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THE “AND" GATE

“AND" PROVIDES LOGICAL MULTIPLICATION

A ——

AND

B e

LOGIC

THE OUTPUT ““C” IS TRUE (POSITIVE) ONLY
WHEN “A” AND “B* ARE BOTH TRUE (POSITIVE)

THE ARITHMETIC MULTIPLICATION SIGN (¢) ALWAYS INDICATES “AND” IN LOGIC EQUATIONS
AND CIRCUITS. THE TERM C=A-B IS A LOGIC EQUATION MEANING BOTH “A” AND “B* MUST
BE TRUE FOR ““C” TO BE TRUE.

TRUTH TABLE

A B OUTPUT C=A-B
0 0 0
1 0 0
0 1 0
1 1 1
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THE “NAND"” GATE

PROVIDES THE LOGICAL OPERATION “NOT-AND"

Y e

B =———

THE OUTPUT “C” IS FALSE (NOT) ONLY WHEN BOTH “A” AND ““B” ARE TRUE.
THUS THE “NAND’ GATE CAN BE CONSIDERED AN “AND"” GATE
FOLLOWED BY AN INVERTER.

- |

\ AB C=AB
B —_/

TRUTH TABLE

A B C

0 1
1 0 1
0 1 1
1 1 0
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THE “IOR"” GATE (INCLUSIVE “OR*")

“1OR” PROVIDES LOGICAL ADDITION

A e

IOR

B e

O
i
>
“+
w

LOGIC

THE OUTPUT “C” IS TRUE (POSITIVE) WHEN
“A” OR "B” OR "BOTH” ARE TRUE (POSITIVE).

THE ARITHMETIC ADDITION SIGN (+) ALWAYS INDICATES “OR"” IN
LOGIC EQUATIONS AND CIRCUITS. THE TERM C=A+B IS A LOGIC
EQUATION MEANING EITHER “A” OR “B”, OR "BOTH”, MUST BE
TRUE FOR "C"” TO BE TRUE.

TRUTH TABLE
A B OUTPUT C=A+B

0 0 0
1 0 1

14




THE "NOR” GATE

THE "NOR"” GATE PROVIDES THE LOGICAL OPERATION “"NOT-OR"”

A ———————
C=A+B
B__.

THE OUTPUT "C” IS FALSE (NOT) ONLY WHEN EITHER A" OR ""B”
ARE TRUE. THUS THE “NOR’ GATE CAN BE CONSIDERED AS AN
OR GATE FOLLOWED BY AN INVERTER.

A — _
A+B C = A+B
B ———

TRUTH TABLE

A BIC

0
0
1
1

0O =0
OO
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THE “XOR* GATE (EXCLUSIVE “OR")

PROVIDES THE LOGICAL OPERATION “EXCLUSIVE OR"”

C=A®B=AB+AB

B —

THE OUTPUT ““C” IS TRUE (POSITIVE) ONLY
WHEN “A” OR “B” BUT NOT BOTH ARE TRUE.

TRUTH TABLE
A B C=AB+AB

0 0
1 0 1
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COMPARISON OF COMMON TTL AND CTL GATES
TTL: AND-GATE NAND-GATE

7

+
O
+

VWA
i~
A

> 100 4K

VvV

100

AAA

A AA
\ &

N
N’

S

TYP. PROPAGATION DELAY: 12-20 ns /J7 10-15 ns
POWER REQUIREMENT: 10mW 10mW
CTL: AND-GATE NOR-GATE

e, o K

500 500 1 o 500 500 ’
> 2K $2K 32K 1.3K $ 13K 2 2K

—2V /J7
TYP. PROPAGATION DELAY: 3-5ns 3-5ns -2V
POWER REQUIREMENT: 250mwW 250mwW

AA
\ 4
A

-
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THE R-S FLIP FLOP WITH CLOCK

>
|
n

— FF3

B—R FF3 0}—FF

“A"” AND “C” ARE REQUIRED TO SET (FF3 TRUE)
“B” AND “C” ARE REQUIRED TO RESET (FF3 TRUE)

TRUTH TABLE

A INPUT OUTPUT
A B FF3 | FF3
B 1 0 1 0
0 1 0 1
¢ — - 0 0 NO CHANGE
FF3 — UNDETERMINED]
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o o I @ TS

1}—FF3

FF3 0O}—FF

< —@% O “@— X

THE J-K FLIP FLOP

SIMULTANEOUS INPUTS “A” AND "“B"” REVERSE
THE EXISTING STATE FF3 — FF3. DIRECT SET
(X) OR DIRECT RESET (Y) WITHOUT CLOCK

A —
B
C
FF3
TRUTH TABLE
INPUTS INITIAL STATE|| FINAL STATE
A B FF3  FF3 FF3 | FF3
1 0 1 0
ANY
0 1 0 1
1 1 0 1 1 0
1 1 1 0 1) 1
0 0 ANY NO CHANGE
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LATCHING FLIP FLOP

A —& L

— o

THIS FLIP FLOP WILL FOLLOW INPUT "A” AS LONG AS
THE CLOCK INPUT (C) IS TRUE. THE FLIP-FLOP WILL

LATCH INTO THE STATE EXISTING AT”A” WHEN THE
CLOCK PULSE AT C TRANSITS FROM TRUE TO FALSE.
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DELAY FLIP FLOP

o
o

THE CONDITION PRESENT AT THE INPUT "A"” WILL BE LOADED
INTO THE FLIP FLOP AT THE POSITIVE GOING CLOCK PULSE.
CONTRARY TO THE L-FLIP FLOP THE DELAY FLIP FLOP WILL
NOT CHANGE ITS STATE WHEN THE CLOCK IS IN A STEADY
STATE CONDITION.
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CROSS COUPLED “NAND* AND “NOR’ GATES

CROSS COUPLED "NAND" GATES:

A

T

CROSS COUPLED "NOR" GATES:

NORMALLY THE TWO INPUTS A & B ARE HIGH.
WHEN THE A" INPUT GOES LOW, THE FLIP FLOP
SETS. WHEN “B” GOES LOW, THE FLIP FLOP
CLEARS.

NORMALLY THE TWO INPUTS "A” & "B"” ARE
LOW. WHEN THE “A” INPUT GOES HIGH THE
FLIP FLOP WITH THE CROSSED OUTPUT ( TO
ALIGN THE SET AND CLEAR OUTPUT WITH THE
INPUTS) SETS. WHEN "B” GOES HIGH THE

FLIP FLOP CLEARS.

1-12
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Lour

3 12 3 b2 2! 14 [ Po Qg ApuT CLEAR

a s 1 4 3 22 13 Py q £LOCK HORROW 4
c DOWN
5 10 5 b4 23 12 Es Py Q2 cLock CARRY ¢
up
6 os 9 6 P 5 o¢ n E P3 Q3 Cout LOADJ
GND | 7 8 7 b 6 8 10 [: COUNT CARRY c
BINARY-TO- § N Oout N
OCTAL UP/DOWN
GND | 8 DECODER 74 9 GND[: PARALLEL ENABLE ) COUNTER Pin
4-BIT COUNTER
1820-0239 1820-0250 1820-0256 1820-0260
1 y .
i L] vee
2 vy
GND | 3
4 Z
Ro | s
6 X2
4-BIT BINARY
7 Yy COUNTER
8 Y
X3 COMPARATOR

1820-0262 1820-0281 1820-0294 1820-0301
; (U
1 PARALLEL ENABLE [ 1 SERIAL A 4| Vee 1 L A 16
c
2 CLOCK ENABLE CLOCK [ 2 SERIAL B Q7 13 2 15
3 2] P3 * 2
3 Qg Qg 12 3 ’:{: L 14
c
[2
4 | Pg 2 [ a aq Qg 1 4 13
, 8B8IT c
s PG 1 [ s a SHIFT g v L
REGISTER 10 ce 5L Me 12|GND
P
6 P7 0 [6 [ CLEAR 9 6 —J L‘ "
_ o
2 a SERIAL IN GND[ 7 cLoCK 8 7 L 10
8 BIT [ ¢
GND| 8 SHIFT REGISTER @ 8 9

INTEGRATED CIRCUIT DIAGRAMS
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BOOLEAN ALGEBRA IS

A SET OF LOGICAL PROPOSITIONS SIMILAR TO ORDINARY
ALGEBRA WHICH IS A SET OF MATHEMATICAL PROPOSITIONS.

MATHEMATICAL SYMBOLOGY BOOLEAN SYMBOLOGY
1 = ABSOLUTE NUMBER 1 = YES (TRUE)
g = ZERO @ = NO (FALSE)
A = LENGTH A = “NOTA"
— = APPROACHES LIMIT — =  REPLACES
e = MULTIPLY e = “AND”
+ = ADD + = “OR”
() = INNER PRODUCT () = INNER “AND"
[] = AGGREGATE PRODUCT [] = AGGREGATE “AND”
A+B = ADD A AND B A+B = A "OR"B

AB —- RAT 1R TIPI AV, B\I D —_ A 1HARNTT D
M - IWIVL 1IN LY M T D AN D

M

I>
vle]
|
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EIGHT BASIC IDENTITIES

THESE HOLD FOR BOTH ORDINARY AND BOOLEAN ALGEBRA.

1. 0+ A=A

2. 08 A=0

3. 1Te A=A

4. A+B=B+A

5. AB = BA

6. A+(B+C)=(A+B)+C
7. A (BC) = AB(C)

8. A(B+C)=AB + AC

ALL THESE EXPRESSIONS MAY BE CONSTRUCTED USING
BASIC “AND—OR"” GATES.

1-15




TEN IDENTITIES UNIQUE TO BOOLEAN ALGEBRA

WHICH MAKES SIMPLIFICATION OF COMPLEX CIRCUITRY
ECONOMICALLY FEASIBLE.

1. A+tA=A 6. A+B=AeB

2. Ae A=A 7. AB=A+B

3. A+1=1 8. A+ AB=A

4. AeA=¢ 9. A(A+B)=A

5. A+ A =1 10. A+ BC = (A + B) (A +C)

ALL THESE EXPRESSIONS MAY BE CONSTRUCTED USING
BASIC “NOT”, “AND"”, “OR” “NOR"”, AND “NAND" GATES.

1-16




THE LOGIC EQUATION

COMPLETELY DEFINES A LOGIC CIRCUIT

A+B

B—:7[
S | w—
7 T E= [(A+B)(FF1)(CD)]
|/

C—_\ cD
o—1_/

IF “E” IS NOT TRUE, THE CONTROL FUNCTIONS A,B,FF1,C
AND D MAY BE CHECKED TO ISOLATE A FAULTY COMPONENT.




PROBLEMS

1. REDUCE TO SIMPLEST FORM USING BOOLEAN IDENTITIES:
A (BC + AC)

2. DETERMINE E FROM THE FOLLOWING CIRCUIT AND
REDUCE TO THE SIMPLEST FORM:

A -
B _—
Cc—{
—
Dﬁ_ )___E
7
K—>

3. CONSTRUCT A SIMPLE CIRCUIT FROM THE FOLLOWING
LOGICAL EQUATION:

E=AB(C+D)+FF1




LOGIC EQUATIONS

WRITE THE LOGIC EQUATIONS FOR X, REDUCE IT TO THE SIMPLEST
FORM AND DRAW AN EQUIVALENT CIRCUIT.

A —

X

W

e
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LOGIC EQUATIONS (CONT.)

—

}—x

7

D—
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/i

MEMORY

(OPTIONAL

ARITHMETIC DMA)

CONTROL LOGIC

N\ Yo Yo Yo Yo

INPUT/
OUTPUT

1>

CONVENTIONAL 1/0 DEVICES
CONTROL

/4

MEMORY

CONTROL CONTROL
STORE DECODE

Soaoad

& (OPTIONAL
ARITHMETIC DMA)
LOGIC
S
N INPUT/
OUTPUT
MICROPROGRAMMED 1/0 DEVICES
CONTROL

COMPARISON BETWEEN GENERAL ARCHITECTURE OF
STANDARD AND ROM CONTROLED COMPUTERS
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MEMORY

MEMORY ADDRESS (4
REG.

'

BASIC BLOCK
DIAGRAM AND

MEMORY TURE
o] MEmoRY BUS STRUCTL
DECODER
MEM.
SENSE ‘ MEM.
SENSE DRIVER
r-—Q— CORE MEMORY
»| PARITY LOGIC
—»
f PARITY
\_—— | MEMORY DATA REG.
(> A-REGISTER  |==
I
¢ .
CONTROL +— |  B-REGISTER ==
A
|
| . REGISTER H /
@~ 4 J \J<=‘
Y
v ! E
MICRO PROGRAM : FUNCTION L || £
ADDRESS | GENERATOR
GENERATOR
wl y
2 R -
I —
s :
MICRO PROGRAM | JALU-BUS
ADDRESS REGISTER Lu :
‘ | OVF ¢+ #{ EXT
! :
MICROPROGRAM I v
MEMORY g t 4| sHFTER <o
@
v 4 '
MICROPROGRAM +—-—> P REGISTER
INSTRUCTION REGISTER
]
v |
MICROPROGRAM ~ >  SCRATCHPAD 1
INSTRUCTION DECODER
ARITHM. LOGIC
Y . 8 ?
Iy
INPUT/OUTPUT

1/0 - BUS

A I

CERTRAL
=>(INTERRUPT
REGISTER

%

DISPLAY REGISTER

!

SWITCH REGISTER

POWER
FAIL

MEMORY

PROTECT .
MEM.PROT
VIOLATION

OmMA

=>
>

— ~ >

FOWER SUPPLY
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CLOCK GENERATOR

CONTROL SIGNALS
FROM CPU, MEMORY
AND i/0 SECTION

CLK 1
CLK 2
)\ >
10, 2 MHz FREQUENCY CLK3
—  DIVIDER N\
OSCILLATOR (:2) _/ > STCLK
98 ns

10.2 MHz OUTPUT —l

CLK 1, CLK 2, CLK 3 —

STCLK
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PHASE CONTROL

e AT ANY GIVEN TIME THE COMPUTER WILL BE IN ONE PHASE ONLY.

® ONE SFECIFIC MICROORDER WILL SPECIFY THAT THE NEXTMICROINSTRUCTION WILL BE
THE LAST ONE OF THE PRESENT PHASE. IF THIS CONDITION IS REACHED THE PHASE LOGIC
WILL ISSUE ONE OF FOUR ""SET PHASE SIGNALS"” WHICH 1S REQUIRED TO CHANGE ANY
PHASES.

24




I-REGISTER
(16 BITS)
'RD A6
IRO- } ? ]
i ADR—l J
MAPPER LOGIC CLOCK AND
(MICRO PROGRAM |¢ PHASE] o neE oGic  j—p CLOCK
ADDRESS SIGS, SIGNALS
GENERATOR)
SRAR
!
RSAV 3 $-BUS
10 BITS
ROM ADDRESS AVE REGISTER
REGISTER $ GIs
(MICRO gr;}%%)
RES .
1RAR ADD
ROM CONTROL A 4 JSB
LOGIC ~ ROM
{MICRO PROG. RIMP
MEMORY) )—
{ A §
SRIR
ENRM ROM JMP
ADDRESS
24 BITS
ROM INSTRUCTION REGISTER
(MICRO PROGRAM INST. REGISTER)
8ITS BITS BITS BITS BITS BITS.
21-23 17-20 12-16 8-11 a-7 0-3
FUNC- {MICRO PROGRAM
R-BUS S-BUS FION STORE | [sPECIAL SKIP g INSTRUCTION
DECODER)

— |

=

ROM CONTROL SIGNALS

BLOCK DIAGRAM OF CONTROL UNIT
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MICROPROGRAMMING

A BINARY CODE IS ASSIGNED TO ALL OF THE CONTROL SIGNALS IN THE
COMPUTER AND THE REQUIRED CODES ARE STORED IN ROM TO

BE ACTIVATED BY THE MACHINE INSTRUCTIONS.

HORIZONTAL MICROPROGRAMMING USES A WIDE ROM WORD, AND EACH
ROM BIT IS ASSIGNED A GATE.

THE 2100A USES VERTICAL MICROPROGRAMMING WHERE THE ROM WORD

ISSHORT AND DECODERS ARE USED TO BREAK DOWN THE BINARY CODES
TO THE GATE LEVEL.
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ROM ADDRESS MAPPER

THE ROM ADDRESS MAPPER DECODES THE CURRENT MACHINE INSTRUC-
TION AND PHASE LOGIC OUTPUT TO PROVIDE THE STARTING ADDRESS
IN THE ROM MICROPROGRAM FOR THE NEXT PHASE. THIS ADDRESS IS
LOADED INTO THE ROM ADDRESS REGISTER (RAR).
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ROM ADDRESS REGISTER

THE ROM ADDRESS REGISTER IS A 10 BIT REGISTER WITH PARALLEL
INPUT. THE REGISTER CAN BE INCREMENTED. IT ALWAYS HOLDS

THE ADDRESS OF THE NEXT ROM MICROINSTRUCTION TO BE
EXECUTED.
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THE ROM PACK
ROM PACK

I_ - - = EXAMPLE FOR
) ROM CODE

%

\\ < < l 1110
\ \6\ \ 1111
901 \\' «le Ll | o110
AD7 —l»| 10UT W:\\ .\’\’ \' \ | 1 ROM PACK —# 256 INDIVIDUAL
AD6 ——»| OF 256 W \\ | 4 BIT WORDS
ADS » DECODER . |
AD4 —>
AD3 ——»
AD2 —1—» /
AD1 ——» 3778 I
ADQ ——» 1
ENABLE ! { {>' L : I
25640 INDIVIDUAL
ROM ADDRESSES ROM7 gome ROMS5 Rom4 <— ROMBITS

THE 8 BINARY ROM ADDRESS INPUTS ARE DECODED INTO 256, INDIVIDUAL ROM
ADDRESSES (25675 ROM WORDS)

EACH ROM ADDRESS CREATES A PREDEFINED 4-BIT ROM WORD OUTPUT. THE ROM
ACCESS TIME IS < 75ns.

29




AD7
AD6
AD5
AD4
AD3
AD2
AD1
ADO
ENABLE

THE 24 BIT ROM

Ir

Ir
Ir
I

Fii 188

ROM 23 222120 191817 16 15141312 1

—~—yg
- -
o<—1
© -y
o -—4¢
~ ——
o -—rtl
1 -y
» —y

6 INDIVIDUALLY BURNED ROM PACKS WITH THE 8-BINARY ADDRESS INPUTS
CONNECTED IN PARALLEL FORM THE 24-BIT ROM WORD.

256 DIFFERENT 24-BIT ROM WORDS IS CONSIDERED TO BE ONE MODULE.

2-10
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THE ROM MODULES

ABSOLUTE
ADg-7 OCTAL ROM PURPOSE
} ADDRESSES
»ENRM X > ROM 0-377 ACCOMODATES THE STANDARD
MODULE ¢ HP2100A MICROINSTRUCTION
|/ SET IN 6 ROM PACKS
N\ T™ ROM
MODULE 1 400-777 ACCOMODATES USUALLY THE
bg FLOATING POINT OPTION
& L HP12901A IN 6 ROM PACKS
4 — >  rom 1000-1377 | ACCOMODATES CUSTOM
>y —>
RAR9 | ) MODULE 2 ROM 9-23 BUILT ROM, PROM OR WCS
_j g
. > y O'B?J’Y_‘E 5 1400-1777 | ACCOMODATES CUSTOM
RAES q BUILT ROM, PROM OR WCS

e ANY COMBINATION OF MODULES IS PERMISSIBLE. HOWEVER, MODULE 0 HAS TO BE PRESENT.




ROM INSTRUCTION REGISTER

e THE ROM INSTRUCTION REGISTER (RIR) PROVIDES A 24 BIT BUFFER
STORAGE FOR THE ROM MICROINSTRUCTION.

e IT TRANSFERS THE MICROINSTRUCTION PARALLEL TO THE ROM
INSTRUCTION DECODER.

e THE ROM INSTRUCTION REGISTER ALLOWS THE CURRENT MICRO-
INSTRUCTION TO BE EXECUTED WHILE THE NEXT ONE IS ACCESSED
IN ROM; THEREBY REDUCING EXECUTION TIME. THE RIR HOLDS
THE CONTENTS OF THE PREVIOUSLY HELD ADDRESS IN THE RAR.
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ROM INSTRUCTION DECODER

e THE ROM INSTRUCTION DECODER DECIPHERS THE CONTENTS OF THE
ROM INSTR. REG.

e THE ROM INSTRUCTION DECODER IS DIVIDED INTO 6 SECTIONS.
e EACH SECTION DECODES ONE OF THE 6 FIELDS:

R-BUS S-BUS FUNCTION STORE

FIELD FIELD FIELD FIELD SPECIAL SKIP

ROM INSTRUCTION

REGISTER BIT 23122121}20119]18|17|16}15]14}13{12|11|10| 9|8 |7 |6 |54 |3 | 2 |1

R-BUS FIELD: SPECIFIES THE SOURCE OF THE INFORMATION TO BE READ
ONTO THE R-BUS.

S-BUS FIELD: SPECIFIES THE SOURCE OF THE INFORMATION TO BE READ
ONTO THE S-BUS.

FUNCTION FIELD: SPECIFIES THE ARITHMETIC- OR LOGIC FUNCTIONS, BIT
SHIFTING IN REGISTERS OR SPECIAL CONTROL FUNCTIONS
WHEN COMBINING R- AND S-BUS CONTENTS ONTO THE
T-BUS. CONDITIONAL AND UNCONDITIONAL ROM JMPS
OR -JSB CAN ALSO BE DECODED.

STORE FIELD: SPECIFIES THE DESTINATION OF THE INFORMATION ON
THE T- OR S-BUS.

SPECIAL FIELD: ENABLES ALTER SKIP, SHIFT-ROTATE AND INPUT/OUTPUT
GROUP INSTRUCTIONS, INITIATES MEMORY READ/WRITE OR
CLEAR/WRITE OPERATIONS AND SPECIFIES SOME SPECIAL
FUNCTIONS.

SKIP FIELD: DECODES CONDITIONAL AND UNCONDITIONAL ROM SKIPS.
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MICROPROGRAM DEFINITIONS

SIX FIELDS
N\

R-BUS  S-BUS FUNC STORE SPECIAL SKIP

MICRO
INSTRUCTION R S FN ST SP SK
WORD FORMAT
23 : : : : : 0
! I I [ I | |
! I I I I I !
ONE : I | l | | '
MICRO i 1 1 | ; 1 |
INSTRUCTION 111 1011 11111 0001 1110 1111
NOP S1 IOR M RwW NOP

SIX MICRO-ORDERS
A MICROINSTRUCTION (24 BITS LONG) CONSISTS OF 6 MICRO-ORDERS

A MICROPROGRAM CONSISTS OF SEVERAL MICROINSTRUCTIONS.
EACH MICRO-PROGRAM HAS AN ENTRY POINT LABEL.

MICROPROGRAM R S FN ST SP SK COMMENTS
ENTRY ADD NOP S1 IOR M RW NOP FETCH OPERAND
POINT -
L ABEL NOP T IOR S2 NOP EOP PUT IN SP2
A S2 ADD A NOP NOP ADD TO A-REG
THREE

MICROINSTRUCTIONS
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MICROINSTRUCTION CODING

CODE

5-Bit Field R-Bus | S-Bus | Function | Store | Special | Skip
4-Bit Field Field | Field Field Field | Field Field

3-Bit Field | 3 Bits | 4 Bits 5 Bits 4 Bits | 4 Bits | 4 Bits

T 1 1 1 1 NOP | NOP IOR NOP NOP NOP

11 1 10 CcO P SOV A RW UNC

1 1 1 0 1 AAB CL CLO B I0G1 EOP

1T 1 1 0 0 CAB CR SFLG AAB Cw NAAB

11 0 1 1 F S1 CFLG CAB | ASG2 | AAB

11 0 1 0 Q S2 LWF Q ASG1 |NMPV

1 1 0 0 1 B S3 rEE F ECYN | CTR

1 1 0 0 O A 54 ARS P ECYZ | CTRI

1T 0 1 1 1 COND CRS S1 LEP TBZ

1 0 1 1 0 ADR LGS S2 AAB FLG

1T 0 1 0 1 CNTR RSB S3 SRG2 | OVF

1 0 1 0 O RRS CJMP sS4 SRG1 |[COUT

1 0 0 1 1 M JMP IR CNTR | NEG

1 0 0 1 0 T JMP T R1 obD

1 0 0 0 1 10l JSB M L1 RPT

1 0 0 0 O CIR JSB I00 RSS ICTR

o 1 1 1 1 *E

0O 1 1 1 0 XOR

0O 1t 1 0 1 NOR

0 1 1 0 O AND

0 1 0 1 1 ADD

0 1 0 1 0 ADDO

0 1 0 0 1 INC

0O 1 0 0 O INCO

o 0 1 1 1 *

0 0 1 10 DEC

0O 0 1 0 1 SuUB

0O 0 1 0 O DIV

0 0 0 1 1 MPY

0O 0 0 1 O PIA

**Undefined codes

**¥*CJMP in later machines (A4 part No. 02100-60022)
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CONDITIONAL MICROINSTRUCTIONS

THE EXECUTION OF SOME MICROINSTRUCTIONS IS DEPENDENT ON CERTAIN STATUS
SIGNALS FROM MEMORY OR 1/0. THE ASYNCHRONOQUSLY RUNNING CPU HAS TO WAIT
FOR MEMORY- OR 1/0- SIGNALS TO BE SUPPLIED AT A PREDEFINED TIME.

IF THE CONDITIONS ARE NOT SATISFIED, THE CPU FREEZES (SUSPENDS EXECUTION
OF THE MICROPROGRAM BY ELIMINATING CERTAIN TIMING SIGNALS) UNTIL THE
CONDITION IS SATISFIED.

MICROORDER FIELD CONDITION
RW/Cw SPECIAL T6
T/COND S-BUS DTRY
M STORE MBSY
10G1 SPECIAL T2
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A-REGISTER v v 3
STA
M
]
B-REGISTER L
sTB N
P
O-REGISTER E
sTQ X
o)
R
F-REGISTER
STOF
R-BUS
H‘"‘( RRSB|g
s
\ 4
AAFF Y
-
FUNCTION
CAFF GENERATOR [ cyncTion
— b
ALU
OVF pl EXT
»
S-BUS Y
< T| MUXORSHIFTER |q
‘_
T-BUS
INCP
P-REGISTER
RPHI-RP9-RPLO
—‘[3_ SCRATCH PAD 1
RSP1
——-:[} SCRATCH PAD 2
WSsP2 RSP2
B SCRATCHPAD 3 |
WsP3
RSP3

__tD— SCRATCH PAD 4
WSP4 RSP4

BLOCK DIAGRAM OF ARITHMETIC LOGIC UNIT
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F-REGISTER AND Q-REGISTER

THE F— AND O— REGISTER ARE TWO ADDITIONAL 16-BIT REGISTERS.

BOTH REGISTERS ARE FED FROM THE T-BUS AND OUTPUT VIA THE MULTI-
LEXER TO THE R-BUS.

THE Q-REGISTER (QUOTIENT-REGISTER) IS NOT ACCESSIBLE THROUGH
SOFTWARE BY THE PROGRAMMER.

THE F-REGISTER (FENCE-REGISTER) CAN ONLY BE LOADED WITH AN OTA
05 OR OTB 05 SOFTWARE INSTRUCTION.

BOTH REGISTERS ARE USED BY FIRMWARE (MICROPROGRAMMING) FOR
THE EXECUTION OF THE EAG-INSTRUCTION:

ASL
LSL
RRL
DIV

2-18




FUNCTION GENERATOR

e THE FUNCTION GENERATOR COMBINES THE CONTENTS ON THE R-BUS
WITH THE ONE ON THE S-BUS WITH A SPECIFIED ARITHMETIC OR
LOGIC FUNCTION. THE RESULT APPEARS ON THE ALU-BUS.

LOGIC FUNCTIONS

ALU
ALU
ALU
ALU
ALU

ARITHMETIC FUNCTIONS

R+S  (IOR) ALU = R+S {ADD)

R (NOT) ALU = R+S+1  (INCREMENT)
R® S (EOR) ALU = R (TRANSFER)

R+S  (NOR) ALU = R-S-1 (DECREMENT)
RS  (AND) ALU = R-S (SUBTRACT)

® THE ARITHMETIC OR LOGIC FUNCTION IS DETERMINED BY THE
SOFTWARE INSTRUCTION AND DECODED BY THE MICRO-ORDER
IN THE FUNCTION FIELD.
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THE SCRATCH PADS

® FOUR 16 BIT REGISTERS FOR TEMPORARY STORAGE OF ADDRESSES AND
DATA ARE DESIGNATED SCRATCH PAD 1-4.

® ALL FOUR SCRATCH PAD REGISTERS ARE LOADED FROM THE T-BUS AND
OUTPUT TO THE S-BUS.

THE REGISTERS ARE EXCLUSIVELY ACCESSIBLE BY MICROPROGRAMMING.
THE GENERAL PURPOSE OF THE SCRATCH PADS IS AS FOLLOW:

SCP1 SCP2 SCP3 SCP4
HOLDS OPERAND HOLDS OPERAND | HOLDS F-REG. HOLDS
ADDRESS OF MRG- | DATA OF MRG- CONTENTS FOR MULTIPLICAND
INSTRUCTIONS & INSTRUCTIONS & | ASL-, LSL- & FOR MPY-

IS USED DURING IS USED DURING | RRL-INSTRUC- INSTRUCTION

DIV-INSTRUC. DIV-INSTRUC. TIONS & IS USED | & F-REG
DURING CONTENT
DiIV-INSTRUC. DURING DiV-

2-20
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BLOCK DIAGRAM OF MEMORY

M-REGISTER

(MEMORY ADDR REG.)

—

READ/ {
WRITE
— MEMORY X-Y
CONTROL & > DRIVER/SWITCH
] TIMING (MEM. ADDR DECOD)
MEMORY
BUSY |
Y k]
SENSE CORE INHIBIT
- - DRIVERS
AMPLIFIERS MEMORY (MEMORY DRIVER)

1

- PARITY LOGIC

|

PARITY

1

— MULTIPLEXER

P

T-REGISTER

(MEMORY DATA REG.)

2-21
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ADDRESSING AND READ/WRITE CYCLE IN CORE MEMORY

M-REGISTER
MRS MR7 MR6 MR11 |MR10 |MR9
y Y
. - Y-DRIVER
Y-SWITCH Y
77 77 ? B

MR2

MR1

MRO

X-SWITCH

gk
/7:0/

+

INHIBIT DRIVER

>
BE:
Ly

|
ale

MR5

MR4

MR3

+ A —O)/O—l A
8K CORE MEMORY ]’ A\
1D5MO FROM
XDRIVER WV WA—— T REGISTER
: 1
/}‘;—A'A'A'_—l 77 N/
SENSE AMPLIFIERS
- 0—o0—0

2-22

!

TO MULTIPLEXER




¥

PARITY LOGIC

CORE
MEMORY

\ 4

%

SA16

PB

¥ SAG-15

MULTIPLEXER,

v

T-REGISTER

|OC RITS CE
IME D10 U

ODD/EVEN

TR@-15

TR@-15

1D@-16

PARITY
GEN

EVEN NO.

PARITY BIT

PARITY
ERROR

ODD NO. OF
BITS SET

vi

INHIBIT
DRIVER
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BLOCK DIAGRAM OF INPUT/OUTPUT SECTION

S-BUS
SI0B @
QP RI10B
1/0 BUS .
A ) A
VIOLATION
1 ) RecisTER
1/0 BUFFER A8
10G1 IR6-9,11 I0G-SC5-RI0B
l l SELMPH1AMPV + PEX
RCIR
1/0 INSTR.
DECODER CENTRAL
INTERRUPT
1/0 BUFFER A8 /0 CONTR. A7
A
> <
Y PARITY
™ ERROR [ 7] ¥
DISPLAY | 1 r
REGISTER Y I INTERFACES
| f I SC10=A23
SC25=A10
1 POWER | _ | LPE o Dma | A
FAIL 1 A9
| | DMA CARD
SWITCH T | I | |
REGISTER
PWU L,| MEMORY | |
PROTECT
A\ ~ J
| TO 1/O DEVICES
MPV
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INTERRUPT
ENABLED

IENS

iINTERRUPT PRIORITY SYSTEM

PRL15
POWER FAIL o sc 15 [— HP 2155 /0 EXTENDER ﬁl
S.C. 04 PRL4 -C.
_—I PRH25
PARITY l_ 1/0 S.C.
ERROR 1/0 S.C. 16 25 |pRL2S
S.C. 05 -_J
\ |._ PRH26
J MEM. PROT. - 1/0 S.C.
S.C. 05 e PRL17 26
PRH6 —]
-L PRLS
DMA
_/ S.C. 06 1/0S.C.20 fon 20 1/0 s.C.
_] "‘l 27 1pRL27
A L
_/ S.C. 07 1/0 S.C. 21
1 ] 1EN30 ] o s.c.
L ‘ 30-37
\ Lol f PRL37
/r L/ i/G S.C. 22 _]
1/08.. 10 foc) 10
IEN40
PRH11 ] 1/0s.C. 23 '100437-0-
B / ] PRLA7
1/0 S.C. 11 IEN20 I_ _]
L _] osc.2a [0
1/0 S.C. 12 PRI IEN50 1/0 s.C.
— 1/0S.C. 25 | I 50-57
_-l 7o PRH25 PRL57
l— L | EXTENDER |EN;0 _]
1/0 S.C. 13 CARD
_] IEN60 1/0 S.C.
L 60-64
1/0 s.c. 14 |PRL14
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[ COMPUTER

A TYPICAL I/0 INTERFACE CARD

1/0 DEVICE
PRH -
INTERRUPT
ENABLED ] L ] FLAG SIGNAL
- FROM
t ! PERIPHERAL
]
, INTERRUPT
F.L:f;;G A REQUEST b
CLF - F/F
SFS - J J I
SKF —=
STC ~ ENERGIZES
CONTROL PERIPHERAL
F/F
INTERRUPT == )
DATA BUS
<— FROM
[ { { { ( PERIPHERAL
LIA/B DATA INPUT BUFFER -
Mg | 100
- Yy 71 Y Y Yy
DATA BUS o ?] ] ] ]
OTA/B -
LU Lt DATA BUS TO
‘ * PERIPHERAL
PRL
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CONTROL SIGNALS
{FIELD DECODER OUTPUTSI

MPV

‘ — RBS1 1
M-REG. SELM-STORE-CLK3 RES2 RBE
N
sem - reao—| ) A-REGISTER 4 i
STA ALU AS 00
AW — 'J
B-REGISTER
cw —3| MEMORY —__'D—- GISTE o L
CONTROL l l sTe ALY AS| h
DTRYg¢—{ _AND H
TIMING Q-REGISTER L
XY X-¥ xy I 1 xvy g 10 E
MBSY < pr/sw[ |DR/sW [DR/sw[ |DR/sw @_ ALU AS X
)
R
F-REGISTER n
STGF ALU AS
INHIB I Yam R8US
oriv [ § \'J;T_RRSB R
4/3 @ I S | Y
CORE .
AAFF Y Al XNAAS DI
e L|o]o|o|n|ofu]E|n
a6 ulalalninlolslcle
8K e wmc [o[[1[1[1]o]o]o]0
CORE FUNCTION e #no [0]olo[1[1[1]o]0]7
PRIV [ 9 BAFF GENERATOR e ~ en1 [0[1]1]0[1]0[1]1]0
- » IRD l¢«———FN2 [o]1]1]0lofo[1][1]o
SA. coRE [ Ae ALU AS #n3 [o[3]ofo[1[1[o]o[7
\J L—ﬁi—m 1[1]1]1]1]1]{o]1]0
PARITY > .
LOGIC b IR6-9 — IRD SRG j¢- SRG1
ATA -
CONTROL At07 ¢ ALU DECODER
LPE ove [ ¢ EXT IR0-2,4 —p] A6 SRG2
‘ ‘ Plmioz as A6 ;
aw /"NO |RIGHT| LEFT | LEFT |
w ) MUX . 1[wuxor serer L rest sn:,n ou:s o:z FO:JR
ALU A5 Tesz g 0 ) 1
AW, MST+
CLK3- RW+ SELT * STORE Asf“ ASIG2
iNce ! !
L le < ASG
v DECODER
T-REG P.REGISTER sTa/8 «—1rD A6
READ-SELT STP ALL ‘5—,—1 ) T T
RPHI-RPI-RPLO 1R0.3-7 1R0-2
D_ SCRATCH PAD 1
" 1
b
— et
ST CIK 2 ———-_—lj_l SCRATCH PAD 2
wsP2 ALY AS)asp2
REGISTER | REPEAT —Ct a SCRATCH PAD 3
(16 BITS} COUNTER CNT wsP3 ALL as
IRD A6 RD a6 RSP3
< RCTR j >
TO SRG/ASG & \RO-9 ADR U\ L—;D_ SCRATCH PAD 4
TR. . 4 -
1/O INSTR. DECOD. €——4 WSPa ALU 5] nspa
sprp| T'MING AND |- CLK3 S-BUS
MAPPER ¢ PHASE LOGIC | o CLK 2
N tocic [ serz 2 & L [ ]
ROM sPH3 | TIMING AND
-b CONTROL  A2[% | CONTROL a1~®STCLK
o SRAR EOP
sioB
o RSAV )
10 BITS
K [ADDRESS REGISTER SAVE REGISTER 1/0 BUS RIOB
m sT1C {10 BITS) {10 BITS)
ROM CONTROL A2| |ROM CONTROL A2
r JRAR VIOLATION
= :D— REGISTER
ROM CONTROL
o LOGIC ROM STCLK: RIMP 1/0 BUFFER AB
(24 BITS) — :
TIMING AND RIMP: 1 IR6-9.11 ELM' P 10G-SC5-RIOB
O CONTROL A1 ROM CONTROL A2 106 6-9. SELMPHIAMPY+ ROIR
SRIR STCLK BIiT® 3
ENRM CL+CR 1/0 INSTR. CENTRAL
DECODER INTERRUPT
4 BITS BITS 0.7, 1/0 CONTR. A7}
2 12,17 1/0 BUFFER A8 2
U ROM INSTRUCTION REGISTER 1
A2 -
A4 A3 A4 a3 A2 POWER —> ';A""TV 4
> BITS 8ITS BITS BITS BITS BITS ! FAIL RROR .
- - -16 - - -
21-23 17-20 12 8-11 a-7 o-3 ” T - INTERFACES
DisPLA > SC10= A23
R-BUS sBUS sTore | [speciaL| | sk REGISTER L LPE DMA CARD A9 SC25 = A0
MID2 A4] |MID1 A3 MID1 A IRD_A86| |IRD_A6 ; WU
v T 1
SWITCH PROTECT
> REGISTER —
i £ TO 1/0 DEVICES
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Phase Control Logic

Boolean Equations for Phase Control

Mapping the ROM Address

Boolean Equations for Mapper Output

Fetch Phase

PH1A Flow Chart

CPU Freeze

Timing Diagram of PH1A (Instruction
Does Not Reside in A/B-Register)

Simplified Diagram of A/B Addressable
LLogic

A/B ADDR. FF, A/B CLRFF and
A/B SEL FF. Logic in Halt/Single
Cycle Mode

ROM Microinstruction Function Field
Decoding and Equations Created By
Arithmatic Logic Function Generator

Timing Diagram of PH1A (Instruction
Resides in A/B-Register)

Flow Chart of IOR—Instruction

Timing Diagram of PH3 |OR Instruction
(Operand is in A/B-Register)

Timing Diagram of PH3 10R Instruction
{Operand is not in A/B-Register)

Timing Diagram of PH3 IOR Instruction
{Instruction Resides in A/B-Reg. and
Operand is not in A/B-Register)

Flow Chart of AND/XOR—Instruction

Flow Chart of LD—Instruction

Indirect Phase

Flow Chart of PH2

Flow Chart of ADD—Instruction

STA/B—Instruction

Flow Chart of ST—Instruction

ROM Skips

Flow Chart of JMP—Instruction

JSB—Instruction

Flow Chart of JSB—Instruction

Flow Chart of JSB—Instruction (Cont’d.)

Timing Diagram of PH3 JSB—Instruction

Compare Instruction

ROM JMP, JSB or CJMP Executions

ROM JMP and JSB Control Signals

Hardware Control Signals Created By
ROM JMP, JSB and CJMP

ROM Control Logic

Flow Chart of CP—Instruction

Flow Chart of CP—Instruction (Cont’'d.)

Timing Diagram of PH3, CP—Instruction
{Operand Address is not in A/B-Register)

LESSON 3
MICROPROGRAMMING AND CENTRAL PROCESSOR UNIT
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34
35
3-6
3-7
3-8
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3-10

3-11

3-12

3-13
3-14

3-156

3-16

3-17
3-18
3-19
3-20
3-21
3-22
3-23
3-24
3-25
3-26
3-27
3-28
3-29
3-30
3-31
3-32
3-33

3-34
3-35
3-36
3-37

Timing Diagram of PH3, CP—Instruction
(Operand Address is in A/B-Register)

ISZ Instruction

Flow Chart of ISZ—Instruction

Flow Chart of 1SZ—Instruction (Cont’d.)

Flow Chart of 1SZ—Instruction (Cont'd.)

Timing Diagram of PH3, 1SZ—Instruction

Flow Chart of SRG—Instruction

Hardware Signals to Implement SRG—
Instructions

ASG—Instructions

Function of ASG1 and ASG2

Decoding ASG Instructions

Execution Priority of Concatenated
Alter-Skip Group Instructions

Timing Diagram of PH3; CLA, SLA, INA—
instruction

STC, CLC, STF, CLF, SFS, SFC and HLT—

Instructions
Timing Diagram for 1/C—Instructions
MI/LI—Instructions
OT—Instruction
Interrupt Phase
The Binary Multiplication
How Can An Integer Multiplication Be
Implemented By Hard/Firmware?
How Can An Integer Multiplication Be

3-38

3-39
3-40
3-41
3-42
3-43
3-44
3-45

3-46
3-47
3-48
3-49

3-50

3-61

3-52
3-53
3-54
3-56
3-56
3-57

3-58

Implemented By Hard/Firmware? (Cont’d.)

Why Does the 2. Algorithm Execute A
Binary Multiplication Correctly?

MPY—Instruction

MPY —Instruction (Cont’d.)

MPY —Microprogram

Special Microorders Required For the
Execution of EAG—Memory Ref.
Instructions

EAG—Memory Ref. Instructions (Cont’d.)

ROM JSB

Timing Diagram of PH3, DIR. MPY —Instr.
(Operand Address not in A/B-Register)

Execution of Multiplication

The Binary Division

DIV—Instruction

DIV—Instruction (Cont'd.)

DIV—Instruction (Cont’'d.)

DIV—Instruction (Cont'd.)

DST—Instruction

LSL—Instruction
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3-62
3-63
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PHASE CONTROL LOGIC

(IND MRG.) - INT +
IND. (JMP + JSB) TMPV

IND ADDR - INT +
<3 IND (JMP + JSB) INT

INT - MRG - JMP +
INT - (DIR JSB) +
INT - MRG - IMPV DIR ADDR - INT +

DIR ADDR (JMP + JSB)

'WIRG + DIR MRG + IMPV

\ J
INT - [IN‘D {JMP + JSB) ;— IMPV]
\ /
~ ~ \

A WAITING DMA INTERRUPT

IMPOSES A PH5 WHICH:

1) INHIBITS A CHANGE IN THE PRESENT (CPU) PHASE

2) FREEZES THE CPU

3) CREATS ITS OWN CONTROL SIGNALS TO ACCOMPLISH
A DMA DATA TRANSFER

* |F ENTER SUBROUTINE
& WANT TO TURN OFF
INTERRUPT (CLF@® IN
FIRST SUBROUTINE
LOC. CANNOT BE
INTERRUPTED




{AdWI - GLYI - 9LHd
+ [€L4D - (GSF + diAM) + LNi] GLES - ZHd

+(8SF + dINT + LNI) AdiNI - GLHI - VLHd} dOOT -

[DHIN + AdINI + GLYI] OO -
-d03 -
- d03

+ [G19S - (dSr + dINr) + GLES - LNI] dOOT

+ [DHIN + (AdINT + GLHI) JINIF + (ADINT + GLHI) LNI] OO

[(AdINI + SLYI) JINC + ST + dINF]T DHIN - LNI - JOO1
+ (AdWI + GLYI + 9ST + dINF) LNI - dOO1

+(dSr + dINIF + €1 - GLES) LNI - JOOT -

[(gasr + dIAr) AdINl - GLYT + LNI] - dOO1

d03 -

d03

-d03
+d03 -
d03 -

-d03 -

OHIN

- g9LHd
Z¢Hd
- VLHd

*VIHd
€Hd
¢Hd

€Hd

TOHLNOD 3SVHd 404 SNOILVYNOD3 Nv3I1009

CHdS

E€HdS

aLHdS

VLHdS




INTERRUPT

MAPPING THE ROM ADDRESS

INSTR. REGISTER

EOP

INDIRECT (SB15)

A6
IR15-11
‘ IR15-4
PHASE
LOGIC MAPPER
Al A2
[ SP3 J
SP2 D RA14 | RAO-9
SP1B RA4
et s e et e el
———— SRAR
l———— STCLK
k /)
ROM ADDR. REG.
A2
ROM
A2
STCLK
l—— SRIR
ROM INSTR. REGISTER
RIR17, S-BUS 0-3
L 12,70
vy Vv v V¥ RJMP




RAO
RA1

RA2

RA3

RA4

RAb

RAG

X
I»
~

RA8

BOOLEN EQUATIONS FOR MAPPER OUTPUT

(ASG + ASR + ASL) - SPH3
(LSR + LSL) - SPH3

SP1B + SPH2 + [(STC + CLC + LI*) + (JMP + AD* + CP* + LD* + ST*) +
(RRR + RRL) + (CL* + CC*)] SPH3

SPH2 + [(OT* + STC + CLC) + (MPY + DLD) +
(AND + IOR + JSB + ISZ + CP* + ST*) + (CM* + CC*)] SPH3

[(DIV + DST) + (XOR + IOR + JMP + ISZ + LD* + ST*) +
(MI* + LI* + OT* + STC + CLC) + ASG] SPH3

[(ASR + LSR + RRR) + (JSB + 1SZ) + (LD* + ADD) + 10G] SPH3

[(DST + DLD) + (MRG + SRG)] SPH3

[ M Lo ]

EAG(FIX POINT) - SPH3

(FAD + FSB + FMY + FDV + FIX + FLT) - SPH3

34




FETCH PHASE

‘ START ’

P—» M
START RW

DOES

P-REG POINT NO

TO A/B-REG?
(MEM LOG
0/1)

sTOP ’

TRANSFER TRANSFER
A/B-REG. TO T-REG. TO
I-REG. I-REG.

A 4
Is
OPERAND
ADDRESS @ NO
ZERO PAGE?
(1IR10=0)

TRANSFER TRANSFER

OPER. ADDRESS OPER. ADDRESS

IR0-9 TO SCP1 IR0-9 & P-REG.

8 SET A/BA FF IF 10-15 TO SCP 1

ADDR = 0/1




PH1A FLOW CHART

ENTRY FIELD CONTENTS
ROM ROM WORD OINT
ADDRESS (OCTAL) LABEL R-BUS S-BUS FUNCTION STORE SPECIAL SKIP
2321 2017 16-12 118 74 30
0000 77330757 PH1A - 3 CFLG ™ AW -
0001 53771776 AAB COND 10R d R - EOP
0002 73373557 - ADR 10R st AAB -
R| s [Func| sT | sp | sk R| s [FunC| ST | sp | sk R| s [Func| st |sp | sk
111{111.0[11011|000 1]11 10|71 111 101[011 1111111001 1{11 1|1 101 111]0110{11 111|011 1|01 10{1 111
ROM ADDR ROM ADDR
0001 0002
NOP
R-BUS
NOP
15
OPERAND NO
READ A/B-REG
ONTO R-BUS SIMULATES NOP Qgggiisﬁ%';
(INSTRUCTION) (1R10-0)
BRINGS UP SELT !
READ PREG ENSS & EEOP TRANSFER T-REG |READ
s8Us AR TRANSFER R-BUS {INSTR) TOS-BUS | ENSS IR0 = S-BUS IR0-9 —+ S$-BUS
TO SBUS FREEZE CPU UNTIL | EEOP PR10-15 = SBUS
S-BUS DTRY
(A3)
CLEAR CPUFLAG | 0 STORETBUS | op cuncTion |OR-FUNG
FF & ENABLE AAFF OR BAFF IF | (LOGICAL ALU= (LOGICAL ALU=
FUNCTION (TSHEF:OR-H‘-{NST'ON RW + AAB IN R+S - R+S§-= NOSHIFT
+R - ALU -
Mo spr A aus| SPECIAL FiELD) NO SHIFT = T-BUS)| - T.BUS
NO SHIET = RIR7 HIGH l RIR7 HIGH l RIR7 HIGH l
STORE ‘
SELM —» IF MB3Y
STORE'S - STORE §-BUS STORE T-BUS
STORE A -I:US (INSTRUCTION) (OPERAND ADDR.)
M-REG INTO I-REG INTO SCP1
ENSS -~ RWCW =
INITIATE MEM CLOCKS AAFF
READ WRITE & FREEZE CPU -+ RW AND RAFF
SPECIAL FREEZE CPU UNTIL NoP IF T-BUS = ¢/1~
T6 CLOCKS AAFF AAFF OR BAFF
AND BAFF WILL SET
IF NERFF SET —» '[)":'s'ﬂé\ggsl?'gz EEQP =~ EOP
o M2 RIR3 | e CIAL STORE & | EOP - PisK = skip
skip NoP FUNCTION FIELD : NoOP

OF NEXT MICRO
INSTR. IF NOT
MEM REF INSTR.
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CPU FREEZE

WHEN A CPU FREEZE OCCURS ALL OF THE CLOCK SIGNALS WITH THE EXCEPTION
OF CLK3 ARE INHIBITED. THIS PREVENTS THE RAR AND RIR FROM BEING
CHANGED AND INHIBITS EXECUTION OF THE ROM MICROINSTRUCTION.

FREEZE SOURCES:

PH5
MEM PROTECT
T OR COND IN S BUS AND ABFF - FREEZE UNTIL DTRY

RW OR CW AND T6
MBSY AND M IN STORE FIELD
DIV AND DT




TIMING DIAGRAM OF PH1A
(INSTRUCTION DOES NOT RESIDE IN A/B-REGISTER)

STCLK
SRAR
IRAR

IRAR = (CJMP + SCYFF) - SRIR

RA0-9

STCLK § SRAR = EOP + RSAV + FETCH + JMPS +

STCLK

SRIR = RESET + REPET FF + REPET FF -SKIP

I
i

7
b

FUNC

TmesigNats | 12 | T3 | v | 15 | te | T2 | T3 | ta | 15 | 15 |
cIKi R D N B 1 | N I O
&Rz A I Y e N | N S8 [N N [ T B
e} 1
STCLK M I 1 I JL__n .
PHI1A [ L .
PH3 -1 [ -
RARCONTENTS | 136* | 137* | 000 | o000 | o001 | o002 | o002 | o002 | 130* | 131* |
ROM OUTPUT

RIR CONTENTS

RWCW

FREEZE |

COND

DTRY

INSTR. LOADED

INTO IR

£oP — I/

*THESE RAR CONTENTS ARE ARBITRARILY CHOSEN




B1 -

TB14

CLK2 (AAB+RW)

ALU®

SIMPLIFIED DIAGRAM OF A/B ADDRESSABLE LOGIC

MPC + NO VIOLATION

iy
—/

- NMPV
. SKIP
RIRS - 3 SKIP SKIP PP
FIELD _Skipep | (NEXT MICROINSTR)
pEcoper [ AAB
AAFF + BAFF [
AAFF .
A ADDR FF f -
—=/ F-SPI=
POSITIVE—> MEM PROT VIOL
MEM PROT
VIOLATION
:_ S-BUS DECODER ]' .
] RRSB (TRANSFERE R-BUS
BAEF 1 COND | TO S-BUS)
B ADDR FF | |
SEEE EREE | SELT (TRANSFER T-REG
AAFF - BAFF | i ONTO S-8US)
U |
— ) SAM
CAB
RIR8-11 STORE
— ™ obecoper | —
— 4 STA
STCLK
D——» sTe
ZABF = INCM+DECM+PEX - DHLT
] ;,: S P amcirEr SELT (DISPLAYS T-REG)
STOLK UBaF L 4 # RRSB (TRANSFERS R-BUS—~ S-BUS)
JE— RBE (ENABLE MULTIPLEX TO OUTPUT
CPEN A/B-REG TO R-BUS, F/Q ARE EXCLUDED)
_:__:D__; RBS! (TRANSFER R-REG THROU
D /B SEL MULTIPLEX TO R-BUS

1

39




AENRNERNNRNNE!

AAB

A/B ADDR. FF, A/B CLRFF & A/B SEL FF. LOGIC IN HALT/SINGLE CYCLE MODE

ALU®

1)

CLK2

AAB + RW
(FROM ROM
SPECIAL FIELD)

D

PEX

DHLTEF

SELM

ALU®

ZABF = INCM + DECM + SELM + [PEX - PHLT FF]

CPEN -PNLT

D A/BCLRFF

READ —l

| )— st
A/B SEL FF

A ADDR FF s5rr
Lo o

RESET ABFF = AAFF + BAFF

AAFF + BAFF
5 BAFF
B ADDR FF

— -

RESET

STCLK
JMP -PH3 —\ UABF Jl>0——-
EOP + CJMP /

1.) A/BCLR FF SETS IF NEITHER A— NOR B—ADDR. FF’'S HAVE BEEN SET. . SELT - READ —» TRANSFERS T-REG TO S-BUS IF COMPUTER IN HLT MODE.

23 A/BCLR FF RESET IF A— OR B—ADDR. FF IS SET. . RBE ENABLES MULTIPL., RBST » A-REG TO R-BUS, RBS1 > B-REG TO R-BUS. RRSB - TRANSFERS

A/B-REG CONTENTS FROM R- TO S-BUS.

3.) S-BUS CONTENTS -~ 1/0-BUS WITH SIOB (FROM FRONT PANEL) -~ TO DISPLAY REGISTER.

4) -CJMP IS INCLUDED IN THE EQUATION OF UABF TO ENABLE THE PROPER DISPLAY OF EAG-MEMORY REFERENCE INSTRUCTIONS {MPY, DIV, DST, DLD]) {F
IN SINGLE CYCLE MODE.

5.1 UABF IS DISABLED AT THE END OF JMP - PH3. THIS WILL INHIBIT THE A/B CLR FF TO BE SET (ABFF IS HIGH AT JMP - PH3 DUE TO MICRO INSTRUCTION @

ROM ADDRESS 124) - SELT - THE JMP INSTRUCTION IS DISPLAYED DURING PH1A AND PH3.
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ROM MICROINSTRUCTION FUNCTION FIELD DECODING AND EQUATIONS

CREATED BY ARITHMATIC LOGIC FUNCTION GENERATOR

ROM INSTRUCTION Z EQUATION
REGISTER BITS Q OF
FUNCTION £ | ARITHMATIC
16 |15 14 ] 13| 12 FIELD MC | FNO | FN1 | FN2 | FN3 | CIN & LOGIC
(5 BITS) a. FUNCTICN
© | GENERATOR
1 1 1 1 1 IOR 1 0 1 1 1 0
(N 1 1] 0 SOV 1 0 1 1 1 0
1 1 11 o 1 cLO 1 0 1 1 1 0
1 1 1 10| o SFLG 1 0 1 1 1 0
1 1] 0|1 1 CFLG 1 0 1 1 1 0
1 1ol 1] o LWF 1 0 1 1 1 0
1 14 o0 o] 1 - 1 0 1 1 1 0
1 1{o0]o] o ARS 1 0 1 1 1 0 2
1ol 1] 1] CRS 1 0 1 1 1 0 = ALU = R+S
1r]lo]l 1] 1]o0 LGS 1 0 1 1 1 0 =
1ol 1] o] 1 RSB 1 0 1 1 1 0 g
1 0 1 0 0 CJMP 1 0 1 1 1 0 3
1 1o} of 1 1 JmP 1 0 1 1 1 0 Q
1ol o] 1] o0 JMP 1 0 1 1 1 0
1]l o]l o} of 1 JsB 1 0 1 1 1 0
1ol oflo] o JSB 1 0 1 1 1 0
o 1 1 1] 1 - 1 0 0 0 0 0 ALU = R
o | 1 1 1] 0 XOR 1 0 1 1 0 0 ALU=R ® S
0 1 1 0 7 NOR 1 1 0 0 0 0 ALU = R+S
o 1 11 0] o AND 1 1 1 0 1 0 ALU = RS
ol 1] o 1 1 ADD 0 1 0 0 1 0 ALU = R4S
ol 1] o] 1] o0 ADDO 0 1 0 0 1 0 ALU = R+S
o 1 ol o 1 INC 0 1 0 0 1 1 2 ALU = R+S+1
ol 1] ol o] o INCO 0 1 0 0 1 1 E ALU = R+S+1
o} o] 1 1 1 - 0 0 0 0 0 0 % ALU = R
ol o 1 1] o DEC 0 0 1 1 0 0 S | ALU=R-5-1
ol of 1| of 1 SUB 0 0 1 1 0 1 2 ALU = R-S
ol o] 11 o} o DIV 0 0 1 1 0 1 = ALU =R-S
of o]l o] 1] 1 MPY 0 1*1 o 0 *1 o e ALU = R+S
ol ofl o 1| o P1A 0 0 0 0 0 0 < ALU =R
ol of o] of 1 RFE 0 0 0 0 0 0 ALU =R
ol ofl o]l o o RFI 0 0 0 0 0 0 ALU =R

*|F A-REG BIT @SET
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TIMING DIAGRAM OF PH1A
“(INSTRUCTION RESIDES IN A/B-REGISTER)

RAO0-9

STCLK | SRAR = EOP + RSAV + FETCH + JMPS + . .

STCLK
SRAR —————)— RAR
IRAR

IRAR = (CJMF + SCYFF) - SRIR - RUNFF

ROM

STCLK
SRIR = RESET + REPET FF + REPET FF -SKIP

TIMESIGNALS | T2 | 3| T | ™5 | T8 | T2 | T3 | T4 |

STCLK TL__J1 1 I mi 1 L
PH1A T 1T
PH3 1 -
RARCONTENTS | 136* | 137* | ooo | o001 | o001 | o0z | 130* | 131+ |
ROM OUTPUT (138) | (137 | woor | (0on | won | oy | (ze | (13n)
42371375|77777777| 77330757| 53771775 53771775 | 73373557 | 75770757 | 53773375
RIR CONTENTS | 42371375| 77777777) 77330757| 77330757| 53771775 | 73373657 | 75770757 |
RWCW e I B
FREEZE 1 o

RRSB I I. S

INSTR. LOADED [
INTO IR

EOP [ 1 : M = __

*THESE RAR CONTENTS ARE ARBITRARILY CHOSEN
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FLOW CHART OF IOR -- INSTRUCTION

FIELD CONTENTS
ROM ROM WORD o
ADDRESS (OCTAL} CaBEL R-BUS $-8US FUNCTION STORE SPECIAL SKIP
- 23.21 2017 1612 18 7.4 30
0130 75770757 I0R - 1 I0R w RW -
0131 53773375 AAB COND I0R s2 - EOP
0132 05377377 A 52 I0R A -
rR| s [Func| sT| sp| sk rR| s [Func| st | sp | sk R| s |Func| s | sp | sk
117101111 111|000 1] 1110 1 111 101f011 111 111{011 011 11]1 101 000 [1010[11 111|111 0}11 111111
‘ START ,
Y
ROM
ADDRESS
30
s
AAFF OR NO
BAFF SET 3
’ RBE - RBS1 - RBS?
RBUS READ A-REG
NOP ONTO R-BUS
READ A’B-REG READ ZERO
ONTO R-8US ONTO R-BUS
ENABLES ENABLES
FNSS & EEOP
READ SCP1 ENSS & EEOP TRANSFER READ T-REG READ SCP2
$-BUS ONTO S-BUS R-BUS =~$-BUS ONTO S-BUS ONTO S-BUS
|OR FUNGTION
|OR FUNCTION (LOGICAL ALU
FUNC 1OR FUNCTION D
SHIFT -»T-BUS
l l RIR 7 HIGH l
STORE S-BUS STORE T-BUS STORE T-BUS
STORE INTO M-REG INTO SCP2 INTO A-REG
INITIATE MEM
RW CLOCKS AAFF
SPECIAL AND BAFF & NOP NOP
FREEZE CPU
UNTIL T6
SKIP NOP INITIATE EOP NOP
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TIMING DIAGRAM OF PH3 IOR INSTRUCTION
(OPERAND IS IN A/B-REGISTER)

RA0-9

STCLK } SRAR = EOP + RSAV + FETCH + JMPS + . . .

SRAR ——} RAR
IRAR

IRAR = (CIJMP + SCYFF) - SRIR - RUNFF

ROM

STCLK

SRIR = RESET + REPET FF + REPET FF -SKIP

TIME SIGNALS | 7a | = [ w | = | w» | 1 |
Kl S N I N B S B SN B A
oTRz S s W s T s N s H s NN
et SN s N s I s TS o B e B e
STCLK M 1 gl M M
PH1A /1 -
PH3 I 1 -
RAR CONTENTS ] o002 | 13 | 131 | 132 | ooo | oov |
ROM OUTPUT ©002) | (1300 | (131 | (1321 | (000) | (001}
73373557| 76770757 | 53773375 05377377 77330757| 53771775
RIR CONTENTS | 53771375 73373567| 75770757 | 53773375 | 05377377 | 77330757 |
RWCW [ 1 I
FREEZE l_—
RRSB |
EOP - -




IRAR = (CJMP + SCYFF) - SRIR - RUNFF

TIME SIGNALS

STCLK

PH1A

PH3

RAR CONTENTS

ROM OUTPUT

RiR CONTENTS

RWCW

FREEZE

COND

DTRY

EOP

TIMING DIAGRAM OF PH3 10R INSTRUCTION
(OPERAND IS NOT IN A/B-REGISTER)

RAQ-9

STCLK | SRAR = EOP + RSAV + FETCH + JMPS + . . .

STCLK

SRAR
IRAR

r\ RAR
L/

ROM

STCLK

| T ) s | 18 | 2 | 1 | T4 | 15 | 716 |
M M M 1 1 1
— —
| J S
| o2 | 13 | 131 | 1132 | 132 | 132 | oo0 | o001 |
(002) (130) (131 (132) (132) (132) | (000) (001
73373557 75770757| 53773375| 05377377| 05377377} 05377377| 77330757 53771775

|83771775]73373557| 75770757 | 53773375 53773375 | 53773375 | 05377377 | 77330757 |

S L
1 r

D S N
L ] L

- | I

'SRIR = RESET + REPET FF + REPET FF -SKIP

T3




TIMING DIAGRAM OF PH3 IOR INSTRUCTION

(INSTRUCTION RESIDES IN A/B-REG. & OPERAND IS NOT IN A/B-REGISTER)

RA0-9

STCLK § SRAR = EOP + RSAV + FETCH + JMPS + . ..

STCLK
SRAR ——}—- RAR
IRAR
IRAR = (CJMP + SCYFF) - SRIR - RUNFF
ROM
STCLK

TIME SIGNALS

STCLK

PH1A

PH3

RAR CONTENTS

ROM OUTPUT

RIR CONTENTS

RWCW

FREEZE

COND

DTRY

EOP

SRIR = RESET + REPET FF + REPET FF -SKIP

| w2 | 13 | v | | 16 | T2 | e | 1|
S [ R 1 I
S B N 1 111
M rrirrrirreJrrJgirJirr

11 I mn I M
— —
R | I
| ooz | 130 | 11 | 13 | 131 | 132 | 132 | 132 | oo |

{002) (1300 | (131 | (131 | (131) (132) | (132 | (132) (000

73373557| 75770757| 53773775| 53773775| 53773775| 05377377 | 05377377 06377377 | 77330757

|53771775| 73373657| 75770757| 75770757| 75770757| 53773775 | 537737751 53773775 05377377 |

- 1 1

S | I L

1 | I

EE— |
1 T L
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FLOW CHART OF AND/XOR — INSTRUCTION

FIELD CONTENTS
ROM ROM WORD TRy
ADDRESS (OCTAL) e R-BUS S-BUS FUNCTION STORE SPECIAL SKIP
2321 2017 1612 18 74 30
0110 75770757 AND - s1 10R M RW -
01 53773375 AAB COND 10R 52 - EopP
0112 05147377 A s2 AND A - -
0120 75770757 XOR - s1 I0R RW
0121 53773375 AAB COND I0R s2 - EOP
0122 05167377 A s2 XOR A - -
AND - INSTRUCTION XOR — INSTRUCTION
Rl s |runc| st | sp | sk R| s |runc| st | sp | sk
000101 101 100{1710[11 11 |1 111 000 [1010{01 1101110 {11 19{1 111
READ A-REG o RRES
. - ONTO R-BUS
R-BUS ONTO R-BUS
| '
READ SCP2 READ SCP2
SBUS ONTO §-BUS ONTO §-BUS
AND-FUNCTION XOR-FUNCTION
FUNC (LOGICAL ALU = (LOGICAL ALU=
R S-» NO SHIFT R -8 -=~NO SHIFT
-~ T-BUS} -~T-BUS)
RIR 7 HIGH = l l
STORE T-BUS STOR T-BUS
STORE INTO A-REG INTO A-REG
SPECIAL NoP NOP
SKIP NOP NOP
sToP
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FLOW CHART OF LD* — INSTRUCTION

FIELD CONTENTS
ROM ROM WORD o
ADDRESS (OCTAL) ot RBUS SBUS FUNCTION STORE SPECIAL SKIP
2321 2017 16.12 18 74 30
0164 75770757 LD* - s1 10R M RW
0165 53773375 AAB COND 10R 52 - 0P
0166 75375777 - s2 10R caB - -
R| s |runc| st |sp | s rR| s |Func| st [ sp | sk rR| s [Func| sT | sp | sk
111{101 117 111|000 4 {11 10{1 111 101}011 1|11 111f011 0|11 11| 1 101 1iftot01t 111101 111 11]1 111
( starr ) (2
Y ROM ADDRESS ROM ADDRESS
0165 0186
ROM
ADDRESS .
0164
R-BUS NOP NOP
READ A/B-REG READ ZERO
ONTO R-BUS ONTO R-BUS
READ!
SBUS READ SCP 1 TRANSFER READ T-REG {OrEr AN
ONTO S-BUS R-BUS—> S-BUS ONTO S-BUS ONTO &8s
FUNC 10R 10R 10R
FUNCTION FUNCTION FUNCTION
STORE T-BUS
STORE STORE S-BUS e dapus INTO A/B-REG
INTO M-REG (OPERAND) DEPENDING
ON IR11
INITIATE MEM RW
CLOCKS AAFF AND NOP
SPECIAL BAFF & FREEZE Nop
CPU UNTIL T6
sKip P INITIATE NOP
No £OP

‘ sTop




INDIRECT PHASE

< START ’

SCP1 »M (OPERAND
ADDRESS) START
RW

IS

INDIRECT NO
ADDRESS REFERRING
TO A/B-REG
?
TRANSFER A/B-REG TRANSFER
i T-REG CONTENTS
CONTENTS (INDIR. (INDIR. OPER
OPER. ADDRESS) ADDRESS) To.
TOSCP 1 SCP1

SET AAFF OR
BAFF IF SCP1
=0/1

STOP
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FLOW CHART OF PH2

FIELD CONTENTS

ROM ROM WORD ﬁngt\TTY
ADDRESS (OCTAL) LABEL
0014 75770757 PH2
0015 53773775
0016 75777557
rR| s |runc| st | s | sk
117101 1]11 111/000 1|11 101 111
‘ START ’
AOM
ADDRESS
0014
RBE »DISABLE
R-BUS
R-BUS NOP
r.
READ SCRATCH
S-8US PADT ONTO S-BUS
S -=I0R = ALU
NO SHIFT
ALU -
FUNCTION IOR FUNCTION (NL(;JS;S:EUS
TBUS) T - MAY
SET AAFF/BAFF
STORE
SEL M IF
STORE $-BUS masy
STOR: INTO M-REG
ENSS =RWCW
INITIATE MEM - FREEZE
BW CLOCKS AAFF | cpy UNTIL T6
SPECIAL AND BAFF AND
FREEZE CPU
UNTIL T6
sKIp NOP

R-BUS
23-21

AAB

R
101

SBUS FUNCTION STORE SPECIAL sKIp
2017 16-12 118 7.4 30
s1 10R M RW -
COND IOR s1 - EOP
s1 I0R - AAB -
s |Func| sT | sp | sk R| s |runc| st | sp | sk
011111 Mo 1111|1101 11101 111 111 {1111 D1 101111
ROM
ADDRESS
0016
NOP
READ A/B-REG READ ZERO
ONTO R-BUS ONTO R-BUS
l (RBS1/RBS2) l
TRANSFER READ T-REG READ SCRATCH
R-BUS -»§-BUS ONTO §-BUS gfﬁgomo

SET AGAIN SPHZ

I0R FUNCTION

STORE T-BUS
INTO SC PAD1

:

NOP

INITIATE EOP

|

COR FUNCTION

NOP

I

CLOCKS A'B
ADDRESSABLE
PI:

NOP

CO

(CAN NOT LOOP ON PHASE 2 BECAUSE SCP1(gropg) IS OVERWRITTEN BY AAB/COND  SCP1(g.gys) I5 ALTERED)
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FLOW CHART OF ADD — INSTRUCTION

FIELD CONTENTS
ROM ROM WORD igm‘:
ADDRESS (OCTAL) Bl R-BUS SBUS FUNCTION STORE SPECIAL SKIP
- 23.21 20-17 1612 18 74 30
0144 75770757 ADD - s1 10R ™ RW -
0145 53773375 AAB COND 10R 52 - EOP
0146 45125777 CAB S2 ADDO CAB - -
rR| s |runc| st | sp | sk R | s |runc| st | se | sk R| s |Func] st | sp | sk
1114101 1 {11 111[000 111 10{1 111 101]011 1]11 111]011 011 11 [1 101 100101 0{01 010 [101 111 11{1 111
( start )
ROM
ADDRESS
144
1
AAFF OR
BAFF SET
READ EITHER
R-BUS op A/B-REG ONTO
N R-BUS DEPEND-
ING ON IR11
READ A/B READ ZERO
REG ONTO ONTO R-BUS
R-BUS
l RBS1/RBS2 l
ENABLES
ENSS & EEOP TRANSFER READ SCRATCH
READ SCRATCH READ T-REG
$-8US PAD1 ONTO R-BUS —~ ONTO §.BUS PAD 20NTO
S-BUS S-BUS S-8US
ENABLES POS
. ADD FUNCTION | OR NEGOVER.
FUNCTION IOR FUNCTION |OR FUNCTION WITH OVERFLOW Et%","qiEXTE”D
& EXTEND FF
SETTING ENABLED
STORE T-BUS STORE T-8US IN
STORE f,:?gﬁ,_sﬁ‘és INTO SCRATCH A/B REG DEPEND-
D2 ING ON IR11
INITIATE MEM
RW CLOCKS AAFF/ NOP
SPECIAL o hocks NOP
FREEZE PU
SKIP NOP INITIATE EOP NOP
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A 4

STORE CONTENTS
OF A/B-REG
(OPERAND) INTO
THE ADDRESSED
A/B-REG

STA/B — INSTRUCTION

SCP1—» M
(OPERAND
ADDRESS)
START CW

OPERAND ADDR
POINT TO A MEM

LOCATION BELOW
THE FENCE

DOES
OPERAND
ADDRESS POINT
TO A/B-REG

YES

NO

Y

STORE CONTENTS
OF A/B-REG
(OPERAND) INTO
THE ADDRESSED
MEM LOCATION

Y
Iy

STOP
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FLOW CHART OF ST* — INSTRUCTION

FIELD CONTENTS
ROM ROM WORD SRy
ADDRESS (OCTAL) LABEL R-BUS S-BUS FUNCTION STORE SPECIAL SKIP
23.21 2017 16-12 118 74 3.0
0134 35460712 sT* F s1 DEC ™ cw NMPY
0135 42376376 CAB RRS I0R AAB UNC
0136 42371375 CAB RRS I0R T (EOP)
0137 77777777 - - I0R - - -
R| S |[FUNC| ST | sp | sK R FUNC | sT | sp | sk R | s |FuNCc| sT | sp | sK
0111101 1{00 110|000 11100 (1 010 100 0100/ 11 111[1100 |11 11[1 110 100 [010 0|11 111]001 0|11 11{1 101
START )
ROM ROM
ADDRESS
0135
(INHIBIT CW) (ENABLE CW)
READ A/B REG READ A/B REG
READ F-REG ONTO R-BUS ONTO R-BUS
R-BUS ONTO (DEPENDING ON (DEPENDING ON
R-BUS 1R11} R
ENSS ENSS
READ SCR PAD1 TRANSFER TRANSFER
S-oUs ONTO S-BUS R-BUS-—» S-BUS R-BUS-»S-BUS
DEC FUNCTION | ALU-T-BUS
(AngM o NO SHIFT
FUNC OPERATION T-BUS NOT STORED IOR-FUNCTION IOR-FUNCTION
FENCE-SP1-1) RESULT POS-» VIOL
NEG-» NO VIOL
1S NO
AAFF/BAFF
SET
3
STORE S-BUS
STORE INTO M-REG fJggigB;’EsG NOP gg%gi TREG
(SCR PAD 1 M-REG] e
. B I
INITIATE MEM ENSS—» RWCW-= FREEZE
CW-» FREEZES CPU UNTIL T6
SPECIAL CPU UNTIL T6 AAFF & BAFF NOT CLOCKED NOP NOP
CW COMMAND ONLY] ELSE STORE ADDR FROM
IF NEXT MICRO PH1A MAY BE DESTROYED
INSTR SKIPPED IF STAB/STB A
1S e
DISABLE SPECIAL- | SKIP—»ENSS
F+
SKIP ,?A;\Ev;n?)ﬁm‘ SKIP-STORE & FUNC| EEOP STILL INITIATE
ADDRESS F(ELD OF NEXT | PRESENT EOP
vioL MICRO INSTR
. DISABLE EXEPT EOP
SPECIAL-SKIP-

YES

O

STORE-& FUNCT
FIELD OF NEXT
MICRO INSTR

A

——» CREATE MPV
IF ARFF - BAFF
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ROM SKIPS

IF A ROM SKIP CONDITION IS SATISFIED, IT RESULTS IN THE NULLING OF THE NEXT
INSTRUCTION. TO NULL THE INSTRUCTION, THE DECODING OF THE STORE,
SPECIAL, AND SKIP FIELDS IS INHIBITED. THE DECODING OF SOME FUNCTIONS

IS ALSO INHIBITED. (JMP, JSB, MPY, SFLG, ETC.)

THE SEQUENCE OF RAR AND RIR CONTENTS IN A MICROPROGRAM IS THE
SAME WHETHER AN INSTRUCTION IS SKIPPED OR NOT!

EOP AND LEP CAN NEVER BE SKIPPED!
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FLOW CHART OF JMP — INSTRUCTION

) FIELD CONTENTS
ROM ROM WORD A
ADDRESS ocTAL) e R-BUS S8US FUNCTION STORE SPECIAL sKIP
2321 20-17 1612 118 7.4 30
0124 77557557 e - - NOR - AAB -
0125 35467412 F s1 DEC - RSS NMPV
0126 75774375 - s1 10R P - EOP
0127 77777777 - - 10R - -
R| s |fFunc] st | sp | sk R| s |Func] st | se | sk rR| s [runc| st | s | sk
1111111 1]01 101111 1)01 10|71 111 011[101 1/00 110{111 1|00 00| 1 010 111101 1{11 111]100 0]11 1|1 101
R-BUS READ F-REG
Nop ONTO R-BUS Nop
ENSS ENSS ENSS
(ENSS) READ SCRATCH READ SCRATCH
$BUS PAD1 ONTO PAD1 ONTO
NOP S-BUS (IMP S-BUS (JMP
DESTINATION) DESTINATION}
ALU-» T BUS W/O SHIFT Al/-U+ T-BUS
) W/O SHIFT
NOR DEC FUNCTION
FUNCT FUNCTION (ARITHM, OPER. | RESULTPOS-= viOL I0R FUNCTION
(T-BUS ALL 1's) FENCE — SCP-1 NEG-» NO VIOL
STORE $-BUS
ORE
ST NOP NoP INTO P-REG
(CLEARS BOTH FF
FF REVERSE MICRO
CLOCKS AAFF & | BECAUSE T-BUS=1%5) SKIP (DISABLE] NOP
SPECIAL BAFF CONDITION OF
(CLEARS BOTH FF) NEXT MICRO
INSTRUCTION
| ,
5 .
SKIP NOP ARF ¢ SARE INITIATE EOP
MEM PROT ADDRESS
VIOLATION

DISABLE SPECIAL-
SKIP-, STORE- &
FUNCTION FIELD
OF NEXT MICRO
INSTR EXEPT EOP
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JSB — INSTRUCTION

MAIN PROGR. SUBROUTINE
Loc. OP. CODE LOC, OP CODE
127

125 LDA 200
126 JSB 200 7 m SZA
127 ADA 202 INA
130 HLT 203 JMP 200, I

( START ’

v

SCP1—» M

(OPER ADDRESS)

START CW

DOES
OPERAND
ADDRESS POINT TO
AMEM LOC
BELOW THE
FENCE?

DOES
OPERAND
ADDRESS POINT TO

A/B-REG
?

TRANSFER P-REG
STORE P-REG TO T-REG—
INTO A/B-REG & STORE IN
MEM LOC WITH CW
|

A
SCP1 + 1> P-REG
(BRING P-REG TO
SECOND
ADDRESS
IN SUBROUTINE)

STOP
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R 8US

S-BUS

FUNC

STORE

SKiP

FLOW CHART OF JSB INSTRUCTION

FIELD CONTENTS
AOM ROM WORD T
ADDRESS (OCTAL) ot RBUS S.BUS FUNCTION STORE SPECIAL SKiP
LAB 2321 2017 1612 ns 74 30
0150 35460712 58 F s1 DEC ™ cw NMPY
0151 77346373 - 3 SFLG AAB AAB
0152 77371366 [ 10R T FLG
0153 75614375 51 INC P Eop
0154 77777777 10R
Al s |rFunc| st | sp | sk R| s |runc]| sT | sp | sk Rl s [Func| st | sp | sk
011{101 1/00 110{000 1{ 11 00 1 010 11111011 100[1100[11 11| 1011 1110/t 111foo1 011 11{0 110
G
READ F REG
ONTO R-BUS NOP Nop
! ¥ 1
ENSS & EEOP
READ SCP1 READ P-REG READ P-REG
ONTO $:8US ONTO §-BUS ONTO $-8US

v

DEC FUNCTION
{ARITHM OPER
ALU=FENCE-SCP1.1)

ALU-+ T-BUS NO SHIFT
RES POS-» VIOL
NEG-~ NO VIOL

IN

STORE §-BUS
(OPER ADDR)

TO M REG

cw
CcPU

COMMAND ONLY
1F NEXT MICRO
INST SKIPPED

INITIATE MEM AAFF/BAFF NOT

+~ FREEZES CLOCKED
UNTIL T6. CW

AAFF + BAFF
+* MEM PROTECT

s
NO

¥

ON ADDR

VIOL

J DISABLE SPECIAL.
YES SKIP. STORE &
FUNCTION FIELD
OF NEXT MICRO
INSTR

-]

CREATE MPV

IF AAFF BAFF

EXECUTED ONLY IF JSB A/B OR MPV

¥

ENABLE I0R-FUNC
SET CPU FLAG FF IF
SKIP IN PREVIOUS
MICRO INSTR

STORE T BUS INTO
A/B-REG (STORES
RETURN ADDRESS
IN ENTRY POINT OF
SUBROUTINE)

NOP

j:________J

NOP

[
AAFF & BAFF
SET

DISABLE SPECIAL
SKIP. STORE &
FUNC FIELLD OF
NEXT MICRO INSTR

EXECUTED ONLY IF MPV

v

10R-FUNC

STORE S-BUS INTO
T-REG {STORES
RETURN ADDRESS
IN ENTRY POINT OF
SUBROUTINE)

WiTH Cw

NOP

DISABLE SPECIAL
SKIP, STORE &
FUNC FIELD OF
NEXT MICRO
INSTR

EXECUTED ONLY IF JSBAOR JSB B




FLOW CHART OF JSB — INSTRUCTION (CONTINUE)

FIELD CONTENTS

ROM ROM WORD FAad
ADDRESS (OCTAL} e R-BUS S.BUS FUNCTION STORE SPECIAL sKIp
23.21 2017 1612 18 7.4 3.0
0150 35460712 158 F s1 DEC M cw NMPY
0151 77346373 - P SFLG AAB - AAB
0152 77371366 P 10R T - FLG
0153 75514375 - $1 INC P - EOP
0154 77777777 - 10R - - -
R| s |runc]| st | sp | sk
111|101 1]01001{100 0|11 1|1 101
NOP
ENSS & EEOP
READ SCP1
(OPER ADDRESS)
ONTO S-BUS
INC-FUNCTION

EXECUTED ONLY IF MPV

(ARITHM OPER
ALU=R+S+1-»
NO SHIFT—» T-BUS}

I

STORE T-BUS
INTO P-REG
(BRINGS P-REG
TO JSB DESTIN+1)

;

NOP

INITIATE EOP

STOP
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IRAR = (CJMP + SCYFF) - SRIR - RUNFF

TIME SIGNALS

STCLK

PH1A

PH3

RAR CONTENTS

ROM OUTPUT

RIR CONTENTS

RWCW

FREEZE

COND

DRDY

EOP

TIMING DIAGRAM OF PH3 JSB-INSTRUCTION

RAO-9

STCLK | SRAR = EOP + RSAV + FETCH + JMPS + . ...

STCLK

B
SRAR RAR
)

IRAR

ROM

STCLK
SRIR = RESET + REPET FF + REPET FF -SKIP

— —
|
| oo2-] 10 | 151 | 12 | 153 | 154 | oooo | o001 |
(002) (150) | (151} {152) (153) | (184) | (0000) | (0001)
73373557 | 35460712 77346373 77371366 75574375 | 77777777 | 77330757 | 53771775

153771775 | 73373551| 354607 12| 77346373 77371366 | 75674375 | 77777777 | 77330757

_ I [
1
L ] L
| N
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COMPARE INSTRUCTION

G

SCP1— M
(START RW)

[
OPER ADDR
A/B-REG
?

NO

COMPARE
T-REG (OPERAND)
WITH A/B-REG
A/B-REG—» SCP2
IS NO
T-BUS=0 ]

JMP TO

ROM ADDR YES }

0017

INCREMENT
P-REG AGAIN
COMPARE SCP2 " |
(OPERAND)
WITH A/B-REG
STOP
1S NO
T-BUS=0
YES
INCREMENT
P-REG AGAIN
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ROM JMP, JSB OR CJMP EXECUTIONS

WHEN MICROINSTRUCTIONS CONTAINING JMP, JSB OR CJMP ARE EXECUTED ENRM
GOES LOW AND THE OUTPUT FROM ROM IS ALL 1'S (NOP). AT THE FOLLOWING

STCLK (END OF JMP, JSB OR CJMP-MICROORDER) TWO MAJOR OPERATIONS ARE
PERFORMED:

1. THE NOP IS STORED INTO THE RIR AND THEREFORE NOP’S THE
MICRO INSTRUCTION FOLLOWING THE JMP, JSB OR CJMP.

2. THE JMP, JSB OR CJMP DESTINATION ADDRESS (RIR 17, 12, 7-0)
IS TRANSFERED TO THE RAR.
RIR 12 —> RAR9
RIR 17 —> RARS8
RIR7-0 — > RAR7-0

200 ns LATER (WITH THE NEXT STCLK) THE ROM CONTENTS OF THE ADDRESSED
ROM LOCATION (IN PARAGRAPH 2) IS CLOCKED INTO THE RIR.
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ROM JMP AND JSB CONTROL SIGNALS

NOP— 17 IMP 22 & 23
P> 16 ISB208& 21
R.BUS $.8US FUNCTION STORE SPECIAL KIP JMP 22 OR JSB 20+ MODULE 0OR 1
. -BU S JMP 23 OR JSB 21— MODULE ZOR 3
T T T T T
23‘22 21 | 20 | 9 | 18 | 17 1si15‘14 13 ] 12 11|w 9 8 7 6 5]4 3 2 1 0
I ' T P—» S-BUS (INHIBITED}> MODULE OOR 2
I I NOP — MODULE 10R3
9
/ .
7
i
6
5 ROM
ADDRESS
4 | REGISTER
3
2
1
°
cimp
™~ |smAR SRAR
@ RJMP ; g
| amps
s83 |sBz |sB1 |sBo S-BUS
1y
A 1 lP T T T 7 ] T
- ReHI (T Ll' %’ ﬁl' (F
JMPF—~  [rue
|—LJ RPLO
i) |
ROM 16.12 FUNCTION B e f 13| 12 n 10{ 9 l 8 l 7 [ 5 ' 4 3 2 1 0
————{ FIELD g'sé’gnm i | | L
DECODER JMPS P-REGISTER
JMPF
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HARDWARE CONTROL SIGNALS CREATED BY ROM JMP, JSB AND CJMP

FUNCTION A4

|

w
z
o

JMPS
JMP (23)
JMPF

»
o
-

JMPS
JMP (22)

JMPF

A1 A3
/RJMP
JMPS /\‘ SRAR
ENRM
IMPF <= ENSS L
RPL/H/9
S-BUS ALWAYS
DECODES P IF
JMP, JSB OR CJMP
RJMP IN FUNCTION
/ FIELD
IMPS \ SRAR

/ ENSS
IMPF RPL/H/9

CJMP (24)

ENSS

JMPF et RPL/H/®

NN AN
||

ENSS
RPL/H/9

SKIP
JMPS
JSB (20)
JMPF
JSB
(SETS JSB FF)
SKIP
JMPS ———

JSB (21)
JMPF

JMPS

RJMP

—— SRAR

ENRM

ENSS

JMPF / RPL/H/9

AV

JsB
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A2

ENABLES RIRO-7,
12,17 & (SBO-3 IF
FLOADING POINT
COMP.)

ENABLE NEW ROM
ADDRESS TO BE LOADED
INTO ROM ADDRESS
REGISTER

RJMP -

DISABLES ROM. OUTPUT
IS NOP. PRESET ROM
INSTRUCTION SHALL
NOT BE EXECUTED
BECAUSE OF ROM JMP.

JSB—» PREVENTS
SAVE REGISTER
FROM BEING
CLOCKED

JSB— PREVENT3
SAVE REGISTER
FROM BEING
CLOCKED.




ROM CONTROL LOGIC

RHFF « SINFF « SCYFF - (SGIFF *+ SG2FF) * SRH+RSSP}
[H{N%(HHFF#»SINFF-*SCYFF) ©8G1 * SG2 « (SRH+RSSP)

(ECP+CIMP)-SCYFF + MIN - (RHFF+SINFF+SCYFF) * SGi * SG2 * (SRH+RSSP)
~ (SINFF-PH3-EOF) - (RIN) - [(RHFF+SINFF+SCYFF) - SG1 - SG2 * (SRH+RSSP}]

uare usse HUN LUGIC , I 3
- EINE 12 =00 -assy 20 s
s 3 1485181 R1 €2 5231
: A2 19 L1050 I
51 . P 0 cicisczs L
v . INCREWENT PAEG LOGIC 5] N\ s np -aasyial cacacscaci 72T
_ RESET 5 J T i P la A3 | |ciscioce czs L ERNER
SPH3 0, —UBAC iz U858 . ca0cau T 86
3 TP P.REG. CARRY Tl \e Ly “ SVIB! IV 001 e
AATY P = i ] coce clocn. | : = pesd
o a2 1S e e ; clacugs cremen
EE B RH 8 2z
s T4 SKF+SCRY suso |1 SINFEEOF PR3 41058 RH @ G e
TP | a] (g v B
R39
27 | ®—oes
“4 8SV(Al
v [ -
PH3 1 P
scry 2 B84 INCP = S2 NORMAL - {
a0 EOP (INCP FF + EPCRYFF - PCRYFF) LI
! EXT.P-REG. ! . | 20
+485vial CARRY o ! L U054 AAFF -smEF < SCYFF .- C48vs umB
52 o Loop : 7 N1z | (SGJIFF - SG2FF) SSCY 5
10 UsE0 ""”i =l ) 1 4 4 6 312 HIGH IF RHFF, SINFF AND SCYFF
- B2s i 3 ARE ALL RESET = FRONT PANEL
SPHZ INCR. P-REG L wess | HLT OR HLT INST.
o ur2s @ BEGINNING 2 .
_’{>.‘_ o OF PH3 24 B i :f:::.:i? Lo
L5 -asvia) -
ROM CONTROL LOGIC
| $he uerF DISABLE RIMP IF [P-REG L TR
FiTeH 2L 13Ny 12 SWITCH IS PRESEBD. ELSE RIMP = FETCHUMPS+RHFF | SINFF - SCYFF - CIMP < (CUMP:INT) 75
R - -80S 0-3 WOULB BE i Sm— vt
ks LOADED INTO [AlAR
e I © }q (RAFFTSINFFYSCYFF) - 561-562 SRA+Rssp) VO AJMPIF SCYFF
|
H SRAR IF INT SRAR IF FRONT PAN. HLT
1 t
1 : . ; —
‘; IF EOP+RSAV+FETCH+JNIPS+(CIJMP INT)+ RHFF+SINFF+SCYFF +(CJMP+RSSP - $G1-SG2) 61 SR
| EES—— a2
1 ; . NOSRAR IF SCYFF |
i ENRM =|RUNFF -EIMP- ASAV - INT+FETCH: JMPS - (RHFF+SINFF+SCY FF) |58
— — ENAM
| i N RHFF - SINFF - SCYFF + (SG1FF+SG2FF) + a0
H (SSCY +SSIN+SRH+RSSP)
| iRAR = (CJMP + SCYFF) - RUNFF - SRIR{ 16 RaR
HRIEE"Y . 1248
| 113 13 !
12 UssC T =4 t NOTE S
w13 EOP s CoMP | 4 85V(B! 4230 pina
|
BOEE . N 0 Us3B.
" s 15, o
13])  RUN FF ‘;Ug
R22 | e
511 I
AA— 2V
7
I8
__ +
cRue2 ;
RESETBI | HALT
4 63
- 3 EREER TR 7 10, 52 PEN
SSIN ;% it A % [ 1281
SRH - RSSP(A) K UTBA o
12 284C a1t
n
3 1, ursc 0
J LN usan12 2y
i o 7
EOP + PH3 - SINFF + SCﬁJMPi'EOPH»
+ EOP * RHFF "SINFF “SCYFF
EOP




FLOW CHART OF CP* — INSTRUCTION

FIELD CONTENTS
ROM ROM WORD o
ADDRESS (OCTAL) LABEL R-BUS S-BUS FUNCTION STORE SPECIAL SKIP
2321 2017 1612 118 74 - 3.0
0114 75770754 cp - s1 10R ™ RW NAAB
0115 57223017 AAB P Jmp s2 XX -
0116 41167635 CAB T XOR - ECYN EOP
0117 777777177 - I0R - _ _
R| s |[FUNC| sT | sp | sk R| s [FUNC| ST | sP | sk R| s |Func| sT | sp | sk
1111101111 111{000 1{11 10{1 100 101(111010 010|011 0{00 00 |1 111 100(0010[01 110111 1[1001{1 101
READ B-REG
; READ A/B-REG-»
freus NoP ADOAESSED BLSE R-BUS (IR11=0/1
A-REG ONTO R-BUS CPA/CPB)
(ENSS) P-REG; IS ADD-
raeG-r sous
S-BUS ONTO - FREEZE CPU UNTIL
S.BUS (JMP FUNC. INHIBITS DRDY
P -~ S.BUS &
INHIBITS ENSS)
JIMP-FUNC
ALU=R+S—
TO SET A/B-REG NO SHIFT-»
IF OPER ADDRESS TBUS
=on JMPF—» ENS§ XOR-FUNC
FUNC 10R-FUNCTION (ALU=R®S—~ NO
SHIFT-= T-BUS)
SKIP SET™ VE:
(SKIP-» JMPS. =
STORE T-BUS
STORE STORE S-BUS > SCP2 DISABLED
INTO M-REG {A/B-REG-» BY SKIP NOP
SCR 2)
CLOCKS AAFF/BAFF
& FREEZE CPU
SPEC INITIATE DISABLED BY
MEM RW SKIP—» ENSS
SPECIAL & SKIP
FIELD DISABLED INCREMENT
JMP-FUNC—= JMPS-»] P-REG AT
RJMP—~ ENABLES EOP - PH3
TRANSFER OF RIR
0-7,128 17.TO RA
1S 0-9 (ROM ADDRESS — e
SKIP T-BUS 1-14=0 0017)
?
DISABLED BY
YES SKIP—» ENSS INITIATE EOP
ENABLE SKIP: FUNC FIELD:
DISABLES SPECIAL | IOR ENABLED
SKIP-STORE-8 SKIP DISABLED

FUNCTION FIELD
(EXCEPT IOR) OF
NEXT MICRO-
INSTRUCTION
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FLOW CHART OF CP* — INSTRUCTION (CONTINUE)

FIELD CONTENTS
ROM ROM WORD A
ADDRESS (OCTAL) e RBUS S-BUS FUNCTION STORE SPECIAL SKIP
23.21 20-17 16-12 18 7.4 30
0017 45167635 XX caAB s2 XOR - £CYN EOP
0020 77777777 - - 10R - _
rR| s [Func| sT | sp | sk
100101001 110]111 110 01|17 101
READ A/B-REG
RBUS -~ RBUS (IR11
=0/1, CPA/B}
READ SCP2-»
S-BUS SBUS
XOR FUNC
FUNC (ALU=R+ §—= NO
SHIFT-= T-BUS)
STORE NOP
SPECIAL —
YES INCREMENT
P.REG AT
EOP-PH3
P
SKIP

INITIATE EOP
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TIMING DIAGRAM OF PH3, CP*-INSTRUCTION
(OPERAND ADDRESS IS NOT IN A/B-REGISTER)

RAD @

= EQP » RSAV + FETCH » JPS

STCLK
SRAR —}—
IRAR

JRAR - (CJMP + SCYFF) - SRIR - RUNFF

ENRM = RUNFF - JMPS - .. ...

STCLK

SRIR = RESET + REPET FF + REPET FF -SKIP

RIR

|
PR

FUNC ST SP SK

TIME SIGNALS | v | v | w | 2 | W™} w | v | 16 |
o e e rerrd
e I rrre e rrreru
EK3 SN [ R S U U I Y I Y U B S
STCLK ! 1 1 m m I
PH1A 1 —
PH3 _ T

RAR CONTENTS | ooz | 14 | 15 | 1.6 | wuz | w17 | ooo | o001 |
RomouTPUT 73(:?70;;57 75(71710“7)54 57(2;1350)17 41{1];7235 77(7171:;77 77(7171777)77 77(30::);)7)57 55(7070117]75
RIR CONTENTS |83771775| 73373557| 75770754 57223017|41167635|41167636 [77777777 77330757 |
RWCW L L
FREEZE 1 1

SKIP 1

ROM JMP (FUNC) IOR 1

RIMP

SRAR 1 =
ENRM

ENSS | I
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{RAR - (CJMP + SCYFF) - SRIR - RUNFF

ENRM = RUNFF . JMPS . ... ..

TIME SIGNALS

CLK3

STCLK

PH1A

PH3

RAR CONTENTS

ROM OUTPUT

RIR CONTENTS

RWCW

FREEZE

SKIP

ROM JMP (FUNCT) IOR

RJMP

SRAR

ENRM

ENSS

EOP

TIMING DIAGRAM OF PH3, CP*-INSTRUCTION
(OPERAND ADDRESS IS IN A/B-REGISTER)

RAOD-9

STCLK § SRAR = EOP + RSAV + FETCH + JMPS + . . .

STCLK
SRIR = RESET + REPET FF + REPET FF -SKIP

— —
— J
| ooz | 14 | ws | 116 | o017 | o2 | oo0o |
(002) (114 (115} 017) (020) (000)
73373557 75770754 67223017 77777777 45767636} 77777777 77330757

|53771 775| 73373667 75770754 57223017 | 77777777 |45 167635 '77777777 |

1
A

1
[ 1

- 1 I | [ !
| E—
L

1 _ 1
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< START ’

SCP1-» M
(OP ADDR—» M)
START RW

ISZ INSTRUCTION

INCREMENT THE
A/B-REG AND
STORE SUM IN SCP2

IS
CONTENTS OF
SCP2=0

INCREMENT
P-REG AGAIN

TRANSFER THE
INCREMENTED
VALUE OF SCP2
BACK TO A/B-REG

y

INCREMENT THE
T-REG AND
STORE SUM IN
scpP2

DO
E ATTEMP

NO

A MEM PROT,
VIOL?,

YES
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i

SCP1— M

(OP ADDR— M)
START A MEM
WRITE CYCLE &
TRANSFER
SCP2—» T-REG

INCREMENT
P-REG
AGAIN

STOP




FLOW CHART OF ISZ — INSTRUCTION

FIELD CONTENTS
ROM ROM WORD A
ADDRESS (OCTAL) LABEL R-BUS S-BUS FUNCTION STORE SPECIAL SKIP
2321 2017 16-12 118 74 3-0
0170 75770757 [£74 - s1 I0R ™M RW -
0171 67513373 AAB - INC 52 - ALB
0172 71113376 — T INC 82 - UNC
0173 75377616 - s2 I0R - ECYZ une
0174 35460712 F 81 DEC M cw NMPV
0175 75376376 - s2 I0R AAB - UNC
0176 75371215 - s2 I0R T ECYZ EOP
0177 77777777 - - 10R - - -
0200 77777775 - - I10R - - EQP
R 1| s |Func| sT | sp | sk R| s [Func| st | sp [ sk R| s |Func| st | sp | sk
1111101 111 111[000 111 10 |1 111 101111 1|01 001|011 0[11 11{1011 111001 0|01 001017 0|11 11{1 110
START
READ B-REG ONTO
R-BUS IF
R-BUS NOP ADDRESSED NOP
ELSE A-REG
ONTO R-BUS
READ T-REG—»
S-BUS READ SCP1 NOP S-BUS (OPERAND)
ONTO 5.BUS FREEZE CPU
UNTIL DTRY
INCREM FUNCTION
(ARITHM OPER
ALU=R + 1-»
S I0R—» ALU - NO SHIFT-r- T-BUS | RIR7 HIGH-= NO
NO SHIFT—» T-BUS-» INCREM FUNCTION SHIFT
FUNC MAY SET AAFF/ (ARITH OPER _
I0R-FUNC BAFF IF CLOCKED ALU=R + 1-»
BY RW NO SHIFT—» T-BUS
YES _
NO
STORE T-BUS
STORE T-8US sonel | nTo'scez
STORE S-BUS — SCP2 (OVERWRITS
STORE INTO M-REG (A/B-REG INTO PREVIOUSLY
SCP2) (OPERAND} WRITTEN INCREM
A-REG CONTENT)
NITIATE MEM
RW, CLOCKS
SPEC AAFF/BAFF & NOP NOP
FREEZE CPU
UNTIL T6
1S
THE AAFF
OR BAFF SET
DISABLE SPECIAL,
SKIP, STORE &
SKIP NOP

DISABLES SPECIAL
SKIP, STORE &
FUNC FIELD OF
NEXT MICRO
INSTRUCTION
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FUNCTION FIELD
OF NEXT MICRO-
INSTRUCTION




FLOW CHART OF ISZ — INSTRUCTION (CONTINUE .H

FIELD CONTENTS
ROM ROM WORD o : o
ADDRESS (OCTAL} LABEL R-BUS S-BUS FUNCTION STORE SPECIAL SKIP
2321 2017 16:12 18 74 30
0170 75770757 sz - s1 10R M AW
0171 57513373 AAB - INC s2 AAB
0172 71113376 - T INC s2 UNC
0173 75377616 - s2 I10R ECYZ UNC
0174 35460712 F s1 DEC M cw NMPY
0175 75376376 - s2 I0R AAB - UNC
0176 75371215 - s2 10R T ECYZ EOP
0177 77777777 - - 10R - . -
0200 77777775 - - 10R - ! - £0P
R| s |FUnc| sT | sp | sk R| s |FunC| sT | sp | sk RI s [FUnc| sT | sp | sk
111]1010{11 111} 1111{1000{7 110 011101 1 |00 110|000 1[11 00 {1 010 y1f1010[11 111{100 |11 111110
D) O
ROM ROM
ADDRESS ADDRESS
174 ) 17
R.BUS - READ FENCE REG
Nop . ONTO RBUS Noe
READ SCP2 READ SCP1 Lo B READ $CP2
$-BUS (INCREM OPERAND) (OPERAND ADDR) (INCREM OPERAND)
ONTO §-BUS ONTO S-BUS . ONTO S-8US
ALU-» T-BUS
DEC FUNCTION | W/O SHIFT
FUNCT 10R-FUNCT (ARITHM OPER | RES POS—= VIOL JOR-FUNC
ALU=RS 1) NEG-» NO VIOL
IS
SKIP SET?
1S YES s YE (ONLY IF OPERAND
4 SKIP SET SKIP SET 4 FROM T-REG & NO
MEM PROT
VIOL}
NO NO
-
STORE T.BUS
STORE S-8US (INCREM OPER
STORE NOP (OPERAND ADDR) ANDI INTO A/8
INTO M.REG REG IF AAFF/BAFF
IS SET (1SZ A/B)
| | NOPIF NEITHER
l . 4 IS SET
9 g 2
@ INITIATE MEMORY T o
> RWCW-~ FREEZES @ T
2 'S CPU UNTIL T8 ‘2 3
) T-BUS=0 CW COMMAND ONLY i ¥
o IF NEXT MICRO 2 z
H INSTR SKIPPED g g NOP
« < ©
w K & w
8 (=] :
SPECIAL w [ S
- INCREMENT MEM PROTN ES ?
P.REG AT ON ADDRESS a
EOP - PH3 VIOLATION; z
B g
w
. T e &
H
DISABLE SPECIAL, DISABLE SPECIAL | - N DISABLE SPECIAL
SKIP STORE & SKIP, STORE & g SKIP_STORE &
sKip v | Func FiELD oF FUNC FIELD OF FUNC FIELD OR
NEXT MICRO NEXT MICROINSTR . NEXT MICRO-
INSTRUCTION 1 : INSTRUCTION
v
e —




FLOW CHART OF ISZ — INSTRUCTION (CONTINUE 2)

FIELD CONTENTS
ROM ROM WORD g
ADDRESS (OCTAL) CaBEL RBUS SBUS FUNCTION STORE SPECIAL SKIP
2321 2017 16-12 18 74 30
0170 75770757 152 - s1 10R M RW -
0171 57513373 AAB - INC 52 - AAB
0172 71113376 - T INC s2 - UNC
0173 75377616 - s2 10R - ECYZ UNC
0174 35460712 F s1 DEC M cw NMIPY
0175 75376376 - s2 10R AAB - UNC
0176 75371215 - s2 10R T ECYZ EOP
0177 77777777 - - 10R - - -
0200 77777775 - - I0R — - EO?
R| s |Func| st | sp | sk
111101 0{11 111]001 0| 10001 101
R-BUS NOP
READ SCP2
(INCREMENTED
-8l
seus OPERAND) ONTO
S-BUS
FUNC IOR-FUNC
1S
SKIP SET?
YES_{ONLY IF OPERAND
— FROM A/B-REG OR
MEM PROT
vioL)
STORE S-BUS
STORE INTO T-REG
15 YES
T-8US-0
NO
SPECIAL INCREMENT
P-REG AT
£0OP - PH3
SKIP INITIATE EOP
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TIME SIGNALS

CLK1

[ ¢3

TLK3

STCLK

PH1A

PH3

RAR CONTENTS

ROM QUTPUT

RIR CONTENTS

RWCW

FREEZE

SKIP

RWCW

FREEZE

SKIP

RWCW

FREEZE

SKIP

TIMING DIAGRAM OF PH3, 1SZ INSTRUCTION

RA0-9

STCLK | SRAR = EQP + RSAV + FETCH + JMPS + . ..

STCLK

SRAR ———
IRAR

IRAR = (CJMP + SCYFF) - SRIR - RUNFF

STCLK
SRIR = RESET + REPET FF + REPET FF -SKIP

RIR

IR

FUNC ST sp SK

o 4

I M M M i M M | W
—_ | I—
l oo2 F 10 | 17v V172 | w73 | 173 | 174 | s | a7e | 177 | o000 |

(002) 70 | am | (72 (173) (173) | (174) (178) | (176 (177) (000)
73373667 | 75770757 | 57573373 | 71113376 | 75377616 |753776 16 [35460712 [75376376 [75371215 77777777 | 77330757

163771775} 73373657| 757707571 575133761 71113376 | 71113376 | 753776 16 | 35460712 | 75376376 | 75371215 | 77777777}

I 1 1
1 1

1 —
[ L J 1 [ | I
— [} CWsTAYs LOW
1 1

) S N S
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OPERAND
NOT
A/B-REG
NO MEM
PROT. VIOL.

OPERAND
IS A/B
REGISTER

OPERAND
NOT
A/B-REG
W.MEMORY
PROT. VIOL.




FLOW CHART OF SRG — INSTRUCTIONS

FIELD CONTENTS
ROM ROM WORD PR
ADDRESS (OCTAL}) LABEL R-BUS §-BUS FUNCTION STORE SPECIAL SKIP
2321 2017 1612 118 74 3-0
0100 07777117 SRGA A - JOR A SRG1 =
0101 07777777 A - I0R - - -
0102 07777135 A — IOR A SRG2 EOP
0103 77777777 - - IOR = - -
R| s |Func| sT | sp | sk R| s |fFunc| sT | 5P | sk R FUNC | ST | sp | sk
000(1111{11 111|111 001 00|1 111 000111 111 111 {111 1111|1111 000 11111 [111 001 01|17 101
( START )
ROM
ADDRESS
102
READ A-REG READ A-REG READ A-REG
R-BUS ONTO R-BUS ONTO R-BUS ONTO R-BUS
ENSS
5-BUS NOP NOP NOP
SRG FF SET:
IF IR6-= CLE
FUNC {OR-FUNCTION IOR-FUNCTION | IF IR3-» SLA— |0R-FUNC
ALU=R BUS ALU=R-BUS (F ALUO—~ SET ALU=R-BUS
P-CARRY
l CLEAR SRG FF l
STORE STORE T-BUS STORE T-BUS
INTO A/B REG Nop INTO A-REG
DECODING OF | DECODING OF
ENABLE SRG- IR6-8 BY 1R0-2 BY SRG-
. ENABLE SRG-
SPEC) DECODER WITH | SRG-DECODER DECODER
AL IR9 - SRG1 (HARDWARE NOP :;Efq%%"zw'r” (HARDWARE
SET SRG FF DECODING) -9 DECODING)
SKIP NOP NOP INITIATE EOP
v
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ADDRESS
108
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HARDWARE SIGNALS TO IMPLEMENT SRG-INSTRUCTIONS

I-REGISTER BIT
9876
4210

1000

1001

1010

1011

1100

1101

1110

1111

INSTRUCTION

*LS

*RS

R*L

R*R

*LR

ER*

EL*

*LF

St1
SR1
SL4

TBS1
TBS2

ALX14— (ALU15— TB15)
(ALU14— TB15)

ALX16— (ALU15— TB15)
(ALUO— TB15)
(EXT—  TB15)

LSI — (ALU15— TBO)
(EXT—>  TBOj

SRG1/2—> (ALU15— EXT)
(ALUO— EXT)

X
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ASG-INSTRUCTIONS

NT

oM | rom worb il\gm/ FIELD CONTENTS

ADDRESS | (OCTAL) | | Age| | R-BUS | S-BUS | FUNCTION | STORE | SPECIAL | SKIP
0021 47777657 | ASGD | cAB | — |IOR - ASG1 | -
0022 47525675 cAB | — | ADDO CAB | ASG2 | EOP
0023 77777777 - - lior - - -
0025 77775657 | ASGA | — - |ior cAB | AsG1 | -
0026 47525675 caB | — | Abpo cAB | ASG2 | EoP
0027 77777777 - - |ior - - -
0031 47555657 | ASGB | CAB | — | NOR cAB | AsG1 | —
0032 47525675 caB | - | Aabpo cAB | ASG2 | EOP
0033 77777777 - I0R — - -
0035 77555657 | ASGC | — — | nor CAB | ASG1 | —
0036 47525675 cAB | — | ADDO CAB | ASG2 | EOP
0037 77777777 - - | ioR - - _
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A/B-REG (DEPENDING ON IR11)
— R-BUS— ALU-BUS FOR POSSIBLE
EXECUTION OF SL*/SS* - INSTRUCTIONS

CLA/B (DEPENDING ON I1R11)—> ALU-BUS
FOR POSSIBLE EXECUTION OF SL*/SS*
- INSTRUCTIONS

CMA/B (DEPENDING ON IR11)— ALU-BUS
FOR POSSIBLE EXECUTION OF SL*/SS*
- INSTRUCTIONS

CCA/B (DEPENDING ON IR11)— ALU-BUS
FOR POSSIBLE EXECUTION OF SL*/SS*
- iNSTRUCTIONS

INA/B & SZA/B |IF PROGRAMMED




FUNCTION OF ASG1 & ASG2

THE MICROORDERS ASG1 & ASG2 ENABLE THE EXECUTION OF THE
FOLLOWING ASG-INSTRUCTIONS:

ASG1: SEZ
CLE

ASG2: IN¥
SZ*

- SL*

SEZ -

SL*

SS* -

SS*

SZ* -

IC-NR ON A6
RSS U17A & B
U73C & U97B
U97C, U91C, U73B & U63B
. U97A & 63C
. RSS
* U54 DECODER
RSS
. SL* - RSS
U107A
RSS U61B, C & D, U91A, U32B & D
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DECODING ASG INSTRUCTIONS

THE MAPPER, WHEN DECODING AN ASG-INSTRUCTION WILL OUTPUT ROM
ADDRESS 21, 25, 31 OR 35 DEPENDING ON INSTRUCTION REG. BIT8 &9 CL*,
CM* OR CC* ARE EXECUTED UNDER ROM CONTROL

IR9 - IR8 CL* - CM* - CC* - ROM ADDRESS 21

.
IR9 - IR8 - CL* > 25
IR - IR8 — CM* > & 31
IR9 - IR8 —» CC* - " " 35

ASG1 ENABLES DECODING OF CLE, CME, CCE, SEZ, SS*, SL* & RSS BY HARDWARE

ASG2 ENABLES DECODING OF IN* & SZ* BY HARDWARE

348




EXECUTION PRIORITY OF CONCATENATED
ALTER-SKIP GROUP INSTRUCTIONS

1.) EXTEND REGISTER

SEZ OR SEZ - RSS IS EXECUTED BEFORE CLE, CME OR CCE

2.) A— OR B—-REGISTER

THE FOLLOWING SEQUENCE APPLIES TO THE A— OR B—REGISTER
RELATED ASG-INSTRUCTIONS:

CL* OR CM* OR CC*
SS* OR SL* (RSS)
IN*

SZ* (RSS)

PwN=
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IRAR = (CJMP + SCYFF) - SRIR - RUNFF

TIME SIGNALS

RAR CONTENTS

ROM QUTPUT

RIR CONTENTS

ASG1 {AB)

ASG2 (AB)

EOP

FREEZE

TIMING DIAGRAM OF PH3; CLA, SLA, INA — INSTRUCTION

RAO0-9

STCLK § SRAR = EOP + RSAV-+ FETCH + JMPS + .,

IRAR

STCLK
SRIR = RESET + REPET FF + REPET FF -SKIP

RIR

]
vl

FUNC ST SP SK

» 4
0 g

— —
| oo2 | 025 | o026 | o027z | o0 | o001 |
©002) | (025) ©26) | (0277 | (000) (001)
73373557|77775667|47525675| 77777777| 77330757 537717785

|53771775| 73373557| 77775657| 47525675| 77777777| 77330757}
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STC, CL.C, STF, CLF, SFS, SFC & HLT ~ INSTRUCTIONS

ROM ROM WORD ENTRY FIELD CONTENTS
ADDRESS (ocTAL) LABEL R-BUS S-BUS FUNCTION STORE .
0040 77777737 FLAG - - 10R -
0041 77777777 - - IOR -
0042 77777775 - - IOR -
0043 77777777 - - I0R -
0074 771777737 CTRL - - I0R -
0075 77777777 - - IOR -
0076 77777775 - - 10R -
0077 77777777 - - 10R -

GO

10G1 - T2 FREEZES
CPU UNTIL T2 {CLK1,
CLK2 & STCLK).. CPU
IS SYNCHRONIZED
TO1/0

10G1 BRINGS UP I0GE
@ T3--T6 (T6) BY
HARDWARE

Y.

IOGE-» 10G (DURING
T3-T6 (T6) IF MEMORY
PROTECT IS NOT EN-
ABLED - INTERFACE
CARD CAN BE
ADDRESSED IF 10G -
SCM - SCL - 1/0 INSTR.

10OGE ENABLES I/0
DECODER = CREATES
I/0 INSTR. WITH IR6-9

A4

STOP )
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TIMING DIAGRAM FOR |I/O — INSTRUCTIONS

O
-
A
()

seee JL LT [T

1/O-TIMING T4 T5 T6 | T2 | T3 T4 T5
INSTR. STORED IN A/B-REG.

A

10G1

\ INSTR. STORED IN MEMORY

ENF

I0GE

-

10G

I |

10l (MIA/B,
LIA/B)

100

====17

STF/HIN

STC/CLC/CLF

SFS/SFC
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MI*/LI* — INSTRUCTIONS

om ROM WORD EnTRY FIELD CONTENTS

ADDRESS (OCTAL) LABEL R-BUS SBUS FUNCTION STORE SPECIAL SKIP
0060 77777737 M - - 10R - 10G1 _
0061 7777777 - - 10R - - -
0062 70777775 - 101 10R - - EOP
0063 40775777 CAB 101 10R cAB - -
0064 17777737 L - - 1OR - 10G1 -
0065 7777717 - - 10R - _ -
0066 70777775 - 10t 10R - - EOP
0067 70775777 - 10 10R caAB - -

D

10G1 - T2 FREEZES CPU
UNTIL T2 (CTKT, CTRZ &
STCLK) - CPU IS
SYNCHRONIZED TO I/0
TIMING

10G1 BRINGS uP
10GE-» 10G @ T3-T6
(T6) BY HARDWARE
IF

101(s-BUS)—= RI10B-»
I0l{HARDWARE)>TO
ADDRESSED 1/0 INTER-
FACE (SCL-SCM) =
TRANSFERS DATA INTO
INTERFACE BUFFER
TOIOB@ T44 TS

MIA/B

) Lia/B

@ T5: READ A/B—

REG. ONTO R-BUS (1R11)
108-» S-BUS,
IOR-FUNCTION AND
STORE T-BUS INTO
A/B-REG

sTOP
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@ T5:

READ 10B-» S-BUS,
10R-FUNCTION AND
STORE T-BUS INTO
A/B-REG.

STOP




OT* — INSTRUCTION

oM ROM WORD ENTRY FIELD CONTENTS

ADDRESS (OCTAL) LABEL R-BUS S-BUS FUNCTION STORE SPECIAL sKIP
0070 77777737 oT* - - I0R - 10G1 -
0071 42377777 caB RRS IOR - - -
0072 42370375 CAB RRS 10R 100 _ EOP
0073 42370377 cAB RRS 10R 100 - z

7

‘ START ’

10G1 - TZ FREEZES CPU
UNTIL T2 (CLK1, CLK2
& STCLK) . CPU IS SYN-
CRONIZED TO 1/0
TIMING. 10G1 BRINGS
UP IOGE (DURING
T3-T5(T6))

\4

IOGE » THROU I/0 DE-
CODER-» 100 (Hw)

(DURING T3-T4)

I0OGE » 10G (DURING
T3-T5 (T6))

A 4
A

ON I/O—INTERFACE:
100-10G-SCM-SCL
ENABLE DATA
BUFFER TO ACCEPT
DATA FROM |08
(T3-T4)

T4, T5: (DATA TRANSFER)

1) READ A/B-REG-»
R-BUS-= S-BUS

2) 100 (ROMm) CREATES
SI0B-» TRANSFERS
$-BUS-» 10B
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INTERRUPT PHASE

ROM ROM WORD Elgm;/ FIELD CONTENTS
ADDRESS {OCTAL) LABEL R-BUS S-BUS FUNCTION STORE SPECIAL SKIP
0004 70330757 PH1B - CIR CFLG [ RW -
0005 77054377 - P suB P - -
0006 77154377 - P NOR P - -
0007 53771775 AAB COND 10R IR - EOP
0010 73373557 - ADR 10R s1 AAB -

‘ START )
ROM
ADDRESS
0004
1S
+ INSTRUCTION
IN A/B-REG
FREEZE CPU
UNTIL TIME T6 @T4: DATA IS READY
.. NO CPU FREEZE
THIS BRANCH READ T-REG ONTO
IS NEVER USED READ A/B-REG S-BUS (INSTRUCTION
BECAUSE NO ONTO R-BUS, TRANS- STORED IN TRAP
INTERRUPT FER R-BUS-» CELL SPECIFIED BY
y ON S.C. 8/1 $-BUS CIR, LIKELY JSB/HLT)
POSSIBLE

INITIATE MEM. RW.
READ CIR-» S-BUS
-» M-REG.

CLEAR CPU FLAG FF.
ENABLE 10R-FUNC
(R +S—» ALU-> NO
SHIFT—»~ T-BUS &
CLOCK AAFF & BAFF

ROM
ADDRESS
0005 & 0006

DECR. P-REG.

(ARITH. OPER. @-P=-P.
LOGIC OPER. 1TH
COMPL. OF -P— P-1)
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STORE INSTRUCTION
INTO I-REGISTER
INITIATE EOP &
DISABLE NEXT MICRO
INSTRUCTION IF MRG
(EOP - P1SK-» SKIP)

TRANSFER OPERAND
ADDRESS IR -9 (&
PR10-14 IF CURRENT
PAGE) INTO SCP1.
CLOCK A/BAFF TO
CHECK FOR OPER
ADDRESS=0/1




MULTIPLICAND POS
MULTIPLIER POS

(MULTIPLICAND)

THE BINARY MULTIPLICATION

(MULTIPLIER)
A-REGISTER

AL

4 N

SIGN

Il

MULTIPLICAND POS
MULTIPLIER NEG

(PRODUCT)
B-REGISTER A-REGISTER

A Al
4 g I

SIGN

L E |

MULTIPLICAND NEG
MULTIPLIER POS

MULTIPLICAND NEG
MULTIPLIER NEG

610" 310
0110-0011
0110

0110
6000

0000

00010010 — +18¢p

61g9- -3
0110-1101
0110
0000

0110

0110

01001110 —= 47819

-610° 310
1010-0011
1010

1010
G000
0000

00011110 — +304g

-610--310
1010:1101
1010

0000
1010
1010

10000010 ——12619




HOW CAN AN INTEGER MULTIPLICATION
BE IMPLEMENTED BY HARD/FIRMWARE?

THERE ARE TWO WELL KNOWN ALGORITHMS:

1. ALGORITHM

1. CHECK MULTIPLIER. IF NEGATIVE: STORE THE SIGN BIT AND
CONVERT MULTIPLIER TO
POSITIVE EQUIVALENT.

2. CHECK MULTIPLICAND. IF NEGATIVE: STORE THE SIGN BIT AND
CONVERT MULTIPLICAND
TO POSITIVE EQUIVALENT.

3. EXECUTE BINARY MULTIPLICATION

4. EXCLUSIVE OR THE TWO STORED SIGN BITS. IF RESULT IS “1” THE
PRODUCT SHOULD BE
NEGATIVE. .. CONVERT THE
PRODUCT TO THE NEGATIVE
EQUIVALENT.
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2. ALGORITHM

1. EXECUTE BINARY MULTIPLICATION (REGARDLESS OF SIGN OF
MULTIPLICAND AND
MULTIPLIER).

2. IF THE MULTIPLIER IS NEGATIVE SUBTRACT THE MULTIPLICAND
FROM THE 16 MOST
SIGNIFICAND BITS OF
THE PRODUCT.

3. IF THE MULTIPLICAND IS NEGATIVE SUBTRACT THE MULTIPLIER
FROM THE 16 MOST
SIGNIFICAND BITS OF
THE PRODUCT.

THE HP 2100 A MICROPROGRAM UTILIZES THE 2. ALGORITHM TO PERFORM
A MULTIPLICATION.
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WHY DOES THE 2. ALGORITHM EXECUTE
A BINARY MULTIPLICATION CORRECTLY?

EXAMPLE:  0110:1101 EXPECTED COMPUTATION:  61g - (-31¢)
0110 X - Mg
0110
0110 PERFORMED COMPUTATION: 61g - 1319
01001110 X oMy

THE MULTIPLICAND IS TOO BIG BY A VALUE OF 1619 =2"
(n=NR. OF BITS OF MULTIPLICAND)
Ml = Me + 2n

P| = X- Mj = X- (Mg + 2N) = P + X- 2N

Pe=Pi _X * 2n
01001110 <= Py
01100000 ~— -(X-2M) X = MULTIPLICAND
' Me = EXPECTED MULTIPLIER
11101110 P, = - e
— e~ 1810 M| = INTERPERED MULTIPLIER

Pe = EXPECTED PRODUCT
INTERPERED PRODUCT

o
1]

359




SUBROUTINE GETAD

START

P+1- M- RW--T
(FETCHES MULT!-
PLIER ADDRESS +
F. MEMORY LOC
P+1)

o

s

T~ SCP1
(MULTIPLIER
ADDRESS)

N

INDIRECT
MULTIPLIER
ADDRESS
1S
BIT 15 SET
(INDIRECT

ADDRESS)
?

IS

AN INTER.
OR PANEL HALT
WAITING

MPY — INSTRUCTION

P MPY
P+1 AOM

DIR MULTIPLIER
ADDRESS

YES

SCP1—» M-
RW—- T

DECREM.
P-REG &
SET NEXT
PHASE

sTOP
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SCP1-0/1?
(MULTIPLIER
ADDRESS
POINTS TO
A/B)

A/B-REG—» SCP2 T-REG— SCP2

(MULTI- (MULTI-

PLIER—> SCP2) PLIER—» SCP2)
le ]

IS
AN INTER.
OR PANEL HALT
WAITING

YES

¥

DECREM. P-REG &
SET NEXT PHASE

‘ STOP

A-REG— SCP4
(MULT!-
PLICAND—» SCP4)

;

CLEAR B-REG.
OVFF & COUNTER

4—————————————— SUBROUTINE OPGET —mm——————Pp




IS

MPY — INSTRUCTION (CONTINUE)

REACHED COUNT
OF 154g
?

NO

INCREMENT
COUNTER

]

L.S.B. OF
A-REG = 0? NO
(MULTIPLI- ¥
ER)
ADD CONTENTS
OF SCP2
YES (MULTIPLICAND)
TO B-REG
SHIFT A-REG &
B-REG RIGHT 1
BIT. L.S.B. OF A-
REG IS LOST L.S.B.
OF B-REG INTO
M.S.B. OF A-REG
HAS
COUNTER YES

IS
SCP4 (MULTI-
PLIER) POS

YES

SUBTRACT SCP2
{(MULTIPLICAND)
FROM 16 M.S.B.’s
OF PRODUCT (B-

REG)
il

1S
SCP2 (MULTIPLI-
CAND F MEMORY)

POS?

N

YES

SUBTRACT SCP4
(MULTIPLIER)
FROM 16 M.S.B."s
OF PRODUCT

]

INCREMENT P-REG
TO GET TO P+2
(P=ADDR OR MPY.
INSTR)

( STOP
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MPY — MICROPROGRAM

ENTRY FIELD CONTENTS
ROM ROM WORD POINT COMMENTS
ADDRESS | (OCTAL} R-BUS S-BUS FUNCTION STORE SPECIAL SKIP
LABEL 23-21 2017 16-12 118 7-4 30
0210 77777577 | MULT — — I0R - LEP - Legal entry point for MPY. Execute next line.
0211 77207762 - P JSB - GETAD - Execute GETAD subroutine. Puts multiplier address in S1.
02i2 77207632 - P JSB - OPGET - Execute OPGET subroutine. Puts multiplier in S2.
0213 07222155 A P JMP sS4 MPY - Save multiplicand in S4. Jump to 0155,
0214 77777777 - - IOR - - - Unused.
0215 77777777 - — I0R — - - Unused.
0216 77777775 - — IOR - - EOP Unused.
0217 77777777 - — I0R - - - Unused.
0362 77370757 | GETAD - P 10R M RW - Send P-register address to memory, start read cycle.
' Normally fetches contents of a software DEF instruction.
0363 53773403 | ONEMO AAB COND IOR S1 RSS NEG Put fetched word into S1. Skip next line if not indirect
{i.e., if bit 15 = 0).
0364 77227766 — P JMpP - IND - Jump to 0366.
0365 75657557 - S1 RSB - AAB — Set AAF/BAF if $1 contents = 0 or 1. Return to
calling subroutine.
0366 77247411 | IND - - CJMP — PDEC - Jump to 0011 if interrupt or panel halt. Else continue.
0367 75770757 - S1 IOR M RW - Send operand address to memory and start read cycle.
0370 77227763 - — JMP — ONEMO - Jump to G363.
0232 75770757 | OPGET - S1 IOR M RW — Send operand address to memory and start read cycle.
0233 53773377 AAB COND IOR S2 - — Put operand data into S2.
0234 77247411 - P CcJMP - PDEC — Jump to 0011 if interrupt or panel halt. Else continue.
0235 77657777 - - RSB - - - Return to calling routine.
Continued from 0213:
0155 77756461 MPY — - CLO B CNTR RPT Clear counter, B-register, and Overflow. Set repeat mode.
0156 15036450 B S2 MPY B R1 CTRI Execute MPY on B and S2 16 times. Result in B, A-registers.
0157 14377403 — sS4 IOR — RSS NEG Skip next line if multiplicand (was A-register) is positive.
0160 15056777 B S2 SUB B - - Subtract multiplier from high order word of result.
0161 75377403 - S2 {OR — RSS NEG Skip next line if multiplier {from memory) is positive.
0162 14056775 - sS4 SUB B - EOP Subtract multiplicand from high word. Set next phase.
2153 77114377 - P iNC P — - Increment P-register past the DEF software instruction.
0011 77054375 | PDEC - P SuB P - EOP Decrement the P-register and set next phase: P -P
0012 77154377 — P NOR P - — One's comp of -P = P-1
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SPECIAL MICROORDERS REQUIRED FOR THE EXECUTION
OF EAG-MEMORY REF. INSTRUCTIONS

ROM ADDR | MICROORDER | BIT CONF COMMENT
0210 LEP 0111 MACRO-CODE (IR15 - IR14 - IR13 - IR12 - IR10 - IR11 - IR9) @ SPH 3 CLEARS
LEP FF .. ALL MICROINSTR. WILL BE SKIPPED. LEP SETS LEP FF . INHIBITS
SKIP. (ON A2)
0211 JSB GETAD 11110010 | JSB TO RA 362 IN ROM MODULE @. (SEE FIG. 3-33 & 3-34) SETS JSB FF (A4)—»

. SAVE REGISTER (A2) WILL NO MORE BE CLOCKED-» .. PRESENT ADDRESS
IN SAVE REGISTER IS LOCKED (N UNTIL JSB FF CLEARS.

0363 RSS NEG 00000011 SKIP FIELD DECODER (A6) U24A & U92B-> SKIP = RSS - NEG - ALU15> SKIP
NEXT MICROINSTR. IF NOT INDIRECT (ALU15).

0366 CJMP PDEC 00001001 COND JMP TO RA11. {SEE FIG. 3-33 & 3-34) IF RUN MODE AND FRONT PANEL
HLT SWITCH PRESSED (A24 S29-» RELEASES THE RESET SWBN FF—»>
THROUGH DELAY CIRCUIT Q1 & Q2 SETS SWBN FF—> SETS HLT SW FF

THROUGH U41B & U43B—= HIN TO A1 RESETSRH FF,SINFF & SCY F

THROUGH U75B, U86F TO U96D WHERE ANDED WITH CJMP-» RJMP, SRAR,
ENRM, IRAR .. EXECUTES RJMP. TO ROM ADDR. 11

IF RUN MODE AND INTERRUPT (A1, PIN 22) TO U96B WHERE ANDED WITH
CIJMP— RJMP, SRAR, ENRM, IRAR .. EXECUTES RJMP TO ROM ADDR. 11

IF RUN MODE AND ANY OTHER MICROORDER-» RJMP, SRAR, ENRM AND
IRAR .. EXECUTES NOP.

IF SINGLE CYCLE MODE: SCY FF (A24) CLEARS—> SSCY TO A1 THROUGH
U105A SETS SCY FF UNTIL CJMP THROUGH U65B RESETS SCY FF @ NEXT
CLK1-> IRAR, ENRM, RJMP AND SRAR (ROM JMP IS NOT EXECUTED).

U105A ALSO SETS RUN FF DURING SCY FF IS SET. DHLT FF RESETS DURING
RUN FF SET + 200 NS. (HALTS MACHINE)
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SPECIAL MICROORDERS REQUIRED FOR THE EXECUTION
OF EAG-MEMORY REF. INSTRUCTIONS (CONTINUE)

ROM ADDR

365

155

MICROORDER

RSB

CNTR, RPT

BIT CONF

10101

00110001

COMMENT

RSB BRINGS UP RSAV— ENABLES READ OUT FROM
SAVE REG TO RAO-9 AND STORES RETURN ADDRESS
INTO RAR. RSB ALSO SETS JSB FF» ENABLING THE
REGISTER TO FOLLOW THE RAR OUTPUT AGAIN.

ENABLES SB@—3 TO BE READ INTO THE REPEAT
COUNTER. PRESENTLY 0'S ONS-BUS .. CLEARS REPEAT
COUNTER.

RPT CLEARS RPT FF .. SRIR GOES LOW AND INHIBITS
CLOCKING OF SKIP FF.
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SRAR = EOP+RSAV+FETCH+JMPS+, ..

STCLK
IRAR

~

ROM JSB

SRAR

IRAR = (CIMP+SCYFF) - SRIR - RUN FF

|/

RA@-9
STCLK
— SRAR —
RAR
A2

RARE - RAR9*

ENRM

ENRM = RUNFF - CJMP . RSAV - JWPS . ...

*CONSIDER ROM MODUL @ ONLY

A - .
STCLK —\ SAVE
|/

REG.

[
[
o]

ROM

A2

STCLK
SRIR = RESET + REPET FF + REPET FF . SKIP

=

RSAV

365

RIR
CJMP + JMPS
L N RIR 17,12, 7-0
v JV v A 4
F S ST SP SK
RSB = RSAV
FUNCTION L 3 JSB
FIELD
DECODER CLKZ — JSB FF
K
JSBRrom




TIMING DIAGRAM OF PH3, DIR. MPY — INSTR. (OP. ADDR NOT IN A/B-REG.)

TIME SIGNALS 4

CLK2 ﬂ-r
RAR CONTENTS 212 1S CLOCKED INTO SAVE REG. RAR CONTENTS 212 IS CLOCKED INTO SAVE REG.
i | unu il 1L | N
PH3 i ‘ ‘
i !

EXECUTION OF

¢ - sltelalalalalo!n o &, S
ROM ADDRESS A I IR R I A N I I R A I R A A I I R A r 215,8'g/ 818
S| |lN|N |20 A @O GG MM Z2{N]Z2 N6 NN N NG N Zlwl2le=le |- -
i i i
£0P r | : | h
— + + T —
! ! i [
LEP FF | | | | i P | i |
| [ ] ; : Lo ! H o
i i P i ool : [
; * : . l | ;
FREEZE ; ! | , | | | ;
: | DIR. OPER. ! ‘ ! - ; | POS.MULTIPLICAND 4_ | |
+ | —=1 ADDRESS ‘ | ; . i
SKIP (A4-81) i | N 1 ! L
i : i T ! i :f
' ‘ — ) ‘ . POS. MULTIPLIER
JMPS (A4-46} : [ - { o ! : l
‘ : ; ; - ~ 3
JWIPF (A4-49) i : | | | I
— i — ! i {
ISB(ROM) |A4-U25-8) j i | . |
T AY i
— i | { |
JSB(EF) (A4-18) | I . ! |
T i } ‘
CIMP (A4-62) | b |
1B i ‘ !
{INT . FPHLT !
RIMP (A1-75) W ,
A\ ,
N | 1
SRAR (A1-61) —1 | _j \ ___I
— -
——1 {
ENRM (A1-58) - _.j
RSAV (A4-17) ;
SRIR (A6-76)
REPET FF (A6-U13A-6)
CARRY OUT
REPETE COUNTER 01 2 3 4 5 6 7 8 9 1011 12 13 14 15

CONTENTS
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MULTIPLICAND

EXECUTION OF MULTIPLICATION

FROM
MEMORY
STB
MULTIPLIER PRODUCT
l scp2 ] X IA—REG] = l B-REG | A-REGI A
SCP2 B-REG. 15| A-REG | 0
SAWM - STA—»
1 A-REG. INTERNAL
$2—» RSP2 RIGHT
B> RBE - RBS1- RBSZ MUX
S-BUS R-BUS
1 1 MPY - ARO-—» ALU = R-BUS + S-BUS (ARITHM.OPER)
MPY - ARO—> ALU = R-BUS
FUNCTION
MpY ~ couT GENERATOR MPY
ALU15-1 ALUG
ALX16
SHIFTER l———— R1»> TBS1-TBS2
l T-BUS J
FIELD CONTENTS
ROM ROM WORD P
ADDRESS (OCTAL) LABEL R-BUS S-BUS FUNCTION STORE SPECIAL SKIP
0156 15036450 B s2 MPY B R1 CTRI
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THE BINARY DIVISION

TO EXECUTE A BINARY DIVISION CORRECTLY DIVIDEND AS WELL AS DIVISOR HAVE TO

BE POSITIVE FOR THE SAME REASON AS ILLUSTRATED IN THE MULTIPLY INSTRUCTION
FIGURE

B-REG A-REG ] : IMEM. LOC.MI = I A-REG I I B-REG

T DIVISOR QUOTIENT REMAINDER
DIVIDEND

EXECUTE A
LOGICAL LEFT
SHIFT OF THE
ENTIRE DIVIDEND

»

¥

SUBTRACT DIVISOR
FROM UPPER
ORDER 16 BITS OF
DIVIDEND

1
THE DIFFERENCE > oo
POSITIVE 1
CONCATENATE THE
NO DIFFERENCE WITH

THE LOWER ORDER
16 BITSOF THE DIV
DEND AND REGARD
IT AS THE NEW
DIVIDEND.

I

SET THE LEAST
SIGNIFICANT BIT
OF THE 32BIT
WORD (DEVELOP-
ING QUOTIENT &
REMAINDER}

EXECUTE A
LOGICAL LEFT
SHIFT OF

ENTIRE DIVIDEND

SHIFT REMAINDER
(HIGHER ORDER
16 BITS) RIGHT 1
POSITION (DIVIDE
BY 2)
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SUBROUTINE GETAD

START

P+1-> M-» RW-» T
(FETCHES DIVISOR
ADDRESS F. MEM-
ORY LOC P+1)

N

N

INDIRECT
MULTIPLIER
ADDRESS

v

T—= SCP1
(DIVISOR
ADDRESS}

IS

BIT 15 NO

DIV — INSTRUCTION

P DIV
P+1 AOD

ORIGINAL REGISTER CONTENTS

SET (INDIRECT

rBIAIIMEM.LOCJLFIIO]
M____T_.—_/
e DIVISOR INSIGNIFICANT INSIGNIFICANT
DIVIDEND OR ESTABLISHED
FENCE
DIR DIVISOR
ADDRESS
TRANSFER
Fo» SCPA4
(RA252)

!
SCP1-0/1?
(DIVISOR
ADDRESS
POINTS TO

3

SCP1—»= M-»
RW—= T

A/B)

DECREM. P-REG &
SET NEXT PHASE YES

PRESENT REGISTER
CONTENTS

A/B-REG-= SCP2
(DIVISOR—= SCP2)

T-REG-»~ SCP2
(DIVISOR—= SCP2)

STOP

]
3

DECREM. P-REG &
SET NEXT PHASE

SET OVFLO FF.
TRANSFER

B— F-REG (HIGH
ORDER WORD OF
DIVIDEND INTO
F-REG) (RA253)

IS
DIVIDEND
NEGATIVE

[ B I A I I scP1 ] [ scp2 ] [ scPa ]
— — DIVISOR DIVISOR F-REG.
OIVIDEND ADDRESS CONTENTS

HIGH ORDER
WORD OF
DIVIDEND
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DIV — INSTRUCTION (CONTINUE)

TRANSFER A-»
Q-REG (LOW
ORDER WORD OF
DIVIDEND TO

Q-REG) (RA254)

TRANSFER

A—» SCP1 (LOW
ORDER WORD OF
DIVIDEND TO SCP1)

PRESENT REGISTER
CONTENTS

I

TRANSFER
B-» SCP3

RA 256

2'S COMPLEMENT
OF SCP1 & STORE
IN Q-REG. (LOW
ORDER BIT OF
NEG. DIVIDEND
CONVERTED TO
POS. EQUIVALENT)

NO

WAS
SCP1=000000
{2's COMPLEMENT
CREATED
couT)

1's COMPLEMENT
OF SCP3 & STORE
iN F-REG
RA 260

2's COMPLEMENT OF
SCP3 & STORE IN F-
REG. (COUT TRANS-
FERED TO LSB OF
HIGHER ORDER
WORD OF DIVIDEND}

1

TRANSFER
SCP2-» SCP1
(DIVISOR TO
SCP1}

RA 262

IS

DIVISOR NO

POSITIVE?
RA262

!

2's COMPLEMENT
OF SCP1-» SCP2
(CONVERTS NEG.
DIVISOR TO POS.
EQUIVALENT)

RA263

[~ ]

] =]

SCP2 } l SCP3 I I SCP4 I

T
DIVIDEND

T DIVISOR
POSITIVE EQUIVALENT
OF DIVIDEND
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DIV — INSTRUCTION (CONTINUE)

1S
F-SCP2 POS.?
(TEST IF MOST
SIGNIF. WORD
0D DIVIDEND
> DIVISOR)

QUOTIENT COULD NOT BE
PLACED INTO A 16-BIT WORD
. ABORT DIVISION.

TRANSFER F— B
{WHICH ALTERS THE
ORIGINAL HIGHER
ORDER WORD OF
DIVIDEND TO POS.

EXECUTE LOGICAL

EQUIVALENT-» LEFT SHIFT OF F &
DONE FOR 2116 Q-REG BY 1BIT

COMPATABILITY) RA266

CLEAR OVERFLOW,
SCP3 & REPEAT
COUNTER. SET

REPEAT FF.
PERFORM DIVIDE EXECUTES DIVIDE
OPERATION 16 OPERATION AS
TIMES ON F- & EXPLAINED IN FIG. 3-69
Q-REG. WITH SCP2 Q-REG-» POS. QUOTIENT
AS DIVISOR F-REG-» 2-REMAINDER

TRANSFER

Q-= SCP2

RA271
1S
NO THE Q-REG YES
I (QUOTIENT)

COMPARE B WITH SCP1
(ORIG. DIVIDEND

WITH DIVISOR} AND
STORE IN SCP3 RA 272

ARE
THE SIGNS
ALIKE?

RA272

NO

2's COMPLEMENT
YES OF SCP2 (QUOTIENT)
& STORE IN Q-REG.

RA273
e ]

PRESENT REGISTER

CONTENTS IF I B I A J r £ J | a J rscpz | l scsz
DIVISION NOT

ABORTED N———— 11— 2-.REMAINDER  QUOTIENT POS. QUOTIENT  SIGN BIT OF
DIVIDEND (IF NO DIVIDEND XOR
UNDERFLOW) DIVISOR IF

QUOTIENT NOT @
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DIV — INSTRUCTION (CONTINUE)

ARE
SIGNS OF

QUOTIENT SAME >
AS SCP3 ¢
SET OVERFLOW (BE-
YES CAUSE QUOTIENT =
100000 -~ NEGATIVE
OVERFLOW)
RA275
DIVIDE REMAINDER
(F-REG) BY 2&
STORE IN SCP2
RA276
WAS
DIVIDEND NO
(B-REG)
POSITIVE
?
Y
TRANSFER 2's COMPLEMENT OF
REMAINDER REMAINDER (SCP2)
(SCP2)—» B-REG AND STORE IN
B-REG
RA301 RA300

TRANSFER Q—»
A-REG.

|

RESTORE FENCE
BY SCP4—» F-REG
INITIATE EOP

!

INCREMENT P-REG
(TO GET BEYOND
SOFTWARE DEF
STATEMENT)
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SUBROUTINE GETAD

START

DST — INSTRUCTION

P oSsT

P+1 AOST

P41 M—a RW—s T
(FETCHES 1. STOR. ~
ING ADDRESS F,
MEMORY LOC P+1)

»

"

INDIRECT
MULTIPLIER
ADDRESS

3

T—» SCP1
(MULTIPLIER
ADDRESS)

NO
SET (INDIRECT

DIR. STORING ADDRESS

ADDRESS)
?

SCP1-» M—»
RW— T

DECREM. P-REG &
SET NEXT PHASE

STOP

3-73

3

SCP1—=M F-SCP1-1-»
CHECK FOR MEM.
PROT. VIOL.

FREEZE UNTIL T6-»
INITIATE MEM.

WR. CYCLE

AAFF + BAFF + YES

MEMORY

MPV
?

NO

—

A—~ T-REG @

END OF T3—» MWT

STORES INTO MEM.
RA324

STORE A-REG
IN MEM. LOC AQST

-—

A = S-BUS- = STORE
IN A/B REG (A/BAFF
WAS SET DURING
GETAD SUBROU-
TINE) ELSE NOP »
MPV

RA323

<

INCR. SCP1 AND
STORE IN SCP3
{INCR. 1. WORD
ADDR TO 2. WORD
ADDR) AND CLOCK
A/BAFF {F ADDR

on

SCP3-»~ M F-SCP3-1- >
CHECK FOR MEM.
PROT. VIOL.

FREEZE UNTIL T6
INITIATE MEM,
WR.CYCLE

YES

AAFF + BAFF +

MPV
?

NO

B » T-REG @
END OF T3 » MWT
STORES INTO MEM
INITIATE EOP

RA330

lk

INCREMENT P-REG
(TO GET BEYOND
DEF STATEM.

CANNOT DST
A ~B-RCG

& B = MEM
LocC. 2.




START )

LSL — INSTRUCTION

TRANSFER
NOP RA 202 (LEP F— B-REG
FF-STAYS RESET) (PUT HIGHER
LEP FF ISSET IN ORDER WORD
RA 203 INTO B-REG)

:

SAVE F-REG IN

:

TRANSFER Q-

SCP3 & JMP TO F-REG (PUT LOWER
RA 342 ORDER WORD INTO
A-REG) INITIATE
l EOP

JRO-9—» S-BUS l

2 MENT
o scP3— F
T-BUS—= SCP2 (RESTORE FENCE
(SHIET COUNT) REGISTER)

I

B-REG (HIGHER
ORDER WORD)—>
F-REG. A-REG
(LOWER ORDER
WORD)— Q-REG

!

READ SCP2 ONTO
S-BUS & STORE THE
4 LSB INTO REPEAT
COUNTER. SET RE-
PEAT MODE (RESET
REPEAFF—» SRIR)

INTERNAL LEFT SHIFT
OF Q-REG QOSI» Q-REG
BIT @ LOW.Q-REG 15
F-REG 0. EXTERNAL

LEFT SHIFT OF F-REG.
ALU15 LOST

STOP >

RA 346

REPEAT
COUNTER=20g
?

NO

YES

RESET REPEAT FF

)
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The Magnetic Core

Read/Write Currents VS Core Status
Determining Core Status

The 3-Wire System

The 4K Bit Matrix

Memory Address ldentification

4K Core Stack

Isolation Diodes On A 16 X 16 Matrix

4-2
43
4-4
4.5
46

4-8

LESSON 4
MEMORY

Wire Lay Out In 3-Wire Memory

Typical Data Sense and Inhibit

Simplified Memory Addressing .

Memory Block Diagram

Memory Section Card Cage Loading
Configurations

8K Memory HP 2100A

Block Diagram of HP 2100A Memory

HP 2100 Data Control Card Signals (A107)

49

4-10
4-11
4-12
4-13

4-14
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THE MAGNETIC CORE

READ/WRITE
Y ADDRESS

WRITE
112 b2

READ/WRITE
X ADDRESS

1/2

READ

THE CORE IS ALWAYS SATURATED WHEN IN A STATIC STATE (NRZ1)
A CHANGE OF STATE INDICATES READING OR WRITING A 17

4-1




READ/WRITE CURRENTS VS CORE STATUS

READ CYCLE WRITE CYCLE

“0” DIRECTION

Y
“1” DIRECTION
X
CORE ORIGINALLY
MAGNETIZED IN “1” DIRECTION, MAGNETIZED IN 0" DIRECTION,
READ CURRENT SWITCHES CORE WRITE CURRENT SWITCHES CORE
(RESETS CORE TO ZERO DIRECTION)

TO 1" DIRECTION
CURRENT DURING WRITE CYCLE

IS IN OPPOSITE DIRECTION THAN
DURING READ

4-2




DETERMINING CORE STATUS

READ/SENSE

WRITE/INHIBIT
Y

INHIBIT CURRENT=400 mA

ADDRESS SENSE LINE
CURRENT=
400 mA PER SENSE VOLTAGE PULSE=~35mV INHIBIT LINE
WIRE
SENSE “'1” WRITE “0”

READ CURRENT SWITCHES CORE INHIBIT CURRENT PREVENTS

IF MAGNETIZED IN CLOCK DIRECTION—» CORE FROM SWITCHING

NO CHANGE-» NO SENSE PULSE




SENSE WIRE VOLTAGE—»

THE 3-WIRE SYSTEM

SENSE-INHIBIT
WIRE

THE SENSE-INHIBIT WIRE ACTS AS
A SENSE LINE DURING THE READ
CYCLE, AND AS AN INHIBIT LINE
DURING THE WRITE CYCLE.

X-WIRE

(|
\

—i-

1 OUTPUT SIGNAL

Y-WIRE
— —/—\— — REFERENCE VOLTAGE

0 OQUTPUT

—

TIME —»




X ADDRESS
(OCTAL)

THE 4K BIT MATRIX

66 67 70 71 72 73 74 75 76

77

73
74
75
76
77

4K BIT MATRIX CONTAINS 64 X 64 = 40961 (10,000g) CORES

45

Fe.
Y

ADDRESS
(OCTAL)




MEMORY ADDRESS IDENTIFICATION

Y-DRIVERS — COY CIY
1%
ay 5Y
vswiTcHES—{_gv |
X COX
1X A)
2X
M-REGISTER
Y X
DR. | SW. | DR. | sw.
X- X-
A Ao SWITCHES = DRIVERS
/‘
B 715|768 ax
_ /V
CO— C7 ARE DRIVERS 5X
0 - 7 ARE SWITCHES
6X B
7X // C7X
vswitches —_| | 2¥ I 6Y
3y 7Y
Y-DRIVERS —— COY c7Y
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V FROM Y-SWITCH 4 TO Y-DRIVER

/

\
AN
7/
//

L1 P(16)

A\

FROM X-SWITCH [ 10

[ 7

AN
]
.

64109 PARALLEL
LINES (ADDRESS
0- 77g)

\
\
X

[

/)

/

W\
e

N AN
>\\ ;
/i
/7
[/

5
/

AN AN
/]

N~———
TO X-DRIVER
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ISOLATION DIODES ON A 16 X 16 MATRIX

r T CAa3Y
‘ 1
* T * cAa2y
‘ H FROM Y SWITCHES
r T g * cary
| : | %
i + - ; o ; CAVY)
i H
ceay | - - ' | L -
] T :
! ccey
TO Y SWITCHES
cciy

ceuy

I
-

FROM X SWITCHES

CAOX CAIX CAZX CA3X

PR —

'8 /e ADDRESS: 1103
T v
T ——— . —— .
] L p
=" i
i /
L%
i
: | H ——— COX
i 1 i !
: — f '
i | § | { !
Pl ;
7 T 1
| i i
| i ! | |
+ t t 1
H T
i ! ! ; :
} ; i i i
H ] : i ! REMAINING
. i [ T L 16 133) MATRIXES o
T - I
) ! FROM, 7O X DRIVER
bt Pyt ;
} & J T T
j¢ :
! i > i
1 t
| < 10 ¢ + T t 4
» . —— o
ot .
{ T T 1
J 1¢ :
-~ » i i |
YZI T
=I| i
I PR ¢ I T T
¢ ]
o ;
i s 14 ¢ - ;
N ¢ | ‘ . i —— cax
15 1 t t t M
—j¢—T i ; :
' 9t e i I ; i
{ 16 t J
—j— H ISR —
i | : T
| | i —+
CCOX CCIX CC2X €C3X
—— i |
TO X SWITCHES i | . REMAINING
i 16 (33) MATRIXES {FOR SIMPLICITY THE Y.DRIVER

SWITCH CONNECTIONS ARE NOT
SHOWN N AN ALTERNATE MODE)

R

FROM.TO Y DRIVER
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WIRE LAY OUT IN 3-WIRE MEMORY

(8 X 8 MATRIX)
Y-ADDRESS
Ao Ao
w 'R
L v % v y
il N N N N
- y 7 / V
Il N N N N
V Y 4 “
- N N N N
— y 4 4 y
o N N N N
> >§ D><| D<| xaporess
- y y 4 -
il N N N N
V V y 4
o N N N N
- Y y % /
o N N N N
. / y y /
- N N N N
J
y, -
K W v
| B | H

INHIBIT CURRENT
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TYPICAL DATA SENSE AND INHIBIT

SB9

MUX9
SA9 /
MST
i S TROFF
¢ L/

ID9
//I ran

< MIT

SVAYAY,
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SIMPLIFIED MEMORY ADDRESSING

M-REGISTER
oS | 1 10 l 9 ‘ 8 7 6 5 4 3 2 1 0
N J AN _/ . A J
Y
Y DRIVER swiTeH MWTX - M12+ X DRIVER MRTX -M12+ | TWT - m12+ xswire MRTX -M12+
— — ] le— = - - .
MRTY _ . MWTY MRTY 4 = MWTY MRTX - M12 . N MWTX - M12 | MRTX - M12 = = MWTX - M12
»l al »l Bl
! Lgl L]
MIT {_ ] MODEvEN - MSG
| —

MODgvEN / \ |
| |
l W/ |
l LOWER 1 l

aK
L — — e — — MUX ~ e————SBUS
| UPPER |
| 4K L —
| 7D .
l ) ‘

1

MOBgpp i 1 |
|—————————1 MODgpp - MSG

T-REGISTER
|

4-11




MEMORY BLOCK DIAGRAM

S-BUS
R [ xvorverswicn |
| | M-REGISTER | l | ::2;, A104, A108, |
| o MRO-5 |
| 1 X-DRIVER-SWITCH |
| |
I MR6-11 ! l |
- | 1
l MR12-14 I Y-DRIVER-SWITCH |
' MEMORY ! MoD l_ N . __|
: DECODER ; +2gv
I TN BRGNS
DIODE DIODE |  ooncr ame N S
I I LMATRIX] IMATRIX] A102, A103, | — 1
| l ] A110, A111 | | | INHIBIT |
DATA CONTROL 3 EOR%ER

| e | l . I | e |
| ] e . e
| | | | —
| I ' } A : CORE STACK | l—_ _ —-l
] | l SENCE | { | '
I | | AMP I

* ‘ ! | INHIBIT |
| | I | | '_ 25&&/5@
| MUX ! I_ _____ . _| - -
|
| | |
| I |
i | T-REGISTER j [

Y I

|
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= LOADING CONFIGURATIONS

MEMORY SECTION CARD CAGH

HOLIMS/H3IAIHA A-X
H31411dWV ISNIS/MOVLS 340D
4314114V ISNIS/ANIVLS 3HO0D

HOLIMS/H3AI1HA AX

Y3IAIHA LI8IHNI
JOY1INOJ V1ivda
avO1 43AIYA LIGIHNI
H3IAIHA LISIHNI

HOLIMS/H3AIEA AX
H3141TdAV ISNIS/HIVLS FHOD
43141 7dWY ISNIS/MIVLS 340D

HOLIMS/d3AIYAa AX

HOLIMS/d3AIHA A-X
H31411dWY ISNIS/HOVLS 380D
H31417dWY ISNIS/HIVLS 340D

HOLIMS/H3AI1HA A-X

d43A14A LISIHNI
104d1NOJ V1vd
avon mm>._m0 1191HNI
43AI4A LIGIHNI

HOLIMS/d3IAIEA A-X
431417dIAY ISNIS/ANOVLS IHOD
4314174V ISNIS/HIVLS JHOD

HOLIMS/H3AIYA A-X

ASSEMBLY
02100-60028
02100-60029

CABLE

w
-
Q
<
(S

<«— ASSEMBLY

¥5009-00120
ASSV HO1J23INNOD

25009-001 20
ASSV HO1J33INNODJ

ASSEMBLY
02100-60028

ASSEMBLY
02100-60029

CABLE
CABLE

o

—

¥5009-00120
ASSV HO1D3INNOD

4K

101 102 103 104 105 106 107 108 109 110 111 112

101 102 103 104 105 106 107 108 109 110 111 112

ASSEMBLY
02100-60018

(2 PLACES)

/
W?é—ﬂ‘ﬂ_“”“J

CABLE

¢5009-001L20
ASSY HOLJ3INNQD

T

¥G009-001 20
ASSV HO1J33NNOD

2S009-00L20
ASSV HO1D3INNOD

Y
<
N
>8 =&
-
a3 23
Yuze Yzo
285 2%
o<S o<S
| /4
¥G009-00120

ASSV HO1J3INNOD

8K

101 102 103 104 105 106 107 108 109 110 111 112

101 102 103 104 105 106 107 108 109 110 111 112

ASSEMBLY

02100-60018
/ (2 PLACES)

CABLE

$5009-00120
ASSVY HOLD3INNOI

2500900120
ASSV HO133INNOD

1=

N

™~

¥5009-00L 20
ASSY HO1J3NNOD

2G6009-00120
ASSY HO103NNOD

Y
N
™
=] (=23
%8 %8
o o3
u=d  43g
2p2 252
w w
RS o<8
#5009-001Z0

ASSV HO1J33INNOD

25009-00120
ASSV HOL1J3NNOD

X
N

101 102 103 104 105 106 107 108 109 110 111 112

101 102 103 104 105 106 107 108 109 110 11 112
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[4

STORE M-REG.
—_—

JUMPERS W1-W6 ARE SHOWN
IN THE 8K MODE.

DECOL

\

* FROM A107 DATA CONTROL CARD

X-DRIVER SWITCH
A101, AT04, AT09, A112

>
<
>

XBm
—
3
p:
¥ 3“ .
MR2
MR1 -
TO OTHER R
7 X-SWITCH
MRO
CiRCUITS 2ov
1
* w JECODER e
XT1 '—{’0—4 )
*xr2| w2 o — <
o—¢
- TO OTHER
P 7X -SWITCH
EVEN/ODD CIRCUITS ~—d ps
d D 20V
s-BUS READ M REG. xce
M-REGISTER —
. = |
JECO 2
——4 — <
I D — — ) I
'—-— — |
TO OTHER W
1 MR4;y -t 7X-DRIVER Y
CIRCUITS
M MR4
| MRagT ‘\ -
: ouT
| L
| MRS,
1 AAA— a1
| MRSqyr N MRS %
L——4 L7 $
| MRS, - . s b4
1 S 1
- < ———
MRS 4
' mregy N . 2
T >
> L~ ;
-———
|
- -2v
\ -
i - Xon
| DECOL
| — L — b3
— <

TO OTHER 3
7X-DRIVER

¢

CIRCUITS

\4

<

VWA
VWA

<
A “.fe

AAA
VWA

)
&

VW

-20v

MOD gven/opp

WRTY®

MWTY * % ¥
S
o ~ ™ REBE
x| | & f_‘l z| 2l € Y-DRIVER SWITCH
x| E| = i l w3 Y | 5| = A101, A104, A109, A112

I 1,
! 1 U
YB-DECODER Y-DRIVER SWITCH YA-DECODER YC-DECODER YD-DECODER
< 4
< <
TTTIT TTTETTT TTTTTTH n TITT o
TO OTHER
7 Y-DRIVER v THER
vgy GReuTs @ —O YDj 7Y-DRIVER v
. CIRCUITS s l o
YAk N ]
ToomHER I_,WA >
7 Y-SWI \
TO OTHER
YBk 7 Y-SWITCH CIRCUITS f@
CIRCUITS
LA »
‘AA Py Bl i
W »t
-20V 20V -
+20V W6 WS
! A
— —
420V A106 INHIBIT
DRIVER LOAD CARD
CAKY ceky 1
ciy l s
¥ ] i
i 1
L )
CcAmX
Iocie
o [
il I ] I T
0, | 13a ﬁ L 135 105 [ 4 l 2 ZA_I L A
B G0 I I i [: ] < i o ‘NHIB(I:TRCU T
— I 1 — H DRIVER CIRCUI
i —nn ] | § n " OF BITS0-15
9, 12 15, 155 12 9% 6, 1 1 J li OF LOWER 4K
come IR J U] EERRE |
[ ] | | 1D16M EVEN A*
™1 Nnn — 101N ::0;. o*
sAI 1, [ 14, 145 gl | e 5y l i 3 l [ o 0a 3, 55| |
cnx D16Mopp
45V
MODgygy ¥
N A108, A105 INHIBIT DRIVER CARD
L1 msc¥ +4.85V
L LS L utec
3 33 e et
1 17 T _av
T wTx ¥
—— s moD15%
S
TO AMPLIFIER
CIRCUITS OF R —
BITS 0-15 OF
LOWER 4K v DRIVER CIRCUIT
OF UPPER 4K
P MODGpp *
TO AMPLIFIER
CIRCUIT OF
BITS 0-15 OF
UPPER 4K
‘)
‘)
<
CORE STACK/SENSE AMPLIFIER
A102, A103, A110, A111 sA16 ¥ v

8K MEMORY HP2100A

414



HP 2100 DATA CONTROL CARD SIGNALS (A107)

T4 T5 T6 T2 T3 T4 15 T6 T2 T3 T4 T5 T6

CLK3 SpipipEpEpEpEpipipinEpiniy s

RESET [

Ccw

Rw I
| j- 75 ns

DLP FF

750 ns OS | 1 1

DRTFF _| | |
READ FF _|

DR FF 1

MB FF

MSG 1
MRTX FF 1 1
MRTY [T

MST FF f
320 ns
|

N

MITX

—i %285 ns
MWT [

XT1 ]

ADDRESSED LOWER 4K ADDRESSED UPPER 4K
XT2 1 L

TCLK 1

|
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LESSON 5

POWER SUPPLY

2100 Power Supply, Block Diagram 5-1
2100 Power Supply, Simplified Preregulator 5-2

2100 Power Supply, Preregulator 5-3

Voltages on Preregulator and 160V 5-4
Output Board

2100 Power Supply, Inverter Driver 5-5

2100 Power Supply, Block Diagram of 5-6
Internal Voltage Supply Regulation

2100 Power Supply, Internal Voltage 5-7

Supply Regulator

Block Diagram +20V Regulator

+20V Regulator

2100 Power Supply, Block Diagram
Protection and Control Board

2100 Power Supply, Preregulator Control
Block Diagram

Trigger Clamp (Regenerative Pulse
Generator)

5-8

5-10

5-11

5-12



2100 POWER SUPPLY, BLOCK DIAGRAM

AC

UNDER VOLTAGE

OVER VOLTAGE

OVER CURRENT

COMPARATOR COMPARATOR OVER TEMPERATURE
e———————_————————————
485V ? i
“20v
485V -12v
v 20v

5-1

* LOAD CURRENT FEEDBACK TO
COS WAVE GENERATOR IN POWER
SUPPLIES PRIOR TO REV. 1240.

™ #1INVERTER —ing_—" -»| ]
- cLOCK 85V
-2v
115/230V INVERTE +4.85V 12V
L o _0— PREREGULATOR NVERTER _av \ . .
& RECTIFIER DRIVERS 12V
(et
130V
INVERT
uP —/*
j TEMP.
| COMPENSATION
o A o F
~Yyn NT-v-\" #2 INVERTER > ——
E 30V
| 20V
] REGULATOR
L { +4.85V I\ 20v
x —2v o T
‘12v ‘20v
i
+4.85
-2 ml
i 12 out
+20
CONTROL +30V T
COS WAVE VOLTAGE |
GENERATOR LEVEL INH. PREREG.
DETERMINATE I
LOAD CURRENT* _J
+5V - T T -
4 1sv -
22V
+13V INTERNAL
e  REGULATED PU PWU
POWER SUPPLY




2100 POWER SUPPLY, SIMPLIFIED PREREGULATOR

AY
A

5-2




2100 POWER SUPPLY, PREREGULATOR

5-3

— o
r R4 R1
150 42.2
R3 FILTER 21 FILTER =2
AT 422 T — — ]
SEC. o1 Q2 R2 |a1T2
150 |sec.
R1 o T8
115v/230V i€ AN
0 316 M=1 L9 S RS
1.6 mH 2.7
A —0
n . A ) 160V
9800 T %Rz E I e 7
- 2.7k R7
|8 3z
230V
[¢]
o o\ CR4
115V ) oo
P CR3
c19 L' *Loca
30 T T a3 @b 1oov ™
L AW
. v
os T S & CF R, e
- 47K 422
¥ CRs | GRN
YEL
R4
Ms1 oy 422 =P
(]
“WTG“ BLU
*Ler —
R3 1.0
150
<
S
160V
com




VOLTAGES ON PREREGULATOR & 160V OUTPUT BOARD

TIME SCALE: 2 ns/cm

AN

/ — GND

¥
'-4/{= -
N,
AN

}

+4-4 vv/
Z

Il

Ht

\ — GND
L i /

'—r
/
Vi
4rme
PAN

}
tt

L

(BTN SUTNI N SIS N N N S

R A

4444

LOR SN I 0 0 g §

4443

e
XH +H+H
!

1\

IUWE DU
++tH+t

5-4

115V LINE VOLTAGE MEASURED
BETWEEN TB1-5 AND TB1-6
SCALE: 100 Vpc/cm

OUTPUT VOLTAGE OF PREREGULATOR
BRIDGE MEASURED BETWEEN KATHODE
OF CR2 AND T81-6

SCALE: 100 Vpc/cm

OUTPUT VOLTAGE OF PREREGULATOR
BRIDGE MEASURED ANODE OF CR1
AND TB1-6

SCALE: 100 Vpc/cm

RIPPLE VOLTAGE ON TAP OF TRANS-
FORMER T6 MEASURED BETWEEN
TAP AND TB1-6

SCALE: 5Vac/cm: 80 Vpe

RIPPLE VOLTAGE ACROSS FILTER
CAPACITOR C17 (GND=TB1-6)
SCALE: 2Vac/cm: +80 Vpe

RIPPLE VOLTAGE ACROSS FILTER
CAPACITOR C18 {GND=TB1-6)
SCALE: 2Vac/cm: -80Vpe

RIPPLE VOLTAGE ON +160 V.
MEASURED BETWEEN TERMINAL
E52 AND TB1-6

SCALE: 1 Vac/cm: 780 Vpe




2100 POWER SUPPLY, INVERTER DRIVER

310 us

!G——DHG-45 us

MULTIVIBRATOR ] | [ [ 1 N
AFF 1 [ | L
B FF ] L 1

PH1A — 1 | |

PH1B | | |

PH2A 1 [ | I
PH2B ] | _ L
T1PRIMARY GND —_Ll JJ LI

T2PRIMARY  GND _|J Ll IJ L|_

55




2100 POWER SUPPLY, BLOCK DIAGRAM OF INTERNAL VOLTAGE SUPPLY REGULATION

+22V DRIVER &
O—— DC-LEVEL L L ? O +15V
CONVERTER

%
% VOLT
u2 REF.

+13V DRIVER &
Oo—p DC-LEVEL — - ~O +5V
CONVERTER
%
- 22V DRIVER & —15Vv ‘
O——> DC-LEVEL O —15V
CONVERTER

\

~7)
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2100 POWER SUPPLY
INTERNAL VOLTAGE SUPPLY REGULATOR

+22v

O +15V

O +5V

R57

O —15V




BLOCK DIAGRAM +20V REGULATOR

!

TEMPERATURE TURN OFF
COMPENSATION CLAMP
FROM MEMORY

20 KHz

+30V

——@-O +20 V

+ TURN ON -
| _ DRIVER

5-8




A106-R18

+20V REGULATOR

TIME SCALE 2 MS/CM

AEIEIEIn

CHECK POINT A

—GND gea L E: 10 viCM

2]

N ¢ N

CHECK POINT B

TURN OFF CLAMPING
CIRCUIT

L

5-9

=
L]
T N ,\\“ /’ ~GND sCALE: 1viCM N
7 A2013 =c12 xci5
o R i W e O i)
\[\I\ \’\ cueckeonto L] B (¥
W R o S )
B = = [ rurnon S Ao
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2100 POWER SUPPLY, BLOCK DIAGRAM PROTECTION & CONTROL BOARD

OVER CURRENT

\ e

-&= |NH. PREREG

OVER TEMPERATURE
-

+20V ———»

—» PREREG CROWBAR

Do # INVERTER UP

+12y —> *

+485y ——— OVER *-->t
VOLTAGE

—2V ——®ICOMPARATOR
12y ————————

—20v A 4

- IPU
REF
AC LINE

+20V ——————» UNDER

+4 85y ———— 4 VOLTAGE : -—u—-» ‘0,53‘ PWU
15V : COMPARATOR

*REMOVE DIODE IF AUTOMATIC RESTART

—20v = AFTER OVERTEMPERATURE iS DESIRABLE
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2100 POWER SUPPLY, PREREGULATOR CONTROL BLOCK DIAGRAM

+15V

| CONTROL VOLTAGE I

| LEVEL DETERMINATOR
! !

3 160 REGUL.
115/230 VAC vDC INVERTER DC vOLTAGES _3ov l 00 VOLTAGE |
° & - LEVEL AD- GAIN "
RECTIFIER OVER & I JUSTMENT & CONTROL | ]
UNDER CONTROL
VOLTAGES | l
PREREGULATOR
DC CURRENT
Y LOADS I L |
PROTECTION

ACVOLT. & CONTROL | FAULT I

LEVEL CONDITION . ERROR
| AMPLIF. |

+4.85 ) e B —
FULL WAVE 2 ]' _]
RECTIFIER 120 ™ . TemP
PERIOD 1721 2 Z lour [ovERCURRENTS | JEMP. |
| 12

SEAmE

415V

I TRIGGER

SCR
TRIGGER
CLAMP I

I 72 }
1 S v | l
* 7 0
LOAD CURRENT 4 JR - ) l SCR FIRING ANGLE CIRCU#
[ —_— e
| T
# I
i coabuLSE DISCHARGER |
l L] DCRESTOR. |
COS WAVE CLAM?
GENERATOR _]

* LOAD CURRENT FEEDBACK TO
COS WAVE GENERATOR IN POWER
SUPPLIES PRIOR TO REV. 1240.
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%

—15v

TRIGGER CLAMP

(REGENERATIVE PULSE GENERATORY)
+15V

s |
51.10

20 WHT-BLK-GRN 1 E7 AT
‘ ¥ ¢

|21 RED | es 3 j

| o D 3

19 BLU B

—

\B al §
Q2 // N
%gisx NENZEENAEE
?gx c2 I /\ E: \ T N—
l a7, ST/ / a
| o VARRE % )
%51'3
_ o
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LESSON 6

INPUT/OUTPUT AND DIRECT MEMORY ACCESS

1/0 Section, Functional Diagram

Interrupt Priority System

Typical 1/0 Interface Card

Block Diagram of 1/0O Interrupt Priority

Interrupt Sequence From IRQ To PH1B

2100 1/0 Interrupt System Timing

Timing Diagram For Power Fail W.
Autom. Restart

6-1
6-2
6-3
6-4
6-5
6-6
6-7

Simplified Memory Protect

Direct Memory Access

Which Parameters Have To Be Specified
In The Initialization Routine?

DMA Initialization Parameters

Program To Initialize DMA

Simplified DMA Logic
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TO/FROM

3 OPERATOR
1/0 BUFFER CARD s108 PANEL
TO/FROM
l DATA
ARITHMETIC/ S-BUS DATA /0 BUS _— >
LOGIC SECTION
AND MEMORY
SECTION
I R10B —----[/¥ l 101 ]
101 l '
FROM J
OPERATOR
PANEL ENF
2 N, ENF ——-}
CLK3 1o J 1
. Pg:znlﬂgo ] SIR
GENERATOR s Ny SIR ———f
@ T2, T3,T4, 75, T6, T3T4
l 4 _D l 100 — o]
OTA/B
1R6-9, 11 1/0 1/ |
FROM ' . GROUP STE
INSTRUCTION DECODER N ™
REGISTER LOGIC CLF ——
STC ———
’ ’ [ Ro——
HINTO _ 3 T4 SFS —® |nTERFACE
RUN LOGIC % - SFC ———#m  CARDS
AND
—————————— D  GEERE  Chr————e——— S  S—  SEEE——r—————— SPECIAL
FUNCTIONS
R T
1/0 CONTROL CARD STE _].
SC
9 D IENS [EN =i
c
l CLF N FF PRH/PRL —f]
sCo ] |
1/0 |
IR0-5 IENS
FROM I SELECT o
INSTRUCTION CODE I SCM/SCL ——fm
REGISTER DECODER RCIR+ 101'SC4
LOGIC
TO S-BUS
M. BITS
: CENTRAL
AEG |0 THRUG IRQ1-7 INTERRUPT
- sell./gcr REGISTER
FLG1.2 CODE L ocoas [
=] ENCODER
LOGIC s FFs
l e _D—— r—'— FLG12
l - IRQ17
FLG1-2 '
SIR —— —1 INT
TO/FROM K FFs
P
PHASE [ Hi8
CONTROL
LOGIC 1 INT -
CLK3 ——-\ IAK ——f
l T6 —_/ I
— |
I 1485V I
INC _J
ME P IENS 1/0 SECTION,
FF
' FUNCTIONAL
STF+CLF+STC+CLC+PHS DIAGRAM
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INTERRUPT
ENABLED

IENS

INTERRUPT PRIORITY SYSTEM

POWER FAIL FRLs r_ HP 2155 1/0 EXTENDER _]
S.C. 04 PRLA 1/0 S.C. 15
_] PRH25
1/0 S.C.
PARITY
ERROR i/0 S.C. 16 25 lpRL2S
S.C. 05
j PRH26
MEM. PROT L‘ 1/0 5.C.
. ) W0SCAT oo s 2%
S.C. 05
PRHE ! "—J m
PRLS E——'
) owa 110 §.C
1/0 S.C. 20 C.
5% —] EI"zo 27 |pRL27
M
s[(): 3, 1/0 S.C. 21
_ j 1EN30 t/0 S.C.
L, 30-37
i PRL3T7
|/ 1/0 s.C. 22
1710S.C. 10 |orL10 —]
IEN40 [ ] 1/0 s.C.
PRH11 ] 1/0 S.C. 23 — 10
— PRLA7
1/0 S.Cc. 11 IEN20 L —
L_ j 1/0sc.24 |0 o —
PRIHZS . 1EN50 [ 1/0 S.C.
1/0 S.C. 12 ‘ — /o
— 1/0S.C. 25 | | ] 50-57
_] PRH2S| — PRLS7
r 1/0 ;
L L | EXTENDER } |
CARD IEN20
1/0 5.C. 13
IEN6O 1/0 S.C.
L_ 60-64
/o sc. 14 |PRL14
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BASIC
COMPUTER

FROM HIGHER
PRIORITY DEVICE

INTERFACE CARD

TO LOWER
# PRIORITY

i

DEVICE

DATA
TO/FROM
DEVICE

DEVICE FLAG
FLAG SIGNAL GENERATOR
INSTRUCTION .
AND TIMING ] ] ]
SIGNALS .
L EnF _'_D SIR . 1AK
A £
B
o—D_ J':'D— FLAG —
STF >
4___D FLAG BUFFER FLAG '___D IRa :
FF =\
i FF — FF IRQ —
BUFFER 1 c
CARD . CLF =N = H
—< [
I )
DATA
(I—
") | €
c —_j‘\
— IEN 1 I D J
IEN —f D 1/
— 10G(B) ED
| scL =
HD—
SERVICE FOR OTHER FUNCTIONS
CONTROL
REQUEST STC OF INTERFACE CARD
ADDRESS FF
[ e ‘D—r -
INTERRUPT M 100 -
SIGNAL 1/0 \ oata —4 1 BUFFER REG
CONTROL M FFs
CARD
6BIT
SELECT
CODE “— 10!

TYPICAL 1/0 INTERFACE CARD




BLOCK DIAGRAM OF /O INTERRUPT PRIORITY

LEG. PAR.ERR
PAR. ERR. ENAB.

1RO4

i
|
|

PAR. ERR |
i

i |

J

MEM PROT
ENABLED

AAFF

AAFF

BAFF

BAFF

ARE

WE EXECUTING
AN INSTRUCTION
WHICH COULD

VIOLATE

FENCE REG

SCRATCH
PAD 1

ssus]

EQBUS

FUNC GEN
RS1
|DECREM)

|
la—

T ALUTE

| Saiah A

MEM PROT
VIOL.

MPIRQ —

FLAG

™
—Lf
________ ]
—\ IEN10
> J
INTERR. {ENS
PRHE/PRLS ENABLED
i ;
______ I -+ — e e ———— — ——— — . — H }
r f - |
! [ — 1
{ | 1RQ 1 > .
| FLAG SC 6 | ‘
| sC6 ] | |
! i : | IROB
| CONTR ; | A
SC6 .
| | |
| ! 1
| \ ‘ ;
- e — - = + _________ - i
| 4= —=-= M 1RQ7
| I — |
i
| I |
: FLAG L* IRQ L » !
' sC 7 sc7 |
|
! 1
| CONTR L
1 sc7 1
| |

i INT
R




INTERRUPT SEQUENCE FROM IRQ TO PH1B

———————— —
| INTERFACE CARD SLOT 13 |
| 1RQ3 |
| 1RQ13 T
| 1 fa1 |
| |
L e J
| ’ ¢ |
CENTRAL [
i / INTERRUPT
| ’ REGISTER |
i . I
6 L
X ci5 L e L ci3 L ciz Loen it cio |
PHIB ¢ — c c c c e
y T r | _F | - 1 Ry 1
| INT ENABLE T | |
SCO — [iesaaS— — | | |
I i e . ‘ :
l | i
STF -
DD | : 7
1
i 1
! P e W i i
| . b T 1 ! i
* el sBS sB4 3 sB2
| o 1ENG 1 PH1B s& sB1
- de ——d | 1EN $
l i L o TNTT
| — | CLKI —¢ C —od ~
i Ly le—= ) X >
CLF - } - I M
sce = -l !
i PH18
| (- e AMNA— 485\/; D.
i i . .
o SRR PRESET ———— 4
| e [T K NTZ
INFrrn - +—L, — CLK3—¢ C
t . M >
i M -[_
e | . 1/0 CONTROL CARD A7
stie - - 1RG4 . .
: IPOWER FAILI —D ]
cle e e
. [ 1 :’ )
sie- —e ; I
|
1
CLE - X e - .
t INTS  PRLA
pHy - e - !
S R |
| PHASE LOGIC ON TIMING & CONTROL A1 |
| 1
| JopHIB
¢ — |
| 3 |
| £0e |
] CLK1 I
R |




2100 1/O INTERRUPT SYSTEM TIMING

IF ASG, SRG, I/0 OR EAG
INSTR. THE INSTRUCTIONS
ARE FULLY EXECUTED, &
INTERRUPT IS DELAYED

NEXT || UNTIL NEXT MRG INSTR.
STFO ‘ ! STC XX, C INSTR ANY INSTRUCTION ANY INSTRUCTION ANY MRG INSTR. EX.
PH1A | PH3 } PH1A | PH3 PH1A ANY PHASE ANY PHASE JMP & JSB, ANY PHASE PH1B
| I

rmjmjz J,F_Lihlﬂmm L hhhhhhhnh b
|

|
gigisl
T2 - ENF %
]
1

3 e | \ ‘
T4 [/ S— L J l +
T5 SIR | I | 2 ;
76 [ 1t ¢
T T
STF _ 22 |
{ & { & ‘ —
sco _ 1 (& - |
~ & -«{ &
IEN FF .
32
— r———-{ ¢ :
INC FF P_*_‘L_._._, :
1 —? - -
IEN 10 — ‘
i
i
sTC 1t [ — ¢ +—+ :
CLF )2 " ‘
o 44 ‘ ~+ T
iy +
CONTROL FF SCXX {¢ )y
LY
COMMAND FF SCXX I - }
J A + .
FLAG BUFF. FF SCXX Tt J M| I 1]
7 +
FLAG FF SGXX L {4 !
IRQ FF SCXX oy i i | l -
¥ "‘!—. is + ~\))r T i i i
PRL i L
I i
‘ Lo |
INT - JL - d ! :
| ! | | ; EOP@ T3
PH1B I PR > k—
{4 — FREEZE
. ]
CIFF ., ¢
\
1 i
1AK : | i H J )}
HE ! ] b | M
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TIMING DIAGRAM FOR POWER FAIL W. AUTOM. RESTART

POWER UP INTERRUPT ! L POWER DOWN INTERRUPT

TIME 2|3/4|5|6|12|3|4/5|6|2/3|4|516(2|3(4|5|3|4|5|4|5|6[2]|3|4ai5!6l2|3|als5

PWU

PON l

ARM FF

DIR FF

FLAG 4 FF

[ IF ARS ENABLED

CONTROL 4 FF

IRQ4 FF

INT

RSSP V ﬂ) - —

UG7B/D

DEPENDENT

ON EOP 7
PH1B FREEZE e

FREEZE

IRQ4 INTO ¢
CIR

IAK : ] 3

6-7




SIMPLIFIED MEMORY PROTECT

PH3B (EXECUTE PHASE AFTER PH1B)
TRAP CELL EXECUTE Q +4.85V
RESET
DOES NOT ALLOW
A HLT 91 IF MEM. U92A
¢ / PROT. ENABLED TURN MEM.PROT. 1
usi OFF y MPC FF
mpe — ) 4 WCFF  |——
:I > — TIKZz——+9¢C J—
ALLOWS 1/0 — INSTR. HIN STC 85 . MPC - PH3B
IF NO MEM. PROT. ' (TURNS MEM. PROT. ON)
\ u73C
MPC FF T3 TRAP CELL
vees MEM.PROT
V730 = —~ L VIOL‘ATIOt\.l
TRAP CELL :D ] REQUEST
EXECUTE MPV FF — INTERRUPT
— Clk3———¢C ————
K VIOLATION
L. ALLOWS 1/0 INSTR.
IF STORED IN
U73A TRAP CELL
sc1 TRAP CELL
; ‘EXECUTE RESET
\ALLOWS 1/0 INSTR. STC 85
WITH S.C 81 ™MPV {FROM ROM)
10GE - [NMPV(ROM) - ALUTS - MPC - AAF * BAF]
(BEGINS T3) 7 \
ROM SKIP FIELD FORCED COND.
FOR JMP INST.

10G = IOGE(MPC FF + PH3B FF + SC1)




DIRECT MEMORY ACCESS

DMA PROVIDES A DIRECT TRANSFER OF AN ENTIRE DATA BLOCK FROM MEMORY TO A
PREASSIGNED PERIPHERAL (CUTPUT) OR PERIPHERAL TO MEMORY (INPUT).

DMA ACCOMPLISHES A WORD TRANSFER BY STEALING A MEMORY CYCLE (IMPOSES A PH5)
FROM THE CPU IF THE PERIPHERAL VIA ITS INTERFACE 1S READY TO PARTICIPATE IN
SUCH A TRANSFER.

DMA INTERRUPTS ONLY AT THE END OF AN ENTIRE DATA BLOCK TRANSFER IF INTERRUPT
IS ENABLED.

THE TWO DMA-CHANNELS CARRY SC.06 AND SC.07.

BEFORE A DMA TRANSFER TAKES PLACE IT HAS TO BE INITIALIZED BY A SPECIAL ROUTINE.
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WHICH PARAMETERS HAVE TO BE SPECIFIED IN THE
INITIALIZATION ROUTINE?

AN

SELECT CODE OF PERIPHERAL TO BE SERVICED BY DMA,

SHALL WE HAVE A CLC ON THE DEVICE 1/0 CHANNEL AFTER

THE LAST WORD OF THE BLOCK HAS BEEN TRANSFERRED? | DMA CONTROL WORD
(cw)

SHALL WE HAVE A STC ON THE DEVICE I/O0 CHANNEL AFTER

EACH WORD IN THE DATA BLOCK HAS BEEN TRANSFERRED

(REINITIATE PERIPHERAL)? /

MEMORY STARTING ADDRESS OF FIRST WORD TO BE

TRANSFERRED. DMA ADDRESS WORD
(AW)

DIRECTION OF DATA TRANSFER.

DMA LENGTH WOR
BLOCK LENGTH. )_ BLOCK ORD

(BL)
FOR RANDOM ACCESS MEMORIES (DISC/DRUM): DIRECTION,

TRACK- AND SECTOR ADDRESS TO DISC CONTROL INTERFACE

BOARD.

) DISC/DRUM CONTROL WORD
)7 (DCW)
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DMA INITIALIZATION PARAMETERS

Bl1af13l12[1n]10]a]s]71s 5]4[3]2|1[0

1 |sTC cLC DMA CONTROL WORD (CW)
— = (NOT USED) DEVICE SELECT CODE
0 Is7C CLC

15 14]13'1’2]11'10'9'8|7l}6[5|4|3|2]1|0

1 IN | DMA ADDRESS WORD (AW)
—_— MEMORY ADDRESS
0 louTt). - ‘ ‘

15[14|‘13|‘12“|11I10[’9I8I7I6!5|4[3l-211lO

DMA BLOCK LENGTH (BL)

WORD COUNT (IN 2 COMPL. FORM)
15 [1afi3]2[nfw]o]e]7z]e]s[a]3]2]1To ,
WR TRACK SECTOR DISC/DRUM CONTROL WORD (DCW)
[re ADDRESS ADDRESS




PROGRAM TO INITIALIZE DMA

LABEL | OPCODE | OPERAND COMMENTS
INIT LDA Ccw FETCHES CONTROL WORD (CW) FROM MEMORY AND
LOADS IT IN A-REGISTER.
OTA 6 OUTPUTS CW TO DMA CHANNEL 1.
CLC 2 PREPARES MEMORY A(DDRESS REGISTER TO RECEIVE
ADDRESS WORD (AW).
LDA AW FETCHES AW FROIOI MEMORY AND LOADS IT IN
A-REGISTER.
OTA 2 OUTPUTS AW TO DMA CHANNEL 1.
STC 2 PREPARES WORD COUNT REGISTER TO RECEIVE
BLOCK LENGTH WORD (BL).
LDA BL FETCHES BL FROM MEMORY AND LOADS IT IN
A-REGISTER.
OTA 2 OUTPUTS BL TO DMA CHANNEL 1.
STRT STC 108,C START INPUT DEVICE.
STC 6B.C ACTIVATE DMA CHANNEL 1.
SFS 6 WAIT WHILE DATA TRANSFER TAKES PLACE OR, IF
JMP *— INTERRUPT PROCESSING IS USED, CONTINUE PROGRAM.
HLT HALT
cw OCT 120010 ASSIGNMENT FOR DMA CHANNEL 1; SPECIFIES 1/O
CHANNEL SELECT CODE ADDRESS (10g), STC AFTER
EACH WORD 1S TRANSFERRED, AND CLC AFTER
FINAL WORD IS TRANSFERRED.
AW OCT 100200 MEMORY ADDRESS REGISTER CONTROL. DMA CHANNEL
1 SPECIFIES MEMORY INPUT OPERATION AND STARTING
MEMORY ADDRESS (200g).
BL DEC -50 WORD COUNT REGISTER CONTROL. DMA CHANNEL 1
(WCR1); SPECIFIES THE 2'S COMPLEMENT OF THE
NUMBER OF CHARACTER WORDS IN THE BLOCK OF
DATA TO BE TRANSFERRED (501¢).
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SIMPLIFIED DMA LOGIC

SBUS
1.0
SRQ som
0 0 ° 1 _jD_ GENERATOR [ SCM
WORD MEMORY sER\éucTE o
COUNT ADDRESS SELEC
T TA
oracz REGISTER oTa 62 REGISTER OTA 06 REGISTER SELECTOR
cw3 Lia02 cw2 cw1
s1c 02 REGISTER — SCL -
L0AD 1 INCRE- " > GENERATOR seL
cLc 0z — conTROL MENT !
INCREMENT N 1 T3
INFOUT cLe
ELECT FF ' b cur
SELECT FF out S| L
15 13
L}
¥ .
1 »—{ cLe
C_L-§ 16 sTC >
{ I SELECT FF
15
SERVICE REQUEST i sTC
SPH5 >——D-— ——— - 0G
(TO CONTROL
[ SECTION)
TRANS O ¢y ReafF ('::’ PHSFF : cw INPUT
CH1 CH 1 MEMORY
N 4 D o = i
G SIGNALS
WCR
SIRITS
OuIPUT
—_——————— ] — s — ——— — —_— e —— e —— — RwW
MEMORY
r 1 ,_—ﬂ_‘ MEMORY [ = onTROL
| | TIMING SIGNALS
IRQ 6
| ENF(T2) I T010
FLAG 6 FF IRQ6 FF SV iERRUPT
STF6 +—/ FB6FF —_— —_— [ SYSTEM
| I_ ——{ >-—T—- FLGS
CLF6 l [ |
4
sree T CONT 6 FF |
|
cLes ON A7 l
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front panel ﬂ




Operator Panel Control Logic

Front Panel “’P”’ Operation

Front Panel “’P"" Operation (Cont’d.)
Front Panel “’P”’ Operation (Cont'd.)
Front Panel “P"" Operation (Cont'd.)
Block Diagram For Display P-Reg.

LESSON 7
FRONT PANEL

7-1 Block Diagram For Display B-Reg.

7-2 Block Diagram: Incrernent/Decrement ‘M’
7-3 Register Switches (Operator’s Panel)
74 Simplified Diagram of ‘Interrupt System’
75 Switch on Operator’s Panel

7-6 Front Panel Timing Diagram
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OPERATOR PANEL CONTROL LOGIC

}————= STORE AND 1O!

TRS - PRSI - PRSE

7-1

TRS - PRSI - PRSE
’ EDTSR
o LoopP i > 1
. S PON MBSY + TRS + PRSI * PRSE
OPERATION
D=1 & I =1 o= =7 o
SWBN FF [ NORMAL Ere OPIH FF cika | DTSR FF RN STM FF
] CPEN ¢ l
K K ——l
b NORMALLY LOW. HIGH IF ANY ONE RUN - SIN - SCY - HLT FF
SWITCH IS PRESSED EXCEPT CLEAR
DISPLAY OR DISPLAY REG.
f } »- (MBSY + TRS + PRSI + PRSE) STM + UDS + DO-» ENABLES SRH + SSIN + SSCY TO CPU
PON PON
— ] ,__1—- J —
— — J
TLK3 UDS FF CLK3 DO FF & ], ADW FF T CLx3 SRTD FF CL<3 WAIT FF
K K T —) K
T5 - PH5 - CPEN DTRY . > READ
L si08
RW




FRONT PANEL ‘P OPERATION

NOTE 1. ASSUME S REGISTER
IS CURRENTLY
SELECTED

( START

DEPRESS “'P"'
SWITCH ON
FRONT PANEL

.

REMOVE CONSTANT
RESET FROM SWBN

F/F

TURN TRANSISTOR
Q1 OFF AND START
5ms DELAY

NO

SWBN

F/F SET?

RESET OPIH F/F
AT TRAILING EDGE
OF NEXT CLK3

.

OPIH F/F SET
QUTPUT LATCHES
UP OPERATION

F/F (P)

OPIH F/F RESET
OUTPUT ENABLES:
PRSI, PRSE, SCFO,
SCE AND SCO IF
SELECTED.

-

ALSO PREVENTS ANY
CHANGE IN OPERATION
F/F'S DURING ENTIRE

THESE SIGNALS WOULD
REMAIN ACTIVE DURING




RESET DTSR F/F.
SET OUTPUT GOES
LOW AND BRINGS
UP SIGNALS TO
STORE PREVIOUS

REG.

HIGH OUTPUT FROM
RESET SIDE OF DTSR
BRINGS UP STORE

AND 101

ALSO TO ENABLE
OUTPUT OF DISPLAY
REG ON TO THE

10 BUS.

ALSO TO BRING
CLOCK TO S-REG
HIGH FOR OUR
OPERATION.

YES

RESET STM AND
SET DTSR

|

STM RESET SIDE
TO ENABLE SRH,
SSIN OR SSCY TO
A1 RUN CONTROL

("8"- 1S PREVIOUS REG)
THE SET OUTPUT PLAYS

“101” ENABLES I/0 BUS TO
$-BUS. “STORE” TO A3 TO
ENABLE STORING OF PREVIOUS
REG. (STORE DECODER)

L

TRAILING EDGE OF DTSR
TIME LATCHES UP S-REGISTER.

L -

NOT FOR OUR OPERATION
SINCE NONE OF THESE
SWITCHES ARE ACTIVE.




NOTE: ALSO SET
STM

RESET UDS FF AND
GATE INCM OR

DECM IF SELECTED.
ALSO CLOCK TO RS

F/Fs

ALSO TO BRING
UP SROE IF IN
RUN + SIN + SCY
OPERATION.

YES

SET UDS AND
RESET DO.

.

SEND FETCH SIGNAL
TO A1 TO SET PHIA
VIA A4 (PIA SIGNAL)
ALSO DISABLES
RJIMP (A1)

!

IF LOADER SWITCH
OPERATION CLOCK
LOAD F/F.

YES

IF NOT RUN OR SIN
OR SCY SET DO FF
AND RESET RDM.

I

IF RUN + SIN + SCY
RAISE CLOCK TO
S-REGISTER

O

THE REGISTER SELECT
F/F'S WILL CLOCK AT
TRAILING EDGE OF
UDS TIME.

NOTE: TIMING HALTS AT THIS
POINT IF RUN OR SIN OR
SCY UNTIL HALT MODE
1S RE-ENTERED AND
TIMING CONTINUES
FROM THIS POINT.




NOTE:

NO NEXT
CLK3?

YES

SET RDM AND
SRTD F/F.

I

“P" IS ENABLED TO SRTD RAISES

DISPLAY INPUT.

AND “PNLP”

“S10B", “READ”

I

SRTD CAUSES
DR CLOCK TO
GO Low.

Y

CLK3?

YES

NO AN

RESET SRTD
AND WAIT F/F

FINGER
OFF SWITCH?

SET OPIH AND
WAIT FOR NEXT
OP.

END
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RRSB, PNLP, AND SELM
IF SELECTED.

NOTE: WE HAVE PNLP.

NOTE: DR CLOCK WILL GO
HIGH WHEN SRTD
CLEARS TO CLOCK
DISPLAY REG.




BLOCK DIAGRAM FOR DISPLAY P-REG.

POP FF

PRS FF

P-REG

INPUT FROM
OTHER SELECT
REGISTER DISPLAY

“r

PNLP
i }—=1 s-BUS DECODER

LOGIC

RPLO
RP9
RPH!

A3

SWITCHES
READ
PSW__| FRONT PANEL
CONTROL LOGIC
SI0B

DISPLAY REGISTER

DRCLK

S-BUS




BLOCK DIAGRAM FOR DISP
(1. P-REG IN DISPLAY-» P-REG.

ASSUMPTION: PREVIOUSLY P-SWITCH WAS
PRESSED-> PRS SIGNAL PRESENT

I AV
[

B-REG.
2. B-REG TRANSFERED TO DISPLAY REG.)

STP

PRS FF PNLP )
STORE DECODE
> ) P-REG
A3 AB
8 RRSB
B 3
| L RBE
PNLB R-BUS DECODER | RBS1
—o0 o 80P FF BRS FF LoBle — MULTIPLEXER e
A4 A5
L4
3 )
CPEN
INPUT FROM OTHER —_—
SELECT REGISTER —
DISPLAY SWITCHES \—
B-REGISTER

READ

101

STORE (—D_T

BSW FRONT PANEL
o CONTROL LOGIC
DISPLAY REGISTER -——Ct—— DRCLK 108
S10B
DTSR
J
SIoB

i
[
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S-BUS




BLOCK DIAGRAM: INCREMENT/DECREMENT ‘M’ REGISTER SWITCHES
(OPERATOR’S PANEL)

A24 OPERATOR PANEL A 107 DATA CONTROL
A

INCREMENT
M +4.85V J—
INCM SW TO

—— /7 CONTROL LOGIC
R25E
| $38

1K c
P .

E
& Py —
SWENBL—}—0 o + * IE INCM FF ? ’

MR14

INCM

up

MR13
D .'—
MR12
UDS FF

MR11
>

MR10

|

:
| |
I I
| |
| |
| I ——9 LOAD

| +4.85V MRS

MR8

|

I ‘M’ REG

' up/oowN cTR|—MR7 o
I
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SIMPLIFIED DIAGRAM OF ‘INTERRUPT SYSTEM'

SWITCH ON OPERATOR’S PANEL
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