmers. 

Def lnltion of Radix and Power Notation 

FORTRAN notation is used to Indicate numbers raised 
to a power. For example, 2 raised to the 47th power 
would be written 2••~7. 

The fottowlng method ls used to lndlcate the radix of 
numbers. The number will be fol lowed by a radix 
indicator enclosed In brackets with "s•• lndlcatlng 
binary or base z, .. 0 .. lndlca-ting decimal or base 10, 
and .. w· in d 1 ca t l n g h ex ad e c i ma I or base H>-

-For exaraplel 

100{01 = 6~CHJ = 1100100{6] 
: : ' 

APPLICA3LE DOCUMENTS 

Model 205 - 10358025 Functional Comouter 
Spec 1 f I cat l on 

- 10358026 Tlmlng Speclf lcatlon 

PERFORMANCE REQUIREMENTS 

General Oescrlptlon 
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3·1·1 Instructlon Formats and Types 

Instructlon Formats - all flelds are 8 blts unless 
otherwise specif led. 

Format 1 

F G x A y 8 z c 
:Functlon: Sub- :offset: ten.& :offset:len. t :c.v. :ten. 8. : 

:Functlon:for A base :for 8 :base :base :base 
:address: :address:address:address: 

Format 2 

F G x 
:Function: Sub- :o.v. 

:Functlon: len. 
:base 

Format J 

F G Z X 
:Functlonl Sub- llndex 

: Funct Ion: for A 
1 I 

Format 4 

F R s 

A y B 
: base I o. v. t base 

&1address:len. ~:address: 

base 

A I Y 8 
len. ti lndexl Jen. &.I 
base for a: base 

I 

T 
lfunctlon:source 
: I 1 
: 

Zsourcetdestl
: z lnatlon 
t 

Format 5 

F R 
:Functlonldesti

tnation 
I48 

z 
o.v. 
len. 
base 

z 
index 
for C 

c 
:result 

&:ten.&. 
:base 

c 
len. a..: 
b3Se 

• ~ 

• --!. 
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Format o 

F R 
:Function I Oestl-
I I nation 

' 
3.1.1.1.1 Format 

F R 
:Functlonl • 

: 
I 

7 

r 
116 f 

I 

s T 
• 

.J.__~--~----~~~~~---~·~~~--~~~~-----

Format 8 

F R s T 
:Function :Register:Register: base t 

I : address 

Format 9 

F G 
:Function : Sub

:Functlonl 

3.1.1.1.1D Format A 

F R 
:Function JReglsterl 

i 
• ---~~~~---~~-~~-..!___ 

s 
... 

... 

T 
... 

T t 
Reglster I 

t 

NO. 37100670 
DATE Jan., 1980 

N PAGE 3 
~ REV. A 

R A T I 0 N s ~---._-~~ ... 

• Described ~here used 

3.1.1.1.11 Format 9 

F G 
:Function : Sub- :••1 I 

:Function: 6 
• 

----~~~~---~~-~~__.~~ 

T 
base 
address 

•• Unused areas must be 
cleared to zeros 
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3·1·1·1·12 Format C 

F G f - x A y B z c 
:Functlon: Sub- :Reg- :Reg-r:Index: Base :Reg- tReg- : 

3.1.1.2.1 

:Functlon:lster:lstert fAddress:ister:IsterJ 

Instruction Types 

Reglster Instructlons CRG> 

In the register instructions, at J operand sources 
and al I result destinations are registers. R, s, 
and T each designate the contents of one of 256 
registers. 

A register may be used to hold one or both source 
operands as we I I as the resu It. Spec I a I case: if 
register 00 is designated as a source or result 
register, see A.2 Section 3.1.7. 

Unless stated differently in the instruction 
descrlptlon ln al I reglster-to-reglster operations, 
the contents of the source registers are unchanged 
and the destination reglster ls cleared before the 
result is transferred Into lt. 

Index Instructions <IN> 

The index instructions are used primarily in 
performing numerical calculatlons on field lengths 
and addresses. 

The term, ~la~' means reptace only the specified 
bits. The phrase, replace the right-most 48 bit~ ••• , 
implies that the left-most 16 bits are not altered. 

Branch Instructlons <BR> 

Branch condltlons may be determined by examining 
single bits, a 24-blt or 48-blt inte~ers, 32-blt or 
64-blt integers, 32-blt floating point operands or 
64-blt floating polnt operands. A special branch is 
provided to enter and leave the Monitor program. Al I 

Item co~nts in branch instructions are In haJ f-~ords. 
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Vector Instructlons <VT> 

The vector Instructions perfor~ operations on ordered 
scalars. 

Referring to format 1 under sec~lon 3.1.1.1.1, the 
vector instruction designators are defined as 
f o I I ow s : 

F 

G 

x,v 

A,B 

z 

c 

c+1 

elght-blt instruction code 

eight-bit sub-ooeratlon code 

eight-bit designators, each specifying 
one of 256 registers hoJdin~ address 
off sets for the source operand 
fl e Ids. 

eight-bit designators, each specifying 
one of 256 registers holding base 
addresses and field lengths of the 
source operand f lelds. 

eight-bit designator specifying one of 
256 registers holding the base 
add r es s o f t he con tr o I v e c t or·. 

elght-blt designator specifying cne of 
256 registers holding the base 
address and the field length of the 
destination field. If C•1 ls used by 
the instruction, C must be even, 
since c~1 ls formed by using the 
feft-most seven bits of the C 
deslgnator and forcing the right
most bit to a one. If C+i is used 
and C ls odd, the reference to C and 
c+1 ls undef lned. 

eight-bit designator soeclfylng a 
register which holds the offset for 
both the control vector and the 
destination field. C+1 alway~ 

r:J:f ereoces an_.Q...Q~qist~r. See the 
preceding paragraph. Note that the 
usage of C+1 ls decendent uoon bit 
2 of the G designator. 

<Continued) 
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I 
I 

Bit No-L 

0 

(Cont'd) 

The blts of the G field (nu~beFed from left to right 
as are all fields) are interpreted as followsl 

OescrlotlQ!l 
I 
~ 

O 64-blt operands (words) 
~~~---~---1=-~ 1.Z.::blt oper3nds (half-words> 
1 0 •control vector operates on binary ones 

..1.._ __ _l_..!~n.1ro I ve.d_9r oo~ra t~LQ.Q_QJ_nary_zsrgL: 
2 o do not offset destination field and 

control vector 
1 offset destination field and control 

_y~.t.Q,__~~~~~-
3 0 normal source stream A 

__________ !__ • .. b I:..Q ad ca s t r eo eat e d __ c_A ...... > ___ _ 
t+ O normal source stream B 

--~~~----~~...._~_l_!.!.!2!:....Q~~st reoeate.Q_JJU_~~~~---~ 
5 
6 
7 

I These b I ts are used for sign contra I for 
some of the Vector and Vector Macro 
instructions. See Section 3.1.4.9 for 
a description of the use of these bits 
for slgn control. The G bit charts in 
the Table of Contents provide a quick 
reference to which instructions provide 
this feature • 

.. If the eight-bit designator Z is zero, no control 
vector ls used, so blt 1 of G ls und~f lned. 

••rt bit 3 and/or 4 of G is a 1, then either the A 
and/or 8 source fleld is a constant used as each 
element of the respective vector stream and the 
associated offsets are ignored. These constants are 
found ln the registers specified by A and a~ 

respectively. If bit 3 and/or ~ ls a one and blt 0 of 
G ls a one, register A and/or B ls a 32-blt register. 
The result of broadcastlng both repeated constants A 
and B is undefined for instructions ~hlch do not 
terminate due to flJllng the result field, i.e., the 
Select instructions, COt c1, cz, and C3. 

(Continued) 
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A or B 

X or Y 

The base address (which defl'nes the location of the 
first operand of vector) and the vector field lengths 
are obtained in the manner shown below. 

The registers addressed by A and X contain the 
fol lowing: 

: Fleld Length Base Address 

1---------------:-------------------------------------: 
Not Used 32 slgn bits offset : 

for the offset 

bit 0 47 48 63 

If the offset does not contain 32 leading sign blts, 
the instruction ls undefined. 

The oortlon of the vector ~hich would be Included in 
vector stream A ls as fol lows2 

: <------------------ Fie Id Length-------.-------------->: 

I\ 

I 
Base Address 

I 

Not Used 

Base Address 
+ Offset 

Portion Used 

" 

t<-------Of fset------------->:<-------- Vector A ----->: 
: 

The operation of subtracting the offset from the 
flefd length must result ln a vector length which 
ls positive and less than <2•¥16> ln magnitude. If 
the resulting vector length is not positive and less 
than (2 ... "'"16) ln magnitude, lt w 111 be treated as a 
zero vector length. 

{Continued) 
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c 

blt 

C+i 

u p E R c 0 H p u T E R a p E R A T I 0 N s ... -------~ 

Ccont•d) 

The reg ls t er addressed by C ·con ta l n s t he f o 1 I ow in g : 

J 
I Field Length Base Address 
I ____ _ 

J___~~~~~~~-
0 15 16 63 

If vector C is specified as having an offset (bit 2 
of the G designator is a one), register C+i contains 
the of f set. 

Not Used 
' .J.._ 

32 sign bits for 
the offset offset 

blt 0 15 16 47 48 63 

If C+1 is used in the execution of an instruction, C 
should be soeclfled as an even register. If C is 
odd, the reference to C and C+i ls undefined. 

Control Vector 

Hhen control vectors are speclf ied (Z designator 
~ o>, a single unique bit from the control vector 
ls associated with the storing of each result 
element ln the output f leld and the setting of the 
data flag for that result. When a bit within a 
control vector prohibits the storing of a result 
element, the previous contents of the assoclated 
result vector element are not altered nor ls 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. Blt one of 
the G designator selects whether a zero or a one 
control vector bit allows the storing of a result. 
If blt one of the G designator ls a zero/one, store 
the nth result if the nth blt of the control vector 
was a one/zero, respectlvef y. 

<Contlnued) 
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(Cont•d) 

Re g I st er s Z an d C + 1 · con ta l n · t he- f o I I ow l n g l n f o rm a t 1 on 
relating to the control vectors 

Not Used 

Not Used 

Base Address 

32 sign bits 
for the offset : offset 

I 

------!. 

bit 0 15 16 1+7 1+8 63 

Control vector Z uses the same f leld length as result 
vector c. 

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

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

Vector Macro Instructions CVH> 

Vector macro instruc~ions perform in much the same 
manner as vector Instructions. 

Some vector macro Instructions do not form result 
vectors but store their result in one or two 
reglsters ~hlch are specified by the instructions. 
For these l~tructlon~, the control vector has 
neither length nor offset and controls the use of 
element(s) of the source vector<s>; alio, blt 2 of 
the G field is undefined and must be set to zero. 
Note that C and C+1 designate 32-blt registers ~hen 
blt 0 of the· G designator specifies 32-bit operands. 

For the other vector macro instructions (those having 
result vectors>, the control vector has the same 
connotation as In vector instructions. The 87 and BA 
instructions do not use control vectors. 
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Soarse Vector Instructions <SVl 

Due to arlthmetlc reduction," many elements of a 
vector may be reduced to zero; therefore, except for 
their positional slgnlf lcance, they need not be 
carried along as floating point numbers. In order to 
conserve both storage space and calculating time, a 
grouo of instructions make oossible the expansion and 
compression of vectors of this type; i.e., sparse 
vectors. 

A sparse vector consists of a vector pair, one of 
which ls a bit string, identified as the order vector, 
and the other ls a floating point array ldentlfled as 
the data vector. 

A sparse vector is typically formed by first using 
the Compare instructions to generae an order vector. 
A normal vector with .. near zero .. elements in lt ls 
then reduced to a sparse vector with the Compress 
instruction. The Comcress uses the generated order 
vector as a means to throw out a I I ••near zero" 
elements. See the instruction descriptions for BC, 
C4, cs, C5 and C7. BC ls the Compress and C4-C7 are 
Compare instructions. 

A sparse data vector, belng simply an ordered set of 
f loatlng palnt scalars, is Indistinguishable in· 
format from any other vector. However, a sparse data 
vector has an associated soarse order vector which 
determlnes the posltlonal slgni ficance of the 
elements of the sparse data vector. For example, a 
sparse data vector A and its associated sparse order 
vector X may be represented as follows: 

fnearla : a lnear:nearl a : a :near I Original 
I zero: 1 I 2 t zero: zeroJ 3 : 4 : zero : Vector 

I ---------------------

' : 
Sparse I 
Vector \ 

l 
I 

\ 

I a I a : a 
1 I 2 t 

I\ I\ 

I t 

: a 
3 : l+ ' 

" " 
: ' 

(contlm.:ed) 

Data Vector A 

Order Vector X 
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The sub-operation code and eight-bit designators have 
the forlowlng meanlngs for sparse vector Instructions 
<see Section 3.1.1.1.2 for sparse vector format>: 

F - eight-bit instruction code 
G - elght-blt sub-operation code - bit o of 

the G field ls used in this set of 
Instructions as follows: 

l.!lteroretatlon 
64-bit operands 
32-blt operands 

Bits 5, 6 and 7 of the G f leld are used for sign 
control. See Section 3.1.4.9 for descriptlons of the 
use of 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 
field, when set to one, are used to broadcast A 
and/or 3, resoectlvely. 

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

X,Y - elght-blt designators, each specifying ona of 
the 256 registers containing the base address 
and the fleld length of the source sparse order 
vectors associated with source sparse data 
vectors A and 8, respectively. 

C - eight-bit designator specifying one of the 256 
registers containing the base address of the 
result sparse data vector. 

Z - eight-bit designator specifying one of the 256 
registers containing the base address and the 
field length of the result sparse order vector 
associated wlth result sparse data vector c. 

Ccontlnued) 
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Not Used• Base Address 

0 63 

Field Length Base Address 

0 15 16 &3 

~ At the completion of these instructions, tha 
length of the resulting sparse data vector 
is placed in the left-most 16 bits of 
register c. 

Neither of fsettlng nor indexing ls performed by 
·the sparse vector instructions. The field 
lengths associated with source soarse data 
vectors A and Bare not used. These lengths 
are oetermlned by the ~umber of ones in their 
soarse order vectors. The field lengths of the 
source sparse order vectors X and Y and the 
result sparse order vector Z are item counts 
in bits. 

String Instructlons <ST> 

The string instructions perform manlculatlons on 
strings of eight-bit bytes. 

The string lnstructlons use Format 3 !see Section 
3.1.1.1.3>. 

-
F - eight-bit lnst~uctlon code 
G - eight-bits unused 
x,v,z 
A,B,C - elght-blt register designators; the registers 

contain addressing information for the fields 
to be used. 

(continued} 
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Base Address 

Index 

15 1& 63 

If any of the elght-blt designators, x, Y, or z, are 
set to zero, indexlng is not used for that stream and 
the address of the inltlaf byte ls obtalned from the 
base address. 

Not Used 

" 
Base Address 

:<-----Field Length----->r 
I 

" I 

Data Field Used 

Base Address 
+ Index 

:<------Index------------>I 

Note that the length of the data field used is the 
same as the field length found In the register 
contalning the base address. Indexing does not 
affect the field length used whereas of fsettlng does 
<see offsetting ln vectors 3.1.1.2.4> The string 
instructions do not have of fsettlng and the vector 
Instructions do not have indexing. 

Logical String <LS> 

The LS (logical string) instructions have indices and 
fields Identical to those of the ST Cstrlng) 
instructions except that the Item counts and indices 
are In bits instead of bytes. The LS operations are 
performed as blt ooeratlons on blt boundaries ~hlie 
the ST aperatlons are performed as byte operations 
on byte boundaries. 
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Monitor Instructions (MN> 

Monitor lnstructlons perform as described only ~hen 
In Monitor Mode. When not in Monitor Mode, the 
Honltor instructions perform as an 11 legal 
Instruction would <see Section 3.1.4.2.2,. 

3.1.1.2.10 Non-Typical Instruction CNTJ 

The for~at and operation of these instructions are 
completely described under the individual instruction 
write-ups. 

Operand Size Oef inltlon and Addressing 

The fol lowing operand deflnltlons are lmpl led 
throughout the specification. 

Word - A 64-blt quantity, the address of the 
left-most blt always being a multiple of 
6'+ base 10. 

Half-word - A 32-bit quantity, the address of the 
left-most bit always being a muftiple of 
32 base 10· 

Byte - An 8-bit quantity, the address of the 
left-most blt always being a muttlole of 
8 base 10• 

Grouos of bits ln an address shouJd be thought of as 
addressing various units of storage as ii 1ustrated 
in the chart below. 

(continued) 
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15--------------------> 57 58 59 50 01 62 63 
:--------\ \---------------------------------

bit position \ \ I : I 
in a register:----------\ \-------------------------------
or an in-
struct I on 
word 

1<--Address of Hord------->-: 

l<--Address of Half-Hord----->: 
: 
:<--------Address of Byte----------> 

' l<--------Address of Blt--------------------->t 

Within 3 word, bits, bytes, and half-words are always 
numbered from 1eft to right. The lowest addressed 
bit~ byte, or half-word ls always the left-most blt, 
byte, or half ~ord ln the word. 

Alt addres~es gre 48-blt quanl.i_.!..l.g~ 3nd contain 
enough information to reference a specific bit. 
Depending on the usage of an address, a certain 
number of the right-most bits in the address are 
ignored. For example, lf a byte is being read, the 
right-most three bits of the address being used to 
reference It are ignored. Oeoendlng on the 
instruction, operands are counted on a bit, byt~, 

half-word or word basis. 

l<------half-word 0------------>:<------half-word 1-------->: 
J I 

tbyte o: byte 1: byte 2 :byte 3 :byte 41byte 5:byte 6:byte 7: 

bit 0 7 8 15 16 23 24 31 32 39 40 47 48 55 56 63 

The above figure 11 lustrates the relative location of 
each bit, byte and half-word within a 64-bit ~ord. 

<C~ntlnued) 
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If It ls necessary to add addresses and item counts 
Clndlces or offsets}, the Item count ls shifted left 
end off until It ls properly aligned with the 
address. Binary zeros are attached to the right end 
of the quantity being shifted. 

The result of the addition always addresses a 
quantity having the same unit as the item count. for 
instance, lf a byte count ls added to any address, 
the result references a byte. This means that the 
right-most three bl ts of the address wil I be ignored. 
The fol lowing chart summarizes the process of adding 
an item count to an address and shows which blts are 
ignored ln the resulting address. 

16 57 58 59 60 61 62 63 

Base Address------------------~->~ ' .. • • 

I 
r 16 

: A. words : ... 

item 
counts 
(indices: 
or off- : B. 
sets) I 

\ 

ha If
'"'ords 

:c. bytes 

:o. blts 

\ 

22 63: 

:words 0: 0 0 0 0 0 

-: 
21 

: ~.. lhalf-words 0 0 0 0 0 

16 19 

l"'"'tbytes 0 0 0 

lblts 

<continued) 
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16 57 58 59 60 61 62 63 
I 

A. .-.ords <---Bits used-> <-- • -------->: 
I 

result-
ant B. half- <---Bits used----> <------- • ->: 
address- words 
es 

c. bytes <---Bits used----------> <- • ->I 

i 
l 0 • bl ts :<--------Bits used------------->: 
\ 

• These bits In the resurtant address are ignored. 

•• These bits in the index or offset are shifted off and do not 
enter the address calculation. 

The registers associated with any Job or the monitor 
reside in the first 256 64-blt words of its 
associated virtual space or absolute memory, 
respectively. References to these portions of memory 
wl I I cause the Instruct ion to be treated as 11 I ~ga J 
in either monitor or Job mode. The only exceptions to 
thls rule are the 87 and BA instructions with G-bit 7 
set. In this case the outout vector C (for the 87 
instruction) or the input vector 8 (for the BA 
Instruction) must be contained in bit addresses 0 
through 3FFF. 

Instructions are addressed on ful I word and half-word 
boundaries. The Instruction address counter will, 
therefore, be incremented by a half-word after 
executing a 32-blt instruction and by a ful I word 
after executing a 64-blt instruction. This af lows 
lnstructlons to be packed contiguously ln storage. 
The fol lowing chart illustrates the various ways 
Instructions may be packed within 64-bit words. 

(continued) 
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blt position 
D 31 32 63 

: 32-blt Inst. 64-blt inst. upper : 
:--------------------------:------------------------: 
: 64-blt Inst. lower 64-bit inst. upper : 
:----~----~------~-------~-:~-~--~-----------~~-----: 
: 64-b it Inst. I ower 32-bit lnst. 
:---------~-------~-------~:-----------------------~: 

64-blt instruction 
:-------------~------------:------------------------: 
: 32-bit inst. 32-bit inst. 

Note that a branch ls possible to any of the 
Instruct ions. The t ewer 5 bl ts In any branch ·ad cress 
wil I always be interpreted as zeros. 

Termination Rules 

For instructions which terminate upon exhausting the 
~n.9.1.b of a data field, data strlng or vector: lf 
that Item ls exhausted prior to the first ooerand 
fetch, the lnstructlon becomes a no op; no data ls 
fetched and no data flags are altered. 

1· Exhaustlng a vector whlch has an offset. 

A vector ls deemed exhausted prlor to the f lrst 
operano fetch lf the result of subtracting the 
offset from the field length is zero or negative. 

For cases of zero f leld length, the resultlng 
vector length used is the right-most 16 bits of 
the two•s complement of the offset. If this 
1&-bit quantity is zero or- negative, the vector 
ls deemed exhausted prlor to the f lrst operand 
fetch. 

A vector ls exhausted when the result of 
subtracting both the offset and the number of 
operands encountered thus far ••• from the field 
length zero. 

Cconti;1ued) 
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2. Exhausting a vector which has no offset and 
exhaustlng other data fields or data strings. 

The string, f leld or vector ls deemed exhausted 
prior to the first operand fetch if its length 
ls zero or lf the result of subtracting the 
offset from the fleld length is zero or negative. 
These strings, f lelds and vectors are exhausted 
when the result of subtractlng the number of 
elements encountered thus far from the f leld 
length ls zero. 

Vector Instruction Termination 

Vector instructions terminate when the result ~ector, 
vector c, ls exhausted. Source vectors which are 
exhausted before the result vector ls exhausted are 
extended, as required, with machine zeros In additive 
operations or normal lzed ones ln multiptlcation or 
dlvlslon operations. 

Vector Hacro Instruction Termination 

Vector macro lnstructlons wlth result fields (as 
opposed to result reglsters) extend short source 
fields wlth machine zeros or normalized ones and 
terminate in a fashion Identical to the vector 
Instructions. The 87 and BA instructions do not use 
extension and terminate upon exhaustion of the lndex 
f leld. The other vector macro instructions do not 
extend short source fields, but instead, terminate 
when either source f iefd ls exhausted. For vector 
macro instructions of this type, i.e., the Select 
lnstructlons Co, C1, C2 C3, and DC broadcasting both 
source fields cause an undef lned condition to exist. 

Sparse Vector Instruction Termination 

Sparse vector Instructions terminate when order 
vector Z Cthe result ordec vector) is exhausted. If 
the Z designator ls zero or lf the Z length ls zero, 
no data flags are set and the instruction is a no op. 
Zero length or short source order vectors are 
extended, as required, with zero bits. If order 
vector Z has a non-zero length and the C designator 
ls zero, the results of the instruction are 
undefined and an illegal operand will occur if a 
store into C vector ls required. 
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String Instruction Termination 

String instructions termlnafe ~hen the result string 
C ls exhausted, source strings that are shorted than 
the result string C are extended with zeros unless 
otherwise speclfled. 

Tables of Termlnatlon/Instruction Tyoe/Fleld 

M-Zero = Machine Zero, 
N-One :::; Normalized One 
No-Op = No Operation 
NA = Not Appl !cable 
I = Input 
0 = Output 

String Instruction Terminating Conditions 

Instruction A field {I} C Field (0) 
Code ~. -~P-s_u_l_t_i_f---..-T_v_p_e~of~-.--A-f_i_e_ld~~-+-R-,e-s-u-lt~i-f-rC~f~i~e~ld~~--1 

.t. fiiild is 1 e~t.;nsicn'length init-!C fiela is 1 length init-

1
: 

exhausted if any ially zero exhausted ially zero 

Extend B design- Extend Terminat2 No-Op l 
ator Byte 

Type 

Logical String Instruction Terminating Conditions 

-

Instruction A Fi•ld <I> B Field {I} T C field {0} 
Code 

fiald Rasul t if Typo of J• fi•ld Result if Type of B fiald 'Result if c 
A field is extension length init- B field is extension length init- C field is length in it-
exhausted if •nj'_ hll_y zero exhausted if an__y ially zero (exhausted iall_y_ zero 

I n;rl.n I Extend Extend Zaro I Extend 1 Terminate No-Op 

J f3,f4,FS Extend :!•rO 

I fl.,,f7 I I Bits I Bits j 

Soarse Vector Instruction Terminating Conditions 

B Field {I} 
de 1------ - ------.,.-------~-------+------~----~------+-----~----~ C
uction ----- --.--- F ie-ld U} I 

Result if Typ• of I A;X field I P.esult if Type of B/Y field Result if C/Z field I 
A/X field is extension length init-1 B/Y field is extension length init- C/Z field is length init- I 
exhausted if •ny ally :ero l exhausted if any ially ze~~~h!~-'=-~~- -+-i_a_l_l_:_y_z_e_r_o _ ___. 

I 

AO,AloiA2----+- NA NA ----1----NA---,--NA NA NA NA NA 

A 4, A 5 •Ab X 1' ul a ~!)_ ------+'~---~Y_f--'1=-=· e~l-"-d_{=!=}~~~---___.-~-"Z_F--=-i e-=l~d--'-.{0,.--:}~-----< 
A!.A9,AB Txtend 1 7~ro l txtind j 7xtend 1 Zero ] 7xt11nd 'fer1111nate 1 -Wo-Op 

I A(,Af Bits J Bits 
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VECTOR INSTRUCTION TERMINATING. tONDITIONS 

-· - -

A Field {!} B Field {!} c Field {0} 
Instruction 

Code 
Result if Type of B field Result if c field 

Result if Type of A field 
length init- Control 

A iield is extension length init- B field is extension length init- c field is 
ially zero ex:-:al!sted ially zero Vector 

exhausted if any ially zero exhausted if any 

M-Zero Extend Extend M-Zero Extenc! Ter:r.in::ite No-Op Yes 
BO. 81. B2 Extend 

83, B4, B5 

86., 87 aA 
---1 

Extend :'\'-One Extend Extend N-One Extend Terminate No-Op Yes 
BB, 89, BB 

BC & BF 

Extend :vt- Zero Extend NA NA NA Terminate I . No-Op Yes 
ao. 91, 92 

& 93 

94 & 95 Extend M-Zero Exte~nd Extend M-Zero Exter.d Ter::1i2ate No-Op Yes 

96. 97, 98 Extend M-Zero Extend NA NA NA Terminate No-Op Yes 

99 & 9A 

Extend :\1- Zero Extend Extend · ;\1-Zero Extend Termir:ate No-Op Yes 
9B & 9D 

9C Extend :\1- Zero :=:xi.end );A :-IA '.\'A ;~:-:-::::iate No-Op 
t 

Yes 

VECTOR HACRO INSTRUCTION TERMINATING CONDITIONS 

Instruction 
Code 

B7 

BB 

BA 

CO, Cl, S:2 

& C3 

DO & D4 

DI & Ds· 

DA&. DB 

DC 

DE 

DF 

A Field {I} B Field {!} c Field {0} 

Result if Type of A field Result if Type of I B field Result if c field 
A field is extension length init-i B field is extension I length init- c field is length init- Control 
exhausted if any ially zero exhausted if any ially zero exhausted ially zero Vector 

Terminate NA No-Op NA NA I NA NA I NA I No 

Extend 
I 

:\1- Zero I Extend NA :'liA I .NA 
. I 

Terminate I No-Op 
! 

Yes (0) 

Terminate NA No-Op NA NA NA I NA NA No 

Ten;inate I NA No-Op Terminate NA No-Op NA NA Yes (I) 

* 
Exter.d M-Zero Extend Extend ::\1-Zero Extend Terminate No-Op Yes (0) 

Extend .'.'11-Zero Extend NA NA NA Terminate No-Op I Yes (0) 

Terr:iinate NA No-Op NA NA NA ' NA NA Yes (I) 

Terminate ~A No-Op Terrr..:.:-.atc '.'JA ;\'a-Op .>IA 
I 

I NA 
I l Yes (lJ 

Extend N-One Extend Exit Loop NA No-Op Terminate I No-Op ! Yes (0) 
I 

NA NA NA NA NA NA Terminate I ~o-Op Yes (0) 

•These instructions may terminate for reasons other 
than the exhausting of field length. 
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TERMINATING CONDITIONS FOR NONTYPICAt <32-BIT FORMAT> 
INSTRUCTIONS HA~ING MULTIPLE OPERANDS 

Instruction 
Code 

14 

15 & 16 

17 

18, IA & lB 

19 

lC & lD 

lE 

R Field {!} 

Result if 
R Field.is 
exhausted 

Exit Loop 

Exit Loop 

NA 

NA 

Exit Loop 

Terminate* 

R Field 
length init
ially zero 

I :;o-Op 

No-Op 

No-Op 

NA 

NA 

I 
String of all 

l's 

No-Op 

lF Ter:nir.ate l No-Op 

28 ,'.'JA I NA 

f----- --- -------.. ------------------- - ----, -

70 I Terminate No Data j 
I data Trans- Transfer to 

file. l
' fer to Reg Reg file 

S Field {!} 

Result if 
S Field is 
exhausted 

Exit Loop 

Exit Loop 

NA 

NA 

NA 

S Field 
length init
ially zero 

Zero R bits 
SkU2_oed 

No-Op 

No-Op 

NA 

NA 

Exit Loop No-Op 

NA NA 

NA I NA 

NA NA 

T Field {0} 

Result if 
T Field is 
ex:.austed 

Terminate 

Terminate 

NA 

Ter-mino.te 

.Terminate* 

I 

l 

T Field 
length init
ially zero 

No-Op 

No-Op 

No-Op 

No-Op 

Terminate ! No-Op 

NA NA 

NA 

Terminate* No-Op 
--- +----- -----__ __,__ _____ ------- __ ____.__ ______ .... 

NA j Terminate NA 
data Trans-

l 
fer from 
Peg file 

No Data 
Transfer 
from Reg. 
me 

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

NONTYPICAL (64-BIT FORMAT> INSTRUCTION TERMINATING CONDITIONS 

IIistruc~ion A Field {I} B Field {!} z Field {0} 
Code 

Result if Type of B field 
f ~e~i~\td ~s I ~~t~~~i~n I t.:~~~dinit· B field is extension length init-

Result if I Z field 
Z field is I ~ength init- Control 

exhausted 
1 

if any 
1 

ially ;:;ero exhausted if any ially zero exhausted 
1 

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} 

C4, cs. Extend M-Zero Extend Extend M-Zero Extend Terminate No-Op No 

C6 & C7 {0} {0} 

CB, C9 Terminate NA No-Op Exit Searc~ NA j Exit S.earch NA NA Yes(O) 

C.~CB I He :-::i ti on Perat1on 

cc Terminat_:_~ __ J NO-OP I NA NA NA NA NA -
I No 

i----- _..., 
, I 

l CF Terminate j :-.iA I No-Op Extend :\1- Zero Extend NA NA No 

DB& D9 Terminate j NA I No-Op :"iA NA I NA NA I NA I Yes (I) 
l 
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Oef lnltions and Rules 

Overlap of Operand and Result Fields 

If the result field over1aps a source field such that 
elements of the result are stored ln the source flefd 
before ele~ents ln this portion of the source field 
are read, ~n.Qefloed results ~.2Y~£1LJ:· That is, the 
source ~lements may be the original elements or they 
may be the newly-stored elements. The lnstructlon•s 
results may become undefined. Note that some soeclflc 
instructions prohibit any overlap of source and 
destination fields. This restriction is included in 
the appropriate Instruction descriptions. 

Self-Modifying Programs, Undefined Instructions and 
Undef lned Operands 

Self-Modifying Programs 

As a general rule, self-modifying programs are not 
al I owed. For further detai Is and I imitations see 
the lndlvidual model soeclflcatlon fisted under 
section 2.0. 

Programrner note: The os instruction .. vold stack and 
branch" should be used to ensure prooer execution 
when utlllzlng self-modifying code. 

If legal Instructions 

An lnstructlon with an unused functlon code is 
termed an 11 legal instruction and causes the 
fol lowlngt 

A. If ln Monitor Hode, an automatlc branch to the 
address soeclfled by the contents of absolute 
register ~ ls executed. 

B. If in Job Mode, an exchange to M~nitor Mode is 
perfor~ed wlth execution beglnnlng at the address 
soeclf led by the contents of absolute register 3. 

c. Any reference to the monitor or ]ob•s register 
file via an absolute or virtual bit address will 
be treated as 1 f an 11 I egal instruct ion h3C been 
oerforrned. 
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Undef lned Instructions 

The Instructions with a def lned F code but which 
elther have undefined blts set or specify an 
undefined operation cause undeflned results. Not~, 
that ln Job Mode, the key-lock-virtual storage 
mechanism cannot be overcome even by an undef lned 
Instruction. Thus the only storage areas which can be 
affected are the pages assigned to the current Job 
for which the write lockout bits are not set. Of 
course, ln Monitor Mode no such memory protection 
exists. 

No op Instructions 

The instructions that are def lned as No op 
Instructions do not fetch data and do not after data 
f I a gs. 

Floating Paint Format 
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32-Blt Floating Polnt Format 

blt o, exponent sign blt 

I 

-------------------- • exponent blnary point 
1 7 

1-- bit 8, coefficient sign bit 

0 

8-blt sign~d 
exponent 

v 

7 8 

g 

24-blt signed 
coefflclent 

31 
• coef. 

binary 
oo1nt 

bit '~--~~~-~-~----~-
31 ___ / 

v 
32-blt f toatlng point number 

There are two 32-blt half-words In every 64-bit word. 
A 32-blt floating point number occupies a half-word. 

A zero is a posltlve slgn blt and a one is a negative 
sign bit for both the exponent and the coeff iclent. 

Both the exponent and the coeff lclent are exoressed 
as two•s complement slgned Integers. Numbers are of 
the form <2••x>•c where c is the 24-bit signed 
coef f lcient, X is the 8-blt slgned exponent, and the 
base is 2· 

The range of coefficients is from 800000 to 7FFFFF 
base 15 which ls from minus 8,388,608 to plus 
8,388,507 base 10. 

<Continued) 
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The range o 1 use f u I exponents l'S from 90 to &F base 
16 which ls from minus 112 to plus 111 base 10· The 
values of 70 through 8F base 16 all fal I Into a 
soecia I end case range as def lned by the fo I I ow lng 
table. X ls any hexadecimal digit. 

Hachlne Zero 
Indef lnite 

~QC.eseotation 

BX XXXXXX CH) 
?X XXXXXX ( H) 

Examples of 32-blt floating point format represented 
ln base 16. 

+i 
+1 normalized 
-1 
-1 normal lzed 
+256(01 

00 
EA 
00 
E'3 
00 

000001 
400000 
FFFFFF 
800000 
000100 

A floating point number is nor-ma I ized if the 
coeff lclent slgn bit ls different from the next blt 
to the right. This condition lmpl ies that the 
coefficient has been shifted to ·the left as far as 
.oosslbl e. Note that an al I zero coefficient requires 
special attention for normalized operations <see 
3.1.4.7). 
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64-blt Floating Point Format 

bit o, exponent sign bit 

1!. 

p E R A T I 0 N s ------- ... 

-------------------- • exponent binary point 

0 

1 

16-blt signed 
exoonent 

15 

:-- blt 16, coef flclent slgn bit 

v 
J-----------------------------1 

15 16 

17 

48-blt signed 
coef f lclent 

63 

63 
~~~~--~~~~~~-' 

v 
64-blt f loatlng polnt number 

• coef. 
binary 
point 

A 64-bit f loatlng point number ls contained in a 
64-blt woro. 

A zero is a positive sign bit and a one ls a negative 
sign bit for both the exponent and the coef f lclent. 

Both the exponent and the coeff lcient are e~oressed 
as two•s complement signed integers. Numbers are of 
the form <z•~x>•c where c ls the 48-blt signed 
coefflcLent, X ls the 16-blt signed exponent, and the 
base ls 2. 

(Continued} 



:CONTROL DATA : E N G I N E E R I N G NO. 37100670 
DATE Jan., 19 80 

: Corooratlon I s p E c I F I c A T I 0 N PAGE 28 
#! REV. A 

------- S U P E R c a H p u T E R 0 P E R A T I 0 N s ---~-----

The range of useful coeffici'enfs ls from 8000 0000 
0000 to 7FFF FFFF FFFF base 16 which ls minus 
140,737,488,355,328 to plus 140,737,488,355,327 base 
10. 

The range of useful exponents is from 9000 to 6FFF 
base 16 whlch ls from minus 28,672 to plus 26,671 
base 10· The values of 7000 through 8FFF base 16 al J 
fat I into a special end case range as defined by the 
fol lowing table. X is any hexadecimal digit. 

Hachlne Zero 
Indefinlte 

&s:.presenliil..Qn 

8XXXXXXXXXXXXXXXCH) 
7XXXXXXXXXXXXXXX(H) 

Examples of fJ'oating point format reoresented ln base 
15 

+1 
+1 normalized 
-1 
-1 normalized 
+256[0] 

0000 0000 0000 0001 
FFD2 4000 0000 0000 
0000 FFFF FFFF FFFF 
FFD1 8000 0000 0000 
0000 0000 0000 0100 

A floating polnt number is normalized if the 
coefficient slgn blt is different from the next bit 
to the right. This condition implies that the 
coef f lcient has been shifted to the left as far as 
oossible. Note that an all zero coefficient requires 
special attention for normalized operations (see 
3.1.4.7). 
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End Cases 

If indefinite ls used as an 'operand ln a floating 
point instruction, both the upper and the lower 
results are lndef lnlte. 

For the cases listed below, 0 represents machine zero 
and N represents an operand whlch ls neither machine 
zero nor lndef inlte. 

a + o = 
0 ± N = 
N .! 0 = 

0 
± N 

N 

0 0 0 = 0 
0 o N = 0 
N o 0 = 0 

Floating Point Compare Rules 

0 I 0 = Indef inlte 
0 I N = 0 
NI o = Indef inlte 

Several of the Instructions compare two floating 
point ooerands f orl 

a. equality 
b. non-equality 
c. greater than or equal to 
d. I ess than 

(r) = Cs) 

Cr) ~ Cs> 
Cr> > Cs> 
(r) «Cs> 

For these examples, the flrst operand is represented 
by Cr) and the second operand by Cs>. 

One or 9oth Operands Indefinite 

If one operand ls indefinite, no comoare condition is 
met since indef inlte ls not: g~ter than, ~~ 
1.b.an, ~~~~l_t~, nor not equal to any other ooerand. 

If both operands are indefinite, the Cr> = <s> and 
the Cr) ~ (s) conditions are met since lndef inlte ls 
def lned equal to lndeflnlte. 

Neither Operand Indef lnlte but One or Both Operands 
Machine Zero 

Any non-lnaef lnlte, non-machine zero operand wlth a 
positive, non-zero, coeff iclent is strictly greater 
than machine zero. 

Any non-lndef lnlte, non-machine zero operand with a 
negative coefficient ls strictly less than machine 
zero. 

(continued) 
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Machine zero ls equal only t~ Itself and any number 
havlng a non-indefinite exponent and an all zero 
coef f lclent. 

Neither Operand Indef inlte Nor Machine Zero 

A. If the slgns of the coef ficlents of the two 
operands are uni lke, the operands are unequal 
and the ooerand with the positive coefficient is 
the larger of the two. 

B. If the signs of the two coe ff lcients are a I ike, a 
f loatlng oolnt subtract upper is performed; 
operand r minus operand s. 

Condition ~et criteria are analyzed as follows 
for 64/32 blt comparesl 

a. If the upper 48/24 bits of the result 
coefficient are al I zeros <r> = (s) 

b. If the upper 48/2'+ blts of the result 
c o e f f l c l en t a r e n o t a I I z er o s ( r ) ~ ( s ) 

c. If the result coefflcient ls oositive 
Cr> ~ (sl 

d. If the result coefflclent is negative . 
(r) < (S) 

The above crlterla (a and b) for equa11ty and 
non-equality do not guarantee that lf r = s, then 
s = r when the following is true: 

a. The operands have unequal exoonents. 
b. "1" bits exist ln any of the right-most bit 

positions of the coefficient which wil I be 
shlfted off the rlght during alignment of the 
smaller exponent. For examples 

0 16 63 

r = :00041 <12 dlglts> 

s = ---------------------------------
l OOOOl <11 digits) : x: 

Exoonent difference=~ 
If x = 0 then r = s lmpl les s = r 

(continued) 
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If x ~ 0 then if r = s, -s ~ r 
or if s = r, r # s 

I 0 N s -~49- ___ ..... 

The order of events of the floating point subtract 
upper ls f lrst to complement the subtrahend, then 
align the coefficient associated with the sma1 ler 
exponent and finally to perform a floating point add 
operation. The following is an example of r = s but 
s ~ r. 

Operand r = 010 0 0000 0000 1001 
s = 0104 0000 0000 0100 

Complement s 0104 FFFF FFFF FFOO 
Af lgn r 0104 filUl.O. o a_uo Q 1 0 Q --1 

Add aligned 0104 0000 oaoo 0000 1 
r and 
complemented s 

Since the upper 48 bits of the result coe.fflclent are 
al I zeros, the pair of operands are considered eQual. 
However, if the operands are interchanged, the 
fol lowing happens: 

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

Complement s 0100 FFFF FFFF EFFF 
Align s 0104 FFFF FFFF FEFF F 

Add r and 010 4 0000 0000 0100 
complemanted, 0104 FFFF FFFF liEf__ __ F 
aligned s 0104 FFFF FFFF FFFF F 

Since the upper 48 bl ts of the result coefficient are 
not a I I zeros, the oair of operands are considered 
uneQual. 

Uooer and Lower Results 

The floating polnt add, subtract and multiply 
Instructions generate a result coefficient twice the 
lenqth of the source operands• coefficients. The 
left and right halves of this result are cal led the 
uooer result (U) and the lower result CL>, 
resoectlvely. 

Ccontlnued) 
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The slgn blt of the lower resu1-t•s coefficient is not 
affected in a tower operation and remains at zero in 
two•s complement arithmetic. The other blts of the 
lower coefficient receive no special treatment. 
Remember that a tower result ls not meaningful alone, 
but it must be used in conjunction with its 
associated upper result. The data flags resulting 
from the lower result pertain only to the lower 
result. 

Right Normalization 

When the result coefficient overflows its register, a 
right shift of one place is necessary. In this case, 
the entire 95-blt C47-blt for 32 bit ooerands) 
result ·1s shifted right one place with sign extension 
and one ls added to the exponent. This operation is 
known as rlght-normatlzation and it is done,· when 
necessary, even if normalization is not explicitly 
soecif led by the instruction. This may cause exponent 
overflow; lf so, .the result ls set to lndef inite and 
data flag bit 42 may be set. 

Floating Point Add 

Regardless of their slgns, both operands• 
coef ficlents are extended to· 94 bits (46 bits for 32 
blt operands) ln length, not including sign, by 
adding 47 C23 for 32 bit operands> zaros to the right 
of their binary polnts. 

The exoonents of the two operands are compared and 
the 94-bit (46-bit for 32 blt operands) coefficient 
of the ooerand having the smaller exoonent is 
effectively shlfted right one bit and its exponent 
increased by one, successively until the t~o 

exponents are eQuaJ. The sign of the shifted 
coefflclent ls extended from the left to the right 
during the shift. Negative coefficients approach a 
minus one and positive coefficients approach zero as 
they are shifted. 

The add ls a 94-blt (46-blt for 32 bit operands) 
operation, not lncludlng slgn. Right normal lzation 
takes place, if necessary. The coefficien~ for the U 
result is the left-most 47 bits (23 bits for 32 blt 
ooerands) and the coefficient for the L result ls the 

(continued) 
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right-most 47 bl ts (25 bits for- 32 blt operands) of 
the 94-blt (46-blt for 32 bit operands) result. 

The exponent for the U result is equal to the larger 
of the two operand exponents. Rlght-normaJizatlon 
wll 1 Increase this value by one, lf lt occurred. 

The exponent for the L result is 47 (23 for 32 bit 
operands) base 10 less than the U resutt•s exponent 
for al I cases except threes 

a. Right-normalization causes the U exponent to 
overflow; the U result ls set to indefinite; the 
L exponent wl 11 be 6FO! (59 in the 32-bl t case> 
base 16. 

b. If the U resu1t•s exponent mlnus 47 (23 for 32 
bit operands) base 10 causes exponent underflow, 
machine zero is stored as the l result. 

c. If either or both operands ~ere indefinite, the U 
and L results are lndeflnite. 

Floating Polnt Subtract 

The f loatlng point subtract operation is performed by 
complementing the coeff lcient of the subtrahend and 
performing a f loatlng ooint addition operation. The 
complementation ls a 48-blt (24-blt for 32 bit 
operands), two•s complement operation and is 
oerformed before the operands are extended to 94 
bits (46 bits for 32 blt operands). 

Note that the subtract operation is not always 
commutative. In other words it is not always true 
that A-3 =-CB-A). This characteristic wll I be 
observed lf the following ls true of A and St 

a. The exponents of A and 8 are not equal. 

b. "1" bits exist ln any of the right most bit 
positions of the coefflclent which wl11 be 
shifted off the right during alignment of the 
smaller exponent. 

(continued) 
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Example of A-8 1- -CB-All· ~ 

A = 0104 
B = 0100 

6FCB 
6FAC 

807E 
3F50 

agF2 
A5FA <--

NO. 37100670 
DATE Jan., 1980 
PAGE 34 
REV. A 
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These two 1 bl ts wi I I be sh l f ted off dur Ing 
exponent allgnment. 

Comolement s: 
-B = 0100 9053 

A 1 l gn 8 Z 

-B = 0104 

A-8: 
A :: o 1 a'+ 

-B :: 0104 
0104 

A-8 = 0104 

A 1 i gn BS 
8 = 0104 

Complement 
-A = 0104 

-(6-A) I 
8 = 0104 

-A = 010 l.+ 
01 O'+ 

Al 

-CB-A> = 0104 

F905 

oFCB 
E.902 
6800 

6800 

06F A 

9034 

06FA 
.9..£13 !t 
972F 

6800 

This differs from 
position. 

COA2 5A06 

3COA 25AO 6 

8 07E 89F2 
3CQ~ 22 A fi .2 
8C88 AF92 6 

8C88 AF92 

C3F5 DASF A 

7F81 760E 

C3F5 OASF A 
7F8j liJ1£ 
4377 5060 A 

BC88 AF93 

A-8 ln the last bit 
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Results of the Floating Point Multiply Instruction 

When two floating point numbers ~re multlpl led, the 
lower result retains the 47 (23 for 32 bit operands) 
least slgnlflcant product blts generated. The sign 
bit of the lower result is always set to zero and the 
exponent of the lower result ls the sum of the two 
source operands• exponents with the exceptions listed 
belows 

The uoper result retains the 47 (23 for 32 bit 
operands) ~roduct bits immediately to the left of the 
bits retained by the lower product. The sign of the 
upper product•s coef flclent fol lows the normal rules 
of algebra. The exponent of the upper result ls the 
sum of the two source operands• exponents olus 47 <23 
for 32 bit operands) with the fol lowing exceptions: 

a. The su~ of the source operands• exoonents (plus 
l.+1 (23 for 32 bl t operands) base 10, 1 f upper 
result) exceed 6FFF <6F for 32 bit operands) 
base 16 for whlch case the result exponent is set 
to indefinite. 

b. The sum of the source operands• exoonents (plus 
1+7 (23 for 32 bit operands.> base 10, if upper 
result) ls less than 9000 (9Q for 32 bit 
operands) base 16 for which case the result 
exponent ls set to machine zero. 

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

d. Nelther operand is lndeflnlte but either or both 
operands are machine zero, for which case the 
result exponent ls set to machine zero. 

Except for the calculation of significance, if either 
operand has a coeff lclent of 8000 0000 0000 (800000 
for 32 bit operands) base 16 and an exponent of x, 
the operand will be treated as thougn its coefficient 
~ere cooo 0000 0000 <Cooooo for 32 bit operands> base 
16 and its exponent ~ere X+1. 

The Floating Point Divide Instruction 

The quotient from the divide operatl~n ls the result 
of dividing the prenor:-na1lzed, integer coefficl.ent of 
the divisor into the lnteger coef flclent of the 
dividend generating a 47-blt (23-bit for 32-bi~ 
ooerand quotients). Exceot for the calculation of 

<Continued) 
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s l g n l f l can c e , i f e l t her o per a rt d ·has a c o e f f l c i e n t o f 
8000 0000 0000 (800000 ·for 32 blt operands) base 16, 
the operand will be handled as though its coefficient 
were COOO 0000 0000 (COOOOO for 32 bit operands) base 
16 and its exponent increased by one. When the divide 
hardware normatlzes the divisor coefficient, the 
number of places shifted left ls added to the 
exponent of the quotient as defined below. 

The exponent of the result wl 11 be given by the 
fol lowing equations 

Exponent of Quotient = <Exponent of OlvidendJ 
- <Exponent of Divisor) 
- <constant - NC> 

~here the constant is 46 <22 for 32 blt 
oper3nds) base 10 and NC ls the number of places 
shifted left to orenormalize the divisor. ' 

The right-most blt of the quotient ls neither rounded 
nor adJusted. The remainder is not retained. The 
sign of the quotlent•s coefficient fol lows the normal 
rules of algebra. 

Normalized Upper Results 

The normalized add and subtract instructions generate 
an intermediate result ldentlcal to the final result 
of the add U and the subtract U instructions. 
Normalization of the intermediate, 48-bit (2~-bit 

for 32 bit ooerands) coef ficlent result then takes 
place as fol lows: 

The coeff lclent is shifted left one bit and its 
exponent ls decreased by one, successively, until the 
sign bit and the bit immediately to the right of the 
slgn bit are dlf ferent. During this shift, zeros are 
attached to the right end of the coefficient. If 
reducing the exponent by one causes exponent 
underflow, the result of the normalization ooeration 
is defined as machine zero. 
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Double Precision Results 

Several instructions 

DA SUM (AO+ Ai+ A2 •••+AN) TO CANO C + 1 
DC VECTOR DOT PRODUCT TO C AND C + 1 

produce double preclslon results. The double 
precision add operation ls nothlng more than a 
floating point add producing both an upper and lower 
result simultaneously and retaining both of these 
results for the next floating point add operation. 
Thus the partial result in 6~-bit arithmetic consists 
of 94 coef flclent bits plus sign information and in 
32-blt arithmetic consists of 46 bits plus sign 
Information. The DOT PRODUCT instructions add both 
the upoer and lower results of the multiply 
operations to the partial results of the add 
operations as described above. 

Because of speed consideration, the accumulative 
results for double orecislon are order dependent and 
may vary from lllodel to model. Precautions wi 11 be 
taken to insure that results do not vary on a 
part l cu I a r rn ode I due to l n t er ru p t s. 

Floating Point Square Root 

Except for the calculation of significance, if the 
ooerand has a coefficient of 8000 0000 0000 (800000 
for 32 bit operands) base 16 the operand wi 11 be 
handled as though lts coefficient were COOO 0000 0000 
<COOOOO for 32 bit operands) base 16 and lts exponent 
increased by one. 

The result of a floating point SQuare root operation 
ls produced by performing the f o I lowing steos: 

1· Determine and record the signif lcance of the 
coeff iclent of the input operand. 

2· Transform the input operand into lts positive 
form. 

3. If the exponent of the input operand ls odd, 
reduce it by one and multiply the coefficient 
from step 2 by two. If the exponent ls even, do 
not modify lt. 

(continued) 
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4. Obtain the square root of the coefflclent from 
steo 3. Attach enough "o" bits to the right end 
of the coefficient to allow 47 answer blts to be 
produced <23 answer blts for the 32-blt square 
root,. 

5. If the original lnout operand was negative, 
comp1ement 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 a r.esu It exponent by div ldlng the exponent 
from step 3 by two and subtracting 23 from it 
<subtract 11 for the 32-blt square root). 

7. AdJust the answer blts from step 5 so that they 
produce a coefflclent wlth the same significance 
as that recorded from the input ooerand in step 
1· Ad)ust the exponent obtained in step 6 so as 
to compensate for the change in magnitude of the 
result coef f iclent. 

8. A source operand having an al J-zero coef f iclent 
wil I produce a result with an al I-zero 
coefficient whose exoonent has been effectively 
divided by two by being rlght shifted one place 
with sign extension. If the source operand is 
negatlve, data f Jag bit 45 ls set. If the source 
operano is lndef inlte or machine zero, the 
result wil I be indefinite or machine zero, 
respectively. In these two cases, data flag blt 
45 is not set. 

Slgnlf lcant Results 

The slgnlflcant blt count for a floating point number 
ls equal to the number of bit oositlons in the 
coefficient (excluding the sign bit> minus the left 
shift count necessary to normalize that number. An 
al I zero <or an al I one) coefficient has a 
slgnlf lcant bit count of zero. Note that for a 
non-zero coef f lclent that ls an exact power of two, 
the positive form of the coefficient has a 
significant bit count that ls one greater than the 

(continued) 
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significant bl~ count' of the negative form of the 
coefficient. The significance of' an input operand is 
determined from the operand as orlglnal ly read from 
a register or from central storage before any 
operations such as sign control, the handling of a 
coefficient of 8000 0000 0000 (800000 for 32 bit 
operands) or the left shift for odd exponents in 
square root are performed. 

Significant arithmetic determlnes which of the 
source operands has the smaller slgnificant bit count 
and records that count; and then, after the 
arithmetic operation, determines the significant blt 
count of the result after any necess3ry slgn 
correction. The lnout significant bit count and the 
result slgnlflcant bit count are then compar~d. If 
the result significant bit count is less than the 
lnout signlflcant blt count, the result coefficient 
is Jef t shl fted (with zeros shifted in) by the 
difference in slgnlf icant blt counts and the exponent 
ls reduc2d accordingly. If the result and input 
slgnlf lcant. bit counts are eQual, the coeff lcient ls 
not shifted nor the exponent adJusted. If the result 
stgnlf icant blt count ls greater than the input 
significant bit count, the result coefficient is 
right shifted {end-off with sign extenson) and the 
exponent increased accordingly. Note that for 
multlply, the entlre 95 blt result (47 blts for 
32-bit multiply) ls shifted as required. 

Exponent overflow, exponent underflow and divide 
fault cause forced results as usual. Ad}usting for 
slgnlf lcance can cause exponent overflow or underflow 
or it can take a result out of exponent overf f ow or 
underf lo~. 

Sign Control 

Certain vector, sparse vector and non-typical 
instructions provide an operation cal led sign control 
on the input operands. For these lnsructlons, alts 
5, 5, and 7 of the G field have the fol lowing 
slgnlf lcance. 

fil1-2 

0 0 Use the ooerands from the A stream l n 
the normal manner. 
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Complement the coefflclents of the 
operands from the A stream before 
uslng them. 

Use the magnitude of the coefficients 
of the operands from the A stream. 

Complement a11 positive coefficients 
of the operands from the A stream 
before using them. Negative operands 
wlll not be altered • 

Use the operands from the 8 stream in the 
normal manner. 

Use the magnitude of the coeff iclents of the 
operands from the B stream. 

Any comole~entation necessary to achieve the required 
operand state ls a two•s complement operation and is 
oerformed before operands are used in the specified 
arithmetic operation. Complementation in sign 
control ls as described in section 3.1.4.5.3 
"Floating Point Subtractq. 

Any significance calculation necessary ln performing 
an lnstructlon ls made before the above mentloned 
complementation occurs. 

(continued) 
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The fol lowing Instructions have-sign control: 

Instru~li.QD 

80,81,82 
84,85,86 
88,89,88 
8C,8F 
93 
AO,A1,A2 
AL+,A5,A6 

A8,A9,AB 

AC,AF 

CF 

08 
09 

A Operands 
(Bit 5 ' B Operands 

Bit 6) --1.a it 7) 

Vector Add x x x 
Vector Subtract x x x 
Vector Hult1oly x x x 
Vector Divide x x x 
Vector Square Root x x 0 
Sparse Vector Add x x x 
Sparse Vector x x x 

Subtract 
So arse Vector x x x 

Multiply 
Sparse Vector x x x 

Divide 
Arlthmetlc x x x 

Compress 
Maxlmum of A to c x a 0 
Minimum of A to c x 0 0 

X - 0 or 1 b i t i s I e g a I 

o - This bi·t must always be set to 
zero 

The Operand FI ow Chart on the f o 1 I owing page 
ii lustrates the order of operations when sign control 
ls selected. 
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lhgist•I" ni. 

NOTE 

T•st For 
Ind•finit• 

Y•S 

!>•terein• 
sign111c•nc• 
count if 
nec•ss • .-y <cla 
!f ,.,3,AB.An 

@ ... ":':C: c ..... ; ..... r1i1:~-.: ~ "-·~~e".l oy 

•pplicat~on of sign control 
is not tr11ated as an 
~perand indefinite oy the 
floating ?Oint co•p•I"•· 

Apply Sign 
(on tr al 
<Input [xp. 
••y be 
incre•ented 
tc 700~> 
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HAVING SIGN CONTROL 

--

(f, :>!!. ])oi Only 

oepare ~lfsul 
and :lat~ l'ldg 
inf ar•dt i an 
•turned to 
Algorith• 

Test r•sult 
exponent 
].. If 7X 

Set Df ~i! 

H ~lo 

2. If ax 
Sat H ~3 
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Item Count (field lengths, offsets, indices, etc.) 

Al I fleld lengths, offsets, l'ndlces, shift counts, 
etc., are item counts which specify a number of 
bits, bytes, hal f-~ords or words. 

String lru1l.tl!S. 

In a.LL string instructions indices are item counts 
in bytes. Indices are different from the offsets ln 
the vector instructions. Offsets are limlted to 
c2•~16) -1 while string indices are limited to 
cz••t+5> -1 for byte Item counts and <2••42> -1 for 
word item counts). Slnce byte indices are 1eft
shlfted 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 sign. In 
a slmllar manner the left-most six bits of word 
index must conslst of extended sign. Overflows are 
ignored when adding lndlces to base addresses. 

Where an item count other than _gn lnde~ is 
contained in a 48-bi t fie Id, th ere sna JI be at I east 
32 consecutive and identical sign bits. Sign bits 
must a I ways be extended to the I e ft to fi 11 the 
16-bit or 48-blt fleld containing It. 
The item count ~.ol1. is specified by the instruction 
title line code (see arrow). 

F8 3 
v 
8 ST HOVE BYTES LEFT; A->C 

The 8 indicates that field lengths and indices are 
expressed ln bytes. Any deviation from this method 
of specifying the unlts for the various item counts, 
would be indicated ln the Instruction descrlptlon or' 
ln the description of the Instruction type. The 
instruction type refers to ST (string), VT (vector), 
etc. 

An ~~ may be either positive or negative ln sign. 
The maxlmum magnitude of an Index ls a function of 
its usage. The index is shifted to the left end-off 

(continued) 
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zero/three/f lve/slx places tiefure the addltlon to the 
base address when the unlt for the index ls 
bl ts/bytes/ha If-words/words. 

An .21...1..s~~ may be either positive or negative in sign 
and must have a magnitude of less than <2•~16>. 

A f ietd 1-an.9.ih must be posltlve ln sign and have a 
magnitude of less than <2••16>; the use of a negative 
field length causes that length to become strictly 
undefined. Offsets are subtracted from the fielc 
length in vector lnstructlon, but note that for a 
negative offset, this amounts to increasing the 
Jength soecif ication since subtracting a negative 
quantity ls addition. 

Data Flag Branch Register 

General Oescriptlon 

The data f 1ag register is designed to give the 
programmer an automatic branch to a special routine 
for ~ertaln operands, resufts, conditions, etc., 
without hls having to pay the tlme penalty of 
ex~ilcitly checking these conditions ln his program. 
If a condition which has been previously selected to 
cause an automatic branch occurs during an 
instruction, the address of the next instruction 
which would have been executed ls stored into the 
address portion of register 01 and a branch ls made 
to the address contained in register 02. Zero, one 
or several more instructions may be executed before 
an automatic branch actually takes pf3ce. The amount 
varies from model to model. 

The data flag register is stored Into word four of 
the lnvislble package. 
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Register Descrlptlon 

PRODUCT 
FIE LO 

16 bits 

: .. : 3 

0 2 

MASK 
FIELD 

16 bl ts 

16 18 

E R: 0 p E R A T I 0 N s --------

FREE FLAGS 

16 bits 16 bits 

32 34 48 50 63 

•9its O through 2, 16 through 18, 32 through 34, and 
48 through 50 of the data f fag register are 
undefined. Any attempt to sample, set or clear these 
bits is meaningless and the result of any 
instruction trying to do so is undefined. 

Data Flag Bits 

Data flags 35-47 indicate conditions that have 
occurred ; i • e , bl t 3 7 i s set at the ~ n d o f a CC 
instruction if no match is found. Note that another 
CC instruction which finds a match wit I not clear bit 
37. Bits 35-47 are£ I eared only by the Data Flag 
Register Bit Branch and Alter, and the Data Flag 
Register Load/Store lnstructlons. 

For data flags 41 through 46, Inclusive, if a control 
vector ls being used, the current control vector bit 
must be permissive in order to set any of the data 
flags; i.e., lf a dlvlde fault occurred, but the 
control vector bit for that result element was not 
permissive, the dlvlde fault data f 139 would not be 
set by that result element. 

Hask Bits 

A mask blt ls associated wlth each of the data flags. 
, The mask blts have the function of selecting the 

condltlons for whlch the programmer wishes an 
automatic data flag branch. 

<continued) 
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It ls Important to note that the associated mask bit 
need NOT be set ln order to set a data flag bit. The 
mask function ls 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 bit are set ls Immaterial, as the result is 
the same; that ls, their associated product bit ls 
set. 

Product Bits 

Each product bit ls the dynamic logical product of a 
data flag bit and Its associated mask bit. Data flag 
branches are performed when there is at least one~ 
ln the product register and the data flag branch 
enable bit ls set. 

Data Flag Branch Enable Bit 

The data flag branch enable blt, bit 52, must be set 
for an automatic data flag branch COFBJ to occur. 
Bl t 52 is automat lea l·I y c I eared by the hardware when 
a OFB takes olace. It must be reset with a Data Flag 
Register Bit Branch and Alter or a Data Flag Register 
Lo a d IS t ore l n s tr u c t l on t ·o "_';-.. e - en ab I e t he 0 F B • 

Data Flag Register Bit Assignments 

Product 8.it 

Mask Bit 
I 
: -Data Bit 
t r 

v v v 
3-19-35 

Soft Interrupt. Honltor software can set bit 35 of 
a Job•s Data Flag Branch register while the register 
ls stored ln the ]ob•s Invlslble Package. If, after 
exchanging back to )ob ~ode, bit 35 and its 
corresponding mask bit (bit 19) are set, a normal 
Data Fl3g 3r3nch occurs. 

(cont lnued) 
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l+-20-36 

Job Interval Timer 

5-21-37 

Select, condltlon not met. Instructions Co through 
C3. No match on CC lnstructlon. 

Unused. 

7-23-39 

The binary result exceeds the range of +((2~~47>-1> 

to -<2~~47) for the 10 instruction. 

8-24-40 

Bit 40 ls the inclusive OR of blts 37, 38 and 39. 
Bit 24 masks bit 40. Blt 8 ls the logical oroduct 
of bits 24 and 4Q. 

9-25-41 

Floating point divide faults The dlvlsor has an al I 
zero coefficient or the divisor as read from the 
register file or from central storage ls machine 
zero. If the dlvlsor and/or the dlvijend ls 
indefinite, no dlvlde fault exists. If a divisor 
causes a divide fault, the quotient is 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 overflow: The exponent of the result is 
larger than 6FFF C6F for 32-bit arithmetic) base 16. 
Results are not checked for exponent overflow untll 
a f t er- t he e x o o n en t a d J us t men t f or n or m a I i z a t l on or 
signlf icance has taken place. In the adjust exponent 
lnstructlons, if a 1eft shift exceeds the number of 

<continued) 



ICONTROL DATA I E N G I N E E R I N G NO. 37100670 
DATE Jan., 1980 

: Corporation I s p E c I F I c A T I 0 N PAGE 48 

"' 
REV. A 

------- S U P E R c 0 M p u T E R O P E R A T I 0 N s ..-------~~ 

CCont•d) 

places required for normatlzation, this data flag ls 
set. Exponent overflow causes the result to be set to 
lndeflnite; therefore, the lndeflnlte flag wll I 

always be set on a exponent overflow. This exponent 
overfloH data flag ls not set if either source 
operand from central storage or the register file ls 
lndef lnlte or by a divide Instruction whose divisor 
causes a divide fault. 

11-27-43 

Result Hachine Zeros The exponent of the result 
returned to central storage or to the reglst~r file 
is less than 9000 (90 for 32-bit arithmetic) base 16. 
Result Hachlne Zero may be caused by exoonent 
underflow or by one or more of the input operands 
being machine zero. The Result Machine Zero data ftag 
bit ls not set by a divide whose divisor causes a 
dlvlde fault. 

12-28-44 

Bit 44 is the inclusive OR of bits 41, 42 and 43. 
8 i t 2 8 masks b i t 4 4 • 8 i t 12 I s t he ' I o g l ca I pr o du c· t 
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 ls formed; and the two•s 
complement of this square root is stored as the 
result. 

An Indefinite result was placed lnto central storage 
or Into the register file •••• or •••• either or both 
operands of a f loatlng point compare were lndef inite. 

An Indefinite result may be caused by one or both 
operands of a f loatlng point arithmetic operaton 
being lndeflnlte or by the occurrence of either a 
dlvlde fault or an exponent overflow. 

15-31-47 

A breakooint ~it has occurred. 
Instruction descrlotion). 

(See the 04 
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Free Data Flags 

Blt 51 ls the dynamic inclusive OR of the product 
field. This bit ls set lf any of blts 4 
through 15 are set. Blt 51 cannot be cleared 
directly. 

Bit 52 ls the data flag branch enable bit. If blt 52 
ls a one and blt 51 becomes a one Cor vlce 
versa) a data flag branch occurs at the end of 
the current lnstructlon. See 3.1.6.3 for 
additional information. Blt 52 ls 
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, 54, and 55. Bits 53, 54, and 55 
are lnltlallzed during the initial phases of 
the instructions (unless the instruction is a 
no op -- see Section 3.1.3> which may set any 
of them. Thus, lf oertlnent, these bits must 
be sampled before executing another 
instruction which would alter their orevious 
state. The setting of bits 53, 54, and 55 
does not cause a data flag branch. 

· Bits 56 through 63 
There are no product or mask bits associated 
with blts 56 through 63. The purpose of bits 
58 through 63 ls to assist software in 
determining what operation caused data flag 
blts 41, 42, 43, 45 and 46 to go set. For 
instance, lf after an automatic data f Jag 
branch blt 58 was set it would indicate that 
the operation causing the fault was issued 
early ln the program because of the execution 
time of dlvlde/square root is much longer 
than say a multiply or add. Because of 
oosslble para I Jel operation between scalar and 
vector bits 5q through 63 being set would 
indicate that bit 41, 42, 43, 45 and/or 46 was 
set by the vector operation but could have 
also been set by a scalar operation. If bits 
59 through 63 are not set and yet 41, 42, 43, 
45 and/or 46 are set indicates that they were 
set only by a scalar operation. Exa~ole, if a 
vector operation generates a divide fault 

(continued) 
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both blts 41 and 59 will -set as a divide 
fault but ~scalar Instruction alone wll I only 
set bit 41 .. 

Bit 53 - Result f leld a 11 zeros 
Bit 51+ - Result field mixed 
Bit 55 - Result field a I I ones 

Blt 53 - Ones ~ere counted 
Bit 54 - Undefined 
Bit 55 - Undefined 

Blt 53 - Undefined 
Blt 54 - Hultlole hits 
Bit 55 - Undefined 

Bit 53 - Whole field scan, no hit 
Blt 54 - Undefined 
Bit 55 Undefined 

Bit 5& - A CPU gate associated with 
the Halntenance Station 
monitoring counters <See 
Functional Computer 
Specification listed ln 
Section 2.0> 

Bit 57 - A CPU gate associated with 
the Maintenance Station 
monitoring counters (See 
Functional Computer 
Specification listed in 
Section 2·0> 

\ 
\ logical string 
I instructions 

I FO through F? 

\ 1E count 
I leading eaua1s 

I 

\ 
\ D 8 ·and D9 
I Maximum and 

I minlmum 

\ 
\ 2 8' scan equal 
I 

I 

Blt 58 - A scalar divide/square root operation set bits 41, 
42, 43, ~5 and/or l+G. 

-
Blt 59 - Vector box f1oatlng point dlvlde fault, duplicate 

of bit 41 caused by a vector. 

Bit 60 - Vector box Exponent overflow, duplicate of blt 42 
caused by a vector. 

Bit 61 - Vector box machine zero result, dupl lcate of alt 
43 caused by a vector. 

(continued) 
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Bit 62 - Vector box square root result ~Imaginary, dupl lcate 
of bit 45 caused by a vector. 

Bit 63 - Vector box lndeflnlte result, duplicate of blt 46 
caused by a vector. 
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OP OP 
CODE 53 CODE 53 

DATA FLAG BITS 5l+ I DATA FLAG BITS 54 
v 37 38 39 41 42 43 45 46 47 55 V37 38 39 41 42 43 45 46 47 55 

::20: .. x 
:121: x 
: : 22: x 
: I 2 3: X 

• a o: : 
a 11 s 
0 2: 1 
0 31 1 

:-:-- --·-- -~:--:--:--:--·--11 :- --:--:--:-- --:--
O l+ I 
0 5 1 
06: 

. on 
:-:--

: 0 8 : 
109: 
: 0 A: I . 
: OB: I 

:ac 
JOO 

OE 
OF 

-1 -- t ..... 

-:--:-._ 
-:--:--

10 : x 
11 

'12 
131 

:x ::241 x 
: :25: x 

I 1:20: X 
1 ::21 :x 

-- -- --l--1-- --If -:--:--:-- --:--:--

I 
: I 
I I 

--f-- --.--
1 

----:--:-49 
--:--·-- --:--

: 1 

: 12 8 
: 129 
: J 2 A 
: 1 2 B 

I - : -~ : - ~ : --
2c: 
20: 
2E: 
2F: 

30: 
31: 

: • 3 2: 
33: 

:-:--:--- --- -- --:--1-- --: 
14: 
151 
16: 
17: 

:--:-~ ---- _ .. 

i 3 l+ 
35 
36 
37 

--:-- --:--1--1--: I 

: : 3 8 
: : 39: 
I : 3 A 
I l 38 

I 
I 
I 

--:-: 

: x : 

' . I 1 

r t 

• • I I 1a: 
19 I I 
1A: I 
1B: I 

i-:--:-- --:--:--:--:--:--:--:: - --:--1--:-- --1-- --:-- -
l1C: S 13C 
:io: : :30 
:1E: :x JIJE 
: 1F I : : 3F 

I 

' I 
-----~---~-~-----------~------~--~------~~~~~~~-~--~----~-----~~~ 
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OP OP 
CODE 53 CODE 53 

DATA FLAG BITS 54 I DATA FLAG BITS 54 
v 37 38 39 41 42 43 45 46 47 55 v 37 38 39 41 42 43 45 46 47 55 

P+O : x t x 
:41 ' x 
:42 ; x : x 

: x i 
: x 1 
1 x i 

: 

: : & 0: 
: : 6U 

'6 2: 
:53: 

: x : x 
: x 

: x t x 

:x 
: x 
I X 

:43 
--~~-~--~--~~~--~--~--~-~--~ &---------------------------: 

:44 : x : x 
:45 : x 
:46 : x : x 

: x 
IX 
: x 
I 

: 6 5: : 
: 6 6: : 
: 6 7: : 

:x :x : :x 
I X 1 : X 

: x : x : x 
:47 

-~---~-------~-~--~---~----- :-~-~-~------------------~---: 
48 : x : x : x 
49 : x : x : x : 

168: : x : x : x 
t : Og I :x : x :x 

4A I I 
: x : x IX 2 

I : 6A I 
~ : 68 : x : x :x 48 

--------~-------~--~--~---~- -~~~------~----------------: 
4C 
40 
4E 

a4F 

:x :x :x 

: x : x : x 

: x 
I 
: 

I X S 

:&c 
t 60 
:oE. 
16F 

-:-- -~:- ... :~-:-~ --:--t--1-- • 

:x I X x : x 

I X : x x : x 
-:--:--1--:-- --:--:--

:so: IX 70 :x 
:s1: :x 11 ·:x 
1s2: : IX 72 :x 
1531 :x :x :x 73 :x :x :x 

t 

: ·----------------------------: .---------------------------
S4 IX :x :x 7l+: :x :x :x 
SS IX IX 751 fX :x 
56 I 76: :x :X :x 
5 7 t : I 77: t X : X : X 

58 
59 

'SA 
SS 

5C 
50 
5E 
5F 

t 
:X IX 

I 
I 

: x 
: : 7 8 
: I 79 
: 17 A 
: l 78 

-----~~----~--~~--~---~--~~~&: 
t x 
'x 

: x 
I X 

: : 7C 
: l 70 
: 17E 
I : 7F 

: x : x :x 

----~---------------------~-~-~------~~~---~---~-------~----~---~ 
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OP OP 
coo 53 CODE 53 

DATA FLAG BITS 54 l · 0 >'~J A FLAG BITS 5l+ 
v 37 38 39 41 42 l+3 45 46 l+l 55 v 37 36 39 41 l+2 l+3 l+5 46 47 55 

: x x IX : t A 0: : x : x : x 
x IX : : A 1: :x IX x 

:x x :x : : A2: : x : x x - . • 
: : A 3 t 

: 8 0 : 
: 8 11 
: 8 2: 
: 8 3: 

:-:-- -~·-~ --:.--:--:-- --:: :-:-~:--:--:~-:--:-- --: 
: 84 I 
:85 
:86 
: 8 7 

88 
89 
BA 

1-t--
8Ct 
80: 
8EI 

• 8F: 
:-z--
:-:--

: 9 0: 
:9u 
: 9 2: 
:93 

I 9 l+ 
95 
96 
97 

98 
99 
9A 
98 

-:--

.. : -- : ---

x x : x A4: 
x ·x A5: 

x x ' x A6: 

--1-- --1--
x x x I 

• x • x x I 
I 

x x IX l 

., 
• 

A 7: 
--: 

A8: 
: I A 9: 
: : A A: 
' 1 AB: 

-~:-~:--:-- -:-~ 

X X X l X : AC 
I : A 0 

:AE 
X X X X :AF 

:x x 
--1--:--

: x x 
: x 
: x x 
: x x 

-- : --
: x x 

--1-- I -:--:--

x 
x 
x 
x : 
--:--
x I 
x 
x 
x 

-:---:--
:Bo 

..... : :--:--:---

85: s 
B6: 

: I 87: 
... ~:-- --:: :-

x 
l 
: 

: : B 81 
: 2 891 
I : BA: 
t : BB: 

: x : x x 
: x : x x 
:x :x t :x 

: x :x 1 x 
: x : x :x 

:x : x :x 
--:--:--:--:--:-~:--% 
x :x : x : x 

t 
x x : x : x 

--:--1--:-- --:---: 
---·---1--:---- -- t ---1 

---:--:--·--- --1 

.-1--1--1--:-- --:--:--:--:--11 1- --:-- --1-- --:-- -... : --
9 C: : X : X : : BC: 
90: : ·: i :Bo: 
9E:: I trnE: 
9FI I t :BFf 
---------~---------------~--~----~--~---~-~-~------~---~-----~----
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OP OP 
CODE 53 CODE 53 

DATA FLAG BITS 54 I DAT~ FLAG BITS 54 
v 37 38 39 41 42 43 45 46 47 55 v 37 38 39 41 42 43 45 46 47 55 

---~---~~-~----~--~----~--~-~---~ 
:co:x: 
:c1:x1 
:c2:x1 
:c3:x1 

: x 
IX 
t x 
I X 

EO: 
EU 
E2: 
E31 

:-1-- --·--:--:--·--:--1--:~-l J - : -- : - -
: CL+ : X 
:cs 

C6 
Cl 

ca 
C9t 
CAI 

-:-~ 

: x 
: x 
I X 

--:--1~- -~:--:--:--
I X 
: x 
IX 

E4l 
• ES: 

:E61 
1E7: 

:-:-~:--

: E 8: 
:E9: 
:EAi 

cs: : IX : :EB: 

--·--:--:--:--:--:--: 
4 • 

--:-- --:-- ~-: 

-:--:--·-~:--:--:--:--1--:--1 I :-1--:--:--
CC XI I :•Ect 
CO I ED: 
CE I EE: 
CF :x I EF' 

00 
-· 01 
:02 
:03 

: DI+ 
os: 
06: 
071 

-·-- ~-·-~:--:--:-~:--: 

--:--:--:--:--: 
x 
x 

x 
·x x 

1 x : 
IX z 
I I 
I 1 

--:---:--
I X 
: x 

FO 
IF 1 
F2 
F3 

F4: 
FS: 
F6l 
F?: 

-i-~ --:-- --:--:--:-~:--:-~: 
-1~- --:-- -~:-~1--·--1--:--: 

... 1 ._. .._ 

: x 
I x 
x 
x 

x 
x 
x 
x 

: ._. ---- : -- -- _,... -... :~-:-- : - : ..... 
oa: 
09: 
DAI 
oa: 

x x 
x x 

:-1--:--1--:--1--
oc: tX IX 
DOI I 

:oEl 
:oF: : X IX 

IX x F 81 
lX x ' F9: 
I X IFAI 
IX IFB: 

--1--1--:-- I 1-:--
IX : : :Fe: 

' :FOi 
: : FE: 
: x :FF: 

----~--------------- -~~--~--~-~--~-~-~~~---------~---~----------~ 
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Data Flag Branch <OFB> 

If a bit ln the mask field ls set and its assoclated 
masked data flag blt is set, the associated blt in 
the product f leld becomes a one. Bit 51 in the free 
flag f leld also becomes a one slnce it is the dynamic 
ln~tusly~_Q_E of bits 4 through 15 of the product 
field. 

If bit 51 ls a one from above and if oit 52 ls also 
set (this is the OFB enable bit), an automatic OFB 
occurs. The OFB takes place sometime following the 
termin~tion of the instruction which caused the OFB 
condition to exist. The execution of the OFB sets 
the bit address of the next instruction into the 
rlght-~ost 48 blts of register 01 and a branch ls 
made to the bit address contalned in the right-most 
48 bits of register 02. The OFB enable blt ln the 
flag mask reglster (bit 52) ls automaticat ly cleared 
at this time. The left-most 16 bits of register 01 
are clearea to zero by a DFB. The address in 
register 01 points to zero, one or more instructions 
removed from the lnstructlon causing the OFB. 

Programmer Note: 

OFB•s are disabled when bit 52 ls cleared. 9ut if 
bit 52 is reset before elimlnatlng all the OFB 
condlt ions, another DFB wi I I occur which wi I I change 
the return address in register 01 and the machine may 
w l n d u o l n a .. t l g ht I o op.. i f pr ope r ca u t l on 1 s not 
taken. Sampling bit 51 for a zero before setting bit 
52 wlf I prevent this situation for all cases except 
those involving the Job Interval Timer. When uslng 
the Job Interval Timer, it should be remembered that 
the setting of bit 36 in the DFR occurs 
asynchronously with respect to instruction execution 
once the Job Interval Timer is loaded. Thus the timer 
may set bit 36 after the check of bit 51 and oefore 
the branch to the contents of register 01. One method 
of handling this situation ls to examlne the contents 
of register 01 upon entering the routine for handling 
Data Fl3g Branches. If reglster 01 indicates that the 
branch occurred outside the DFB routine, then 
reglster 01 could be copied to a temporary location. 

(contlnued) 
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If register 01 Indicated that, t~e branch had occurred 
within the OFB routine, then register 01 would not be 
copied to the temporary location. At the conclusion 
of the DFB routine, a branch would always be taken to 
the contents of the temporary location. 

A simpler method ls to combine the setting of bit 52 
and the branch to the contents of register 01 into a 
single 33 instruction (33603401>· 

Register File 

For register operations, the 8-bit instruction 
designators directly address the 256[0) registers of 
the register f lie. During program execution 
(monitor or Job), these registers reside in the CPU•s 
register f lie. When an exchange operation occurs, 
the registers are stored into the first 256(0] memory 
tocations of the particular }ob or monitor ~ode 

program beginning at bit address zero (absolute 
address lf in monitor mode and virtual address if in 
Job mode). The registers may not be referenced as 
memory by their associated monitor or Job program. 
The only except Ions to this rule are the 87 and BA 
Instructions with G-blt 7 set. <See the 87 and BA 
instructions in this specification). 

Figure 1 shows a map of the register flle and the 
relationship between the register, its storage 
address and its 8-bit designator. The number on 
the right represents the bit address and the number 
on the left ls the value of the 8-blt designator for 
the 64-bit register case. The number inside the 
register reoresents the value of the 8-bit designator 
for the 32-blt operand case. Note that any reference 
to 32-blt register one is undefined. 

(continued) 
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REV. A 

-----~- s u p E R c 

Bit 
0 

0 H p u T E R 0 p 

31 32 

~ 

E R A T 

63 

I 0 N s 
________ ,_, 

61 t Add,e~~ 
virtual ln a 
Job; absolute 
in a Monitor 

0 :ll/llllllllllll:ll/111111111111 O ••• OOOO(H) 
:-----~--~------:-~---~--~-~----

1 2 3 0 ••• 0040(H) 

1---------------:---------------
2 l+ 5 0 ••• 0080(H) 

:------------~--~------~--------
\ I 

I \ 

:-------------------------------: 
?Fl FEi6 FFio :a ••• 1FCQCH> 

:----~~------~----~-~-----------: 
8 0: I0···2000(H) 

:~---------------------~~~-------: 
\ I 

I \ 

FF :o ••• 3FCOCH> 

Figure 1 Register Fl le 

B~glster .El~estrlctlons 

A. Register Zero (Job or Monitor Hodel 

1. During an exchange operation the contents 
of the trace register (register zero) and the 
appropriate memory location for register zero 
are exchanged <swapped). 

Monitor to Jobi 
:Before I After 
:Exchange: Exchange 

-------------------------------------1---------
:Absolute Address Zero I A C 
:---------------------------:--------·---------
:Virtual Address Zero B 8 

1---------------------------i--------:---------
:Trace Register c 8 

(continued) 
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Job to Monitor& 

E 

~ 

R A T I 0 N s --------

lBefore I After 
:Exchange: Exchange: 

-------------------------------------:---------: 
:Absolute Address Zero A A 

1---------------------------:--------1---------: 
:Vlrtua1 Address Zero 8 C 

:Trace Register c A 

If monitor and Job mode share a common register 
fife (see E this section), the followlng will 
occur upon an exchange operation (monitor to Job 
or 1 ob t o mo n i t or ) : 

:Before : After 
:Exchange: Exchange 

-------------------------------------:~--------
:Absolute Address Zero A 8 
:~--------~-----~-~-----~---:-------~:-~--~---~ 
:Virtual Address Zero 

:Trace Register • . -
A ·B 

a 8 

During a 70 <Swap) instruction Involving register 
zero as oart of the register fle1d, note a 
required peculiarity. Although the current 
contents of the trace register are sent to 
the aooroprlate memory location for register 
zero, the current contents of the trace register 
are not altered. 

:contents 
JBef ore 70 

:contents 
:After 70 

-------~-~-~~~-------~---~~:~~-~-~---------------~ 
:Memory location for 
Sreglster zero A 8 

:-----~-~-------~-----~---~:----~-----------------: 
:Trace register 8 8 

(continued) 
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2. Reglster Zero when refere~ced by a designator 
wlll provide machine zero as an operand 
except when used as a source register for 
a base address or other descriotion for a 
vector or strlng instruction, in which case 
register zero wll I appear to contain 64-zero 
blts. The use of a zero address may cause the 
instruction to be treated as an ii legal 
instruction as defined in Section 3.1.10. If 
register zero ls specif led as the destination 
register, the instruction tyolcal ly performs 
normally wlth data flags being set, if 
~arranted, but no data ls stored. Some 
instructions become undefined If register 
zero is specified as a destination register. 

The table 3.1.7-1 ls intended to define what 
operand is obtained when reglster zero ls 
specified for a source operand. To simplify this 
chart, the use of register zero as a destination 
register has been ignored. A bl3nk in the chart 
lndlcates where It ls either not oosslble to 
specify register zero or it may only be specified 
as a destination register. The designators R, s, 
T, G, x, A, Y, a, Z and c are used for 
convenience although they do not aooly to all 
instructions. Utlllzatlon of the following 
symbols is made. 

A 

z 

N 

Result When Register Zero ls Referenced 
~~~--~--f _o_r_.an_Q_Q~~n.Q__~~--

Machine zero ls provided. 
8000 0000 0000 OOOOCHl 64-bit mode 
8000 OOOO[HJ 32-bit mode 

A If zero ls provided. 

Al I zero In the used portion. 
In this Instance the left-most blt 
ls not used thus machine zerc and 
al I zeros are indistinguishable. 

Instruction performs as a no-op. 

(continued) 
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<cont•d) 

c 

a 

No control vector ls used. 
. ~-

A mask of al I ones is provided. 

The BA lnstructlon can read register zero for 
data. See the respective lnstruction 
descriptions for details. 

B. 6~-9it Registers One and Two (32-bit registers 2 
through 5) 

If data flag branches are being used, 64-bit 
registers one and two must be reserved 
exclusively for that use. Register one is the 
data flag branch exlt address and register two 
holds the data f tag branch entry address. 

c; Monltor•s 64-9lt Registers o-F[HJ (32-blt 
registers o-1FCHl 

Registers zero, one and two have the restrictions 
listed ln A and B above. Registers 3 through 7 
are used for the ii legal Instruction, exit force, 
externa1 interrupt and storage access interrupt 
entry points. 

o. 32-Bit Register One (right-most half of 64-blt 
register Ol 

Any reference to 32-blt register one ls undef lned. 

E. Common Register File for Monitor and Job Hodes 

Monitor and Job modes will have perfectly 
overlapping register flies lf monitor exec~tes 
an Exit Force instruction <o9> with either 
designator S or the contents of register S equal 
to zero. In an exchange from monitor to Job 
mode, the monltor•s register flle ls stored 
starting at absolute bit address zero, while the 
)ob•s reglster f 11e ls loaded from the first 256 
locations of its virtual page zero. Register S 
contalns the absolute address of the ]obs virtual 
oage zero (see Exit Force instruction). When 
register S specifies an address of zero, the 

(continued) 
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3.1.7 Ccont•d) 

register flle contents are.noJ changed. This 
applies to exchange ln both dfrectlons. Also, 
since the right-most 15 blts of reglster S must 
contain zeros Csee Exlt Force instruction), 
only a perfect overlap may occur. 
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Table 3.1.1-1 

Oo 
Code 

Instruction 
Designator 

R S T 
-~~--------.------~--~-~-~ 

0 0 s 
I 

03 
--------~----~-~------: 

04 
os 
06 

z 
z 

-~------------------~~: 
08 
0<3 
OA 

oc 
00 
OE 
OF 

10 
11 
12 
13 

z 

l 
I 

z 

z 1 z 
Z I A 

H I 
z I 
z : z 
z I z 

' ' I 

I 

z 

z I 

----------------------: 
14 
15 
16 
17 

18 
19 
1A 
1B 

1 
A 
A 
A 

I 
A A 
A A 
A A 

:--~~~---------------~~: 

1C 
10 
1E 
1F : 

1 
A I A 
A I A 
A I Z 
A I Z 

A 
A 

---------~-------------~ 

N G NO. 37100670 
DATE Jan., 1980 

I 0 N PAGE 63 
REV. A 

~ 

p E R A T I 0 N s ---------

_In s t r. u c t l o n 
Op Designator 
Code R S T 
-~~~---~-~--~~--~~------

20 M M z 
21 M M z 
22 H M z 
23 H H z 

~~----~-----~---------
24 
25 
26 
27 

28 
2<3 
2A 
28 

M 
H 
M 
M 

M 

H z 
M z 
M z 
M z 

z A 

z 
1----------------------: 

2C 
20 
2E 
2F 

30 
31 
32 
33 

H 
M 
H 

M 
z 

M 
M 
M 
z 

z 
z 

z 

z 
z 
z 

·-~-----~--~~-~-~-~~~~-: 

34 
35 
36 
37 

38 
3'3 
3A 
38 

3C 
30 
3E 
3F 

H 
z 

M 

z 
z 

z 
z 

z 

z 
z 
z 

z 
z 

z 
z 

-~-~-~--~----------~-~~~ 
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Table 3.1.7-1 

Op 
Code 

40 
41 
42 

R 

H 
M 
H 

Instruction 
Designators 

S T 

M 
M 
H 

---:-----:------:------

P+B 

H 
M 
H 

H 

M 
H 
H 

M 

:---:-----1------:------1 
:4C I H H 
:40 s 
P+E Z 
J L+F H M 

50 
51 
52 
53 

54 
55 

156 

H 
H 
H 
H 

M 
H 

z 
H 

.. 
• 

:---:-----:------ ------
: 5 8 
:59 
: 5 A 
l5B 

f'1 
M 
M 
z z 

:---:--~--:---~--:--~---: 
I SC H 
: 50 H 
t5E z z 
:5F z z H 

--~-----------~----------

N G 

I 0 

p E 

Op 
Code 

160 
:61 
162 
:63 

:64 
t 65 
:66 
167 

:68 
:69 
I 
:oB 

N 

R A 

R 

M 
M 
M 
H 

M 
H 

H 
H 

H 
H 

M 

T 

: ..-- ~ 1 .. --- ..... 
:oc H 
160 H 
:6£ H 

16F H 

NO. 37100670 
DATE Jan., 1990 
PAGE 64 
REV. A 

~ 

I 0 N s ---------

Instruction 
Designators 

S T 

M 
M 
M 
z 

M 
H 
H 
z 

M 
M 

M 
...... - --1 .... .---~-- l 

M 
z 
z 
M 

~~-:~-~--:----~-:-~----: 
--~:~----:--~---:---_.--: 

70 M 
71 M 
72 M 
73 H 

----- ------:----- .... : 
74 M z 
75 H z 
76 M 
77 M 

: -- - ~---~:--~---:~~~---: 

:78 l H 
:7g M 
:?A H 
:78 z z 
:---i-----:------ -.-----: 
17C H 
:10 A Jf. A 
17E z z 
: 7F z z M 

-------~-~--~~---~~~----~ 

•see Section 3.1.7 paragraph A.1 
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Table 3·1~7-1 

Op 
Instruction 
Designators 

Code G X A Y B Z C 

:ao: :z :A•:z :A•:c :A 
:a1: :z :A•:z :A•:c :A 
:az: :z :A .. :z :A .. :c :A 
183: :z :A•tz :A•:c :A 

: 84: 
:851 
:86: 
8&: 

:z :A•:z :A•:c :A 
:z :A•:z :A•1c :A 
:z :A•:z :A•:c :A 
:z :A•:z :A ... :c IA 

88: :z :A•:z 1A•1c :A 
89: :z :A•:z :A•:c :A 
8A: :z :A"'":Z tA•fC :A 
881 :z :A,..:Z :A•:c IA 

l 8 CI 
l 
f 

:z :A•:z :A•:c IA 
f . , 

• 
:8FI lZ :A•:z lA•:c :A 

:gor :z :A•: 
:91: :z :A•: 
:91: :z :A•: 
1931 :z :A¥1 

194 f 
: 95: 
: 9 Ed 

:z :A•:z 
:z :A•:z 
:z IA•: 

: C : A 
: C : A 
: C : A 
: C t A 

:A•&C :A 
:A•tC IA 

: C I A 
: C : A 

:-----------------------· 
:981 :z IA"'I IC :A 
1991 :z :A"': SC :A 
:9A: :z :A•: IC IA 
t9BI :z :A"':Z :A"'IC :A 

:z :A"': 
:z :A•:z 
I 

: C I A 
:A..,.SC IA 

I 

Op 
Instruction 
Designators 

Code G X A Y B Z C 

IAOJ :A ZZ"'tA :z•:A :z 
:A1: :A tZ"':A :z•:A :z 
tA2: :A :z•:A :z•iA :z 

: Al+ : 
t A5 : 
t A6 : 
l 

:A :z•:A :z•:A :z 
:A 1z•:A :z•:A :z 
:A :z•:A :z•:A IZ 

:------~----------------: 
:Aa: IA lZ"'JA :z.-.:A JZ 
tA9: :A :z•:A :z•:A :z 
I 
:As: :A :z•:A iz•:A :z 
:-----------------------: 
:Ac: :A :z•:A IZ ... JA iz 

:-----------------------: 
:00: :z :H IZ :z :z 
1811 :z lM :z IZ IZ 
: 82 : : Z : M I Z : Z : Z 
I 83 I : Z : M : Z : Z : Z 

1 84 t : Z : M : Z : Z : Z 
t 85 : : Z : H : Z : Z : Z 
1 86 t Z I 
l 87 : : Z : A : Z : A.._ : Z : A 

: 88 J : Z : A : C I A 
f 89 i l 

••JBAI :z :A :A IA 
I 88 : I A•: : A.., : A : Z 

:-----------------------: 
l BC I : Z : : A l Z 
: BO : : A• : : A• : A : A 
I BE I 
I BF 1 

• If Register Zero is selected to broadcast a 
constant, machine zero wil I be that constant. 

+~ See Section 3.1.7 paragraph A.3 
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Table 3.1.1-1 

Instruction 
Oo Designators 
Code G x A y 8 z c 
~~-~~~~~~~~~~~~~~~~~~~--~ 

:co: J z f A•:z :A•IC • • 
: c 1: : z I A•: Z :A•:c • • 
:czi 1 z JA•:z : A ... IC • • 
:cJ: : z :A•:z : A"": C 
:~-~~~~-~~~~~-~~~~~~~~-~1 

: cl+ : : z :A•:z tA•:A 
: C5: : z :A•:z : A• 1 A 
IC61 : z :A•iz JA•:A 
I C7: : z : A,,,. J Z : A•: A 
:~~~~~~~-~~---~~-~~-~~~-~: 

: C 8 I : A : A IC t z 
:cg: : A : A f C :z 
:cA: : A : A ic i z 
:ca: : A : A : c : z 
:~~~~~~~~-~~-~~~~~~-~~~~: 

: cc: : z : A : A : A 
:cot 
JCEIZ 
ICFI : z : A : z : A,,,. I Z : z. 

tOOl :z :A•:z :A•:c :A 
1011 :z :A I IC IA 

I 

roi.: :z :A•:z :A•:c :A 
1051 :z lA IC SA 
: 0 6 I I 
: 0 7 I I 

:081 :z :A 
:091 IZ :A 
roA: :z :A 
IDB: :z :A 

:oc1 
:oo: 
f OEI 
:oF: 

:z IA"'IZ 
I 
r 

P1 

: c : 
IC t 
IC 
IC 

IA•&C 
I I 
J I 
: H :c :A 

I, ""' 
OA1c:. 

I 0 N PAGE 66 
REV. A 

p E R A T I 0 N s ----.- ............ 
'"'.' 

Instruction 
Op Designators 
Code 

t EO : 
f E1 : 
: E2 : 
tE3: 

: E4 : 
: ES f 
: EEd 
: E7: 

f E8 : 
: E9 J 
I EA : 
: EB : 

G x A y B z c 
~ 

:-----------------------: 
: EC: 
I ED: 
: EE : 
I EF: 

:-----------------------: 
:Fo: :z :A :z :A :z fA 
IF11 fZ :A lZ :A tZ :A 
IF2: :z :A IZ :A IZ IA 
IF31 :z : A : z : A : z : A 
:-~~-~~-~~~-~~~-~~~--~~~: 

I Fl+ f : z : A : z : A : z IA 
: F5 i : z : A J z : A : z : A 
: FG f I Z :A 'z : A : z J A 
: F7 : : z IA : z : A : z : A 
a~~~~~~~~~~~~~~~~~~~~-~~: 

:Fa: :z :A 
1 F9 : 
:FA: 
Z FB: 

: Z SA 
I 

:-----------------------: 
: FC : 
: FD: 
f FE: 
I FF I 
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Real Time Counters 

Free Running Clock 

This clock consists of a free-running ~7-blt counter 
and a posit l v e s 1 gn bl t for a tot a I of 4 8 bl ts. It 
can be stored into register T using a ~Transmit Real
Tlme Clock tor·• (39) instruction. This counter 
increments at a one MHz rate. 

Monitor Interval Tlmer 

The ••Monitor Interval Timer" is a 32-bit timer that 
decrements at a one MHz rate. 

Thls ti~er can be loaded from Registar R using the 
Transmit (R) to Monitor Interval Timer <OA> 
instruction, when the computer ls in Monitor Mode. 
The timer can be activated by loading it with 
anything but al I zeros. Once It ls activated, 
it will decrement until lt reaches zero or ls 
deactivated. When the timer ls decremented to zero, 
it wl I J cause an external interrupt on channel 17 
which must be processed like any other external 
interrupt. 

The timer ·1s deactlvated by the fol lowlng methodst 

1. Master Clear 
2. Loading with all zeros 
3. Decremented to a 11 zeros (when it ls decremented 

to al I zeros and caused an external interrupt, 
lt will be Inactive until loaded with some value 
other than zero). 

Job Intarval Timer 

The Job Interval Tlmer is a 32-bit counter 
decrementlng at a one MHz rate. 

This clock can be loaded <in Job Mode only) from 
register R uslng a 3A <Transmit R to Job Interval 
Timer) instruction. Once loaded, the timer continues 
to decrement until either an exchange to monitor 
mode occurs, 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 Tlmer ls stopped and the current contents 
of the timer are stored ln the Invisible Package. 
Hhen the execution of that Job ls resumed, the Job 
Interval Timer ls loaded from the invisible package 
and resumes decrementing. 

When the tlrner decrements to zero, bit 36 of the 
Data Flag Branch Register will be set. Thus, if 
the corresoonding mask bit is set, a data flag 
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 Fl3g Branch Register to be set. Master clear 
wil 1 also deactivate the Job Interval Timer. 

The Timer is deactivated by the fol lowing methods: 

1· Haster Clear 

2• Loading with a value of zero 

3. 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>. This does not 
deactivate the counter. 

Virtual Addressing Mechanism 

The virtual addressing mechanism provides a method 
of a 11 ott lng central storage to Jobs ln the system. 

Def inltions Associated with Virtual Addressing 

Honltor Hode and Job Mode 

The CPU automatlcal ly goes Into a hardware state 
cal fed Monitor Mode at the tlme an Interrupt ls 
honored or at the time an Exit Force from a Job 
is performed. 

(continued) 
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Ccont•d) 

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

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

The Exl t Force instruct ion actua I ly causes the 
hardware state to change to Job Mode and the }ob 
execution to start. Ourlng Job Mode, the interrupts 
are enabled and the virtual addressing mechanism 
ls used by the CPU. 

Page 

A page consists of a block of contiguous words of 
central stor3ge. Al I the words in a oage are 
ldentlfled by a common page identifier. Thls 
identifier ls an absolute address which locates 
a page in absolute storage. The fol lowing table 
identlf les the page sizes. 

512(0] 65,536(0) 

2,048(0] 

8,192(0] 

The size of the smal I page ls selected by bits o and 
16 (bit 0 of Key 0 and 1> in the 3rd word (keys) of 
the invisible package. The bits are interpreted as 
f o I I ows: 

(continued) 
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0 0 A I I s ma I I pages w l I 1 be interpreted 
by the lob· as 512[0] ~ords. 

1 0 Sma I I cages are 2,048(0] words. 

1 1 Sma I I pages are 8,142[0] words. 

0 1 Undef lned 

Virtual Address 

Addresses origlnatlng in the central processor 
(when not in Monitor Mode) are virtual addresses 
whose bits have the fol lowing interpretation: 

Virtual Address - 48 bits 

I\ 
I \ 

Virtual Word Address - 42 bits 

I ---''----

I\ 

I 
I\ 

\ 

I\ I\ 

1 
-------bit ldentif ier -

3 bits 

--------------byte ldentif ler -
3 bits 

---------------------word identifier -
n bits 

---------------------virtual page identifier -
m bits 

<continued) 
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where m and n are defined as'shown in the fol lowing 
table: 

Page Size m n 
il2 !t=.b.J. Ll'L2r:.siil .iQ.ils.l CbitsL 

512CDl 33 g 

2,048[0] 31 11 

8, 192[0] 29 13 

65,536(0) 26 16 

Associative Words 

Associative words contain the information necessary 
to mao a virtual address into an absolute address. 
They have one of the following three formats, 
depending on the page size: 

Absolute 
Page Address 

:i6 bl ts : . 
:-._..._. ..... ~- ... ---:---
214 bits I/ I • 
:~---~~-------:---
:12 bits : I I : • 

:-----------:--
• 9 bits:111:• • 

a 8 15 

Bits 14-15 and 
word defining a 

Bits 12-15 and 
word def lnlng a 

Vlrtual 
Lock Page Identifier 

12 bl ts 33 bits 512 ______ _. ... ... _._ _________ ~: 

12 bl ts 31 bl ts II: 2,048 _____ ......... -
--- ... ~-- ... ----- ... .-1 

12 bi ts 29 bl ts : 11: 8,192 ____ ... ____ 
- .... --~-~ ---._,.---1 

12 bi ts 25 blts:11111:55,535 

19 30 31 56 63 

word 
page 
word 
page 
word 
oage 
word 
oage 

62-63 are not used in associative 
2,048 word pages. 

GQ-63 are not used ln associative 
8,192 word pages. 

Bits 9-15 and 57-63 are not used in associative 
word def lnlng 65,535 word pages. 

(continued) 
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¥ Bits 16, 17, and 18. 

3 bit cQ!j~ Intero.retation 

000 end of the page table 
001 nul I associative word 

010 sma I I page, has not been 
referenced by the CPU 

011 I arge page, has not been 
referenced by the CPU 

100 sma 11 page, has been referenced 
by the CPU 

101 I arge page, has been referenced 
by the CPU 

110 sma 11 page, has been al terec by 
the CPU. 

111 I arge page, has oeen altered by 
the CPU 

In the above table, the word D!~~n~~ means that a 
Job has made a storage reference to the page defined 
by the 3ssociative word. 

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

Al.J:~ means that a CPU Job Mode program has done a 
write operation on at leasJ one blt on the page 
defined by the assoclatlve word. When ln Monitor 
Mode, the CPU does not use the associative hardware 
and alt~ration or referenclng by the Monitor program 
is not recorded in the associative words. 

Associative Reglsters CAR> and Space Table 

Each computer has a f lxed number of hardware 
associative registers which hold associative words 
for faster accessibility. The remainder of the 
associative words are ln central storage starting 
at a fixed address. The portion of the total list 
of associative words which are ln central storage 
is referred to as the space table. The contents of 
the hard~are associative registers, when in storage, 
are stored beginning at absolute 4000(Hl. 

Cc:>ntinued) 

.. 
< 
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Number of Address of Space 
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4400[H1 

Page Tab1e 

The page table ls the complete table of associative 
words and includes both the AR and the soace table. 
These associative words def lne the pages currently 
al lotted space in central storage. 

Absolute Address 

The absolute address is the combination of the 
absolute page address from the associative word 
in the oage tab I e and the word, byte and bit 
ldenti f iers from virtual addresses. The fol I owing 
figure ii lustrates the construction of the abolute 
address for each page size. 

Absolute 
Page Address 

Word 
Identlfler 

Byte and Bit 
Identifiers 

16 bits I g bits 6 bl ts 512 
---------------------~- --~---49 -.... ---: 
14 bits I 11 bits 6 bits 2,048 • 
-~--~--~~~~~~~~-~-~-~~- ---~--- ... .- ----.-: 
12 bits 13 bl ts 6 bits a,1<32 
~--------~~--~---~~---~ --------- ---------: 

9 bits I 16 bits 6 bits :65,536 

word page 

word oage 

word page 

word page 

The maximum storage address capacity of each co~outer 
Jlmlts the number of bits used for storage reference. 
ConseQuently, a number of left-most bits of the 
absolute page address are ignored and must be set to 
zero. The fol lowing table shows the number of 
left-most bits that are ignored for various storage 
size. 

(continued) 
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Maximum Storage Capaclty 
(Gl+-bit words) 

Number of Left-Host Blts 
of Ab~olute Page A~dress 
Ignored 

524,288 
1,048,576 
2,0'37,152 
4,194,30!+ 
8,388,608 

6 
5 
4 
3 
2 

When ln Monitor Mode, al I CPU addresses are absolute 
addresses. 

Lock 

A lock is a 12-blt quantity contained in an 
associative word used to associate a oage of 
central storage with a Job or} obs which wll I 
reference the page. 

Each Job has four 12-blt keys assigned to It by the 
Monitor. If a ]ob ls· to use a virtual oage, the Jot;> 
must hav~ the key matching the lock associated with 
that page. 

• O : Key O I • 1 : Key 1 : • 2 J Key 2 : • 3 : Key 3 : 

20 31 36 47 

... 0, ... 1, •2, and """3 are four 4-blt usage lockout 
codes associated wlth Keys Q, 1, z, and 3• 
respect l ve I y. These 4-b l t codes have the fo I I ow lng 
signlf icances 

bit 0 - bit 0 of key 0 and 1 (bit 0 and 16> are used 
to define small page size Csee Sec. 
3.1.9.1.2> bit a of key 2 and 3 (bit 32 and 
48) must be set to zero 

bit 1 - if set, locks out CPU write operations 
bl t 2 - if set, I ocks out CPU read ooerat ions 
bit 3 - if set, Jocks out CPU instruction references 

(continued) 

.. 
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If a key matches the 1dck of an ·associative word, 
but the usage attempted is locked out by that key•s 
lockout bl ts, an access interrupt wll I occur. 

See Section 3·1·10 for the location of a }ob 1 s keys 
within the Invlslble Package. 

Operation of the Vlrtuat Addressing Mechanism 

A virtual address is sent from the cantral processor 
to the storage virtual addressing mechanism. The 
virtual addressing mechanism compares the virtual 
page identifier from the address against the virtual 
page ldentlf ier of each entry in the page table. If 
a· match ls found, and lf the lock associated ftith the 
matching virtual page identlf ier is ~atched by one of 
the four keys possessed by the requesting Job, a hit 
has been made. If a hit ls made, the absolute page 
address associated with the hit-producing oage table 
entry is attached to the nord identifier from the 
central processor address. Thls combination forms 
the absolute address used to reference storage. 

If the end of the page table is found and no hit has 
been made, a storage access interrupt occurs. If a 
hlt ls made, but the operation rs prohibited by the 
usage lockout bits, a storage access interrupt 
occurs. 

For a more detailed description of tne page table 
search, see individual model speclf lcation as I isted 
in Section 2·0· 

Access Interrupts 

A storage access interrupt occurs whenever a page 
referenced by a CPU Job does not have its associative 
word ~n the page table or lf an attempt is made by a 
CPU Job to violate the usage code of a page as 
defined by the key matching the tock. 

An access lnterruot may be caused by any storage 
reference made by the CPU, even in the middle of 
a vector or string instruction. The virtual address 
causing the interrupt and information bits as to the 

(continued) 
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Ccont•d) 

reason for the access Interrupt are stored (along 
with the current contents of the invisible flags 
and Invisible registers> Into the Invlslble Package. 

An access interrupt wll I generate the fol lowing entry 
ln word address ECH> of the Job•s Invisible Packaget 

lUnused:Cause:Vlrtual address causing :11111111: 
: blts:lnterrupt :11111111: 

0 11 12 15 16 54 55 63 

Bits O through 11 are not used and wil I be set 
to zeros. 

Oef initlon of cause blts: 

61t 1Z filL.U 

0 1 Write operand violation attempted 
1 0 Assoclatlve word not ln tne page 

table 
1 1 •Assoc lat Ive word not ln the page 

table 
and reference attempted was a 
write operation 

Bit 14 = 1 Read operand violation attempted 
Blt 15 = 1 Read instruction violation 

attempted 

•Note that that ls the only case ~here ~ore than one 
of the cause bits would be set. 

Bits 55 through 63 are undefined and.may not at~ays 
be zero. 

Blts 16 through 54 contain the virtual sword address 
whlch caused the access interrupt. 

The CPU then reverts to Monitor Hade and a branch is 
made to the absolute address contained ln the 
right-most 48 blts of the Honitor•s register 7. 

The Monitor program takes care of al locatlng space 
for and/or procuring the requested page. After this 
ls done, the Monitor can start the Job exactly ~here 
it left off via an Exit Force instruction. 
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Exchange Ooeratlons 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 Hode back to Monltor Mode. 

The exchange operation from Honltor to a Job is 
always accompt lshed with an Exit Force instruction. 
This causes the contents of the Invlslble Package to 
be loaded into the appropriate registers; the mode 
to be changed from Monitor to Job enabllng the 
virtual address mechanism and interrupts; and 
execution to be begun as soeclf ied by the Invisible 
Package. Note that thls may be the restarting of a 
previously lnterruoted program. 

The Exit Force instruct Ion, the channel interrupt 
and the access Interrupt ·are the three normal ways 
of getting from a Job In Job Mode to the Monitor 
orogram ln Monitor Hode. Attempting to execute a 
Monltor-tyoe lnstructlon in Job Mode or attempting 
to execute an undef lned op-code comprises the fourth 
~ay to get Into the Monitor mode. Except for the 
starting oolnt ln the Monltor program, the ooeration 
performed in getting to the Monitor are identical for 
the four. Suf ficlent information to restart this Job 
ls stored into the Invisible Package and the mode ls 
changed from Job to Monitor. The Monitor program is 
executed starting at the absolute address contained 
ln the right-most 48 bits of the Honltor•s register 
3, 5, 6, or 7. 

Hethod of getting 
to the 11Qnl1..Q_r~-

1• Attemot to perform an 
lf legal instruction or a 
Monitor-type lnstructlon 
in Job Hode"" 

2. Attempt to perform an 
11 I ega I instruct l on in 
Monitor Mode• 

3. Exit Force 
4. External Interrupt 
5. Storage Access Interrupt 

~see section 3.1.4.2.2 

(continued) 

Monitor register, the 
contents of which ls 
!J.S,ed to set P ___ ____ 

Register 3 

Register 4 

Register 5 
Register 6 
Register 7 
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The right-most ten bits of the absolute starting 
address of the Invlslble Package must be zeros. 

The Monitor must set up an invisible package for 
each Job. There ls NO lnvislble package for the 
Monitor program itself. 

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

If a Job ls to be re-entered, the Monitor sl:lmJ11 
!lQ1 alter any of the Invisible Package except for 
possibly the Keys. 

For a more detailed description of the exchange 
operation, and the slze of the lnvislble package 
(which may vary from model to model) see the 
aoollcable computer speclflcatlon as listed in 
Section 2.0. 

(continued) 
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INVISIBLE PACKAGE 
Absolute 

Word Address 

/llllll/11/l Program Address 
-~-~~--~-~-:~-----~~~-----~~~-~~~-~~--~~~-----~ 
I/II/Ill/II: Breakpoint 

Keys 

xxx--xoo 
XXX--X01 

xxx--xo2 
/II/II/II/It ll/l/llllllll/l///llll/l/ll/lll/I/ XXX--X03 

:111111111111 . Data Flag Register :xxx--Xo4 
:~----------:-~---~--~~--~~-~----~--------~~----: 
:11111111111: 1111111111111111111111111111111111:xxx--xos 
:~------~---:-----~---~-------~-~-~-------------: :l/l/llll//11 /l/ll//l////l/ll//l//ll//////l//l/IXXX--~06 
:~-~--~-----:-----~-~-~~~-~~--~-~----------~----: 
:l//ll//l///l l//ll//ll/l/l/ll//ll//ll/ll//ll/l/:XXX--Xo7 

:ASCII Hade Bit (Clear bit for ASCII Mode -
V Set blt for EBCDIC Mode) 

:111111111: :lllllll/lll/llll:Job Interval Timer XXX--X08 
:-------~---------------------------~---~------~ :tl///////l/llll/ll///////lllll/l/lll/ll/llll/I/ XXX--X09 

Current Instruction XXX--XOA 
:------~--------------~-~--~----~---~------~----
:111111111111111/1111111111111111111111111111111 xxx--xaa 

:11111111111111111111111111111111111111111111111:xxx--xoc 
:-~~~---~--~--~~------~---~~~--~~~~---------~~~~: 
:11111111111111111111111111111111111111111111111:xxx--xoo 
:-------~-----~---~~~-~--------~~~-~~-~---------: 
: Access Interrupt Address & Cause :xxx--xoE 1-----------------------------------------------: 1/l/ll///lll////lll/ll////lll/ll//////llll//l/ll:XXX--XoF 

:11111111111111111111111111111111111111111111111:xxx--x10 

v v 

:11111111111111111111111111111111111111111111111:xxx--x?1 

Each of the computers returns the same information ln the 
non-crosshatched areas. The definition of the cross
hatched areas and size of the package are model 
dependent. For soecific detail see the aoplicable machine 
specification as listed in Section 2.0. 
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Performance Characteristics 

Instruction Descriptions 

The Instruction titles <3·2·1·1 - 3·2·1·256) are 
written in the following formats 

AA B CC DO NAME OF INSTRUCTION [AXJ 

where AA = the function code 00-FFCHJ 

B = the format tyoes, 1-c 

cc = the number of bi ts In the operand 

1 single bit 
8 bytes 

32 half-words 
64 words 

E either 32 or 64-b it 
B both 32 and 64- b 1 t 

NA operand size not applicable 

DO = the instruction type 

Blank Undefined 
BR Branch 
IN Index 
LS Logical String 
HN Monitor 
NT Non-Typical 
RG Register 
ST String 
SV Soarse Vector 
VM Vector Macro 
VT Vector 

The G bif usage charts ln the table of contents use 
the fol Jowlng symbols. Positions ln the G bit usage 
charts without symbols are undefined and must be set 
to zero. 

E - Either 32 or 64-bit operands 
C - Control vector 
0 - Offset 
8 - Broadcast 
S - Sign Control 
X - Oef ined in Instruction 

<continued) 

0 
1 
2 
3, 4 
5, 6, 7 
Any 
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Function G-Blts 
~ode o 1 z 3 ~ 5 6 7 

I 8D I E _C 0 B B 
81 I E ..c_ 0 8 B 

t_.az___t_E_C 0 B B 

s 
s 
s 

_s_ _ _..S..__ 
s s 

_s. _ _....S..__ 
83 f C 0 8 B 
84 : E C 0 B B S ~ S 

:_ll.2_1_f~L~~ s 8 s s s 
86 : E C 0 B B S S S 
87 : .c__o __ ~--------' 

-~l_E __ .c___Q 8 B S S S 
sq : E c o s s___s_~ s 

_.M_l ___ L_.Q B _s=----
88 : E C 0 B 8 S _s _ __..S...__ 

_J.Ll_.E_L__Q 8 B S _s. __ S_ 
~Q • I 

BE • • 
__ .af_l_E __ t_ 0 B B s _s_.s__: 

Functlon G-Bits 
~QL Q L-2~ ~ 2 6 7 

9a • E c Q e ' ql ' ~ c Q e ' 
92 ' f_L Q 6 ' 

: __ .9.3_1_.E_.c_ Q 6 s s 
9!± ' E c Q B f3 • 
95 : -f_L__Q--1i 6 
92 • L__Q e I 

: _2_l __ L__Q B 
98 • c:- L__Q B ' \,,, 

: _TI_l_E _ _L__Q__Ji 
:_:l.Ll_.E_.Q_ Q a 

9B t_E__c___Q__e_ B 
9C L Q 6 
90 t_L_C Q B a x ~ ~ 
9E I 
9F 

(continued) 
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Cc on t • d) 

Function G-Blts . -
~QQ~ -11--L 2 3 4 2 --2 z 

I AD I E ~ ~ B B s s s 
r A1 t_E ~ ~ B B s _s s 

~2 1_E_x__x B B s _s._~ 
: _ __A..3_: 
_ _M._l_f __ A_~___JJ B s ~___s-
_A.2-l_f __ x _1:---E .B s _s s 
__ .!.Q_l_E ~ X---E 9 s ~ s 
_JLl __ 

A8 ; __E x x__a B s s s 
_A3_l_f_L x B B s _s. s 

AA • • 
A9 I I=' . .L ~ B 9 s _s_ s ' • 

: __ A.Ll_f__X ~ e B s s s 
: _ __!Q_: 
I AE • 

' 
AF • _E __ L__K____E B s _s. s ' 

x 

x 

Ccontlnued) 
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Function G-Bl ts 
~ 

~.Q.L___n_.t__z 3. 4 5 f> 7 
l . -ca JJ: c a a 

C1 E c 8 8 
CZ I f c a B 

1 . c 3 • E L B B I 

c~ 
I F B B ' C2 l _f B 6 

Co :_£ B 8 
f __ ,,CLJ_f _____ __a B 
J_il_l_f_L x 
I _ _.C.3_.l_E__c__~ 
I ~A l_f_L x 
:_~_E__C ~ 

cc i~ x 
Co 
CE I 

CE l_E B s s s 

Function G-Blts 
~ ........ d ........ e _ ........ o .L_Z __ 3_4 ___ _2 _ _Q ___ 7_ 

Do E C 0 B ~B~~~--~~-
01 E C Q 
0? 
03 
04 E C 
05 

:_DL.l. 
E C 

07 
08 E c 
09 :_f_L 
DA ' .E 
08 1_f_ 
DC :_t_ 
DD 
DE 
OF E c 

Q 
Q 

0 

00 4 NA HN IDLE 

8 8 

s 

NO. 37100670 
DATE Jan., 1980 
PAGE a3 
REV. A 

~ 

I 0 N s ------~~ 

~hen ln Honltor Mode, enable the external lnterrupts 
and idl~ until an external interrupt occurs. The R, 
S and T deslgnators are undefined anJ must be set to 
zero. 
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ILLEGAL 

3.2.1.3 02 ILLEGAL --

3.2.1.4 03 KEYPOINT - HAI NT ENANCE 

This Instruction ls for use only wlth the 
Instrumentation Honltorlng System. This operation is 
model d~pendent, see applicable machine specification 
listed under section 2.0. 

04 4 64 NT BREAKPOINT-MAINTENANCE 

The bre3kpolnt lnstructlon transfers R to the 
breakpoint register. The breakpoint register is a 
maintenance and program debugging aid and ls saved In 
the Job•s Invisible Package. 

0 15 16 

:111111: 
tUNUSEDI BREAKPOINT ADDRESS 
:111111: 

58 59 oO 61 62 63 

:111111:usAGE:11: 
:UNUSED: BITS://: 
t//////t :11: 

UNUSED-----

The breakpoint function compares the addresses of 
soecif led categories of requests with the breakooint 
address. If a match occurs, bit 47 of t~e Data Flag 
Branch register ls set. 

Usage bits 51 and/or 62 may be set to specify the 
breakpoint function for CPU write operands and/or 
CPU read operands respectively. 

USAGE BITS 

61 - BREAKPOINT ON CPU WRITE OPERANDS 
62 - BREAKPOINT ON CPU REAO OPERANDS 

{continued) 
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(cont•d) 

This lnstructlon ls only enabled during Monitor Hode. 
In Job Hode lt becomes a no op. ~ 

The modes are set up by executlng this instruction 
wlth a ••1 .. in the approprlate R designator bit and 
are cleared by executing the instruction with a 
.. o.. in the same bit I oc at ion. 

The R deslgnator blts are defined below: 

8 Disable error correction on all 
Read buses. 

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 vla an 06 instruction, 
the connection network could produce invalid data on 
the Read and lnvalld data could be written into 
memory. 

The S and T designators are undef lned. 

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

Test Operation 

SECDEO FAUf.ll 

The test ls initiated by executing an 06 instruction 
with bits 9 through 15 selected of the R designator 
to complement the respectlve checkword bits of 
half-words Q, 1, 2, and 3 on the Write Scalar bus to 
central memory. By appropriate selection of data 
blts and complementation of checkword bits when 
wrltlng in memory, one should be able to generate 
SECOEO faults on all Read buses. This should allow 

(continued) 
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complete checking of the Read SECJ.JEO hardware and 
afso the fault recording hardware· for type and 
address of the fault. 

The forced complementing of the checkword bits is 
discontinued by executing an 06 lnstructlon with 
bits 9 through 15 of the R designator. 

07 ILLEGAL 

08 4 NA HN INPUT/OUTPUT PER R 

When ln Monitor Mode: Activate the channel flag 
designated by the R designator and exit to the next 
sequential instruction. If the R designator 
soeclfies a non-existent channel, the ooeration 
of this instruction is undef lned. 

The S and T deslgnators are undef lned and must be 
set to zero. 

09 4 64 BR EXIT FORCE 

From a Job to the Honltorl Exchange to the Monitor 
program. A hardware branch is then taken to the 
address def lned by the right-most 48 bits of the 
Honitor•s register 5. For this case, the R, S and T 
designators are undef lned and must be set to zero. 

From tha Monitor to a 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 Cequlvalent to starting 
address of register flle to be loaded) starts at 
the absolute blt address contained in register s. 
For this case, the R designator ls undef lned and 
must be set to zero. If either the S designator 
or the contents of register S are equal to zero, 
the Job•s register file and the monltor•s register 
file are identical. 

(continued) 
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:Not Used 

0 63 

~~r S - T Blts 0-15 are not used 

+These bits must always be set to zero or this 
Instruction ls undefined. 

•~The a~ount of central storage actually on a system 
wl 11 determine the number of useful bits on a given 
system. 

The number of useful and unused bits is model 
·dependent and re 1 ated to memory size. See app 1 icab I e 
model specification I isted ln section 2.0. 

OA 4 64 MN fRANSHIT CR> TO MONITOR INTERVAL 
TIMER 

When ln Honltor Hade, transmit blts 32 through 63 of 
64-bit register R to the Ho~itor Interval Timer 
(see Sect lo n 3. 1. 8) • The I e ft-most 3 2 bl ts of 
register R are ignored. The S and T designators are 
undefined and must be set to zero. 

OB ILLEGAL 

QC 4 54 MN STORE ASSOCIATIVE REGISTERS 

00 4 64 HN LOAD ASSOCIATIVE REGISTERS 

When in Honltor Mode, Store/load the contents of the 
associative registers lnto/from absolute addresses 
4000(H), etc. The R, Sand T designators are 
undef lned and must be set to zero. The contents of 
the associative registers are undefined fol lowing the 
execution of the STORE ASSOCIATIVE REGISTERS 
Instruction. 
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OE 4 6~ MN TRANSLATE EXTERNAL INTERRUPT 

Each blt ln the External Interrupt Register <EIR) ls 
associated with an external I/O channel, or the 
Monltor Interval Tlmer. 

External_ln~c..alot Register 8il ~ignmen1 

0 Not Aval tab le 
1 IIO Channel 1 
2 r 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
g g 

10 10 
11 11 
12 12 
13 13 
14 14 
15 v 15 
16 IIO Channel 16 
17 Monitor Interval Timer 17 

Translate the lowest numbered blt set ln the EIR 
into Its associated f lve-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 only one bit ls set, the 
branch conoltlon ls met. The branch, lf taken, is 
to (S) + CR) where <S> ls an index in half-words and 
CR> ls the base address. 

The exit, be it a branch or not, clears the bit (and 
only that blt> ln the EIR corresponding to the 
channel designator which was transmitted to 
register T. 

If the T and S designators are equal, the 
interrupting channel designator wil I also be 
the branch lndex. 

Bit zero of the EIR wil I never be set as it is 
reserved for maintenance purooses. 

If no bit ln the EIR is set, this instruction sets 
T to a 11 zeroes and no branch is tak~n. 
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OF 4 64 HN LOAD KEYS FROH<Rl,TRANSLATE AODRESS<S> 
TO <T> 

-When in Monitor Hode load the f6ur keys found in 
register R Into the virtual address key registers. 
The vlrtual address found ln register S is then 
translated into an absolute blt address using the 
four keys Just loaded and the assocl3tive words of 
the page table. This absolute bit address ls stored 
In the right-most 48 bits of register r. If no 
translation is possible before the end of the page 
table ls encountered, the right-most 48 bits of T are 
set to zero. The associative word actual Jy used to 
make the translation ls left In the top assoclative 
r~glster (associative register zero>. The oage table 
is dynamically pushed down, if necessary, when 
searching for the associative word used to make the 
translation. This Instruction uses the page table as 
contained in the Associative Registers and the Space 
table ln memory. The locatlons ln memory correspond
ing to the Associative Reg lsters Csee the OC and 00 
Instructions) wllf not be re ferenced during the 
execution of the OF Instruction. The left-most 16 
bits of register S are transmitted to the correspond
ing oosltlon ln register T. 

The 3-blt size, alteration and reference code ln the 
assoclative word ls not changed by this lnstr~ction. 

The entire address range {including bit addresses O 
through 3FFF base 16> are acceptable inputs to the 
OF lnstructlon. 

:111:Key 0:111:Key 1:111:Key 2:111:Key 3: Register~ 

bit a 15 20 31 36 47 52 63 

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

absolute blt address Register T 

blt 0 15 16 63 

virtual address Register S 

blt 0 15 16 63 
(continued) 
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3 •. z .1.19 

Bits O and 16 of the key word ~ust be appropriately 
set/cf ear to Indicate the desired smal J page size. 

10 A 64 RG CONVERT BOC TO BINARY, FIXED LENGTH 

Convert the oacked BCD number in register R to a 
signed Ctwo•s complement> binary number and place 
the result into the right-~ost 48 bits of register 
T. The conversion is undefined for blnary results 
greater than +<2"" ... 47>-1> or less than -<<211- ... 47); 
thus the largest decimal number that ~ay be converted 
ls ±140,737,488,355,327. The ASCII/E3DIC sign code 
for the BCD number ls In blts 60-63 of register R. 

Data f 1 ag bl t 39 wl I I be set for numbers outside 
thls range. 

If the input number ls not a val Id BCD number, the 
results are undefined. Bits 0-15 of Register T wil I 
b e c I e are d t ·a z e r o • 

11 A 64 RG CONVERT BINARY TO BCD, FIXED LENGTH 

Convert the right-most 48 blts Ctwo•s complement 
binary number) of register R to a packed BCD number 
and place the result ln register T. The result is a 
number having 15 digits <4 bits per digit plus the 
sign in the lower bits - blts 60-63). The binary 
range is+ <<2••47>-1> too -<2• ... 47). Ourlng Job 
mode, the sign blts generated are condltloned by the 
ASCII/EBCDIC bit in the Job•s invisible package. 
Ourlng ~onltor mode, only ASCII codes wil f be 
generated. 

12 7 64 NT LOAD BYTE; CT> PER <S>, <R> 

13 7 64 NT STORE BYTE; (T) PER CS>~ CR) 

Load/store a byte from/into the address speclfled by 
CR> + CS>, where CR> ls the base address and CS> ls 
an item count of bytes lnto/from bits 56 through 63 
of register T. The remalnlng blts of Tare cleared 
on a load and Ignored on a store. 
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14 7 1 NT BIT COMPRESS 

Compress bit f leld R per lengtb S into bit field T. 

The length in blts of segments in the source f leld 
to be transmitted to the destination f leld and the 
base address of the source fleld are found in the 
left-most 16 bits and the right-most 48 bits of 
register R, respectively. The length in bits of 
segments ln the source f leld to be skiooed is found 
In the left-most 16 bits of registers. The length 
and base acdress of the destination field are found 
in the left-most 16 blts and the right-most 48 bits 
of register T, respectively. 

Transmit from left to right a portion of the R f ietd 
equal to length R to the T field and skip the number 
of R f leld bits equal to length s. This operation ls 
repeated until the T field ls exhausted. If the 
field length specified by R or T is zero, the 
instruction is treated as a no op. 

----BASE ADDRESS R 

v 

R1 Si R2 sz : R3 111111 I 

:length RI length SI length R:1ength s: length R : 
I : I 

----BASE ADDRESS T 
I 
v 

R1 R2 R31 

:<------ length T -------->: 

15 7 1 NT BIT HERGE 

'-- _/ v 
Only this portion 
of R3 ls transmlt
ted due to length 

Merge bit fields Rand S into bit field T. 

The length ln blts of segments of the R field to be 
merged and the base address of the R field are found 

(continued) 
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(cont•d) 
in the left-most 16 bits and the right-most 48 bits 
of register Rt respectively. 'The length in bits of 
segments of the S field to be merged and the base 
address of the S field are found in the left-most 
1& bits and the right-most 48 bits of the S 
register, respectively. The length in bits and the 
base address of the destination f ietd are found in 
the left-most 16 bits and the rlght-~ost 48 bits of 
register T, respectlvety. 

Transmit from left to rlght a segment of the R field 
e qua I to I en gt h R f o I I owed by a s e g rn en t o f the S 
field equal to length S to field T. Thls ooeration 
ls repeated until the T field is exh3usted. 

If bl ts 16 thru 63 of S are zero, I oglcal zeros wll 1 
be placed in their respective f lelds in the T field. 
If the field length soeclfled by R, Sor T ls zero, 
the instruction ls treated as a no-op. 

FIELD R 

FIELD S 

FIELD T 

BASE ADDRESS 

R1 R2 I 

l<-length->l 
S R 

Portion of S2 not transferred 
:BASE ADDRESS -~-
v I \ 

Si s2:1111 \ 

l<-length->:<-length->I 
s s 

BASE ADDRESS 

v 

R1 s1 s2 

:<------------- length T --------------->: 
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16 7 1 NT BIT MASK 

Mask blt fields Rand S into blt field T. 

The length ln blts of segments of the R field to be 
masked and the base address of the R f leld are found 
in the left-most 16 bits and the right-most 48 bits 
of register R, respectively. The length In bits of 
segments of the S f iefd to be masked and the base 
address of the S field are found in the lef t-mcst 16 
bits and the rlght-most 48 bits of the S register, 
respectively. The length in bits and the base address 
of the destination field are found in the left-most 
16 bits and the right-most 48 blts of register r, 
respectively. 

Transmit from left to rlght a segment equal to length 
R starting at the base address of field R to f lefd T. 
Next transmit to field T a segment of Field S equal 
to length S starting at the base address of S plus 
length R. The next segment of R ls transmitted to 
field T from address R plus length R plus lengths. 1 

This ooeratlon is reoeated unti t the T field is 
exhausted. 

If bits 16 thru 63 of S are zero, J ogical zeros wi 11 
be placed ln thelr respective fields in the T field. 
If the field length specified by R, s, or T is zero, 
this instruction ls treated as a no-op. 

:BASE ADDRESS 
v 

Ri R2 ' 
:<-length->I l<-1ength->: 

R I I R I 

:BASE ADDRESS 
v 

Si 

:<-length->S 
s 

(continued) 

Only this portion of 
s2 ls transmitted 
due to Length T. 

--"---
I \ 

\ 

:<-length->: 
S I 
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FIELD T R1 s1 R2 s2 

J.2.1.24 
3.2.1.25 
3.2.1.20 
3.2.1.27 
3·2·1·28 

1<------------- length T --------------->f 

17 
18 
19 
1A 
18 

1c 1 

ILLEGAL 
ILLEGAL 
ILLEGAL 
ILLEGAL 
ILLEGAL 

1 NT FORM REPEATED BIT MASK WITH LEACING 
ZEROS 

Form a repeated mask ln f letd T. The mask ls a 
string of zeros fol lowed by a string of ones. 

The length Cln bits) of the string of zeros ls found 
in the left-most 16 bits of register R. The length 
.cin bits) of the repeated mask ls found in the left
most 16 bits of register s. The 1ength Cin bits) and 
the starting address of f leld T are found in the 
left-most 1& bits and the right-most 48 bits of 
register T, respectively. The instruction terminates 
when the T f letd ls exhausted. If length R ls greater 
than length s, the lnstructlon is undef lned. If 
length R ls eQual to length s, a string of zeros is 
formed. 

STARTING BIT ADDRESS 

: 0 I ll ~ 0 I 0 : 0 : 0 : 1 : 1 : 1 : 1 : 1 I 0 : 0 .1 0 S 0 : 0 : 0 : 1 I 

:<------ R ------>: :<------- R ----->: 
length length 

I<-------- length S ------------>l 
I 
I 

:<------------------ length T ----------------------->: 
For length R eQual to zero, a strlng of ones is 
formed. For length S equal to zero, the instruction 
ls performed as a no-op. 
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1 NT FORM REPEATED BIT HASK WITH LEACING 
ONES 

Form a repeated mask in field T. The mask ls a 
string of ones fol lowed by a string of zeros. 

The length <in bits) of the string of ones ls found 
in the left-most 1& bits of register R. The length 
(in bits) of the repeated mask is found in the left
most 16 bits of register s. The length <In bits) and 
the starting address of field T are found in the 
left-most 10 bits and the right-most 48 blts of 
register T, respectively. The instruction terminates 
~hen the T fleld ls exhausted. If the f leld length 
soeclf ied by S is zero, the instruction performs as 
a no-op. I f 1 en gt h R 1 s great er than I en gt h S, the 
instruction is undefined. If length ~ is equal to 
length s, a strlng of ones is formed. For length R 
equal to zero, a string of zeros is formed. 

:tengtht 
:<-R-> : 

<---~~---- length S ----->:<-------- length S ------>: 

<---------------------- length T -------------------------->: 

3.2.1.31 1E 7 1 NT COUNT LEADING EQUALS 

The bits of fle1d R, starting with the blt to the 
lmmedlate right of the left-most bit of the f leld, 
are scanned from •eft to right until a bit unequal 
to the left-most blt ls encountered. The count of 
the number of blts eQual to the left most blt is 
stored in the rlght-most blts of register T. 

The length (in bits) and the base address of the 
field are contained in the left-most 16 bits and 
the rlght-most 48 bits of register R, respectively. 
Register S contains an Index ln bits ~hlch is added 
to the base address to form the starting bit address 

(continued) 
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of the f leld. The lnstructlon ter~lnates when either 
a blt uneQuaf to the left-most field bit ls 
encountered, or when the entire f ietd has been 
scanned. In the latter case, the count stored will 
be the f leld length minus one. 

:-- STARTING ADDRESS 
( I e ft- most bit) 

v 

:o 0 0 1 1 1 1 1 11:1 1 1 1 1 1 1 1 1 1 1:0 1 1 0 1 

:<--the count stored->: 

(T) = :o 0 0 o:o -----------------> 0 0 81 

3.2.1.33 
3·2·1·34 
3.2.1.35 

a 10 63 

The entire T register is cleared before the count is 
stored lnto lt. 

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

1F 7 1 NT COUNT ONES IN FIELD R, COUNT TO CT) 

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

The length <In bits) and the base address of the 
field are contained in the left-most 16 bits and the 
right-most 48 bits of register R, respectively. 
Register S contains an index in bits which is added 
to the base address to form the starting bit address 
of the field. The Instruction terminates when the 
entire fleld has been scanned. 

The entire T register is cleared before the count is 
stored lnto i t • 

20 8 32 BR BRANCH IF ( R) EQ ( s) (32 BIT FP.) 
21 8 32 BR BRANCH IF ( R) NE ( s) (32 BIT FP.) 
22 8 32 BR BR.A NCH IF <R> GE ( s) (32 BIT FP.) 
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23 8 32 BR BRANCH IF CR) LT CS) ( 32 BIT FP.) 

Conditionally branch to the ad~re~s ln 64-blt 
register T. 

R and Sare 32-bit registers containing floating 
point operands. 

The S operand ls subtracted from the R operand. The 
branch decision ls made on the result of this 
subtract according to the "f loatlng point compare 
rules" in 3.1.4.5. 

Data f lagl blt 46. 

24 8 o'+ BR BRANCH IF CR) EQ ( s) (64 BIT FP.) 
25 8 64 BR BRANCH IF ( R) NE ( s) (64 BIT FP.> 
26 8 64 BR BRANCH IF ( R> GE (S) (64 BIT FP.) 
27 8 64 BR BRANCH IF CR J LT ( s} ( 64 BIT FP.) 

Condltlonaf ty branch to the address ln 54-blt 
reglster T • 

R and S are 64-blt registers cont al ning floating 
point operands. · 

The S operand ls subtracted from the R operand. 
The branch declslon-'is made on the result of this 
subtract according to the "f loatlng point compare 
rules•• in 3.1.4.5. 

Data flag bit 46. 

28 7 8 NT SCAN EQUAL 

Scan field T indexed bys, from left to rlght until 
the f lrst byte eaual to byte R ls found~ Stoo the 
scan and increment index S by the number of unequal 
bytes scanned. If no byte is found equal to byte R, 
the S index ls Incremented by the number of bytes ln 
the T field. 

The length ln bytes of the operation and base address 
of the operation are found in the left-most 16 bits 
and the right-most 48 bits of register T, 
resoectlvely. The right-most 48 bits of register S 
contains a slgned index. Byte R ls found ln the 
instruction word. Index S is an item count in bytes 

(continued) 
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and ls left-shlfted three places before lt ls added 
to the base address. _ 

Data flag blt 53 ls set lf no equal ls found. 

ILLEGAL 

2A 5 54 RG ENTER LENGTH OF (R) WITH I <10 BITS) 

Transfer the right-most 16 bits of tnls instruction 
to the left-most 15 bits of register R. Leave the 
right-most 48 bits of register R uncnanged. 

28 4 54 RG ADO TO LENGTH FIELD 

Add bits 00 through 15 of register 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 
register R are transferred to blts 16 through 63 of 
register T. 

zc 4 64 
20 4 64 
2E 4 54 

RG LOGICAL EXCLUSIVE OR (~),CS), TO (Tl 
RG LOGICAL ANO <R>,<S>, TO CT) 
RG LOGICAL INCLUSIVE OR CR>,CSl, TO <T> 

These instructions perform the lndicated logical 
functlons llsted below. The function occurs bit by 
bit on the 64-bit operands contained ln the registers 
designated by R and s. The result ln each case is 
stored in the register designated by T. 

EXCLUSIVE OR ANO INCLUSIVE OR 
R s R-S ~ R+S 

0 a 0 0 0 

0 0 1 0 1 
1 a 1 0 1 
1 1 0 1 1 

If the R or S designators equaf zero, register zero 
will contain machine zero. 
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2F 9 1 SR REGISTER BIT BRANCH AND ALTER 

This Instruction examlnes bit ~3 of register T. As 
specified by the G designator a branch ls made to 
the address contained in the right-most 48 bits of 
register s. The branch ls made according to G bits 
a and 1 as follows: 

GO G1 

0 () do not branch 
0 1 branch unconditionally 
1 0 branch l f the ob J e ct bit was a one 
1 1 branch l f the ob J ect bit was a zero 

After the branch decision has been made and regardless 
of what that decision was, the ob}ect bit ls altered 
according to G bits 2 and 3 as follows: 

G2 G3 

0 0 do not a I ter the object bit 
0 1 toggle the ob J ec t bit to the other 

state 
1 0 set the object bit to a one 
1 1 clear the object blt to a zero 

If the branch ls to be taken, the branch address 
wil I be determined as fol lows: ·· 

G bit 5 = 0 Register s contains the branch address. 

G blt 5 = 1 Branch to the address formed by adding 
(G blt 6 = 0) or subtracting (G blt 6 = 
1) the s designator <used as a 
ha If-word ltem count> Shifted left 5 
places to the program address register. 

30 7 61+ RG SHIFT CRI PER S TO (T) 

This instruction shifts the 54-bit operand from the 
reglster designated by R and stores the result into 
the register designated by T. The S designator 
specif !es the type and amount of the shlft. If the 
S designator is ln the range from 0 through 3F base 
16 <O through 63 base 10>, the operand from register 
R ls shifted left end-around the number of specified 

(continued) 
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places and then stored ln re~l~ter T. If the S 
designator ls in the range from FF through Ci base 15 
C-1 through -63 base 10), the operand from register T 
ls shifted right wlth sign extension and then stored 
into reglster T. For thls case, bit zero of the 
ooerand from register R ls considered to be the sign 
blt of the shifted operand. The number of right 
shifts ls eQual to the two•s complement of the S 
deslgnator. If for example, S ls equal to FE base 
16, the operand from reglster R shifts right two 
places. If the S designator ls greater than 3F base 
15 or less than Ci base 16, the results of this 
instruction are undef lned. 

If the R deslgnator is equal to zero, reglster zero 
wll t provide machine zero. This instruction does not 
test for machine zero or indef lnlte or set any data 
flags. 

31 7 6L+ BR INCREASE(R) AND BRANCH IFCR> # 0 

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

If the result from above is 48 zeros, go to the next 
sequential instruction. If the 48-bit result from 
above is non-zero, branch to <S> + (f) where <S> is 
an Item count of half-words and <T> is the base 
address. The resulting address for the branch is 
undefined If the R designator ls equal to either the 
S designator or the T designator. 

32 9 1 BR BIT BRANCH ANO ALTER 

Register S contains the address of the ob]ect bit. 
Thls Instruction reads up the word containing the 
ob]ect bit and examines the bit. The branch ls then 
made according to G blts o and 11 

GO G1 

0 
0 
1 
1 

0 
1 
0 
1 

do not branch 
branch uncondltlonal ly 
branch If the obJect bit was a one 
branch lf the ob]ect blt was a zero 

(continued) 
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After the branch decision has been made and 
regardless of what that decision was, the ob]ect bit 
ls altered according to G bl ts 2 and 3 as fol lowsl · 

G2 G3 

0 0 do not alter the obJect bit 
0 1 toggle the ob J ec t bit to the other 

state 
1 0 set the object bit to a one 
1 1 clear the ob)ect bit to a zero 

NOTES If GO and G2 and G3 = o, do not reference the 
ob]ect bit at all. 

33 B 

If <Go = 1) and CG2 and G3 = a> read, but do 
not write the ob}ect bit. 

If the branch is to be taken, the branch 
address wi 11 be determined as fol lows: 

G bit 5 = 1 Branch to the address formed by 
adding CG bit 6 = o> or 
subtracting (G bit 6 = 1J the T 
designator. (used as a ha If-word 
item count) shifted left 5 
places to the program address 
register. 

1 BR DATA FLAG REGISTER BIT. BRANCH ANO 
ALTER 

I ls a slx-bit designator specifying an obJect bit in 
the data flag register. 

The obJect blt ln the data flag register ls examined 
and the decision to branch is made according to G 
bits 0 and 1. 

GO Gi 

0 a do not branch 
0 1 branch unconditionally 
1 0 branch l f the ob J e ct bit i"faS a one 
1 1 branch i f the ob J ect bit was a zero 

(continued) 
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After the branch decision has been made and 
regardless of what that declslo~ was, the ob)ect bit 
ls altered according to G blts 2 and 3 as follcwsi 

G2 G3 

0 a do not alter the ob]ect bit 
0 1 toggle the ob J ec t bit to the other 

state 
1 0 set the obJect bit to a one 
1 1 clear the obJect bit to a zero 

Programmer Note: It ls meanlngless to try to ~l.lfil: 

bits in the product fleJd (bits 0-15) since the 
product field is strictly a function of the 
appropriate data flag and ftag mask blts. 

If the branch is to be taken, the branch address 
w 1 I I be deter ml n e d as f o I I ow s i 

G bit 5 = 0 

G bit 5 = 1 

Register T contains the branch 
address 
Branch to the address formed by 
adding CG bit 6 = 0) or 
subtracting IG bit 5 = 1> the T 
designator (used as a half-word 
item count) shifted left 5 
places to the program address 
register. 

Slnce the 33 Instruction may begin execution without 
waltlng until the machine has completed all 
operations (for example, the scalar dlvlde•s data 
flags may not have reached the Data Flag Register), 
the dat3 flag blts may set on any minor cycle during 
or after execution of the 33 instruction. 
Consequently, any data flag bits that set after the 
o~Ject blt ls sampled wll 1 not affect the operation 
of the 3'3 instruct ion, but wi JI be retained in the 
Data Flag Register for fol low on sampling. 

34 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 register 
designated by S specifies the type and amount of the 

(continued) 
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shift. If th~ right-most byte of cegister S ls In the 
the range from o through 3F base 10 (Q through 63 
base 10), the operand from register R ls shifted left 
end-around the number of speclf led places and then 
stored into register T. If the right-most byte of 
reglster S ls ln the range from FF through Ci base 16 
C-1 through -63 base 10}, The operand from register R 
ls shifted right with sign extension and then stored 
into register T. For this case, bit zero of the 
ooerand from register R ls considered to be the sign 
bit of the shifted operand. The number of right 
shifts ls equal to the two•s complement of the 
right-most byte of register s. If the right-most byte 
of register S ls greater than 3F or less than Ci base 
16, the results of this instruction are undefined. 
The left-most seven bytes of reglster S are ignored. 

If the R designator is eQual· to zero, register zero 
wit f orovlde machine zero. This instruction does not 
cause a test for machine zero or indef lnite or set 
any data flags. 

35 7 64 BR DECREASE <R> ANO BRANCH IF CR) ~ 0 

Decrement the contents of the right-most 48 bits of 
reglster R by one. The upper 16 bits of register R 
are not altered and arithmetic overflow ls ignored. 

If the result from above is 48 zeros, go to the next 
sequential instruction. If the 48-bit result from 
above ls non-zero, branch to CS) + <T> where ( S) is 
an l tem count of ha If-words and ( T> is the base 
address. The resulting address for the branch ls 
undefined if the R designator ls equal to either 
the S deslgnator or the T designator. 

36 7 64 BR BRANCH ANO SET<R>TO NEXT INSTRUCTION 

After storing the address of the next sequential 
instruction into register R, branch to CS> + (T) 
where CS) ls an Item count of half words and ll) ls 
the base address. Bits o through 15 of register R are 
forced to zeros. Blts 59 through 63 of register R are 
undefined. If the R designator is equal to the S 
designator the results of this instruction are 
undefined. 

(continued) 
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NOTES If S=O, and R=T, this lnstructlon sets 
register R to the ha If-word address· of the next 
instruction and the program continues at the next 
instruction. This ls a way to sample the program 
address reglster <Pl. 

37 A 54 NT TRANSMIT JOB INTEVAL TIMER TO <T> 

Transmit the contents of the Job Interval Timer into 
bits 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 Mode, the operation of this 
instruction ls undef lned. 

38 A &4 IN TRANSMIT <R BITS C00-15) ro r errs 
(Q0-15) 

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

39 A 64 NT TRANSMIT REAL-TIME CLOCK TO (T) 

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

3A A 64 NT TRANSMIT CR> TO JDS INTEVAL TIMER 

When executed ln Job Mode, this lnstructlon transmits 
bits 32 through 63 of 64-bit register R to the Job 
Interval Tlmer. S and T must be zero. (See Sections 
3.1.6.3 and 3.1.8.3). 

When executed in Monitor Mode, thls lnstructlon 
performs as a no-op. 

38 A 64 BR DATA FLAG REGISTER LOAD/STORE 

Transfer the contents of register R to the data f Jag 
register and the original contents of the data flag 
register to register T. The transfer to and from tha 
data flag register will not occur untlt all 
outstanding operations that affect the data flags are 

(continued) 
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completed. This is not true tar the· Job 1nterv3I 
tlmer and breakpolnt Inputs. The S designator ls 
undef lned and must be set to zero. The R and T 
designators may be the same and this wll I swap data 
flag packages. 

NOTES An Immediate data flag branch results at the 
termination of this instruction if the new 
contents of the data flag register meet the 
aoprooriate conditions. 

3C 4 32 NT HALF HORD INDEX MULTIPLYCR.)•(S) TO CT) 

The right-most 24 blts of register R and S contain 
signed, two•s complement Integers. Their product ls 
formed and stored into the right-most 24 bits of 
reglster T. The left-most 8 blts of reglster T are 
cleared to zeros. 

If the product or elther operand exceeds the value, 
±<C2••23>-1> the result is undefined. 

30 4 54 NT INDEX MULTIPLY CR)•(S) TO <T> 

The right-most 48 bits of registers R and S c~ntain 
signed, two•s complement integers. Their product is 
formed and stored into the right-most 48 bits of 
register T. The left-most 16 blts of register T are 
cleared to zeros. 

If the oroduct of either operand exc~eds the value, 
±«2""" ... 47>-U the result ls 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 blts of 
register R (the slgn of the 16-bit immediate operand 
ls extended through bit 16). 

3F 6 64 IN INCREASE<R> BY I (16 3ITS> 

Replace the right-most 48 blts of register R by the 
sum of those bits and the right-most 16 bits of this 
instruction Cthe sign of the 16-blt l~medlate operand 

(continued) 
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3.2.1.65 
3.2.1.66 
3.2.1.67 
3.2.1.68 
3.2.1.69 
3.z.1.10 
3.2.1.71 
3.2.1.12 
3.2.1.73 
3.2.1.71.+ 
3.2.1.75 
3.2.1.76 
3.2.1.77 

ls extended through bit 16 for· the addition>. 
Arithmetic overf 1ow ls ignored. 

40 4 
41 4 
!.+ 2 l+ 
43 
'+'+ 4 
45 l+ 
46 4 
47 
48 4 
49 !.+ 
4A 
48 4 
l+C l+ 

32 RG 
32 RG 
32 RG 

32 RG 
32 RG 
32 RG 

32 RG 
32 RG 

32 RG 
32 RG 

ADO u; CR)+CS) TO CT) 
ADD L; <R>+<Sl TO <T> 
ADO N; CR> +(S) TO CT) 
ILLEGAL 
SUB u; CR>-CS> TO (T) 

SUB L; <R>-<S> TO (T) 

SUB N; CR)-(S) TO (T) 

ILLEGAL 
HPY u; (R)~(S) TO CT> 
HPY L; <R> ... <S> TO CT> 
ILLEGAL 
HPY s; {R)~(S) TO <T> 
DIV u; lR)/(S) TO CT> 

These lnstructlons oerform the lndic3ted floating 
point arlthmetlc operation on the 32-bit floating 
point operands contained ln the registers designated 
by Rands. The result ln each case is stored ln the 
register d~signated by T. 

U slgnlfies that the Upper Result of the ooeation is 
returned; L signifies the lower Result; S signifies 
the Significant Result; and N signifies the 
Normalized Upper Result. 

Data f lagst bits 41, 42, 43 and 46 

40 6 32 IN HALF WORD ENTER R WITH I<16 BITS> 

Clear register R and transfer the ri]ht-~ost 16 bits 
of this Instruction to the right-most 24 bits of 
register R (the sign of the 16-blt immediate operand 
ls extended through bit 8). 

l+E 6 32 IN HALF WORD INCREASE R BY IC16 BITS> 

Replace the rlght-most 24 blts of register R by the 
sum of those blts and the rlght-most 16 bits of this 
Instruction (the sign of the 15-bit lmmedlate operand 
ls extended through bit 8 for the addition). 
Arithmetic overflow is ignored. 
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4F 4 32 RG DIV s; (R)/(S) TO CT> 

This Instruction performs a Dlv·lde Significant 
operation on the 32-blt f loatlng point operands 
contained In the registers designated by R and s. 
The result is stored in the register designated by T. 

Oata flags: bits 41, 42, 43 and 46 

50 A 32 RG TRUNCATE; CR> TO <T> 

Transmit to destination register T the nearest 
integer ~hose magnltude ls less than or equal to the 
32-blt f loatlng point operand in origln register R. 
This integer is represented as an unnormalized 3z-blt 
floating point number having a positive exponent. 

If the exponent of the source operand 'is positive 
(greater than or equal to zero), the operand is 
transmlttec dlrectty to the destination register. 

If the exponent of the source operand ls negative, 
the magnitude of the coefficient is shifted rignt end 
off, and the exponent is increased by one for each 
bit position shifted until the exponent becomes zero. 
Zeros are ~xtended on the left during the shift. If 
the coef f lclent of the source operand ls positive, 
the shifted coef flcient with zero exponent ls entered 
into the destlnatlon register. If the coeff lcient of 
the source operand is negative, the two's complement 
of the shifted coefficient with zero exponent ls 
entered into the destination register. 

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

Data f Jagl bit 46 

51 A 32 RG FLOOR; <R> TO (T) 

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

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

(continued) 
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If the exponent of the source operand is negative, 
the coefficient ls shifted right end off and the 
exponent ls increased by one for each blt position 
shifted untll the exponent becomes zero. Sign bits 
are extended on the left during the shlft. The 
shifted coef f lclent wlth zero exponent is entered 
lnto the destination register. 

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

Data f lagl bit 46 

52 A 32 RG CEILING; CR> TO CT) 

Transmit to destination register T tne nearest 
Integer greater than or equal to the 32-blt f loatlng 
point operand- in origin register R. This integer is 
represented as an unnormaf ized 32-bit f loatlng point 
number havlng a positive exponent. 

If the source operand•s exponent ls oosltive (greater 
than or equal to zero}, the operand is transmitted 
dlrectly to the destination register. 

If the exponent of the source operand ls negative, 
the two•s complement of the coefficient is shifted 
right end off and the exponent is increased by one 
for each bit position shifted until the exponent 
becomes zero. Slgn blts are extended on the left 
durlng the shift. The two's complement of the shifted 
coefficient with zero exoonent is entered into the 
destination r~glster. 

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

Data f lagt bit ~6 

53 A 32 RG SIGNIFICANT SQUARE ROOT; <R> TO CT> 

Transmit to 32-blt register T the square root of a 
32-blt floating point operand ln register R. 

Data f lagst bits 43, 45 and 46 
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54 4 32 RG ADJUST SIGNIFICANCE; 
TO <T) 

T I 0 N s -------49 

CR) PER CS> 

AdJust the significance of the f loatlng point operand 
in register R and transmit it to result register T. 

A slgned, two•s complement, integer is contained in 
the rlght-~ost 24 bits of registers. The absolute 
value of this integer is a shift count. 

If the shift count ls posltlve, shift the operand•s 
coefficient left the number of places soecif iec by 
the shift count or by the number of shifts need~d to 
normal lze the coefficient, whichever ls smal Jer. In 
either case, the exponent of the operand ls reduced 
by one for each place actually shifted. An al I zero 
coefficient wll I be shifted left the number of places 
soeclf led. 

If 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 olace shlfted. If R is 
indefinite, T wil I be lndeflnlte and data flag bit 
46 ls set. If R ls machine zero, T wi 11 be machine 
zero and data flag bit 43 wlt I be set. 

This Instruction is undefined if the absolute value 
of the shift count ls greater than 23 base 10• Note 
that the addition of the shift count can cause either 
exponent overflow or exponent underflow. 

Data f lagst bits 42, 43 and 46 

55 4 32 RG ADJUST EXPONENT; (R) PER CS> TO CT> 

Transmit the adjusted operand from r~glster R to 
result register T. The exponent of the result is set 
equal to the exponent of the operand ln register s. 
The coefflclent of the result ls formed by shifting 
the coef f iclent of the operand from register R. 

The shift count used ls the difference between the 
exponents ln registers R and s. If the exponent in 
register R ls greater/less than the exoonent in 
registers, the shift is to the left/right, 
respectively. For zero coef f lcients in register R, 
the exponent from register S ls copied to register 
T with an all-zero coefficient. 

(continued) 
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If a left shlf t exceeds the nu~ber of places required 
for normalization, the result ls set to indefinite, 
and data flag blt 42 ls set. If either or both 
operands are lndef in!te or machine zero, the result 
ls set to Indefinite. In thls case, data flag bit 4G 
ls set and data flag bit 42 ls not set. 

Data flagsa blts 42 and 46 

56 7 32 NT SELECT LINK 

For certain vector operations CSee T3b1e 1), this 
instruction pr~vldes the ability to combine two 
vector operations into one single operation. The 
link instructlon accomplishes this by chaining the 
output of the f lrst vector•s function to one of the 
inputs for the second vector•s function. The link 
instruction must be fol lowed immediately by the two 
vector instructions to be linked such as: 

: 56 : R l S I T 

I Ft : Gi I Xi l Ai : Yi Bi z1 :cc+i>1 
:-----~-~~---------~~:~----~-~~-~~-----~~-: ~ ~ ~ -
I F2 I G2 : XZ : A2 : Y2 ; B2 z2 

The entire operation wllJ be done as one vector with 
function Fi preceding function F2. Designators z2, 
C2, <C+-1>2 and G2 bits 1, 2 wll 1 be used to specify 
the output stream and designators Z1, Ci, <C+1)1 and 
Gi blts 1, 2 wl11 be ignored. Between the two 
vectors there can only be two input streams Cone A 
and one 8) with one broadcast value or one Input 
stream with t~o broadcast values Cone A and one BJ. 
Which streams and which broadcast values are selected 
are specif led by G1 blts 3, 4; G2 blts 3, 4 of the 
vector instructions and R bits 3, 4 of the I ink 
Instruction. See Table 2 for possible combinations. 

The two inouts to the first function Fi are Ai 
<selected by designators x1, Ai and Gt bit 3) and Bi 
<selected by deslgnators Y1, 81 and Gi bit 4). The 
two Inputs <I2 and Jz> to the second function CF2> 
are the cutout of Ft and either input A2 (selected by 
designators xz, A2 and G2 blt 3) or input 82 

(continued) 



:CONTROL DATA I E N G I N E E R I N G NO. 3f 1uuu1 u 
DATE Jan., 1980 

: Corporation : s p E c I F I c A T I 0 N PAGE 112 
REV. A 

~~ 

------- S U P E R c 0 H p U T E R 0 p E R A T I 0 N s ..... _ .... _ _._ ... 

Stream A 

CCont•d) 

(selected by designators Y2, 82 and G2 blt 4). The 
lnout conf iguratlon to F2 ls deter~lned by R bits 3 
and 4 of the llnk lnstructlon. 

R bl ts : State : Int eroretat ions 

---------------:-----------------------------------: 

l 0-2 
: 5-7 

:oR: 
---->I 

100 :Pass 

: 0 1 :Select A2->I2, F1->J2 and ignore 82: 

;10 :Select 82->J2, F1->I2 and ignore A2: 

111 :Select F1->I2 and F1->J2 and ignore: 
: 82 & A2 

:Undefined and must o~ set to zero 

-------->:OR IOR: 
:- ----->: 

s 
Broadcast--->f A11 

I 
Broadcast->tA2 : I 2: 

--->: 
:--: Fl :--: F2 STREAM C2 

Broadcast---> I OR I :----------------------: IOR: :---------> 

Stream B 

I --->: 1 

---->IB1: Broadcast->:oR 
: 
I 

-------->:az 

(continued) 
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o G1 bit 0 and G2 bit 0 must be equal. 
o G1 bits 5-7 apply to F1. 
o G2 blts 5-7 apply to F2. 
o S and T desl gnators of 1 lnk are undefined 

and must be set to zero. 

Instructions that can be used in a link operation. 

FIRST VECTOR (Fl) SECOND VECTOR (F2) 
)-~~-~----~---~- .... -~~----- --~~~~~~-----~~ .... ~--~~--~· 

• :Instruction ~ :Instruction 

1 :8A 1 :8A 

2 :go 2 :go 
---1-------------------- ---:--------------------

3 :88,89,88 : 3 :88,89,88 

:---:--------------------:---:------------~----~--
:80,a1,a2,a3,a4,as~a6: :ao,a1,B2,a3,a4,a5,a5 

: 4 :a1,90,91,9z 1 4 :a1,90,91,gz,c4,c5, 
I lC6,C7 

• Functional unlt number wherei 

1• Array shift 
2. Pack, Exponents, Array Logical 
3. Array Multiply 
4. Array Add 

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

<continued) 
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Combinations of R, G1, and G2 blts 3 and 4 that can 
be selected. 

:R Bits 3,4=01 R Bits 3,4=10 R Bits 3,4=111 

:G1 Blt 3 = 0 1 1 1 0 0 0 0 1 1 0 0 1 1 

:G1 Bit 4 = 0 0 0 1 1 0 1 1 1 0 0 1 0 1 
:----~----~- -------~----- ---------~--- -------~----~ 
IG2 Bit 3 = 1 0 1 0 1:0 0 0 0 0 0 0 0 0 

tG2 _Bit 4 = 0 0 0 0 0:1 0 1 0 1:0 0 0 O 

o Combinations other than above produce undefined 
results. 

57 ILLEGAL 

5 8 A 3 2 RG TR A NS M IT ; ( R l T 0 t T> 

Transmit the operand ln 32-blt register R to 32-blt 
register T. 

59 A 32 RG ABSOLUTE; CR) TO <Tl 

Transmit the absolute value of the 32-blt floating 
point ooerand in register R to register T. 

SA A 32 RG EXP.; CR> TO (T) 

Transmit the exponent from the left-most 8-blt 
positions of the origin register R to the right-most 
8-blt positions of destlnatlon register T. The sign 
of the exponent ls extended through bit 8 of 
destination register T, the left-most 8 bits of the 
destination register are cleared to zeros. 

58 4 32 RG PACK~ CR), (S) TO CT> 

Transmit a 32-blt f loatlng point numoer to the 
destination regl~ter T. The exponent of the nu~ber 
is obt3ineo from the right-most 8-bit oosltions of 
register R and the coefficient ls obtained from the 
right-most 24-blt positions of reglster S. 
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5C A B RG EXTEND; 32 BIT<R> TO ql+ B!T(T) 

Extend the f J oat lng oolnt number-: from 32-bl t register 
R lnto a 64-bit f loatlng point number and transmit 
the result to 64-blt register T. The value of the 
resulting 16-bit exponent ls 21+ less than that of 
the origin operand•s exponent. The coeff lclent ls 
obtained by transmitting the right-~ost 24 bits of 
the origin register into bits 16 through 39 of the 
destlnation register. The right-most 24 bits of the 
destination register are cleared to zero. 

If R is inaef inite, T w i I I be indefinite and d3ta 
flag bit 46 w i I t be set. If R ls machine zero, T 
w i I I be machine zero and data f I ag bit 43 w l l I be set. 

Data f I ag: bit 43 and 46 

50 A 8 RG INDEX EXTEND; 32 BIT CR> TO 64 BIT CT) 

Extend the floating point number from 32-blt register 
R into a 64-blt f loatlng point number and transmit 
the result to 64-bit register T. The value of the 
resulting 10-blt exponent is the same as the origin 
operand•s exponent. The coefficient is obtained by 
transmitting the rlght-most 24 bits of the origin 
register into bits 40 through 63 of the destination 
register. Bits 16 through 39 of the destination 
register are set to the sign of the origin 
coefficient. 

If R ls indef lnlte, T w i I I be indef lnite and data 
flag bit 46 w 1 I I be set. If R is machine zero, T 
w i I I be machine zero and data f I ag bit 43 w i I I oe set. 

Data f Jag I bit 43 and 46 

SE 7 32 NT LOAD; ( T> PER ( s) ' ( R) 

SF 7 32 NT STORE; CF> PER ( s) ' <R> 

Load/store 32-blt register T from/into the address 
specified by <R> + CS) where lR> is the base address 
and (S) ls an item count of half-words. Note that S 
and R are 64-blt registers and that the item ccunt 
ls shifted left fl~e places before the addition. 
Overflow from this addition ls ignored, if it occurs. 
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60 4 al+ RG ADO u; <R>+CS) TO (T) 

61 4 64 RG ADD L; CR>+CS) TO ( T> 
62 4 64 RG ADO N; <R>+<Sl TO (T) 

These instructions perform the 1ndicaled floating 
point arithmetic operatlon on the 64-blt f loatlng 
point operands contained In the registers designated 
by Rands. The result ln each case ls stored ln the 
register designated by T. 

U signifies that the upper result of the ooeratlon ls 
returned; L signifies the lower result; and N 
signlf ies the normal lzed upper result. 

Data f tagst bits 42, 43 and 46 

63 4 64 RG ADD ADDRESS; CR)+(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, positive, unsigned 
integers. Arithmetic overf Jow is ignored. Bits 0 
through 15 of reglster R are transferred without 
modification to bits O through 15 of register r. 

54 
65 
6& 

l+ 64 RG 
l+ 54 RG 
l+ 5L+ RG 

SUB u; <R>-<S> TO <T> 
SUB L; <R> -CS) TO (T) 

SUB N; <R>-<S> TO <T> 

These instructlons perform the indicated floating 
point arithmetic operation on the 64-bit floating 
point ooerands contained in the registers designated 
by Rands. The result ln each case is stored ln the 
register designated by T. 

U slgnifies that the uooer result of the ooeration ls 
returned; L slgnlfles the lower result; and N 
signifies the normalized upper result. 

Data flags: blts 42, 43 an 46 

67 L+ 64 RG SUB ADDRESS; <R> -<S> TO CT> 

This instruction subtracts blts 16 through 63 of 
register S from bits 15 through 63 of register R and 
stores the result in bits 16 through 63 of register 
T. Blts 16 through 63 are treated as. t+8-blt, oositlve 
unsigned integers. Arithmetic overflow ls ignored. 
Bits a through 15 of register R are transferred 
without modiflcatlon to blts 0 through 15 of 
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3.2.1.105 68 4 61+ RG MPY u; <R>•<S> TO ( T) 
3·2·1·106 69 4 61+ RG MPY L; CR)"'(S) TO (l) 
3.2.1.10? 6A ILLEGAL ~ 

3·2·1·108 68 4 61+ RG MPY s; <R>•<S> TO (T) 
3.2.1.109 &C 4 64 RG DIV u; CR)/(S) TO <T> 

Reg R 

I Reg T 

These instructions perform the Indicated floating 
polnt arlthmetlc operation on the 64-blt floating 
point operands contained in the registers designated 
by Rands. The result ln each case ls stored ln the 
register designated by T. 

U signifies that the upper result of the operation ls 
returned; L slgnlfies the lower result; S slgnifles 
the signlf icant result. 

Data f l~gsl bits 41, 42, 43 and 46 

60 4 o4 RG INSERT BITS; CR> TO CT> PER CS) 

This instruction inserts the right~most bits of the 
register designated by R into the register 
designated by T. 

INSERT 

v 

: : m 
:<-------->: 
I : bits 

... 

m 
:<--------->I 

bl ts 

" I 

" I 
•These bits are unaltered 

bit n 

(continued) 
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Reg S : 0---0 I m I 0-----------------------0 : n 

Reg R 

0 

I 

9 10 15 16 57 58 &3 

Bits 10 through 15 of the register soeclfied by S 
contain 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 wl11 be placed. Bits 
a through 9 and 16 through 57 of register S are 
undef lned and must be set to zero. 

If the ~ designator ls equal to zero, then register 
zero wilJ provide machine zero. If~ plus n is 
greater than 64[DJ, or lf m is eQuaJ to zero, the 
results of thls lnstructlon are undefined. 

6E 4 64 RG EXTRACT BITS; <R> TO CT) PER CS) 

This lnstructlon extracts blts from the register 
designated by R and stores them into the right-most 
portion of the register specified by T. Register T 
is cleared before receiving the extracted bits. 

m 

t<-------->I 

blt 
n 

bits 

I\ 

I EXTRACT 

v 

n 

Reg T : 0------------------------------------0 l<-------->r 
I bl ts 

(continued) 



I 

:CONTROL DATA I E N G I N E E R I N G NO. 371QOo70 
DATE Jan., 1980 

: Corporation I s p E c I F I c A T I 0 N PAGE 119 
REV. A 

'4! 

------- S U P E R c 0 H p u T E R 0 p E R A T I 0 N s -----------

Reg S : o---o : 
: 

0 g 10 

m I 0-----------------------0 f n 
I 

15 16 57 58 63 

Bits 10 through 15 of the register soecif led by S 
contain the number Cm> of bits to be extracted from 
register R. The right-most 6 bits of register S 
specify the left-most bit number of the extracted 
bits. Bits Q through 9 and 16 through 57 of register 
S are undefined and must be set to zero. 

If the R designator is equal to zero, register zero 
wl 11 provide machine zero. If m pl us n is greater 
than 64(0], or if m is equal to zero, the results of 
this instruction are undef lned. 

6F 4 54 RG DIV s; (R)/(Sl TO <T> 

This Instruction performs a Divide Signlf lcant 
operation on the 64-bit floating point operands 
contained ln the registers designated by R and s. 
The result is stored in the register designated by T. 

Data flags: bits 41, 42, 43 and 46 

70 A 64 RG TRUNCATE; CR) TO (T) 

Transmit to destination register T the nearest 
Integer whose magnitude ls less than or eQual to the 
magnitude of the 64-blt floating point operand ln 
orlgln register R. The integer is represented as an 
unnormalized 64-bit floating point number having a 
positive 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 magnitude of the coef ficlent is shifted right 
end off and the exponent ls increased by one for each 
bit position shifted until the exponent becomes zero. 
Zeros are extended on the left during the shift. If 
the coefficient of the source operand is positive, 

<continued) 
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the shifted coefflclent with zero exponent ls entered 
Into the destlnatlon reglster. If the coeff lclent of 
the source operand is negatlve, the two•s complement 
of the shifted coefficient with zero exponent is 
entered lnto the destlnatlon register. 

If a machine zero ls used as an operand, 64 zeros are 
returned as a result. 

Data flag: blt 46 

71 A 64 RG FLOOR; (R) TO (T) 

Transmit to destination register T the nearest 
integer less than or eQual to the 64-bit floating 
point operand in origln reglster R. Thls integer ls 
represented as an unnormal lzed 64-bit f loatlng point 
number having a positive exponent. 

If the source operand•s exponent ls oositlve (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 coeff iclent ls shifted right end off and the 
exoonent is increased by one for each bit position 
shifted until the exponent becomes zero. Sign bits 
are extended on the left during the shift. The 
shifted coefflclent with zero exponent ls entered 
into the destlnatlon register. 

If a machine zero ls used as an operand, 64 zeros are 
returned as a result. 

Data flag: bit 46 

72 A 64 RG CEILING; (R) TO (T) 

Transmit to destlnatlon register T the nearest 
integer greater than or equal to the 64-bit f loatlng 
polnt operand in orlgln register R. This integer ls 
represented as an unnormalized 64-bit floating ooint 
number having a posltl~e exponent. 

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

(continued) 
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If the exponent of the source operand is negative, 
the two•s complement of the coefficient is shifted 
right end off and the exponent ls increased by one 
for each blt position shifted until the exponent 
becomes zero. Slgn bits are extended on the Jef t 
during the shift. The two•s complement of the shifted 
coefficient with zero exponent ls entered into the 
destlnation register. 

If machine zero ls used as an operand, 64 zeros are 
returned as a result. 

Data flags bit 46 

73 A 64 RG SIGNIFICANT SQUARE ROOT; CR> TO (T) 

Transmit to register T the square root of the 64-bit 
f toating point operand in register R. 

Data flags: bits 43, 45 and 46 

7l+ '+ al+ RG ADJUST SIGNIFICANCE; CRJ PER CS) TO CT> 

AdJust the significance of the floating point operand 
in register Rand transmit lt to result register T. 

A signed, two•s complement integer ls contained in 
the right-most 48 bits of register s. The absolute 
value of this integer ls a shlf t count. The left
most 16 bits of register S are ignored. 

If the shift count ls posltlve, shift the ooerand•s 
coefficient left the number of places specified by 
the shlft count or by the number of shifts needed to 
normal lze the coefficient, whichever ls smaller. In 
elther case, the exponent of the operand is reduced 
by one for each place actually shifted. An all zero 
coefficient ~ill be shifted left the number of places 
speclf led. 

If the shift count is negative, shift the ooerand•s 
coeff lcient right the number of places specif led by 
the shift count and increase the exponent of the 
operand by one for each olace shlfted. 

(continued) 
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This lnstructlon ls undef lned l ( the absolute value 
of the shift count ls greater than~47COJ. Note that 
the addltlon of shlft count can cause either exponent 
overflow or exponent underflow. 

If R ls lndeflnlte, T ~11 I be definite and data flag 
bit ~6 wll I be set. If R ls machine zero, Twill be 
machine zero and data f Jag blt 43 wll I be set. 

Data f lagst bits 42, 43 and 46 

75 4 &4 RG ADJUST EXPONENT; CR) PER CS> TO CT> 

Transmit the ad]usted op~rand from register R to 
result reglster T. The exponent of the result ls set 
equal to the exponent of the operand in register s. 
The result ls formed by shifting the coefficient of 
the operand from reglster R. 

The shift count used ls the dlf ference between the 
exponents ls register R and s. If the exoonent in 
register R ls greater/less than the exoonent in 
register s, the shlft ls to the left/right, 
respectively. For zero coefficients in register R, 
the exponent from register S is copled to register T 
with an al I-zero coef ficlent. 

If a left shift exceeds the number of places 
required for normallzatlon, the result ls set to 
indefinite and data f fag 42 ls set. If either or 
both operands are lndef inite or machine zero, the 
result ls set to indeflnlte. In this case, data flag 
bit 4G is set and data flag bit 42 is not set. 

76 A 8 RG CONTRACT; 64 BIT <Rl TO 32 BIT CT> 

Contract the 54-blt f loatlng point number from 
register R into a 32-bit floating point number and 
transmit the result to 32-blt register T. 

(continued) 
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Input_.EXQonent R~suJt· ...,. 

7FFF 
: 

7000 

oFFF 
: 

0058 

0057 
l 
a 
: 

FF78 

FF77 
: 

8000 

Result Indef lnite 
Indef lnlte Data Flag 46 

Result Indef inlte 
Oata Flag 1+2, 46 

Result exponent 24£0] 1arger 
than input exponent 
Copy tef t-most 24 bits of 
input coef f iclent 

Resu1t machine zero 
Data Flag 43 

The 24-bit result coefficient is copied from the 
left-most 24 bits of the 48-bit source coefficient 
Cb its 15 through 39). Thls has the effect of 
contracting all negative.source coefficients, whose 
absolute values (neglecting the exponent} were less 
than or equal to <2••24>, to a minus one. 

Data flagsl blts 42, 43 and 46 

77 A 8 RG ROUNDED CONTRACT; 64 BIT ( R) TO 32 BIT 
<Tl 

Perform a rounded contract operation on the 64-bit 
floating point number in register Rand transmit the 
32-blt floating point result to 32-blt register T. 
A oosltive one ls added to the origin operand in bit 
position 40. If overflow occurs the exponent ls 
increased by one and the coefficient is shifted right 
one place. The left-most 24 bits of this 48-bit sum 

(continued) 
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3.2.1.123 

are then transmitted to the 24-blt ~oef ficlent 
portion of register T. Each non-endcase result 
element•s 8-blt exponent ls 24(01 <25(0] If overflow 
occurred) greater than the corresponding source 
element•s exponent. 

Data f lagsl bits 42, 43 and 46 

78 A 64 RG TRANSMIT; (R) TO (T) 

Transmit the 64-blt operand ln register R to 
register r. 

79 A 64 RG ABSOLUTE; (R) TO ( T) 

Transmit the absolute value of the 64-blt ff oating 
ooint ooerand ln register R to register T. 

Data flags: bl ts 42, 43 and 46 

7A A 64 RG EXP.; <Rl TO CT> 

Transmit the exponent from the left-~ost 16-blt 
posltlons of orlgln register R to the right-most 
16-bit positions of destination register T. The sign 
of the exponent ls extended through blt 16 of 
destination register T. The left-most 16 bits cf the 
destination register are cleared to zeros. 

78 4 54 RG PACK; (R), CS) TO CT> 

Transmit a 64-blt f loatlng point number to 
destination register T. The exponent of the number 
is obtained from the right-most 16-bit positlons of 
register R, and the coeff lclent ls obtained from the 
right-most 48-blt positions of register s. 

lC A 64 RG LENGTH; CR) TO < T> 

Transmit the left-most 16-blt positions of origin 
register R to the right-most 16-blt oosltlons of 
destination register T. The left-most 48 bits of the 
destination register are cleared to zeros. 
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70 7 64 NT SWAP; S----->T ANO R----->S 

Hove to destlnatlon f leld T, a portion of the 
register file beginning at the 64-bl~ register 

--~------ .. 

soeclf ied by the right-most eight blts of register s. 
Transmit source field R to the register flle 
beginning at the 64-blt register specified by the 
right-most eight bits of reglster s. 

The left-most 16 bits of register R 3nd T specify 
the field length In words for the source and 
destination fields, respectively. The fleld lengths 
of the source and destination f iefds may be different 
but each must be even. A zero f leld length indicates 
no transfer for that field. Any transfer of words 
into or out of the register file that becomes 
exhausted of registers (i.e., beyond the bounds of 
the register file), causes the lnstructlon to become 
undef lned. 

The right-most 48 bits of registers R and T specify 
the base address of the source and destination 
fiel~s, resoectively. These addresses must soecify 
an even 64-bit word ln central storage. Bits 57 
through 63 of register Rand T are undefined and must 
be set to zero. Overlap of the source and destination 
fields is allowed only if the base addresses for both 
fields are equal. 

Registers R, s, or T, may be ln the range of the 
registers being swapped. 

The starting register in the fl te specified by the 
right-most eight bits of the register specified by S 
must be an even register or thls instructlon wil I be 
treated as an undefined instruction. For additional 
material see Section 3.1.7 on the Register File. 

7E 7 6~ 
?F 7 GZ+ 

NT LOAD; (T) PER CS), CR) 
NT STORE; (T) PER CS>, CRJ 

load/store G4-blt register T from/into the address 
specified by CR> + CS> where <R> is the base address 
and CS> is an item count of words. 

80 1 
81 1 

E VT ADO u; A+B---->C 
E VT ADO L; A+B---->C 
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3·2·1·133 
3·2·1·134 
3·2·1·135 

82 1 E VT ADO N; A+B---->C 

These Instruct ions perform fhe~ Indicated f 1 oat Ing 
oolnt arithmetic operations on elements of vectors 
A and 8. The results are stored into vector c. 

U Signifies that the upper result of the operation is 
returned; L si~nlfles the lower result and N 
signifies the normalized upper result. Sign Control 
ls permitted, see 3.1.4.9 for details. 

Data fl3gsZ bits 42, 43 and 46 

83 1 54 VT ADD ADDRESS; A+B---->C 

This instruction adds bits 16 through 63 of the 
elements of the B vector to bits 16 through 53 of 
the ele~ents 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, 
positive, unsigned integers. Arithmetic overflow 
is ignored. Sits 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. 
Blt a, 5, 5, and 7 of the G designators must be set 
to zero. 

8l+ 1 
85 1 
86 1 

E VT 
E VT 
E VT 

SUB u; A-B---->C 
SUB L; A-B---->C 
SUB N; A-8---->C 

These ooerations perform the indicated floating point 
arlthemtic operations on elements of vectors A 3nd 8. 
The results are stored into vector c. 

U slgnlfles that the upper result of the operatlon ls 
returned; L signifies the lower result; and N 
slgnlfles the normalized upper result. Sign Control 
ls permitted, see 3.1.4.9 for details. 

Data flagsi bits 42,- 43 and L+6 
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87 1 6~ VT SUB ADDRESS; A-8---->C 

This instruction subtracts ~lts 16 through 63 of the 
elements of the 8 vector-from bits 15 through 63 of 
the elements of the A vector and stores the results 
In bits 1& through 63 of the elements of the C 
vector. Bits 16 through 53 are treated as 48 bit, 
oosltlve, unsigned integers. Arithmetic overflow 
ls 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 o, 5, 6 and 7 of the G designator must be set 
to zero. 

88 
89 

1 
1 

E VT 
E VT 

MPY u; A¥8---->C 
HPY L; A¥B---->C 

These instructions perform the indicated floating 
point arithmetic operations o~ elements of vectors A 
and 8. The results are stored lnto vector c. 

U signifies that the upper result of the ooeratlon is 
returned; L slgnlfles the lower result; and S 
signlf ies the significant result. Sign Control ls 
oermitt~d, see 3.1.4.9 for details. 

Data f lagst bits 41, 42, 43 and 46 

8A 1 64 VT SHIFT; A PER 8----> C 

This instruction shifts the G4-blt elements from 
source vector A by corresoondlng ele~ents from source 
vector Band stores them into result vector c. If 
the rightmost byte of the element in vector B is in 
the range from 0 through 3F base 1G CO trhough 63 
base 10>, the element from vector A is shifted left 
end-around the number of specif led places. If the 
rlghtmost byte of the element in vector B ls ln the 
range from FF through C1 base 1G C-1 through -53 base 
10), the element from vector A ls shifted rlght with 
slgn extension. Blt 0 of operands ln vector A is the 
sign bit for extension and the number for right 
shifts is equa1 to the two•s complement of the 
right~ost bytes of operands in vector s. If the 
rightmost byte of elements from vector 8 ls greater 
than 3F or less than Ci base 16, the results are 
undefin~d. The leftmost seven bytes of elements in 
vector 3 are Ignored. 

<continued) 
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3.2.1.141 
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G blts O and 5-7 are undef lr.ed~and must be set to 
zero. 

88 1 E VT MPY S; - A-¥-8---->C 
BC 1 E VT 0 IV U; A/B---->C 
80 ILLEGAL 
8E ILLEGAL 
8F 1 E VT DIV s; A/8---->C 

These instructions perform the lnd1c3ted floating 
polnt arlthmetlc operations on e1em~nts of vectors A 
and 8. The results are stored into vector c. 

U signifies that the upper result of the operation is 
returned; L signifies the 1o~er result; and S 
signifies the slgnif icant result. Sign Control is 
permitted, see 3.1.4.9 for detalls. 

Data f lagss bits 41, 42, 43 and 46 

90 1 E VT TRUNCATE; A---->C 

Each element of result vector C is the nearest 
Integer whose magnitude ls less than or equal to the 
magnitude of the corresponding f foating oolnt element 
of source vecto~ A. This Integer is reoresented by 
an unnormalized floating point number having a 
posltlve exponent. 

If the source element's exponent is oosltlve (greater 
than or equal to zero), the element is transmitted 
directly to the result field. 

If the exponent of the source element ls negative, 
the magnitude of the coef flcient ls shifted right end 
off and the exponent ls Increased by one for each blt 
position shifted until the exponent becomes zero. 
Zeros are extended on the left during the shift. If 
the coefficient of the source element ls positive, 
the shifted coef flclent with zero exoonent is 
transferred to the result field. If the coef ficlent 
of the source element is negative, the two's 
complement of the shifted coeff lcient with zero 
exponent ls transferred to the result flefd. 

The Y and 8 designators and bits 4-7 of the G 
designator are undef lned and must be set to zeros. 

(continued) 
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If machine zero ls used as an oeerand element, the 
result element wilt be all zero.-

Data flag: Blt 46 

91 1 E VT FLOOR;A--->C 

Each element of result vector C ls 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. 

If the source element's exponent ls positive (greater 
than or equal to zero), the element is transmitted 
directly to the result field. 

If the expon~nt of the source etement is negative, 
the coefficient is shifted rlght end off and the 
exoonent ls increased by one for eacn bit position 
shifted until the exponent becomes zero. Sign bits 
are extended on the left during the shift. The 
shifted coefficient with zero exponent ls transferred 
to the result field. 

The Y and B design~tors and bits 4-7 of the G 
designator are undefined and must be set to zeros. 

If machine zero ls used as an operand element, the 
resulting element will be at1 zero 

Data flag: blt 46 

92 1 E VT CEILING;A--->C 

Each element of result vector C ls the nearest 
integer greater than or equal to the corresponding 
f loatlng point element of source vector A. This 
integer ls represented by an unnormal lzed floating 
polnt number having a oositlve exponent. 

If the source element•s exoonent is oosltive (greater 
than or equal to zero), the element is transmitted 
directly to the result field. 

(continued) 
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If the exponent of the source element is negative, 
the two•s complement of the coef f lclent ls shifted 
right end off and the exponent ls increased by one 
for each blt posltlon shifted until the exoonent 
becomes zero. Sign bits are extended on the left 
during the shift. The two•s complement of the shifted 
coefficient with zero exponent ls tr3nsferred to the 
result field. 

The Y and 8 designators and blts 4-7 of the G 
designator are undef lned and must be set to zeros. 

If machine zero ls used as an operand element, the 
resulting element will be all zero. 

Data flag: blt 46 

93 1 E VT SIGNIFICANT SQUARE ROOT; A--->C 

This instruction forms the square root of each 
element of vector A and places the result in vector c. 

The Y and 8 designators and bits 4 and 7 of the G 
deslgnator are undef lned and must be set to zero. 
Sign Control ls permitted, see 3.1.4.9 for details. 

Data flag: blts 43, 45 and ~6 

94 1 E VT ADJUST SIGNIFICANCE; A PER B--->C 

Adjust the significance of the f loatlng point 
elements from vector A and transmit them to result 
vector c. 
Signed, two•s complement integers are contained In 
the rightmost 48 (24> bits of the elements from 
vector 8. The absolute value of these integers are 
shift counts. 

If a shift count ls positive, shift the coef f lcient 
from vector A left the number of places soecif ied by 
the shift count or by the number of shifts needed to 
normalize the coefficient, whichever is smaller. In 
either case, the exponent of the ele~ent ls reduced 

(continued) 
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by one for each place shl fted •. ~n al I zero 
coefflclent will be shifted 1eft the number of ofaces 
speclf ied. 

If the shift count ls negatlve, shift the elernent•s 
coefficient right the number of places specified PY 
the shift count and Increase the exponent of the 
element by one for each place shifted. 

The result stored in vector C ls undefined if the 
absolute value of the shift count is greater than 
47(0] <23[0] for 32-blt operands). Note that the 
addition of the shift count to the exponent can cause 
either exponent overflow or exponent underflow. 

If A ls indef lnite, C wil I be indefinite and data 
flag bit 46 is set. If A ls machine zero, C wilt be 
machine zero and data flag bit 43 wil I be set. 

Bits 5-7 of the G designator are undefined and ~ust 

be set to zeros. 

Data f l3gs: bits 42, 43 and 46 
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95 1 E VT ADJUST EXPONENT;. A PER 8--->C 

Transmit ad]usted elements from yector A to result 
vector c. The exponent of a result element ls set 
eQual to the exponent of the associated element from 
vector s. The coefficient of the result elements are 
formed by shifting the coeff lcients of the operand 
elements from vector A. 

The shift count used ls the dlf ference between the 
exponents of associated elements from A and B. If 
the exponent of the element from A is greater/less 
than the exponent of the element from 9, the shift 
ls to the left/right, respectively. For zero 
coefficients in vector A, the exoonent from 
vect~r 8 ls copied to vector C with an alt-zero 
coef flclent. 

If a left shift exceeds the number of olaces required 
for normalization, the result ls set to indefinite, 
and data flag bit 42 ls set. If either or both 
operands are lndef inite or machine zaro, the result 
ls set to Indefinite. In this case, data flag bit 46 
is set and data flag blt 42 ls not set. 

Bits 5-7 of the G designator are undef lned and must 
be set to zeros. 

Data f lagsl bits 42 and 46 

96 1 8 VT CONTRACT; 64 BIT A--->32 BIT C 

Each 32-blt f loatlng point element of result vector 
C is formed by contracting the corresoondlng 64-blt 
floating point element of source vector A. Each 
non-endcase 8-blt result element•s exponent is 24[0] 
greater than its source element•s exponent. See 
the 76 Instruction <Register Contract> for detail. 

Each 24-bit result coefficient ls cooled from the 
left-most 24 blts of Its 48-blt source coef f lcient 
(bits 10 through 39). This has the effect of 
contracting al I negative source coef f iclents, whose 
absolute values (neglecting the exoonent> were less 
than or equal to <2••241, to a minus one. 

The Y and a designators and bits a, 4, 5, 6 and 7 
of the G designator are undefined and must be 
set to zero. 

Data f J3gs: bits 42, 43 and 46. 
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97 1 B VT ROUNDED CONTRACT; 64 9IT A--->32 BIT C 

Each 32-bit floating polnt elemenJ of result vector 
C ls formed by performlng a rounded contract 
operation on the corresponding 64-bit floating point 
element of source vector A. A positive one is added 
to the origin operand in bit position 40. If 
overflow occurs, the exponent ls increased by one and 
coefficient is shifted right one place. The left 
most 24 bits of this 48-blt sum are then transmitted 
to the 24-bit coefficient portion of the result 
vector element. 

Each non-endcase result element•s 8-bit exoonent is 
2 4 t 0 l ( 2 5 [ 0 l i f over f I ow o cc u rr e d > greater than the 
corresponding source element's exponent. 

The Y and 8 d~slgnators and bits o, 4, 5, 6 and 7 of 
the G designators are undefined and must be set to 
zero. 

Data flags: bits 42, 43 and 46 

98 1 E VT TRANSMIT;A--->C 

Transmit source vector A to result vector C. 

The Y and B deslgnators and blts 4-7 of the G 
designator are undefined and must be set to 
zeros. 

99 1 E VT ABSOLUTE;A--->C 

Each element of result vector C ls the absolute value 
of the corresponding element of vector A. The 
vectors contain f loatlng polnt elements. 

The Y and B designators and bits ~-7 of the G 
designator are undef lned and must be set to zeros. 

Data f 139! bits 42, 43 and 46 

9A 1 E VT EXP.; A--->C 

The eJ~~ents of result vector C are formed by storing 
the exponents from lnout 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 to the coefflclent sign 
blt positlon. The exponent portion of each e1ement of 
vector C is cleared to zero. 

The Y and 8 deslgnators and blts 4-7 of the G 
designator are undef lned and must be set to zeros. 

98 1 E VT PACK;A, 8--->C 

Transmit to result vector Ca 64/32 blt floating 
oolnt numb~r produced as fol lows. The result is 
formed by transmlttlng the right-most 16/8 blt 
positions of an element of source vector A (exponent> 
to the left-most 16/8 bit positions of result vector 
C and tne right-most 48/24 bit positions of an 
element of source vector B Ccoef flclent) to the 
rlght-most 48124 blt positions of result vector c. 

9C 1 B VT EXTEND; 32 BIT A--->6£+ BIT C 

The elements of result vector C are formed by 
extending the 32-blt floating point operands of 
v e c tor A into. G 4- bi t f I oat in g po int operands • The 
value of each of the resulting 16-blt exponents is 
24[0] less than that of the corresponding source 
element•s exponent. The coef f!clent of each result 
ls obtained by transmitting the right-most 24 bits of 
the corresponding source element Into bits 16 through 
3~ of the result element. The right-most 24 bits of 
each result are cleared to zeros. 

If bit 3 of the G designator ls set, indicating 
broadcast of the A register, the 8-bit A deslgnator 
wil I be interpreted as a 32-bit register designator. 

If an elemant of vector A ls lndeflnltey the 
corresponding element of vector C wll I be set to 
lndeflnlte and data flag blt 46 set. If an element 
of vector A is machine zero, machine zero wl I I be 
stored ln vector C and data flag bit L+3 '1111 be set. 

The Y and 8 designators and bits o, 4-7 of the G 
designator are undefined and must be set to zeros. 

Data flag: bit 43 and 46 
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90 1 E VT LOGICAL; A, 8----> C 

This instruction performs the blt by bit logical 
ooeration selected by G bits 5-7 between source 
vectors A and B with results stored in vector c. 

000 :00110101 011 I 100 S 101 : 110 : 111 

IEXCL. ORtANO: OR:STROKE:PIERCE1IMPLI.JINHIBITJEQUIV.: 

' -A-B :A.B:A+s:cA.8) l(A+-8) : A+B : A. B : A-8 
:~----~~~~~-~--~---------~~~-~---------~-~---~--~~~~--~--~-~-: 
: 0 0 
: a 1 
: 1 0 
: 1 1 

3.2.1.159 
3.2.1.160 
3.2.1.161 
3·2·1·162 
3.2.1.103 
3.2.1.16L+ 
3.2.1.165 
3.2.1.166 
3.2.1.167 
3.2.1.168 
3·2·1·169 
3.2.1.170 
3·2·1·171 
3.2.1.112 
3·2·1·173 
3.2.1.174 
3·2·1·175 
3.2.1.176 

0 0 0 1 1 1 0 1 
1 0 1 1 0 0 0 a 
1 0 1 1 0 . I 1 1 0 
0 1 1 0 D 1 0 1 

9E ILLEGAL 
9F ILLEGAL 
AO 2 E sv ADO u; A+B-->C 
At 2 E sv ADO L; A+B-->C 
A2 2 E sv ADO N; A+B-->C 
A3 ILLEGAL 
A4 2 E sv SUB u; A-8-->C 
A5 2 E sv SUB L; A-B-->C 
A6 2 E sv SUB N; A-8-->C 
A7 ILLEGAL 
A8 2 E sv MPY u; A•B--->C 
A9 2 E sv HPY L; A•B--->C 
AA ILLEGAL 
AB 2 E sv MPY S; A•B--->C 
AC 2 E sv DIV U; A/B--->C 
AD ILLEGAL 
AE ILLEGAL 
AF 2 E sv o·rv s; A/B--->C 

These instructions perform the Indicated floating 
point operation on elements of soarse vectors A and B 
and return the results to sparse vector c. An element 
ls read from sparse vector A whenever a one bit is 
encount~red in order vector x. An element ls read 
from sparse vec~or B whenever a one bit is found in 
order vector Y. A zero bit ln source order vector 
causes machine zero (normalized one for multiol ies 
and divides) to be used as the associated A and/or 8 
element. 

Ccontlnued) 
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Output order vector Z ls a bl t by_ bl t 1 ogle a I 
function speclfled by G blts 1 and 2 as fol 1owsJ 

G bit 1 2_Qlt 2 

0 
0 
1 
1 

0 

0 

1 

1 

0 
1 
0 
1 

.QR 

0 
1 
1 
1 

0 

1 

0 

1 

0 
0 
0 
1 

Z equals the logical or of X and Y 
for add/subtract ooeratlons. 

Z equals the logical and of X and 
Y for multloly/divide operations 

Z equals the loglcal and of X and 
Y for add/subtract operations. 

Z equals the JoglcaJ or of X and 
Y for multiply/divide operations. 

Z equals the logical exclusive or 
of X and Y for aJ I operations. 

Z equals the logical imp I !cation 
of X and Y for al I operations 

0 
1 
1 
0 

lJjPLICAil.Ql:l 

1 
0 
1 
1 

An output element of soarse vector C is generated for 
each 1 blt in order vector z. 
These Instructions follow the rules tor Sparse Vector 
Termination. 

The resulting length of sparse vector C ls 
transferred to the length soeclflcatlon oortlon of 
register c. 

U signifles that the Upper Result of the ooeratlon is 
returned; L slgnlfles the Lower Result; N slgnlfles 
the Normalized Upper Result and S signifies the 
significant result. Sign Control ls permitted, see 
3.1.4.9 for details. 

<continued) 
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<Cont•d) 

NOTE: Data f Jags are set only for output elements 
of sparse vector c. ~ 

G bits 3 and/or t+ are used to broadcast A and/or 8, 
respectively. 

Data f lagsl blts 41, 42, 43 and 46 

Sparse Vector Floating Add Example 

F G x y B z c 

;A o:s o:o 3:0 4:0 s:a &:o no a: 

Before Execution 

Register 03 ::: 0007000000003000 

Address 

0 4 :: 0000000000004000 
05 = 0008000000005000 
06 = 00000000000 05000 
07 = 0009000000007000 
08 = 0000000000008000 

4000 - 4040 

: A : A : A 
0 1 2 

3000 - 300& 

111QI011: 0: Qt 1: 

6000 - 60AO 

t B 18 : B I B : B : 8 
0 ' 1 2 s 3 t+ 5 

<continued) 

, __ / 
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32 bits 
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3.2.1.176 

Address 5000-5007 

a o: 1: o: 1: 1: 1: 1: 1: 

After Execution 

\ I 
v 

1 bit 

Registers 03, a4, as, 06 and o7 are unchanged. 

Register 08 = 000700000008000 

Address 8000 - 8QCO 

I A : B 
0 0 

7000 - 7008 

: A 
: 1 

+ 8 : 8 
i: 2 

: B : A · + B : 8 
3 : 2 4: 5 : 

\ I \ __ / 

v v 
32 bits 

: 1:110: 111:1:1:1: 0: 

(continued) 
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v 

1 b 1 t 



_ .... ____ 411> _____ ~,_,~--

:CONTROL DATA : E N G I N E E R I N G NO. 37100670 

--~-------------~-- DATE Jan., 1980 
I Corooration I s p E c I F I c A T I 0 N. PAGE 139 __ ,,., ___ ... _________ ._ 

REV. A 

--~--~ .... s u p E R c a M p u T E R. 0 p E R A T I 0 N s --------

3.2.1.176 <Cont•d) 

Sparse Vector Floating Point M~ltiply Example: 

F G x A y 8 z c 

:A 8t8 o:o 4ZO 510 6:0 1:0 a:o 91 

Before Executiona 
Register 04 = 0008000000001000 

05 = 0000000000002000 
06 = 0008000Q00003000 
07 = 0000000000004000 
08 = 0009Q00000005000 
09 = 0000000000006000 

Address 2000 - 2060 

: A : A : A : A 
6 1 2 3 

100(] - 1007 

: 1: 0: 0: 1: 0 I 0: 1: 1: 

4000 - 40AO 

t B : B : B : B : B : B 
: 0 I 1 2 I 3 4 5 

3000 - 3007 

, __ / 
v 
32 bits 

: a: 1: o :1: 1:1: 1: 1: 

After execution1 

\_/ 
v 

1 bit 

Register 04, 05, 06, 07, and 08 are not 
changed. 

Register 09 = 0003000000006000 

Address oQOO - 6040 5000 - 5008 

IA .. 8 IA • B :A • B : 
: 1 11 2 4 I 3 5 I 1 o 1 o: o: 1: o :a :1 :1 ia : 
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3.2.1.177 

3.2.1.178 

3.2.1.179 

3.2.1.180 

3.2.1.181 

3.2.1.182 

~ 

p E R c 0 M p u T E R a p E R A T I 0 N s 
________ __. 

BO c E BR COMPARE INTEGER, BRANCH IF {A> 
+ <X> EQ ( z) I 

81 c E BR COMPARE INTEGER, BRANCH IF (A> 
+ ( x) NE ( z, 

82 c r: BR COMPARE INTEGER, BRANCH IF C A ) '-

+ <X> GE ( z) 

83 c E 9R COMPARE INTEGER, BRANCH IF < A > .. ( x) LT ( z) 

84 c i:. BR COMPARE INTEGER, BRANCH IF ( A ) 
... ( x) LE ( ZJ 

85 c E BR COMPARE INTEGER, BRANCH IF ( A ) 
... (X) GT ( Z> 

If bit a of the G deslgnator ls cleared/set, 
registers A, x, c and Z are 64/32 bits resoectlveJy. 
Registers 8 and y are always 64 bl ts. 

G bits 1 and 2 must be set to zero. 

These Instructions are executed In the following 5 
steost 

1· Form· the sum of the 48-blt <24-bit lf G blt 0 :: 1> 
Integers from the rightmost portion of registers 
A and x, lgnorlng overflows. If designators A 
and/or X equal zero, machine zero wil1 be 
suppl led. 

2· Read register z. If the Z designator ls eQual to 
zero, 48 zeros (24 zeros lf G blt 0 = 1) are 
read as rl~ht-most bits. 

3. Store the fol lowing ln register c: 

o The sum from step 1 is stored into the 
rightmost 48 bits (24 bits lf G blt o = 1> of 
register c. 

o The leftmost 15 bits (8 blts if G bit O = 1) 
of register A are copied into the leftmost 
portion of register c. 

(continued) 
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(Cont•d) 

I 

4. Compare the sum formed In step 1 wlth register Z 
as fol lows1 ~ 

o G blt 3 = 0 The integers compared are the 
48-blt <24 bits lf G bit O = 1> 
result of step 1 and the 
rightmost 48 bits (24 bits if G 
bit 0 = 1) read from register Z 
ln step z. 

0 G olt 3 = 1 The integers comoared are the &4 
bits that are stored lnto 
register c in step 3 and 64 bits 
read from register z ln step 2· 

Th ls compare is defined only for 
the Bo and Bi instructions <EQ 
and NE>. 

When both G bit 0 and G bit 3 are 
1 the instruct ions are undefined. 

0 G bit 4 = 0 The integers compared are 
interpreted as signed two's 
complement numbers. 

0 G bit 4 = 1 The integers compared are 
lnteroreted as unsigned numbers. 

The fol lowing tabfe indlcates the ordering of numbers 
from largest to smaJ Jest as control led by G bit t+. 

0 1 
~-~-~---~----------~--~--~~~--~~-~~----~~~-~---~-~~-~-~~~--~: 
I Largest 7F ~ ............ 49~--- FF FF -- ... ----~~ FF 

7F .-. ........ ._ ... _._ FE FF ------ ..... 19i~ FE 
• • 
• • 
• • 

BO 
_._ __ .._ __ ... 

()1 8 () ___ ._.._49 ... ~ 
01 

00 -~ ... ~ ..... ---- 00 BO ----------- 00 
FF _ .... -49-~-~- FF 7F ----------- FF 

• • 
• • 

\/ • • 
:smal lest 80 ... __ ...., ........... 01 0 IJ -----~--- 01 

80 ---- .... -- ... 00 oa 
_______ ... .__ 

oa 

(continued) 
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Bl+ 
as 
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c E NT 
c E NT 
c E NT 
c E NT 
c E NT 
c E NT 

~ 

CCont•d) 

s. If the specified compare condition~ met the 
lnstructlon performs as fol lowsl 

--0 G bit 5 = O Branch to the address formed by 
adding the halfword item count 
from register Y left shifted 5 
places to the base address from 
register a. 

o G bit 5 = 1 Branch to the adjress formed by 
adding CG blt 6 = 0) or 
subtracting <G bit 6 = 1) the 
halfword item counts from the 8 
and Y designators (16 bits>, 
left shifted 5 places, to the 
program address of this 
l n st r u ct l on • 

If the specified compare condition l.:i ~Ql. met, the 
instructions wit I continue execution at the next 
sequential instruction. 

If any of the fol lowing conditions occur, the 
ooeration of these instructions is undef lned. 

0 G bit 0 = 1 and G blt 3 = 1 

0 G bit 3 :: 1 for 82, 83, Bl+ and 85 

0 G bit 5 = 0 and G blt 6 = 1 

0 G bit 7 = 1 

COMPARE INTEGER, SET CONDITION IF ( A ) ... { x) 

COMPARE INTEGER, SET CONDITION IF (A) ... ( x) 
COMPARE INTEGER, SET CONDITION IF CA) ... ( x} 

COMPARE INTEGER, SET CONDITION IF CA> + { x ) 
COMPARE INTEGER, SET CONDITION IF ( A ) + ( x) 
COMPARE INTEGER, SET CONDITION IF CA) + ( x ) 

EQ 
NE 
GE 
LT 
LE 
GT 

If bit 0 of the G designator is cleared/set, 
reglsters A, x, Y, C and Z are 64/32 bits 
respectively. Register B is not used and must be 
set to zero. 

G bit 1 = 0 and G bit 2 = 1 

(continued) 

( z) 
<Z> 
( z) 
( z) 
( z) 
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These instructions are exec~tea ln 5 steps of which 
the f lrst four (compare) steps are identical to the 
first four steps described for BO through 85 
Instructions with G bits 1 and 2 equal to zero 
<Compare Branch) 

If the soeclfled compare condition~' met the 
instruction performs as follows: 

Store into register Y and 64-blt quantity 
<32-bit if G bit O = 1> 000---001 and 
continue execution at the next sequential 
instruction. 

If the specified compare condltlon ls n.Q.1 met, the 
instruction performs as fol lows: 

Store into register Y and 54-blt quantity 
<32-blt if G bit D = 1) 000---000 and 
contlnue execution at the next sequential 
lnstructlon. 

4. Comoare the sum formed In step 1 with register Z 
as fol lows: 

o G bit 3 = 0 The integers compared are the 
48-blt (24 bits if G bit O = 1> 
result of step 1 and the 
rightmost 48 bits (24 blts if G 
bit 0 = 1) read from register Z 
in step 2· 

0 G bit 3 = 1 The integers cornoared are the 54 
bl ts that are stored Into 
register c in steo 3 and 54 bits 
read from reglster z ln step 2. 

Thls compare ls defined only for 
the BO and 81 instructions <EQ 
and NE). 

When both G bit 0 and G b .i. t 3 are 
1 the instruct ions are undef lned. 

0 G bit 4 = a The integers compared are 
Interpreted as signed two•s 
complement numbers. 

(continued) 
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80 
81 
B2 
83 
84 
B5 

o G bit 4 = 1 The lnteger2 comoared are 
interpreted· as unsigned numbers. 

The fol lowing table indlcates the ordering of numbers 
from largest to smallest as control led by G bit 4. 

0 1 
~~-~-~-~~-----~---~~-----~~--------~-----~-~----------------: 
!Largest 7F 

______ .., ___ 
FF FF -------~- FF 

7F -------- FE FF -------- FE 
• • 
• • 
• • 

I. 00 -------- 01 80 -------- 01 • 
00 --~ ... -~-- 00 80 --- ..... ----~ 00 
FF ...... _ -----49-- FF 7F __ ._------ FF 

• • 
• • 

v • • 
:smal lest 80 ----- ..... -- .. 01 00 -------- a 1 

80 -------~ 00 00 -------- 00 

If any of the foJ lowing condlti ons occur, the 
operation of these instructions ls undefined: 

0 G bit 0 = 1 and G bit 3 = 1 

0 G bit 3 = 1 for 82, 83, 84 and B5 

0 G bit 5 = 1, G bit 6 = 1 or G bit 7 = 1 

0 The c designator ls equal to the z designator 

c E BR COMPARE F.P., BRANCH IF CA) EQ (X) 
c E BR COMPARE F.P., BRANCH IF (A) NE (X) 
c E BR COMPARE F.P., BRANCH IF CA> GE (X) 
c E BR COHPARE F.P., BRANCH IF (A) LT ( x) 

c E BR COMPARE F.P., BRANCH IF (A) LE ( x) 

c E BR COMPARE F.P., BRANCH IF (A) GT ( x) 

If bit 0 of the G deslgnaor ls clear~d/set, 
registers A and x are 64/32 bits resoectively. 
Registers 8 and y are always 6L+ bits. Registers c 
and z are not used and must be set to zero. 

G blt 1 = 1 and G bit 2 = 0 

(continued) 
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These instructions compare the. t~o floating point 
operands from reglsters A and X ~ccording to the 
f Joating point compare ruJes in Section 3.1.4.5. 

If the specified compare condltlon ~met, the 
instructions perform as follows: 

o G bit 5 = 0 Branch to the address formed by 
adding the halfword Item count from 
register Y, left shifted 5 places, 
to the base address from register 8. 

o G bit 5 = 1 Branch to the address formed by 
adding (G bl t 5 = 0) or subtracting 
CG bit 6 = 1) the halfword item 
counts from the 8 and Y designators 
15 bits), left shifted 5 places, to 
the program address of thls 
instruction. 

If the specif led compare condlt ion l.s n.tl met, the 
Instructions wll I continue execution at the next 
sequential instruction. 

If any of the following conditions occur, the 
ooeratlon of these lnstructlons is undefined: 

0 G bit 3 ::: 1t G blt '+ = 1 or G blt 7 ::: 1 

0 Oesignaar z and/or c not equa 1 to zero 

0 G bit 5 = 0 and G blt 6 = 1 

Data Flag! blt 46. 

COMPARE F.P, SET CONDITION IF (A) EQ CX) 
COMPARE F.P, SET CONDITION IF (A) NE ( x) 

COMPARE F.P, SET CONDITION IF CA) GE { x) 

COMPARE F.P, SET CONDITION IF CA> LT ( x) 

COMPARE F.P, SET CONDITION IF CA) LE ( x} 

COMPARE F.P, SET CONDITION IF (A) GT CX> 

If bit o of the G designator ls cleared/set, 
registers A, x, and Y ae 64/32 blts respectively. 
Registers 9, C and Z are not used and must be set to 
zero. 

{continued) 
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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 
f loatlng point compare rules in Section 3.1.4.5. 

If the specified compare condltlon ~met the 
instruction performs as follows: 

Store Into reglster Y and 64-blt ~uantlty 
<32-bit if G blt O = 1> 000---001 and continue 
execution at the next sequential instruction. 

If the specified compare condition~ nQ.1 met, the 
instruction oerforms as fol lowst 

Store into register Y the 64-bit quantity 
(32-bit it G bit a = 1> 000---000 and continue 
~xecutlon at the next seQuentia1 instruction. 

If any of the fol lowing conditions occur, the 
operation of these instructions ls undefined: 

o Any one of G bits 3 through 7 is set 

~o Designators B, Z and/or C are not equal to zero 

Data Flag: bit 46. 

Bo 5 NA BR BRANCH TO IMMEDIATE AOORESS;CR>+I(48 
BITS) 

The rlght-most 48 bits of reglster R contain an item 
count of half-~ords. The right-most 48 bits of the 
instruction word contain an immediate operand which 
is used as a base address. An unconditional branch 
ls taken to the branch address formed by adding the 
ltem count to the base address (the item count is 
shifted left 5 places before the addition and 
overflow, if any, is ignored). 

A dlrect branch ls taken to the base 3ddress from the 
instruction word if the R designator is zero or if 
the right-most 43 bits of reglster R are zeros. 
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87 1 E VH TRANSMIT LIST--->INOEXEO C 

This lnstructlon scatters group~ of elements from 
vector B into vector c. The locations of the element 
groups In vector C are specified by the item counts 
contained ln the right-most 48 blts of each element 
of vector A. The f lrst group of elements from vector 
B ls transmitted to vector C beginning at the address 
formed by adding the f lrst item count from vector A 
to the base address ln register c. The second grouo 
of elements from vector B ls then tr3nsmitted to 
vector X beginning at the address formed by adding 
the second item count from vector A to the base 
addressin register c. This continues until vector A 
ls exhausted. 

The elements of vector A are always 54-blt elements, 
while the elements of vectors 8 and Care 6~-bit or 
32-bit as a function of G-bit o. Before the addition 
of the item count from A to the base address in 
register c, the item count is left-shifted 5 places 
for 32-blt operands and 6 places for o4 bit operands. 

When G bit 5=1 vector A is replaced by a fixed 
increment specif led by the rightmost 48 bits of 
register A. The addressing of vector C is then; 
C,CA,C+2A •••• ,C+(N-1>A where N ls the field length 
specified by the leftmost 16 bits of register A and 
stl 11 determines the total number of groups. The 
fixed increment A ls shifted left 6 <G bit o=o> or 5 
(G bit 0=1> places before it is added to c. 

The Y and Z designators are undefined and must be 
set to zero, thus there can be no offset for the 8 
f ietd nor control vector fo the C flald. There are 
no field lengths for vectors 9 and c. The left-most 
16 bits of register C are ignored exceot when used, 
as described below, to specify the number of elements 
in each group to be transmitted. Note that al I groups 
contain the same number of elements. 

(continued) 
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0 0 Elements of vectors Band C are 5~-blt. 
---~._~1.___--'---..:00E._...l~filJis Qf vectors A aos;LC are 3?-blt, 

1-3 Undefined and ~ust be set to zero. 

5 

0 
1 

0 

_l_ 
No broadcast of vector B. 
Broadcast vector s; permitted only with G-bit 
o set to zero. 

Use Vector A 

1 Use fixed increment A <x designator must = 0) 

-----------------------------------------------------------: 
~•5 0 The number of elements ln each group to be 

transmitted is fixed at one. Thus a single 
element from vector B ls transmitted to 
vector C for each element of vector A. For 
this case, the left-~ost 16 bits of register C 
are ignored. 

1 The number of elements In each ~rouo to be 
transmitted ls specified by the Jeft-most 10 
bits of register C-. If the left-most 16 bits 
of register C are zero, this instruction is a 

---.:..---~~n:-:.o=.2J2. (No Broadcast B l.1 G-bit 6=t.> 

0 Vector C resides in central memory. 

1 Al I elements of output vector C must reside 
within the range of absolute or virtual 
addresses 0 through 3FCO. Reference to the 
register file as central memory in this case 
is therefore al lowed. This instruction and 
the BA instruction are the only instructions 
which permit thls type of reference to occur. 
If all addresses for vector Care not 
contained In the register flle, this 
instruction is undefined. 

-----------------------~-------~-----~----------~---~---~----

• If both G-blt 4 and o are set, this instruction ls 
undefine·d. 

~• If both G-blt 6 and 7 are set, this instruction ls 
undef lned. 
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88 1 E VH TRANSMIT REVERSE;A--->C 

Transmit, ln reverse order, vector A to vector c. 
The last element of vector A is the first element of 
vector c, the next to 1st element of vector A ls the 
second element of vector c, etc. 

Any overlap causes thls instruction to be undefined. 

The Y and 3 designators and bits 3-7 of the G 
designator are undef lned and must be set to zeros. 

This instruction terminates when vector C is 
exhaust~d. 

:<--------length of vector A------->: 

not used : a: u 2: 3:4: s:o:1:e: 

: I 
l<---A offset---->:: 

I : 
1<------c offset----->:: 

: v v Machine Zeros 

not altered 

f<-------------------length of vector c------------------>: 
I 

• Vector A ls exhausted before vector c, so machine 
zeros are transferred to fill out the remainder of 
vector c. 

For the above example, assume the Z designator ~as 

zero (no contro I vector used). 

89 ILLEGAL 
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BA 1 E VH TRANSMIT INDEXED LIST--->C 

This instruction gathers groups _of elements from 
vector B into vector c. The loc~tlons of the element 
groups in vector B are speclfied by the item counts 
contalned ln the right-most 48 bits of each element 
of vector A. The first group of elements transmitted 
to vector C come from vector B beginning at the 
address formed by adding the first item count from 
vector A to the base address in register B. The 
second ]rouo of elements transmltted to vector C 
come from vector B beginning at the address formed 
by adding the second item count from vector A to the 
base address in registers. The groups of elements 
are stored in vector C in consecutive order. This 
continues unti1 vector A is exhausted. 

The elements of vector A are al ways 54-bit elements, 
while the elements of vectors 8 and Care 64-blt or 
32-blt as a function of G-bit o. Before the addition 
of the item count from A to the base address in 
register B, the item count is I eft-shlfted 5 o13ces 
for 32-blt operands and 5 places for 64-blt operands. 

When G bit 5=1 vector A ls replaced by a fixed 
lncrement specif led by the rightmost ~8 bits of 
register A. The addressing of vector B is then; 
B,B+A,B+2A, •••• ,B+(N-1>A where N is the field ~ength 

soecified by the leftmost 16 bits of register A and 
stll I determines the total number of groups. The 
fixed increment A ls shifted left 6 CG bit a=o> or 5 
CG bit 0=1> places before it is added to s. 

The Y and Z designators are undefined and must be 
set to zero, thus there can be no offset for the 8 
field nor control vector for the C field. There are 
no field lengths for vectors B and c. The left-most 
1& blts of register 8 are ignored except when used, 
as described below, to specify the number of elements 
ln each group to be transmitted. Note that al I groups 
contain the same number of elements. 

Broadcasting ls not used by this instruction. 

(continued) 



:CONTROL DATA 1 E N G I N E E R I N G NO. 371QQ67Q 
DATE Jan., 1980 

I Corporation : s p E c I F I c A T I 0 N PAGE 151 
REV. A 

------- S U P E R c 0 H p U T E R 0 P E R A r I 0 N s ------~-

(Cont•d) 

G-BIT:STATEI INTERPRET AT I ON 

O : D : Elements of vector 8 and C are 64-blt. 
1 : Elements of vector B and C are 32-bit. 

-~~-~:-----:~~~~~-~~---~-~------~-~-~--------~-~-~~---~----: 
: Undefined and must be set to zero. 

5 0 : Use vector A 
1 I Use f lxed increment A Cx designator must : O) 

:----- -----:--~-----------~-----~~~-~--~-----~----~-~~~----: 

' .. f 
I 
r 
I 

0 The number of elements in each group to be 
transmitted ls f lxed at one. Thus a single 
element from vector B is transmitted to 
vector C for each element of vector A. 
For this case, the left-most 16 bits of 
register 8 are ignored 

1 The number of elements ln each grouo to 
be trans~itted is soeclfied by the left
most 16 bits of register B. If the tef t
most 16 bits of register 8 are zero, this 
instructlon ls a no-oo. 

0 

1 

Vector 8 resides in central memory. 

Al I elements of input vector 8 must reside 
within the range of absolute or virtual bit 
addresses o through 3FCO. Reference to the 
register file as central memory ls therefore 
al lowed. Thls Instruction and the 87 are the 
only Instructions which permit this tyoe of 
r e f er enc e t o o c cur • I f a I I a d d r es s es f or 
vector B are not contained ln the register 
fife, this instruction is undefined. All 
references to Register Zero are to the Trace 
Register. 

• If both G-bit 6 and 7 are set, this instruction ls 
undef lned. 
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83 2 E NT MASK; A, 8---->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 binary one ls encountered in order 
vector z, the next element of vector A ls inserted 
Into result vector C and an element of vector 8 is 
skipped. When a binary zero ls encountered in order 
vector z, the next element of vector B ls inserted 
into result vector C and an element of vector A is 
skipped. The resulting length of vector C is 
transmitted to the length specification portion 
of register c. 

If bit o of the G designator is cleared/set, the 
operand size ls 64/32, respectively. The X and Y 
designators and bits it 2t 5, 6, and 7 of the G 
designator are undefined and must be set to zero. 
Bits 3 and 4 of G are used to broadcast tMe constants 
CA> and (8) respectively. 

This instruction ter~lndtes when order vector Z ls 
exhausted. No lengths are recognized on vectors A 
and 8. 

BC 2 E NT COMPRESS; A---->C PER Z 

Vector A is compressed by forming sparse data vector 
C which ls compoied of the elements of vector A 
associated with binary ones in sparse order vector 
z, i.e., those elements of vector A in positions of 
binary ones <G bit 1 eQual O) in sparse order vector 
Z are selected and inserted, ln order, into sparse 
data vector c. If G bit 1 is set, the elements of 
vector A in positions which correspond to the 
positions of binary zeros in soarse order vector 
Z are Inserted ln sparse data vector c. 

The resulting length of sparse data vector C is 
transferred to the length spec! flcation portion 
of register c. If blt o of the G designator ls 
cleared/set, the operand size 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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This Instruction terminates when sparse order 
vector Z ls exhausted. The length soeclf lcatlon 
portion of registers A and C ls Ignored. 

80 2 E NT MERGE; A, 8---->C PER Z 

Elements of vector A and elements of vector 8 are 
merged to form result vector C as directed by order 
vector z. When a binary one ls encountered ln order 
vector z, the next element of vector A is inserted 
into result vector c. When a binary zero ls 
encontered ln order vector z, the next element of 
vector B is inserted lnto result vector c. Note that 
no elements of A or 8 are skipped if G bit 7 is a 
zero. If G bit 7 ls a one, the correspondlng operand 
of B ls skipped for each A operand stored, but A ls 
not skipped on 8 stored. The resulting length of 
vector C ls transmitted to the length soeciflcatlon 
portion of register c. 

If blt a of the G designator ls cleared/set, the 
operand size is 64/32, respectively. The X and Y 
designators and bits 1t 2, 5 and 6 of the G 
designator are undefined and must be set to zero. 
Bits 3 and 4 of G are used to broadcast the constants 
<A> and CB>, respectively. 

If G-bit 7 is a zero, the operation is cat1ed merge. 
If G-bit 7 ls a one, the operation ls cat led 
decompress. 

If G-bit 3 or~ is a one, the operation is cal led exoand. 

This instruction terminates when order vector Z ls 
exhausted. No lengths are recognized on vectors A 
and a. 

<continued) 
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BO Merge Instruction Examples 

The Z-blt string is used for al I three examoles. 
G-blts not indicated are zeroes. 

z: o: oi 1: 1: 0:1: o: 1: a: 

Examole 1 BO Merge 

A : AO : Ai : A2 : A3 : 

v v v v 

C : BO : Bi I AO : Ai : B2 : A2 : 83 : A3 : 81+ t 

I\ I\ 

I 
I\ 

: 

B : B 0 : B 1 : B 2 l 8 3 I 84 I 

I\ /\ 

< 
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Examole 2 BO Oecomoress G-blt 7=1 

A I AO I Ai : A2 J A3 : 

: . 

v v v v 

C : B 0 : 81 : A 0 : A 1 : 84 : A 2 : B 5 : A 3 : 8 8 : 

I\ 

: 
I\ I\ I\ I\ 

: 

8 : BO : 81 : 82 : 83 : 84 : 85 : B& : 87 : 88 : 

Examole 3 BO Expand G-bit 3=1 

A Broadcast <A> 

v v v 

C : BO; 81 J(A) HA): 82 :<A> : BJ :CA>: Bit: 

I\ 

I 
: 

I\ I\ 

I 
f 

8 t 80 : Bi I 82 : 83 I 84 I 

I\ 

I 
I\ 
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3.2.1.193 
3.2.1.194 
3.2.1.195 
3.2.1.196 
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BE 5 al+ IN ENTER CR> WITH I (48 BITS> 

Clear register r and transfer th~ right-most 48 bits 
of this instruction to the right-most 48 bits of 
reglster R. 

BF 5 64 IN INCREASE <R> BY IC48 SITS> 

Replace the right-most 48 bits of re~lster R by the 
sum of those bits and the right-most 48 bits of this 
Instruction word. Arithmetic overflow is ignored. 

Co 
Cl 
c2 
C3 

1 
1 
1 
1 

E VH 
E VH 
E VM 
E VH 

SELECT EQ; A EQ 8, ITEM COUNT TO <C> 
SELECT NE; A NE 8, ITEM COUNT TO <C> 
SELECT GE; A GE 8, ITEM COUNT TO <C> 
SELECT LT; A LT 8, ITEH COUNT TO (C) 

Each element of vector, A is compared with its 
associated element of vector 8. This operation 
proceeds until the compare condition CA = , #, ~ , < 
B> ls met or until the shorter of the two vectors is 
exhausted. If bro3dcast is selected for f iefd A or 
fleld 8 (but not both) the Instruction ~ill terminate 
when the non-broadcast field terminates. 

If. the compare condltlon ls met, the item count is 
eQual· to the number of pairs of elements fill£OU.Qtere.Q 
up to (but not inctudlng the pair meeting the 
~ondltion>. If the compare condltion is not met, the 
item count ls eoual to the length of the shorter 
vector (where the shorter vector•s length ls 
determined after the offset ad]ustment). The item 
count ls stored into the right-most 48 bits of a 
cleared register c. 

The control vector, if used, determines which pairs 
of elements are compared. The item count, as 
described above, lnc1udes all pairs of elements 
encountered, not only those which were compared. 
If a control vector ls used and either vector A 
or 8 is exhausted before a permissive control vector 
element is encountered, no compares 3re made. In 
this case, the item count stored is the length of 
the shorter vector minus Its offset. 

(continued) 



ICONTROL DATA I E N G I N E E R I N G NO. 37UJ0670 
DATE Jan., 1980 

: Corporation : s p E c I F I c A T I 0 N PAGE 157 
REV. A 

~ 

------- S U P E R c 0 M p U T E R 0 P E R A T I 0 N s --------

3.2.1.197 

<Cont•d) 

Each element of vector B is subtracted from the 
corresponding element of vector A. The operational 
declslon ls made on the resutt of this subtract 
according to the .. floating polnt compare rules" 
in 3.1.L+.5 

Bits 2' and 5-7 of the G designator 3re undefined 
and must be set to zero. 

If the c designator ls zero, the results of this 
instruction are undefined. 

Data f lagsZ bl ts 37 and 46. 

C4 1 E NT COMPARE EQ; A EQ 8 ORDER VECTOR 
----> z 

cs 1 E NT COMPARE NE; A NE 8 ORO ER VECTOR 
----> z 

CG 1 E NT COMPARE GE; A GE B ORDER VECTOR 
----~> z 

Cl 1 E NT COMPARE LT; A LT B ORDER VECTOR 
----> z 

Successive elements of vector A are compared with 
successive elements of vector 8. If the compare 
condition (A =, ~, ~' < 8) soeclf led by the 
Instruction is met, the corresponding bit pf the 
result order vector A ls set. If the compare 
condition ls not met, the corresponding bit of 
Z ls cleared. The instruction terminates when 
the Z field ls filled. 

The bits of the G designator are interpreted as 
fol lowst 

fil.1 Sliil Interpretatl..Q.n 

0 0 operands are 6lt bl ts long (words) 
1 operands are 32 bl ts long (half 

words) 
3 a normal vector A 

1 broadcast the constant in register 
l+ a norm at vector 8 

1 broadcast the constant In register 

The C dc?signator and bits 1, 2, 5, 5 and 7 of the G 
designator are undefined and must be set to zero. 

Ccontlnued) 

A 

B 
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3.2.1.201 
3·2·1·202 
3.2.1.203 
3·2·1·204 

Registers X and Y contain offsets for vectors A and 
a, respectlvety. When a constant is broadcast for 
either vector, that vector has no length and the 
offset ls Ignored. 

The lengths and base addresses of vectors A, 8 and Z 
are contained ln registers A, 8, and z, resoectlvely. 
The lengths of vectors A and Bare ln words or half
~ords. The length of vector Z is in bits. 

Each element of vector 8 is subtract~d from the 
corresponding element of vector A. The operational 
decislon ls made on the result of this subtract 
according to the .. f1oating oolnt compare rules" 
ln 3.1.4.S. 

Data flag: blt 46 

CB 
C9 
CA 
CB 

1 
1 
1 
1 

£ NT 
£ NT 
E NT 
E NT 

SEARCH EQ; 
SEARCH NE; 
SEARCH GE; 
SEARCH LT; 

INDEX LIST ---->C 
INDEX LIST ---->C 
INDEX LIST ---->C 
INDEX LIST ---->C 

For each element of vector A, s~arch and compare 
against the successive elements of vector B. 
Terminate each search iteration when a Hit CA =, ~, 

~' < B> ls made or when vector 8 has· been exhausted. 
After each iteration, clear the element in result 
vector C and transmit to lt the index of the element 
in vector B which caused the search iteration to 
terminate. Regardless of whether 32 or 64-bit 
ooerands are used, the resulting indax is a 64-blt 
word with the Index In the right-most 48 bits. The 
left-most 16 bits are cleared to zero. For examole, 
the sixth index ln vector C appropriately shifted 
and added to the address of the first element of 
vector B will form the address of that element of 
vector B which caused the search iteration associated 
with the slxth element of A to terminate. The 
Instruction terminates when vector A ls exhausted. 

0 

~eslgnator Bits 

State 

0 
1 

Inll.roretatlon 

A and B operands are 54 bits long. 
A and B operands are 32 blts long. 

(continued) 
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CCont•d) 

1 O Control vector operates (al lows store 
into the C vector> on bina~y ones. 

2 

1 Control vector operates on binary 
zeros. 

0 

1 

Start each search iteration at the 
beginning of vector 9. 
Start each search iteration at the 
location of the hit found in the 
previous search iteration. 

A control vector Csee Section 3.1.1.2.4> may be 
soecif ied by the Z designator with each bit of 
the control vector associated wlth a slngte element 
of vector C (thus control llng the storage of an index 
into that specific element). No length nor offset ls 
recognized for the control vector. This lnstruction 
performs as 1f a search iteration is performed for 
each el~ment of vector A regardless of the control 
vector. 

The end of vector 8 acts I Ike a hit, thus the index 
stored for a search iteration which exhausts vector 
8 wi 11 be equal to the length of vector a. Note that 
if G bit 2 = it all following search iterations wil I 
start and end at the end of vector 8. If the length 
of vector 8 ls lnltia11y zero, al I indices stored 
wl t l be zero. 

For either the case of vector 8 being exhausted with 
G bit 2 = 1 or the length of vector B being initially 
zero~ search iterations for each element of vector A 
wll I continue to be performed until vector A is 
exhausted. Thus, an indefinite element anywhere 
ln vector A will always cause Data Flag Bit ~6 to 
be set. 

The X and Y designators and bits 3-7 of the G 
designator are undefined and must be set to zero. 
No lengths nor offsets are recognized on vectors 
C and z. 
Each el~ment of vector 8 is subtracted from the 
corresponding element of vector A. The operational 

(continued) 
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decision is made on the result ,of this subtract 
according to the .. floating polnt comoare rutes"2 in 
3.1.1+.5 -

Data f lagsi bit 46 

CC 3 64 NT MASKED BINARY COMPARE; A EQ/NE (8) 
PER ( C > 

Thls Instruction searches source field A <Reference 
Field) for a match with the contents of the register 
specif led by the B designator. The contents of the 
register specified by the C deslgnator serves as a 
word mask such that the instruction makes a word-by
word comparison only when there are ones ln the 
corresoondlng blt oositlons of the mask. Bits of the 
reference fleld and the contents of a are considered 
ta match wherever there ls a zero bit in the mask 
word. 

The Y and l designators and G-Blts o-S are not used 
and must be zeroes. G-Blt 7 = 0 and 1 to search for 
e-:iual ity and inequality, resoectively. Registers B 
and C are 54-blt quantltles. 

The A index is incremented by one after each word 
searched not resulting ln a match. However, lf no 
match ls found, the A index ls Increased by the 
length of the A field. When a match is found, the A 
index provides a means of I ocat lng the word of the 
reference f leld matching the contents of s. 

Index increments for mask binary compare. 

Elelq ~ Flag Bit 37 Ia.dex Increment 

A 1 Fu I 1 Increment CNo 
Hat ch) 

A 0 Partial Increment 
(Match) 

Data f l3gl blt 37 

CD 5 32 IN HALF WORD ENTER CR> WITH IC24 BITS) 

Clear register R and transfer the right-most 24 bits 
of this instruction to the right-most 24 blts of 
register R. 
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CE 5 32 IN HALF WORD INCREASE <R> BY IC24 SITS> 

Replace the right-most 24 bits of ~register R by the 
sum of those bits and the rlght-most 24 bits of this 
lnstructlon ~ord. Arithmetic overflow is ignored. 

CF 1 E NT ARITH. COMPRESS; A---->C PER B 

Soarse data vector C and lts associated sparse order 
vector Z are formed by performing a f loatlng point 
compare operatlon between elements of vector A and 
elements of vector s. For elements of vector A whose 
value is greater than or eQuat to the associated 
element of vector 8, the element of vector A becomes 
an element of soarse data vector C and the associated 
sparse order vector bit is made a one. For elements 
of vector A whose value ls less than the associated 
element of vector a, no element is stored {or 
skipped) ln sparse data vector·c and the associated 
soarse order vector bit is cleared to zero. Note that 
the sign control bits of the G f lef d may specify 
operations on the elements of vector A and/or 8 
before the ~f loatlng point compare•• is made; however, 
the element of A, if stored into c, wit f be the 
orlginal element as read from vector A. Registers 
X and Y contain offsets for the A and B vectors 
respectively. 

If blt o of the G designator is cleared/set, the 
operand size ls 64/32 bits, respectively. If blt 
~ of the G deslgnator ls set, register B contains a 
constant which ls broadcast for vector B. In this 
case, the Y designator ls ignored. Bits 5, 6 and 7 
of the G designator specify slgn control; see 
section 3.1.4.9 for details. Bits 1, 2, and 3 of the 
G designator are undef lned and must be 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) ls stored Into the len~th port.ion of 
register Z and the number of operands copied into 
soarse data vector C is stored into the length 
portlon of register c. The Zand C register results 
are undef lned if the Z and C designators are eaual. 

The B field is extended with machine zero when the 
B f leld length is exhausted. 

(continued) 
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Each element of vector 8 ls subtracted from the 
correspondlngg element of vector ~. The 
operational declslon ls made on the result of 
this subtract according to the nf loating point 
compare rules" In 3.1.4.5. 

Oata f lagl bit 46 

Arithmetic compress example (broadcast B> 

F G x A y 8 

I CF IO 8: 0 s:o 6: a 0: 0 7: 0 

Before ~xecution 

Register 05 = 0000000000000001 
06 = 0007000000010000 

z c 

8 t 0 

07 = floating point constant B 
08 = 0000000000020000 
09 = 0000000000030000 

Bit address 10000 - 10180 

: A I A &A fA: A: A: A 
0 I 1: 21 31 4: 5: &: 

\_ _I 
v 

64 bits 

where :A : is not examined due to the offset of 1 
: a: from register 05 

:A : > B 
I 1: -

f A : < B 
: 2 I 

:A : > 8 
I 3: -

IA I < B 

: A : > B 
I 5; -

Ccontlnued) 
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:A > B 
: 6 I -

After execution 

Reglster os, 06 and 07 are unchanged. 
08 = 0006000000020000 
09 = 0004000000030000 

Bit address 20000 - 20005 

11: 0J1: o: 1: 1: 

'- _/ 
v 

1 bit 

Blt address 30000 - 300CO 

DO 1 

: a I a 
1 : 

t a : a 
3 : 5 : 6 l 

,_ _/ 

v 
64 bits 

E VH AVERAGE CA(N)+B{N))/2---->C(N) 

s -------~ ... 

The Nth element of result vector C is the normalized 
sum of the Nth elements of vectors A and 8 divided by 
two. Dividing by two is accornpl lshed by reducing the 
exponent of the sum by one. 

Bits 5-7 of G designator are undefined and must be 
set to zero. 

Data f lagss Bits 43 and 46 

01 1 E VH ADJ. MEAN (A(N+1>+ACN))/2----> CCNJ 

The Nth element of result vector C is the normalized 
sum of the Nth and Nth + 1 elements of vector A 
divided by two. Dividing by two is accomplished by 
reducing the exponen.t of the sum by one. 

The Y and B designators and bits 3-7 of the G 
deslgnator are undef lned and must be set to zero. 

Data f lagsl bits 43 and 46 
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3.2.1.211 
3.2.1.212 

3.2.1.215 
3.2.1.216 
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u p 

02 
03 

E R c 0 M p u T E 

ILLEGAL 
ILLEGAL 

R 
~ 
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oi. 1 £ VH AVE. DIFF. <ACNJ-B{N))/2---->CCN> 

The Nth element of result vector C ls the normalized 
difference of the Nth elements of vectors A and 8 
dlvlded by two. Olvldlng by two is 3ccomplished by 
reducing the exponent of the difference by one. 

Bits 5-7 of the G designator are undefined and must 
be set to zeros. 

Data flag: bits 43 and 46 

05 1 E VH DELTA CAtN+1)-A(N))---->CCN) 

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 8 designators and bits 3-7 of the G 
designator are undef lned and ;nus t be set to zero. 

06 ILLEGAL 
07 ILLEGAL 
03 1 E NT MAX. OF A TO ( c) ' ITEM COUNT TO (8) 
09 1 E NT MIN. OF A TO ( C) ' ITEM COUNT TO (8) 

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 ln vector A before (but not 
including) the maximum element ls the item count 
which ls stored Into the right-most ~8 bits of a 
cleared register 8. The lnstructlon terminates 
when vector A ls exhausted. 

In the event of multiple maximum elements, data flag 
si. wilt be set and the first of the multiple maximum 
elements examlned wilt be the one recorded. In this 
case these elements, although equal, are not 
necessarily identical. 

If an lndef lnite element ls encountered and examined, 
reglster C ls set to indefinite and data flag bit 46 
ls set. In thls case, the contents of register 8 and 
data flag bit 54 are undefined. 

<cont lnued) 
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a 

1 

5 

State 

0 
1 

0 

1 

0 
1 

' 
M p u T E R 0 p E R A r I 0 N s .... _ ... ..__ ... --

G Designator Bit~ 

lo.tero~etatlon 

A operands and register C are 64 blt 
A operands and register C are 32 bit 

Control vector operates (causes the 
element of A to be examined) on 
binary ones 

Control vector operates on binary 
zeros 

Sign control (see section 3.1.4.9) 

A control vector may be soecified by the Z desisnator 
with each bit of the control vector 3ssoclated with a 
single element of vector A (thus controlling the 
elements of vector A whlch are examined). No offset 
nor I en 9th ls de f l n e d f or the c on tr o I vector. I f the 
control vector ls used and lt has no permissive 
elements ln lt, no elements of vector A are examined 
and the contents of register C are undefined. In this 
case, the item count in register 8 is 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 Csection 3.1.4.9) ooeratlons 
ls avallab1e by the use of G-bit 5. By setting this 
bit, the magnitude of the elements of vector A are 
compared. The unaltered element as read from vector 
A wllt be stored lnto register c. 

The Y designator and bits 2, 3, 4, 6 and 7 of the G 
designator are undefined and must be set to zero. 

The 8 and C Register results are undefined if the B 
and C designaors are equal. 

The 09 CMlnlmum of A to C) lnstructlon ls identical 
to the preceding description with the word minlmum 
substituted for maximum. 

Data f lagst bits 46 and 54. 
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DA 1 E VM SUH CAo+A1+Az ••• AN) TO c ANO C+1 

The double precision unnormalized floating polnt 
sum of all the elements of veclor A is placed 
into the registers designated by C and C+i. The 
Upper Result and the Lower Result are stored into 
registers C and C+1, respectively. The instruction 
termlnates when vector A is exhausted. Register C 
~ust 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 3nd wilt be set if the Lower ~esult ls machine 
zero, regardless of the value of the upper result. 
If the Upper Result ls indefinite, the Lower Result 
is undefined. Data flag bits 42 and 46 will be set 
normally as required on any one of the Add 
ooeratlons. 

If a control vector ls soeclfled and contains no 
permlsslve elements, the result ls machine zero 
and Data Ftag 43 ls set. 

The Y and 8 designators and bits 2-7 of the G 
designator are undefined and must be set to zero. 
There is no length soeclflcatlon nor offset for 
control vector A. 

Data f lagsZ blts 42, 43 and 46 

09 1 E VM PRODUCT; CAO, A1 7 A2 ••• AN) TO C 

This instruction forms the Slgnlflcant Product of the 
successive elements of vector A and stores it into 
reglster c. The number of slgnlf lcant bits in the 
partlal 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 if any 
multiply operation overflows. 

The Y and 8 designators and bits 2-7 of the G 
designator are undefined and must be set to zero. 
There ls no length soeclf icatlon for control vector 
z. The instruction terminates when vector Z ls 
exhausted. 

(continued) 
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3.2.1.222 
3.2.1.223 

If the C designator is equal to zero, the results of 
thls instruction are undefined. 

If the control vector contains no permisslve 
elements the result is a normalized one. 

Data flags: bits 42, 43 and 46 

DC 1 E VM DOT PRODUCT TO ( C> ANO (C+U 

HuJtioly vector A by vector Band form the sum of the 
products. Double precision, unnormalized arithmetic 
ls performed. Bits 2-7 of the G aesignator are 
undefined and must be set to zero. 

The Upper Result and the Lower Result are stored in 
·the registers de.slgnated by C and C+1, respectively. 

Data f l3g bits 43 and 46 are determined only by the 
final Upper and Lower Result. If the Upper Result ls 
indefinite, the Lower Result ls undefined. Data flag 
bit 43 wil I be set if the Lower Result is machine 
zero, regardless of the value of the upper result. 
Data fl3g bit 42 will be set if any muJtlply or 
ad~itlon operation overflows. 

There is no length specification for control vector 
z. 
Register C !Il1LS.1 be even. If register C ls odd or 
zero, the Instruction results are undefined. 

If the control vector contains no permissive 
elements the result ls machine zero and Data flag 43 
is set. 

Data f lagss blts 42, 43 and 46 

OD 
DE 

ILLEGAL 
ILLEGAL 
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3.2.1.225 
3.2.1.226 
3·2·1·227 
3.2.1.228 
3·2·1·229 
3.2.1.230 
3·2·1·231 
3.2.1.232 
3.2.1.233 
3.2.1.234 
3.2.1.235 
3·2·1·236 
3.2.1.237 
3·2·1·238 
3·2·1·239 
3·2·1·240 
3.2.1.241 

r 
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OF 1 E VM INTERVAL;A PER 8---->C 

This Instruction forms ~ resujt vector C whose 
initial element is the constant ~from register 8 and 
whose succeeding elements are greater than the 
preceding e1ement of vector C by the constant 
contalned ln register 8. Thus, the second element 
equals the first element of C olus the contents of 
s; the third element equals the second element plus 
the contents of 8, etc. Arithmetic ls unnor~allzed. 

If a control vector ls used, the "I ast element .. is 
the last element formed even though it was not stored 
Into the destlnatlon field. 

If a non-permlsslve bit in the control vector is 
encountered, the addition operatlon is performed and 
the result retalned but not stored in the result 
vector. If the result of this operation is 
indefinite, the appropriate data flag wll 1 not be set 
until a permissive bit is encountered ln the control 
vector thus at 1owing a result to be stored in the 
result vector. Overf I ow wi 11 be set on the next 
permitted store even lf the iterative step ~hich 
overf lo~ed was not stored. 

If the A designator ls zero, this ls 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 zero. 

Data f Jags: bl ts L+2 t L+3 and 46 

EO ILLEGAL 
E1 ILLEGAL 
E2 ILLEGAL 
E3 ILLEGAL 
Elt ILLEGAL 
ES ILLEGAL 
EG ILLEGAL 
E7 IL LEG AL 
E8 ILLEGAL 
E9 ILLEGAL 
EA ILLEGAL 
ES ILLEGAL 
EC ILLEGAL 
ED ILLEGAL 
EE ILLEGAL 
EE ILLEGAL 
FO 3 1 LS LOGICAL EXCLUSIVE OR A, 8---->C 
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3.2.1.242 
3.2.1.243 
3·2·1·244 
3.2.1.245 
3.2.1.21+6 
3.2.1.21+7 
3·2·1·248 

: A B 

u p 

F1 
F2 
F3 
Fl+ 
F5 
FG 
F7 

E R 

3 
3 
3 
3 
3 
3 
3 

c 

1 
1 
1 
1 
1 
1 
1 

0 M 

LS 
LS 
LS 
LS 
LS 
LS 
LS 

p u T E 

LOGICAL 
LOGICAL 
LOGICAL 
LOGICAL 
LOGICAL 
LOGICAL 
LOGICAL 

R .o p E R A 

AND 
INCLUSIVE OR 
STROKE ~ 

PIERCE 
IMPLICATION 
INHIBIT 
EQUIV.~LENCE 

~· 

T I 0 N s 

A, 8---->C 
A, 8---->C 
A, 8---->C 
A, 8---->C 
A, 8---->C 
A, B---->C 
A, B---->C 

----------- ... 

The above instruclons perform the Indicated bit by 
bit logical functions on binary fields A and B and 
store the result info field c. 

TRUTH TABLE 

f EXCL. OR:ANO: OR:STROKE:PIERCE:IHPLI.:INHIBIT:EQUIV.: 
I I t --- -l A-B :A.BIA+B: CA.Bl l{A+B) I A+B I A.B ' A-8 I 

:~-:-~~~~--~~~~-~-~-~~~--~~-~-~-~-~-~~-~~-~-~~-----~--~~-~---~ 

: a 0 
: 0 1 
i 1 0 
: 1 1 

0 0 0 1 1 1 0 . 1 
1 0 1 1 0 0 0 0 
1 0 1 1 0 1 1 a 
0 1 1 0 0 1 0 1 

Binary f leld A, 8 and C are strings of bits. The 
operation proceeds from left to right and terminates 
when the C f leld ls exhausted. Item counts are bit 
counts. 

Fields A and/or Bare extended automatlcally with 
binary zeros if they are shorter than field C. 

The G designator is undef lned and must be set to 
zeros. 

Data f lagss Result field all zeros bit 53, result 
field mixed bit 5~, and result field al I ones bit 55. 

F8 3 8 ST MOVE BYTES LEFT; A---->C 

Thls instruction moves source f leld A to result field 
c. The bytes in the f leld are considered from left 
to right. Thus, the most slgnlflcant byte of the 
source field is moved to the most si~nif lcant byte 
position of the result flefd. 

(continued) 
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3·2·1·250 
3.2.1.251 
3.2.1.252 
3.2.1.253 
3.2.1.254 
3·2·1·255 
3.2.1.255 

I+. 0 

5. 0 

6.0 

The Y and G deslgnators are not used and must be 
zeroes. 

If the origin field ls shorter than the destinatlori 

field, the destination field ls filled in with the 
repeated byte found In the 8 designator of the 
instruction. 

If the origin field ls longer than t!-\e destination 
f ietd, the ooeratlon is truncated when the 
destination f leld ls exhausted. 

F9 ILLEGAL 
FA ILLEGAL 
F8 ILLEGAL 
FC ILLEGAL 
FO ILLEGAL 
FE ILLEGAL 
FF ILLEGAL 

TEST REQUIREMENTS (not applicable> 

PREPARATION FOR DELIVERY <not applicable) 

NOTES 

ASCII/EBCDIC Reference Charts 
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The followlng table defines the control characters used ln the 
ASCII Reference Chart. 

:NUL Null 

:soH Start of Heading <CC> 

:STX Start of Text CCC> 

:ETX End of Text <CC> 

' cOT End of Transmission CCC> 

ENQ Enquiry CCC) 

ACK Acknowledge CCC> 

.BEL Bel I Caudlbfe or 
attention signal) 

: BS Backspace <FE> 

1HT Horizontal Tabulation 
(punched card skio CFE> 

l 
LF Llne Feed <FE) 

VT Vertical Tabulatlon CFE> 

FF Form Feed CFE> 

CR Carriage Return <FE> 

SO Shift Out 

IS! Shift In 

:OLE Data Llnk Escape CCC> 

:DC! Device Control 1 
I 
:oc2 Device Control 2 

:OC3 Device Control 3 

:OC4 Oevlce Control 4 <Stop) 

:NAK Negative Acknowledge CCC) 

:SYN Synchronous Idle CCC) 

:ETB End of Transmission Block 
I <CC) 

:CAN Cancel 

: EM End of Medium 

ISUB Substitute 

1ESC Escape 
: 
:Fs Fiie Separator <IS> 

:Gs Group Separator <IS> 

' :Rs Record Separator CIS> 
1 
:us Unit Separator (IS) 

1 
:oEL Delete 
I 

NOTE: CCC> 
<FE> 
CISJ 

Communlcatlon Control 
Format Effector 
Information Separator 

1 
In the strlct sense, DEL is not a control character. 
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ASCII REFERENCE CHART 

NUL OLE I SP 0 @ p ' 
SOH DC I ! A Q a q 

STX DC 2 2 8 

ETX OC3 3 I c 

EOT DC4 $ 4 0 T T d t I 
0 , 0 1 5 

,_ -- - ---- . . . ·-+-- --- -- ~~-Q NA~ l % L s _ ~. E -t--~-e -~--u_J ____________ ___,,___..__~---J.---1 
ACK SYN j a 6 F j v I t ' v I 0 1 1 0 6 

0 , 1 1 7 BEL ETB 7 G w g w 

1 0 0 0 8 BS CAN ( 8 H x h ll 

1 0 0 1 9 HT EM ) 9 I y y 

1 0 1 0 10 (A) LF SUB * z 
1 0 1 l 1 1 (8) VT ESC + K [ k { 
, , 0 0 12 (C) FF FS < L 

1 1 0 1 13. (0) CR GS M ] m } 
1 1 1 0 14 (El SO RS > N " n 

1 , l 1 15 (Fl SI US I ? 0 l EO 
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EBCDIC REFERENCE CHART 

0 0 0 0 0 0 0 0 l 1 , 
0 I 10 I 11 

1 1 1 

"" 0 0 0 0 1 1 1 1 0 0 I 1 1 

!lo 0 0 1 1 0 0 1 1 0 0 1

0 I 11 J 
0
0 I 

0 1

01 
1 I 

I 0 1 0 , 0 1 0 1 0 1 1 ' 1 

bTITr ~ I I I 4 I 
I 

11 112 [ 0 1 2 3 5 I 6 

I 
7 8 9 

I 
10 13 

l 
i4 •C:: ..... 

+ I (Al (8) (C) (0) (El (Fl 

0 0 0 0 0 NUL OLE SP a - I { } I \ 0 

0 0 0 I l SOH OC1 I a j ,.... I A J 1 

0 0 t 0 2 STX I OC2 SYN b k s B K s 2 

0 0 1 1 3 ETxloc3 c 1 t c L T 3 

0 1 0 0 4 d m u D M I u 4 
--

0 1 0 1 5 HT LF e n v E N v 5 

I 

0 1 1 0 6 9S ETB I f I F 0 w l 6 i 0 w 
i -- - -i-;-----· I g p x I 

I 
0 1 1 , 7 DEL ESC EOT G p x 7 

1 0 0 0 8 CAN h q y H Q y 8 

1 0 0 1 9 EM I \ i r z I R z 9 

1 0 1 0 10 (A) [ J I . 
I . 

1 0 1 1 II (8) VT - $ , # 

1 1 0 0 12 (Cl FF FS OC4 < * O/o @ 

1 1 0 1 13 lD) CR GS ENO I NAK ( ) 
, 

I -
, , 1 0 14 \El so RS ACK + . > = , 
1 1 1 1 15 (Fl sr us BEL I sue I ' /\ ? ,, 

EO 



I 
I 

i----i--ba----~---0------r-;---~ o,o o,o o, 0 -1--~--,~---- 1 ·-;-- o, ', I~ ', .'i 

I ~bi __ o:~-+--- oo o,o o,1 o '~--'-'--+------~---°~-- -1--:,o~- i oo o, o 
I b4 ~ L 11 l2 1J . ,. '~ 
L~~i ~ 

0 

1A1 101 ~~'~c_1_~_ ~--------•-l_i_-+---'·"--~ 
1 

I 

I "'IJl ll l l SP 0 i p II I I 
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LEGEND ASCII CharM 1e1 

Card Code 

11-8-2 

f:l3CD1C 
Ch,ua<:ler 

5A 

tBCDIC 
Code 

(HeK<KIKnnall 

J<J 

JA 

JU 

04 

14 

JI: 

11-11 9 I 
SI 

17 11 9 7 
!>] 

I J - I I -'J J 
~) 

U-11-9 4 

I \} ) I ~ ~' 

I J II ~l b 
~b 

17 11 !l I 
51 

() 11-1 

12'11-0 
10 

I/ - l 1 () ':f I 

11 

I) 11 0 !l } 
I} 

ll 11 0 !l J 
I j 

1JllO!l4 
14 

17 11 0 9 -~ 
l'> 

1J 0 ll I 
flf 

17 11 -II I 
!II 

17 0 !l ll .I 
Ct! 

11 0-9 II- I 
u 

171181 111107 '170'JH4 
'10 !I) .r cc 

1}110911-7 

!~~-·_!_,'!'__ 

17-llll7 
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