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SINOPSIS

This report describes the characteristics of the CONUS 24
Computer line which has also been referred to as the 9100
Digital Computer series. A total of elght processors are
described in terms of their basic features and instruction
repertoires. These computers are upward program compatible.
Also described are a number of optional arithmetic and con-
trol units which can be used to tailor the processors to
specific applications. It is essential that a plan such as
this be accepted as a part of our CONUS 24 announcement to
avoid the development of another generation of non-compatible
computers. If this plan is acceptable, UNIVAC will auto-
matically begin work on an integrated line without delay.
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A. MANAGEMENT INTRODUCTION TO THE CONUS 2/ COMPUTER SERIES

1. The CONUS 24 Computer Series is a compatible line of eight internally
programmed data processors. These are five 24 bit word and three
43 bit word processors as follows:

2.

9110 (24 bit word)
9120 524 bit word)
9130 24 vit word)
9140 (24 bit word)
9150 (24 bit word)
9160 (48 bit word)
9170 (48 bit word)
9180 (48 bit word)

The'design objectives of the CONUS 2/ series are of prime importance
to management and are listed as follows:

8

b.

C.

d,

€.

To protect the 1,500 plus,'IOOA instaliations, by providing an

internally programmed unit for direct connectlon to 1004 with no
hardware 1004 modifications. This is the CONUS 9110 Processor
which is basically 3 to 4 %imes as fast as the IBM Model 30,

which could rent for approximately 1/2 to 2/3 of the Model 30.
This unit will allow the 1004 user to run all his current programs
and at the same time expand into an internally programed processor
which has the computer capability to grow beyond the size of an

average 490 insgtallation. -

To provide an internally programmed processor to be sold where a
100/ cannot because of its externally programmed features. This
processor, complete with basic card and printer peripherals, to be
reproduced at a manufacturing cost which would allow rental at
1004 prices. This basic processor is the CONUS 9110 which is
upward compatible with the .7 higher performance CONUS processors.

To provide a series of processors which can easily accept current
data codes such as XS-3, Fieldata, and IBM/BCD which will have
predominence for the next 2 to 3 years and at the same time, with
no restrictions be 100% compatible with the new ASC II code which
must be a minimum requirement for any new computer line.

To provide a series of processors which are an excellent real-time
communications processor, an excellent batch tape data processor,
an excellent scientific data processor, with any of the above on
any combination on any processor.

To .provide a series of processors for which the software development
is ,simplified from existing UNIVAC Computers. These items are
covered in detail under Section D (Special Features).



4o

f. To provide a series of processors which are superior to competi-
tion from both price and performance. These processors have no
built in restrictions and may be improved with advances in circuit
and memory science and as ths competition dictates.

e. To eliminate the gicss insiiciency of manufacturing, selling,
supporting, software development and maintaining complete independ=-
ent ;nd unrelated systems such as the 1050, UNIVAC III, 418, 490,
and 1108.

Of prime importance to the CONUS 24 series is the concept under which
arithmetic units will be provided. Any of the CONUS 24 processors
mentioned previously, would be thought of as a logical element with

an extreme high degree of communications and data processinzy capability,
but ‘a2 minimum scientific (not restricted) ability. Except for the 9110
Model, each processor has optionally, a rarge of 8 different arithmetic
and executive control units which may be intcrfaced to any given proces=-
gor. These optional unitis are zs follows: '

a. 24 bit fixed point, low cost, medium speed arithmetic unit. Includes
multiply,/v..vide and supporting logical commands.

b. 24 bit fixed point, higher cost, high speed arithmetic unit. Includes
multiply/divide and supporting logical commands {two types).

¢, 48 bit fixed point/floating point, medium price/medium performance,

includes double precision add, subtract, multiply and divide. The
O AP en . e land Lan Vel T om omemen® 22T f e oin e amenmemd T e a e b aes e ana
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with better accuracy than the IBM System,/360.

"d. 48 bit fixed point/floating point, higher cost high performence,

includes double precision add, subtract, multiply, and .divide.
The floating point includes a variable base to provide a greater
range with better accuracy than the IBM System/360 (two types).

e. Decimal/Edit Set. This optional arithmetic unit provides the
decimal and editing comxzends for those users who require a high
performance data processing instellation.

f. Executive Control Set. This is an optional control set which
provides executive (hardware) control over Input/Output devices,
floating operand registers, memory lockout and interrupt masks.
This set is provided for users who reguire absolute protection
of critical programs, high speed dynamic loading and high speed
Input/Output.

In this report, under Section D, "Escape Class and Speciel Features”,
detail C«finition of the above optional arithmetic and executive
features are provided. This concept allows the UNIVAC Marketing .



organization to custom fit a computer system to any given application.
Following are typical computer systems configurations for major classes
of data processing.

a. Existing 1004 installations:

CONUS

1004
' 9110

a.1 CONUS 9110 connects directly to 1004 without modification,
existing programs run without alteration.

a.2 CONUS 9110 provides at least 10 times additional computer
capability over the 1004.

b.
CONUS
| (Optional)
9120
9130 Decimal/Edit
9140 Unit
9150

b.1 The optional Decimal/Edit Unit is provided to assist batch
data processing. It is not required for the communicaiions

real=-time areas.

¢, Critical Real-Time Communications, High Volume Batch and Scientd

ta ocessinge Installation:

(Optional)
Executive
CONUS Control
9120
19130 (Optional)
9140 /8 bit Floating
9150 Point K
(Optional)
Decimal/Edit




B.

THE CONUS 24 PROCESSOR SPECIFICATIONS

As mentioned under Section A, the CONUS 2/ series consists of eight
processors, f£ive 24 bit word machines and three 48 blt word macaines.
Listed below are the eight processors in ascending sequence, by capabilitys:
9110
( 9120>
9130
9140
9150
9160
9170
9180

1. CONUS

The CONUS 9110 is specifically designed to complement the 1004 and
to provide a competitive base system from which to sell an integrated
product line. ‘

9110 Specifications

a. Memory cycle time = 2.4 microseconds.

b. Word size or address structure = 24 bit word.
c. Basic addressable units of data = 8 to 24 bits.

d., Minimum memory size = 4,096 words
= 12,288 - 8 bit characters.

4,096 words

e. Momory increments =
= 12,288 - 8 bit characters.

f. Maximum memory = 32,768 words
= 98,304 - 8 bit characters.
g. Index registers = 3
n. Indirect addressing - YES
4, Amount of memory directly addressable = 32,768 wbrds.
J. Average instruction time = 7.2—$9.6 microseconds.
k. Number of instructions or Functions Codes = 35.
1. Minimum number of input/output channels = 1.
o, Meximum number of input/output channels = 3.

n. ESCAPE MODE with Multiple Arithmetic units - RO.
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NOTE:
Function Codes are listed under Appendix B. The 9110 includes

Function Codes 00 = 42 octal, excluding Functions 24=P27 and 43.
52—>56 are provided through escape mode.

CONUS 9120

The CONUS 9120 is the second upward compatible processor.
9120 Specifications

a. Moemory cycle time = 2.4 microseconds. .

b, Word size or address structure = 24 bit word.

¢. Basic addressable umits of data = & to 24 bits.

d. Minimum memory size = 4,096 words ,
= 12,288 -~ 8 bit characters.

e. Memory increments = 4,096 words
= 12,288 - 8 bit characters.

N | V U P,

£, Maximum memory = 65,536 words

196,608 - 8 bit characters.

g. Index registers = 3.

h. Indirect addressing - YES

1. Amount of memory directly addressable = 32,768 words.
j. Average instruction time 7.2—59.6 microseconds.

k. Number of instructions or Functions Codes = 41 + optional arith-
metic and control.

1. Minimum number of input/output channels = 3.

6.

m. Maximum number of input/output channels
n. Escape mode with multiple arithmetic units - YES.

NOTE:

The 9120 may have an option of 7 different aritmetic units plus an
optional executive control unit. Please reference Section D of this
report for detailed description of Escape Mode and optional Function
Code list.



3. CONUS 9130

The CONUS 9130 is the third upward compatible processor. The 9130
is approximately 3 times as fast as the 9120.

. 9130 Specifications
a. Memory cycle time = 2 microseconds.
b. Word size or address structure = 24 bit word
. Basgic addressable units of data = 8 and 24 bits.

d. Minimum memory size = 8,192 words
: : = 24,576 - 8 bit characters.
‘6. Memory increments = 8,192 words.

f. Maximum memory = 65,536 words
= 196 608 - & bit characters.

g. Index registers = 3.

h. Indirect addressing - YES.

i, Amount of memory directly adcressable = 32,763 words.
.3+ Average instruction time = 3 microseconds.

k. Number of instructions or Function Codes = 41l plus optional arith-
: metic and control.

1., Minimum number of input/output channels = 4.
m. Maximum number of input/output channels = 16.

n. Escape Mode with muliiple arivhmesic units - YES.

- NOTE:

The 9130 may have as an option, 7 differeht arithmetic units, plus
an optional executive control unit. Please reference Section D of
this report for detail description of Escape Mode and optional Func-
tion Code list.

4. CONUS 91.

The CONUS 9140 is the fourth upward compatible processor. The 9140
is twice as fast as the 9130.

9140 Specifications
a. Memory cycle time = .75 microseconds
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b. Word size or addresc suructure = <4 2iv -ord.
¢. Basic addressable units of data = 8 and 24 bits.

d. Minimum memory size = 8,192 words
= 24,576 - 8 bit characters.

e. Memory increments = 8,192 words.

f. Maximum memory = 65,536 words

196,608 - 8 ©tit characters.

wn

g. Index register = 3.
h. Indirect addressing - YES.
4. .Amount of memory direscily addressable = 32,768 words.

jo Average imstruction time = 1.2 microseconds.

k. Number of instruc»ions or Function Codes = 41 plus optional arith-
metic and control.

4
16

n. Escape Mode with multiple arithmetic units - YES.

1. Minimum number of input/output channels

m. Maximum number of input/output channels

NOTE:

The 9140 may have as an option, 7 different arithmetic units, plus
an optional exescutive control unit. Please refeerence Section D of
this report for detail description of Escape Mode and optional Func-
tion Code list.

CONUS

The CONUS 9150 is the fifth upward compatible processor. The 9150 is
twice as fast as the 9140.

150 Specifica
a. Memory cycle overlapped/effective = .375 microseconds.
b. Word size or address structure = 24 bit word.

c. Basic addressable units of data = 8 and 24 bits.

d. Minimum memory size = 8,192 words
= 24,576 - 8 bit characters.
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TYPE II F Al BjJ I

6. Memory increments = 8,132 words.
f. Maximum memoéry = 131,072.

g. Index registers = 3.

~ h. Indirect addressing - YES.

1. Amount of memory diresctly acdressable = 32,768 words.

J+ Average instruction time = .75 microsecor.is.

-k, Number of instructions or Fuuciion Codes = 41 plus optional arith-

metic and control.

1. Minimum number of input/output chamnels

4o
m., Maximum number of input/cu<-ut channels = 16.

n. Escape Mode with multiple arithmetic units - YES.

. NOTE:

The 9150 may have as an opuion, 7 different arithmetic units, plus
an optional executive control unit. Please reference Section D of

. this report for detailed description of Escape Mode and optional

Function Code list.

CONUS 9160

The CONUS 9160 is the sixth upwerd compatible processor. It is the
first 48 bit processor in the CONUS series.

9160 Specifications

The 9160 Instruction Repertoire includes the Master Imstruction Set
which 1s provided for the 24 bit CONUS processors. Programs written

‘for the 9110, 9120, 9130, 9140, and 9150 will run on the 9160.

Instruction format for the 9160 is as follows:

TYPE I F |4 B| ¥ F |1 B8] ¥

The Type I Instruction Format consists of two 24 bit instructions per
48 bit word. It is the same as the normal 24 bit format.



The Type II format is as follows:
F = 12 bit Function Code (22 - 2%7) biased to octal value 7700.

A = / bit general register desicnatior (232 235) specifies one of
16 general purpose esccumulsicrs.

B = 4 bit index register designator, (228 - 231) specifies cne of
16 index registers.

J = 4 bit operand interpretation designator \224 - 227) currently net
assigned.

Y = Operand address (20 - 223), may either be an operand or operand -
address.

a. Memory cycle time overlapped/effective = .375 microseconds.

b, Minimum memory = 32,768 words. ‘
= 196,608 - 8 bit characters.

¢. Memory increments = 32,768 words.
d. Maximum memory = 262,144 words.
6. Minimum I/O channels = 4.

f. Maximum I/0 channels = 24.

g. Average 24 bit instruction time = .75 microseconds.

h. Average 48 bit instruction time = .75 microseconds.

NOTE:
Individual 48 bit function codes have not been assigned at this time.

CONUS 9170
Tne CONUS 9170 is the seventh upward compatible processor.
CONUS e

The CONUS 9170 is functionally the same as the 9160. The 9170 is
dependent on the development of .4 microsecond memory and the necessary
logic to work at these speeds.

CONUS 9180

The CONUS 9180 is currently beyond the capability of present UNIVAC
know-how and still rémain compatible. An answer to this processor
is the NIKE X, which is a special military processor, but could have
many oommercial applications.
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C. CONUS 24 BIT WORD INSTRUCTION FORMAT AND PROGRAMMER'S REFERENCE

This section includes the Instruction Word Format for the 24 bit
word processors, followed by a narrative description of the Instruction
Rapertoire. Function Codes 53, 54, 55, and 56 are in the Escape Mode

. (Executive Control Set), which requires the processor to be initialized
for input/output commands.

1. Instruction Format
The instruction format of the CONUS 24 is as follows:

F 1 | B Y
v 223 218 217 216 215 214 20

Where:

F= 6 bit function code designator, specifies the individual
processor instruction.

('Y
i

1 bit indirect address d%signator;

o
w

2 bit index register designator;

= 15 bit memory address desigrnator, contains initial operénd
address. In certain instructions appears as a mask or constant.

and Ope

ignal Registers

In the CONUS 2/ series, the following control and cpera*ional
registers may be addressed by two methods.

R. = General Register
. P =  Prigram Address Counter
BL = B Register 1
B2 = B Register 2
B = B Register 3

&, The first method of addressing is implied within the funciion
codes.

b. In the first two processors of the CONUS 24 series, the R, P,
and B registers are in memory and become Y addressable. These
registers occupy the following memory addresses:

00000
© 00001
00005
00006
00007

g
WonouH N
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3. ndirect Address De at

The indirect address designator applies to all instructions except
those individually specified in the instruction repertoire. B
rogister designators or indexing is allowed for all instructions
except those which imply B registers in the function codes. When
indirect addressing is used, the processor will continue to cascade
indirect addresses until the indirect bit is not set. Indexing is
performed on every indirect address unless the B field is zero.

boe nst e -To

Following is the instruction repertoire for the CONUS 24 Logical
Element. Function code narratives are provided for function values
00 - 52, Function codes 53 through 77 are included in the Escape
sets. The following conventions apply.

as, All times are shown in microseconds, which includes the first
two CONUS 24 Computers, 9110 and 9120. For every indirect and
B register reference for the 9110 and 9120 an additional 2.4
microseconds must be added to times shown.

b. y = the operand address field of the instruction as stored in

memory.
¢. Y = the contents of memory location y.
d. Y=y + B, specifies the contents of memory location y + By.

e. 1Y specifies the contents of the indirect address. y is the
address of the address.

f. 1Y specifies the contents of the indirect address. § is the
address of the address.

Function Code: 00

Operation: Stop, processor comes to a halt, initiated input/output
ransfers are terminated.

Designators: Hold

Time: 4.8
Function Code: Ol
Operation: Store Program Status Code. The contents of the machine

designators are storel in memory as specified by the fol-
lowing forms:

o e 1 b
r4irg !



Function Code:

Operation:

Magt t
netion Codes
Operation:

PRVEES

Designators: Clear
Timer 7.2
02

Load Program Status Codes, the processor designators are
loaded by one of the following operand types.

Y The low order 1% hits (y) o7 the instruction are used
to specify a memory lLocation whose contents fill the
processor designators according to master bit format.

41

B, + ¥ are added tc form the address whose contents fill
the processor designators according to master bit format.

1Y Y is used to indirectly address the contents of a memory
location which fill the processor designators according
to master bit format.

1Y Y is used to-indirecily address the contents of a memory
location which i1l the processor designators according
to master bit format.

20 = Positive 2% = Non-Zero (ignored)
2l = Zero 22 = No-Carry (ignored)
22 = Carry 25 = Overflow

22 = Negative (ignored)

Note:

Respective bit positions must be one to set Positive, Zero,
Carry, and Overflow designators. Negative, Non-Zero and No-
Carry are shown here %to follow format of master skip instruc-
tion, there are no processor designators for these conditions
and cannot be affected by this instruction.

Designatorg: Fill
Time s 7.2
03

Execute Remote Y, the instruction stored at location ¥ is
executed. The following forms of Y apply:

Y

Y
1Y

-

i



Eunction Codes

Operations

Tunction Codgs
Operations

20

“l3 -

Designatorss Dependent on Remote Instruction executed. |
Times- 7.2 plus execution time of Remote Instruction.
04

Execute Remote Y - Set Return, the contents of P0+ 1 ize
stored in memory location Y, only bit positions 2° = of
Y are changed, Y must always be even. Y + 1 is executed
which must be an unconditional Jump to ¥ + 2 to remain in

the remote sequence. The following forms of Y apply:
Y

Y
11

i3
Degignatorss Dependent on Remote Instruction executed.
Times 7.2 plus execution time of Remote Instructicn.

. 05

Skip on Y Mask, the next sequential instruction is skipped
4f the condition or conditions being tested by I are met.

The following forms of Y apply:

y y the low order 15 bits are the direct mask for testing
skip conditions.

4 fhe contents of By + y are added to form Y which is
then the direct mask for testing skip conditionms.

iY Y is used as an address to address the contents
of a memory location which contains the mask for
testing skip conditions.

iY The contents of Y are added to to form Y which
then is used as an address to address the contents
of & memory location which contains the mask Jor
testing skip conditions.

Note:
To test for a processocr designator, the mask must have the
respective bit position set to one as follows:

= Positive 24; = Non~Zero
2k = Zero 22 = RNo-Carry
22 = Carry 26 = No-Overilow

23

Negative



One or any number of conditions may be tested, the Skip
Instruction is an OR function.

esipgna ¢ Hold

Time: 4.8 - No Skip
7.2 - Skip

netion : 06

Operations Jump to Y, an unconditional Jump is made to address Y. The
following forms of I &pply.
Y
¥
iy
1Y
Designators: Hold
Time: 4.8
Function Code: 07
Operation: Set/Clear Lockout, Interrupt lockout is set if 120 = 1,

Interrupt lockout is cleared if Y 20 = 0, The following
forms of Y apply:

y The 15 bits of y are the direct mask for setting or
clearing interrupt lockout.

Y The contents of By + y are added to form Y which
is used as the direct mask for setting or clearing
interrupt lockout.

i The 15 bits of Y are used as an address to address
& memory location which contains the mask for setting
or clearing interrupt lockout.

Note:

After the execution of clear lockout, interrupts are held for one
additional instruction.

Degignators: Hold
Iige: 4.8



Function Code:
Operations

tion Codes

t :

Fun

e}
«t
hte

on Codat

Operations

function Code:
Opgzatj,gg' :
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10

Add (R) + (Y)—>R, the contents of memory location Y are
added to the general register R, The following forms of Y
apply: :

Y
I
iy
i

Degignatorg: Fill
Time: ’ 9.6

11

Subtract (R) = (Y¥)=PR, the contents of memory location ¥
are subtracted from the general register R, the difference
is left in R, The following forms of I apply:

Y
b4
iy

iy

Designatorg: Fill
Time? 906 .

12

And (R) ® (I)=bPR, the Logical Product of the contents
of memory location Y and the contents of general register R
are formed with the result left in R. The following forms

of Y apply.

Designatorg: Fill.
Time: 9.6

13

Exclusive OR (R) ® (Y)—»>R, the selective complement of the
mask in general register R is used to selectively complement
the contents of operand Y. The result is in R, the contenis’
of Y are unchanged. The following forms of Y apply:
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Function C t 14

Operation: Store (B), at ¥, the contents of the specified B register
are stored at the contents of memory location ¥. Y is the
only form of memory eddressing that may be used.

esi ¢ Hold
Times 9.6
Function Codet 15
Opersations: - Load By from I. The' contents of memory location I are

loaded into the specified B register. I is the only form
of memory addressing that may be used.:

Designators: Hold
mg: 9.6

Eunction Code: 16

Operation: B+ constant, (B)p + y=¥Bp, the low order 15 bits of the
: instruction which are y are added to the contents of the
specified B register, the result of the addition is stored
into B. There is no direct or indirect operand reference
for this imstruction. , , :

Degignatorg: Hold

.Times 7.2
£ : 17
e 3 - Compare B (B)b - (¥), skip next instruction if zero designator

- set, By + I—$>B, the contents of the memory location specified
by Y are compared to the contents of the specified B register,
setting the appropriate designator. The next instruction is
skipped if zero designator is set. If not, plus 1 is added
to By and the result is stored in By. y is the only form of
operand allowed.



Function Code:
Operation:

Function Codes
Operations

Function Code:
Operation:
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Designators: Fill

Times 9.6 = No Skip
702 - Skip

20

Load Rwith ¥, the contents of memory location I are loaded
into the generasl Register R. The following forms of Y apply:

1

Y

94
Desipgnatorsg: Fill
Iime: 9.6
21

Load Rwith (¥)y, the upper eight bits (236 - 2%3) of the

contenus of memory location Y are loaded into the lower eight
bits (20 = 27) of the general register R. 28 - 223 of R are
cleared to O's. The ollowing forms of Y apply:

I

Y

17

iY
Degignators: Fill
Tinpe: 9.6

Load Rwith (I)y, the middle signt bits (28 - 215) of the

contentg of memo*y location Y are loaded into the lower eight
bits (20 - 27) of general register R. 28 - 223 of R are
cleared to O's. The following forms of Y apply:

I

I

17

iY

e tors: Fill

Iimes
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Operation: Load Rwith (Z;;, the low order eight bits (20 - 27) of the
contents of memory location Y are loaded into the low 05§ar
eight bits (20 - 27) of the genersl register R. 28 - 2<J of
R are ¢leared to O's.

Designators: Filil
Time: 9.6

FTunetion Codes 24

Operation: Compare (R) - (¥), the contents of the general rogister R
are compared with the contents of ¥, the appropriate processor
designators are set. Neither the contents of R or I are
changed.

Function Code 25

Operations Compare (R) - (I)y, the contents of genezal register R are
compared to the high order eight bits (216 = 223) ‘of memory
location Y. The appropriate processor designators are set.
Neither the contents of R or Iy are changed. The following
forms of Y apply:

I
¥
1Y
1Y

Designators: Fill
Time: 9.6

Function Code: 26

Operation: Compare (R) - (¥),, the contents of general register R
are compared to the high order eight bits (28 - 215) of
memory location Y. The appropriate processor designators
are set. Neither the contents of R or Iy are changed. The
following forms of Y apply:



Operations

0 :

Function Codes

Operation:

Y
b4
iy
1Y

Degignators: i1l

9.6

27

Compare (R) - (Y)- p» _the contents -7 the general register R
are compared To the low order eight bits of memory (20 - 27).
The appropriate processor designatora are set, Neither the -
contents of R or Y are changed. The following forms of ¥
apply:

:
by
1Y

13

T411
- ode

ﬂasl nué Q-Aqs :
.6

O

Tipe:
30

Store (R) at ¥, the contents of the general register R are
stored at memory location Y. The following forms of ¥ apply:

I

b4

iy

17
Degignators: Hold
Time: 9.6
31

Store (R) at ¥g, the low order eight bits \4v - 27) of the
ister R are stored in the eifht high order bits

% § of Y. Bit positions 20 5 of Y are not changed.

The following forms of I apply:

T

I
iy

o

iY
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Designators: Hold

Times 9.6
t 31 32
eration: Store (Ry) at Yy, the low order eight bits (20 - 27) of the

eneral register R are stored in the middle eight bits
28 - 215) of memory location Y. Bit positions (20 - 27)
and @16 - 223) are not changed. The following forms of ¥
apply: ' , .
Y
¥
iy
1Y

Designatorg: Hold
Time: 9.6

tion : 33

Operation: - Store (R)y, at ¥y, the low order eight bits (20 = 27) of the
general register R are stored in the low eight bits (20 - 27)
of memory location I. Bit positions 2° - 27 are not changed.
The following forms of Y applys;

b4
Y
1
%4
Desigmators: Hold
Time: 9.6
TFunction Code: 34 _
Operation: Increment (Y), the contents of'_'memOry"location Y are inq:réﬁxentéd‘
' by 1. The following forms of Y apply:
Z .
Y
iy
i¥
esl : Fill
Time: 7.2,
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Function Code:s 35

Operation: Enter R with Constant, the fifteen bits of % 4 are
loaded into the general register R. Bits 215 - 2 3 of R
are sign filled. The following are forms of Y.

¥y The fifteen biis of the instruction which is the constant.

I

¥y + By are added to form I which is the constant.

ess at which 1s store the 15 least signifi-

1Y Y is the add
- 214) bits which form the constant.

cant (20

iY Y is the address at which is stored the 15 least signifi-
cant bits which form the constant.

Designators: Fill

Times 7.2
Function Codes 36
Operation: Decrement (Y), skip if negative, the contents of ¥ are

decremented by 1.

If Y finial is regative, skip the next
instruction. If ¥ I
ti

nlal is not negative, execute the next

sequential instructica. The following forms of I apply:
Y
¥
1Y
20
11
Degignators: Hold
Time: 7.2 - No Skip
0.6 - Zddp

Function Code: 37

Operation: Store Address, the low order 15 bits (2O - 214) of the
general register R are stored at memory addrsss I. 3it
positions 215 - 223 o7 Y are not changed. The following
forms of Y apply:

|l alias | o]
i ‘

Designators: =ol.d
Times 9.6




Function Codes

Operation:

Function Code:
Operation:

Function Code:
Operation:

40

Shift Storage left circuler 8, the contents of memory loca-
tion T are left circular shifted & binary places. The fol-
lowing forms of Y apply:

Y

—

Y
iy
1Y

Designatorg: Fill

Time: 7.2

41

Snift R right K, the general register R is shifted right
open K places. K may have a value of 0 - 7. The high order
bits of R sign fill. K may take the following form:

The least significant 3 bits of y form the value K.

tl |

The value of By is added to y to'form Y whose least
significant 3 bits form the value K.

'..h
4

The value of I is an address whose contents (3 least
significant bits) form the value K.

Designatorg: Fill

Time: 4.8 + 2.4 (K)

42

Shift R left K, the contents of the general register R are
left shifted open by the value K. Least significant bit
positions of R are zero filled. K may have a valus of 0 - 7
and take the following form:

The least significant 3 bits of y form the value K.

w1

Tne value of By 1s added to y to form Y whose 3 least
significant bits) form the value K.

1Y The value of Y is an address whose contents (3 least
significant bits) form the value K.

1Y  The value of Y is an address whose contents (3 least
significent bits) form the value K.



Fanction Code:
Operation:

Function Code:

Operation:

Function Code:
Operation:

Function Code:
Operation:

Function Code:
Operation:

Function Code:

Function Cods:
Operation:
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Designators: Fi1l
Iimes
43

b8 + 2.4 (K)

Parity on (I), Set Carry Des. if even,

the contents of memory location Y are t
even carry designator is set.
zero designator for test on Y.

apply:

Reserved function
location 111.

45

Reserved function
location 113.

46

Reserved function
location 115.

47

Reserved function
location 117.

50

Reserved funciion
address 121.

51

Reserved function
location 123.

code,

cods,

code,

code,

code,

code,

Set the

execution will

execution will

execuﬁion will

execution will
execution will

execution will

set plus and zero, .
ested for parity, if
appropriate plus,

The following forms of Y

cause interrupt to

cause interrupt to

cause interrupt to

cause interrupt to

cause interrupt to

cause interrupt to



Function Code:

Operation:

ction G

atl

S.QL—

52

ESCAPE to ¥, Function Codes 61 through 77 are reordered
according %o mode specified by Y. This command dynanically
connects the required arithmetic or Special Control Unit.

The Y mask format is as Tollows:

d »oint arithmetic
d point/floating point
+

23 = High Sneed I/C Consrol
24 = Executive Control Set
2° = Reserved

Y Magk may teke the following form:

¥ The 15 bits of v {20 - 224) are the mask.
Y Tne contents ¢f By are added to y to form Y whichk is
the mask.
1Y The value of Y is an address whose contents (Zo - 214)
are the mask.,
iY The wvalue of i is an address whqse contents (20 -
are the mask,

214)

Designators: Hold
Times 4.8

53

Activate Input Channel,
the Y mask is set active.

20

the input channel as specified by
Channel mask format is:

1 = Channel O
22 = (Channel 1
2 = Channel 2

The corresponding bit position must be set to 1 to activate
the respective input chan H P to 15 input channels may
be identified with bits 2 of Y mask. Y mask has the
following formats:

Yy The value of y itself is the mask.

Y The value of By is added to
mask.

to 7 to form Y which is the

1Y The value of Y is an address whose contents (20 - 214)
for the mask.



Function Code:
Operation:
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1Y The value Y is an address whose contents (20 - 214) from
the mask,

54

Activate output channel, the output channel as specified by Y
mask is set active. Channel mask format is:

28 = Channel O
22 = (Channel 1
2° = Channel 2

The corresponding bit position must be to activate the
raspective output channel. _Up to 15 output channels may be
t1dentified with bits 20 = 214 of Y mask. ¥ mask has the
following formats.

y The value of y iiself is the mask.

Y The value of By is added to y to form Y which is the
ma.sk.

1Y  The value of Y is an address whose contents (20 - 214)
form the mask. ,
T

The value Y is an address whose contents

the mask.
Designatorg: Hold
Time: 4.8

External runction (R) Iy, the contents of the general
Register R are forced out channel Yy as an external function.
Y is a translated value which specifies the corresponding
output channel. Y mey have the following forms:

The value y is translated for channel number.

¥

M1

The value of By is added to y %o form Y which is
translated for channel number.

1Y The value Y is an address whose contents (2o - 214)
are translated for channel number.

1Y The value Y is en address whoss contents (20 - 214)

are translated for channel number.

Designators: Hold
ime: 7.2

-3
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Function Codeg: 53 - 77

Operation: Described in the Escape Mide sets for optional arithmetic
unita.
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D. THE CONUS ESCAPE MODE

This section deals with the opticnal arithmetic and control units which
are identified through the Escape Instruction. Function Code assignments
are provided for each Escape Set, with machine timing provided for the
fixed and floating point multiply and divide. Individual function code
timing will be provided upon request. Following are the optional Escape
Sets. :

1. Executive Control

2. High Speed Input/Output

3. Decimal/Edit

4. Fixed Point 24 Bit, 3 groups

5. Fixed/Floating Point 48 bit, 3 groups.

l. Executive Cont Eccape Se
Function Codes 53 through 56 are standard on the 9110, 9120, 9130,
9140, and 9150. Function Codes 53 through 64 are standard on the
9130, 9140, and 9150. :

Programs may use Function Codes in this set by first executing the
Escape Instruction (52) with the proper mask.-

Fanction

—Code
53 Activate Input Channel by Y mask  Hold
54, Activete Output Channel by Y : | ‘Hold
55 IF, (R)—pYy (translate Yy) Hold
56 %:ore ESI, Chan. ¥y, Ack. Y (translate Hold
57 Lead F, with (¥) Hold
60 Load F, with (¥) Hold
61 Store F; at Y Hold
62 Store F, at ¥ ~ Hold
63 Load MLR with (Y) ~ Hold

é4 Load Interrupt Mask with (Y) ‘Hold



&, Fy = Float Register 1, this register is used to provide dynamic

' relocation of programs and subroutines. The contents of Fp are
added to Y for operand reference allowing program execution from
any memory location without prior modification of instructions.

b, TFy = Float Register 2, this register is provided with F; in a
two bank processor to allow dynamic relocation of programs
independent of data.

¢. MLR = Memory Lockout Register, this is used to provide protection
of executives and critical real-time programs.

d. Interrupt Mask = Interrupt mask register is used to temporarily
lock out non-critical interrupts during periods of critical
interrupt processing.

High Speed Input/Output Contro

The High Speed Input/Output Control Set provides either 2 cycle or

1 cycle Input/Output transfers. High Speed Input/Output transfers
are limited to 4,096 word blocks. There are optionally 1 to 4 high
speed I/0 channels availables One cycle Input/Output is provided

by incorporating hardware Buffer Control Addresses and Buffer Counts.
Two cycle Input/Qutput is provided by incorporating hardware Buffer
Control Address register only. These registers are controlled by
the following function codes in this Escape Class.

Function ‘

Code_ Oneration

53 Load Input Channel Zero Control Register,

; (registers) with the contents of Y. If Y is
even, the Buffer Base Address Register is
loaded, if Y is odd, the buffer count register
is lozded.

54 Loaé Output Channel Zero Control Register
(registers) with the contents of Y. If Y is
even, the buffer base address register is loaded,
if y is odd, the buffer count register is loaded.

55 Same as above, Channel 1 in.

56 Channel 1 out.

57 Same as above, Channel 2 in,

- 60 Channel 2 out.
61 Same as above, Channel 3 in.

62 Channel 3 out.



3.
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Decinal it Escape Set

Following are the optional Decinal/Zdit Esceve Set which is available
for the 9120, 9130, 9140, and ¢150 processors.

Fanction
Code Operation

53 Unpack, the contents of 44 contiguous memory
locations are changed from zoned to Decimal
format.

5, The contents of 22 contiguous memory locations
are changed from decimal to zoned format.

55 © E3it, the contents of 44 contiguous memory
locations are edited according to a corresponding
maskKe

56 Add, the contents of three contiguous memory
locations in decimal format are added to thres
contiguous memory locations. Both operands ar
17 éigits'plus sign and form a 17 digit sum with
sign.

57 Subtract, the contents of three contiguous
memory locations in decimal format are subiracted
from the contents of three memory locations.

Both operands are 17 digits plus sign and form .
a difference of 17 digits with sign.

60 Multiply, the contents of three contiguous
memory locations in decimal format are muliiplied
by three memory locations. Both operands are
17 digits plus sign forming a 34 digit product
with sign.

61 Divide, the contents of six contiguous memory
locations are divided by the contents of three
contiguous memory locations forming a 17 digit
signed quotient, and a 17 digit remainder.

62 Logical (absolute) Compare, from one to 24,
eight bit characters in memory (operaad 1) are
compared to a corresponding operand 2, setting
appropriate skip designators.

63 Decimal Skip on Y mask.

Where: 2o = Plus
2l = Negative
22 = Zero
27 = Overflow



deo
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Fixed and Floating Point

The CONUS arithmetic units will be free standing cabinets which will
communicate with the CONUS over a special 24 or 48 bit channel. The
unit will include all the arithmetic algoritnms for the CONUS. Data
will be transferred to, and operated on, in the arithmetic unit with
special instructions in the CONUS Escape Mode. The arithmetic unit
will contain a 24 or 48 bit program addressable Accumulator, and

a 24 or 48 bit program addressable quotient register. All arithmetic
and logical operations will be performed in 2's complement binary.
The unit will contain the necessary circuitry for translation and
execution of the instructions which will be transferred to the unit

‘from the processor. The standard set of instructions are listad

below and are self explanatory.

There will be a total of 6 completely compatible arithmetic units
which will be available as an option = three 24 bit and three 48
bit units.

The floating point adapter will be available only with the three
48 bit arithmetic units. The units are called out as follows:

FX2/1 Slow speed 24 bits
FX242 Medium speed 24 bits
FL243 High speed 24 bits
FX481 Siow speed 48 bits
FX482 Medium speed 48 bits

FX483 Ziz.. speed 48 bits



53
54
55

57
60
61
62
620
621
622

623

624
625
626
627

ADD

SUBTRACT
MULTIPLY
DIVIDE

LOAD A

LOAD Q
STORE A
STORE Q
SHIFT LEFT &

'SHIFT RIGHT A

SEIFT LEFT Q
SHIFT RIGHT Q
SHIFT LEFT AQ
SHIFT RIGHT AQ
FLOATING UNPACK
SET BASE
FLOATING ADD
FLOATING SUBTRACT >
FLOATING MULTIPLY
FLOATING DIVIDE
SKIP CONDITIONAL

ET BASE
LOGICAL PRODUCT
LOGICAL SUM
LOGICAL DIFFERENCE
SELECTIVE SUB

- 31 -

4+ (Y)—pA
A = (Y)e—ph

A X {I)—>AQ

AQ <+ (Y)=—PA remainder in Q

(Y)—>a

(T)—Q

A—x(Y)

Q—>(¥)

A left Y places

A right Y places
Q left ¥ places

Q right Y places
AQ left Y places

AQ right Y places

48 Set Only

A QO ()=
A @ (Y)—»pA
A @ (I)—>a



_ SHIFT
1=24 REGISTER
24,
4 v
SERIAL
ADDER

Add Time 2wz 1l uSec.
Maltiply Time .~ 144 uSec. Avg.

fad

Divide Time 2= 278 uSec.
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FX242
' !
A =2, "-*-ﬁ Q=24
SHIFT REG. ;
L= 2 L D= 24
PARALLEL
ADDER
Add Time =~ ,2 udec.

Multiply Time o= 12 uSec. Avg.

Divide Time 7z 15 uSec.
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FX243
7
A=24 Q=24
7
X= 2
S8KEIPT REGQ, D= 2
v s
PARALLEL
ADDER
Add Time ~ ,2 uSec.

Maltiply Time . 3.6 uSec. Avg.

Divide Time

~ 48 uSec.

SHIFT REG.




FYL81
— A= 48 > Q=48
X=48 | SHIFT REG.
{
v
SEIRTAL
ADDER
Add Time ~~ 21 pSec.

Maltiply Time =z 525 nSec. avg.

Divide Time ~e 1030 uSec.
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FX482
A= 48 Q=48
v
SHIFT
L= /.8 D= 24
\v4
PARALLEL
ADDER
Add Time ~ ,2 uSsc.

Multiply Time .~ 24 uSec. Avg.
Divide Time 2z 29 uSsc.
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FLLES
A= /8 Q=48
v
-
¢ SHIFT
| x=.8 D= 48
i
PARALLEL
ADDER
Add Time 2~ .1 uSsc.

Maltiply Time

Divide Time

P 2.4 uSec,

P 2.6 uSec.

SHIFT
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There will be 2 floating point adapters available = FLPl and FLPR%

with the 48 bit arithmetic units. FLPL will automatically normalize

all arithmetic results to the base 2. FLP2 will automatically normalize,
all arithmetic,results to a variable base (2, 4, 16, 256) according to

a 3 bit "base register" (1, 2, 4, 8) as set by the programmer with a
special instruction. The floating point format will be as follows:

s ;] ¢ ¥
4T 46 40 39
Wheres
M gMan'bissa) = 40 bits
C (Characteristic) = 6 bits
51 (Sign of Mantissa =1 bit
Sz (Sign of Characteristic) = 1 bit

Floating algorithms will have approximately the same execution time
as fixed point. To these arithmetic units will be added an ulira
‘high speed 48 bit unit for competing with the CDC 6600 and IBM 92.

*See mclésure
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9) 0 Point

Assuming a 48 bit optional arithmetic section, the following
floating point package will be applicable:

Sl S2 c M
L1 46 40 39 0
Where:
M (Mantissa) = 40 bits
C (Characteristic) = 6 bits
Sign of Mantissa) = 1 bit
S, (Sign of Characteristic) = 1 bit

The basic algorithm for floating point is identical to that

used presently in the 1107 with the exception of renormaliza-
tion. The renormalization portion of the Floating Point algoriihm
will be variable according toc a varlable characteristic base

(2, 4, 16, 256) as designated by the programmer, i.e., renormalize
the mantissa in groups of 1, 2, 4, 8, respectively.

If X 1s the mantissa and § is the base, X is normalized if the
following holds: : '
1/§ € X<

Given the floatin int format as described above, the following
numerical ranges %N?oare possible:

base 2 273 < N €263 2107 <y € 102
base / 27126y < 2126290742 ¢ ¢ 1042
base 16 2-252< y € 2?52 10784 <y € 1084
base 256 250 < 50hm10-168¢ y < 1068

Implementation of the variable base will be accomplished by a

3 bit (binary) base register which may be set by the programmer
with a special instruction. The register will be used by the
hardware to determine the appropriate scaling procedure at the
completion of each floating point arithmetic instruction. The
cost of incorporating this feature is in the neighborhkood of

$300 to $400.
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The feature is justified from both an applications and a marketing
standpoint. From an application standpoint there are two basic
advantages of variable base floating point over fixed base floating
point. 1) Increased significance when dealing with small numbers.
2) Ability to handle large numbers, and obviously there are no
disadvantages, in that the identical results can be achieved by
using the same base. From the marketing standpoint we need only

say, "We offer everything that the IBM 360 offers (floating point
to the base 16) and more."



NC
00
01
02
03
04

05

06
07
10
11

12

13
14
15
16
17
20
21
22
23
24
25
26
27
30
31

APPENDIX B

Stop

Store Prog. Status Code
Load Prog. Status Code
Execute Remots Y

Execute Remote Y Set Return
Skip on Y Mask

Jump to Y

Set/Clear Lockout (¥ 20=1 Set, 2020 Clear)
4dd (R) + (Y)—»R

Subt. (R) = (Y¥)—>R

AND (R) @ (Y)—>R

EX OR (R) @ (I)—»R

STORE (13)B at Y

Load By from Y

B + Const. (B)y + I—+Bp
Compare B (B)B - (I) By + 1B
Load R with (¥)

Load R with (X)y

Load R with (1!)M

Load R with (!)L

Compare (R) = (Y)

Compare (R) -'(!)U

Compare (R) - (Y)M

Compare (R) - (X);

Store (R) at Y

Store (R) at I

DES T0;
Clear
Clear
Fill

(Variable)

(Vafnble) ‘
Hold

 Hold

Fil1
Fll
Fil1
Fill
Hold
Hold
Hold
F11
F11
Fill
| Fill
Fill
Fi11
Fi11
Fi11

Bold .
Hold

9.6
9.6
9.6
9.6
9.6
9.6.
7.2
12
9.6
9.6
9.6
9.6
9.6
9.6
9.6
9.6
9.6
9.6



32
33
34
35
36

37
40

1D

Note:

APPENDIX B

OPERATION
Stere (R)y at Yy
Store .(R)L at Yy

“Ine. (¥)

Ent. R with Const. + Sign
Dec. (¥) = 1, Skip if Y, Neg.

Store Address

Shift Storage L.C. 8
shift R right K(0-7)
Shift R left K(0-7)

Parity on (Y) Des. {Set Carry if
Even, Flus O and Pos.)

Reserved

Esca_pe to Mode Y

AstiVate nput Chan. Yy (Mask)
20 = Chan¥, Ete.

Activate Output Chan. Yy (Mask)
EF R—bChan. Yy (Translate ¥)

Store ESI Chan. Yy, Ack. Yy (Translate Y)

RESIGNATOR
Hold
Hold
Fill
Fil1l
Hold

Hold
Hold

'Hold_
Hold
Hold

TIME
9.6
9.6
7.2
7.2

7.2 - NS
9.6 - 8

9.6
7.2
4.8+2.4 (K)

L.8v2.4 (K)

7.2

4.8
4.8

4.8
7.2
7.2

Function Codes 57 through 77 are defined within their respoctive Escape class.
Function Codes 53 through 56, above, are in the Executive Control Escape class.
There are shown here to indicate the complete Instruction Repertoire for

the 9110 processor.
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