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FOREWORD
SCOPE AND ORGANIZATION

This manual is divided into three sections corresponding to the three major
units in a CONTROL DATA® 8490 Computer System. Each section contains
the theory of operation (circuit description) and the equipment diagrams
associated with that unit.

The other customer engineering manuals provide additional information for the
8490 Computer. The Maintenance/Command Timing manual provides the in-
formation necessary to maintain the equipment and to understand the step-by-
step sequencing of the instructions, = The Equation Summary, Card Placements,
and Wire L.ist manuals provide detailed information concerning the Boolean
equations, card types, and a listing of all wires for every term for each unit

in the system.,

PUBLICATIONS REFERENCE LIST

The following is a list of publications associated with the 8490 Computer System.
Manual Pub., No,.

8490 Computer System Reference Manual 14091600
8490 Customer Engineering Manuals
Maintenance/Command Timing 14092000

Compute Unit Equation Summary, Card
Placements, and Wire L. ist 14092100

1/O Unit Equation Summary, Card _
Placements, and Wire L. ist 14092200

14091700 ix Rev. A



Manual Pub. No,

Auxiliary Memory Unit Equation Summary,

Card Placements, and Wire List 14092300

8490 Site Preparation and Installation Manual 14091800

8490 ADSAS and FORTRAN Operations Manual 14091900
8490 System Maintenance Monitor Reference/Program

Listing Manual 14094700

Printed Circuit Manual (Volumes 1 and 2) 60042900

SYSTEM CONCEPRPTS

The CONTROL. DATA 8490 Computer System is a high-speed, modular
computing system suited to real-time control and data processing applications.
The flexible characteristics of the 8490 system permit it to be expanded into a
system with large-scale storage, input/output, and computational capabpilities.
With several options available, the 8490 can be tailored to meet particular data
needs and can later grow with increased demands for data processing.

SYSTEM DESCRIPTION

The 8490 Computer System is a data processing device expandable on a
modular basis. A minimum system consists of ‘a single Compute Unit and
associated Console, An illustration of a typical 8490 system is found on
on the facing page.

KEY TO LOGIC SYMBOLOGY

SYMBOL S

Single Inverter

A single inverter inverts input signals so that a 1 input gives a 0 output and
a 0 input gives a 1 output. Inputs to the symbol are indicated by arrowheads.

Rev. B x 14091700
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v ‘neYd

TAPE
UNIT
TYPEWRITER
UNIT
TAPE LINE PRINTER
UNIT
PAPER TAPE
READER/PUNCH CARD READER

COMPUTE UNIT

MAGNETIC
TAPE
SYNCHRONIZER

Typical 8490 Computer System
s



K307 Y K310

K306 K308 K311—O)

K309 K312
SINGLE SINGLE INVERTER SINGLE INVERTER
INVERTER WITH OR INPUTS WITH AND INPUT

Flip-Flops

A flip-flop is a temporary storage device with two stable states designated
set and reset. When a flip-flop is set, the set output is a logic 1; when
reset, the reset output is a 1. The logic symbol for a flip-flop is a square
formed by combining two single inverter symbols. The flip-flops are pre-
wired to receive a limited number of inputs. When the necessity for additional
inputs develops at an inverter of a flip-flop, an additional inverter is used
lpiggyback fashion!', By convention, set inputs and outputs are shown at the
even-numbered inverter; reset inputs and outputs are shown at the odd-
numbered inverter., The first two digits contained in the flip-flop number
pertaining to flip-flop grouped together as a register indicate stage nomenclature.
For example, the inverters used in the flip-flop diagrams indicate STAGE 2
if they were used as a particular stage of a register,

1 A020 1 0 A020 0

—> F—> — —>
SET RESET
0 0 ] ]
3  A02] > — A021 >
e -
SET 1 l
INPUT | A020 I SET
[ | OUTPUT
I
| Ly :
[ A021 RESET
RESET | , OUTPUT
INPUT O

INTERCONNECTION
OF THE TWO INVERTERS

Rev. A xil 14091700



PIGGYBACK

/ r— —_ — — — T
SET L5 p022 |
SET —>| A022 INPUT | i
INPUT E l
SET | 21 A020 i SET
SET —s AO020 L5 SET INPUT OUTPUT
INPUT OUTPUT : l
RESET Lf)%- AO2] RESET
RESET>] AO021 —RESET INPUT | , OUTPUT
INPUT _ OUTPUT L ]
INTERCONNECTION OF
PIGGYBACK INVERTER WITH
FLIP-FLOP INVERTERS
Control Delay
A control delay consists of an H--- term, which receives the input, and a
V--- or N--- term, which provides the output. The output is a clocked
pulse which is delayed with respect to the input by one phase time of the
clock (62.5 nanoseconds). The H--- term of the control delay is prewired
to receive a limited number of inputs. When the necessity for additional inputs
develops, an additional H--- term is used !'piggyback fashion!., .Conventions

applicable to control delays are as follows:

1. Clock pulse inputs to control delays are not shown on the diagrams
and must be obtained from the equation file.

2. An odd number indicates a clock output of odd phase time and an
even number of even phase time.

3. The timing on all sequence diagrams is in 62.5-nanosecond (one phase
time) intervals.

—> HO000 —> HOO1
V000 NOOT1 —
N101 +—
SINGLE INPUT AND OUTPUT MULTIPLE OUTPUT

14091700 xiii ’ Rev. A



—s  H202 H202
—s{  H002 LS O—> Vool —>
V001 HO02
PIGGYBACK CONTROL INTERCONNECTION OF
DELAY PIGGYBACK CONTROL DELAY
H003 H003 > V003
V003
HO04—> V103 H004 V103
MULTIPLE INPUT (ONLY WHEN INTERCONNECTION OF
SECOND INPUT IS AN H----TERM) MULTIPLE INPUT
HO005 —| HOO05 V005 —>
r—)
J001
1001 = V005
CONDITIONED OUTPUT (WHEN INTERCONNECTION OF
SECOND INPUT IS OTHER THAN CONDITIONED OUTPUT
H- - - TERM)

Capacitive Delay

The function of a capacitive delay is to provide an interval of time delay be-
tween successive logical operations. This is accomplished by regulating the
length of time for a 1 input to pass through the delay circuit. The delay time
for a 0 input is approximately one-tenth of the delay time for a 1 input.

1 USEC.

J002 D001 K000

KOOI

CAPACITIVE DELAY

Rev. A xXiv 14091700



Resync Circuit

The function of a resync circuit is to synchronize an asynchronous signal of

random length with the master clock. A 1 input of random length produces a
1 output of 62.5-nanosecond duration.

RESYNC CIRCUIT

—>{ HO10 HOO1 VOl —>

HO12

HO14

HOT16

HO18

Miscellaneous

The rectangular box, symbol for an inverter, is also the symbol for the follow-
ing circuits:

cC--- MASTER CLOCK : T---] TRANSMITTER
D--- TRANSFORMER T8 - - DRIVER TRANSFORMER
DRIVER
19 - - DRIVER TRANSFORMER
G--- GATE
L--- INDICATOR DRIVER Y - --| SENSE AMPLIFIER
R--- RECEIVER

The normal receiver, as previously illustrated, does not logically invert the
input signal. The following symbol is used to denote logical inversion through

a receiver,
a%g — - -

14091700 XV Rev. A



PLACEMENTS

Placements indicate the physical location of a printed-circuit card. On logic
diagrams, the placement associated with each symbol appears near it., Only
the horizontal and vertical placements and the test point of the symbol are
given (except for the Memory Unit where chassis number is included for
access channel logic). In the Compute Unit the chassis number is always 1.
In a Memory Unit (except access channel logic) or an 1I/O Unit, the chassis
number is determined by unit placement in the cabinet. Units are numbered
from right to left within a cabinet or as viewed from the front., Redundant
terms and card types are given in the equation file.

PLACEMENT
/D 06 A\
VERTICAL HORIZONTAL CARD
COORDINATE COORDINATE CIRCUIT

SYMBOLIC REPRESENTATION OF EQUATIONS

EQUATION
! A \
K024 = K025 + M251 V102
1 H022A C3] K025

The last three digits of the placement
REDUNDANT TERM  CARD TYPE number in the equation file indicate
card type. This number can be
obtained to find the card schematic in
K025 = K024 + V021 the logic diagrams by referencing the
-equation file from the logic diagrams.
1 H0228 C31 K024 Fo34 For a functional analysis of the card

\/ schematic, refer to the Maintenance

CHASSIS PLACEMENT USAGE manual.
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V102 K024 f—> F634
H22A

V201 ———>{ H22B
K025

SYMBOL INDEX

The symbol index, at the front of each section of logic diagrams, lists
alphanumeric order each subject term, its card placement, the function

name,and the sheet number on which the term is shown with all its inputs.

D100 1A080A
D103 1NORSA
D104 1T075A
D105  1F046A
N1ne 1A083A
14091700

3.5 MTICRO SEC DFLAY=BUFFER INFO, READY

«5 MICRO SEC DFLAY = RUFFER BY PASS

5e5 MILLISEC NDELAY~=CYCLE STEP

1 MICRO SEC DFLAY=REQUEST MEMORY

3¢5 MICRO SEC DFLAY=-BUFFER CARLE SELECT CONMTROL

xXvii
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SECTION 1
COMPUTE UNIT

The Compute Unit functions as a complete computer without any I/O or Mem-
ory Units., It contains two bidirectional data channels, one normal and one

buffered; 8,192 words of magnetic core storage; and arithmetic and control
logic.

GENERAL THEORY OF OPERATION

The 8491 Compute Unit is a parallel, single address, electronic data proces-
sor. It performs calculations and processes data internally in a parallel binary
mode. The internally stored program, located in sequential storage locations,
controls the step-by-step execution of individual instructions. Individual in-
structions in a Compute Unit are executed in one to six storage cycle times,
(One storage cycle is 1.35 microseconds.)

The 8491 Compute Unit, which functions as a complete small-scale computer
in the basic system, provides the arithmetic and control characteristics in an
expanded system.,

An 8491 Compute Unit includes a Console for operation and maintenance
purposes. The Console contains the controls and indicators necessary to
operate the Compute Unit and any associated 1/O Units and Auxiliary Memory

Units., Figure 1-1 is a simplified functional block diagram of the 8491 Compute
Unit.

MEMORY REFERENCE

The contents of the S register and the bank control for a given instruction
determine which storage location in memory is referenced. If the address is

14091700 1-1 Rev. A



MANUAL

CONTROL
k. MANUAL CONTROL
) 3
SET_BANK CONTROLS
BANK_SELECTION 5 \3TH BIT
SET_BANK CONTROLS REGISTER
BANK_CONTROLS
OPERAND
OPERAND, OPERAN OPERAND,
Q Q' A Al NEXT_ ADDRESS
REGISTER SHIFT REGISTER SHIFT REGISTER SHIFT REGISTER
NEXT
OPERAND ADDRESS
OPERAND TOGGLE
ADDER PROBE R T
CURREN
OPERAND Losic CURRENT ADDRESS P ADDRESS s
REGISTER REGISTER
N> MEMORY UNITS MEMORY , EXTERNAL ADDRESS
UNITS
INTERNAL ADDRESS
ADDRESS st
REGISTER FIRST WORD ADDRESS
ADDRESS
—>  BUFFER
CURRENT ENTRANCE
ADDRESS REGISTER | GonRENT
COMPARE |
TERMINAL LoGIC
BOOTSTRAP DATA ADDRESS |
BUFFER
EXIT
LWA REGISTER
OPERAND +i
EXTERNAL MEMORY—22TA ] x 1/0 CHANNEL CONTROL 1/0 UNITS
REGISTER
DATA NORMAL DATA
v J L om G
BUFFER
ADDRESS READ/WRITE CORE DATA z Py DATA
SELECTION STORAGE REGISTER REGISTER
MANUAL
CONTROL
| —+MEMORY UNITS PARITY BIT L—EXTERNAL MEMORY
DATA INTERRUPT 30 AND 40
TERRUPT
k. INTERRU lN'II‘_%RGFliéJPT CHANNEL INTERRUPT o o 0o
BANK| INSTRUCTION COMPUTER INTERRUPT _ o) oo oo
SELECTION 1
SHIFT COUNT INTERRUPT 20
\ F F PARITY
REGISTER REDUCE REGISTER LoGIc
GATING, L CHANNEL SELECTION 1/0 UNIT TERMINATE BUFFER
EXTERNAL MEMORY BUFFER
PARITY ERROR CONTROL READY-REQUEST - RESUME
CONTROL INTERRUPT
LOGIC INITIATE_BUFFER _SEQUENCE )1
COMMANDS AND GATING EXTERNAL
\ EQUIPMENT
ADDER
EXTERNAL MEMORY NORMAL
READY-REQUEST- RESUME
INTERNAL MEMORY 1/0
REGISTERS CONTROL

Figure 1-1.
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in a Memory Unit bank, the contents of S is placed on the address selection
lines to external memory (where it is placed in the S' register in the Mem-
ory Unit). If the bank selected is in the Compute Unit, the contents of S is
transferred to internal S'. The latter register then conditions the address
selection logic to reference the location specified by the contents of S!', The
following description considers references involving Compute Unit memory,

Read

For a read operation, the contents of the selected location is transferred
through the Z register to the X register where the data is available for mani-
pulation, After the transfer is complete, the Z register restores the data in
the original location. While the data is in the Z register, a parity check is
performed; if parity is wrong, a parity error signal, which tells the computer
that data is faulty, is generated. An interrupt 10 is then generated and

bit 210 of the error register is set,

Write

For a write operation, the data is transferred from X to Z, The selected
location is then cleared, and the contents of Z is weritten into this location,
The data in Z is also sampled by the parity logic. This circuit generates a
parity bit, as required, to accompany each word that is written into core
storage.

PROGRAM CONTROL

An 8490 program consists of a number of routines., Each routine contains a
series of instructions that is stored in sequential memory locations, The in-
struction being executed is called the current instruction, At the completion
of a routine, control is normally transferred to the next routine.

The Compute Unit is ready to begin the routine when the P register contains
the first address in a routine as a result of a manual or programmed entry.
The contents of P is transferred to the S register. The instruction at the
location specified by the contents of S (current instruction) is read from
memory. This instruction is transferred to the X and F registers. Once it
is in the F register, the instruction conditions the control logic to execute

this same instruction, Sometime before the execution of the instruction has
been completed, the contents of P is transferred to the adder., The commands
are then generated which increment the current address to the address of the
next instruction,

This address appears in A! which serves as the output of the adder. The
address is then transferred to S and then from S to P, This address now
represents the new current instruction address, Unless the Compute Unit
is interrupted, the preceding procedure is repeated until all of the steps in
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the routine have been completed., At the completion of each routine, control
is transferred to the next routine until a manual or programmed stop occurs.

ARITHMETIC OPERATION

When an arithmetic instruction is executed, the control logic conditions the
subtractive adder and the A, A', Q, and Q' registers to perform the neces-~
sary arithmetic.

The subtractive adder provides the necessary signals to form in Al!, by onel!s
complement addition, the sum of an operand from X and an operand from A
or Q. Whether the resultant in A! represents the sum .or difference of two
numbers is determined by the operand from X. If the operand is the contents
of X, the resultant equals the sum. I the operand is the complement of the
contents of X, the resultant equals the difference.

The 8491 Compute Unit performs multiplication by repeated additions and
right shifts, and division by repeated subtractions and left shifts, The shiits
are necessary to maintain the proper bit position of the resultant.

EXTERNAL FUNCTION

When the Compute Unit executes an external function (EF) instruction, a 12-
bit EF code is read from the Compute Unit memory and placed in the X
register. This EF code is then sent to one of the 1/O channels, either in-
ternal or external, to the equipment for which the code is intended. The
channel used is determined by the instruction in the F register. Generally,
EF codes are used to sense the status of a particular equipment or to acti-
vate equipment for a particular type of operation.

INPUT /OUTPUT

The 1/O circuitry of the Compute Unit permits the transfer of data between
the Compute Unit and external equipment. This transfer may be either normal
or buffered. A normal operation completely ties up the Compute Unit; how-
ever, during a buffer operation the Compute Unit is free most of the time to
perform other operations.

NORMAL. INPUT

A normal input occurs only when it is programmed as part of a routine. An
"EF code must be generated by the Compute Unit before the normal input can’
occur., This EF code activates the appropriate input device. The control
logic in the Compute Unit also enables the normal 1/O control logic for an
exchange-of-status signal with the input device. At the appropriate time
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during the exchange, the input data is transferred through the X register into

the Z register and then stored at the address specified by the contents of the
S register.,

The normal input instruction specifies a first word address (FWA) and a last
word address plus one (LWA + 1) of a storage area. The first word ad-
dress is contained in A, After an input word has been stored, the contents
of A is increased by one. The resultant is formed in A' and then gated into
A. The new address is then compared with the LWA+ 1, If the two ad-
dresses are not equal, the new address is transferred to S and the cycle is
repeated to store another word, This process continues until the two ad-
dresses are equal. The normal input operation then terminates,

NORMAL OUTPUT

Normal output operation is similar to the preceding description of normal input;
however, the contents of the address placed in the S register is read from
core storage and transferred through Z and X to the selected output device.
The number of words to be transmitted to the output device is specified by

the difference between the FWA and the LWA+ 1, The normal output opera-
tion is terminated in the same manner as the normal input operation.

BUFFERED INPUT

When the Compute Unit performs an input buffer routine, instructions are
executed to perform the following steps:

1. Load BER with the FWA of the 1/0O,

2. Load the BXR with the LWA + 1 of the I/O area.

3. Set the buffer bank control to the proper storage bank.

4, Select the 1/O equipment,

5. Initiate the buffer input.
The particular order of the first three steps is optional, but these steps are
always performed before initiating the buffer input. The 1/O equipment must
be selected before initiating the input buffer,
The buffer control logic causes the Compute Unit to interrupt the current v
"routine to perform a buffer sequence. This sequence generates the commands

which perform the following steps:

1. Gate the data word into BFR,
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2., Transfer the FWA to S,
3. Store the input word at the address specified by the contents of S.

4, Enable the contents of the BER (current address) to the
subtractive adder.

5. Increase the current address by one to form the next address.

6. Transfer the next address to BER register where this address
becomes the new current address,

7. Clear the 1/O control logic if the contents of the BER and BXR
are equal. .

The preceding steps are repeated by each input word until the current ad-
dress equals the LWA +1, At this time, the buffer control logic generates a
terminate buffer signal. The resulting interrupt 20 enables the interrupt logic
and causes the control logic to terminate the buffer and to continue with the
interrupted routine.

BUFFERED OUTPRPUT

The operation of the Compute Unit for an output buffer is similar to the opera-
tion for an input buffer, The pr‘elin'iinar'y steps are the same, The Com-
pute Unit then executes an IBO instruction which causes the Compute Unit to
perform the buffer sequence. This sequence reads the contents of the location
specified by the FWA from core storage and transfers this data through the

Z register to BFR. When the output data is ready, an information ready
signal is sent to the output device.

INTERRUPTS

If interrupt is not locked out, a signal on any of the interrupt lines into the
interrupt logic results in a signal to the control logic which interrupts the
routine being performed. Program control is then transferred to the routine
which services the active interrupt. Regardless of the type of interrupt, the
same general procedure is followed, The Compute Unit stores the address
of the next instruction to be executed in the interrupted routine and reads the
instruction contained in the special storage location associated with the active
interrupt. At the completion of the interrupt routine, the next instruction in
the interrupted routine is read from memory and program control is returned
" to the interrupted routine. '
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DETAILED THEORY OF OPERATION

REGISTERS

Temporary storage units for operands, instructions, and control words are
called registers. The contents of the registers can be displayed on the
Console., When referring to a stage of a register, a subscript designates
stage number; for example, the A register contains 13 stages, AOO' through
Aj1g. The following discussion analyzes typical stages of the A and A' reg-
isters and the control logic which conditions the inputs to these registers.
Only the function is given for all other registers; however, these registers
can be analyzed in the same manner as the A and A! registers.

Basic Register Controls

The logic circuits that condition the registers are known as controls. These
controls generate the signals that gate information into a register, clear a
register, or shift data from one register to another.

Basically, the controls for all registers are similar. These controls can be
categorized as clear, transfer, or shift controls, These three types of con-
trols are discussed in the following paragraphs. A detailed logic analysis of
the A register controls is included in the paragraphs on registers. All other
register controls, except set X, can be analyzed in a similar manner, '

Clear: A clear control is shown with the transfer of 1!'s example in Figure
1-2, The output of the clear control enters the reset side of every flip-flop
in the register. Thus, when the output of the clear control is a 1, every
flip—flop in the register is reset.

Register-to-Register Transfer: Three types of register transfers are used
in the Compute Unit; forced transfer, transfer of 1's, and transfer of 0's,
Figure 1-2, For a transfer of 1!'s, an output from the transfer control and a
set output from a flip-flop in the lower register form an AND gate input to the
corresponding stage in the upper register. When the output of the transfer
control is a 1, each flip-flop in the upper register is set if the corresponding
stage in the lower register is set., However, before any transfer of 1's can
be made, the upper register must be cleared. '

For a forced transfer, a set output of a flip-flop in the lower register and an
output of the transfer control form a set input AND gate to the corresponding
stage of the upper register. The reset output forms a similar input to the
reset side. When the output of the transfer control is 1, the contents of the
lower register is duplicated in the upper register, regardless of the previous
contents of the upper register. Thus, it is not necessary to clear a reg- '
ister before a forced transfer.
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Before a transfer of 0O's, it is necessary to set every stage of the upper reg-
ister. When the output of the transfer control is 1, each stage of the upper
register is reset if the corresponding stage of the lower register is reset.

Shift: Data can be shifted right or left from A! to A or from Q! to Q.
Furthermore, AQ and A!'Q' can be treated as double length registers, and
data can be shifted right or left from A'Q! to AQ. Figure 1-3 illustrates the
stage-to-stage transfers that occur for all types of shifts. All left shifts are
end around; the highest order bit is shifted to the lowest order stage. Right
shifts are end off; the lowest order bit is discarded and the sign bit is ex-
tended. All shifting is done by forced transfer.

Arithmetic Register (A)

The 13-bit A register functions as the primary arithmetic register. This
register holds operands and resultants during most arithmetic and shifting
operations, Figure 1-4,

The A register provides the following outputs:

Output Subject Terms
A! Register A--4, A--5
Q' Register Q--4, Q--5

I Inverters 1001 - 1111

U Inverters uoo1 - U121
Display L 001 - L 121
B Register B100 - B190

The lowest order stage of the A register has two inverters (A002 and A003)
which act as extensions of this stage. These inverters are necessary be-
cause more inputs are required to A000/A001 than can be connected to the
printed-circuit card which contains this flip-flop. Logically, inputs to A002
are identical to inputs to A000, Similarly, inputs to A003 are logically
identical to inputs to A001, The following controls, Figure 1-5, affect the
inputs to the A register,

Clear A: The output of clear A control delay H901/N-01 is connected to the
reset side of every stage in the A register. When any one of the inputs to

- H901/N-01 is a 1, the resultant 1 outputs clear the A register. The clear -
A command occurs when any of the following conditions are satisfied:

1. When master cleared (W140),
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2. When depressing the clear A pushbutton on the Console when the
computer is not running (J101 M132),

3. At f#14 in the D cycle of an MU instruction (F313 J327 \VV114).

4, At @14 of a manual enter except when the EM pushbutton is
depressed (V114 K097 K094) .

A'! to A: Control delay H703-H903/N-03 regulates the transfer of data be-
tween the A! and A registers. Whenever either H703 or H903 receives a 1
input, the resultant 1 outputs from N-03 gate the contents-of Al to A by a
forced transfer., The A! to A command occurs when any of the following
conditions are satisfied.

1. At ¢8 of the D chcle for an OUT instruction (F653 J327 \/108).

2. At @14 of the D cycle for instruction AD, SB, LC, LP, RA,
AO, or INP (V214 F584),

3. At f12 of a D or E cycle for an MU or DV instruction, at #12 of a

PTA or XAQ instruction, at @12 of the B cycle for an INP or OUT
instruction (V312 F560).

4. At #16 of the E cycle for an MU or DV instruction (V116 F505
J289).

5. At @8 of the E cycle for a DV instruction (V008 J279 F501).

6. At @14 of an LPN, ADN, SBN, SCN, LCN, or ETA instruction
(Vo014 F582).

7. At @18 of an MUT or MUH instruction (V018 F622).

Set A: The set A logic enables and disables the manually set pushbutton
switches associated with the A register display on the console. Whenever
the computer is running, the set A logic disables the set switches to prevent
the accidental entry of data into A, If the computer is stopped, the 1 outputs
of J100 and J101 enable the switch outputs. Then, when a given switch is
depressed, the associated stage of A is set. The 1 outputs of J100 and J101
occur when the stop flip-flop is set or the run flip-flop is reset.

Shift A Left: A 1 output from the shift A left control gates A' to A in such
a manner that the resultant is shifted one bit position to the left., The highest
order bit of A! is shifted end-around to the lowest order stage of A, The
shift A left command occurs whenever any of the following conditions are
satisfied:

1. At #16 of an LS2, LS3, or LS6 instruction (V016 F595).
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2. At @50 of a DV instruction (V050 F593),
3. At @50 of an ALS or LLS instruction in the 8490 mode (V050 F330).

4, At @12 of an SR, LS1, LS2, LS6, MUT or MUH instruction
(Vo012 F563).

Three of the output inverters in the shift A left control contain additional gating
to provide the correct resultant for shifts in either the 8090 or 8490 mode.
When the shift A left command occurs, NO005, N405, and N505 have 1 outputs
only if all other OR inputs to the inverter are 0. For an A left shift in the
8090 mode, J170 has a 0 output which enables N505 to gate A11 to AOO’
The 1 output from J171 disables NO005 and N405,

For an A left shift in the 8490 mode, the 1 output of J170 disables N505,
The 0 output from J171 enables N405 to gate A]1 to A12. Inverter NOOS5
gates A] to AOO only when J171, F501, and F333 have 0 outputs. Thus,
this tr-ans%er‘ occurs for all A left shifts in the 8490 mode except those which
are a part of the 26-bit shifts in DV and LLLLS instructions. For 26-bit left

i Q i A _ 5 h he A A b i .
shifts, 12 is gated to 00’ ence, the 12 to 00 transfer must be disabled

Shift AQ L.eft: Part of the shift Q left control affects the A register for an
AQ left shift, This control gates Q to A__. The outputs of H911 also
control inverters NO011 through N611; however, these inverters affect the Q
register. Whenever there is a 1 input to H911,inverters N-11 receive 0
inputs. However, N711 has a 1 output only if J173 (AQ shift) has a 0 output.
A 1 input to H911 occurs for either of the following conditions:

1. At @50 of an AQ left shift instruction (V150 F118 F109 F089).

2. At @50 of a DV instruction (V150 F593).

Q' to A: Control delay H900/N-00 gates the contents of the Q' register to the
A register by a forced transfer. When there is a 1 input to H900, the Q' to
A transfer occurs. Any of the following conditions produce this command:
1. At #11 of an LDN instruction; at @11 of the B cycle for an EXC,
EXF, or EXCY instruction; or at @11 of the D cycle for an INA
or LD instruction (V111 F506).
2, At @15 of a CTA or CTAQ instruction (F365 V115),
3. At @15 of an INAY, ETAY, or ERTA instruction (V115 F419),

4, At @g17 of the C cycle for an INP or OUT instruction (V117 F416),

Rev, A 1-14 14091700



Shift A Right:  An A right shift can be either a 12- or a 13-bit shift, as
determined by the 8090 or 8490 mode of operation, The lower order 12 bits
of A! are shifted right one bit position if there is a 1 input to H907., How-
ever, A is shifted to A i only if there is also a 0 input to N307. The A
right shift command occurs when any of the following conditions are satisfied:

1. At @50 of an MU instruction (V150 F626).
2. At @50 of an ARS or LRS instruction in the 8490 mode (V050 F329).
3. At @12 of an RS1 or RS2 instruction (V112 F384).

4, At #16 of an RS1 or RS2 instruction if F is set (F384 /016
F003) 00

However, the 1 output from N307 occurs only if one of the following condi-
tions indicating a 13-bit shift is present:

1. An MU instruction when the contents of X is negative or a DV
instruction when the contents of X is positive (F642).

2. An 8490 shift (F725),
3. An 8090 mode flip-flop reset (K021),

Adder Output Register (A!)

The A! register functions as a second rank of the A register. However,
the A! register also serves as the output register of the subtractive adder.
The A! register contains 13 stages, Figure 1-6, It provides the following
outputs:

Output_ Subject Terms
A Register A--0, A--1
S Register S--0, S--1

X Register X—-C, X=-1

Q Register Q--0, Q--1

B Register B--6

The following control circuits, Figure 1-7, regulate the inputs to the Al
register,
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Clear A': The output of the clear A' control is connected to every stage
of A', When there is a 1 input to H909, the resulting 1 outputs from N-09
reset every stage of Al,

A to Al: A 1 output from the A to A! control gates the contents of A into
Al by a forced transfer. Whenever any one of the inputs to H702 or H902
is a 1, the A to Al transfer occurs.,

Q to Al: The Q to A! control gates the contents of the Q register into the
Al register by a forced transfer. The Q to A'! command occurs when any
one of the inputs to H904 is 1,

Toggle Al: The toggle A!' command is generated as part of the operation of
the subtractive adder. When any one of the inputs to H908 is a 1, the toggle
Al command is generated. This command sets selected stages of A! as
determined by control signals from the subtractive adder,

Probe A!: The probe A! command also occurs as part of the operation of
the subtractive adder, A 1 input to H706 or H906 produces this command,
which complements selected stages of A! as directed by control signals from
thef subtractive adder,

Auxiliary Arithmetic Register (Q)

The 13-bit Q register assists the A register in performing arithmetic and
logical operations. For multiply and divide instructions, the Q register
senves as an extension of the A register to form a 26-bit AQ register,

Thé functional composition and operation of the Q register and its controls are
basically the same as those of the A register.

Secondary Auxiliary Arithmetic Register (Q!)

The 13-bit Q! register serves as a second rank of the Q register., The Q!
Pegister and its controls operate in the same manner as the A! register, ex-
cedt that Q! register has no controls which cause it to function as part of the
subtractive adder.,

Exchange Register (X)

The 13-bit X register functions as an exchange register for the transfer of
data within the Compute Unit. All data being transferred from internal mem-
ory passes through the X register. Similarly, data from a Memory Unit,
I/O Unit, or normal 1/O is stored temporarily in the X register. Data
leaving the Compute Unit for a Memory Unit, 1/O Unit, or normal 1/O is
plaéed in the X register prior to being placed on the appropriate transmission
lines.
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The X register controls, except set X, are similar to the A register con-
trols. Most of these controls gate data into the X register by a forced
transfer, transfer of 1!s, or transfer of O's,

The large number of inputs to the X register necessitates a different method
of setting X because there is no input pin available for this function. Thus,
the set X control actually disables the feedback from the reset output to the
reset input of every stage of X, Figure 1-8, The following discussion
assumes no 1 inputs to the X register from any of the other X register con-
trols. When there are 1 inputs to H947 and H949, the resulting 0 outputs
disable the feedback path from the reset output to the reset input of every X
register flip-flop.

Stage X is shown in the reset condition, When the set X command occurs,
the AND input to X001 is disabled. The output of X001 goes to 1 forcing
the output of X000 to 0, Thus, X000/X001 is switched to the set condition,

Stage X120/X121 is shown in the set condition, When the set X command
occurs, the AND input to X121 is already disabled by the feedback from
X120. Hence, X120/X121 remains set. Therefore, after a set X command
occurs, every stage of the X register is in the set condition, When the set
X control is not active, the 1 outputs of H947 and H949 permit the flip-flops
in X to function normally. After the set X command, a transfer of 0's is
executed to gate the contents of another register into X,

Memory Address Register (S)

The 13-bit S register holds the memory address currently being referenced
for an instruction, operand, or addressing operation. The address may apply
to either internal or external memory as determined by the bank controls,

In the 8090 mode, only the lower order 12 bits of S are used. When
switching from the 8090 to 8490 mode, bit 00 of the relative bank control is
gated to 512 (and then to P) to provide correct addressing.

Internal Memory Address Register (S!)

When a memory reference is made to internal memory, the current memory
address in the S register is placed in the S' register. The S! register

provides outputs which condition the address selection logic to reference the
correct address. In the 8090 mode, S'12 is supplied by BOO' In the 8490
mode, 5’12 is supplied by 512.

Program Address Register (P)

The 13-bit P register contains the memory address of the current instruction,
In the 8090 mode of operation, the highest order bit is not used. After exe-
‘cution of an instruction which does not jump program control to another rou-

tine, the contents of P is increased by 1 or 2, The P register receives data
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only from the S register., The three P register controls operate in a
manner similar to the corresponding A register controls,

Function Register (F)

The 13-bit F register holds the instruction currently being executed by the
Compute Unit,

Data is transferred directly from memory to the F register. The F register
is also affected by set and clear controls, a set-F-to-15_ control, and a
reduce control, The reduce control transfers F! to F in such a manner that
the resultant is reduced by 1.
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Secondary Function Register (F!)

The 5-bit F! register serves as the second rank of the lower order five
stages of F, Data is transferred to F! only from F, Controls are provided
to clear and set F! for 1/O control,

Storage Bank Control Register (B)

Functionally, the 16-bit B register consists of four 4-stage bank controls,
These controls operate independently of one another to provide the bank selec-
tion for the various addressing modes available to the 8490. Figure 1-9

shows the stages of the B register which are assigned to the respective bank
controls,

Bg By B, Bg
/\ /\ /\
/ \/ —\/ \/ \
15 {14 {13 [12 |11 ]10 |09 |08 |07 |06 [05 |04 |03 |02 |01 |00
B REGISTER

Figure 1-9. Bank Controls in B Register

The B register controls are basically similar to the A register controls,
However, some B register controls affect only the four stages assigned to a
given bank, These controls are used to set and clear a given bank control,

Memory Restoration Register (2)

The 14-bit Z register operates with core memory. All data entering or
leaving core memory is stored temporarily in the Z register,

Data to be written into core memory is entered into the Z register and then
written into the correct location, Data read from core memory is placed in
the Z register, After this data has been transferred to another register, the
data also is gated from Z back into the same location., Thus, Z permits a
memory reference to be nondestructive. The 14th bit of the Z register Is a
parity bit,

Buffer Data Register (BFR)

The 13-bit BFR holds the data word being transferred to or from memory
over the Compute Unit buffer channel. The BFR controls can gate data into
the BFR from internal memory, external memory, or the buffer channel
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data lines, Data from the BFR can be transferred to the X inverters or
placed on the data lines to the external equipment on the Compute Unit
buffer channel,

Buffer Entrance Register (BER)

During buffered 1/O operations on the Compute Unit channel, the 13-bit BER
holds the address to or from which information is being transferred., The
contents of this register may be transferred to memory or to the subtractive
adder, In the 8090 mode, only the lower order 12 bits are used.

After the word has been buffered, the subtractive adder increases the con-
tents of BER by one. The buffering process continues until the contents of
BER and BXR are equal,.

Only two controls affect the BER. One control clears the BER; the other
control gates the contents of A! to the BER by a transfer of 1!'s. Whenever
the clear BER control is activated, the A! to BER control is activated in
sequence,

Buffer Exit Register (BXR)

During buffered 1/O operations on the Compute Unit channel, the 13-bit BXR
holds the last word address plus 1 for the buffering operation, In the 8090
mode, only the lower order 12 bits are used. The BXR controls are
similar to the BER controls,

Error Register (ER)

The error register contains six stages., Each stage represents a different
error condition, Generally, after an operation is performed for which a
certain type of error could occur, the Compute Unit senses for the error
condition, If the error is present, the appropriate flip-flop is set.

The contents of the error register can be transferred through X to A by the
ERTA instruction. The output of the error register also conditions the
COMPUTER STATUS indicator to display the correct error indication.

MAIN TIMING

A group of control delays are combined in a main timing chain. This en-
sures that the correct commands are performed at the proper time for a
given instruction, Figure 1-10 shows a sample control delay chain,

" The control delays in the main timing chain have V--- output terms. The

last two digits of the H-—-- and V--- terms correspond to the phase time of
the output of this control delay. In the 8490, one phase time equals 62.5
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nanoseconds, which is equal to the delay introduced between the input and
output of a control delay and the length of the pulse.

The outputs of the main timing control delays supply inputs to various other
control delays, flip-flops, and inverters., These inputs may be either direct
or gated. A direct input produces a function or command unconditionally.
A gated input produces a function or command only if the enabling conditions
are present,

All of the commands which occur for an instruction form a command timing
chart, In these charts, input times are listed for flip-flops and output times
are listed for control delays. Thus, K--0/K--1 is set at time 00, but the
command represented by H9-1/N--1 occurs at time 01, The last digit in
the subject term in a control delay is odd if its output occurs at an odd phase
time and even if its output occurs at an even phase time.

At time 03, the output of H--3/\V/--3 provides a 1 input to H--0/\V-=0 if the
enabling condition is present. Thus, the control delay chain continues to re-
peat until the enabling condition is removed.

Figure 1-11 illustrates the main timing chain as a block diagram. The start
portion is entered whenever it is necessary to establish or change program
control. When the computer is started, the start sequence is used to enable
the autoload feature if memory has not been previously loaded, The start
sequence then loads the starting address in S and P and generates a read
instruction signal. RNI is initiated which generates a memory reference. A
resume Il continues RNI and gates the instruction to F, The F translators
then form the gating signal necessary to enable the commands which execute
the instruction,

An output from the RNI sequence then initiates the instruction sequence. This
instruction sequence consists of one or more cycles. One cycle is performed
for each memory reference required. The A, B, and C cycles form the
correct address or operand required for the addressing mode of the in-
struction, The A (if only A cycle is performed), D, and E cycles are per-
formed as required to execute the instruction. Minimally, an instruction might
require only an A cycle or an A and D cycle. A complex instruction could
require all five cycles. The main cycle sequences are A, AD, ABD, and
ABCD, Also used are ADE, ABCE, and ABCDE,

For multiply, divide, and shift instructions which require the use of a shift
sequence, the shift sequence is initiated. This sequence generates the
proper commands to perform the required shift and add or subtract. This
‘sequence is repeated until the required number of shifts have been performed.

Multiply and divide instructions then enter the end correction sequence., At some time
before the end of <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>