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NOTICE

DATA GENERAL CORPORATION (DGC) HAS PREPARED THIS MANUAL
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SECTION O

INTRODUCTION

THE NOVA 1220 COMPUTER “etched PC board. The console includes a frame,
front panel and PC board which holds the switches,

The Nova 1220 computer shown in Figure O-1 con- lights and associated logic. Each basic Nova

sists of a power supply-backpanel assembly and a 1220 includes a Central Processor module, and
console assembly mounted on a chassis into which any one of four types of memory modules; 1K,
plug up to ten 15" by 15" PC boards. The chas- ZK,‘ 4K or 8K. A table top assembly is also
sis includes a frame, two fans, a filter, a power available but not shown.

transformer and a power switch assembly; the

power supply-backpanel includes the power supply

and ten sets of edge connectors mounted on an

POWER SUPPLY-
BACKPANEL
ASSEMBLY

(PART #2041)

ST

PC BOARD
EDGE
CONNECTORS

06-00118

ESCUTCHEON

CONSOLE
ASSEMBLY
(PART #2047)

Figure O-1 Exploded View of The Nova 1220 Computer

With Central Processor and Memory Cards Removed
Rev. 01
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The Central Processor, Console, Memories and
Controllers communicate with each other along
16 bit buses called MEM, MBO and IN-OUT as
shown in Figure O-2. MEM transfers information
from Memory or the Console to the MBO or In-
struction registers; MBO transfers information
from the MBO register to the Console and Mem -
ories, and IN-OUT transfers information between
the Memory's MB register and peripheral con-
trollers. In the Nova 1220 proper all these data
paths and their associated control signals travel
along etched tracks on the backpanel to the
board's edge connectors and to a plug in the con-
sole's PC board.

THIS MANUAL

This manual explains how the basic Nova 1220
works, how it is installed and how it is main-
tained. It is divided into 8 sections:

Section O introduces the machine and this
manual;

Section C explains how the Central Processor
works;

Section K explains how the operator's Console
works;

Section P explains how the Power Supply
works;

Section M explains how the Memories work;
Section I explains how to install the computer;

Section N explains how to maintain the com-
puter;

Section T has two reference tables - a signal
list and a list of expanded abbreviations. The
signal list traces the source and destination of
each signal in the Central Processor and the
Memory. Source signals are listed alphanu-
merically by name. Each source signal orig-
inates at the output pin (PIN) of an integrated
circuit (CHIP) which is called out on a drawing
(DWG) at a grid reference (GRID). Each sig-
nal is wired to one or more ICs which them-
selves originate more signals, or (FUNCTIONS),
whose names and locations are listed in the
DESTINATION column beside their originating
signal. Drawing numbers are identified by the
last two numbers of the print followed by a
hyphen followed by their sheet number(s).

0-2

RELATED DOCUMENTS

Figure O-3 lists the engineering prints and man-
uals which describe the basic computer. The
manual '""How To Use The Nova Computers' ex-
plains how to program the machine. The manual
"The I.C. User's Guide'" gives logic diagrams
and truth tables for the I.C.s used in Data
General's machines.

Rev. 01
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SECTION C

THE CENTRAL PROCESSOR UNIT

INTRODUCTION

The central processor unit (CPU) usedin this com-
puter is a binery, 2's complement, fixed word
length, parallel/serial, digital, automatic proces-
sor. It takes up to 32K words of 1.2y sec co-ordi-
nate-addressed core memory of 16 bits per word.
It has 7 sixteen bit hardware registers: four ac-
cumulators (ACO, AC1, AC2 and AC3); a program-
transparent shift buffer (ACB); a program-trans -
parent memory buffer (MBO); and one 15 bit pro-
gram counter (PC). All internal data paths are

‘four bits (or one '"nibble') wide, so each internal

transfer takes four steps; all three external data
paths or buses, (MEM, MBO and IN-OUT) are 16
bits wide so each external transfer takes one step.

There are three classes of instructions; memory
reference (EFA), input-output (I/0) and arithmetic
and logic (ALC). There are three modes of ad-
dressing; absolute, index (to AC2 or AC3) and rel-
ative (to PC).

Peripheral devices can interrupt the processor and
transfer data to or from its accumulators via the
I/0 instruction set, or simply use the processor's
high speed data channel directly to memory.

The CPU is contained on a single 15" by 15" PC
board which is inserted into the first slot of the
computer's chassis. Power is supplied by the
chassis' power supply.

THE CONTROL UNIT

The CPU is a synchronous processor for which
time is broken up by two clocks into discrete,
fixed periods. The two clocks are derived from

a 13.333Mhz crystal oscillator which is divided by
two. One clock, called MEM CLK is always run-
ning; the other, called CPU CLK is gated by three
signals RUN, STUTTER and WHOA. RUN is a
control flip-flop which stops the processor when
it resets; STUTTER inhibits the clock for onecycle
and WHOA is used by certain options like the mul-
tiply divide to slow the machine down. With these
clocks the Control generates eight major states
and two levels of minor states called timing state
(TS) cycles and timing generator (TG) cycles.

Major States

Major states define what type of memory functionis
under way. The designated major state of the ma-
chine is set at the beginning of each memory cycle
and remains set throughout that memory cycle.
There are eight major states; Fetch, Defer, Ex-
ecute, PI,DCH,Key, Keym, and a ""dummy'" state
during which none of the other states are set.

1. Fetch occurs when the next word to be read
from memory is to be treated as an instruc-
tion.

2. Defer occurs when the next word from memory
is to be treated as the address of an operandor
instruction, i.e., during indirect addressing.

3. Execute occurs when the next word from mem-
ory is to be treated as an operand. Program-
med I/0 operations also set Execute, but the
memory is not allowed to run.

4. PI occurs during a program interrupt when:
e the contents of the PC are stored in location 0
e the next major state is set to Defer

e A JMP instruction is forced into the Instruc-
tion Register ‘

e the next address executed is in location 1,
which should be set to the starting address
of the service routine.

5. DCH occurs when the next memory cycle is to
‘be a direct transfer between an I/0 device and
Memory.

6. Key occurs when a manual function is being re-
quested from the Console. DuringKey, either
allor part of the manual function is performed.
The memory is not allowed to run during the
Key cycle.

7. Keym occurs when the manual function requires
a memory cycle, such as Examine or Program
Load.

8. "Dummy'" State occurs only when a machine
stop is pending and the current instruction re-
quires the skip conditions to be interrogated.
During this state the machine increments the
PC if the skip is successful in order that the
address lights reflect the true next address.
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TS Cycles

The TS cycles are four clock pulses long, and may
be thought of as the time required to transfer a 16
bit word between two CPU registers at the rate of
four bits per clock cycle. Each Major State con-
sists of at least two complementary TS levels,
called TSO and TS3. TS0 occurs during the first
half of the Major State, and TS3 occurs during the
second half. Certain operations require more
time than that provided by the two TS cycles, so a
flip-flop called Loop is set to force the TSO cycle
to repeat and give the Major State three TS time
intervals. During TSO of this operation the data
is fetched from the memory and loaded into the
MBO; then Loop is set, TS0 is repeated, and the
data in the MBO is shifted through the Adder.
Finally, TS3 is set and the data is transferred
from the MBO to the Memory and re-written.

Timing Generator Cycles

There are three timing generators, called the pro-
cessor timing generator (PTQG); the accumulator
timing generator (ACTG) and the memory timing
generator (MTG). These timing generators ef-
fectively designate the clock pulses for specific
functions in the processor, accumulator and mem-
ory respectively.
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The Processor Timing Generator.

This two bit

counter ,designated, PTGO and PTG1, cycles every
four clock pulses. PTGO is set during the two T
middle clock cycles of a TS cycle, and PTG1 is Nl
set during the last two cycles of a TS cycle. These
two levels are decoded into two others called

PTG2 and PTG5. PTG2 is the last clock interval
during TS0, and PTGS is the last clock interval
during TS3. PTGS5 is used, for example, to en-
able the major state flip-flops. PTGO '"anded"
with TS0 to form PTGO* TS0, the first clock in-
terval during TSO, is used to increment the Adder
as the least significant four bit nibble is passed
through it. Figures C-1 and C-2 show the timing
for the PTG during FETCH or KEY major states,
and all other states.

The Accumulator Timing Generator. This two bit
counter, designated ACTGO and ACTG1, is always
one clock state ahead of the PTG counter. Its two
signals are used to drive the accumulator chips.
Their timing is given in Figure C-3.

The Memory Timing Generator. This four bit
counter,designated MTGO, MTG2, MTGS3, is used
to form the control signals for memory. Its tim-
ing is given in Figure C-4.

Figure C-1 Timing

For The Processor Timing
Generator During All
Major States Except

Fetch or Key
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CPU DATA PATHS
Registers

The CPU is organized around eight hardware reg-
isters as shown in Figure C-5; a shift buffer (ACB);
a program counter (PC); a CPU interface register
(MBO); an instruction register (IR and MBC); and
four accumulators, (AC0, AC1, AC2, AC3). These
eight registers are all 16 bits long except for the
PC which is 15 bits. All internal data paths are
four bits wide, so it takes four separate operations
to perform an add, or a register-to-register trans-
fer.

Program Counter (PC). The 15 bit address of the
next instruction to be fetched is held in the PC.
During the fetch of an instruction, the PC is in-
cremented by one so that it points to the next se-
quential instruction. Certain instructions, such as
JMP can change the contents of the PC. The PC
consists of one 16 bit latch.

Instruction Register (IR and MBC). The Instruction
Register stores the instruction currently being ex-
ecuted. The CPU decodes the data held in the In-
struction Register in order to perform the instruc-
tion. The register is organized into two parts, the
IR and MBC. The IR consists of the eight high or-
der bits, and the MBC of the eight low order bits.
During an effective address calculation, the MBC
contains the displacement and shifts through the
source multiplexer into the Adder and the IR bits
remain static.

CPU Interface Register (MBO). The MBO is used
in every operation the CPU performs. It acts as a
parallel-to-serial converter for 16 bit data flowing
into the machine from the MEM bus. This data is
loaded from the MEM bus into the MBO in parallel,
and shifted out four bits at a time into some other
part of the machine. Conversely, data is shifted
into the MBO from the Adder four bits at a time to
be loaded into a Memory from the MBO bus. Dur-
ing effective address calculations, the MBO holds
the present address used in relative addressing.
During memory modify operations (such as ISZ) data
is loaded into the MBO Memory. The MBO then
modifies the data by recirculating it through the Ad-
der and back into the MBO. The modified data is
then loaded from the MBO back into Memory.

Shift Buffer (ACB). All data to be loaded into the Ac-

cumulators are passed through the ACB, where the
results of an ALC instruction are assembled before

they are loaded back into the Destination Accumulator.

C-5

* Accumulators (AC0, AC1, AC2, AC3.) There are

two identical sets of four - 16bit accumulators all
of which can be logically and arithmetically man-
ipulated under program control. Each set of ac-
cumulators is contained in a single 64 bit chip;
(only one accumulator - nibble per chip can be ad-
dressed at any one time). Since it is necessary to
be able to access two accumulators simultaneously,
two sets are available, called source (S) and desti-
nation (D), each set containing the same information
as the other. For example, two accumulators can
be added together by simultaneously fetching the
source data from one chip and the destination data
from the other and then adding the two. The ac-
cumulators are buffered by four bit registers

- (source and destination) so that the next nibble can

be selected while the current nibble is being pro-
cessed. It takes 100 ns to access a nibble in the
accumulator, and 100 ns to move a nibble through
the Adder and Multiplexer, so by overlapping the
two, the total time to process a nibble is 100 ns.

During the first nibble, the Adder is idle and a flag
called STUTTER inhibits the clock until data is ready.

Data Flow

Nibble Transfers. When transferring data from one
register to another, the lower order bits are al-
ways transferred first. The first clock interval
would transfer bits 12-15, the second 8-11, the
third 4-7, and the fourth 0-3. If an operation is to
be performed upon a word, two things must be speci-
fied; the bit position inside the nibble, and the nib-
ble to be acted upon. For example, to increment

a word during FETCH- TS0 time when the MBO is
incremented, a carry is inserted into the low order
bit of the Adder during the first clock interval,
PTG=0-TS0, so a '""one'" is added to that first nib-
ble. If a carry resulted from that first addition, it
is stored in a flip-flop for the next clock interval
where it is inserted into the Adder as a carry into
the low order bit. This continues until all four nib-
bles have passed through the Adder. During JSR it
is necessary to force bit 0 to be zero as it is stored
into AC3. A gate in the high order position of the
nibble forces the output of the multiplexer/shifter
gate high (to load zero) during JSR and the fourth
clock interval during the time state in which the PC
is being loaded into AC3.
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Instruction Overlapping. Certain instructions are
carried out at the same time as parts of other in-
structions. For example, any operation which
loads an accumulator is overlapped with the next
major state. Such is the case with the ALC in-
struction when the CPU first operates upon the
accumulator(s), loads the result into the ACB
register while memory is re-writing the instruc-

- tion, and then waits until the next state to transfer

the result from the ACB back into the accumulator.
The next state could be FETCH, PI, DCH or even
KEY. Another operation that is overlapped with the
next Major State is the interrogation of skip con-
ditions for ALC and ISZ/DSZ instructions. The
results of these instructions are loaded into the
ACB, which shifts through the multiplexer/shifter
during TSO of the next major state, after which the
data may or may not be loaded into the accumula-
tors. The output of the multiplexer/shifter is ‘
checked for all zeroes to see if it fulfills the skip
conditions. If it does, the SKIP flip-flop is set at
the end of TSO. If the next major state was FETCH,
the execution of that instruction is inhibited, ef-
fectively skipping it, even though it was fetched
from memory and loaded into the instruction reg-
ister. If the next major state is PI, the PC that is
loaded into address zero is incremented to reflect
the skip before it is stored. If the next state is
DCH and the SKIP flip-flop is left in the set state,
appropriate action will be taken on the next FETCH
or PI cycle. If the machine is about to be stopped
from the Console by STOP, ISTP, or MSTP, a
"Dummy State'" is entered in which the skip con-
ditions are interrogated, and the PC incremented
as required to permit the ADDRESS lights on the
Console to show the correct next address when the
machine is stopped.

Data Buses

Data is transferred between memory and the cen-
tral processor or an I/O device along three data
buses called:

MEM  which transfers data from memory to
the Central Processor;

MBO  which transfers data from the Central
Processor to Memory;

DATA which transfers data in either direction
between memory and I/O devices.

During an output I/0 instruction, data moves from
the source AC into the MBO and on to the MBO bus.
From the bus it is strobed into the memory MB
register and on through the IN-OUT bus to the
destination device. During an output I/O instruc-
tion the destination device outputs to the IN-OUT
bus into the memory's MB register, which dumps
into the MEM bus. The MEM bus is strobed into
the MBO which moves it through the Adder to the
ACB and into the destination AC.

THE FLOW AND TIMING DIAGRAMS

The following diagrams illustrate each step in the
sequence of functions carried out by the central
processor and memory. Each block of a flow dia-
gram describes an operation, its data path and
the location of critical logic. For example, this

block means that the ACB ACB3z-AC
register was transferred 88-4-A7

to an AC register via the

shifter (ACB) which is located on print 001-000088,
sheet 4, in grid A7. The symbol £ means Adder,
M means Multiplexer, and S means Shifter. Sup-
porting notes near the blocks give the current time
state, relevant figures and the status of important
signals.

REFERENCES

1. Nova 1200 CPU
2. Flow Charts
3. Waveforms

Print D-001-000088-13
Print D-001-000106-00
Print D-001-000107-00
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of DGC

PTG5- TS3
ALC: FETCH @? (10) @? (10)
PCIN - LOW[ PCMBO SELECT ADDER|ADPD ONE = LOW IF
88-2-D4 FUNCTION CARRY
PC BITS 0-3| 88-4 AND CONTROLS FROM
THIRD
NIBBLE
AND
"NOT AND"
e T v T CLOCK CLOCK CLOCK ACB
TOAD MBO - HI LOAD ACB
88-3-B2 MBO ACB LOAD SHIFT SHIFT ACB
SHIFT 88-3-C2 88-3-C2
LAST
INSTRUCTION gé‘;M;%:
SATISFIED 88-3-B5
SKIP?
SET PACK
88-3-C5
gkgg‘; SEE CARRY CHART TAB.C-3
T
63.3.05 TO DETERMINE RESUL
SEIGTPTEST NOTE: RESULT IN ACB.
883D NEXT INSTRUCTION
ALC- FETCH ADDRESS IN MBO.
TGS THS > NOTE: IF LAST INSTRUCTION
(33) WAS A SATISFIED SKIP
06-00007 F_CcoMm THIS WAS AN ALC NO

LOAD

C-11
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TS3'PTG =0
NO
LDA + STA + ISZ + DSZ
a9
NO
JMP

SEE MEMORY SEE MEMORY
REFERENCE ~ REFERENCE
CHART SELECT ADDER SELECT ADDER CHART TAB.C-4

TAB.C-4

LOAD MBO = HI
88-3-B2
LOAD PC = LOW
88-3-B2
SHIFT ACB = HI
88-3-C2

PTGO = 1'PTG1

PTGO = 1:PTGL

D6-00008

FUNCTION
AND CONTROLS

CLOCK ADDER
TO MBO, PC,
ACB 88-4

=0

FIRST NIBBLE

SELECT ADDER
FUNCTION
AND CONTROLS

,  SEE
TAB.C-2

CLOCK ADDER
TO MBO, PC,
ACB 88-4

SIGNALS
[*—SAME AS
ABOVE

=1

SELECT ADDER
FUNCTION
AND CONTROLS

. SEE
TAB.C-2

CLOCK ADDER
TO MBO, PC
ACB 88-4

SIGNALS
<—SAME AS
ABOVE

ECOND NIBBLE

FUNCTION
AND CONTROLS

NOTE: ACB FROZEN ON JSR

CLOCK ADDER
TOMBO, PC
88-4

SHIFT ACB = LOW
LOAD ACB = LOW
88-3-C2

LOAD MBO = HI 88-3-B2

LOAD PC = LOW 88-3-B2

—{FUNCTION
AND CONTROLS

- |SELECT ADDER

CLOCK ADDER
—TO MBO, PC
88 -4

SELECT ADDER
—{FUNCTION
AND CONTROLS

CLOCK ADDER
-=TO MBO, PC,
88 -4

THIRD NIBBLE

C-12

Rev. 01
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of DGC

(12) () smP: FETCH (12) (G) JSR* FETCH
PTG5" TS3
SELECT ADDER| SEE MEMORY [SELECT ADDER
FUNCTION +——REFERENCE —| FUNCTION
AND CONTROLS CHART AND CONTROLS
TAB.C-4 :

LOAD MBO = HI SHLET A » LOW
—_88-3-B2CTGCK ADDER CLOCK ADDER |oLer 2CB = LOB
LOAD PC = LOW| 16 MBO, PC |+ FOURTH NIBBLE— TO MBO, pC, |LOAD ACB = LC

88-3-B2 | gg_ 4 ACB. 88.4 LOAD MBO = HI

SHIFT ACB = HI LOAD PC = LOW

88-3-C2
NOTE: SIMULTANEOUSLY
CLOCK
MBO 8 (BIT 12 r
OF EFA) INTO SET WAS JSR
MBO 12 SAVE AND PACK
88-1-C8 88-3-D5
NOTE: ACB INTO AC3
ON THE NEXT TS0
ACB CONTAINS
RETURN ADDRESS
88-2-C5
88-3-D2
(33) (¥ com SET DEFER
88-2-D6
D6-00009 DEFER

NOTE: JMP-EFA IS IN
- MBO, PC AND
ACB AT END
OF THIS CYCLE,
JSR-EFA IS IN

MBO, PC AT END
OF THIS CYCLE.
ACB HAS RETURN
ADDRESS.

C-13

(DEFER) (16)

88-3-C2

88-3-B2
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s’
(12) EFA (JMP+JSR) - FETCH
TS3: PTG=0
SELECT ADDER | SEE MEMORY
FUNCTION REFERENCE
AND CONTROLS | CHART, TAB.C-4 NOTE: AT END OF CYCLE
MBO AND ACB HAVE EFA.
PC STILL RETAINS NEXT
SHIFT ACB = HI INSTRUCTION ADDRESS.
CLOCK ADDER | 88-3-C2
FIRST TO MBO,ACB LOAD MBO = HI
NIBBLE | 88-4 88-3-B2 -
LOAD PC = HI
88-3-B2

PTGO=1- SELECT ADDER | SEE TAB.C-2
PTG1=0 FUNCTION
AND CONTROLS

CLOCK ADDER SEE
SECOND TO MBO, ACB SIGNALS
NIBBLE 88-4 ABOVE

SELECT ADDER | SEE TAB.C-2
FUNCTION
AND CONTROLS

A

CLOCK ADDER SEE
THIRD TO MBO,ACB SIGNALS -
NIBBLE 88-4 ABOVE

— e e e e e e ——————— .

SELECT ADDER | SEE TAB.C-2
FUNCTION
AND CONTROLS | NOTE:
SIMULTANEOUSLY, =
CLOCK MBO 8 (BIT
y 12 OF EFA)INTO
CLOCK ADDER MBO 12 SAVE. SET SET
FOURTH | TO MBO,ACB 88-1-C8 EXECUTE DEFER
NIBBLE | 88-4 88-2-C7 88-2-C17
SEE SIGNALS

‘ ABOVE
—————————————————— 20 () S
DG-000/0 (20 16) ‘

Rev. 01
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A
W
NOTE: TS3 OF FETCH HAS
TS3- FETCH STUTTER. ONE EXTRA
10 INSTRUCTION MEM CLOCK THAN CPU
CLOCK-SEE TIMING
NOTE: ACD SELECTED BY FIG. C-1.
IR BITS 3 & 4 88-2-C4 1/O IN?
- 88-1-B5
ouT
APD ONE = HI 88-2-D2 1/O IN
§2,51,80 = LOW (NO S MULT) NO
88-2-C2 e 1/0
* DISABLE D MULT = LOW STA-E - HI 88-1-B4 Séqp SET
% - ACD =-MBO FETCH- TS0 = HI
‘ 88-2-B2 88-4° 88-1-D4 INPUT
ACD OUT = LOW o~~~ 88-1-B5
PCIN = HI
88-2-B2 PTG = 0
FIRST NIBBLE = N
SEE ABOVE ACD > MBO SEE ABOVE
88-4
PTGO=1: PTG1=0
SECONDNIBBLE |
e e e H R HE
‘%%’/ A
SEE ABOVE ACD ;-MBO SEE ABOVE
i . 88-4 PTGO=1- PTG1=1
THIRD NIBBLE I B R
FOURTH NIBBLE PTG5
SEE ABOVE ACD +MBO SEE SET SKIP
88-4 ABOVE INC 88-1-C7
R-00011
-

' | (20)

0

Rev. 01
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TS0-DEFER (DEFER) )

MA LOAD - LOW
MBO—-MA 88-1-D2
103-1 READ IO - HI
88-1-B2
NO PACK
SET?
YES
ACB CLOCKED
TO ACD3
PTG =0 |_88-4 FIRST NIBBLE
+
ACB CLOCKED LOAD AC = LOW
MBO IS BEING 4 TO ACD3 88-3-D2
SHIFTED PTGO =1 | 20/ SHIFT ACB = HI
PTG1 = 0 SECOND NIBBLE | gg-3.c2
LOGIC ON 88-3
AREA A5 + A6 ACD3 SEL = LOW
DETERMINES |-t — | 88-2-D4
IF EFA IS ACD4 SEL = LOW
BETWEEN 88-2-Cd
20-37. ACB CLOCKED ACDI SEL = LOW
LOAD MBO = HI PTGo - 1 | TOACD3 88-2-C4
88-3-B2 PTGI - 1 | 88-4 THIRD NIBBLE | ACDZSEL= LOW
88-2-B4
-0 "~ "~ | NOTE: BIT0 BLOCKED
INTO AC3
ACB CLOCKED 88-4-A8
TO ACD3
PTG2 884 FOURTH NIBBLE
MEM-MBO TLOAD MBO - LOW »
88-4 88-3-A2
104-1.
NOTE: MBO NOW HOLDS EFA VALUE.

SET LOOP
88-3-D5 NO

GO TO SECOND
TS0-DEFER (17) (18) o
R-00012

Rev. 01
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ACD OUT = HI
88-2-B2
ADD ONE = LOW
88-2-D2
DISABLE D MULT = LOW
88-2-B2
S2, S1, SO = LOW
88-2-C2

NOTE: ADDER DOES

NOT SEE S MULT.

PTGO =1 PTGl =0

ADD ONE = LOW
IF CARRY FROM
FIRST NIBBLE
88-2-D2

OTHER SIGNALS
SEE ABOVE

PTGO = 1 PTGl =1

ADD ONE = LOW
IF CARRY FROM

FIRST NIBBLE
88-2-D2

OTHER SIGNALS
SEE ABOVE

ADD ONE = LOW
IF CARRY FROM
THIRD NIBBLE
88-2-D2

OTHER SIGNALS
SEE ABOVE

R-000/3

EFA = 20-27

@ (16)

STAY IN TSO
88-1-C5

TS0 LOOP’'DEFER

EFA = 20-37

ACD OUT=HI
88-2-B2
ADD ONE=HI
88-2-D2

L

MBO TO MBO AND ALL | DISABLE D MULT-= LOW
ADDER AND ONES TO ADDER | 88-2-B2
ADD ONE 88-4 SEE TAB.C-1 88-4 $2,51=LOW
LOAD MBO = HI SO=HI
v " 88-3-B2 v 88-2-C2
CLOCIiIC‘ESULT SHIFT ACB = HI hcﬂgcscx;ggsvm NOTE: ADDER SEES ALL
MEO, ACB ) ; ONES ON § MULT
88-4 l«—— FIRST NIBBLE 88-4 INPUT
MBO TO ADDER MBP? AND ALL
AND CARRY IF ONES TO ADDER
ANY 88-4 PLUS CARRY
T IF ANY 88-4 SEE NOTES
ABOVE
CLOCK RESULT CLOCK RESULT
MBO, ACB e SECOND NIBBLE MBO, ACB
-88-4 88-4
; MBO AND ALL
%ﬂ?g g SR%DI%R ONES TO ADDER
ANY 88-4 PLUS CARRY
- IF ANY 88-4
1 SEE NOTES
v ABOVE
CLOCK RESULT CLOCK RESULT
lggf?’ ACB «—THIRD NIBBLE — lsvgf?’ ACB
MBO AND ALL
Xﬁ?g {f SR%%DI%R ONES TO ADDER
ANY 88-4 PLUS CARRY
LF ANY 884 SEE NOTES
! ! ABOVE
CLOCK RESULT CLOCK RESULT
MBO, ACB MBO, ACB
884 FOURTH NIBBLE: 284

é (18) NOTE: M

C-17

DATA*1

BO NOW HAS EFA

Rev. 01
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O

@ n DEFER- TS3

NOTE: THIS STEP DONE MBO—MEM SETA
TO PUT UP TO DATE 88-4 READalg_ 1—_;‘;
DATA IN EFA. 103-1 T
MAY HAVE BEEN MB LOA% g_%?c"g
CHANGED (AUTO INC + DEC)
MAR STILL = EFA -
YES JMP OR NO
JSR? LDA+STA+ISZ+DSZ
JMP+JSR 88"’2-B5 + +
F3
M0 TO glcsgl(s)ragr DHI;/IULT LOW 88-2-B2 MBO TO
ADDER ADDER
884 S2,S1,S0= LOW 88-2-C2 884
ADD ONE- HI 88-2-D2 v
v S MULT OUT= ZEROS )
CLOCK ADDER | LOAD MBO=HI 88-3-B2 CLOCK ADDER | __
TO MBO, PC, SHIFT ACB=HI 88-3-C2 _ TO MBO, ACB LOAD PC = HI
TOAD BC.- LOW| ACB88-4 FIRST NIBBLE 88-4 88-2-B2
88-2-B2 :
PTG =
__________ -
A
MBO TO MBO TO
ADDER « : ADDER
88-4 : CONTROL 88-4
T SIGNALS T
CLOCK ADDER SEE ABOVE CLOCK ADDER
TO MBO, PC, ‘ ' TO MBO, ACB gg";DBlz’C = HI
LOAD PC - LOW | ACB 88-4 SECOND NIBBLE 88-4 [88-2-
88-2-B2 ;
PTGO = 1-PTG- = 0
MBO TO i MBO TO
ADDER ADDER »
88-4 CONTROL Y
SIGNALS
v SEE ABOVE v
CLOCK ADDER CLOCK ADDER j
TO MBO, PC, TO MBO, ACB LOAD PC = HI =
- THIRD NIBBLE 85.-2-B2
LOAD PC - Low| ACB88-4 88-4 2
88-2-B2 .
PTGO = 1-PTG1 = 1
DG-000/4
(19) (19)

Rev. 02
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AR,

AT

N’

LOAD PC = LOW
88-2-B2

| (18)
|~ JMP+JSR

MBO TO
ADDER
88-4

CLOCK ADDER
TO MBO, PC,
ACB 88-4

DG-000/5

PTG5° TS3

OF A DEFER

DISABLE D MULT=LOW
ACD-OUT=HI 88-2-B2
S2,81,80=LOW 88-2-C2
ADD ONE=HI 88-2-D2

S MULT OUT=ZEROS
LOAD MBO=HI 88-3-B2
SHIFT ACB=HI 88-3-C2

FOURTH NIBBLE

(18)
LDA+STA+ISZ+ DSZ

'MBO TO
ADDER
88-4

CLOCK ADDER

TO MBO ACB
88-4

LOAD PC = HI
88-2-B2

y
A

SET

88-2

DEFER

-D6

DEFER

C-1

9

(16)

SET
EXEC
88-2-D6

( EXEC )

(20

Rev. 01
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START OF TS0

NO 1/0?

LDA+STA+ISZ+DSZ 88-1-C8 IO'E

YES

YES
l INPUT
—_— A 4
READIO = HI[™ ypo-ma DRIVE 10=HI
e 88-1-B2 1 I0-MEM READ 10- LOW
MA LOAD - LOW - 103-1
88-1-D2 104-1 88-1-B2
T MB LOAD=HI
l 88-1-C2
CLOCK FIRST
, NIBBLE VIA
LDA+ISZ+DSZ+ MULT 88-4
I/0O IN
ptG=0_
A
CLOCK SECOND
NIBBLE VIA
MULT 88-4
PIGO=1, PTGL=-0 |
A
CLOCK THIRD
- NIBBLE VIA
MULT 88-4
prGo-i,prG41-1 - |
PTG2
LOAD MSBE?_ 3:_;1; MEM~—~MBO CLOCK FOURTH
103-1 NIBBLE VIA
88-4 MULT 88-4
DG-000/6

NOTE: RESET INPUT
IF 1/0O

STA+LDA+
I/0 IN

Cc-20

!

SET LOOP
88-3-D6

S

OUTPUT+
SKIP
(23)

SEE MULT CHART, TAB.C-1
LOAD MBO=LOW

88-2-B2

ACD SELECTED BY IR

BITS 3 & 4
88-2-C4

ACTG FOLLOWING
PTG

LOOP TS0
AGAIN

Rev. 01
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(M) (20) EXECUTE® LOOPING TS0
167.+ DSZ INSTRUCTION

SELECT MBO
AND ADD ONE

-
TO ADDER 88-4
CLOCK ADDER CLOCK ADDER
* TO MBO, ACB - "é‘i(})_i/IBO,ACB |

88-4

CLOCK ADDER
TO MBO, ACB

CLOCK ADDER
TO MBO, ACB
88-4 ,

CLOCK ADDER
TO MBO,ACB

CLOCK ADDER
TO MBO, ACB
88-4

_._—,_.__.._____,__.______—_,___—

CLOCK ADDER
TO MBO, ACB
88-4

FOURTH NIBBLE
PTG2

DG-00017

AT

Rev. 02
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@ (20) s’
TNPUT - HI  88-1-B5
MBO~MEM INPUT =
384 READIO = HI  88-1-B2
TS3* EXEC 109-1 MB LOAD = HI  88-1-C2
LDA+STA+ISZ +DSZ+1/0 IN
l SELECT MBO WITH 1 PCIN = LOW
MBO+ZEROS | p MyLT, DISCONNECT PC—~MBO 88-2-D4
THYX”CQDDER S MULT WITH S0, 51,52 88-4 LOAD MBO = HI
TO A ALL LOW. 88-3-B2
PTGO=1-PTG1=0
MB+ZEROS _
THRU ADDER b2 BO v
TO ACB
SECOND NIBBLE
PTGO=1-PTG1=1
MBO+ ZEROS
THRU ADDER gf_ 4 MBO
TO ACB
THIRD NIBBLE
pTes FOURTH NIBBLE
MBO+ ZEROS -
THRU ADDER ;’f_ 4 MBO
TO ACB
NOTE: IF I/O WITH
S,C, P PULSE
(BITS 8 & 9 OF
ISZ+DSZ INST.)
PULSE GOES
OUT LAST
450 NANO >
SECS OF TS3
vES 88-1-A4
LDA+1/O IN
g}%TPTEST NO SET PACK
STA 8-3-D5
88-3-D7 88-3-D
| 1SZ+ DSZ LDA+1/O IN
DG-000/8 Ry
F COM ) (33)

C-22
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(20)

TS0-10 OUT
OR SKIP
NO _~1/0 skipo\ YES
1/0 OUT \_88-1-B4 1/0 SKIP
ooy U | MBO-MEM pc-mBO  |ss2ima
88-1~B2 88-4 ol
MB LOAD = HI| 034 88-4 LOAD MBO = HI
88-1-C2 03- 88-3-B2
DRIVE T/0 = LOW FIRST NIBBLE PTG=0
88-1-B2 —— e R 4 SR
PC—MBO
88-4
PTGO =
___ _SECONDNIBBLE | ____ PTGl=0
PC~MBO
88-4
PTGO =
_THIRDNIBBLE | ____  PIGl=1
FOURTH NIBBLE PTG2
PC—MBO
88-4
‘ SKIP
NO “SATISFIED?
88-3-B6
SET LOOP SET SKIP
88-3-D6 88-3-B5
1/0 OUT
06-00019 GOING TO SKIP SATISFIED
OOP TS0
(24) (s) (24) (25)

C-23
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NOTE:

NOTE:

LOOPING
TS0-1/0 OUT
DRIVE IO = LOW
88-1-B2

PROPER

DATO WILL

BE GENERATED
(BIT 5 & 6 OF
INSTRUCTION)
88-1-B4

TS3-1/0 OUT +
1/0O SKIP NOT
SATISFIED

PTGO = 1- PTG1

PTGO = 1' PTGl

DG-00020

FIRST NIBBLE

= 0 SECOND NIBBLE

-1 THIRD NIBBLE

FOURTH NIBBLE

(23)
1/0 OUT

OLL)

1/0 SKIP NOT
SATISFIED
MEM—I0 NOTE: DOES NOT
104-1 LOOP TS0
-
—————————————— --—lr»— —_——_——— — "
BB PCIN = LOW
S TOAD MBO - HI
PC—MBO
88-4
PC--MBO
88-4
r- ——————————————————— —
Y NOTE: IF /O WITH
S,C, P PULSE
PC—~MBO (BITS 8 & 9 OF -
88-4 INST.)
PULSE GOES
OUT LAST
) 450 NANO
F COM ) (33) SECS OF TS3 »
' 88-1-A4
Rev. 01
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/»’ﬂa«\
\*nrkiézw/
SATISFIED
MBO: 1 ADD ONE = LOW 88-2-D2
To AbDER | S0,51,82 = LOW 88-2-C2
I . 88-4 NO S MULT TO ADDER
DISABLE D MULT = LOW 88-2-B2
v ACD OUT - HI 88-2-B2
ADDER TO SHIFT ACB = HI 88-3-C2
| MBO. pC.AcB | LOAD PC = LOW 88-3-B2
s 88-4 LOAD MBO - HI 88-3-B2
PPG=0 _ _ __ FIRSTNIBBLE |
| MBO + CARRY | ADD ONE = LOW IF CARRY
FIRST NIBBLE FROM FIRST
TO ADDER 88-4 NIBBLE
88-2-D2
v OTHER SIGNALS-SEE ABOVE
ADDER TO
MBO, PC, ACB
88-4
PTGO - 1'PTG1-0 SECONDMIBBLE | . _
y
o~ MBO + CARRY | ADD ONE = LOW IF CARRY
© ) _ SECOND NIBBLE ﬁf‘&%gmom
TO ADDER 88-4 P
v OTHER SIGNALS-SEE ABOVE
ADDER TO
MBO, PC, ACB
88-4
PTGO - 1.PTG1 =1 THRDNBBLE | —
PTG5 FOURTH NIBBLE
A
MBO + CARRY | ADD ONE = LOW IF CARRY
| THIRD NIBBLE FROM THIRD
* N EAE TO ADDER 88-4 NIBBLE
NOTE: SIGNAL AND ENAB 88-2-D2
(88-2-B7) IS LOW oCKs v OTHER SIGNALS-SEE ABOVE
FOR 0SB BL0CKS [~ g
- (88-1-A5) MBO, PC, ACB
88-4
06-0002/ F CoM ) (33)

Rev. 01
C-25



implied to grant any license to make. use; or sell

Data Geueral Corporntion (DGC) has prepued this manual for use by DGC personnel and customers as a guide to the proper i
and . ‘The

ed in

herewith.

of DGC

€ d herein are the propeny of DGC and shall neither be reproduced in whole or in pa.rt without. DGC s prior written approval nor be

TS0°DCH

NOTE: DATA CHANNEL
ACKNOWLEDGE SENT
DURING LAST STATE

88-1-D4
88-1-C2

IO HAS BEEN SENDING

OVER DATA ADD.

AND MODE

NOTE: ACCUMULATOR
SELECTED BY

(26)

I0—-MA
103-1

YES \

PACK SET?

MA LOAD = LOW 88-1-D2
READ IO = LOW 88-1-B2

IR BIT 3 & 4 NO
88-2-C4
ACB+ACD
88 -4 E
LOAD AC = LOW
PTG= 0 88-3-D2
FIRSTNIBBLE |
SHIFT AC = HI
L : 88-3-C2
ACB+ACD
88-4
PTGO = 1-PTGl1 = 0
SECONDNIBBLE | | o .
A
) ACBzACD
88-4
PTGO = 1-PTG1 = 1
THIRDNIBBLE |
PTG2
FOURTH NIBBLE LAST INSTRUCTION
ACD—-ACD SKIP YES A SATISFIED SKIP
88-4 SATISFIED ? NOTE: HAS NO
88-3-B§ AFFECT IN
; THIS FLOW
NO SET SKIP
NO SKIP 88-3-B5
EM—’MB READ IO = HI
M N ° MB LOAD = LOW
103-1 \
88-4
YES ,
DCH INC l
SET LOOP
DCH QUT 88-3-D6
DG-00022 (28) (27)
Rev. 01
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DCH INC- TS0 LOOP

(26)

COMMON SIGNALS FOR ALL
FOUR NIBBLES
52,51,80 = LOW 88-2-C2

ADD ONE = LOW
88-2-D2

DISABLES S MULT TO ADDER
DISABLE D MULT = HI 88-2-B2
ACD OUT = HI 88-2-B2

LOAD MBO = HI 88-3-B2

MBO PLUS ONE
THRU ADDER TO
MBO 88-4

FIRST NIBBLE

PC IN = HI 88-2-D4
FETCH TS0 = HI 88-2-D4

ADD ONE = LOW IF
CARRY FROM FIRST
NIBBLE 88-2-D2

MBO PLUS CARRY| STA-E = HI 88-2-B4
THRU ADDER TO
MBO 88-4

PTGO = 1-PTGl = 0 SECOND NIBBLE

ADD ONE = LOW IF
CARRY FROM SECOND
NIBBLE 88-2-D2

MBO PLUS CARRY
THRU ADDER TO
MBO 88-4

PTGO = 1- PTGl =1  THIRD NIBBLE

ADD ONE = LOW IF
CARRY FROM
THIRD NIBBLE

MBO PLUS CARRY|
THRU ADDER TO
MBO 88-4

88-2-D2

D6-00023

(28)

C-217
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TS3-DCH

DRIVE IO = HI
READ IO = LOW
88-1-B2

PTGO = 1' PTGl = 0

PTGO = 1' PTGl =1

DG-00024

YES
DCH IN

REQUEST \NO

(%) (26)

DCH
IN?
88-1-C2

NO
DCH OUT

DRIVE IO = LOW
READ IO = HI
88-1-B2

DCH INC
I0~MEM MB LOAD = HIGH Mo~ NeM
103-1 88-1-C2 T 8.4, 1031
PCIN = LOW
PC—~MBO 88-2-D4 PC-~MBO
88-4 LOAD MBO = HI 88-4
88-3-B2
PC—~MBO PC—~MBO
88-4 e—— SEE ABOVE ——=  go°s
PC—~MBO PC—~MBO
e < SEE ABOVE s
PC—~MBO PC—~MBO

NO ~ REQUEST?

88-1-C4

SET DCH
88-1-C6

(26)

o) (9)

C-28

88-1-C4

SET LOCP
88-3-D5

Do

FIRST NIBBLE

SECOND NIBBLE

THIRD NIBBLE

FOURTH NIBBLE

Rev. 01
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DCH- LOOPING TS3

(? (28)

600 NANO
SECS.
DEAD
TIME

THIS PAGE COULD BE ENTERED ONE
OF TWO WAYS.

1. A DATA CHANNEL OUT FOLLOWED BY
ANY TYPE OF DATA CHANNEL REQUEST:
LOOPING TS3 ALLOWS THE NEW MAIN
MEMORY ADDRESS TO TAKE THE PLACE
OF THE DATA OUT ON THE DATA BUS.

2. A DATA CHANNEL INCREMENT FOL-
LOWED BY ANY TYPE OF DATA CHAN-
NEL REQUEST: LOOPING TS3 ALLOWS
THE NEW MAIN MEMORY ADDRESS TO
TAKE THE PLACE OF THE DATAOUT ON
THE DATA BUS.

DG-00026

=

C-29
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TS0- I
NOTE: ION FLIP/FLOP MBO—~MA MA LOAD=LOW 88-1 -D2
GETS CLEARED 88-4 READ 10-HI 88-1-B2
88-2-C7 103-1 NOTE: MBO CONTAINS ZEROS
(SEE F COM FLOW)
NOTE: ACCUMULATOR YES PACK NO
SELECTED BY IR SE3T ?5
BITS 3 & 4 88-3-D
88-2-C4
TOAD AC-LOW
88-3-D2 ACB3AC PC—MBO PC IN=LOW
SHIFT ACB=HI 884 88-4 88-2-D4
88-3-C2 LOAD MBO-=HI
PTG=0-TS0 FIRST NIBBLE 88-3-B2
SEE ABOVE —AC PC—~MBO
vk 88-4 SEE ABOVE
PTGO=1- PTG1=0 SECOND NIBBLE
EE ABOVE ACB3AC -~MB
s 88-4° P MBO SEE ABOVE
PTGO=1-PTG1=1 THIRD NIBBLE
PTG2 FOURTH NIBBLE
SEE ABOVE ACBAC BO~MBO SEE ABOVE
88-4 884
YES SKIP NO
SATISFIED
88-3-A5
NOTE: LAST INSTRUCTION
PRIOR TO PI
WAS A SATISFIED
SKIP
SET SKIP
88-3-B5
SET SET
LOOP LOOP
88-3-D5 88-3-D5
06-00027 é (31) @5 (31)

C-30
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of DGC

PI- TS0 LOOP

ADD ONE = LOW
88-2-D2

PTGO=1-PTG1=0

ADD ONE = LOW
IF CARRY FROM
FIRST NIBBLE
88-2-D2

PTGO=1-PTGl=1

ADD ONE = LOW
IF CARRY FROM
SECOND NIBBLE
88-2-D2

ADD ONE = LOW
IF CARRY FROM
THIRD NIBBLE
88-2-D2

DG-00028

LAST INSTRUCTION
0@

30) (v)

C-31

SATISFIED SKIP NO SKIP
COMMON SIGNALS
FOR ALL FOUR NIBBLES
$2,S1,S0=LOW (NO S MULT)
88-2-C2
Y DISABLE D MULT = LOW

MBO PLUS ONE —| 88-2-B2 MBO PLUS
MBO Z| ACD OUT = HI 88-2-B2 ZERO 5
88-4 LOAD MBO = HI 88-3-B2 MBO 88-4

MBO PLUS STA E-= HI 88-2-B4 MBO =

CARRY 5~ FETCH TSO - HI 88-2-D4 MBO >

MBO 88-4 PC IN = HI 88-2-D4 88-4

MBO PLUS MBO 5~

CARRY 3 MBO

MBO 88-4 88-4

MBO PLUS — MBO 5~

CARRY; MBO

_MBO 88-4 88-4

(32) NOTE: MBO EQUALS UPDATED
PROGRAM COUNT

LAST INSTRUCTION

ADD ONE = HI
88-2-D2

FIRST
NIBBLE

ADD ONE = HI
SECOND
NIBBLE

ADD ONE = HI
THIRD
NIBBLE

ADD ONE = HI

FOURTH
NIBBLE

Rev. 01
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TS3- PI

ADD ONE - LOW

NOTE: PROGRAM COUNT

WRITTEN INTO
LOCATION ZERO

%D (31)

MBO —MEM MB LOAD = HI 88-1-C2
88-4 READIO = HI 88-1-B2
103-1

88-2-D2
;%SSlivfgsTLow l STA'E - HI 88-2-B4 ‘l
88209 PLUS ONE TO FETCH- TS0 = HI 88-2-Dé SHIFT
-2- ADDER TO MBO| DCIN - HI 88-2-D4 ZEROS INTO IR
DISABLE D MULT = HI = = O Y RC
ropE D 88-4 TOAD MBO - HI 88-3-B2 88-2-D7
88-2-B2 PTG = 0
D S N T e
SEE ABOVE
ADD ONE = HI SHIFT
STILL NO S OR ADDER TO ZEROS INTO IR
D MULT MBO 88-4 88-2-DT7
PTGO = 1-PTG1 = 0
SIGNALS
SAME AS ABOVE SEE ABOVE SHIFT
ADDER TO ZEROS INTO IR
MBO 88-4 88-2-D7
PTGO = 1-PTG1 = 1
SAME AS ABOVE JR—— PTGS SHIFT
RO 36 SIGNALS ZEROS INTO IR
SEE ABOVE 88-2-DT7
NOTE: o | NoTE:
IR BITS 0-7
MBO NOW l -
oA EQUAL ZERO
At SET (FAKE JUMP
DEFER INSTRUCTION)
88-2-D6
06-00029 (16) (DEFER

NOTE:

C-32

THE MACHINE WILL

GO TO THE ADDRESS
SPECIFIED IN LOCATION
ONE DURING THE

DEFER CYCLE. LOCATION
ZERO NOW CONTAINS THE
RETURN ADDRESS

Rev. 01
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TS3'NOT GOING TO

DEFER+ EXECUTE
“ ES
b4 PENDING?
¥
TR ST NO SET DCHA TS3-D+E NOT
MAJOR 88-1-D4 SETTING
CYCLE ADD 1TO} o7 2 rpg. 0 88-1-D5
MBO AND PC IF 88-2-D6 "
SKIP SATISFIED
o 4————1 SET DCH
AN MAJOR STATE
N : 88
N RESET
RUN
88-1-C6 DCH
INTR YES
TArT PENDING? , l
TOAD MBO=LOW
0"1‘;130 88-3-B2
88- INH TRANS= LOW
88-1-B2
SET FETCH SET PI
88-2-D6 88-2-D6
NOTE: ION FLIP
- FLOP GETS
- CLEARED
DG-00030 (FETCH ) (8) (30) 88-2-CT

O

. 01
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Table C-1

Adder and Multiplexer Control Signals During EFA Instructions

*

DISABLE EFA- ACD
SO S1 S2 D MULT PTG1 ouT
REL: +(P6) H/L L L L H/L H
REL. -(P6) H/H L L L H/L H
(AC2) '
BASE +(AC3) H/L L L L H/L L
(AC2)
BASE -(AC3) H/H L L L H/L L
: DON'T
PAGE ZERO | H/L L L H H/L (H) | CARE
* H for L for
FIRST TWO LAST TWO
NIBBLES NIBBLES
DG-00049
Table C-2
Adder Control Signals During ALC Instructions (TS3)
IR7(1)
IR5(1)=LOW EFA IR6(1) IR6(0) =LOW
IR BITS DISABLE ACD . =HI =HI ADD
5 6 17 FUNCTION D MULT ouT PTG1 S0 S1 S2 ONE
0 0 0| COMPLEMENT H L L L H H ’H
0 0 1 |NEGATE H L ‘ L L H H L
0 1 0|MOVE H L L H L L H
0 1 1 |INCREMENT H L L H L L L
. ADD ‘
1 0 0| COMPLEMENT L L L L H H H
1 0 1 |SUBTRACT L L "L L H H L
1 1 0|ADD L L L H L L H
1 1 1 [{AND L L L H H L L
88-2 88-2-B2 88-2 88-2 88-2 88-2 88-2 88-2
AT& 6 B2 A2 C2 C2 C2 D2
DG-00048

C-34
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DG-00050

Carry Chart For ALC Instruction

Table C-3

PRIOR TO IR BITS OVERFLOW CARRY AT
INSTRUCTION 10 11 OCCURRED? COMPLETION
CARRY RESET 0 0 NO RESET
CARRY RESET 0 0 YES SET
CARRY SET 0 0 NO SET
CARRY SET 0 0 YES RESET
CARRY RESET 0 1 NO RESET
CARRY RESET 0 1 YES SET
CARRY SET 0 1 NO RESET
CARRY SET 0 1 YES SET
CARRY RESET 1 0 NO SET
CARRY RESET 1 0 YES RESET
CARRY SET 1 0 NO SET
CARRY SET 1 0 YES RESET
CARRY RESET 1 1 NO SET

| CARRY RESET 1 1 YES RESET
CARRY SET 1 1 NO RESET
CARRY SET 1 1 YES SET

Table C-4

Memory Reference Instruction Decoding Chart

0 1 2 3 4
0 0 0 0 0 | JMP

0 0 0 0 1 | JSR }
0 0 0 1 0 |18z

0 0 0 1 1 | DSz

0 0 1 ACD LDA

0 1 0 ACD STA

C-35

SINGLE CYCLE(FETCH)
EXCEPT DEFER(BIT5=1)

TWO CYCLE(FETCH & EXEC)
EXCEPT DEFER(BIT5=1)
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DATA CHANNEL SIGNALS

REQENB

DCHR »

DCHA

DATA BUS (0-15) )
MODE (DCHMO-DCHM1)

DCHO
DCHI

OVERFLOW

DONE
CPU BUSY INTERFACE

"INTR

SEQUENCE:
1. REQENB TO1/0O
2. DCHR TO CPU
3. DCHA TO1/0
4. a. MAIN MEMORY ADDRESS ON DATA BUS TO CPU
b. MODE BITS TO CPU (SEE TABLE)
5. DATA ON DATA BUS DIRECTION DETERMINED BY TYPE OF OPERATION.
6. DCHO OR DCHI TO INTERFACE
MODE BIT TABLE

A. OVERFLOW LINE APPLIES ON : .
TO INCREMENT MODE DCOMO| DCAM1| _ FUNCTION
B. DONE, BUSY AND INTR SAME H H OUT (WRITE)
AS NORMAL 1/0 H L INCREMENT
| L _|_H | _ IN(READ) _ | -
DG-0003/ L L NOT USED

Figure C-6 Data Channel Signals

Rev. 01
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MEM CLOCK
. CON REQ
KEY SEEN
KEY ENAB
PRESET
KEY
CON INST
RUN
KEYM
CON DATA
INH TRANS
Paa CPU CLOCK
TS@
TS3
PTG2
PTG5
END CYCLE
MA LOAD
MB LOAD
. LOAD MBO

LOAD IR
STUTTER

LOOP

DG-00/03

KEY CYCLE e

KEYM CYCLE —————|

L

]
]

| I

1 i

D . —I ,

A ‘ 4
CONS INST mMBO MBO
—» IR —»MB —»=MA

Figure C-T Deposit Timing Diagram

C-37
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—®»MBO
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je KEY CYCLE , )Ji

! |

i
MEM CLOCK LI'I_F'I_I_LI_LI_U_I_J_LI_LJ_U_U_LJ_IJ—LJ—LI"ILJ_LH_I—
CON REQ _l }____
KEY SEEN __.| 1 :
KEY ENAB _| | :
PRESET J | I
KEY —1 }_.____.
CON INST _J 1 r—_—‘L__.
RUN 1 | I

CPU CLOCK oo mryuuruyurrugrururugre

TSg
TS3

PTG2

PTGS5

“END CYCLE

[
l
[
1
LooP R
I
L
—
'

MB LOAD

LOAD IR

STUTTER

PARALLEL CONS INST MBO
TRANSFERS —& IR —» MB
NIBBLE i
TRANSFERS | bk o—|
DG-00/049

Figure C-8 Examine AC1 Timing Diagram
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of DGC

MEM CLOCK
CPU CLOCK
TSQ

TS3

PTG2
PTGS5

END CYCLE
LOAD IR
STUTTER
LOAD PC
MA LOAD
ACTG@
ACTGI

ALC

PACK

LOAD AC
TEST SKIP
SKIP = |

PC IN

PARALLEL

TRANSFERS

NIBBLE

TRANSFERS

DG-00/05

j@«——————FETCH CYCLE ——————# NEXT CYCLE
|

|
A,

411 _ L_____I_j___
.

i

]

[ (FeTCH, PI, DCH]

mMBO MEM
—»MA —»IR

|

’—MBO——DMBO" '—:ES?ACB—‘—ACB—DACD }
MBO-+1PC,AC8 o T 80

Figure C-9 ADDO, 1, SKP Timing Diagram
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MEM CLOCK
CPU CLOCK
Tsg

TS3

PTG2
PTGS5

END CYCLE
LOAD IR
STUTTER
LOAD PC
MA LOAD
ACTG@
ACTGI

ALC

DISABLE
D MULT

PACK
LOAD AC
PC IN

PARALLEL
TRANSFERS

NIBBLE
TRANSFERS

DG-00/06

j&————— FETCH CYCLE ———— NEXT CYCLE
| : (FETCH, PI, DCH]

Luryyrurnrumnnrmnn
| | )
LrJyuueryrin

|

L

—

b

1

i

]
[

. . ______J"m__j_]J_

|

|

|l

e | s e

' '

MBO MEM
—»MA —»IR

MBO—DMBO——I ‘—‘ACS? ACB—T—ACB—D ACD —1
MBO +1 -PC,ACB e o mBo

Figure C-10 MOV 0, 0 Timing Diagram
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{@——————FETCH CYCLE EXECUTE CYCLE——— NEXT CYCLE -
|

[FETCH PI, ACH]

o 3

|
MEM CLOCK :_mmmmmm
. cpuclock LMAIMuUJUL _rrryuyuuyyyyyyyuuuyuyruuyin
TSP 1 ; 1T
Ts3 7 1
¢ PTG2 L I ) S J
PTG5 L B I’"i‘
END CYCLE IL 1 I 1 I r—g
LOAD IR ! 1 :
STUTTER L 1 I
LOAD PC |l._I_L_I_'I_I'_l_l"\ { ;
MA LOAD %_J'L ! 1'
M:ws LOAD : il 11 ﬁ:
%wEFA :—_I | , 4
LOAD MBO | . I
LOOP {_ f 0
1sz-aDDONE [ L g AROEBINED A A L INDETINED, //ﬁ1
Dsz-sp | [ | ‘ !
TEST SKIP ! | II |
sapl | _ R
T 5 T
S &, ok, 2,
o WBens a0 [t gowso—|— w0 wace —|-ace o —sue on o —]
D6-00107 t PC—MBO  [Check RESULT]

Figure C-11 Timing Diagram For Both The ISZ And DSZ Instructions
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MEM CLOCK
CPU CLOCK
Tsg

TS3

PTG2
PTG5

END CYCLE
LOAD IR
STUTTER
LOAD PC
MA LOAD
MB LOAD
LOAD MBO
EFA

PACK

LOAD AC

PARALLEL
TRANSFERS

NIBBLE
TRANSFERS

DG -00/08

j&—————FETCH CYCLE
|

i
|

EXECUTE CYCLE ————|

NEXT CYCLE
[FETCH P1, DCA]

1 — T E
I 1
i |
—
L M ! 1
i L | |
L 1 | '
I i
Lo , |
iy By ; :
. M Iy |
| ™1 !
i |
|
L ] | |
] | pipigipEaipialy
! ' ’
MBO MEM MBO MEM MBO
> MA - IR -»MA —»MBO -»MEM

MBO — MBO EFA—p MBo—-‘
MBO+|—#PC,ACB £

T

l——MBO ?ACB—-‘——-ACB—'F AC —‘

Figure C-12 LDA Timing Diagram
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»
lln——-—FETCH CYCLE— wl@—— EXECUTE CYCLE———#
| | ]
) MEM CLOCK !_ﬁ_mmﬂ_ﬂm_ﬂ_m—!
1 CPU CLOCK ll_f_LI_LJ—lJ—l__I—U_LJ_U_!_l_LrU—U_U—Lﬂ_J—Lﬂ
TS89 ll——L !_’_——'l__
TS3 }______f m
PTG2 F [TL | 11 ﬁ'
PTGS - J—_'I J_ll
END CYCLE : 1 f—} I 1 1_-!
LOAD IN IL 1 { —
@ STUTTER \ 1 : !
LOAD PC {J—L_I—L.I—L_ﬂ | {
MA LOAD |’_|_| : i - 4
MB LOAD - 11 L !
EFA ;_____l !
. . |
PC IN | ’ * n | \ |I
TRANSFERS "B MEW ME0a LW |
- NIBBLE ‘—‘MBO—’ MBO" ’*EFA—DMBO-—-AC-’ MBO%——PC—’MBO‘——’
TRANSFERS MBO +1 E>F>c, ACB z
DG-00/109

Figure C-13 STA Timing Diagram
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j@—————FETCH CYCLE »le DEFER CYCLE ————#) <3
' |

~ | ' |
Mem cLock LML

CPU CLOCK mwmm ¥
| J—
N | |

TS@

TS3

PTG2

PTGS

END CYCLE

LOAD IR

STUTTER

|
l
|
L
!
MA LOAD l_J_L
|
|
|
|

MB LOAD

LOAD PC

LOAD MBO

EFA 1 ' 1
L ’ [}

PARALLEL MBO MEM MBO MEM MBO
TRANSFERS -»=MA —»IR ) -»MA -»MBO -®»MEM
>
NIBBLE MBO —» MBO EFA—DPC,MBO—\ t—mao—»mao—'
TRANSFERS MBO +|£p PC,ACB z MBO?PC
DG-00/10

Figure C-14 JMP @ 100 Timing Diagram
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"——FETCH CYCLE =|‘= DEFER . CYCLE »|

| .
MEM CLOCK MWMM|
CPU CLOCK Wmm
758 1 | I
753 L T 1 |
PTG2 | L : I I J!
PTG5 { J_1l
END CYCLE L : 1 I 1 J_"{
LOAD IR lL I ‘ — |
STUTTER !1 N B JI |
Losope LML ML puglply
MA LOAD }_l_l : : 1 !
MB. LOAD [ M 41
EFA — J!
LOAD MBO l} 1
LOOP S R
WAS JSR ( ‘ 1
PACK ! 1 4:
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Figure C-15 JSR @ 20 Timing Diagram

C-45




Data General Corporation (DGC) has prepared this ma.nual for use by DGC personnel and customers as a guide to the proper installation, operation, and mai of DGC

and software. The d.

implied to grant any Iicen;e to make, use, or sell

herein are the property of DGC and shall neither be reproduced in whole or in part without DGC's prior written approval nor be
herewith.
quip

MEM CLOCK
CPU CLOCK
TSg

TS3

PTG2
PTG5

END CYCLE
LOAD IR
STUTTER
LOAD PC
MA LOAD
LOAD MBO
MB LOAD
INPUT
READ I0
PC IN
PACK

LOAD AC

DATI A,B,C
10 SKIP

STRT, CLR
IO PLS

PARALLEL
TRANSFERS

NIBBLE
TRANSFERS
DG-00112

je—————FETCH CYCLE — e EXECUTE cvcu-:——q NEXT CYCLE
| [FETCH, PI, ACH]

| ) |
LML i nuLnnn
L R
I |
! M 4
B
L ™ | 1
I |
I |
!
|
1
™ |
| |
|

HH%

E

' by ey

MBO MEM 10 DATA IO MB MBO
—»MA IR »MB —» MB-»MBO -»MB

MBO—» MBO MBO —# ACB ACB—# AC
MBO+1 PG, pC —DMBO

Figure C-16 I/O Input Timing Diagram

C-46

&

>




ﬁmmm\

Data General Corporation (DGC) has prepared this manual for use by DGC personnel and customers as a guide to the proper

and of DGC
and software. The drawings and specifications contained herein are the property of DGC and shall neither be reproduced in whole or in part without DGC's prior written approva.l nor be

implied to grant any license to make, use, or sell ed in herewith.

|@—————FETCH CYGLE L EXECUTE CYCLE

3
__¥

MEM CLOCK

CPU CLOCK

Ts®

[E
H%

TS3

]
]

PTG2

PTGS

1]

END CYCLE

LOAD IR

STUTTER

533 ]

LOAD PC

MB LOAD
LOAD MBO

]
]

MB LOAD

DISABLE
D MULT

LOOP

DRIVE, IO
PC IN

DATOA, B,C
STRT, CLR
I0 PLS

T
}

’ ' '

MBO MEM MBO
e T e

NIBBLE MBO— MBO AC—DMBO——‘ *_ pc_.MBo__l
TRANSFERS MBO +|—>pc MBO

DG-00113
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Figure C-20 Data Channel In Timing
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Figure C-21 Data Channel Out Timing
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SECTION K

THE OPERATOR'S CONSOLE

INTRODUCTION

The console illustrated in Figure K-1, has a set of
ADDRESS lights which display the contents of the
MBO bus; a set of DATA lights which display the
contents of the MEM bus; a register of toggle
switches which will output to the MEM bus; a row

of control switches at the bottom of the panel which
instruct the computer on what to display in the lights,
what to do with the information in the toggle switches,
where to start or stop and how. The console also
has a three position keyed rotary switch which

turns power on and off and locks some of the op-
erating switches.

CONSOLE LIGHTS AND SWITCHES

All the lights in the console are continually drawing
about 10ma each through series resistors, so their
filaments are always hot (but not glowing) and large
surge currents are avoided when the filaments are
driven on.

The Console ADDRESS Lights

These lights are always showing the state of the
MBO bus which is driven directly from the MBO
register. When the machine is running, the MBO
register is continually shifting, so the display is
meaningless; when the machine is stopped, the
MBO register shows the contents of the PC, i.e.,
the next address.

The Console DATA Lights

These lights are always showing the state of the
MEM bus. When the machine is running this bus
carries data from memory to the instruction and
MBO registers; when the machine is stopped this
bus contains the contents of the memory buffer of
the last memory selected.

The Console Operational Indicators

These lights are driven directly from their cor-
responding flip-flops in the central processor.

CONSOLE

PR ——
RON; ION ;FETCH

sx'—sc;m—_jL

RUN ION

s 00 OO0 O0000GOO0CGC OO0 |

MBO <0,15> éf

(00 000G00GCO0OCGGO0O0 |

[MEM<0,15>]

Foooeo

] 6 & &
SWITCH REGISTER

|mem<o,7>
“IO 1R<0,7>

aoooo“

CURRENT
SENSE AND
SWITCH
DECODER

wem<-n0

DEPOSI];} | Aco ACH Ac2 AQ RESET
EXAMINE ? @ @ @ “00'

EXAMINE  MEMORY STEP PROGRAM OAD
9 Q @ ? ®
CONTINUE _ DEPOSIT NEAT EXAMINE NEXT _INST STEP

START DEPOSIT

D6-00090

| | %
[CON DATA

||

CON INST CON RQ

* Issued by CPU

Figure K-1 The Console
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The Console Switch Register MEMORY STEP takes the processor through the
current state and then stops. INST STEP takes P

These switches connect non-inverting open collector the processor through the current state and on to ( t}
buffers directly to the MEM bus. All Drivers go low the end of the current instruction. Both signals N
when the CON DATA level goes low; CON DATA is force a CON RQ to the CPU and output MSTP and

- issued by the CPU during the READS instructionor ISTP respectively. PROGRAM LOAD deposits the
during a console operation that requires input from contents of the bootstrap ROM into locations 0-37
these switches, such as EXAMINE. and the machine at location 0. It outputs the sig-

nal PL to the CPU.

The Console Control Switches

The Console Rotary Switch
All the control switches except STOP and RESET

are wired through pull-up resistors to a common This switch controls the primary power to the

circuit which detects when current is flowing through power supply. It has three positions: .
a switch, initiates adelayto suppress contactbounce

and then issues the signal CON REQ to the CPU. OFF - the primary power is removed

This signal forces the CPU into the key sequence from the power supply

shown in Figure K-2 which returns the signal CON . o .

INST to the console. CON INST connects switches ~ ON " the primary power is applied to ’
ACO, AC1, AC2, AC3, DEPOSIT, DEPOSIT NEXT, power supply

EXAMINE and EXAMINE NEXT through a decoder LOCK - the primary power is applied to

to the MEM <0, 7> lines, which are input to the the power supply but the STOP

Instruction Register and interpreted as shown in RESET switch is disabled

Table K-1. The computer then goes into either
the KEY or KEYM major state and follows the

flows of Figure K-3. _ REFERENCES
The switches RESET, STOP, MEMORY STEP, IN- 1. "How To Use The Nova Computers' 015- l
STRUCTION STEP and PROGRAM LOAD are wired 000009-00.

separately to the CPU. RESET stops the computer
at the end of the current cycle, issues the IORST
pulse to all I/O devices, clears ION and sets the
real time clock to the line frequency. STOP
simply stops the computer at the end of the cur-
rent instruction. :

2. Nova 800/1200 Console Print D-001-000089-05.

MEM CLK
88-1-A6
CPU CLK
88-1-A6

-
KEY SEEN 1
88-1-B8 ~
KEY f -
1 88-1-C6 L _

CLOCKS NOW DETERMINED BY CONDITION OF RUN. .

>

N

RUN I —
88-1-C6
I TSO TSO | TS3 —-l =
| KEY LOOP I

A. RUN RESETS IF KEY WAS AC EXAMINE OR AC DEPOSIT.
NEXT STATE IF RUN DOES NOT RESET;

KEYM-IF KEY WAS DEPOSIT, DEPOSIT NEXT, EXAMINE, EXAMINE NEXT OR PROGRAM LOAD.
FETCH-IF KEY WAS START

B. RUN RESETS IF KEY WAS DEPOSIT, DEPOSIT NEXT, EXAMINE OR EXAMINE NEXT.

4

NOTE: IF KEY WAS CONTINUE, INSTRUCTION STOP OR MEMORY STOP

MEM CLOCK L\ GENERATES CPU CLOCKS"

KEY SEEN . ———_ _ 'NEXT STATE DETERMINED
KEY — BY MACHINE CONDITIONS.

RUN

0g-00057 ' Figure K-2 The CPU Key Sequence Timing Diagram

Rev. 02
K-2
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Table K-1

Control Switch Decoding To The Instruction Register

CONSOLE
INSTRUCTION

IRO

IR1

IR2

IR3

IR4

5
3

IR6

IR7

IR8 TO 15

ACO

0

AC1

AC
DEP. AC2

AC3

ACO

AC AC1

EXAM. AC?2

AC3

DEPOSIT

DEPOSIT NEXT

EXAMINE

EXAMINE NEXT

MEMORY STEP

INSTRUCTION STEP

PROGRAM LOAD

{ START

[ e I S e B e e e e o =R =R =R =]
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KEYM
-+ — e o
PTG=0 MBO—+=MA
PL_NOTE: ACB
SHIFTS ONLY
FIRST TWO
CYCLES EVERY
KEYM CYCLE.
- R N SR
X DP+DPN
CON DATA
PTG2 MEM—PMB;I [ —-—MBO—l [ROM——MBO]
T | |
TS0 : P
PTG=0 [acex IDP+DPN+EXN+PL]EX +STRT+ACDP MANUAL FUNCTION FLOW
CON DATA
ACDE=MBO | lmaormao] —-—MBOj
T
Loop
| I et MSTP+ISTP
+CONT 1
Free QETSTHD) [ 1—wrev |
4 L _— ACEX + ACDP EXTEXNFDP4DPN [PL
MBO—=MEM I !r—mzm I t—.KEYM l
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|M3°T’A°B [ pcACB PC,ACB PC, ACB
X+ACDP ACEX+ACDP X+ACDP
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PC-=MBO I BEEN TRANSFERRED?)
+DP+
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SEE SECTION € »
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«
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Figure K-3 Key, KEYM and Manual Flow Diagrams
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Table K-2

Backpanel Connections To The Console

Through POA

POA BACKPANEL POA BACKPANEL
PIN SIGNAL PIN PIN SIGNAL PIN
1 GND B1 27 +5 B4
2 MEMI5 B18 28 MBO15 A41
3 MEM14 B76 29 MEMI3 A35
4 MBO13 A37 30 MBO12 A39
5 MEMI2 A36 31 MEMI1 A51
6 MBO11 B5 32 MEMI0 A45 ’
7 MEMD9<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>