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SECTION I

INTRODUCTION
Table 1-2.
This manual contains flow charts and analyses of all Type 716 instructions and Function Index
the logic block diagrams. Also included are flow charts showing the fetch cycle, the Mnemonic Definition
extended mode leading into an extended mode indirect cycle, and the normal and A++4+CL 3
push/pop indirect cycles. For convenient reference, the mnemonic, the execution A444EZ
time, and op-code are given for each instruction. Symbols and abbreviations used A+++GO
in the flow charts are defined in Table 1-1. A function index is provided in Table 1-2 A4+4G2
as an aid in determining function sources and definitions. Mainframe board locations A+++GX
are listed in Table 1-3. A++4IS General control minterms (not for a specifi
The electrical characteristics of the computer circuits are called passive ArHiM/ > operation or group of operations)
(+5 Vdc) and active (0 Vdc). The logical functions are true (logic ONE) and false A+++PD
(logic ZERO). In general, there are two ways of relating the electrical character- A+++TD
istic and the logical function for each signal mnemonic: At++XM
a. Anassertion signal (for example, TRRMFW+) is logically true when it is A+++Y7
at +5 Vdc and is logically false when it is at 0 Vdc. A+++ZC J
b. A negation signal (for example, TRRMFW-) is logically true when it is at AA/SX1 )
0 Vdc and is logically false when it is at 45 Vdec. AA/SXC
A particular signal mnemonic can be labeled assertion or negation arbitrarily. The AA/SXZ > Add/subtract minterms
signal mnemonic convention uses the seventh character to specify assertion or AA/SZO
negation. AA/[SZA /
Table 1-1, ACAICC
\ Symbols and Definitions ACAILC CAI minterms
Symbol Definition Symbol Definition ACASEZ
A A-register M M-register ACASX0 CAS minterms
ADB Address bus N Two's complement of number of ACASX1
AU Arithmetic unit shifts to be performed
AUG G-input to AU OTB Output bus ACASYC
AUH H-input to AU OVFL Overflow ACRYXC Minterm for carry inject in TLX cycle
(];i} g:aatglster § g:::ggil:::: ACWCYO Memory clear - write cycle, address = 0
EA Effective operand address SC Shift count ACWCY1 Memory clear - write cycle, address = 1
F illgi%;izf])'re‘:t address >§ i_i:g;:::f. ACWCY?2 Memory clear - write cycle, address = 2
INB Input bus ADBLEI )
[ A] Contents of a location specified by the effective address. ADBLFI
@ Exclusive OR > o .
—_— ADBLIS Minterms for double-precision operations
Contents transfer occurs now.
E . Contents transfer enabled now; action occurs when subsequently triggered. ADBLXD
S Contents transfer shift enabled now; action occurs when subsequently triggered. <
~ Function goes low to perform action, ADIVOl
+ Logical OR ADIV02
. Logical AND ADIVOL .
Any time register X is referenced, register S must also be referenced, i.e. , S/X—= AUG. & DIV minterms
Any register transfer that is less than 16 bits must be noted. When decisions are made, the ADIVO/
mact mnemonic name plus sunoindication of the logic necessary Lo answer ine guestion in the ADIVOT
affirmative should be included inside the decision block, not outside. Use full mnemonics,
including sign (+) and prefix (A, B, etc.) when applicable. ADIVID




Mnemonic

ADIVT77
ADIV7D
ADIVEZ

+ ADIVXC

ADIVXD
ADIVXL
ADIVX/
ADIVXS
ADIVXF
ADIVXY
ADIVYO
ADIVY6
ADIVYD
ADIVY/
ADIVZO
ADIVZD
ADMAOL
ADMAO2
ADRYO03
AEOQINS
AEOQIOP
AGAO07G
AGAO08G
AGAL0G
AGAILIG
AGAI12G
AGA14G
AGA15C
AGA091
AGAL113
AGA114
AGAI119
AGAI121
AGA146
AGA150
AGANFO
AGANFC

~

/

Table 1-2. (Cont.)
Function Index

Definition

DIV minterms

Decoded memory address = 1, read cycle
Decoded memory address = 2, read cycle
Decoded register Y = 3, read cycle
End of instructions control minterm

End of instruction, not Jump

Generic group A minterms

1-2

Mnemonic

AGBO07G
AGBO08G
AGB09G
AGB10G
AGBI11G
AGB14G
AGB10/

AGBI10T
AGBI115
AGBl16

AGBNFG
AGE101

AGE102
AGE108
AIMAEZ
AIMAXC
AIRSX]1
AIRSXC
AI/02D
AI/OFC
Al/OPI
AJMPFI
AIMPW1
AIJMPWJ
AJMPYC
AJSTEZ
AJSTIS
AJSTXC
ALGAXZ
ALSXEZ
AMAUXZ
AMPYA®b
AMPYMM
AMPU5
AMPU6
AMPUS
AMPYX6

— e N e\

J\.

B

Table 1-2. (Cont.)
Function Index

Definition

Generic group B minterms

Generic minterms

IMA minterms

IRS minterms

Programmed I/O minterms

JMP minterms

JST minterms
Logic group minterm

LLDX/STX minterm
OPG MAU minterm

MPY minterms



Mnemonic

AMPYY4
AMPYYS5
AMPYYE
AMPYYL
AMPYYM
AMPYYN
AMPYZL
AMPYZM
AMPYZN
AM/DEZ
AM/DXL
AM/DXM
AM/DXT
AM/DYC
AM/RF1
AM/RFI

AM/RFL
AM/RFU
AM/RIP
ANEGXZ
ARTCIX
ASHA/7
ASHBI10
ASHBI12
ASHBI18
ASHB20
ASHB67
ASHB68
ASHF7S
ASHF1TU
ASHF8C
ASHKB7
ASHLCT
ASHLCZ
ASHLYC
ASHU10
ASHU17

/

Table 1-2. (Cont.)
Function Index

Definition

MPY minterms

MPY/DIV minterms

Indexing control for extended mode

Fetch or indirect cycle of memory reference
instruction

Indexing control for nonextend mode

Memory reference operation minterms

OPGNEG minterm

Real-time clock minterm

Shift minterms

1-3

Mnemonic

ASHU18
ASHU19
ASHU60
ASHU62
ASHU67
ASHU68
ASKPFC
ASKPFE
ASTAEX
ASTAEZ
ASUBFI
ATAZZC

AUO01GG thru
AU16GG

AUOOHH thru
AU16HH

AUO00SM thru
AUl6SM

AUO0104

AUOIBH thru
AUI6BH

AUOICY

AUO1XS thru
AU16XS

AU0508
AU0912
AU1316
AUFFFF
AULACY
AWRTEZ

AWRTXC
AYMAXC

BADROI thru
BADRI16

BBYTXR
BCLINT
BCL.PRN

BDOIIN thru
BD16IN

locations

locations

locations

locations

locations

Table 1-2. (Cont.)

Function Index

Definition

Shift Minterms

Skip-group minterms

STA minterms

SUB minterm
OPGTAZ minterm

Augend inputs to arithmetic unit
Addend inputs to arithmetic unit
Sum output from arithmetic unit

Arithmetic unit bits 1 through 4

I/0 bus or control panel inputs to
AU*HH

Carry from arithmetic unit, bit 01
Register X or S input to AU**GG

Arithmetic unit bits 5 through 8
Arithmetic unit bits 9 through 12
Arithmetic unit bits 13 through 16

Sum output of arithmetic unit is all ONEs

Look-ahead carry function of arithmetic unit

OPGWRT minterms
OPGYMA minterm
1/0O address bus, bits 01-16

I/0 bus, byte transfer
I/O bus clear - interrupt pulse
1/0 bus clear - priority-net pulae

I/0 bus data input receivers



Mnemonic
BDO1OT thru
BD160OT

BDATO! thru
BDATIL16

BDMARQ
BDRLIN
BINPUT

BINTPO thru
BINTP4

BINTRQ
BPARER
BPARLF
BPARRT
BPRGIO
BPWRFL
BRITNX
BROQENRB
BSROPT
BSTART
BSTROB
COEAMD

CMDRFW
CMDRMW
CRMRSW
DABMQI
DAU000
DAUOLE
DAUOSE
DAUOYE
——DAU13E
DF13/C
DMA001
DMA 002
DMAFIL

DMAREG
DMIERO

Table 1-2. (Cont.)
Function Index

Definition

1/0 bus data output drivers
1/0O data bus, bits 01-16

1/0O bus, DMA request

1/0 bus device ready line

1/0 bus, input control

1/0 bus, interrupt priority chain

1/0 bus interrupt request

1/O bus parity error

1/0 bus parity for bits 01-08

1/0 bus parity for bits 09-16

1/0 bus "programmed I/O" control level
I/0 bus power failure

I/0 bus, right half word

I/0O bus request enable

1/0 bus, watchdog timer signal
1/0 bus strobe pulse

Copy zero to extended addressing mode
flip-flop

Copy memory data to register F

Copy memory data to register M

Copy register M to register S

Decoder: RAOL(F) RBOI(¥) RMOL(P)]
Decoder: Arithmetic unit output = 0
Decoder: Arithmetic unit output bits 1-4 = 0
Decoder: Arithmetic unit output bits 5-8 = 0
Decoder: Arithmetic unit output bits 9-12 = 0
Decoder: Arithmetic unit output bits 13-16 = 0
Decoder: RF13 or C-bit =1

Decoded memory address = 1 = (RA)
Decoded memory address = 2 = (RB)

Decoded memory address = fill protected
area (1-17)

Decoded memory address = register address

Decoder: multiplier bits = 0

1-4

Mnemonic
-

DRF716
DRFINA
DRFOCP
DRFZRO0

DRMO020

DRM4/5

DRMIND
DRMS00
DRYO000
DRY003
DRYREG
DSCTO00

DSCT77

wrr iy~

 DVE/ZCe
- EORBO1

EORBFW
EIMCWC

EIMLDV
EIRDYF
EIRKI11
EIRKCB
EIRMO1
EITLIC
EITLII
EITLIP

E1TLXC
EITLYC
EITLZC
E40SCT

E60SCT
E71SCT
EAIKCE

Table 1-2. (Cont.)
Function Index

Definition

Decoder: RFO7 or RF16

Decoded register F = OCP

Decoded register F = 00, bits 11-16
(shift distance)

Decoded register M = 020, bits 8-16
(RTC address)

Memory address in register M = 4 or 5,
and not indexed.

Decoder: register M = indirect cycle needed
Decoder: register M = sector zero (bits 01-07)
Decoder: register ¥ = 0 = (RX)

Decoder: register Y = 3 = (RS)

Decoder: register Y = register address (< 4)

Decoded shift count = 00 and not TLFCYC
nor TLICYC

Decoded shift count
nor TLICYC

TsieriA 3
Divide contrel s

Emit ZERO to bit 01 of register B
Emit ZEROs to register B, full word

77 and not TLFCYC

Emit ONE to memory clear-write control
flip-flop

Emit ONE to MLDV control flip~flop
Emit ONE to I/O ready flip-flop

Emit ONE to bit 11 of shift counter

Emit ONE to C-bit flip-flop in register K
Emit ONE to bit 01 of register M

Emit ONE to I-cycle timing level flip-flop

Emit ONE to special push-pop timing level
flip-flop

Emit ONE to X-cycle timing-level flip-flop
Emit ONE to Y-cycle timing-level flip-flop

. Emit ONE to Z-cycle timing-level flip-flop

Emit '40 to shift counter

Emit '60 to shift counter
Emit '71 to shift counter

Emit bit 01 of register A to the C-bit flip-flop



Mnemonic

EAUMAW

EAURAW
EAURPW
EBAMAW

EBDAUW
EDCMAW

EINRBW

EIXMAW
EMDROW
EMFMAW
ENRAO1
ENRAFW
ENRBFW
ENRPEW
EOTBDW
EPAROT
ERAAUW
ERABDW
ERBAUW
ERBSHL
ERBSHR
ERIMBH
ERIMBL
ERJAUH
ERJMAH
ERJ/Ml1
ERMAUL
ERMAUW
ERMBAD
ERMMAH
ERMMAL
ERMMDW
ERMRMW

Table 1-2. (Cont.)
Function Index

Definition
Emit arithmetic unit to memory address,
full word
Emit arithmetic unit to register A, full word
Emit arithmetic unit to register P, full word

Emit I/O address bus to memory address bus,
full word

Emit I/0 bus data to arithmetic unit, full word

Emit DMC address bus to memory address bus,
full word

Enable inputs to register B (parallel load)
full word

Enable RJ or RX to memory address, full word
Emit memory data to register O, full word
Enable main frame to memory-address bus
Enable RAOLFF to be triggered

Enable register A to be triggered

Enable register B to be triggered

Enable register P to be triggered

Emit output data to I/O data bus

Emit bus parity to I/O bus

Emit register A to arithmetic unit, full word
Emit register A to I/O bus, full word

Emit register B to arithmetic unit, full word
Enable register B to shift left or parallel load
Enable register B to shift right or parallel load
Emit register I to memory data bus, bits 01-08
Emit register I to memory data bus, bits 09-16
Emit register J to arithmetic unit, bits 02-07
Emit register J to memory address, bits 02-07
ERJMAH or RMOIFF

Emit register M to arithmetic unit, bits 08-16
Emit register M to arithmetic unit, full word
Emit register M to I/O bus address

Emit register M to memory address, bits 02-07
Emit register M to memory address, bits 08-16

Doy it men
Emit re

'
oy
o

gister to memary data buae, 211 weord
Emit register M to register M, full word
(recirculate)

Mnemonic

ERMSCT
EROBDW
EROBHL

ERPMAW
ERRMAL

ERXAUW
ERYAUH
ERYAUL
ERYMAH
ERYMAW
ESRAAU
FADHLT
FFMLDV
FFPRMI
FEFSTRT
FMELOV
FRSTMD
HAU/MA

HDSPO1 thru

HDSPI16
HDSRUN
HEMFCY

HENHAU
HENTRA
HENTRB
HENTRM
HENTRP
HMAFCH
HMASTO
HOLDRP
HPULSE
HRDARS
HSENSI
HSENS2
HSENS3

Table 1-2. (Cont.)
Function Index

Definition
Emit register M to shift counter

Emit register O to I/O data bus, full word

Emit register O, bits 09-16, to I/O data bus,
bits 01-08

Emit register P to memory address, full word

Emit refresh register to memory address bits
10-14 (MOS memory only)

Emit register X to arithmetic unit, full word
Emit register Y to arithmetic unit, bits 02-07
Emit register Y to arithmetic unit, bits 08-16
Emit register Y to memory address, bits 02-07
Emit register Y to memory address, full word
Emit register A shifted right to arithmetic unit
Address halt flip-flop

Multiply/divide flip-flop

Permit-interrupt flip-flop

Start button flip-flop

Memory lockout violation flip-flop

Restricted mode flip-flop

Console control (op-code suppress)

Control panel display selectors

Run light control

Enable control panel to register F when register
M is selected in control panel mode

Enable control panel to arithmetic unit
Enable control panel to register A
Enable control panel to register B
Enable control panel to register M
Enable control panel to registers P/Y
Memory access mode, fetch

Memory access mode, store

Inhibit increment of register P
Control panel clock

Control panel ''ready' or auto-restart
Control panel sense switch 1

Control panel sense switch 2

Control panel sense switch 3



Table 1-2., (Cont.) Table 1.2, (Cont.)

Function Index Function Index
Mnemonic Definition Mnemonic Definiti..
HSENS4 Control panel sense switch 4 IAWRIH DMA write inhibit
IABREK DMA break flip-flop IAWRWD DMA write full word
IADATA DMA data cycle ICDMC4 DMC cycle 4
IADCRQ DMC request ICDMRQ DMC request
IADDI1O Interrupt address bit 10 ICLDMA
IADDI1 Interrupt address bit 11 ICLJST Clear IFJSTS flip-flop
IADDI12 Interrupt address bit 12 ICSTCA
IADDI13 Interrupt address bit 13 ICTRDR Trigger DMC request flip-flop
IADDI14 Interrupt address bit 14 IEIRM1 Emit ONE to RMOLFF for interrupt address
IADD15 Interrupt address bit 15 IFBRREK DMA /DMC break flip-flop
IADDI®6 Interrupt address bit 16 IFBYTR DMA byte transfer flip-flop
IADMRQ DMA request IFDARQ DMA request flip-flop
IADRDY DMA data ready IFDCCY DMC cycle flip-flop
IAENRO Enable register O to I/0 bus IFDCRQ Acknowledge DMC request
IAIDMA DMA request after interrupt acknowledged IFDMAC DMA or DMC memory cycle
IAINPT DMA input control IFIPFI PFI/WDT flip-flop
IAPARH DMA parity bits 01-08 IFIRTC Real-time clock flip-flop
IAPARL DMA parity bits 69-16 IFITBK Interrupt-break flip-flop
IAPERH DMA parity error bits 01-08 IFITCY Interrupt cycle flip-flop
IAPERL DMA parity error bits 09-16 IFITRQ Interrupt request flip-flop
IAREBA IFJSTS JST-storage flip-flop (delay controlled
IAREEB DMA reset-break controls interrupts)
IAREBK IFMECI DMA, DMC, memory cycle initiate flip-flop
IARECI DMA reset-cycle-initiate flip-flop IFPILO "PILO0" interrupt {lip-flop
IARQEN DMA request enable control IFRSTR Auto-restart control flip-flop
IA/IBK DMA or interrupt break IFRTNX DMA right halfword flip-flop
IASEBK DMA set-break control IFSTRB DMA strobe flip-flop
IASHO1 thru DMA /DMC /interrupt timing one-shots IFTRAC Trace interrupt flip-flop
IASHLO IFTREN Trace interrupt enable flip-flop
IASHPF Auto-restart one-shot circuit IFTRMD Trace interrupt mode flip-flop
IASSTR DMA set strobe control IFWRIT DMA write flip-flop
IASTCI DMA set cycle-initiate flip-flop IIITRQ Interrupt request
IASTRQ IINTRQ Interrupt request
IATRBK DMA trigger break flip-flop IIOIRS Real-time-clock increment control
IATRCI DMA trigger cycle-initiate flip-flop IIPMIT Interrupt permitted
IATRST DMA trigger strobe flip-flop IIREPI Reset permit-interrupt
IAWRBH DMA write high-byte IISTIB Set interrupt-break
IAWRBL DMA write low-byte IISTOV Stack-overflow interrupt control

1-6



Table 1-2. (Cont.)
Function Index

Mnemonic Definition

IITCCY Interrupt cycle

IITODC Inhibit request enable during DMC
IITPBK Reset strobe for interrupts

IITRFI Trigger interrupt cycle flip-flop
INARDY Operation = INA and ready flip-flop is set
IOAUO02 Interrupt address adder, bits 10-12
IOATU36 Interrupt address adder, bits 13-16
IOAUCT Interrupt address adder, carry control
IOLSUB Interrupt address adder, subtract mode
IORDYF PIO ready flip-flop

IOSTOP Stop to CP clock during PIO execution
IOTDEN PIO timing chain enable

IOTIM1 PIO timing one-shot circuit 1

IOTIM2 PIO timing one-shot circuit 2

IOTIMC PIO timing one-shot circuit C

IOTIMD PIO timing one-shot circuit D

IOTIML PIO timing one-shot circuit L

IOTIMS PIO timing one-shot circuit S

IPFICY I-cycle with PFI/WDT pending

IPFWDT PFI/WDT control

IPILOO Compatible interrupts (address ='63)
IPWRFL Power-failure signal

ITRACE

IWCDEL DMA write-cycle delay

JMPDEL Delay JMP (force TLY cycle)

LAUCO00 Arithmetic-unit function control 0
LAUCO1 Arithmetic-unit function control 1
LAUCO2 Arithmetic-unit function control 2
LAUCO03 Arithmetic-unit function control 3
LAUCRY Arithmetic-unit carry inject

LAULGC Arithmetic-unit logic-mode control
LDSCTR Load shift counter

LRAINI1 Register A, input-selector control, weight 1
LRAIN2 Register A, input-selector control, weight 2
LRAIN4 Register A, input-selector control, weight 4

T T oA TRTTY
PR WS W

LRAINL

Enable input-selector to register A, bits 01-U&

Enable input-selector to register A, hits 09-16

1-7

Mnemonic

LRATEI
LRATEH
LRATEL
LRBSHL
LRBSHR
LRMIN1
LRMIN2
LRMIN4
LRSCNT
LRSUPW
LRYCNT

MADDO! thru

MADD16
MAFILF
MCCLCL
MCCLST
MCDFLT
MCEREQ
MCERMT
MCILAT
MCINLF
MCINOT
MCINRM
MCINRT
MCIREQ
MCIRLY
MCMBSY
MCPROV
MCRCLE
MCRFIL
MCRTAP
MCRWTD
MCRO060
MCRI100
MCR200
MCRDO1
MCRDO02

Table 1-2. (Cont.)
Function Index

Definition

Trigger enable level for register A, bit 01
Trigger enable level for register A, bits 02-08
Trigger enable level for register A, bits 09-16
Level control for register B to shift left

Level control for register B to shift right
Register M, input selector control, weight 1
Register M, input selector control, weight 2
Register M, input selector control, weight 4
Register S, count enable

Register S, up count control

Register Y, count enable

Memory address, bits 0l through 16

Fill protected memory address
Clear memory control flip-flops

Set memory control flip-flops
Default signal, non-existent memory
External memory request

Request M to memory data bus timing
Memory cycle initiate late

Memory control input, left half

Next cycle is non memory

Memory cycle initiate, normal
Memory control input, right half
Internal memory request

Memory cycle initiate early
Memory busy

Protected sector violation

Memory control: read delay taps



Mnermonic

MCRDHC
MCTRLF
MCTRRT
MCW280
MCWCYC
MCWDO1
MCWDO02
MCWELE
MCWTAP
MCWEND
MCWREQ
MCWTHC

MDOLBS thru

MD16BS

MDOI1RI thru

MDI16RI
MDI1RM tha

n ey /e

MD16RM
MDTRDY
MEMCIN
MENABL
MHDSHK
MLATCH
MLOOPT
MLOVIN
MRRCYC
MWRINH
OPDCOD
OPGA/S
OPGCRY
OPGDBL

OPGGEN
OPGGNA

OPGGNB

OPGI/O
OPGJ/J

Table 1-2. {Cont.)

Function Index

Definiticn

Memory read half cycle
Memory control flip-flop, left half word
Memory control flip-flop, right half word

Memory write cycle, time 280

Memory clear-write cycle

Memory control: write delay taps

Write request
Memory write half cycle
Memory data bus, bits 01-16

Memory data from register I, bits 01-16
Memory data from register M, bits 01-16

Memory data ready

Mainframe memory cycle initiate
Memory module enable

Memory handshake

Memory address latch

Memory lockout option control
Memory lockout violation
Memory read-regenerate cycle

Memory write inhibit

Op-group: add or subtract
Op-group: inject carry = (CAS, IRS, JST)

Op-group: double-precision = (ADD, LDA,
STA, SUB)

Op-group: generics

Op-group: generic A = (OPGEN+) (RFOIFF+)
(RFO2FF+)

Op-group: generic B = (OPGEN+) (RFO1FF-)
(RFO2FF-)

Op-group: input/output
Op-group: JMP and JST

1-8

Mnemoecnic

OPGLGA

OPGMAU

OPGM/D
OPGNEG
OPGSHF

OPGSKP

OPGTAZ

OPGWRT
OPGXCY

OPGXMK

OPGYMA

OPNCAI
OPNCAS
OPNDIV
OPNDPA
OPNERM
OPNIMA
OPNIRS
OPNJIMP
OPNJST
OPNLDX
OPNLSX
OPNMPY
OPNOTK
OPNRMP
OPNSTA
OPNSUB
QAO0/M1
QAL1/A2
QA1SMI1
QABMO1

QB1415

Table 1-2. {Cont. )
Function Index

Definition

Op-group: logical = (ANA, ERA)

Op-group: RM to AU = (ADD, ANA, CAS, ERA,

IMA, IRS, LDA, SUB)
Op-group: multiply/divide = (MPY, DIV)
Op-group: negative = (CAS, ERA, SUB)

Op-group: shifts = (OPGGEN+) (RFOIFF-)
(RFO2FF+)

Op-group: skips = (OPGGEN+) (RFOIFF+)
(RFO2FF-)

Op-group: TRRAFW in TLZ = (ADD, ANA,
ERA, LDA, SUB)

Op-group: memory write = (IMA, IRS, JST, L.SX)

Op-group: X-cycle = (IRS, IMA, CAS, JST,
MPY, DIV, LDX, and DPs)

Op-group: masks = 20 or 24 in RF bits 11-16
RFOIFF =1

Op-group: RY to MA in TLX = (ADD, IMA, IRS,

JST, LDA, STA, SUB)

Operation = CAI = '170024 and IOTIMI
Operation = CAS

Operation = DIV

Operation = Double precision arithmetic
Operation = ERM

Operation = IMA

Operation = IRS

Operation = JMP

Operation = JST

Operation = LDX

Operation = LDX or STX

Operation = MPY

Operation = OTK

Operation = RMP

Operation = STA

Operation = SUB

True only if RAOOFF = RMOLIFF

True only if RAOIFF = RAO2FF

True only if RAOIFF = AU0ISM

True only if the set (AOl, BOl, MO1) has even
parity

True only if RB14FF = RBISFF



Table 1-2. (Cont.)

Table 1-2. (Cont.) F tion Ind
unction Index

Function Index

Mnemonic Definition
i Definition
QB1516 True only if RBI5FF = RB16FF Mnemonic —_
QB1SUB
QHO0104 Address halt comparator, bits 01-04 RKI1112
QHO116 True if memory address = register H, bits 01-16 RK11IN thru Register K input logic, bits 11-16 (shift counter)
QHO0508 Address halt comparator, bits 05-08 RKI16IN
QHO0912 Address halt comparator, bits 09-12 g;ﬁ égg thru Shift counter
QHI1316 Address halt comparator, bits 13-16 RKCBIT Register K C-bit flip-flop
QHSYNC Scope sync test point in address halt logic RKDPMD Register K double precision mode flip-flop
QHTEST Address halt test input RKEAMD Register K extended addressing mode flip-flop
QHTINV Address halt test input inverter RKEANX Register K extended addressing next mode
QIMALC True only if memory address = (RJ), bits 01-04 RKEAPR Register K extended addressing previous mode
5 T i = i -
QIMASC rue only if memory address = (RJ), bits 05-08 RKPFII Reégister K, eight levels of indirect in restricted
QM1SM1 True only if RMO1FF = AU01SM mode
QMA090 True only if memory address, bits 09-12 = zero RKSOVE Register K, stack overflow interrupt enable
QMA1/8 True only if memory address, bits 01-08 = zero RKSTOV Register K, stack overflow/unt_ierﬂow .
QMALHO True only if memory address = 00000 RKXSMD Register K, index from S mode flip-flop
QMALH! True only if memory address = 00001 RMOLIFF thru Register M flip-flops, bits 1 through 16
QMALH2 True only if memory address = 00002 RMI6FF
QSMO/1 True only if AUOOSM = AUOISM gﬁ?ég thru Register M input selector, bits 01-16
RAOOFF Register A extension flip-flop, bit 00 RMOI1IST thru Register M dc set input, bits 01-16
Q.L%ru Register A flip-flops, bits 1 through 16 RM16ST
RAI6FF
/ /‘L' ROOIFF thru Register O flip-flops, bits 01-16
RAOQOIN thru Register A input selector, bits 0-16 RO16FF
RAIL6IN
ROO01ST thru Register O dc set input, bits 01-16
Register B flip-flops, bits 1 through 16 RO16ST
RPO2FF thru Register P flip-flops, bits 02-16
RBO1IN thru Register B input selector, bits 01-16 RP16FF
RB16IN . . .
. RRIOFF thru Memory refresh register flip-flops, bits 10-14
RFOLFF thru Register F flip-flops, bits 1 through 16 RR14FF
RF16FF ' . . :
. RSO1FF thru Register S flip-flops, bits 01-16
RFOI1IN thru Register F clocked input, bits 01-16 RS16FF
RFI16IN _
RS05CY Register S carry/borrow
RFOIST thru Register F dc set input, bits 01-16 .
RF16ST RS09CY Register S carry/borrow
RHOIFF thru Register H flip-flops, bits 01-16 RS13CY Register S carry/borrow
RHI6FF RSCLOV Clear stack overflow/underflow flip-flops
RIOLIFF thru Register I flip-flops, bits 01-16 RSOVEL Stack overflow
RII6FF
RSUNF L Stack underilow
RJOZFF thru Register J flip-flops, bits 02-07 .
RJO7FF RTC020 Real-time clock address detector



Table 1-2. (Cont.)
Function Index

Table 1-2. (

Cont.)

Function Index

Mnemonic Definition
RTC136 Real-time clock address detector, bits 13-16
RTCICY Real-time clock IRS carry Mnemonic Definition
RTC2ZN9 Real-time clock address, bit 2, not bit 9 - -
RTC711 Real-time clock address, bits 7-11 TCINOT Timing control: no cycle-initiate for next
RTCACK Real-time clock acknowledge mainframe cycle
RTCCLK Real-time clock timing pulse TCLMCI Timing control: clear memory cycle initiate
RTCENB Real-time clock enable TDATAP
RTCICL Real-time clock interrupt clear TDETAP
RTCINT Real-time clock interrupt TDLACK
RTCIRS Real-time clock IRS operation TDLEND-(
RTCLOK Real-time clock pulse TDLEND-1 Mainframe clock delay line signals
RTCMSK Real-time clock mask TDLSTT-0
RTCOCP Real-time clock decoded OCP TDLSTT-1
RTCRDY Real-time clock device ready signal TDSRLY
RTC/HP Real-time clock break or HOLDRP TDSTAP
RTC/ML Real-time clock break or MLO interrupt TDSTOP _
RTCSKS Real-time clock decoded SKS TLFCYC F.cycle timing level = (TLICYC-) (TLXCYC-)
RTCSMK Real-time clock decoded SMK (TLYCYC-) (TLZCYC-)
RXOLFF thru Register X flip-flops, bits 01-16 TLF/IC F-cycle or I-cycle timing level
RX16FF , . TLICTR Counter of _TLI cycles (for MLO control)
RYO02FF thru Register Y flip-flops, bits 02-16 TLICYC “I-cycle timing level *
RYL6FF TLIPSP Special indirect timing level for push/pop
SDRBO1 lglats.ysgilﬁf;cjegpizuble -right into register B, bit TLXCYC w‘X-cycle tir?i§g ley'e“l“
SDRBO2 Data shifted double- right into register B, bit TLXYZC X-cycle or Y-cycle or Z-cycle timing level
02 by EAUDRA TLYCYC Y -cycle timing level
SKPCON+2 ) TLY/ZC Y -cycle or Z-cycle timing level
SKPCON+3 TLZCYC Z -cycle timing level
SKPCON+4 k Skip conditions TPDLYD Time -pulse -delayed one-shot circuit
SKPCON+5 TPHALT Time-pulse halt control
SKPCON+6 TPLSGO Time -pulse go (enable) control
SKPCON+ J TPSTOP Stop clock (block cycle-initiate and nonmemory)
SLRAL6 Data shifted left into register A, bit 16 by T-pulse
EAUSLA TPSTRT Start clock
SRRAOQ1 Data shifted right into register A, bit 01 by TPULSETT Time pulse +70 ns (one-shot circuit)
EAUSRA TPULSE Time pulse
SRRBOI If‘?{tgsﬁlli{fted right into register B, bit 01 by TRMLAT Trigger memory cycle initiate late
SRRBO2 Data shifted right into register B, bit 02 by TRMLDV Trigger MLDV flip-flop
LRBSHR TRMNRM Trigger memory cycle initiate normal



Table 1-2. (Cont.) Table 1-3

Function Index Type 716 Mainframe Board Locations

Mnemonrnic Definition Board Designation Slot Location Assembly Drawing
. s 0AAO01B 08A 70050173-701

TRMRLI Trigger memory cycle initiate early 0AA02B 09A 70050176-701

TRMRI.2 Trigger memory cycle initiate early 0AAOQ03B 10A 70050179-701
: : 0AA04B 11A 70050182-701

TRRAFW Trigger register A, full word 0AAQ5C 06A 70050185-701

TRRBFW Trigger register B, full word 0AA06C 0lA 70050188-701

0AA07B 02A 70050191-701

TRRFCL Clear pulse for TRRFFW 0AAO08C 03A 70050194-701
i i 0AA09C 04A 70050197-701

TRRFFW Trigger register F, full word 0AALOD 05 A 70050200-701

TRRIFW Trigger register I, full word 0AAllB 07A 70050203-701

TRRIFW Trigger register J

TRRKCB Trigger C-bit flip-flop in register K

TRRKEA Trigger extended mode flip-flop in register K

TRRKXS Trigger index-from-S mode flip-flop in register K

TRRMFW Trigger register M, full word

TRROFW Trigger register O, full word

TRRPFW Trigger register P, full word

TRRYFWDD Trigger register Y, (delayed), full word

TRSCTR Trigger shift counter, bits 11-16

TSRINH Cycle Initiate timing control

TSTART Driver for first TPULSE delay line

TSTAST Cycle Initiate timing control

TTCLMC Control for clearing Cycle Initiate



SECTION II
FLOW CHARTS/INSTRUCTION ANALYSES

The flow charts and the instruction analyses are detailed presentations of some key

signals generated within the central processor unit from the time an operation code is

recognized until the execution of the operation is completed and the next instruction's fetch

cycle is initiated. The timing diagram for the CPU and the flow charts for the fetch cycle,

the indirect cycle, and the push/pop cycle are presented first, before those of other oper-

ations. Included in the analyses of all other operations are the LBD number for the signal

source and the operational description of the signal,

follows:

Mnemonic

ACA
ADD
ALR
ALS
ANA
AOQA
ARR
ARS
CAI
CAL
CAR
CAS
CHS
CMA
CRA
CSA
DXA
ENB
ERA
EXA
HLT

Instruction

Add C-Bit to A

Add

Logical Left Rotate
Arithmetic Left Shift
Logical AND

Add One to A

Logical Right Rotate
Arithmetic Right Shift

Clear Active Interrupt

Clear Accumulator Left Half
Clear Accumulator Right Half
Compare Accumulator with Storage
Change Sign

Complement A

Clear A

Copy Sign and Set Sign Plus
Disable Extended Addressing
Enable Program Interrupt
Exclusive OR to A

Enable Extended Addressing
Halt

The instructions are presented as

Page

2-9

2-10
2-11
2-11
2-12
2-9

2-13
2-13
2-14
2-15
2-15
2-16
2-17
2-18
2-15
2-19
2-20
2-21
2-22
2-20
2-23

Mnemonic

IAB
ICA
ICL
ICR
IMA

¥*

SKS

Instruction

Interchange A and B

Interchange Characters (Bytes) in A
Interchange and Clear Left Half of A
Interchange and Clear Right Half of A
Interchange Memory and A

Input Mask

Input to A

Inhibit Program Interrupt

Input Keys

Increment, Replace, and Skip
Unconditional Jump

Jump and Store

Load A

Load X

Logical Left Shift

Logical Right Shift

Long Left Logical Shift

Long Left Rotate

Long Left Arithmetic Shift

Long Right Logical Shift

Long Right Arithmetic Shift

Long Right Rotate

Output Control Pulse

Output from A

Output Keys

Reset C-Bit

Shift Count to A

Set C-Bit

Skip

Skip If Ready Line Set

*>eeé IMnerronics (Laoie &-1) given with the skip instructions.

Page
2-24
2-15
2-15
2-15
2-25
2-26
2-26
2-28
2-29
2-30
2-32
2-34
2-35
2-36
2-11
2-13
2-11
2-11
2-11
2-13
2-13
2-13
2-26
2-26
2-37
2-38
2-39
2-38
2-40
2-26



Mnemonic

SMK
SSM
SSP
STA
STX
SUB
TCA
XFS
XFX

The flow charts summarize the sequence of events that occur within t

the execution of each instruction.

the following general analysis.

Instruction

Set Mask

Set A Sign Minus

Set A Sign Plus

Store A

Store X

Subtract

Two's Complement A
Index from S Register

Index from X Register

Page
2-26
2-41
2-42
2-43
2-44
2-45
2-18
2-46
2-46

he CPU during

The flow charts are easy to read if the reader applies

With reference to the Add C-Bit to A (ACA) flow chart, as an example, note that
there is a timing cycle designation (TLF) at the left. This is the timing cycle during
which the operations listed in the flow chart are performed.

The information within a box is in abbreviated text form, that is, certain key
phrases have been replaced with symbology. An example is A—> AUG, which means
that the contents of the A-register are transmitted to the G-input of the arithmetic
unit,

The mnemonics to the right of the box identify the signals that implement the
operation described in the box, In the case of A—> AUG, the signal ERAAUW causes
the transfer,

In some cases, mnemonics have been omitted from the flow chart for simplicity.

In these cases, reference to the analysis of instructions is required.



CPU TIMING FLOW CHART

— HALT TPULSE+:1 MEMCIN+ |
— MASTER CLEAR TDSTOP-S:=|
— 1/0 Y CYCLE )
— 1/0F cYcLE@DMA| TSTART —=0 i
FFMRCY — |
TPSTOP — * TPULSE +=0
y @ TDSTOP-S =1
TSTART— =1
END
MCIREO—X |}
TDSTOP -5
v %
waren— 1] (o0 D (e
ﬂm;mqlw»
*
MHDSHK+ ¢ MCRCLE + § _Mxom:x+ «
_ |
m 100 u ﬁ 70 u TDELAT — | e
TDSTOP — § TDSLAT— ¢ | TPULSE+A |
TPLSGO— |
y
TDSTOP-s 4 END
ancrmm+>»
ToELAT— | (70 )
) TPULSE-T 4
{ G
TRMLAT — «
TPOLYD — ¢
FFMRCY— »
YES
END
—
A
TPULSE +A » END
TSTART— | TSTART— |}
: BOTH EVENTS MUST OCCUR N : N— NANOSECOND DEL AY
y
: ONE EVENT OR THE OTHER )
MUST OCCUR % THESE EVENTS WILL ALSO OCCUR
AS A RESULT OF DMA CYCLE: BUT
— TDSTLAT—
TosToP— | 0 ¢ WILL NOT PROPAGATE INTO THE
‘ CPU, SINCE THE CPU WILL WAITAT
. THE SEQUENGE OF EVENTS POINT (A) UNTIL SUCH DMA CYCLES
END END } - HAVE BEEN COMPLETED.
HAS NO FURTHER IMMEDIATE A

CONSEQUENCES.




NORMAL MODE

FETCH CYCLE

PREVIOUS CYCLE

TLF

TO GENERICS,
1/0, SHIFT &

JMP

FROM EXECUTION
CYCLE

'

P——% MA

Y

[Eal E—wm
[Ea] E—F

3>.M|I' Y

P+IE — P

01ml|||.'_s

ERPMAW +

CMDRMW +
CMDRFW +

~ LRYCNT +
ENRPFW+
HMAFCH +

Y

MRINSTR ®
~OPNJMP +

ﬁ YES

INDEXED ?
( RMO2FF+OPNLSX-) /

ﬁzo

YES/ BASE SECTOR?

Yo —%MA
V3 -7 —o MA3-7

ERJMAH +

/2»7.043?7 =0)

NO

D)

™\ _YES

)

ERYMAH +

ERMMAL +

S / X. ——& AUG

\

___YES/ BASE SECTOR
! (RFOTFF+= 0)

NO
\

Yo7 —=AUH,_;

—

1

Mg o —*AUHg_

]

Y2 —» MA2
J3-7—®MA3_7

PUSH/ POP?
(DRM 4/5 + =1)

«zo

INDIRECT?
(RMOIFF+=1)

NO

TO EXECUTION

(REFER TO SPECIFIC OP CODE)

TO PUSH/POP CYCLE

TO INDIRECT CYCLE

ERXAUW +

ERYAURH +

ERMAUL +

EAUMAW +



EXTENDED MODE FETCH CYCLE FROM EXECUTION

CYCLE

)

TO EXECUTION

(REFER TO SPECIFIC OP CODE)

P— = MA ERPMAW +
[E A] TV M CMDRMW +
fea] =—= F CMDRFW +
MA-E —» v ~ LRYCNT +
P+IE > p ENRPFW+
p— HMAFCH +
PREVIOUS CYCLE
TLF A
NO M °
TO GENERICS, \uwumwmz v
1/0, SHIFT &
JMP
\
PUSH/POP YES TO EXTENDED
momz_ 4/5+:0) PUSH/POP CYCLE
«zo
INDIRECT YES BASE SECTOR  YES
(RMOIFF + = 01) (RFO7FF+=0) /
NO NO
L
Yo_; —=MA,_, | ERYMAH + Jy_y —=MA,_, | ERIMAH+
Mg_,g —*=MAg_ s | ERMMAL + Mg_jg —> MAg_ o | ERMMALY
a—
TO EXTENDED INDIRECT CYCLE
INDEXED /<mm (RFO2FF +=1)
(RMO2FF+0PNLSX) ) = S/X—*=AUG ERXAUW +
« NO
YES [/
{_ BasE SECTOR? BASE SECTORP
NO % NO
—>AUH,_, | ERYAUH+
Jp_p—=MA, o [ ERIMAH+
Y |
Yp_p —=MA,_,| ERYMAH+ Mg_ g—*AUHg g | ERMAUL +
.
Mg_jg —* MAg_ g | ERMMAL+ AU, | —>MA,_ o | EAUMAW +



NORMAL MODE INDIRECT CYCLE

NO

TO EXECUTION
(REFER TO SPECIFIC
OP CODE)

1
E
Esz.\]———-— M CMDRMW +
MA —E———» Y ~LRYCNT +
0f —»wm HMAFCH +
TLFI
YES ( INDEXED? ) NO
(RMO2FF +:1) /
!
X/S—» AUG ERXAUW+
M 2—16 —» AUH ERMAUW +
0 —» AUCRY
\
Y2 ———>MA
Yy AUz-jg—>MA | EAUMAW+ Y3 M3_jg—>-M A2
ERMMAL +
ERMMAH +
v YES
INDIRECT ) » E o
(RMOIFF + =1) [EAJ M
CHDRMW +

2-6

EXTENDED MODE

INDIRECT CYCLE

IX
E
[EA] LY CMDRMW +
MA %__._. ¥ ~SLRYCNT +
0 E—» M HMAFCH +
TLFI i
TLL
NO INDIRECT 2 YES
(RMOIFF += 1)
1
Mo-jg—» MA
’ ERRHAL +
ERRMAH +
YES INDEXED? R
(RFO2FF+ =0}
Y
X/ S — AUG
Mz_jg— AUH ERXAUW+
ERMAUW+
RMMAL +
AUp—jg—» MA EAUMAW- M2-1g—* MA ERMMAh+

TO EXECUTION:

(REFER TO SPECIFIC OP CODE)



NORMAL MODE PUSH/POP CYCLE

PUSH /7

ﬁvcmx OR POP? )

POP(RFI6FF-=0)

zlol.mcwr PREC. OP? )

YES (OPGD8L+=| 8 RKDPMD+:=1)

y L {
S-| ——e3 LRSCNT- S+ ——e 5 LRSCNT-
TLF L -
TLI m<
M "M,
2-16
(M, +5 ) —om
Sho16 "Mamts
POP? YES E _
Om.,._mln Z% o) S+|—— § LRSCNT
[ g NO 1]
]
YES
C oo
_ NO
— XAUW
N (T woexeo; S o o | ermavwe
L / (RMO2FF= 1) \ v
0————»AUCRY
Yo —————»MAz Y2 —————MaAp
My g MA5_ ol ERMMALY, AUy 5—"MA, o] EAUMAWSH
ERMMAH +

]

‘

C

C

o 1 TO INDIRECT
T\ CYCLE

INDIRECT ? "\ YES
(RMOIFF +=0) \
NO
X ?
DBL. PREC, OP:
(OPGOBL + = | "\ ves
ARKOPMD+:1) _J
NO

PUSH NO
V/\/ (RFIGFF — = :T
YES
$s-I ———» s |LRSCNT-

TO EXECUTION

(SEE SPECIFIC OP CODE)

2-7



EXTENDED MODE PUSH/POP CYCLE

L\vcmz OR vonmv

NO(PUSH) \POP(RFI6FF—:0)

h YES (POP)

NO DBL PREC OP?
(OPGiDBL + =1 &

RKDPMD + = 1)

@<mm

s-{ ~——»S§ LRSCNT— St ————eS5 LRSCNT-
TLF l
TLI 3
™, - M,
E EIRMOI+
0——=M, o
;a_+w_v|.|!z_
s " CRSRMW+
2-16 2—-16

Yp—®MA
M3 g~ = MA3

-16

pop ) YES §$+1—= S | LRSCNT—
(RFIGFF—=0) J
) 1
1
YES
A JUMP
NO
Y YES ERMMAL+
INDIRECT M. e MA
(RMOIFF+=0) 2-16 2-16] ERMMAH+
NO 4
POP? v
| YES (CRFI6FF-20)
]
S+1l—-—S | LRSCNT-
TO DIRECT
CYCLE
L i . X/§———» AUG | ERXAUW+
NO /7 INDEXED? T\ YES " avn | ERMAUW +
f/ (RFO2FF +4-=1) /
0 ——& AUCRY
. Y2 —— MA2
ERMMAL+,ERMMAH . AUy g—"MA5 g [EAUMAWS

DBL. PREC. OP? YES
(OPGDBL+= | 8 )
RKOPMO+=1)  J

NO

7\ PUSH? NO
‘/ (REI6GFF — =1}

[VES

LRSCNT-

S-j————&S$

v TO EXECUTION
(REFER TO SPECIFIC OP CODE)



ACA, AQA

TLF

ENTER FROM FETCH

PAGE

ACA

AOA

AUG

C—AUCRY

| —» AUCRY

AU —»

OVERFLOW

—C

y

TO FETCH

PAGE

ERAAUW+

LAUCRY +

LRAINI+, ENRAFW +

EIRKCB +,TRRKCB +

A Increment Instructions

Type: Generic

Execution Time (ns): 800

Mnemonic | Op. Code Instruction Description
ACA 141216 Add carry (A) + (C) —(4)
to A OVFL —=(C)
AOCA 141206 Add one to (A) + 1 —(A)
A OVFL —=(C)
Signal Origin  |Cycle|Instruction Developing Signals
ERAAUW+ |129-D9 TLF OPGGEN-=(RFO3FF-)(RF04FF-)(RMO5FF-)
(REO6FF-)
LAUCRY- [117-B8 TLF AGA15C-=(DF13/C+)(OPGGNA+A)
LRAIN1+ |122-F1 TLF AGA14G-=(RF11FF-)(OPGGNA+)(RF14FF+)
ENRAFW+ |122-E10 TLF AGAO07G-=(RFO7FF+)(OPGGNA+A)
TRRKCB+ |124-F5 TLF AGA019-=(OPGGNA+)(RFO09FF+)(RF11FF-)
EIRKCB 124-F2/F4|TLF AGA150-=(OPGGNA+)(QSMO0/1-)}(RF15FF+)

2-9




ADD

TLFI

TLZ

ENTER FROM FETCH
OR LAST INDIRECT
CYCLE PAGE

MA —» Y
0O -« C

£
0 - M

[EA]E—O M

A—>AUG
M —»AUH

C — AUCRY

OVERFLOW—=C

~ LRYCNT +
TRRKCB+

HMAFCH+

CMDRMW +

ERAAUW +
ERMAUW +

~LAUCRY—

LRAINt+, ENRAFW +

EIRKCB+ TRRKCB+

1

TO FETCH PAGE

Mnemonic:

ADD

Instruction: Add to A

s,
[FTOllI_TO\SAA[AIAAAA
4 5 6 7

0 6

PEEN,

A

12 3 g8 9 10 11 12 13 14

Description: (A) + [EA—=(A)OVFL—(C)

15

16

Type: MR Execution Time(ns)
Op. Code: 06 1600

Signal Origin [Cycle|Instruction Developing Signals
TRRKCB+ |[124-F5 TLFI OPGA/S-=(OPNSUB-)(OPNADD-)
ERAAUW+ |127-D9/D1YTLZ AA/SZA-=(TLZCYC+A)(OPGA/S+)

ERMAUW+|127-G4/G6

LAUCRY-
LRAINI+
ENRAFW+
TRRKCB+
EIRKCEB

117-C8
122-F1/Gl
122-E10
124 F5
124-F2/F4

TLZ
TLZ
TLZ
TLZ
TLZ
TLZ

AMAUXZ-=(TLXYZC+)(OPGMAU+)
AA/SXZ-=(RKCBIT+)(OPGA/S+)(TLXYZC+)
EAURAW-1=(HENHAU-R)(OPGMAU-)
ATAZZC-=(TLZCTC+A)(OPGTAZ+)
OPGA/S-=(OPNSUB-)(OPNADD-)
AA/SZO-=(OPGA/S+)(QSMO/I-)(TLZCYC+)




LEFT SHIFTS

ENTER FROM
FETCH PAGE Left Shifts
M”"GEE. ScC ERMSCT+, LDSCTR-, TRSCTR + Signal Origin |Cycle|Instruction Developing Signals
o—~=¢ TRRKCB + ERMSCT+ |125-B4 TLF ERMSCT+=(TLFCTC+)(OPGSHF+A)
NO Y YES LDSCTR- |125-D4 TLF LDSCTR-=(TRSCTR+)(TLF /IC+)
'—((oarzsgée- =o} TO FETCH PAGE
L s —— TRSCTR+ |125-D2 TLF OPGSHF+=(OPGGEN+)(RFO1FF-)(HAU/MA-)
TLY — - - - - - - " —-—"—-"—- —= (RFO2FF+)
— — — . — ST ANALSIS o TRRKCB+ |124-F5 TLF OPGSHF-=(OPGGEN+)(RFOIFF-)(RFO2FF+)
x L LGL ALS SEE ANALY (HAU/MA-)
z .
aEs B oEep ENRBFW
1S 6 SURaIas CRESHLY, EITLYC+ [119-D11 |TLF AJMPW1-=(TLFCYC+)(DRFZRO-)(OPGSHF+A)
Ba_jg=> Bo-y5 ENRBFW +,LRBSHL+
. — ENRBFW+ |123-F3 TLY|LLR, LLL,| ASHF8C-=(RF08FF-)(TLYCYC+A)(OPGSHF+)
By ==8B, B/ ==8, ENRBFW+, LRBSHL+, A LLS
SLRBOI+
A—=AU ERAAUW+ LRBSHL+ [123-Gl TLY |LLR, LLL,| ASHF7U-=(RFO7FF+)(OPGSHF +)
LLS
B E=ag Bofenig| 4 5ean 0Zeals [ENRAF W+, LRAIN 4+,
SLRAI6+
YRS ENRAF WS, LRALNG+ SLRB16+ [123-G7 TLY|LLR ASHU19-=(RF09FF+)(OPGSHF+)(AUOOSM+)
A Eec OVERFLOWEec A Esc overFLow Emc| [EIRKCB, TRRKCB + SLRBO1+ |123-Géb TLY{{LLR, LLL | ASHB20-=(OPGSHF+)(RBO2FF+){(RF10FF-)
SC+I—=sC TRSCTR + LLS AGE101-=(RBOIFF+)(AGE108+)
ERAAUW+ |127-D9 TLY OPGGEN-=(RF03FF-)(RF04FF-)(RF05FF-)
NO SC  pRev =7T7\YES (RFO6FF-)
C(DSCT.,.,_ 20) ) TO FETCH PAGE
Left Shift Instructions ENRAFW+|122-F10 |TLY ASHLYC-=(OPGSHF+)(TLYCYC+A)
Type: Shift Execution Time (ns): 800 + 350 x N LRAIN4+ [122-F5 |TLY ASHF7U-=(RFOTFF+)(OPGSHF +)
“| Mnemonic | Op. Code Instruction Description SLRA16+ TLY|LLR, LLL | ASHB18-=(RF10FF-)(RFO8FF-)(RBO1IFF+)
(OPSHF+A)
LLR 0412 Long Left Rotate . . A, A|s|<. .lBI Bl LLS AGE102-=(AGE1084)(RBO2FF+)
ALR ASU18-=(AU00SM+)(OPGSHF +A)(RF09FF +)
RFO8FF+
LLL 0410 Long Left Logical An A B Bie 0 ( )
Shift EIRKCB |124-F2/F4| TLY{[LLR, LLL,| ASHU17-=(ASHLYC+)(RF10FF-)(RFO7FF+)
ALR, LGL AUOOSM+
LLS 0411 Long Arithmetic Left m 5 5 o R, ( )
: 2 6]
Shift LLS,ALS | ASHA/7-=(RFO7FF+)(QA1/A2-)(ASHLYC+)
OVFL (RFLOFF+)
LLS,ALS | ASHKB7-=(RKCBIT+) (REO7FF+)(RF10FF-)
ALR 0416 Logical Left Rotate m (ASHLYCH)
TRRKCB+ | 124-F5 TLY OPGSHF-=(OPGGEN+)(RFO1FF-)(RF02FF+)
(HAU/MA-)
LGL 4 - ;
041 Logical Left Shift el Ao TRSCTR+ |125-Dz |TLY OPGSHF-=(OPGGEN+)(RFO1FF-)(RF02FF+)
(HAU/MA-)
Ao vELe Arnithmetic Leit Snift A Argf=—0 EITLYC+ |119-pD10 {TLY AJMPWI1.=(TLYCYC+A)(DSCT77-)(O PGSHF+A)
OVFL




ANA

ENTER FROM FETCH
OR LAST INDIRECT

SoS| SpS3= HHLH
M:=H
(AU=AUG® AUH )

CYCLE PAGE
E .
MA —bE Y YLRYCNT +
0 —» M HMAFCH +
E
[ea) =—m CMDRMW +
9
A —» AUG ERAAUWS
M —» AUH | ERMAUW+
L
AU CONTROL:
LAUCOI +

LAULGC 4

ml

AU—>A

LRAINI +,ENRAFW+

Y

TO FETCH PAGE

Mnemonic:

ANA

Instruction: Logical AND

I:FTO
1 2 3 4 5 6 7 8 9

0 3
e et e,

of1]1|s|alalalalala

AlA

10 11 12 13

Description: (A) A [EA] —=(A)

14 15

16

Type: MR Execution Time(ns)
Op. Code: 03 1600

Signal Origin |Cycle| Instruction Developing Signals
ERAAUW+ |127-D9/D1Y TLZ | ALGAXZ-=(TLXYZC+)(OPGLGA+)
ERMAUW+127-G4/Gé6 TLZ% AMAUXZ-=(TLXYZC+)(OPGMAU+)
LAUCO1l+ |117-D3 TLZ ALGAXZ-=(TLXYZC+)(OPGLGA+)
LAULGC+ }117-Bl TLZ | ALGAXZ-=(TLXYZC+)(OPGLGAH+)
LRAIN1+ |122-F1/Gl | TLZ EAURAW-1=(HENHAU-R)(OPGMAU-)
ENRAFW+ {122-E10 TLZ ATAZZC-=(TLZCYC+A)(OPGTAZ+)




RIGHT SHIFTS ENTER FROM FETCH Right Shifts
PAGE
Signal Origin Cycle|Instruction Developing Signals
i ERMSCT+ |124-B4 TLF ERMSCT+=(TLFCYC+)(OPGSHF +A)
Mi—ie ‘é—; SC | ERMSCT+, LDSCTR—, TRSCTR+,TRRKCB +
0 —=» ¢ LDSCTR-~ |125-D4 TLF LDSCTR+=(TRSCTR+)(TLF/IC+)
y ) TRSCTR+ [125-D2 TLF OPGSHF+:(OPGGEN+)(RFOIFF-)(HAU/MA—)
NO SC=0 ™\ TES - (RFO2FF+)
( . TO FETCH PAGE
TLF DRFZRO— = 0) f
- a4 —_—— Y == —_— - — — — = —_ = == TRRKCB+ |124-F5 TLF OPGSHF -=(OPGGEN+)(RFOLIFF-)(RF02FF+)
TLY (HAU/MA-)
|
LRR LRL LRS ARR LGL ARS SEE ANALYSIS FOR STATE OF: EITLYC+ |119.D11 TLF AIMPW1-=(TLFCYC+)(DRFZRO-)}(OPGSHF +A)
A— AU ERAAUW+, LRBSHL +, ERAAUW+ [127-D9 TLY OPGGEN-:(RF03FF-)(RFO4FF-)(RF05FF-)
3 3 £ 3 E 3 ENRAFW+, LRBSHL+, (RFO6FF-)
Big—>A | O—>A | A|— A | Ag—>A || 0O —>A| | AiI—/—>A4 LRAIN4+, SRRAOI +
Py ENRAFW+, LRESHR +. ENRAFW+ |122-F10 |[TLY ASHLYC-=(OPGSHF+)(TLYCYC+A)
LRAING+ : .
Ars E B, B, E B, ENRBFW+, LRBSHR+ LRAIN2+ 122-F3 TLY ASHF?S-:(OPGSHF+A)(RFO7FF—)
SRRBO2 +
LRAIN4+ 122-F5 TLY ASHF7S-=(OPGSHF+A)(RFO7FF -
8 £ =5, AgEs B, g:;gg\gi, LRBSHR +, ( )it )
Bs — 1583 _ 16 ENRBFW+, LRBHR+ SRRAOI+ [123-G9 TLY |(LRS,ARS |ASU10-=(OPGSHF+)(RF10FF+)(AUOOSM?+)
Bg E_o¢ Ag E o ¢ EIRKCB, TRRKCB+ ARR ASHU68-=(AU16SM+A)(RFO8FF+)(RF09FF+)
(OPGSHF +A)
sc+1 &= sc TRSCTR+
LRR ASHB68-=(RF09FF+)(RFOS8FF-)(OPGSHF +A)
. (RB16FF+)
/’sc =772\ YES
k(DscPTR'%_:o} TO FETCH PAGE ENRBFW+ [123-F3 TLY | LRR, LRL,| ASHF8C-=(RFO8FF-)(TLYCY+A)(OPGSHFT)
LRS

Right Shift Instructions _ )

Type: Shift Execution Time(ns): 800 + 350 x N LRBSHR+ [123-G2 TLY i}};?,LRL, ASHF7S-=(OPGSHF+A) (RF07FF-)
Mnemonic | Op. Code Instruction Description SRRBOI+ [123-G10 |TLY [[LRS ASHB12-=(RBO1FF+)(RF10FF+)(O PGSHF +)
LRR 0402 Long Right Rotate | LRR, LRL | ASHU60-=(OPGSHF+)(RF10FF-)(AU16SM+A)

> |A' A"‘l IB‘ JB"’ . SRRBO2+ }123-G11 |TLY |(LRR, LRL |ASHB10-=(RBOIFF+)(RF10FF-)(OPGSHF+)
LRL 0400 Long Right Logical O——-IA‘ A,GI—-—! B, Bie LRS ASHU62-=(AU16SM+A)(RF10FF+)(OPGSHF +)
Shift , )
2 EIRKCB 124.F2/F4|TLY ||LRR, LRL ASHB67-:(RBleF+)(RF08FF-)(RFO?FF-)
o LRS (ASHLYCH+)
LRS 0401 Long Arithmetic N B. B c
Right Shift e e o] ARR, LGR,| ASHU67-=(ASHLYC+)(AU16SM+A)(RFO8FF+)
ARS (RFOTFF-)
TRRKCB+ |124-F5 TLY OPGSHF-=(OPGGEN+)(RF01FF-)(RF02FF+)
ARR 0406 Logical Right Rotate (HAU/MA-)
TRSCTR+ |125-D2 TLY OPGSH-=(OPGGEN+)(RFO1FF-)(RF02FF+)
(HAU/MA-)
. . . .
LGR 0404 Logical Right Shift oA Auf—{c] EITLYC+ |119-D10 |TLY| = |AIJMPWI1-=(TLYCY+A)DSCT77-(OPGSHF+A)
ARS 0405 Arithmetic Right " C
Shife 2 A Aef——{c]




CAI ENTER FROM
FETCH PAGE

TRIGGER I/0 TIMING
| —»PIO
| —» CLR.INT
| —s CLR.INT

| —»BSTROB

00—+ PIO

0 —=CLR.INT

TO FETCH PAGE

1OTDEN +

BPRG1O~-
BCLINT +
BCLPRN +

BSTROB +

BPRGIO -

BCLINT +

% INTERRUPT WILL OCCUR IN PLACE OF NEXT FETCH

Mnemonic: CAI

Instruction: Clear Active Interrupt
Type: 1/O

Op. Code: 74, F=0, A=24

. 7 0 0 2 4
e e, e ——  —————. - ——— A . ——

[1111000000010100
2 3 4 5 6 7 8 9 10 1 12 13 14 15 16

Description: Clear Active Interrupt Request
Execution Time(ns)

3000

Signal Origin |Cycle|Instruction Developing Signals

IOTDEN+ [138-Al TLY
BPRGIO- |[138-F1 TLY
BCLINT+ (138-F1l2 TLY

BCLPRN+ |138-F10 TLY
BSTROB+ |138-F11 TLY

AI/OFC-=(FRSTMD-){TLFCYC+)(OPGI/0O4)
BPRGIO-=(IOTIM1+)

OPNCAI-=(RF02FF+)(RFO7TFF-)(RFO8FF-)
(OPGXMK+)(RF10FF-)(RFO9FF-)(RF14FF-)
(IOTIM1+)

ACAICC-=(IOTIMC+)(OPNCAI+)
ACAILC-=(OPNCAI+)(IOTIML+)




A
CAR, CAL, CRA FROM FETCH
PAGE
\
CAR CAL CRA
E
00— A_g LRAINH—
0 ———E-—-b' Ag—16 LRAINL—

ENABLE LOAD Ag—|g

ENABLE LOAD Aj—g

ENABLE LOAD A|_g LRATEI +, LRATEH +

ENABLE LOAD Ag-—1I6 LRATEL +

i

TO FETCH
PAGE

ICR,ICL,ICA FROM FETCH PAGE
!
ICR IcL ICA
E E E
Ag_jg—A_g 0 — A|_g Ag_ g A _g

0 —%Ag-i6

E
Aj-g—® Ag_¢

E
Al_g—® Ag_5

LRAINI+ | LRAIN2+, LRAINH—
LRAINI + , LRAIN2+, LRAINL—

ENABLE LOAD A;_g
ENABLE LOAD Ag-ig

LRATEI +, LRATEH+
LRATEL+

\

TO FETCH PAGE

Accumulator Byte Operations

Type: Generic Execution Time(ns): 800
Mnemonic | Op. Code Instruction Description
CAR 141044 Clear Accumulator,
Right Half (AI_S)—>(A1_8), O“"’(A9_16)
CAL 141050 Clear Accumulator,
Left Half O—»(Al_s), (Ag_lé)-——-»(Ag_lé)
CRA 140040 Clear Accumulator O——(A1 16)
ICA 141340 Interchange Chara-
cters (bytes) in A (Al_g)——(Ag_ 16)
ICL 141140 Interchange and Clear
Left Half of A (A1_8)———(A9_16), O—»(Al_s)
ICR 141240 Interchange and Clear
Right Half of A (Ag_lé)——>(A1_8), O"""(A9-16)
Signal Origin - |CyclelInstruction Developing Signals
LRAIN1+ |122-F1 TLF AGA11G-=(RF11FF+)(OPGGNA+A)
LRAIN2+ [122-F3 TLF AGA11G-=(RF11FF+)(OPGGNA+A)
LRAINH- |122-E7 TLF |ICR,ICA |AGA1l19-=(RFI11FF+)(RFO9FF-)(OPGGNA+)
LRAINL- [122-E8 TLF [ICL,ICA |LRAINL-=(RF11FF+)}{OPGGNA+A)}RF10FF-)
LRATEH+ {122-G10 TLF bRA, CAL |AGANFO-=(RF10FF-)}(RF12FF-)(OPGGNA+)
(RFO9FF-)
ICL,ICR, |AGA07G-=(RFOTFF+)(OPGGNA+A)
ICA
LRATEL+ |122-G11 AGANFO-=(RFI0FF-)}{RF12FF-)(OPGGNA+)

TLF i[CRA, CAR

ICL,ICR,
ICA

(RFO9FF-)

AGAO07G-=(RFO7FF+)(OPGGNA+A)




CAS ENTER FROM FETCH
OR LAST INDIRECT
CYCLE PAGE
E
MA ——= Y ~LRYCNT +
E
0 —=M HMAFCH +
)
E
Ea]=—— ™ CMDRMW +
TLFI
TLX
A —» AUG ERAAUW+
M —& AUH ERMAUW +
| ——=AUCRY | LAUCRY-—
\
AU CONTROL:
SoS) Sp Sz=LHHL LAUCOO—
YN
(AU=AUG MINUS AUH)
NO YES
az[en]?
(DAUDOO+=0) |
]
NO
a< [ea]
(AUOOSM+=0)
YES
Y
P+ =P ENRPFW+
TLX |
TLY ‘ }
E Pl P
TLY P+1—aP ENRPFW+
TLZ ]
TO FETCH PAGE

ENRPPFW+W

s]A A

alalalalalala

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Execution
Mnemonic: CAS Description: If (A)> [EA] , Execute Time(ns)
s Next Instruction 1600
Instruction: Compare Accumulator - .
with Storage (A) = [EA] , Skip Next
Instruction 1950
Type: MR (A)< [EA], Skip Next
Op. Code: 11 Two Instructions 2300
Signal Origin Cycle|Instruction Developing Signals
ERAAUW+ |127-D9/D1]| TLX ACASXZ-=(TLXYZC+){OPNCAS+)
ERMAUW+|127-G4/G6|TLX AMAUXZ-=(TLXYZC+)(OPGMATU+)
LAUCRY- |117-C8 TLX ACRYXC-=(TLXCYC+){OPGCRY+)
LLAUCOO- |117-D4/E4| TLX ANEGXZ-=(TLXYZC+)(OPGNEGH+)
EITLYC- }119-Dé TLX ACASX1-=(TLXCYC+A){AUOOSM+)(DAU000-)
(OPNCASH+)
EITLZC+ |119-F9 TLX ACASX0-=(TLXCYC+A)DAUOOO+)(OPNCAS+)
ENRPRW+ |129-C9 TLY ACASXZ-=(TLXYZC+)(OPNCAS+)
EITLZC+ |119-F9 TLY ACASYC-=(OPNCAS+){TLYCYC+)
ENRPEFW+|129-C9 TLZ ACASXZ-=(TLXYZC+)(OPNCAS+)




CHS

TLF

ENTER FROM FETCH
PAGE

!

r A —=AUG

AU CNTLS:

Sg S| SpS3 = HLLH
MODE = H

(AU = AUG (D AUH)

4

E
AU A

TO FETCH PAGE

ERAAUW +

LAULGC+

LRATEI+,LRAINI+

Mnemonic: CHS
Instruction: Change A Sign

1 4 0 0 2 4
e e \e—, | — .. et e, N S

1100000000[0[10100

1.2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Description: (A1 )—»(A1 )(AZ_ 16) ——»(Az_ 16)

Execution Time(ns)

Type: Generic 800
Op. Code: 140024
Signal Origin |CyclejInstruction Developing Signals

ERAAUW+ |127-D9 TLF

LAULGC+ |117-B1 TLF
LRATEIL+ |122-G8 TLEF

LRAIN1+ [122-F1 TLF

OPGGEN-=(RFO03FF-)(RF04FF-)(RFO5FF -)
(RFO6FF-)

AGANFC-=(OPGGNA+)(TLYCYC-)(RFO9FF-)
AGANFC-=(OPGGNA+){(TLYCYC-(RFO9FF-)

AGA14G-=(RF11FF-)(OPGGNA+)(RF15FF+)




CMA, TCA

ENTER FROM FETCH
PAGE

A —»AUG

y

AU CNTLS :
So S| S5 S37 HLLH
MODE = H
(AU=AUGEBAUH)

E
AU—> A

TO FETCH PAGE

TLF

NO TCA?
‘ (EITLYC-)

ERAAUW+

LAULGC +

LRAINI+ ENRAFW+

YES
TLY Y
A— AU ERAAUW +,
|—>-AUCRY | LAUCRY+
|
E
AU—> A LRAINI+,ENRAFW +

TO FETCH PAGE

Complement A Instructions
Type: Generic

Execution Time(ns): CMA: 800

TCA: 1150
Mnemonic | Op., Code I[nstruction Description
CMA 140401 Complement A (A1_16)—>(A1_16)
TCA 140407 Two's Complement A (A1-16) + 1—-——(A1_16)
Signal Origin  |Cycle{Instruction Developing Signals
ERAAUW+ |127-D9 TLF OPGGEN-=(RFO03FF-)(RF04FF-)(RFO5FF-)
. (RFO6FF-)
LAULGC |117-Bl TLF AGANFC-=(OPGGNA+)(TLYCYC-)(RFO9FF-)
LRAIN1+ |122-F1 TLF AGA08G. =(OPGGNA+A)(RF08FF+)
ENRAFW+ |122-E10 TLF AGANF0-=(RF10FF-)(RF12FF-)(OPGGNA+)
(RFO9FF-)
ERAAUW+ |127-D9 TLY {TCA OPGGEN-=(RF03FF-)(RF04FF-)(RFO5FF-)
(RFO6FF-)
LAUCRY+ J11i7-B8 TLY |TCA AGA15C-=(DF13/C+}{OPGGNA+A)
LRAIN1+ 122-F1 TLY |[TCA AGA08G-=(OPGGNA+A)(RFO08FF+)
ENRAFW+ |122-E10 TLY |TCA AGANF0-=(RF10FF-)}(RF12FF-)(OPGG NA+)

(RFO9FF-)




CSA

TLF

ENTER FROM FETCH
PAGE

l

AfecC

!

E
O-DA|

'

TO FETCH PAGE

EI1RKCB+, TRRKCB+

LRATE 1 +

Mnemonic:

CSA

1 4 0 3 2 0

-

1100000011[010000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Description: (A1)~>(C), O—-—(AI), (Az_lé)—HAz_lé)

Instruction: Copy A Sign and Set A Sign Plus

Type: Generic

Execution Time(ns)

800
Op. Code: 140320
Signal Origin |Cycle]Instruction Developing Signals
EIRKCB+ |[124-F2/F4|TLF AGA121-=(RF12FF+)(RAOIFF+A)(OPGGNA+)
TRRKCB+ |124-F5 TLF AGA091-=(OPGGNA+)(RFO9FF+)(RF11FF-)
LRATEl+ |122-G8 TLF

AGA12G-=(OPGGNA+A)(RF12FF+)

2-19




DXA,EXA

TLF

ENTER FROM FETCH

PAGE

1

E

F15 —*RKEANX

TO FETCH
PAGE

TRRKEA+

Extended Addressing Controls
Type: Generic

Execution T'ime(ns): 800

Mnemonic | Op. Code Instruction Description
DXA 000011 Disable Extended
Addressing O——=RKEA
EXA 000013 Enable Extended
Addressing 1—=RKEA
Signal Origin {Cycle{Ilnstruction Developing Signals
TRKKEA+ 124-F11 | TLF | TRRKEA+=(RF14FF-)(OPGGNB+)(RF 13FF+)

2-20




ENB

TLF

ENTER FROM FETCH
PAGE

i

E
| —~ FFPRMI

i

TO FETCH
PAGE

AGBOB8G+

0

0 4 0 1

-’

e S e P m— o m—

0

0

0Ojofo|1f{ojoio0oj0j0i0}{0}1l

Mnemonic: ENB

Instruction: Enable Program Interrupts
Type: Generic

Op. Code: 000401

3

4

5 6 7 8 9 10 11 12 13 14 15 16

Description: l-=Interrupt Permit FF

Execution Time(ns)
800

Signal Origin Cycle|Instruction

Developing Signals

AGBO08G+ |[134-A3 TLF

AGBO08G+=(RFO08FF+)(OPGGNB+A)

2-21



ERA

TLFI

TLZ

ENTER FROM FETCH
OR LAST INDIRECT

CYCLE PAGE

MAE——"“ Y

E
O — M

AU CONTROL:

SoS,; S 33= LHHL

M=H
(Aumus@ AUH)

AUy ——» A

|

TO FETCH PAGE

~ LRYCNT+

HMAFCH +

CMDRMW +

ERAAUW +
ERMAUW +

~ LAUCOO—
LAULGC+

LRAINI+, ENRAFW+

[; T{ol1 0|1 |sialajalalafalalala

0 5
e, s e———.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Mnemonic: ERA Description: (A)¥ [EA]—=(A)
Instruction: Logical Exclus.ve - Or Execution Time(ns)
Type: MR 1600
Op. Code: 05

Signal Origin Cycle Instructioné Developing Signals
ERAAUW+ |127-D9/D11{TLZ EALGAXZ-=(TLXYZC+)(OPGLGA+)
ERMAUW+|127-G4/Gé |TLZ fAMAUXZ-=(TLXYZC+)(OPGMAU+)
LAUCOO- |117-D4/E4 |TLZ ! ANEGXZ-=(TLXYZC+)(OPGNEG+)
LAULGC+ |117-B1 TLZ gALGA.XZ-=(TLXYZC+)(OPGLGA+)
LRAINI+ |122-F1/Gl |{TLZ fEAURAW-1=(HENHAU-R) (OPGMAU-)
ENRAFW+ {122-E10 TLZ

[ATAZZC-=(TLZCYC+A)(OPGTAZ+)




HLT ENTER FROM FETCH
PAGE
YES MLO ENB?
(FRST MD+:=1)
NO
TLF

INHIBIT CLOCK TPSTOP —

]

% INTERRUPT WILL OCCUR IN PLACE OF
NEXT FETCH

0 0 0 0 0 0
” --'\r Aﬁ' “ ‘ ———
olofo]o ojojojofojolofofofo]o
1 2 _ 3 4 6 7 8 9 10 11 12 13 14 15 16
Mnemonic: HLT Description: Inhibit Clock
Instruction: Halt Execution Time(ns)
Type: Generic 800
Op. Code: 000000
Signal Origin  |Cycle|Instruction Developing Signals
TPSTOP- |126-F4 TLF

AGBNFG-=(TPSTART-)(FRSTMD-C)(OPGGNB+)

(RF16FF-)

2-23




IAB

v(imj;\o%‘}@ ‘H@ /’) owé E Pk?

TLF

ENTER FROM FETCH
PAGE

A —» AUG

B— A

Ay ——B

ERAAUW +

ENRAFW + LRAIN2 +

ENRBFW +

TO FETCH PAGE

go ZB%#(LW

Mnemonic:

IAB

0 0 2 0 1
- R NSRS S— e e,

oooooA001010100001

Instruction: Interchange A and B

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Description: (A)w—{(B)

Execution Time(ns)

Type: Generic 800
Op. Code: 000201

Signal Origin |Cycle|Instruction Developing Signals
ERAAUW+ |127-D9 TLF OPGGEN-=(RFO03FF-)}(RF04FF-)}{(RFO05FF-)

(RFO6FF-)

ENRBFW+ |123-F3 TLF AGBO09G-=(OPGGNB+A)(RFO09FF+)
ENRAFW+ |122-E10 TLF AGB09G-=(OPGGNB+A)(RF09FF+)
LRAINZ2+ 122-F3 TLF

AGB09G-=(OPGGNB+A)(RFO09FF+)




IMA

— — — — c—

< <

<

ENTER FROM FETCH OR
LAST INDIRECT CYCLE

PAGE
Y
MA-E—» Y ~ LRYCNT +
o= e m HMAFCH+
EAJEem CMDRMW+
E
M ——AUH ERMAUW+
E
A—s M LRMINI+, TRRMFW +

Y—>MA

E
| ——>MCWCYC+

M —> AUH

I
Y= 2 AU ———bE B
Y= 3 M—E—-"S
=1 /17 WRITE INHIBIT
>20 | M—=[E4]

TO FETCH PAGE

LRAINI+,ENRAFW +

ERYMAW +

~EIMCWC —

ERMAUWH+

DMAFIL-
ERMRXW—

LRAIN+, ENRAFW+
ENRBFW +
CRMRSW-—

MWRINH +
DMAFIL—

Mnemonic:

IMA

FITI1]10 1 |1|S|AJA|A|A|AAA A

Instruction: Interchange Memory and A

t 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Description: (A)T =~ [EA]

~——

Execution Time(ns)

16

Type: MR 2400
Op. Code: 13
Signal Or'igin Cycle|Instruction Developing Signals

ERMAUW+ |127-G4/G6 |TLX AMAUXZ-=(TLXYZC+)(OPGMAU+)

LRAIN1+ |122-F1/Gl |TLX EAURAW-1=(HENHAU-R)(OPGMATU-)

ENRAFW+ |122-E10 TLX AIMAXC-=(TCXCYC+)(OPNIMA+)

LRMINI+ |128-F4 TLX AIMAEZ -=(EITLZC+)(OPNIMA+)

ER'YMAW+ 129-G1 TLX AYMAXC-=(TLXCYC+)(EMFMAW+)(OPGYMA+)

E1IMCWC+ [126-F1 TLX AWRTEZ-=(E1TLXC+)(OPGWRT+)

ERMAUWHY |127-G4/F6 |TLZ MCWCYC-=(MCWCYC+)

DMAFIL- |130-C10 TLZ DMAFIL-=(HMASTO-)(QMALHO-)(QMA090+)
(OMA1/8+)

ERMRXW- |128-B2 TLZ ACWCYO-=(MCWCYC+)(DRY000+)

LRAIN1+ |122-F1/Gl |TLZ EAURAW—IQ(HENHAU-R)(OPGMAU—)

ENRAFW+ |122-E10 TLZ ACWCY1-=(RY1I5FF-)(MCWCYC+)(RY16FF+)
(DRYREGH+)

ENRBFW+ |123-F3 TLZ ACWCY2-=(DRYREG+)(RY15FF+) (RY16FF-)

: (MCWCYC+)

CRMRSW- |128-B3 TLZ CRMRSW-=(MCWCYC+)(DRY003+)(TPDLYD+)

2-25




OTA

SKS
SMK
INA ENTER FROM FETCH ocp ENTER FROM FETCH
PAGE PAGE
IMK
e er——— \bw - iqx
(o (T
YES / (I0 sTOP-) YES r/
TLF
TLY
]
Y
YES 7 MLQ ENB ES /7 wMw0ENB?
ﬂmmma_so += 1) / (FRSTMD + = 1 )
f ]
INA IMK OTA | Sks | smk | ocp
TRIGGER I/0 TIMING IOTDEN + TRIGGER I/0 TIMING IOTDEN +
R i | e
START PIO BPRGIO- — "
START PI BPRGIO-
/\ / o
H \ « I\ . 4
V4
DEVICE mm.»o% NO DEVICE READY?
\_(BORLIN—=1) (BDRLIN— = 1)
\
y
| —= READY FF | EIRDYF+, IRDYF +
TOTIMS + | — = READY FF mom.w_sm o
‘ - Y
INA IMK
AANF7-w AUG ERAAUW + SMK | OCP | OTA | SKS
BOAT —#-AUH EBDAUW+ ~ENRFFWA |ps1 5 p ~ ENRPFW +
AU CONTROL
S8 52537 HLLL LAUCO3—
MODE = L L AULGC+ \
(AU = AUG om AUH) LRAINI+ | ———» STROBE BSTROB +
AUS—®=A ENRAFW+ TRIGGER P TRRPFW + P
P+i1E wp ENRPFW+
L
Y V
| ——s=STROBE BSTROB+ —
TRIGGER A TRRAFW + P ' END PIO BPRGIO
TRIGGER P TRRPFW +P
%
1 4 Y
! END PIO BPRGIO— TO FETCH PAGE
*
% INTERRUPT WILL OCCUR IN PLACE OF NEXT FETCH

TO FETCH PAGE
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I1/0 Instructions

Type: 1/0 Execution Time(ns): 3000
Mnemonic | Op. Code Instruction Description
OCP 14 Output Control Pulse | Set or Clear Specified Function of Addressed
Device
SKS 34 Skip if Device Ready If Specified Condition of Addressed Device is
Ready, Skip Next Instruction; Otherwise
Execute Next Instruction
INA 54 Input to A Ready: F,=0: I/O Bus V (A) — tsvmw% next
A £ 20V24 m,qnf 1/0 Bus —=(A) instruc.
Not Ready: Execute Next Instruction
IMK 54 Input Mask to A I/0 Bus—=(A)
A =20v24
OTA 74 Output from A Ready: (A)—=I/O Bus, Skip Next Instruction
A f20v24| - Not Ready: Execute Next Instruction
SMK 74 Set Mask (A)—I/0 Bus
A = 20v24
1/0O Instructions
Signal Origin Cycle|Instruction Developing Signals
IOTDEN+ |138-A1l TLY AI/OFC-=(FRSTMD-)(TLFCYC+)(OPGI/O+)
ERMBAD+ |138-G2 TLY ERMBAD+A=(IOTIM1-)
BPRGI/O- |138-E1 TLY BPRGIO-=(IOTIM1+)
ERABDW+|138-G9 TLY |OTA, SKS, | ERABDW-=(IOTIMI1+)(DRFINA-)
SMK, OCP
EIRDYF+ {138-C8 TLY(|INA,OTA, | EIRDYF+=(IDRLIN-)(OPGXMK- )(BDRLIN-)
SKS (DRFOCP-K)
IMK, SMK OPGXMK-=(RFOIFF+)(RF12FF+)(RF13FF-)
(REISFF-)(RF16FF-)(OPGI/O)(TLYCYC+A)
(RF11FF-)
oCcP DRFOCP-=(RFOIFF-){(RFO02FF-)
IOTIMS+ 138-C4 TLY IOTIMS+=(I0OTIMS+)
ERAAUW+|127-D9 TLY [INA AINAY7-=(OPGXMK-)(RFO7FF -)(INARDY+)
EBDAUW+[127-Gl1 TLY |INA,IMK HZ>WU<1nAWm,o.Hm,HuiQOWU%M#XWM.ONM,W-V
LAUCO03- }117-D1 TLY [INA,IMK |INARDY-=(RFOIFF+){(IORDYF+)(RF02FF-)
LRAIN1+ |122-F1 TLY}INA,IMK |INARDY-=(RFOIFF+)(IORDYF+)(RFO2FF-)
ENRAFW+]122-E10 TLY|INA,IMK |INARDY-=(RFOIFF+)(IORDYF+)(RFO2FF-)
ENRPEFW+]129-C9 TLY|INA,OTA, | AL/O2D-=(OPGXMK- }{IORDYF +)(DRFOCP-)
SKS
BSTROB+ |138-Ell TLY AI/OFI-=(I0TIM2+)(OPNCAI-)(OPNOTK-)
(IORDYF+)
TRRAFW+1122-G7 TLY TRRAFW+P=(TPULSE+A)(HENTRA-P)(IOTIM2-)
P
TRRPFW+]129-C11 TLY TRRPFW+P=(IOTIMZ-)(HENTRP-P)(TPULSE+B)
P
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0 0 1 0 0 1
e e e e\ e e \er—  omm——
000!0{010\1"0[000{0[0[001

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Mnemonic: INH Description: 0-——=Interrupt Permit FF
Instruction: Inhibit Program Interrupts Execution Time(ns)
800

Type: Generic
Op. Code: 001001

Signal Or'igin CyclelInstruction Developing Signals

AGBO7G+ |[134-A4 TLF AGB07G-=(RFOTFF+)(OPGGNB+A)

INH ENTER FROM
FETCH PAGE

ves MLO ENE
—{  (FRSTMD+= 1)

TLF ]

E
O —#FFPRMI | AGBO7G+

1

TO FETCH
PAGE

&

¥ |NTERRUPT WILL OCCUR IN PLACE OF
NEXT FETCH




INK

TLF

PAGE

ENTER FROM FETCH

RKCBIT+-E o
RKDPMO+ £—»
RKEAPR: ——
RKXSMD+ ——»
RKSOVE+ =
INHFLT+ ——»

E
RKPFII+ ——

IFTRMD+L—’

FFPIPR+ ——»

FRSTPR+—E-'>

o—Et»

sc-E o

Ay
Az
A3
Ag
As
Ag
A7
Ag
Ag
Aio
All
Al2-16

\

TO FETCH PAGE

ENRAFW+, LRAINI +,
LRAIN2+, LRAIN4 +

ENRAFW+, LRAINI +,
LRAIN2+, LRAIN4G +

Mnemonic:

Instruction:

INK

Input Keys

Type: Generic

), (SCr—=(A

Description: Keys—>(A1 )

10 11-16

Execution Time(ns)

800

Op. Code: 000043

Signal Origin Cycle|Instruction Developing Signals
[ENRAFW+ [122-E10 TLF AGBl1G-=(OPGGNB+A)(RF11FF+)
LRAIN1+ |122-F1 TLF AGB11G-=(OPGGNB+A)(RF11FF+)
LRAIN2+ |122-F3 TLF AGBl1G-=(OPGGNB+A)(RF11FF+)
LLRAIN4+ |122-F5 TLF AGB11G-=(OPGGNB+A)(RF11FF+)
LRAINH- [122-E7 TLF AGBl11G-=(OPGGNB+A)(RF11FF+)
LRAINL- |122-E8 TLF

RFI0FF-=(RF10FF-)




IRS

ENTER FROM FETCH
ORLAST INDIRECT

ENRPFW+

CYCLE PAGE
4
£
MA ——- Y LRYCNT +
[ ——— YMAFCH+
[ea] £= ™ CMDRMW +
TLFI
TLX
M ——= AUH ERMAUW +
| ~—————e=AUCRY |~ LAUCRY—
|
auEem LRMINI+, LRMING + TRRMFW -+
1T MA ERYMAW +
| ——® MCWCYCH ~VEIMCWC —
NO ~TEAJ+ 1 =07 \JES
\_(AuDicY+=1) /
P+1—s P
! |
TLZ

<
"
o

< =<

v "

BN < < <
- n 0 "
~ W N -

M-——a AUH

M — [EA]
M —* X
AU —» A
AU —> B
M —e S

WRITE INHIBIT

M = [EA)

{

TO FETCH PAGE

ERMAUW+

DMAFLL—
ERMRXW—

LRAIN-+, ENRAFW+

ENRBFW+
CRMRSW—

MWRINH +
DMAFIL —
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1 2
I —

[efr]rfofr]ofs]aafa]a]aa]a]a]a]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

16

Mnemonic: IRS Description: [EA] + 1—[EA)]
Instruction: Increment and Replace If EA + .Huo. Skip Next
. Instruction
(and Skip)
Type: MR Execution Time(ns)
Op. Code: 12 2400
Signal Origin Cycle|Instruction Developing Signals

ERMAUWHY 127-G4/G6 |TLX AMAUXZ-=(TLXYZC+)(OPGMATU+)

LAUCRY- |117-C8 TLX ACRYXC-=(TLXCYC+)(OPGCRY+)

LRMIN1+ |128-F4 TLX AIRSXC-=(TLXCYC+A)(OPNIRS+)

LRMIN4+ |128-F7 TLX AIRSXC-=(TLXCYC+A)(OPNIRS+)

ERYMAW+ |129-G1 TLX AYMAXC-=(TLXCYC+)(EMFMAW+)(OPGYMA+)

EIMCWC+ |126-F1 TLX AWRTEZ-=(E1TLZC+)(OPGWRTH+)

ENRPFW+ |129-C9 TLX AIRSX1-=(RTC/ML-)(OPNIRS+)(TLXCYC+)
(AUO01C)

ERMAUW+ [127-G4/G6 |TLZ MCWCYC-=(MCWCYCH+)

DMAFIL- [130-C10 TLZ DMAFIL-=(HMASTO-)(QMALHO-){QMA090+)

(QMA1/8+)

ERMRXW- |128-B2 TLZ ACWCYO-=(MCWCYC+)(DRYO000+)

LRAIN1+ |122-F1/Gl |TLZ EAURAW-1=(HENHAU-R)(OPGMAU-)

ENRAFW+ |122-E10 TLZ ACWCY1-=(RYISFF-)(MCWCYC+)(RY16FF+)
(DRYREG)

ENRBFW+ |123-F3 TLZ ACWCY2-=(DRYREG+)(RY15FF+)(RY16FF-)
(MCWCYCH+)

CRMRSW+ |128-B3 TLZ CRMRSW-=(MCWCYC+)(DRY003+)(TPDLYD+)
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JMP

Mfem:‘.

— ZNTER FRUM FETCH

PAGE
!

q PUSH/POP

1no

NO /7

v

INDIRECT 2

;

~\ YES

szo:,._qf.. 0} )

!

T.FHI ]

TLY

TO FETCH PAGE

INDEXED ? YES EXTENDED YES
(RMO2FF +® OPNL SX-) ‘ ADDRESSING ?
NO NO
4 Y
NO JUMP DELAY? INDEXED ? NO
(UJMPDE L)} (RMO2FF+®0PNLSX~
YES YES
ERJMAH +,
J/Y ¥ M—BMA J/Y%M—BMA | ERYMAH Y,
) ¥ ERMMAL +
0O — AUG X/S ———wAUG ERXAUW+
J/Y¥M —— AUH 0 /Y¥M—————» AUH ERJAUH+, ERYAUH+,
. ERMAUL +
| —®AUCRY 0 ———4»AUCRY v LAUCRY+
T E EAURPW-,
AY ———®P ENRPFW+
AU ——8> MA EAUMAW—
TO FETCH PAGE EITLIC—
EITLYC-
Yy
TLFI .
| o1
_ X
_ NO /" NDIRECTP? ) YES
\_(RMOIFF-+= 1) \
_ INDEXED? YES EXTENDED YES
(RMO2FF + @ OPNLSX~ ADDRESSING ?
_ NO on
|  J
NO JUMP DELAY? INDEXED? NO
_ (JMPDEL +) (RMO2FF +e0PNLSX~
_ YES YES 4
ERMMAH+
_ M ——&MA ! M—8 MA ERMMAL+
_ 0O ————»AUG X/S ——» AUG ERXAUW+
_ M ————®» AUH M———& AUH ERMAUW+
_ | —»AUCRY 0 ®AUCRY LAUCRY+
E EAURPW-
—_——
_ Av P ENRPFW+
AU—— MA EAUMAW—
_ TO FETCH PAGE EITLYC- EITLIC~
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0 1
e, e\
elrlofofofuTalaaTaTalaTalalala]
1t 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16

Mnemonic: JMP Description: EA —— MA
Instruction: Unconditional Jump EA +1—(P)
Type: MR HNmoc.ﬁmWonBmAbmv
Op. Code: 01
Signal Origin Cycle|Instruction Developing Signals
ERJMAH+ | 129-G6 TLF | Addressing A+++GX-=(EAUMAW-)(RFO7FF-)(OPGGEN-)
Mode (TLF /MA+)
ERYMAH+ | 129-G2 TLF ERYMAH+=(TLF/MA+)(OPGGEN-)(EAUMAW-)
(RFO7TFF+)
ERMMAL+| 129-G4 TLF ERMMAL+=(EMFMAW+){(AM/RFI+)(EAUMAW-)
ERXAUW+]127-D1 TLF ||INRM, AM/RFL-=(OPNLSX-)}(AM/RFI+)(RMO2FF+)
(RKEAMD-)
EXT, AM/RFI-=(OPNLSX-)}(RFO2FF+)(RKEAMD+H)
(RMO1FF-)(AM/RFI+)
ERJAUH+ | 127-G2 TLF A+++GO-=(TLFCYC+)(RFO07FF-)(OPGGEN-)
(HENHAU-R)(IFITBK-)
ERYAUH+ | 127-G8 TLF A+++G2-=(TLFCYC+)(OPGGEN-)(RFO7FF +)
(HENHAU-R)
ERMAUL+| 127-G3 TLF ERMAUL+=(HENHAU-R)(OPGI/O-)(OPGGEN-)
(TLF/ICH4).
LAUCRY+|117-B8 TLF AJMPWJ-=(ERXAUW-)(OPNIMP+)(JMPDEL.-)
EAURPW-| 129-C7 TLF ATJMPFI-=(TLF/IC+)(OPNIJMP+)
ENRPEFW+| 129-C9 TLF OPNIJMP-=(RFO03FF-)(RF04FF-)(RFO5FF-)
(RFO6FF+)
EAUMAW-| 129-E7 TLF AMRNDX-=(EJXMAW+)(ERXAUW+)
E1TLIC- ]|119-D3 TLF EITLIC-=(TLI8TH-)(DRMIND+)(ERJ/MI+)
(AM/RFI+)
EITLYC- | 119-D6 TLF EITLYC-=(LAUCRY-}{RMO1FF-Y)(OPNIJMP+)
ERMMAH+H 129-G3 TLI ERMMAH+=(TLICYC+)(EMFMAW+)(EAUMAW -)
ERMMAL+H 129-G4 TLI ERMMAL+=(EMFMAW+)(AM/RFI+)(EAUMAW-)
ERXAUW+] 127-D1 TLI |INRM, AM/RFL-=(OPNLSX-)(AM/RFI+)(RMO2FF+)
(RKEAMD-)
EXT. AM/RF1-=(OPNLSX- }(RFO2FF+)(RKEAMD+H)
(RMOIFF-)(AM/RFI+)
ERMAUWH 127-G4 TLI TLICYC-=(TLICYC-)
LAUCRY+| 117-B8 TLI .>§<:U<<H-uAHWN.PC.énXOHuz,dSHuiazHuUHb-v
EAURPW-| 129-C7 TLI AJMPFI-=(TLF /IC+)(OPNIMP+)
ENRPFW+] 129-C9 TLI OPNJMP-=(RFO03FF-)(RFO4FF-)(RFO5FF-)
(RFO6FF+)
EAUMAW-| 129-E7 TI1I AMRNDX-=(EJXMAW+)(ERXAUW+)
EITLYC- 119-D6 TILI EITLYC-=(LAUCRY-)(RMOIFF-Y)(OFNJMP+)
EITLIC- 119-D3 TLI EITLIC-=(TLI8TH-)(DRMIND+)(ERJ/M1+)
(AM/RFI+)
ERPMAW+H 129-D6 TLY AIJMPYC-O=(TLYCYC+A)(OPNIJMP+)
A
EMFMAW4 129-E1 TLY EMFMAW-=JARQEN+)(ERRMA L-)(HENHAU-R)
ENPFW+ 129-C9 TLY OPNIJMP-=(RFO3FF-)(RFO04FF-)(RFO5FF-)

(RFO6FF)
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JST 1 0
ENTER FROM FETCH OR “ - ‘ ‘A i ‘A
LAST INDIRECT CYCLE F T[1 0 Olo S <. a|A|s A AlA
PAGE 12345678910111213141516
Mnemonic: JST Description: (P—={EA], [EA] + 1—(P)
ma-E oy ~ LRYCNT+ Instruction: Jump and Store Execution Time(ns)
o-Eam HMAFCH+ Type: MR 2400
Op. Code: 10
(€ 4] E M CMDRMW + Signal Origin |Cycle|Instruction Developing Signals
ERYMAW+|129-G1 TLF AHLDRP-=(HOLDRP+L)(EMFMAW+)
TLF/1 LRMIN4+ |128-F7 TLF AJSTEZ-=(E1TLZC+)(OPNJST+)
TLX EIMCWCH+ |126-F1 TLF AWRTEZ-=(EITLZC+)(OPGWRT+)
Y —>AUH ERYAUH +, ERYAUL+ ERYAUH+ [127-G8 TLX’ AJSTXC-0 =(TLXCYC+)(OPNJST+)(UMLPRM+)
FROM | —= AUCRY LAUCRY + .
BUSH / POP ERYAUL+ [127-G9 TLX AJSTXC-0 =(TLXCYC+)(OPNJST+)(UMLPRM+)
LAUCRY+ [117-B9 TLX ACRYXC-=(TLXCYC+)(OPGCRY+)
* e EAURPW- [129-C7 TLX AJSTXC-0=(TLXCYC+)(OPNJST+)(UMLPRM+)
B le —"Ma-ig LRMIN 4+, TRRMFW +
£ ENRPFW+ [129-C9 TLX AJSTXC-0=(TLXCYC+)(OPNJST+)(UMLPRM+)
OO¥P —=m LRMING + AU ——»P ~EAURPW-, ENRPFW+,TRRPFW-H
LRMING 4 ERYMAW+(129-G1 TLX AYMAXC-=({TLXCYC+)(EMFMAW+)(OPGYMA+)
| —»MCWC EIMCWC—
LRMIN4+ [128-F7 TLX AJSTEZ-=(E'TLZC+)(OPNJST+)
TLI EIMCWC+ |126-F1 TLX AWRTEZ-=(E1TLZC+)(OPGWRT+)
- Y—=>MA ERYMAW +
TLZ . DMAFIL- [130-C10 |TLZ DMAFIL-=(HMASTO-)(QMALHO-)(QMA090+)
| — MCWCYC+ |~ EIMCWC— (QMA1/8+)
TLX
TLZ ERMRXW- [128-B2 TLZ ACWCYO-=(MCWCYC+)(DRY0004+)
K LRAIN1+ [122-F1 TLZ EAURAW-1=(OPGMAU-)(HENHAU-R)
M ——=AUH ERMAUW + ENRAFW+ |122-E10 |TLZ ACWCY1-=(RY15FF-)(MCWCYC+)(RY16FF+)
(DRYREGH)
ENRBFW+ |123-F3 TLZ ACWCY2-=(DRYREGH+)(RY15FF+)(RY16FF-)
E (MCWCYCH)
Yo M EA puAFL-~ 003+)(TPDLYD+)
v E ex ERMRXW— CRMRSW- [128-B3 TLZ ADRYO03-=(MCWCYC+)(DRY )
Y =1 AU -—E—’A LRAIN +, ENRAFW+
Y =2 AU-E-»B ENRBFW+
Y =3 M —E—-’S CRMRSW —
Y1 /17 WRITE INBIBIT MWRINH +
Yy 2 20 M —{EA] DMAFIL—
TO FETCH PAGE
- IN EXTENDED MODE; IN NORMAL MODE, M2P3_,5—E—- M2—16



Teteh

LDA

ENTER FROM FETCH
OR LAST INDIRECT

CYCLE PAGE
]
3 .
MA ——— Y ~LRYCNT +
of »wm HMAFCH + M é
- ){0 o
1
E
[EA] =M CMDRMW +
M ——»AUH ERMANW +
E
AU—— A LRAIN1+, ENRAFW+
o
)2

TO FETCH PAGE

Mnemonic: LDA
Instruction: Load A
Type: MR

Op. Code: 02

0 2
P N
(rlt]olofio]salajalalajalala Al
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Description: [EA] —(A)

Execution Time(ns)

1600

Signal Origin |Cycle}Instruction Developing Signals
ERMAUW+|127-G4/G6 | TLZ AMAUXZ-=(TLXYZC+)(OPGMAU+)
LRAIN1+ |122-F1/Gl |TLZ EAURAW-1=(HENHAU-R)(OPGMAU-)
ENRAFW+ j122-E10 TLZ :

ATAZZC-=(TLZCYC+A)(OPGTAZY)




LDX

. ——
*d,_ 5 MA

OTHERWISE 0—& MA, _

2-7

ENTER FROM FETCH
OR LAST INDIRECT
CYCLE PAGE

J — MA

2-7 2-7

O —& MA

E
| ———% MCWCYCH

~LRYCNT +
HMAFCH+

CMDRMW +

ERMRXW+

ERJMAH+, EJXMAW+

~ELMCWC—

DMAFIL-

TO FETCH PAGE

ONLY IF HSA/BSR IS

7

INSTALLED,

Mnemonic:

LDX

Instruction: Load X

1 5

e, s e, .
rl1]1]1]ol1]s ala alalalalalala
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Description:

[EAl—(X), [EA]—[O]

Execution Time(ns)

Type: MR 2400
Op. Code: 15, BIT 2 =1

Signal Origin |Cycle|Instruction Developing Signals
EFRMRXW+ [128-B2 TLX OPNLDX-=(OPNLDX+)
ERIMAH+ [129-G6 TLX ALSXXC-=(OPNLSZ+)(TLXCYCH+)
EIXMAW+ FIZQ-DAI TLX EJXMAW+=(IARQEN+)(ERRMAL-)
F1IMCWC+ [126-F1 [T 1LX IAWRTEZ-=(E1TLZC+)(OPGWRT+)
PMAFIL- [30-C10 TLZ DMAFIL-=(HMASTO-)(QMALHO-)(QMA090+)

(OQMA1/8+)

2-36




OTK
ENTER FROM FETCH
PAGE
—_—
DMA BREAK
(I0STOP-)
TLF
TLY
YES MLO ENB?
[ (FRSTMD+=1)
l lNO
*
E

*

A . E—»c

A 2 & RKDPMD +
A 3 E—D RKE ANX+
A4 —#= RKXSMD+
— RKSOVE+

£ o 1FTRENS
E

——»SC
11-16 1-18

A
Ag
A

l

(

TO FETCH PAGE

EIRKCP +, TRRKCB+
OPNOTK+

OPNOTK+

O PNOTK+

OPNOTK+

OPNOTK +

RKIIIN+ RKI2IN#+, RKI3IN+
RKI4IN + RKISIN+, RKISINH
TRSCTR+,LDSCTR-

INTERRUPT WILL OCCUR IN PLACE OF NEXT FETCH

Mnemonic:

OTK

Instruction: Output Keys

o
~J
o

(
(

P . —

2 0

” p—— -, -

=)

0

1111001ooo‘|01\ooo
9

Description: (A)—eKeys

Execution Time(ns)

10 11 12 13 14 15 16

Type: 1I/O 3000
Op. Code: 74, F =10, A =20
Signal Origin  |Cycle|Instruction Developing Signals

EIRKCB+ |124-F2 TLY EA1KCB-=(OPNOTK+)(RAOIFF+A)

TRRKCB+ |124-F5 TLY OPNOTK-=(RF09FF)(RFO08FF-)(RFO7FF+)
(RF02FF+)(OPGXMK+)(RF10FF-)(RF14FF-)
(FRSTMD-C)

OPNOTK+ |138-C9 TLY OPNOTK+=(OPNOTK+=(OPNOTK-)

IFTREN+ }125-Dl11 TLY IFTREN+=(RAO8FF+)(OPNOTKH+)

RKI11IN+ 125-C1 TLY RKI11IN+ = (OPNOTK+)(RALI1FF+)

RKI12IN+ |}125-C3 TLY RK12IN+=(OPNOTK+)(RA12FF+)

RK13IN+ |125-C5 TLY RK13IN+=(RA13FF+)(OPNOTKH+)

RK14IN+ |125-C7 TLY RK14IN+=(RA14FF+)(OPNOTK+)

RK15IN+ 125-C8 TLY RK15IN+=(OPNOTK+){(RA15FF+)

RK16IN+ 125-C9 TLY RK16IN+=(OPNOTK+){(RAI6FF+)

TRSCTR+ |125-D2 TLY TRSCTR+=(OPGSHF-)(OPGM/D-)(OPNOTK-)
(AGB10G-)

|LDSCRT+ |125-D4 TLY LDSCTR-=(OPNOTKH+)




RCB, SCB

'

EnTER FROM FETCH
PAGE

m

Fg —= C

1

TO FETCH PAGE

EIRKCB+, TRRKCB+

C-Bit Controls
Type: Generic

Ececution Time(ns): 800

Mnemonic | Op. Code Instruction Description
RCB 140200 Clear C Bit 0 —C
SCB 140600 Set C Bit 1—C

Signal Origin |Cycle|Instruction Developing Signals
EIRKCB+ |124-F2 TLF AGAO08G-=(OPGGNA+A)(RFO08FF+)
TRRKCB+ | 124-F5 TLF AGA091-=(OPGGNA+){RFO09FF+)(RF1lFF-)




sSCaA

TLF

ENTER FROM FETCH
PAGE

E
0 —"AI—3g

000s¢ Ewag—16

4

TO FETCH PAGE

ENRAFW+, LRAINH—

ENRAFW+,LRAINI+,LRAINZ+, LRAINSG+

Mnemonic:

SCA

Instruction: Shift Count to A

Type: Generic

0j0(0j0 00O jOjOj0OlOjL1IO|O]O]|0O]1

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Description: 0—=(A ), (SC)—=(A

1-10 12-16)

Execution Time(ns)

800

Op. Code: 000041

Signal Origin |Cycle|Instruction Developing Signals
ENRAFW+ |122-F10 TLF AGB11G-=(OPGGNB+A)(RF11FF+)
LRAIN1+ [122-F1 TLF AGBl1G-=(OPGGNB+A)(RF11FF+)
LRAIN2+ |122-F3 TLF AGB11G-=(OPGGNB+A)(RF11FF+)
LRAIN4+ |122-F5 TLF AGB11G-=(OPGGNB+A)(RF11FF+)
LRAINL- |122-E8 TLF LRAINL-=(RF11FF+)(OPGGNA+A)(RF10FF-)




SKIP INSTRUCTIONS

NO

ENTER FROM FETCH
PAGE

AU CNTLS:
So S| SpSz=HLLH
MODE=H

(AU:A &® B

A

1

TO FETCH PAGE

—— — — — — ——— — — —

YES

/ SKIP ? o
(SKPCON+®RFO7FF +)
\+(SKPCON-0RFO7FF-)

E
P4+| —=P

A

TO FETCH PAGE

ERAAUW +

LAULGC +

——— — S— —

ENRPFW+

Conditional Skips

Instruction: Skip if Condition Satisfied
Type: Generic

Mnemonics & Op. Codes: See Table 2

Description: Skip Condition not Met: Execute
next Instruction
Skip Condition Met: Skip Next
Instruction
Execution Time(ns)
800, 1150

Signal Origin |Cycle|Instruction Developing Signals
ERAAUW+| 127-D9 TLF OPGGEN-=(RFO03FF-)(RF04FF-)(RFO5FF -)
(RFO6FF-)
LAULGC+ | 117-Bl TLF OPGSKP-=(RFO02FF+)(OPGGEN+){RFO1FF+)
(HAU/MA-)
EITLYC+ | 119-F7 TLF ASKPFC-=(RFO7FF-)(TLFCYC+)(8KPCON-)

ENRPFW+| 129-C9 TLY

(OPGSKPH+)

ASKPFE-=(OPGSKP+){SKPOON+){RFO07FF'+)

(TLFCYC-)

OPGSKP-=(RF02FF+)(OPGGEN+)(RFOIFF+)

(HAU/MA-)

%See Table 2-1 for the developing signals of SKPCON.

Table 2-1. Developing Signals of SKPCON+

Condition

Mnemonic © Tested Op. Codex* Location Development

SKP/NOP 0=0 10x000 119-B5 SKPCON+ = 0

SRC/SSC c=0 10x001 119-Bl11 SKPCON+6=(RF16FF+)(RKCBIT+)

SR4/5S4 ss4=0 10x002 119-B10 SKPCON+5=({RF15FF +)(HSENS4+)

SR3/SS3 §s3=0 10x004 119-B09 SKPCON+4=(HSENS3+(RF 14FF+)

SR2/SS2 ss2=0 10x010 119-B08 SKPCON+3=(RF13FF+)(HSENS2+)

SR1/sS1 ssl=0 10x020 119-B07 SKPCON+2=(RF12FF+)(HSENS1+)

SSR/SSS All ss=0 10x036 119-B7/10 SKPCON+X=(RF15FF+)(HSENS4+)
V (HSENS3)(RF 14FF+)V(RF 13F F4) (HSEN24)
V(RF12FF+)(HSENS1+)

SZE/SNZ A=0 10x040 119-B5 SKPCON+=(RF11FF+)(AUFFFF-)

SLZ/SLN A16:0 10x100 119-B5 SKPCON+=(RF10FF+)(RA16FF+)

SPL/SMI A =0 10x400 119-B5 SKPCON+=(RFO8FF+)(RACIFF+A)

x=0: Skip if Condition True
x=1: Skip if Condition False
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SSM

TLF

ENTER FROM FETCH
PAGE

A = AUG

AUCNTLS:
SoS) S2 SE'HLLH

MODE = H
(AU= AUG OR AUH)

AU=—*> A

TO FETCH PAGE

ERAAUW +

LAUCO2 +
LAULGC +

LRATEI+, LRAINI+

Mnemonic:

SSM

> b

0 5 0 0

—— - Nem—— N m— o — A ——

Instruction: Set A Sign Minus

Liyojojofoiojrjolr|o|ofolo|o o
3 4 5 6 7 8 9 10 11 12 13 14 15 16

Description: 1—-'-(A1), (Az_lé)—>(A2_16)

Execution Time(ns)

Type: Generic 800
Op. Code: 140500
Signal Origin |Cycle|Instruction Developing Signals

ERAAUW+| 127-D9 TLF OPGGEN-=(RFO03FF-)(RF04FF-)(RF04FF-)
(RFO6FF-)

LAUCO2+ | 117-D3 TLF AGA10G-=(RF10FF+)(RFOSFF+)(OPGGNA+A)

LAULGC+| 117-Bl TLF AGANFC-=(OPGGNA+A)(TLYCYC-)(RFO9FF-)

LRATEl+ | 122-G8 TLF AGANFC-=(OPGGNA+A)(TLYCYC-)(RFO9FF-)

LRAIN1+ | 122-F1 TLF AGAO08G-=(OPGGNA+A)(RFO08FF+)




SSP

TLF

ENTER FROM FETCH
PAGE

TO FETCH
PAGE

LRATEI+

Mnémonic: sSSP
Instruction: Set A Sign Plus
Type: Generic

Op. Code: 140100

4

o

0

g A

—"

~ e i

-

0]0]0

0

0

0
17olo]olofoo]o 10
2 3 4 5 6 7 8

9 10 1

Description: 0—>(A1), (A2_16)——->(A2-16)

Execution Time(ns)
800

12 13 14 15 16

Signal Origin |Cycle

Instruction

Developing Signals

LRATELl+ | 122-G8 TLF

AGANFC-=(OPGGNA+A)TLYCYC-)(RFO9FF-)
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STA ENTER FROM FETCH
OR LAST INDIRECT
CYCLE PAGE
At pwm LRMINI+, TRRMFW+
Y ——m=MA ERYMAW +
| £ s-meweye+ | EIMCWC -
TLFI
TLZ 1
M — = AUH ERMAUW +
) M ——» EA DMAFIL —
Y=0 M —— X ERMRXW-
Y=i AU — A LRAIN+, ENRAFW
Y2 AU — B ENRBFW+
Y:3 M ———S CRMRSW—
ERVALS WRITE INHIBIT MWRINH+
Y>20 M ————[EA] DMAFIL—

|

TO FETCH PAGE

0 4

FlTlo|1ojo[slajajalajajajajala
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16

Mnemonic: STA Description: (A) ——-[EA]

Instruction: Store A Execution Time

Type: MR 1600

Op. Code: 04

Signal Or'igin Cycle}Instruction Developing Signals

LRMINI1+ | 128-F4 TLFI ASTAEZ-=(EITLZC+){(OPNSTA+)

ERYMAW+H 129-G1 TLFI EMFMAW - = (IARQENH)(ERRMAL-)(HENHAU -R)

EIMCWC+ | 126-F1 TLFI AWRTEZ-=(EITLZC+){OPGWRTH+)

ERMAUWH 127-G4/GH§ TLZ MCWCYC-=(MCWCYC+)

DMAFIL- | 130-C10 |TLZ DMAFIL-=(HMASTO- }{(QMALHO-)(QMA090+)
(QMA1/84)

ERMRXW-| 128-B2 TLZ ACWCYO-=(MCWCYC+)(DRYOOO+)

LRAIN1+ | 122-F1/GYTLZ EAURAW-0=(MCWCYC-)

ENRAFW+| 122-E10 |TLZ ACWCY1-=(RY15FF-)(MCWCYC+)(RY16FF+)
(DRYREG)

ENRBFW+| 123-F3 TLZ ACWCY2-=(DRYREG+)(RY15FF+)(RY16FF-)
(MCWCYC+)

CRMRSW-| 128-B3 TLZ CRMRSW-=(MCWCYC+)(DRY003+){(TPDLYD+)
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ENTER FROM FETCH
OR LAST INDIRECT
CYCLE PAGE

|—» M CWCYC+

~EIMCWC—

MA———=Y ~ LRYCNT +
0——=M HMAFCH +
Y
M ————-AUH ERMAUW+
1
‘o M —[EA] DMAFIL-

) M — X ERMRXW -
Y= AU —» A LRAINI+,ENRAFW+
Y = AU —> B ENRBFW +
Y= M —>S CRMRSW ~
Y= WRITE INHIBIT ~MWRINH -
> M —o[EA] DMAFIL —

1

TO FETCH PAGE

LRMIN2+, LRMIN4+

ol1l1lol1 s |alalalalalala

2 3 4 5 6 7 8 9 10 11 12 13 14

Mnermonic: STX Description: (X) —= [EA]

Instruction: Store X Execution Time (ns)

Type: MR 1600

Op. Code: 15, BIT 2 0

Signal Origin |Cycle]Instruction Developing Signals

LRMIN2+ [128-F6 TLFI ALSXEZ-=(E1TLZC+) (OPNLSX+)

LRMIN4+ |128-F7 TLFI ALSXEZ-=(E1TLZC+)(OPNLSX+0

I[EIMCWC+ |126-F1 TLFI AWRTEZ-=(ElTLZC+)(OPGWRT+)

ERMAUW+ {127-G4/G6 |TLZ MCWCYC-=(MCWCYCH+)

DMAFIL- [130-C10 TLZ DMAFIL-=(HMASTO-)(QMALHO-)(QMA090+)
(QMA1/84)

RMRXW- |[128-B2 TLZ ACWCYO-=(MCWCYC+)(DRY000+)

T RAINI+ N22-F1/Gl ITLZ EAURAW-0=(MCWCYC-)

ENRAFW+ [122-E10 TLZ ACWGYI-=(RY15FF-)(MCWCUC+)(RY16FF+)
(DRYREGH+)

FNRBFW%— 123-F3 TLZ , ACWCY2 = (DRYREG+){(RY15FF+(RY16FF-)
(MCWCYCH)

CRMRSW - 1128-B3 TLZ CRMRSW - = (MCWCYCH(DRY0003H(TPDLYD+)




SuUB

TLFI

ENTER FROM FETCH
OR LAST INDIRECT
CYCLE PAGE

l

~ LRYCNT+
HMAFCH+

CMDRMW +

EIRKCB, TRRKCB-+

Mnemonic:

SUB

TOlllSAAAlAAAAAA

Instruction: Subtract from A

Type: MR

Op. Code: 07

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Description: (A) - [EA]—=(A), OUFL —(C)
Execution Time

1600

TLZ

A —AUG
M —®AUH

C ——=AUCRY

ERAAUW+
ERMAUW+

~ LAUCRY —

AU CONTROL:
SOSI 52 S3= LHHL
M=L

(AU=AUG MINUS AUH)

~ LAUCOO-A

Ay ——» A

LRAINI +, ENRAFW +

Y

OVERFLOWE—-D c

EIRKCB, TRRKCB+

TO FETCH PAGE

Signal Origin |Cycle}lInstruction Developing Signals
EIRKCB |124-F2/F4|TLF ASUBFI-=(TLF/IC+)(OPNSUBH+)
TRRKCB+ |124-F5 TLF OPGA/S+=(OPNSUB-)(OPNADD-)
ERAAUW+|[127-D9/D11TLZ AA/SZA-=(OPGA/S+)(TLZCYC+A)
ERMAUW+|127-G4/G6 | TLZ AMAUXZ-=(TLXYZC+)(OPGMAU+)
LAUCRY- |117-C8 TLZ AA/SXZ-=(RKCBIT+)(OPGA/S+){TLXYZC+)
LAUC00- |117-D4/E4|TLZ ANEGXZ-=(TLXYZC+) (OPGNEGH+)
LRAIN1+ [122-F1/Gl1|TLZ EAURAW-1(HENHAU-R)(OPGMAU-)
| ENRAFW+ 122-E1‘O TLZ ATAZZC-=(TLZCYC+A)(OPGTAZ+)
EIRKCB |[124-F2/F4|TLZ AA/SZ0-=(OPGA/S+)(QSMO0/1-)(TLZCYC+)
1TRRKCB+ |124-F5 TLZ OPGA/S+=(OPNSUB-)(OPNADD-)
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XFS, XFX

TLF

ENTER FROM FETCH

PAGE

)

E

Fi5—— RKXSMD

TRRKXS +

\

TO FETCH
PAGE

Index Selection Control

Type: Generic

Execution Time(ns): 800

Mnemonic | Op. Code Instruction Description

X¥S 000017 Index from S 1—Index Control FF

XFX 000015 Index from X 0 —=Index Control FF
Signal Origin |Cycle|Instruction Developing Signals

TRRKXS+ | 124-C7 TLF

TRKKXS+=(RF 13F F+)(RF 14F F+)(OPGGNB+)
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SECTION III
LOGIC BLOCK DIAGRAMS

This section contains all logic block diagrams for the Type 716 Central Processor.
These diagrams are presented according to the LBD number. A tabulation by number and

title is given below.

LBD No. Description Page LBD No. Description Page
0051 716 CPU, Memory and [/O Buses 3-3 0125 716 CP, Keys, Shift Counter 3-32
0053 716 CPU, Connectors, Memory Options (70030679)* 3-4 0126 716 CP, Start/Stop & Control Panel Input 3-33
0053 716 CPU, Connectors, Memory Options (70032831)xx 3-5 0127 716 CP, Control for AU Input Selectors 3-34
0054 716 CPU, Connectors, DMC 3-6 0128 716 CP, Control for RM, RF, RS 3-35
0055 716 CPU, Connectors, Control Panel 3-7 0129 716 CPU, Control for MA, RY, RP 3-36
0100 716 CPU Display Selectors ' 3-8 0130 716 CPU, Register Addr & Misc. Decoders 3-37
0101 716 CPU, Column 1 3-9 0134 716 CPU, Interrupt Control 3-38
0102 716 CPU, Column 2 3-10 0135 716 CPU, DMA (DMC) Break Control 3-39
0103 716 CPU, Column 3 3-11 _ 0136 716 CPU, DMA Data Centrol 3-40
0104. 716 CPU, Column 4 3-12 0137 716 CPU, Interrupt & Break Timing 3-41
0105 716 CPU, Column 5 3-13 0138 716 CPU, Programmed I/O Control 3-42
0106 716 CPU, Column 6 A 3-14 0140 Control Panel Schematic 3-43
0107 716 CPU, Column 7 3-15 0141 Control Panel Schematic 3-44
0108 716 CPU, Column 8 3-16 0147 716 CPU, Real-Time Clock 3-45
0109 716 CPU, Column 9 3-17 0148 716 CPU, Bootstrap Cassette Interface 3-46
0110 716 CPU, Column 10 3-18 0150 716 CPU, Core Memory Interface & Control 3-47
0111 716 CPU, Column 11 3-19 . 0182 716 CPU, Memory Lock Out Interface 3-48
0112 716 CPU, Column 12 3-20
0113 716 CPU, Column 13 3-21 LBD reference information follows.

0114 716 CPU, Column 14 3-22

0115 716 CPU, Column 15 3-23 a. Title Block Information. -- Title block information is interpreted as follows:
0116 716 CPU, Columnlé6 3-24 Date: Date of revision

0117 716 CP, Arithmetic Unit 3-25 07573: Honeywell reference designation

0118 716 CP, Main Clock & Cycle Initiate 3-26 C: Denotes paper size of original

0119 716 CP, Timing Levels 3-27 70030679: Honeywell file number

0120 716 CP, Operation Decoder 3-28 nnnn: Sequence page number

0lzz 716 CP, Control for RA 3-29 nnnn: LBD page number

0123 716 CP, Control for RB 3-30 nn: Revision number

0124 716 CP. Keys. Mode Control 3-31

*For systems manufactured through Feb. 1973. See Signal List
K70030679, Section IV.

**For systems manufactured after Feb. 1973. See Signal List
K70032831, Section V.



Reference File. -- The reference file is the data contained at the left side
of each page. This list represents the signals which do not originate on the
page. The following example is the first signal listed on LBD 0051.

BADROLl-: Signal mnemonic

08B13: This code indicates that the signal is wired to an off-board
connection {shown below}.

0101: LBD where signal originates
C C
O @)
uyjz L L
N|]O} R U U
I | N| O M | BOARD|M PIN
T|E| wW| SLOT | N ROW | N | NUMBER
vlz|lr]|s s{C|D DM P P
0 81| B 1 3
o 817 0 5 | C 1 0
0 81 A |1 8 | B 0 2
Circuit Block Diagrams. -- The information within a circuit block diagram is

interpreted as shown. On larger circuits (e.g., selector), two additional lines
are made available for defining the circuit.

GENERALLY, DIP

PIN NUMBER 7

0 BADROI-V @——— FUNCTION NAME
L—» BADROI~ RRNET J <@—f—— DIP TYPE AND CIRCUIT
SIGNAL NAME 08J 05C @——— BASE ALLOCATION (SHOWN IN CHART)

ARROW DIRECTION REPRESENTS
CONNECTION FROM OFF -BOARD

SIGNAL MNEMONIC

MDOIBST
THOOO A

CIRCUIT SEQUENCE DESIGNATION
CIRCUIT TYPE

BASE ALLOCATION (SHOWN IN CHART)

rh

Minicircuit Diagrams. -- Minicircuit diagrams within circuit block diagrams

are used to provide a clearer definition of the logic.

XXnnXX =

Output Designations. -- Output designations are indicated as following.

XAXXXX+ 05
=22 THIS SYMBOL INDICATES THAT THE SIGNAL
NAME OF THE OUTPUT LINE IS THE SAME

AS THE MNEMONIC WITHIN THE BLOCK.

02 WHEN THE OUTPUT LINE IS NOT DRAWN
UNDER THE PIN NUMBER, THE LINE IS NOT
USED.
12
—
Notes. -- The notes appearing at the bottom of a page usually refer to specific

circuits. If a reference designation does not appear on a circuit, the note
applies to the entire page.
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