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INSTRUCTION CARD LEGEND

OP Fields

L

Byte(1)/Word{Q)

Source Field — 6 Bits
Destination Field — 6 Bits
Register — 3 Bits

Floating Source — 6 Bits
Floating Destination — 6 Bits
Floating Accumulator — 2 Bits
Offset — 8 Bits

Offset — 6 Bits

Count — 6 Bits

Count — 3 Bits

AND

Inclusive OR

Exclusive OR

Contents of

Location

Becomes

Is Popped from Stack

Is Pushed onto Stack
Booleant Not

Time

Add 130 ns if Destination is an odd
byte, except where dst = R7 or where
dst mode equals 0 and src, where
applicable, is 0,

Add 90 ns/memory reference if mem-
ory management KT11 is in operation.

Condition Codes

¥ Conditionally Set
- Not affected

0 Cleared

Set

—



GENERAL ADDRESSING MODES

¥

H#kk

Format Mode @

Rn

*Direct/deferred bit for source and destination address
**Specifies how selected rcgisters are to be used
***Specifies a general register

Maode Name Symbal Function

4] Register %R Register contains operand.

| Register Deferred @%R or (R) Register contains the address of the operand.

2 Auto-increment (R Register contains the address of the operand. Register
contents incremented after reference.

3 Auto-increment @R+ Register is first used as a pointer to a word containing

Deferred the address of the operand, then incremented {always
by 2, even for byte instructions).

4 Auto-decrement ~(R) Register contents decremented before reference.
Register contains the address of the operand.

5 Auto-decrement @-(R) Register is decremented (always by 2, even for byte

Deferred instructions), then used as a pointer to a word
containing the address of the operand. '

6 index +X(R) Value X (stored in a word following the instruction)
is added to (R} to produce the address of the
operand. Neither X nor (R) is modified.

7 Index Deferred @+X(R) Vaiue X (stored in a word following the instruction)

or and (R} are added and the sum is used as a poiater to
@(R) a word containing the address of the operand. Neither
X nor {(R) is modified.

(J_r)l( is an Index value)




SPECIAL (PC) ADDRESSING MODES

Format

% % # ho
Mode @ Rn

*Direct/deferred bit for source and destination address
**Specifies how selected register is to be used
***ZQpecifies register 7 (PC)

Mode Name Symbol Function

2 Immediate #n Operand follows instruction,

3 Absolute @H#A A follows instruction is the address of the operand.
{A = absolute address.)

6 Relative A A is the address of the operand. {A = Index value
following the instruction plus updated PC.)

7 Relative Deferred @A A is the address of a word containing the address of
the operand. (A = Index valve following the
instruction plus updated PC.)

BRANCH ADDRESSING
OFFSET = (effective address% - (updated PC)

EFFECTIVE ADDRESS = (offset x two) + (updated PC)

Branching from location 500

PC OFFSET
470 373
472 374
474 375
476 376
500 Instruction 377
502 000
504 001
506 002
510 003

OFFSET — Number of words to branch
from updated PC.

EFFECTIVE ADDRESS — The location
to branch too.

UPDATED PC - Location of instruction
. plus two.




CONDITION CODES OPERATORS: OPR

15 5 4 3 2 | o
Foma‘ 0[00 O!OO DJ_O 1 0|1‘ iN‘Z‘V!CIOOOEXX
1M-1463
Condition cade operator set or glear condition code
bits. Indicated hits of the instruction word (3-0} if =
to a ONE, affect the indicated condition code bits
NZVC according to bit 4.
Bit 4 = 0 Clear condition code bits
Bit 4 = 1 Set condition code bits
Condition
Mnemonic Instruction/Operation OF Code Code Time
NZVC
—_— No Operation 000240 --- 600 ns
CLC CLear C 000241 --0 600 ns
C<«0
CLV Clear V Q00242 --0- 600 ns
V<0
CLZ Clear Z 000244 -0-- 600 ns
Z+0
CLN CLear N 000250 0-- 600 ns
N<0
cCce Clear all CC’s 000257 0000 600 ns
N,Z,V,C«0
—_— No Operation 000260 -- 600 ns
SEC SEt C 000261 ---1 600 ns
C+1
SEV SEt Vv 000262 -1- 600 ns
Vel
SEZ SEt Z 000264 -1- 600 ns
Z<1
SEN SEt N 000270 1--- 600 ns
N<1
SCC Set all CC’s 000277 1111 600 ns
N,Z,V,C<1
Combinations of the above Clear instructions can be
ORed together to form combined Clear instructions,
— Clear Vand C 000243 --00 600 ns
V,C«0
Combinations of the above Set instructions can be ORed
together to form combined Set instructions.
—_— SetNand vV 000272 1-1- 600 ns
N, V<1




CONDITIONAL BRANCHES: OPR loc

15 a T o]
Format OF CODE JV OFFSET l
The instruction causes a branch to a location defined
by the sum of the offset (multiplied by 2} and the
current  comtents of the program counter, if
conditions are met,
TIME: Branch 600 ns/No Branch 300 ns
Mnemonic Instruction/Operation OP Code
BR BRanch {unconditionally) 0004+ XXX
PC +loc
BNE Branch if Not Equal (zero) 0010+XXX
PC «loc if Z=0
BEQ Branch if EQual (zero) 0014+XXX
PC «locif Z=1
BGE Branch if Greater or Equal (zero) 0020+ XXX
PC « loc if N=V
BLT Branch if Less Than (zere) 0024+ XXX
PC < loc if N#V
BGT Branch if Greater Than (zero) 0030+XXX
PC <loc if Z=0 and N=V
BLE Branch if Less than or Equal (zero) 0034+XXX
PC < loc if Z=1 or N#V
BPL Branch if PLus 1000+XXX
PC < loc¢ if N=0
BMI Branch if MInus 1004+ XXX
PC < loc if N=1
BHI Branch if HIgher 1010+ XXX
PC «loc if C=0 and Z=0
BLOS Branch if LOwer or Same 1014+XXX
PC < lo¢ if C=1 or Z=1
BVC Branch if oVerflow Clear 1020+XX(X
PC <locif V=0
BVS Branch if oVerflow Set 1024+ XXX
PC «loc if V=1
BCC Branch if Carry Clear 1030+ XXX
PC <locif C=0
BHIS Branch if Hlgher or Same 1030+ XXX
PC < loc if C=0
BCS Branch if Carry Set 1034+XXX
PC «<locif C=1
BLO Branch if LOwer 1034+ XXX
PC <« loc if C=1




SINGLE OPERAND INSTRUCTIONS: OPR dst

'S B 5 &
Format L oP CODE DESTINATION
Condition
Mnemonic Instruction/Operation OP Code Code Time
NZVC
CLR(B) CLeaR (Byte) n050DD 0100 300 ns
(dst) <0
COM(B) COMpiement (Byte) n051DD **01 300 ns
(dst) < ~{dst)
INC(B) INCrement (Bytc) nQ52DD kil 300 ns
{dst) < (dst) +1
DEC(B) DECrement (Byte) n053DD ok, 300 ns
(dst) « (dst) -1
NEG(B) NEGate (Byte) n054DD *AE® 300 ns
(dst) < ~(dst} +1
ADC(B) ADd Carry (Byte) n055DD wREE 300 us
(dst) < (dst) +(c)
SBC(B) SuBtract Carry (Byte) n(56DD Rl 300 ns
{dst} < (dst) - (c)
TST(B) TeST (Byte) r0S7DD *#0Q 300 ns
(dst) < (dst)
ROR(B) ROtate Right (Byte) r(60DD ok 300 ns
(dst} < {dst) 1 place
right with (c)
15 o]
| 1 I i 1 1 l 1 1 1 ] ] 5 ]
|
ROL(B) ROtate Left (Byte) nG61DD *REE 300 ns
{dst) < (dst) 1 place
left with (c)
15 o]
l L | | L | 1 1 | 1. i —I
f
ASR(B} Arithmetic Shift Right (Byte) n062DD Fddok 300 ns
{dst) « (dst) shifted
1 place right
k] o
|:‘| S UV VTN SU A P
il
ASL(B) Arithmetic Shift Left (Byte) n(63DD wEEE 300 ns
{dst) < (dst) shifted
1 place left
15 Q
[ L [T T W N o
SXT Sign eXTend 0067DD -*0- 300 ns
(dst} < 0 if N=0
(dst) < -1 if N=1
SWAB SWAp Bytes 0003DD **00 300 ns

(dst byte 0) < {dst byte 1)
(dst byte 1) < (dst byte 0)




DOUBLE OPERAND INSTRUCTIONS: OPR src, dst

15 12 1 & 5 Q
Format I 0P CODE | SOURGE DESTINATION i
Condition
Mnemonic Instruction/Operation OP Code Code Time
NZVC
MOV(B) MOVe (Byte) n1SSDD %) - 300 ns
(dst) < (src)
CMP(B) CoMPare (Byte) n2S8DD Fhokok 300 ns
(srey +~ {dst) + 1
{stc) , (dst) unaffected
BIT(B) BIt Test (Byte) n3sSDD *HQ . 300 ns
{dst} A (scc)
{(dst) , {src) unaffected
BIC(B) BIt Clear (Byte) n4SSDD *H() - 300 ns
(dst) < ~ (src) A (dst)
BIS(B) Blt Set (Byte) n5SSpD 1 300 ns
(dst) < (src) A (dst)
ADD 0655DD ik 300 ns
(dst) < (src) + (dst)
SUB SUBtract 16SSDD HkkE 300 ns
(dst) < (dst} + ~ (src} + 1
REGISTER SRC/DST INSTRUCTIONS: OPR ste, R
15 9 B 6 5 o]
Format 0P CODE I REG SRC/DST
Condition
Mnemonic Instruction/Qperation OP Code Code Time
NZVC
MUL MULxiply 070RSS wE* 3.3 us
R,Rv1l <« (R}x (src)
DIV DIVide 071RSS *kd 6.9-
quotent R j- R), (RVI] 7.5 us
remainder RV %srci
ASH Arithmetic SHift 072RSS FEEE 750 nst
R <« (R)Arith
shifted N places
right or left
ASHC Arithmetic SHift Combined 073RS8S HAHA K 750 ns+
R,Rv¥1 < (R),(RVI)
Arith shifted
{two words) N
places right or left
——— ]RHI i
R[l—rlll'lllil_l_l_LLl_ |11{|1|||||t
-— R+1 ——
RJ_J_|||r||1ll|| J_Jlillll51ll}.—c
XOR Exclusive OR 074RDD *H0 - 300 ns
{dst) <« R¥ (dst)
Note: Syntax format is XOR R, dst




SUBROUTINE INSTRUCTIONS

Condition
Mnemonic Instruction/Operation OP Code Code Time
NZVC
ISR Jump to SubRoutine 0Q4RDD .- 15 us
tmp <« (dst)
HSF) <« (reg)
reg < (PC)
PC < (tmp)
15 9 B B 5 Q
FOmlat | QOF CODE ‘ REG DESTIMNATION J OFR R, DST
RTS ReTurn from Subroutine 00020R e 1.2 us
PC <« (reg)
reg <« (SPY
15 3 2 o)
Format OP CODE REG ] OPR R
MARK MARK 0064NN .- 900 ns
SP <« (PC)+(2xN)
PC <« (RS
R5 <« (Sp)t Note: NN=number of parameters
t5 & 5 a
Fomat OF CODE ‘ NN OFR NH
PROGRAM CONTROL INSTRUCTIONS
Condition
Mnemonic Instruction/Operation OP Code Code Time
NZVC
SPL Set Priority Level 00023N -- 600 ns
PSW(7-5) <« N
Note: Kernal mode only
15 3 2 ]
Format I OP CODE ] N J OPR N
11-1475
IMP JuMP 0001DD ---- 600 ns
PC  + st
15 G 5 o .
Format r OP COCE DESTINATION OPR DST
19-1476
SOB Subtract One and Branch O7IRYY 750 s
R « (R}-1
PC <« (PC)-(2xOFFSET) if result # 0
PC <« (PQ)ifresult=0
Nete: Branch back only if R¥(0
15 9 ] 6 4 ]
Format OF CCODE ‘ REG ‘ OFFSET OPR R, A

1~ 13%7




OPERATE INSTRUCTIONS: OPR

Mnemonic

Condition
Instruction/Operation OP Code Code Time
NZVC

HLT

WAIT

RTI

BPT

10T

RESET

RTT

EMT

TRAP

Hal.T 000000 - 750 ns
CP <« Halt

WAIT 000001
wait for interrupt

ReTurn from Interrupt 000002 HkEk 1.5 us
PC <« (SP)t
PSW < (SP)%

BreakPoint Trap 000003 sk 2.25us
+(SP) (PSW)
HSP) (PC)
PC {loc 14)
PSW (loc 16)

S A

I/O Trap 000004 FhEt 2.25 us
(SF) {PSW)
Usyp) (PC)
PC (loc 20)
PSW (loc 22)

T4

RESET GO0005 “ee- 10 ms
BUS INIT < TRUE for 10 ms

ReTurn from Trap 000006 K 1.5 us
PC <« (SPt
PSW <« (SP)t

EMulator Trap 104000 - ok 225 us
SF) (PSW) 104377
H(SP) (PC)
PC (loc 30)
PSW (foc 32)

(O

TRAP 104400 - *Hx 2.25 ps
USP) ®PsW) 104777
YSP) (PC)
PC (loc 34)
PSW (loc 36)

ORI O ¥

Notes:

. HALT issued in SUPERVISOR or USER mode will generate a trap to vector 4.
. SPL or RESET issued in SUPERVISOR or USER mode will be a NO OP.
. BPT, IOT, EMT and TRAP push old PC and old PSW onta stack of mode vou

are going to.




PROCESSOR REGISTER ADDRESSES

GENERAL REGISTERS

RO (000000) R10 {000010)
R1 ~ (000001) R11 (000011)
R2 (000002) R12 (000012)
R3 (000003) R13 (000013)
R4 (000004) R]4 (000014)
RS (000005) RIS {000015)
R6 KERNEL SP {000006) R16 SUPER SP (000016)
R7 PC (000007) R17 USER SP (000017)

{addressable only by console)

QISPLAY REGISTER
13 Qo

| ] (777570)

-147e
SWITCH REGISTER
17 16 15 Q

r——-
1 I T l FTRTSTOY
| M E

11- 1479

FROGRAM BREAK REGISTER (P8}
T 0

[ ‘ | (777770

11-1482
PROGRAM INTERRUFT REQUEST REGISTER (PIRG)

15 14 13 12 1t 1D 8 7 6 5 o3 2 1
A A I
7 ] 5 4 3 2 1
. A L J L s
v L i
FlRr PlA FlA

PROGRAM INTERRUPT ACTIVE

11- 1481

J (777774}

1M-1982

STACK LIMIT REGISTER {SL}
15 8

FROCESSOR STATUS WORD {PSW)

15 14 13 12 1N 7 & 5 4 3 2 1 Q
r l | (777776}
LS, N — NOT USED T N z v C
L CARRY QUT
OVERFLOW
ZERQ
NEGATIVE
TRACE
PROCESSOR PRICGRITY O-7
“— GFR (O SELECTS REG 0-5)
{1 SELECTS REG 10-15)
00 = KERNEL

CURRENT MODE 11 = USER

“— PREVIOUS MODE 0131 SUPERVISOR
10 = ILLEGAL

11-14 33

10



MEMORY PARITY CONTROL REGISTER

1% " 10 2 B
L | HEEN
i\ I-pnm'rv DISABLE
HALT ENABLE
Low 4K} TYPE OF PARITY
HIGH 4K
PARITY ERRCR
11- t484
Addressing

0- 8K 772100

8K — 16K 772102

16K — 24K 772104
24K - 32K 772106
32K — 40K 772110
40K — 48K 772112
48K — 56K 772114
50K — 64K 772116
64K — 72K 772120
72K — BOK 772122
80K — 88K 772124
88K -~ 96K 772126
96K — 104K 772130
104K — 112K 772132
112K — 120K 772134
120K - 128K 772136

Bits 11 and 10 are associated with the high-order 4K and low-order 4K of this memory address bank. When
set to a 1, they specify odd parity for their respective half banks; when clear, even parity.

When bit 9 is set, the machine will execute a halt if a parity error occurs; when clear, the machine will
perform an effective timeout and interrupt through location 4.

When bit 8 is clear, a parity error will cause an interrupt {or halt as specified in bit ); if it is set, no action
will be taken on a parity error. '

When the machine is powered up, the status registers have bit 15 cleared to 0, and the remaining bits set to
1: halt, odd parity enable, parity disable, and no error.

11



INTER-MODE COMMUNICATIONS: OPR dst or OPR src

15 6 5 0
Format OP CODE DST /SRC
11-148%
Condition
Mnemonic Instruction/Qperation OF Code Code Time
NZVC
MFPI Move From Previous 006588 i 1 1.2 us
Instruction space
(temp) < (sr¢)
WSP) < (temp)
MFPD Move From Previous 106585 *¥¥0 - 1.2 us
Data space
{temp) <« (s1¢)
HSP) <« (temp)
MTPI Move To Previous 0066DD ¥ - 900 ns
Instruction space
(temp) <« (SP)t
{(dst) <« (temp)
MTPD Maove To Previous 1066DD *EQ - 900 ns
[rata space
(temp} <« (SP)t
{(dst) <« (temp)
KT11-C MEMORY MANAGEMENT STATUS REGISTER
Status Register 0 (SR0O) nallGE THAT SET
15 14 33 12 N 1o 9 ] ke ! -1 ] q 3 4 1 ?
! L ADDRESS:
n L | TTT572
ABORT ' NON-RESIDENT —f L | L ENABLE KT11-C
ABQRT:PAGE LENGTH ERR PAGE NUMBER
ABORT- READ OQNLY VICLATION ADDRESS SPACE 1/D
TRAF:-MEMORY MANAGEMENT MODE OF OPERATION
- /% TRAP: GPERATING % INSTRUCTION COMPLETE
NeT 19w :_a SYSTEM TESTERS MAINTENANCE MODE
m A
TaTHE mmigaf«‘éir“w'ﬁiﬁ; 1inrose
Status Register 1 (SR1)
15 11 o 8 7 3 2 [+]
ADDRESS:
T¥¥IGTA
AMOUNT CHANGED REGISTER AMOUNT CHANGED REGISTER
(2'8 COMPLEMENT) NUMBER 12'S COMPLEMENT NUMBER
11~ 1038
Status Register 2(SR2) 0
16-BIT VIRTUAL ADDRESS ??3';‘57565"
1-1040
Status Register 3 (SR3)
3 2 1 O
i i sy

KERNEL MODE
SUFER MODE
USER MODE

"1" ENABLES
D SPACE

|

12

11-1041



15

ACTIVE PAGE REGISTERS

15 14 Processor Status Word
I space
v Y Y
KERNEL {00) SUPERVISOR (01) USER (11)
APRO 772340 772300 772240 772200 777640 777600
1 772342 772302 772242 772202 777642 7771602
2 772344 7712304 712244 772204 177644 777604
3 772346 772306 772246 772206 777646 777606
4 772350 772310 772250 772210 777650 777610
5 712352 772312 772252 772212 777652 777612
6 772354 772314 172254 772214 777654 777614
7 712356 772316 772256 772216 F77656 717616
PAR PDR PAR PDR PAR PDR
D space
KERNEL {00) SUPERVISOR (01) USER (11)
APRO 772360 772320 772260 72220 777660 777620
i 772362 772322 772262 TI2222 T17662 777622
2 772364 712324 712264 772224 777664 777624
3 772366 772326 772266 772226 777666 TH1626
4 772370 T72330 F72270 7712230 17670 777630 .
5 72372 T12332 712272 772232 777672 777632
6 772374 772334 772274 772234 117674 717634
7 772376 772336 772276 772236 777676 777636
PAR PDR PAR PDR PAR FDR
roe 414 TER JODREES
PAGE APNESS REGISTER PAGE PESCIMETER REGISTER
8 7 5] 15 12 N ]

14

PAGE LENGTH FIELD
{PLF}

A

AT

ACF

1 =1037

13

PAGE ADDRESS FIELD
PAF)

11-1038



i

15 13 12 Q
VA APF DF
ACTIVE DISPLACEMENT FIELD
PAGE FIELD
12 6 4]
BN DiB
BLOCK NUMBER DISPLACEMENT
IN BLOCK
15 12 N 0
PAR ///////////////////////‘ PAF
PAGE ADDRESS FIELD
17 6 0
PA PBN DIB
PHYSICAL BLOCK NUMBER
VIRTUAL TO PHYSICAL ADDRESS
11 -1486

V.rtaal to Physical Address



: !
VIRTUAL /ﬂ"\ !fﬁ
R L Mﬁf%xﬁ
.
sep<g> & NOT ENB m;’, 1\] 4 II
{ ENH
Q0 PSw 11
KERNEL <1415 USER

G1 SUPER

KERNEL KERNEL SUPER SUPER USER USER
D APR I APR D APR I AFR D APR I APR

BN>PLF
-]

N&

|PA=PAR-|003+0FI

PHYSICAL
ADDRESS
TO UNIBUS

11- 1487

Memory Management

15



91

MEHO CONTROL

WRITE DATA (SMCD MEM DATA <17:002)

ME110 CONTROL

I SMCC MAD <14:013 J

MAD <12:03>

MAD 14,13, 02, 0>

ACLESS
CONTROL
LEVELS
MCS5A

RN P LT A
175 14 13 12 1110 08 08 te 07 OB Q5 0403 02 01 00
H
wi L t 44 Ty
1K —= 181 ¥ 181 K eees in] K
MOSA A —in
o | T === | ] I
MOSA A MOSA A MOSA A
2nd K —= a 2nd ¥ B 2nd K g -— Zpd K
q —i B ——— a — g8 —
C — MOSH e MOSE ¢ ———— MQsC it MOSA
b [ | I
SL oL 5L oL SL B SL DL
[ | [ | || P
Erd K —» Jrd K 3rd K - 3rd K
MO5A A —m
O —i
b ——— % || F=——x ||| F—m——=x ||| ===
MOSA A MOSA A MOSA A
4th K —= D 41h K D 4th K o -— 4ih K
£ —n L ———m C—ad [ pp—— |
D — NOSY D —~ MOSF D ——» MOSD D——m WOSE
NEEN bl L]
17715 t4 13 12 110 o8 6 07 0B 05 0403

b

READ DAT

»

{SMCE MEM SENSE AMPS <1T:Q02)

MBI0 CONTROL

MOS Memory Matrix Block Diagram

B

C -—

D —

SEL 13—

3EL 14 —me——]

I=152%



MOS Memory System Configuration

Memory Option Type Number
Capacity MS11-BC { MSi1-BD | wmsii-BM | Msi11-BP
Option Module Complement
‘ ' (1)M8110
P‘::i‘:‘y le;'r‘i‘t’;" (1)H746A (1)M8110 (1)G401 (1) G401YA
(1)H744A
4K ] !
4K ] ]
8K 1 2
8K 1 2
12K 1 3
12K 1 3
16K I 4
16K ] 4
20K ] ) 5
20K 1 ! 5
24K ! 1 6
24K 1 ! 6
28K 1 1 7
28K I 1 7
32K I 1 8
32K 1 ! 8
MOS Matrix Sefected Address Configuration (4 of 16K)
MAD REQUIRED JUMPERS MOS Matrix Memory
14 13 {MAD 14) (MAD 13) Address Assignment
0 0 C A 0-4095
0 1 C B 40968191
1 0 D A 8192-12,287
I 1 D B 12,288-16,383

MOS Matrix Control Level Generation and Selected Memory
Address Block (1 of 4K}

MAD CONTROL LEVELS GENERATED Memory Address
02 01 (MAD 02) (MAD 01) Block Selected
0 0 MOSA B . MOSA A 0-1023
0 1 MOSA B . MOSA C 1024-2047
i 0 MOSA D . MOSA A 2048-3071
1 i MOSA D . MOSAC 30724095

17



MEB110 CONTROL

U

WRITE DATA (SMCD MEM DATA <17:002> H)

U

DATA INVERSION
MEM DATA <17:Q0> L

B1PB
TP Ty Tl
17 16 15 14 13 12 11 10 09 0B OT 06 05 04 03 02 01 00
IR N RN RN ENEEEEE
1 la— C51 RO
131 256 LOCATIONS MO
BIPD: BI1PC jw— ADS SEL 1-BA
: pe— C51 Ri
2nd 256 LOCATIONS :g:g :‘
a1PF L BIPE ja-- ADS SEL V-8B
! te— C31 R2
3rd 256 LjDCﬂTIONS - csaRe
CIL B1PH fa— ADS SEL 1-8C
i ba—— €51 R3
1 R
41h 256 LOCATIONS o e n
BIPL | BIPK ADS SEL 1-8BD
BEREEEENEEREENEE
17 16 15 14 13 12 11 1009 0B O7 06 05 04 03 02 0% OO
NENEEEEEI N RENE R R,
l READ DATA (SMCE MEM Sa <1T:00>H])
MEBEI10
CONTROL
Bipolar Memory Matrix

MB110 CONTROL

U

SMCC MAD <14:012>

MAD <12 10012

)]
o34
ADDRESS

RO EXPANDER
% o et

ROW SELECTION
LE]
= ADS SEL 1-8  BiPA

i

;

MAD <14 13,112

WRITE PULSE

BRD ENBL

LOW/HIGH
rCENABLE
Lcs3
MODLULE 1
SELECTION A
mes| 2
l D
WR EN
L0/ HI

1-132%



Bipolar Memory System Configuration

Memory Option Type Number
Capacity MS11-CC | MS11-CM_ |  MSIICP
Option Module Complement
With Without (1)M8I110 (1)M8111 (1)M8111YA
Parity Parity (2)H744A
1K 1 1
1K 1 |
2K 1 2
2K 1 2
3K 1 3
3K 1 3
4K 1 4
4K 1 4
5K 2 5
5K 2 5
6K 2 6
6K 2 6
7K 2 7
7K 2 7
8K 2 8
8K 2 8
Bipolar Matrix Selected Address Configuration (1 of 16K)
MAD Required Jumpers Memory Address
Assignment
t4 13 11 10 (MAD 14) (MAD 13} {(MAD 11) {(MAD 10)
0 0 0 0 D F H B 0to 1023
l] 0 0 1 D F H A 1024 to 2047
0 0 1 0 D F J B 2048 to 3071
0 0 1 1 D F J A 3072 to 4095
0 1 0 0 D E H B 4096 to 5119
0] 1 0 I D E H A 5120 to 6143
0 1 | 0 D E J B 6144 to 7167
G 1 I l D E J A 7168 to 8191
1 0 0 0 C F H B 8192 to 9215
1 0 0 1 C F H A 9216 to 10,239
1 0 1 0 C F ] B 10,240 to 11,263
1 0 1 1 C F J A 11,264 to 12,287
1 1 0 0 C E H B 12,288 to 13,311
] } 0 1 C E H A 13,312 to 14,335
1 1 1 0 C E J B 14,336 to 15,359
1 1 1 ! C E J A 15,360 to 16,383
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e

FASTALS DATA FROM
KB1) PROCESSOR

FASTOUS DATA TO
KE11 PROCESSOR

B 1-HRECTIONSL
UMIBUS DATA LINES

UNIBUS ALDRESS LINES

BUSE CO L
UNIBUS | g EUSB c.:‘. y
! usg DC La v
CONTROL 1 Ause D LG -

LINEE |EUSE W5 T L
BIISE SSYN Ly

FAST BUS ADDRESS LINES

PURE BR< 1500 >0 L

SMCO MEM DATA<17:30 2 H

v DATA N
WULTIPLEXER
SMCA FREQ (B} H ———————= AND
PARITY
GENERATOR

]

SMCH U8 DATA< 15. 00 »H

IMLO

SMLE DATA LATCH H —I

SMCE WEM B<13 00> H

SMCE HIGA BYTE PAaRITY
E PaRTY L

SMCE MEM 54 <17 00> H

DATA DUT <‘
AND

PARITY

p—— SMCA 5& LaTIZH (I H
CHECKER [*—— ESMCP SELECT EVEM H
—— SMCE ZFLECT ODD H

SMCA PREQ | 1) L

UNIBL S . {
RECEIVERS ( SMCE MEM 54 1500 >H
Aho - —
DRIVERS Pl UNIBUS AODREST

SMUH UBAD <14-02 D023 H

: SMCH_l l

L

FASTBUS ALDREZS

y

DAFE BAMA < NS D200 > H AND S4AF) Pa 14 O3> H

p

SMOCF UR MUX WMAD 17 H

ADDRESS
MU TIFLE XER

AND >
MAC RECISTER SMCC MAD < 14012 0IH

A MEMOR Y
K S RATR X
MOOULES

SMCF FH MUX MAD 12 H

SMCA MEM SThC (BE 2
UBCA CONMTROL 0K H
UBCC MEM BUS €O L
UBLE MEM BUS C1 L
v
L

I' SMEF MEW L

CPU
CONTROL

TMCE BEND CLR
THMLE BUST QUT

REFRESH ADDRESS

»
—= SHCB RFAD-C08. 00 3H ) swCe
EMLF PaR REG STR A K ¥
. SMCF PAR REG STH B W
DAPEB BAMX D1 AND 3APS P <1753 H > FAST BUS — 1
T v ANE "
I | UNIBUS (panmf REGISTERS & AND B CATA v
ADDRESS | ™ i
PRASTY REGISTER & OR B DATA QUT DECODERS UECA CONTROL O H Lasie =
Pyl UBCE PERF ACKN L ~e————— ﬁ Y
EMcF | FONTRG SMCH PERF | = z1zlz|2
SMOE FE HALT L »———— SHCE < % [ [
] I | MR
SMCH UBCTH =2 a g
SMCH UBST L SMEF SMTE b i g
SMCH MITRC 18I L BREQ L SMCA ACCESS ACADY LATCH b | f :g; . o [l L
SMCA WEW CO b | & [2 o &
_ {SMCH POWER c.unaj = RCA WEN T H ;, ;;_,!E ;
SMCH VEC0 L H z iw;w z
— i i
-—
J—
R
. SYNCHRUNIZATION AND TIMING
Jo—
—_— SMia

v

CONTROL T MEMORT
MATR|X MOOULES

SMLA CENAALE L

SMCA PRECHARGE L

SMCA WRITE PULSE LOW L

M8110 Semiconductor

Memory Control Module, Block Diagram

SMCA WRITE PULSE HIGH L



MOS BIPOLAR

1 16 1 — 1%
SMCF FB ] SMCF Fa
SAPY PAI2 H . T MUX 14712 SAPJ PAIZ H " . a2 b
SAPJ PALG H /——_-"\j SAPJ PAIS H
—E 14 suMcF FB i’-‘ |14 smcF Fe
SMCF 4| 13| MUX DEC 14 H SMCE 2 . MUX DEC 14 H
DECODE 14 H — DECODE 14 H
SAPJ PAUI H 3 18 sMcF Fs SAPJ PATIH SL—J!2__ sMcF Fe
I MUX 13/11 H MUX {3711 H
€ /—-"--\ 11 1] 1
SAPJ PA{3 H SAPJ PA{3 H :I_
l 7 10 SMCF FB | ? L SMCF
P P MUX DEC 13 H a P MUX DEC i3 H
SMCF ] | SMCF ]
OECODE 13 H E67 DECODE 13 H E&7

1-1327

Fastbus Address Multiplexing (14:11}, Required E67 Jumpers

SMCH UBaQ 04 H ! & SMCF UB MUX MAD 12 H
SMCH ypaD IS H 2 13 SMCF UB MUX MAD {15 H
SAPS PAIS H 3 lad SMCF FB MUX MAD 12 H
DAPB BaMX O1 H 4 1 SMCF FB MUX MAD 15 H
5 12
6 3]
7 H3
" | —
- EBE

1i-1329

MAD Multiplexing, Required E86 Jumpers

MOS BI FOLAR
1 1% SMCF UB V18 SMCF U8
SMCH UBAD 12 H " EI_ MUX f8s12 v SMCH LBADIZ H . s MUX 14 /12 H
SMCH UBAD 14 H —E/—_“‘\ SMCH UBAD 14 H 3 "
4 SMCF U@ 1 e SMCF U8
MUX DEC 14 H MUX DEC 14 H
SMCF 4 L 13 SMCF __ 4 £3
DECODE 14 H DECODE 14 H

L)
w

P - SMCF UE

i
SMCH UBAD 11 H e SMCF UB

SMCH UBAD #iH

6/.____,__\”! MUX 13711 W s ”I MUX 1311 H
SMCH UBAD 13 H SMCH UBAD {3H
I? 0 SMCF UB |7 L 1C SMCF Ul
] MUX DEC 13 H MUX DEC 13 H
SMCF Bl —"]9 SMLF 8 9
DECODE 13 H E78 DECODE 13 H ETB

1M-1329

Unibus Address Multiplexing {14:11}, Required E78 Jumpers
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Fastbus/Unibus Memory Address { Assign and Decode)

Fastbus/Unibus Memory Address M8110 Jumpers (ER7)

Address Decoder Bits Assignment {(NOTE 1, NOTE 2)
17 16 15 14 13 Bipolar MOS C D E F
0 ) 0 0 0 0—4K 0-taK
0 0 0 0 1 48K
0 0 0 i { 8—12K X
0 .0 0 i ] 12—16K X
0 0 1 0 ] 16—20K 16-32K X
0 0 1 0 1 20-24K X
0 0 1 1 0 24-28K X X
0 0 1 1 1 28-32K X X
0 1 0 0 0 32-36K 32-48K X
0 1 4] o 1 36—40K X
0 1 0 1 0 40—44K X X
G 1 0 1 1 44—48K X X
0 1 ! 0 0 48—-52K 48—64K X X
0 1 { 0 1 32-56K X X
0 1 1 ] 0 56—60K X X X
0 1 1 | 1 60—-64K X X X
1 0 0 0 0 64—68K 64—80K X
1 0 0 0 1 68—-72K X
1 0 0 1 0 72-T6K X X
1 0 0 1 1 76—-80K X X
] 0 ] 0 0 80-84K 80—96K X X
1 0 1 0 1 84-88K X X
1 0 ] 1 0 B8-92K X X X
1 0 i 1 1 92--96K X X X
1 1 0 0 0 96— 100K 96-112K X X
1 1 0 0 1 100-104K X X
] l 0 1 0 104--108K X X X
1 l ] 1 i 108—112K X X X
1 1 i o 0 112—116K 112-128K X X X
1 i 1 0 I 116—120K X X X
1 1 1 | 0 120 124K X X X X
1 i 1 1 1 124—128K X X X X

NOTES: 1. “X" denotes jumper to be cut.
2. Jumpers F and H are left intact for all MOS memory assignments.
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MUX 14712, 13/18

MUX <1513 H

SAPJ PASITIED 1t

oo
i
=

MUX <1513 H
SAPJ PA <1716 8

O

lﬂ—-

v

{TO UNIBUS
DECODE CKT,

SMCF DECODE <17:132>

——

E89/76

EGT,ETH!

L/

SMCF MEM H

MOS/Bipolar Module Addressing

n-1326

Simplified Memory Address Decode (SMCF})

Fastbus/Unibus Memory Address
. . Remaove Jumpers
Memory Address Bits Assignment
FB MUX FB MUX Fastbus Unibus
MO ipol
14/12 13/11 S Bipolar Address Address
Select Select
0 0 0—4093 0-1023 ] N
0 ] 4096-8191 10242047 K P
1 0 819212287 2048-3071 £ R
1 1 12288—16383 30724095 M 8
MOS/Bipolar Memory Addressing
No. of Memory Memory Remove Jumpers
Modules in Capacity Fastbus Unibus
Memory* MOS Bipolar Address Address
Select Select
1 4K 1K ] N
2 8K 2K JK NP
3 12K 3K JKL NPR
4 16K 4K JKLM NPRS

*Connected to one MB110 Control.
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¥

nCm—=2C

BUS A<I3:01 2, <14 >

i2
BUS A<I7: 2800 o
cLk CLK H—=1,, - (14)
LOAD 0.1 H ADDRESS|REGISTER
R 1 r TWl
BUS MSYN [RESET 0.1L TNAR H D H
— ADDRESS DECODER
BUS C<1.0> MEMORY STROBE Q1L TWID H 8
SELECTION |paTa OUT H READ H X-Y SWITCHES
BUS DC LO TIMING = 8 DRIVERS
BUS INIT 8 TINH 0,1 H
CONTROL [ h
_BUS SSYN -
- TNAR sTack | o
TWID 8K X 18 {16)
» PA
) 8
SENSE {P i *
AMPLIFIERS {Bl15 glA7 o] -
—Q . AD O H
Re R) LoAp 1)
FB
STROBE STROBE
= LOAD 1 H e OH
Rc'n\
— =y J
RESET 1 L P P le—RESET O L
Biig glAi? o}
J_DATA BUFFER

| XM'T
BUS D<|5:B>F’B( .

XM'T

— DATA OUT H

TINH 0. H-—{ '

"BUS D<T:0>PA

MM-11 8, Simplified Block Diagram

il-1488



Device Address Jumpers (1)
Memory Bank Machine Address
{words) {words) we w4 L. F] w2
Al‘[% A0l AlS Al6 AITL

0-8K 000000-037776 In In In In
E—16K 04000017176 Out In In In
16—24K 100000137776 In Qut In In
24-32K 140000117776 Qut Cut. In In
32-40K 200000237716 In In Out In
40-48K 240000-277776 Qut In Dut In
48-56K 300000-337716 In Cut Qut In
56—64K 340000377776 QOut Cut Qut In
H4-T2K 400000-437716 In In In Out
72-BOK 440000477716 Out in In Out
80—REK 500000537776 In Que In Out
BZ-95K 540000-577776 Out Out In Out
96 - 104K 600000-637776 In In Cut Out
104-112K B0 -6T 7776 Chat In Cut Oul
112-120K F0A000-F3T7 76 In Gul Out Out
120-128K 740000767776 Out Out Cur Cut

f1y W5 and W0 must be installed and W9 must be removed.

12y The memory can be interleaved as 16K only, using two adjacent contiguously addressed 8K
banks. When two RK banks are interleaved, jumpers W7 and W8 must be in Lhe confipuration
shown by the dotied lines. Bl AQ] goes to the device selector gate conlrolled by jumper Wé.
One 4K bank must have W6 installed and the other must have W6 removed.

When not interleaved, jumpers W7 and W8 must be in the conliguration shown by the solid
tines. Bit A4 goes to the device selector gate controlled by jumper Wé.

rs

Oee=" D
wa

w7
m o ___w‘:\ p
S
m.

NON- INTERLEAVELD INTERLEAVED
[TWO BK BANKS REQUIRED )

CONTROL MODULE G110 a W8 o
ey

COMPONENT SIDE A -

BHOWING PHYSICAL N o ws o w3

LOCATION OF

JUMPERS m

Wi o we o o wz o
o we o
o ws "o
o Wiere o wiao
c B a
PO A v A
CONNECTOR EDGE/

*Jumpel w1 is tor tes? purposes only, It must be installed for normal operglion,

’!Jumper W11 should be removed for normaol cperotion. When insiolled Yhe memory
raspands to DATI only, regardless of siate of condrol lines CO0 ond CO1.

NOTE : . 14w
Jumpers W5 W7, and W8 musl temanan the factory instolled positions,

Device Decoding Guide
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9C

MEMOCRY

WORD 1 WORD 2
15[ 14 12 § 11 8 85 32 0 51 14 12 1 g o
1|1t o olo o olo o o|le o olo o o ole o oo o o©
1 { olo o ole o o ofji o ofo o ofo olo o oo o o0 0
0 BCRE 3 o 24 |23 21120 1wl 15 114 12 | 1 o
T HIDDEN BIT
SIGN ‘ BINARY POINT )
EXPONENT FRACTION

1n-1043



INTEGER = 5
SHORT INTEGER (1} 15 14
Lefofofofo]>]

I-—-—wonm-—-—_q — -
LONG INTEGER (L) 6 15 ga  COF

[oooooolooonon

INTEGER = -5
SHORT INTEGER (I) "'___“'ORD’_“"”
Ll [ ]-]- ITI
| WORD 1 o] —— WORD 2-——-{

LONG INTEGER {L) 31 30

CLOELE LT

1t DEQL

Integer Formatis

WORD | — oy
Lol

jo———— woORD 1 -+ | WORD 2

23 22 15 15

r

3
SINGLE -FPRECISICN I | [
FLOATING POINT {F) I s | Exp

FRACTION

WURD

WORD

b WORD 1 ——————f I*WTD—"! e e

63 62 55 54 32 M 18 15

DOUBLE - PRECISION l [ " r
FLOATING POINT (D) | © EX

FRACTION

5 = Sign
EXP = Exponent in excess 200z notation

Fraction= 23 or 55 bit fraction in sign and magnitude format.
Binary point between bits 22 and 23 for F format or between bits
54 and 55 for D format.

Floating-Point Data Formats

27
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iNTERRUPT ENABLES

15 14 13 12 1t 10 9 a ¥

MODE BITS

CONDITION CODES

- -

4 3 2 1 ja]

HEEEEERER

[TITIIT]

FER _J
FID ]
NOT USED

NOT USED
Fiuy

Fiu
Flv

FiC

FD

o

FT

FMM

FN

F2

Fw

Fe

11- 080E

Status Register Format

FER — This bit indicates an error condition of the FP1 1.

FID (Floating Interrupt Disable} — All interrupts by the
FPi1 are disabled when this bit is on.

FIUV (Floating Interrupt on Undefined Variable) — When
this bit is set and a minus ( is obtained from memory, an
interrupt occurs. If the bit is not set, minus 0 can be
loaded and stored; however, any arithmetic operation is
treated as if it were a positive 0.

FIU (Fleating Interrupt on Underflow) — When this bit is
set, an underflow condition causes a floating underflow
interrupt. The result of the operation causing the
interrupt is correct except for the exponent, which is off
by 400, . If the FIU bit is not set and underflow occurs,
the result is set to zero.

FIV (Fleating Interrupt on Overflow) — When this bit is
set, floating overflow causes an interrupt. The result of
the operation causing the interrupt is correct except for
the exponent, which is off by 4005 . If the FIV bit is not
set, the result of the operation is the same; the only
difference is that the interrupt does not occur.

HC (Floating Interrupt on Integer Comversion Error) -
When this bit is set, and the Store Convert Floating to
Integer instruction causes FC to be set (indicating a
conversion error), an interrupt occurs. When a conver-
sion error occurs, the destination register is cleared and
the source register is untouched. When FIC is reset, the

28

result of the operation is the same; however, no
interrupt cceurs.

FD (Double-Precision Mode Bit) — This bit, when set,
specifies double-precision format and, when reset, speci-
fies single-precision format.

IL {Long-Precision Integer Mode Bit} — This bit is
employed during conversion between integer and float-
ingpoint format. If set, double-precision, 2's comple-
ment integer format of 32 bits is specified; if reset,
single-precision 2’s complement integer of 16 biis is
specified.

FT (Truncate Bit) — This bit, when set, causes the result of
any floating-point operation to be truncated rather than
rounded,

FMM (Maintenance Mode Bit) — This bil is used to enable
special maintenance logic.

FC, FV, FZ, and FN — These bits are the four floating-
point condition cedes, which can be loaded in the CPU’s
C, V, Z, and N condition codes, respectively. This is
accomplished by the Copy Floating Condition Codes
{CFCQ) instruction. To determine how each instruction
affects the condition codes, refer to the instruction
description in the PDP-71 Handbook.

For the Store Convert Floating to Integer instruction
{which converts a floating-point number to an integer), the
FC bit is set if the resulting integer is too large to be stored
in the specified register.



PROCESSING OF FLOATING-POINT EXCEPTIONS

A total of seven possible inferrupts can occur. These seven possible interrupt exceptions are encoded in the
FP11 Exception Code Register {(FEC). The interrupt exception codes represent an offset into a dispatch
table, which routes the program to the right error handling routine. The dispaich table is a function of the
software. The offset for each exception code is shown below followed by a brief description.

FP11 Exception Code Definition
(Base 8)
2 Floating Op Code Error — The FPI1 causes an

bit is not sek.

interrupt for an erroneous op code if the FID

4 Fleating Divide by Zero — Division by zero
causes an interrupt if the F1D bit is not set.

6 Floating Integer Conversion Error
10 Floating Qverflow
12 Floating Underfiow
14 Floating Undefined Variable
16 Microbreak Trap

NOTE

The traps for exception codes 6, 10, 12, and 14 can be

enabled in the FPU’s Program Status Register,

In addition to the FEC register, the FP11 contains a 16-bit Fioating Exception Address register (FEA),
which stores the address of the lasi floating-point instruction that caused a floating-point exception.

CATA OR EXPONENT

FRACTION

W] [ =) ¥

S5CRATCH PAD
ACCUMULATORS

ACC O-3-GENERAL PURFQSE
REGISTERS ACCES-
EXPONENT SIBLE TO PRO -
CALCULATION GRAMMER
LOGIC ACC G-INTERNAL TEMPO-
RARY STORAGE -
{16 BITS} NOT ACCESSIBLE
TQ PROGRAMMER
ACC T-INTERNAL STORAGE
OF STATUS NOT
ACCESSIBLE TO
FROGRAMMER
EXCEPT VIA STORE
STATUS INSTRUG -
TiGON

{32 BITS)

FRACTION

FRACTION
CALCULATION
LOGIC

(60 BITS}

e

ﬁ ﬁDATA OR EXPONENT |

{18 BITS})
DATA IN
{16 BITS}

FP11 Simpiified Block Diagram
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(32 BITS)
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F£11 INSTRUCTION FORMATS

15 12 1 8 7 & 5 [s]
F1 l ocC =17 | FoC | AG | FSRG/FDST I
15 12N 6 5 o
F2 I oC =17 | FoC [ FBST J
15 12 1 a8 7 6 5 0
F3 [ oc =17 l FOC I AC I SRC /DST I
15 12 1 8 5 o]
F4 [ oC =17 l FoC I SRC/DST I
15 12 1 0

F5 r oC =17 l FOC t

M- 0BoO

The 2-bit AC fietd (bits 6 and 7} allows selection of scratch pad accumulators O through 3 only. 1f address
mode 0 is specified with formats Fl or F2, bits 2 through 0 are used to select the floating-point
accumulator. Only accumulators 5 through O can be accessed in this manner, If accumulators 6 or 7 are
specified, the FP11 traps if the interrupt is enabled.

The fields of the various instruction formats

Mnemonic Description
ocC Operation Code — All floating-point instructions are
designated by a 4-bit op code of 175,
FOC Floating Operation Code — The number of bits in this field

varies with the format and is used to specify the actual
floating-point operation.

SRC Source — A 6-bit source field identical to that in a PDP-11
instruction.

DST Destination — A 6-bit destination field identical to that ina
PDP-11 instruction.

FSRC Floating Source — A 6-bit field used only in format F1. It is

identical to SRC, except in mode O when it references a
floating-point accurmulator rather than a CPU general
register.

FDST Floating Destination — A 6-bit field used in formats F1 and
F2. It is identical to DST, except in mode O when it
references a floating-point accumulator instead of a CPU
general register.

AC Accumulator — A 2-bit field used only in formats F3 and
F1 to specify accumulators O through 3.
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Instruction Format

Instruction

Mnemonic

F4

F4
F5

ADD

LOAD
SUBTRACT
COMPARE
MULTIPLY
MODULO

STORE

DIVIDE

LOAD CONVERT
STORE CONVERT
CLEAR

TEST

ABSOLUTE
NEGATE

LOAD EXPONENT
LOAD CONVERT INTEGER TO FLOATING

STORE EXPONENT
STORE CONVERT FLOATING TO INTEGER

LOAD FP11°s PROGRAM STATUS
STORE FP11's PROGRAM STATUS
STORE FP11's STATUS

COPY FLOATING CONDITION CODES
SET FLOATING MODE

SET INTEGER MODE

LOAD UBREAK REGISTER

LOAD SHIFT COUNTER

STORE AR REGISTER IN ACO
MAINTENANCE RIGHT SHIFT
STORE QR REGISTER IN ACO
SET DOUBLE MODE

SET LONG INTEGER MODE

ADDF FSRC, AC
ADDD FS5RC, AC
LDF FSRC, AC
LDD FSRC, AC
SUBF FSRC, AC
SUBD FSRC, AC
CMPF AC, EDST
CMPD AC, FDST
MULF FSRC, AC
MULD FSRC, AC
MODF FSRC, AC
MODD FSRC, AC
STF AC, FDST
STD AC, FDST
DIVF FSRC, AC
DIVD FSRC, AC
LDCED FSRC, AC
LDCDF FSRC, AC
STCFD AC, FDST
STCDF AC, FDST
CLRF FDST
CLRD FDST
TSTF FDST
TSTD FDST
ABSF FDST
ABSD FDST
NEGF FDST
NEGD FDST
LDEXP SRC, AC
LCDIF SRC, AC
LDCID SRC, AC
LCDLF SRC, AC
LDCLP SRC, AC
STEXP AC, DST
STCFI AC, DST
STCFL AC, DST
STCDI AC, DST
STCDL AC, DST
LDFPS SRC
STEPS DST
STST DST

CFCC

SETF

SETI

LbUB

LDSC

STAO

MRS

STOO0

SETD

SET L
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DOUBLE OPERAND INSTRUCTIONS: OFR FSRC, AC
OPR AC, FDST
. 15 12 1N 8 7 & 0
Format ¢ 0C =17 l © FoC | AC I FSRC/FDST

Mnemonic

Instruction/Operation

OP Code

MULF FSRC, AC
MULD F8RC, AC -

MODF FSRC, AC
MODD FSRC, AC

ADDF FSRC, AC
ADDD FSRC, AC

EDF FSRC, AC
LDD FSRC, AC

SUBF FSRC, AC
SUBD FSRC, AC

Floating Multiply

AC + (AC) * (FSRC) if [(AC) * (FSRC)] > LOLIM,;
else AC <0

FC <0

FV « 1 if (AC) > UPLIM; else FV < 0

FZ < 1if (AC)=0:else FZ « 0

FN « 1 if (AC) < 0;else FN + 0

Floating Modulo

AC VWV 1 < integer part of [(AC) * (FSRC)]

AC < fractional part of (AC} * (FSRC) — (ACV 1) if
| (AC) * (FSRC) | 3 LOLIM or FIU = | ; else AC « 0
FC <0

FV < 1if (AC) > UPLIM; else FV « 0
FZ<1if{AC)=0;else FZ < 0

FN « 1if (AC) < Q;else FN <0

The product of (AC) and (FSRC) is 48 bits
single-precision  fleating-point  format or 59 bits

double-precision [loating-point format. The integer part
of the product [(AC) * (FSRC)] is found and stored in
AC V |. The fractional part is then obtained and stored
in AC, Note that multiplication by 10 can be done with
zero error, allowing decimal digits to be stripped off

with no loss in precision.

Floating Add

AC < {(AC) + (FSRC) if {(AC) + (FSRC)} > UPLIM
else AC <0

FC <0

FV < 1if (AC) > UPLIM; else FV <0

FZ < 1if (AC)=0;else FZ <0

FN < 1if (AC)<0;else FN < O

Fioating Load

AC < (FSR()

FC «<Q

FV <0

FZ < 1if (AC)=0;else FZ < 0
FN < 1if (AC}<Q;else FN < 0

Floating Subtract

AC +{AC) — (FSRC)if [(AC) — (FSRC)]= LOLIM
else AC <0

FC <0

FV < 1 if (AC) > UPLIM; else FV <0

FZ < 1if (AC}=0;else FZ <0

FN < 1if {(AC) < O;else FN <0

171000 + AC * 100 + FSRC

171400 + AC * 100 + FSRC

in
in

172000 + AC * 100 + FSRC

172400 + AC ¥ 100 + FSRC

173000+ AC * 100 + FSRC
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DOUSLE OPERAND INSTRUCTIONS: OPR FSRC, AC (Cont.)
OPR AC, FDST

Mnemonic

Instruction/Operation

OP Code

CMPF FSRC, AC
CMPD FSRC, AC

STF AC, FDST
STD AC, FDST

DIVF FSRC, AC
DIVD ESRC, AC

STCFD AC,FDST
STCDF AC, FDST

LDCDF FSRC, AC
LDCFD FSRC, AC

Floating Compare

(FSRC) — (AC)

FC <0

FV <0

FZ < 1 if (FSRC) — (AC)=0;¢else FZ « 0
FN < 1 if (FSRC) — (AC) < 0;else FN < 0

Floating Store
FDST < (AC)
FC «FC
FV <« FV
FZ « FZ
FN < FN

Floating Divide

AC < (AC)/(FSRC) if [(AC)(FSRC)] > LOLIM; else
AC <0

FC <0

FV « 1 if (AC) > UPLIM

FZ « 1if (AC)=0;else FZ < 0

FN < 1if (AC) < 0;else EN <0

Store Convert from Floating to Double or Double to
Floating

FDST < C {AC)

FC 0 FBVDF

FV < 1if (AC) > UPLIM; else FV < 0

FZ <« 1if(AC)=0;else FZ <0

FN « 1if (AC)<(;else EN« 0

Load Convert Double to Floating or Floating te Double
AC<C FSRC

FC(_OF,DVD,F( )

FV < 1if (AC) > UPLIM; else FV < O

FZ < 1if (ACy=0;etse FZ <0

FN < 1if (AC)<0;else FN <0

If the current format is single-precision floating-point
(FD = 0), the source is assumed to be a double-precision
number and is converted to single precision. If the
floating truncate bit is set the number is truncated;
otherwise, it is rounded. If the current format is
double-precision {FD = 1), the source is assumed to be a
single-precision number and is loaded left justified in the
AC. the lower half of the AC is cleared.

173400+ AC * 100+ FDST

174000 + AC * 100 + FDST

174400 + AC * 100 + FSRC

176000+ AC * 100 + FDST

F,D — single-precision to double-precision
floating

D.F — double-precision to single-precision
floating

177400 + AC * 100+ FSRC

F,[» — single-precision to double-precision
floating

D, F — double-precision to single-precision
floating
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SINGLE OPERAND INSTRUCTIONS: OPR FDST

15 12 1 & 5 o]
Format Fr2 oc =17 FOC FOST ]
Mnemonic Instruction/Operation OP Code

CLRF FDST Clear 170400 + FDST
CLRD FDST FDST <0

FC <0

FV « (0

FZ «1

FN <0
TSTF FDST Test 170500 + FDST
TSTD FDST FDST < (FDST)

FC <0

FV <0

FZ « 1 if (FDST)=0;else FZ <0
FN <« 1if (FDST) < 0;else FN «

ABSF FDST Absolute 170600 + FDST
ABSD FDST FDST « — (FDST) if (FDST) < 0; else FDST « (FDST)
FC <0

FV <0

FZ < 1 if (FDST) = 0; else FZ « 0

FN <0

NEGF FDST Negate 170700 + FDST
NEGD FDST FDST « — (FDST)

FC <0

FV «0

FZ < 1 if (FDST) = O, else FZ « O
FN < 1if (FDST) < 0;else FN < 0

DOUBLE OPERAND INSTRUCTIONS: OPR SRC

OPR DST
15 12 " B 7 @ 5 o
Format 3 0C =17 | FOC | aC I SARC/DST j
Mnemonic Instruction/Qperation OP Code
STEXP AC, DST | Store Exponent 175000+ AC * 100+ DST

DST « AC EXPONENT- 200
FC « 0

FV <0

FZ <« 1 if (DST)=0; else FZ <0
FN « 1 if (DST) < 0;else FN + 0
C <« FC
V «FVY
Z <+ FZ
N+ FN
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DOUBLE OPERAND INSTRUCTIONS: OPR SRC (Cont.)
OPR DST

Mnemonic

Instruction/QOperation

OP Code

STCFI AC, DST
STCFL AC, DST
STCDI AC, DST
STCDL AC, DST

LDEXP SRC, AC

LDCIF SRC, AC
LBCID SRC, AC
LDCLF SRC, AC
LDCLD SRC, AC

Store Convert from Floating to Integer

Destination receives converted AC if the resulting integer
number can be represented in 16 bits (short integer) or
32 bits (long integer). Otherwise, destination is zeroed
and C bit is set.

FV <0

FZ « 1if (DST)=0;else FZ < 0

FN « 1 if (DST) < 0; else FN <=0

C«FC

V +«FV

Z < FZ

N<FN

When the conversion is to long integer {32 bits} and
address mode 0 or immediate mode is specified, only the
most significant 16 bits are stored in the destination
register.

Load Exponent

AC SIGN < (AC SIGN)

AC EXP «(SRC) + 200

AC FRACTION < {AC FRACTION)
FC+0

FV < 1 if (AC) > UPLIM

FZ < 1if (AC)=0;else FZ=0

FN < 1if (AC)<Ojelse FN=0

Load and Convert from Enteger to Floating

AC+C (SRC)

FC (_OFL,FD

FV <0

FZ < 1if (AQ)=05else FZ <0

FN « 1 if (AC) < 0;else FN« 0

CFL FD specifies conversion from a 2’s complement
integer with precision I or L to a floating-point numbet
of precision F or D. If integer {lip-flop IL = 0, a 16-bit
integer (F) is specified; if IL = 1, a 32 bit integer (L) is
specified. If floating-point flip-flop FD = 0, a 32-bit
floating-point number (F) is specified; if FD = 1, a 64-bit
floating-point number {D) is specified. If a 32-bit integer
is specified and addressing mode 0 or immediate mode is
used, the 16-bits of the source register are ieft justified,
and the remaining 16-bits are zeroed before the conver-
sion.

175400 + AC * 100 + DST

STCFI — Single float to single integer
STCFL — Single float to long integer
STCDI - Double float to single integer
STCDL ~ Double float to long integer

176400 + AC * 100 + SRC

177000 + AC * 100 + SRC

LDCIF — single integer to single float
LDCID — single integer to double float
LDCLF — long integer to single float
LDCLD — long integer to double float
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OPERATE INSTRUCTIONS: OPR

Format rs oc =17 l FoC

Mnemonic

Instruction/Qperation

OP Code

CFCC

SETF

SETI

LDUB

LDSC

STAO

MRS

S8TQO

SETD

SETL

Copy Floating Condition Codes
C<FC
V<« FV
Z<FZ
N < FN

Set Floating Mode
FD <0

Set Integer Mode
FL <0

Lead Microbreak Register

This instruction is a maintenance instruction in which
the content of register R3 is gated into the UB register.
When the control ROM address register matches the
contents of the UB register, a scope sync is generated. If
the FP11 is in maintenance mode (FMM=1), an interrupt
is also generated and the FPU traps to the Ready state.
A UB interrupt cannot be generated by the Ready state
or by the states that are used to generate the UB
interrupt.

Load Step Counter

This is a maintenance instruction in which the content
of register R4 is gated into the step counter, if the FP11
is in maintenance mode (FMM=1). Whenever the step
counter is loaded by an LDSC, normal loading via the
microprogram is inhibited until the step counter is
incremented to zero, This allows partial quotients and
products tc be formed for diagnostic purposes. If
FMM=0, the LDSC acts as a NOP,

Store AR in ACO
ACO(B4:3D « AR G735 FD=0
ACOSB400 < AR G731 FD =1

Maintenance Right Shift
AR < AR/2; QR < QR/2

Store QR in ACO
BR + QR;AC (54:32) « BR (§7:35)if FD=0
ACO54:0) « BR{GT:3if FD =1

Set Floating Double Mode
FD <1

Set Long Integer Mode
FL <1

170000

170001

170002

170003

170004

170005

170006

170007

170011

170012
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SINGLE OPERAND INSTRUCTIONS: OPR SRC

OPR DST
15 12 1 8 5 0
Format F4 oC =17 l FOC SRC/DST —l
Mnemeonic Instruction/Operation OP Code

LDFPS SRC Load FP11’s Program Status Word 170100 + SRC

FPS « (SRC)
STFPS DST Store FP11’s Program Status Word 170200 + DST

DST < (FPS)
STST DST Store FP11’s Status 170300 + DST

DST + (FEC)

DST + 2 < {(FEA) if not mode O or not immediate mode
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1li Op Code No Mem Class Load Class Store Class Convert Special*
ROM 214 ROM 234 ROM 254 ROM 274 ROM 270

1. All iliegal FP instruction LDUB MO ADDF ~ M0 CLRF ~ MO STEXP
LDF MO0 SUBF ~ M0 STF ~ MO0 STCFI
STF MO COMPF ~ M0 STCFD ~M0 STCFD

2. If address mode O in format F1 CLRF MO MULF ~ M0 STFPS ~ MO ~ MO

or F2 and AC; 6 or 7 selected LDSC MO MODF ~ MO STST ~ MO MO *Do conversion then use store F1.

Neg F MO DIV ~ MO STCFD ~ M0
ABSF ~ MO LDCD¥F ~ MO
TSTF Mo LDF ~ M0
LDFDS MO LDCFD ~ MO
LDCIF MO LDCIF ~ M0
SETF MO LDFPS ~ MO
SETD MO CFCC *M0 ~M0O
SETI MO NEGF ~ M0
SETL MO ABSF ~ M0
MRS MO TSTF ~ MO
STQO MO LDEXP ~ M0
LDEXP MQ
ADDF MO
SUBF M0
COMP MO
MULF M@
DIVF MO
LDCDF MO

LDCFD MO




30 )

START
3TAG =0

100
SVE, SHIFT

(NARRI

QRMDBL) | GR2{DBL}
QR3BISHG) | GR34 [SNGH STRE! FUMETION
o [+] 4] RIGHT SHIFT QR AR, INCREMENT 5C4%
o 1 o AR *—BR+AR RIGHT SHIFT QR, AR, INCREMENT %C
1 0 o RIGHT SHIiFT QR,AH INCREMENT 5C
1 1 o AR=—AR-BR_RIGHT SHIFT QR AR _SET STRGI, INCREMENT 5C
o o 1 AR=—AR+BA RIGHT SHIFT OGR, AR RESET STAG, INCREMENT SC
3] ] | RIGHT SHIFT QR AR INCREMENT 30
1 1] 1 ARa—AR-BR RIGHT SHIFT OR AR INCREMENT 5C
1 1 1 RIGHT SHIFT OR, AR INCREMENT 3¢

R Far dowbia pracigion farmat OO{0H» QR3, QR2 {STNG1)
For singla pracitlen format GO {0)= OR3I5,QRI4ISTHG 1)

"FTha step countar Is met to 1he two's complement of the numbar of Bits in the mulliplier and is
for aure oftér sach wmcramenialion.

Multiply State Diagram

M Three digits shown Ihrasghout slate diogrom refer do hils ARBS, BB, and 57
Far 4xample,

g10

o

NDTE

ARST + ARD
AR5E ¢ RAT
ARSS : RRZ

BR s always gomlive ond narmalized.

State Diagram for Divide
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o

l ]

BD<15:0> L LDBD BA<15:0> L LDBA
O pe—o
1 p——

LI IR TR RTTIIUINNNK,  BMX

T4 G
J L 3
<50ns>

J_L <25ns>

16 BIT
CLOCK DATA PATH
BB1Z=1 UPPER BYTE <15:8> 15| B-CONDITION CODE LOGIC
A ZERO
FXPF —
BB1Z=0 UPPER BYTE <15:8>
TO #ZERO
BN =1 [BIT 15 ON 1] T4
BZ=1 BITS <t5:0> ZERO I L %gfgﬁg gtl;lee
= BITS <15:0> # ZERO |
Bz=0 S<15:0 I orra

11-14380



84 IT

AC
A
4 ™
32 BIT
AC
e
- ™
-~
o aco [3] aco 2] aco [1] aco [0]
1 AC1 [3] act [2] act [+] aci (o]
2 acz [3] ace [2] ace (11 acz [o0]
3 aAc3 31 Acs [21] A3 [11] ac3 [0]
ACCUMULATORS <
4 acs [3] aca [2) ACa (1] AC4 (0]
5 ags [3] ACE [2] ACE [ 1] ACE (0]
& Acs [3] acs {2] acs [1] ace [o]
T ac7? [3] ACT (2] 427 (1] ACT (0]
e
131 (2] (1) [0}
16 BITS 6 BITS 16 BITS 16 BITS
110808
3z RIT
ha WORD
63 4alar 32
3 2
16 WORDS
3 16 [ 15 a2
1 0
r
I ze|a? 24|23 zo|1e 16!15 12N 8‘? 413 D|
B "4-BIT WORDS" =
32 BIT WORD
n-gE
ALU
Control
Figid Funclion ALU Select Lines Calrry
(ALUCI- Mode in
ALLCH ALUSY | ALUS2 |ALLSI | ALUSO | ALEM | ALUCI
[+ ~ A ") > 0 L1} 1 X
H - {AV B} a £} I 1 X
2 A minus B 1} I 1 1 0 1} Drive ALUSY luw
3 4] 0 4] I 1 1 x
4 ~ (& ~B a I o 0o 1 ¥
3 ~B 4] 1 Q 1 1 X
[ A minus B minuos | ] 1 1 Q o L
7 AN~ B [ 1 1 1 1 X
1 A plus B phus Y i L} o 1 0 il Drive ALUSE low
1l A plus B 1 ] 0 1 o ]
12 B 1 [t} L ") 1 X
13 ANB 1 Q | 1 | X
14 1 1 i o a 1 X
15 A mnuz 1 1 | 1 0 1 Drive ALLSI fow
L] AVE 1 1 | o | X
17 A 1 1 L 1 | X
X=don’t corc
0 low
1= high
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{uJP}

UAF
£ T T A R T T e F T e e e e e P A //)')
? ¥ r
2 —wf 5 - 4 - 3 2 - 1 - 0
% =
2 —n 81 iy 81 : -
Z wxe [ e [ a [~ ] ]
~ —
% ! FRMA FRMA FRME FRME FRMB FRMB
% ——»152 5 Sp) — — - i
/ F o - 3 F O F 3 F -
Z
)| 2227 7 T2
1
: ford // 2] / i i
63 14 1312 111’0—3 é 7 e b (
T4 § | oScROM BUFFER z '
RMF /; Ks Kz K1 Ko
7
’7":6‘ ':*'ROM BIT 13(0)
ME ! 1
7 C-ROM ADDRESS O
T2 4! FRMA FRMB o
% ?
//ql 7 P e /////////////// //////// SIS SIS, //////7// 7 ////////
]

A

OB ¥ ABuRT

11-149



6-Bit Bmnch Bits

UAF | UAF | UBR | UBR | UBR
uip ] 0 2 1 0

\
CROM (13)_+

CROM (12:1D0

AN A

If branch condition true,
Trap to Ready

Selects multiplexers

CROM (10:08)

Selects inputs to multiplexers

The three UBR bits are applied to each of the six multiplexers and uniquely specify one of the inputs to the
multiplexer. If UBR bits 2, 1, and O are all Is, the mulitiplexer output goes to 0, which indicates no
modification takes place. For all other combinations, the multiplexer output goes to a 1 if the selected
branch condition is true. The UAF bits specify the multiplexer(s) as follows:

UAF1 UAFOQ Multiplexers Selected
0 0 0 through 5 if UBR is even (UBRO on a )
2 through 5 if UBR is odd (UBRO ona 1)
0 1 O Muitiplexer selected
| 0 | Multiplexer selected
1 ] Both 0 and 1 Multiplexers selected

Multiplexer Branching Conditions

Q% 5 4 3 2 1 0
\ (\ A | SUB FRAC FIRD4 FIRD3 FIRD2 FIRD1 FIRDO é
B. | FIROT (1} FIRQO& (1) | FIRI1 {1} FIRIO (1) ARSO (D) SD1} i
,_.——-—’/
. C | RNG2 REMNG1 RNGO 0] BB1Z (1) BN {0) cg\
Multiplexed | D | 0 0 0 F1il {1} IL {0). Immediate {3
Inputs E JO 0 ] FT 1) ~{FC AFIC) FD ()
F- | FIRD& FIRDj Q ~ CONV 5P ~{FVA FIV) MO :,L
G |lo Q FIROR (0) ARSB (0) ARS% (0) BZ (1) ((
H}O 4] Q 0 0 ] ",
SCF.60 (165) —— Current ROM Address

STR Rounded Result

ALUS =~ A
ACMX < FALUH
ACS [3:2] < ACMX

SET FCC A1)

ROM Next Address \Branching conditions {certain

biocks will have no branch con-
ditions)

Symbeolic name for

this particular state

The branching conditions are designated as follows:
6F2

P AR

decode of microaddress field {bits | 2
and 11 of control ROM)

represents the octal decode of the
microbranch bits (bits 10 through
% of control ROM)
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FRL Fraction Data Path Low Qrder
FRH Fraction Data Path High Order
FRM FP ROM and ROM Control

FXP Floating-Point Exponent Data Path

The FRL group of prints contains the following logic:

8.

1 L o g b —

lower half of FALU
lower half of AR
lower half of BR
lower half of QR
floating-point status

. ACMX

scratch pad (AC7-0)
BMX

The FRH group of prints contains the foliowing logic:

N v AL

upper half of FALU

upper half of AR

upper half of BR

upper half of QR

clock logic, times states, time pulses

sign of source (88) and sign of destination (SD) logic
fractional control logic

The FRM group of prints contains the following logic:

R

control ROM

. control ROM address register
. Scratch pad addressing logic
. ROM multiplexers

ROM data buffer
interfacglogic

The FXP group of prints contains the following logic:

L

[

EALU
EMX

. Step counter

FIR
BA register
BD register

. U break register

DIMX
BRanching Logic

. Range ROM
. FRHE

. MRI and MRO register
. MUL ARITH flip-flop
. Pause logic

. STRG I flip-flop

. AR control

. QR control

. MUL SUB flip-flop

. AR clock logic

. QR clock logic

. Sign bit

M8115-0-01
M8114-0-01
M8112-0-01
M8113-0-01



|ogrs™

ACMX0{3]) « ~BN; ACMXO0 (30} < BZ; ACMXO0 (29:16) « 37777; ACMX0{15:% <« FPS
ACMX1 (31:16) = EALU (15:00); ACMX1 {15:00 < EALU (15:00}

ACMXZ (31}« ~ 8D; ACMX2 (30:23} « EALU 07:003; ACMX2 (22:00y <« FALU ¢57:35)
ACMX3 {31:00) < FALU (34:03}

BMX0 (15:00) < EALU ¢15:00)

BMX1 (15:00) = AC; [3] (15:00) or AC; [1] <15:00)

BMX2 (15:00) < AC; [2] €15:00) or AC; [0] (15:00)

BMX3 (15:08) < 0; BMX3 (07:00) + AC; {3:2] (30:23) or AC; [01:0] {(30:23)

EMX0Q <15:00) < BA (13:00)

EMX1 {15:00 < DIMX {]5:00

EMX2 (15:00) < CNST {15:00

EMX3 {15:06) + 0, EMX3 ¢05:00} < SC {05: 00}

FMXO0 (02) < BR {35); FMX0 (01} < BR {L9); FMX0 (00 < BR (3}

FMX1 (02) < AR (34); FMX1 (01 « I; FMXO0 (00} < AR (02)

LDQJ = QR (59« 0; QR {58) « L if AC; [3:2] (30:24) % 0 else QR (58) < 0
QR (57:39) < AC; [3:2] 22:0)

LDQO = QR (34:3) < AC; [1:0] (31:0% QR (2:0) < 0
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e i i e o e, e e s e e e o — e — e e e J—
x PON T ALCULATION LOGIC SCRQTCHPQD FRACTION CALCULATION LOGIC
ACCUMULATORS |
VB <TI0 FPS<15.0> I | | ' |
£xpy FaLe| _lEnuJ Faun | |
i I TR |
EALUCIS0> | I I FALLIS5S O3 |
1Al {:1] | | L&) {d) |
FAPA. 050> ) ¢ I FRHE - FRHD,
FXPE FXPL ATMX | FRLE:FRLK
EMx |
L N Fxpa,
12 3% rypp | | FRLA-FRLD I | |
CHST —Iil Fee ‘ I I
BU5 ADDRESS I | | l I
~ O&TA IN I | I I I
AGi [3:0]CI50n I
I | (*0 THRU T
(_eo<isc> ) (pacimos ¥ { FlR<uio>) | I . l | ARG O BR<59 0> ) I
FRHEB=-FRHD, FRHA,
FXPC FXPC FXFD | FRLD I I FRLE-FRLK FRLL, I
FRLM
sl ey | l I CR <89 O I
ACH
1 Logt L0go
WX
FRLN oM, :c" I I FRHA, I
<P FRLL,
’ 1T 1L gl
10820
DATA PATH DEFINITION



oo ¥P Lo )
_ o
C P ‘: ENTER HERE /g) '//F ﬂ‘o
AFTER EXECUTION OF “\

FETEO /
— | (o1 FET10 Y ADY 20 172}
IR

JOFP

.

D oo 2 WAIT FOR NEXT EP INSTR
BACKUF PG; ENA. FP ATTN é? 10 FiR & INSTH AGDRLSS
t, BA~PTE w
t; SHFR+PCS - 2 t) '0‘ FPATTN ALLOWS TIMING DIMX=DATA ADDRESS
1, BEND }[\ TO ADVANCE TO T EMX+DINX
- o ALUS-E
1, FCA~PCE - 2 %
1, FP ATTH \ £ -3‘:‘ : walT FOR TP ATTH
PCBPCA; SR-GHER i % A
. ' 3y FIR-DATA 1N
et 1ty 554800
=" REQT
FOF 10 (133 &
LOOK FOR BREAK RE- 3 ROY 30 76t
QUESTS SEND FC & OF / .
CODE T FPU1WITH FP f" LD INS. ACDS ESS
ATTH - '\#
DIMX-DATA ADDRESS s
[ &»—FCB EMX+Dimy Q}Q
t; BHFR—BR: - ALUEE > ?\
AGMX-EALU
&, AGFI 1) ACKX -~
S, ENABLE FF E¥NG
IF ~CONY SF
B:DO ROV 6 l 234
NO MEA CLASS 1LO
CONTENTS OF GENERAL
AEG.
FOF 20 1 {1781
CLK. BREAKS; SEND PT & E”L‘,‘;;T‘“ N
OF CODE T3 FP11 AND :;xueuu
LOOK FOA FF READY WAIT FOR FPAT TN
& BA-PCR AT T2 OF NEXT ROM STATE ty BO-EMX
1, SHFR—BR} FROM EP SYNGC 3 EMABLE FF SYNC
I, BRQ STROBE U
’ | MO 26 l (671
LD DATA INTG FPS
--EP S¥NC D
$1 REQ0 = G
FOF 30 1173 EALU=-A |
$TEP FT AND GET FF11 t FPS-EALD
STATUS l
ty (BAc-EF EALUS; READ £ ARY 00 (3
: sr:ﬂ::f; : WRITE FPS IN SCRATCH
1, BR-BUS 51 RECH-D
PoB-PCA ACM X FPS
$4 ACT| Gl--ALMR
FOP 50 1)
LOAD CCS |F TOLD TO; ROY 10 (6
FP STATUS TN BR
FROM DECCOE OF FIR LO FP5 IN BD
ty BAEALL WITH FCLD EN ONLY
SHFRDR) F SCR CUIT—ACT|
:: o ON {GFCE STCF STEXP] BN ACL
1y, CCBRIFPCCH 1, BD~BMX
IF ENABLED BY FPI1
HOY 20 l [kri)
FoP 80 taazt WAIT FOR NEXT FP INSTR
PUIT DEST REG INBA & LD FIR & INSTR ADDSESS
ENABLE PP ATTHN DIMX-DATA ADDRAESS
t, (BA-EALLE EMH—DIMX
1, SHFR-DR ALUS-B
tg FRATTN ACHN+EALU
BReSHFR . WAIT FOR FRATTN
1, FIR-DATA
1, 554500
FOF 70 1318) REC1
SEND FP &TTH & WaIT
FOR FEN —
t, EA-EALLY
ty SHFR-BR
FR SYHG
=FF 2YNG

INEVER TRUE FOR

-FF REG WRITE FF REG WRITE THIS INSTRUCTION)
FOP 80 1378 FOP 90 {375)
GET FFDATA MODIFY DEST REG &
108 EMABLE FF ATTH
F
1, BA-EALLY
GO TO READY ! FE BEAD 1 ;ﬁ;a;u:
L3
1; SHFR-BR) 1, GRIDF|+SHFR
1y BR-BUS  FPATTN
1= 1443
CP{FPP Interflow Mode 0
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FET 00 {217 RDY 20 £ 172
START FETCH NEXT WAIT FGR MEXT FF INS.
INSTR LD FIR AND INS, ADRS
CLEAR INSTR AEG

DA PCBBCOATI CIMX-DATA ADDRESS
L1 A EMX—DIMX
t SHFR+<SA—3A FPATTN ALUS-B
t; BUST; CLEAR FLAGS ACMX-EALL
13 IR-SHFR waltT FOQR FF ATTN
1, FIR-DATA IN
FET 10 1 {260} ty 88800
REQ-1
GET INSTR & STEP P
t, BA+PCBBC~DATI RDY 30 ‘ (76}
ty SHFR+—PCB+2)
ty PR{ STROBE LD INS ADRS
ty BUS LONG PAUSE DIMX-OATA ADDRESS
PLA~PLCE+2 EMM+DIMX
ty WA+BUSER-BUS ALU'S+-B
PCB+PCA ACMX+EALL
5, ACI1-ACMX
(RO 00 l 1383 5, ENABLE FPEYNE
1F~.CONY SP
DECODE THIS {NSTH &
STEP PCA BEYCIND & 1
RDY 70 254
READ SAC & DST FIELD i
GEM REGS LDAD CLASS IMNS
1
1, BAPCRBCDATI EMH—OATA IN
ty SHFR~PCE ALUEa
ty CONDITIONAL BUST BMX+EALL
ty PRA-PCR+Z u WAIT FOR FP ATTN
ty —SF7:SRwGSISF| 5, EMABLE FP 8¥NE
SF7:5R-SHFR
—DOF7: DR=-E0|0OF | Lo 12 l 12411
DF:DR-EHFR
LD 15T WORD OF SRE
FOF 00 l 1310 v ace
BACKUP PC TO FOINT AT INC ADDRESS
INATR:EMABLE FF ATTN ! FPG1-DATI
EMX—DATA N
t, (BA-PE ALUS-B
13 SHFR—FCE 2 ACHX-EALL
ty BEND (- WAIT FOR FFP ATTN
ty PCA+PCB-2 5, ACH| A|+—ACMX
tg FRATTN t, SET FCL'S
;ﬁH‘:‘_SHF‘:{ ENBL 0 INTERRUPT
S; ENABLE FP SYNED
FOP 10 L 133,
{3 LD 13 12021
LOOK FOR BREAK RE-
CLESTS SEND PC & OF LD ZND WORD OF SRC
GODE TO FPUWITH FP N ACE
ATTH
INC ADDRESS
t, BAPCE FRC1-DAT) b
t; SHFR—BR: EMX~DATA IN
ALUS-B
ACKX-+—EALY
ERQOO
(174) WaIT FOR FPATTN
3 8, ACEZ)-ACMX

LK BREAKS: SEMD PC & OF 53 ENABLE FP SYNC

COnE TO FPU L LOOK FOR

FF REABY

3 LD 22 1237}
1, BA~PCB
1, ‘SHFR~gR READ MOST SIGN .
1, BRO STROBE HALF OF ACS (406) AND
GOTOLDF MO
- 5, HEQ—0
_FF S¥NC |a—] SCR OUT-ACS 3:2|
FOP 30 {173 BMX~EXP
STEP BC & GET FPU ,t‘ :’;:?;:1
STATUS N
t, S85-SCK QUTIN
t, {BA=FP EALU 4 BA—OR
READ FP
t; SHFR+PCE2
15 PCA=PCB+E
t; BR-BUS
PCE—PCA
b 4
¥

SIul U

H-14a2-a

CP/FPP Interflow Mode 2 (sheet 1 of 2)
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012,88 1111y

DST ADRS INDH:SAC
OPERAND IN BR & SR
CHECK STACK LIMIT

t, BA-DR;BC-BSOPT

FCLDEN L

P SHFR~BH
1; BUST.GRIDF)
y, SR=SHFR
CC+8R (FPCC)
IF ENABLE BY FPU

51270 L {1351

ETEP DET FIELD
REGISTER

t, {BA~DR!
t; SHFR-DA+DSTOON

CFCE,
STCFI,
STENP

ADZ,AD1

ty BEND
BAG STROBE

ts PCA-DR+DSTCON
GRIOF [~SHFR

1, DFP:PCE-PCA

FOR 40 l 10363

DST ADRS TO BR
ENABLE FP ATTN

1, BAvEALU)

t; SHFR—DR

t; BENG

', BR-SHFR
FPATTN

IFil To
ROM 285

-—0 1

F5V 20 1226}

SEND FPATTH & WAIT
LRATIL FPU READY

FP ATTN

NOM B 15}

READ LEAST SIGN. HALF
OF SOURGCE AC+MOVE 53
TasD

BCR DUT+ACS| 1.0]
1, QA+LDOO
1, BRQH
1; SD+58

NOM 06 ; 123

WRITE INTC MOST SIGN.
HALF OF DEST, AG

ALU'S—B
FMX-BR
ACMXFALUH
EMX+BA

5, ACDI3:21+-5CA iN

1, SET FSC i0)

RODY 00 l 13

WRITE FPS IN BCAATCH

§, REQ+0
ACMKX—FPS
5, ACT|R[-ACMX

ROY 10 l 1]

LOAD FPE IN RO

SCR OUT+AGHO}
BMX—ACL
ty BO<BMX

1, Ba~EALWY
1, (SHRRPCE)
t, BRA STROBE

FP SYNC

FP SYNC

FF $YNC

FPREQ
F5' 00 (2461

-FF REQ

DG BUS OF FOR FPU;

FOR DATO 8R GETS GOOD
DATA FROM FPU TQ
QUTRPUT

t, BA-DRABC-FC
FPREAD

t; (SHF-PCBI

t, BUST.GD|0]

1, BR<BUS

FPC1 FOR DATI

SV 10 L (150]

FINISH BUS OF & STEP
DA.FOR DATI BR GETS
DST OPERAND FOR FPL;
ENABLE FP ATTN

t, BA+DR BL-FC
1, SHFR-DR+2

iNCR ADD

1; BUS LONG PAUSE

4, FRATTN
DRA+~SHFR
BR-BUS

;

L

n-1442-8

CP/{FPP Interflow Mode 2 (sheet 2 of 2}
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IR IR IR IR IR IR IR
15 14-12 11-0% 08 o7-06 05-03 Q2-00
—_—— e e e e a ——
Mee AND FS CF CH&NGE {1 0F 2} |
0 o t o o 0 0 HALT
| ‘ '\ er  oFFsET ! § WAIT
—_ o BNE OFFSET l
- I 2 b BoE OFFSET JMP DST 2 | reserveo i Sor
———— = 0 FFSET 1
| | DOULE OPERnﬁf)"l 19 BE SRReET 5 5 Reser |
(1 OF 2} 3——————— 0 BGT OFFSET §
| MOv SRC. 0ST I { BLE OFFSET 7 T RESEF{VEDI
| - Il_ 4 JSR REG, DST 2 ) TS Res
R T e AT T T
2 CMP SRC, DST —— ———— e i —— ——— 2 RESERVED I
| ||_ SINGLE OPERAND (1 OF 2) 1 3 SPL PRIORITY
3 SWA® DST |
| |3 BT SAG. ST ]I 5 o & CLR DST l : }ccop MICROINSTRUCTION I
i oM DST
[ |4 sc srcosT I 2 INc ot ||______.-..__.
I 5 BIS SRC, DST II 1 T? !:E(é gg;
T
L|e noo smeost | . oo |
N _ & ROR DST
1 ROL DST |
I z ASR DST
3 aSL DST I
L' 7 RESERVED 1 O WARK OFFSET
] RS
[ REGISTER AND OPERAND [ 113 37 o
7 I — 0 MUL REG, SRC —_——_——_—
[ ]1 orv res! see
2 ASH REG, SRC
I 3 ASHC REG, SRC
4 XOR REG. SRC
| 5 AESERVED |
& RESERVED
L 7 808 RES, OFFSET 1
[Pcan NG ) PS CHANGE (2 OF 2) |
1 o 1 | O BPL  OFFSET
| P BMI OFFSET |
|——~—-—-lo 8HI OFFSET
1 — | s 1 BLOS OFFSET |
™ T oousLE OPERAND ! E— R ik
| | eoF2 ! | 3——————] 0 IS OFFSET (ko)
1 BLD OFFSET (BCS
I 1 MOVB  SRC, osrll . & o orrs
2 cwes  smc, 08T | I —— e — —1_TRAP CODE ___ |
| I ™ SINGLE OPERAND {2 OF 2)
1INk : oo ey |
| 4 BICB SRC,DST ' |§ %ENCCBB gg‘.rr |
I 1 O NEGB DST
5 BISB SRC, Dsrll j? gggg gg I
s s sman]) |, : SRR |
I ROL& DST
l 2 ASRE DST |
3 ASLE  DST
1 O RESERVED |
‘1 MFFD  BRC
2 MTPD DST
I T REERV_ED 3 RESERVED _]
FLOATING POINT | I_FLOQTING POINT OPERATE H
I SINGLE QPERAND ] ( |
7 ] o o o Q CFCC
P11 Lores SRC g | ) SETF
2 STFPS DST l | 2 SETI |
3 STST DST 3 Lous
1 o artror £0sT | 4 LDsc |
S S — — —— — | T TST (/8] FD3T | 5 STAD
{7 FLOATING POINT AC AND OPERANG 1] | 2 a8s iF/0) fDST & MRS
[ |10 uuio acesee | L 3 NEG £/0) _FosT | |, 5 steo '
2 O MODIMD AC FSRG 2 1 SETD
/D) AC
I IV (oiFr/Dl G FSRe | 3 ¢ seTt I
3 — O SUB(F/0) AG, FSRE 2 b
1 CMPIF/D] AC, FSRC |13 p I
4———————— 0 ST(F/D)  aC, FDST S H
1 DIVIF/D) AC, FSRC L_ 7 |
I §—————— 0 SIEXP _ aC, DST'—-—l —_———— e
I STCAF/OMI/LY AC, DST
I 6~————== 0 STCIF/DID/F) I\C FDST
1 LDEXP SRC
7————— 0 LoCUANED) Ac: Sre
I 1 LOCIF/DNDA)  AC, anc|

Determination of an Instruction from the Binary Code
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15 0

000000
000002
INTERRUPT &
4 4, TRAP VECTORS
" "
b
DO0400 3
000402
USER B SYSTEM
4 A, PROGRAM STORAGE
A v
NOTE 1
¥
\** 474 LOADER STACK
#n 7476
wr7500 1
, ABSOLUTE LOADER
o ~ PROGRAM STORAGE
"RTT4G *
) | sooTsTRAP
BV ~ LOADER
*n7776 I/0 DEVICE WORD
i 1
! 1
! I
: : CORE MEMORY NOTE 1
I EXPANSION —_—
| : xn MEM SI1ZE
1 i 01 4K
t ! 03 8K
760000 05 12K
TE0002 a7 16K
I/0 DEVICES AND R 20K
PROCESSOR’S 13 29K
4 4 INTERMNAL 15 28K
¥ ¥ REGISTERS
TTI7TE

11-1452

PDP-11 Typical Core Memory Storage Map
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LOAD R1 WITH
THE ADDRESS
OF THE {NPUT
DEVICE'S
CONTROL
REGISTER

LOAD R WITH
CONTENTS OF
LOCATION #752

ENABLE (NPUT
DEVICE TO
READ A FRAME
IBYTE}

MOVE FRAME
READ INTO
LOCATION
[rR2) « « 400

5 o
LOCATION #752

YES

BRANGH TQ
LOCATION #724
OF MAINTE -
NANCE LOADER

11-1453

Bootstrap Loader, Flow Chart

Bootstrap Loader Coding

Location Octal Symbolic
*744 016701 MOV *776, %]
746 26
750 012702 MOV #352, %2
752 352
754 qos211 INC (1)
756 195711 TETR{L}
760 100376 B¥L.- 2
762 116E62 MOVE 2(1), *400 {2}
764 2
766 400
I 005267 INC 2752
772 177756
774 000765 BR.-24
776 177560 (1K)

o, 177550 {PR)

=7 for 4K
37 BK
57 12K
T} 16K
17 20K
137 2K

157 for 28K
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17476
**17500

17724
726
730
732
734
736
740
742

*17744

17776

000000 3
012706
17470
012767 MAINTENANCE
352 LOADER
20
012767
765
34
000167
177532
016701 016701 $
26 26 OVERLAY
012702 012702
352 373
005211 353
105711
100376
116162 BOOTSTRAP
2 LOADER
***400
005267
177756
000765
(TX) or (PR) !
TK = 177560 Low-Speed Reader

PR = 177550

High-Speed Reader

#Starting address of the Bootstrap Loader
**Starting address of the Maintenance Loader



=
1
e

TRAILER

AN #

&\\m
NN

3 ar I3
/ o o . o
oo O

st ovansonnofloroocroaanoEREOGREERODDRTORAGR GG
oo *
=2 ] (=B
¥
'
T

Q0

Wy EM MBS wA &

LEERE

LAST DATA BYTE [
N BLOGK N-5 J START OF BLOCK N
CKSUM BYTE - —mre CKSUM BYTE FOR BLOCK N~
FOR BLOCK N-2 LAST DATA BYTE
IN BLOCK N-1

FIRST DATA QYTE

H! ORDER BYTE }LOAD

LO ORDER BYTE | ADDRESS

H) ORDER BYTE }BYTE COUNT

Lo orRDER BYTE | FORBLOCK N

0
) }START OF BLOCK N-1

1-146)

Absolute Loader Tape Format
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ADDRESSING MODES

MCDE O OPR %R NOTES

| INSTRUCTION I
GPR
CPERAND

MGDE 1
| INSTRUCTION |

GPR

ADDRESS

DPERAND

e ————— e ———— ——
MODE 2 CPR{R)+
| INSTRUCTION |
GFPR
ADDRESS
OPERAND
i
r 1
WORD BYTE
MODE 3 OPR B(RIH
| INSTRUCTION I
GPR
ADDRESS
ADDRESS
i
+2
OPERAND
NOTE
R equals a number batween Oond 7. -1a94

Addressing Modes (sheet 1 of 3)
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MODE 4 QFR-{R)

INSTRUCTION

GPR
ADDRESS

WORD BYTE

OPERAND

NOTES

M{DE & CPREXIR])

PCl INSTRUCTION I GPR

ADDRESS

g
42 INDEX: 2 X

QOPERAND

MODE 7 OPR D EX({R)

GPR

ADDRESS

ADDRESS

OPFERAND

M-1423

Addressing Modes (sheet 2 of 3)
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PC REGISTER ADDRESSING

MODE 2 QPR # n
FC INSTRUCTION
PC
.2 COPERAND:n

MOCGE 3 QFR D# 4

PC

INSTRUCTION

ADORESS: A

PC
+2

I

“= OFERAND I

MODE &

{NSTRUCTION

OFPR A

PC

OPERAND

MODE 7

INSTRUCTION

PC

A minus updated PCa INDE X

ADDRESS

CPERAND

PC
+4 NEXT INSTRUCTION

NOTE:

The mode specified overrides the fact thot the register is the PC (register 7). EXAMPLE: SO(ZJKCLR-I?)
502/7T

NOTES

OFR #n=0FR (7} +

OFR D#A=0PR D(T)+

OPR A=OPRXX(T)

OFR D A=OPR &3 *X (7}

T Program causes halt ot oddress 500 whose
504/400 content has been offered to=0s
506/HALT
1-1996
Addressing Modes (sheet 3 of 3)
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LS

ADDRESS

SUPER | KERNEL 4 FROG PHY -

SUPFR B KERNEL [ CONS PHY

DATA PATHS L ADRG #FR/CPU

BUS REGISTER DESPLAT KEGISTER

ADRSERRE  RUM FAUSE  MASTER USER ER KERKEL

ChABL 5 INST

AD .
e ETRM TONT

PDP-11/45 Operator’s Console

[EAEY




8¢

wux (it (12 -18)
KoM
a1

[
2 SOLMCE CONYT.
3 DEAT. COMST.-

BME 1T} [2120)
0 EQux
T RiMX

(1T
START VECTOR
TRAF
08 &
BEX D

[RETICT

@ NO CLOcK

+ LoD

meaLTEIND-4 9]

O NDCLOCK 2 SET.LOAD
T Los 3 OFPLOAD

AwF T2} [48-4T]
© SWAP RVTES
1 PLR
T N SHIFT
3 RIGHT SHIFT

AL
(PR, DARHY

“S"L'o"«r':"’] Pwés'li%ﬂ"ﬂ as oo TEMW [45-00)
LN o aF F * 1 aal T WRI
EA B OF S ET B ?E"’".mn!f
3 MRS B ) 3 [ 3 w|
; :ﬂp?uljlssE‘D 3 Mot USED T B L 5 SEG
§ b unes 8 sAniTR) [61 607 DR [TZ] [59-50}

b LHFR G e

ko
[ [

VELT
MARK DFF3ET
FF3ET

DETLON
(33
ADARE}
E s
-]
R g
EL

| 85
2 SFTSHFR,
. 05

:! & .
OFT SHFR,-DF .50
3 LR D

SF7 IGRABEFH]
5 wor “[:‘]“ ‘ oRkcrel (350 ST [34-3)
saw 172} [37] 0 Hg CLE -sc WO EOUN
i SHFT RagH 1 T
i T oannesm | ST CEeT L tekis 7 CRE aeaen Bk 1T [38-37]
: S e ¥ Lean ity o TR
o . 1 BB
{8
ITT§ T . Ty g 3 FP EALU (MAINT|
- TUkL ABORESS
]
il )
o . |wmera
FROM FPE EaLU ch¥
DATH Foe
T HEMORY
e e s
- L4 TOSFROE LN
_ TNT BUS UNIBUS K
BRx 1T2) [42] SHFR =
L
T BUBIUNIBUS, FAST From Fep uanr, ———n| § 4
BUS,GR IWTERNAL BUS) CPUUATR ———] & |
w5k ™ 0 CONSOLE GATA LKHTS
A
B 12 (53] ICTEHAS] — I g
3 N CLOCe T}
T Lhae I mp [0S

185 (T [36-53])

BR . (aTa
—% TD SEWCOMD

|

v MEMDRY

o N COMMAE
} fean v FROM SWITTH a
2 LCADPS
REGISTER | x
L *EabPs oAl ‘
INTERHAL 8US LI
o || oo
L.L]
0874 Gara ToKlIe-C  w
FAOM FPP REGISTERS ani OATA FROM KT11-C REGISTERS
FPFP OaTs

KBI11-A Central Processor Data Paths, Block Diagram
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139

FROM VARIOUS

— TO SEG

LI MR

MGM EY B

T
LLOECLE T Lk [Ercn
AOM CIARR  {MACA

FOM AT 44l {RACH) b i

NOw Cadiaple (maLh)

1 1 3 11

Lo o e T

ADM 3N [RACCHE—

Ta
TROL |

GEMENLL
MEQISTERS

ROM CRT243 (ARGEH

RO 33320 (RACH} E |

oM 243203 (AALCH

AQM L1916 IRALL]

™
ar].,
F =% ¢

QM 15123 {RACDH

AQM V0N TAACDY

1 1 1 3 & § 3 {

ROM COT7 04>

Zap
200

TO ALY

I

TIMING
GENERATOR =" 70 ALl MODULES

[TI61

e DATA. PATHE
2 L
. £ONOITION
CCL ITE [24-%2) CO0E
@ MO CHARGE
4 IHITAUCT DN LEFENGEMT COMDITION £ODE
ity S e Htn
L
4 Z e ACC SHERCC A ¥ —D faRA8, TACE F
3 CCLDS T AM AL SHERIC aaMX1S
—'Vgig + SHFRTY ¢ IS
& CCLDE NG B ¥ WRAFFECTED, 2= 2= EAa0 FADM AF14
T LCLOT M0V UMAFFECTED, C om0y iy
AFIR GECODE
IRACE, F.H)
TORE © toar 8 FOMK &
11kCCh (TRLET IRACE,F.H|
COMDITYOM sy
SUHEADIRAY
SURS1DVARY RDW
ROM
FIACHY [GRaa|
| ser [ -4 uaphs [+40] UATEA [+20] BRANCH
Fem [zl Y |oesrwnarion wove 3.5.7 shes L]
FEM 18 EWABLE FORK © ITI o S[PWRE + INTRY
FEM 13 ENase e §  [Erpgrer e BEN
£ 13 EWABLE FORK & [ BT T TOMDITIGH CODE W
5 - DB 0D BYTE DESFINATIONIT| ~BIV guiT
& RS (DI PE RESTORE
H — —[ANAR—{T + LoNFI]
ADR (07 o) (5 m+ﬂrv FI ~LFF REG® FF §THEC)
11 [sce PAGLIL
TO ADDRESE GATING [} EONF ICONSILE FLAG) - BAt
V3 |PRIDIeCEF e TF) BT+ IS+ =T
" — T Ll
15 e pasCiass b [-teeLass
6 |pRoli SAT5LN
(N4 RIP & FP SYNC FP SYNCAF® REG WA
'
IBEF-5 A COMDITHINAL FOAM B
LT ey
mEC (Tal [29-37) B5h 4T1) [4n-3%) LBEF » |31 FJ/CLASS COMOITIONAL FORR B1
T WO AFFECT O NO PAUSE
I OENA PR ATTH 1 INTR PAUSE
3 96T CoMrIF ERMEL MODE 3 s Lo
Fa
4 SPL IRET ARIOMITY LEVEL| BUS LONG PLUSE {
¢ Gha rope Tt
T
7 BUST 18U STAATI FROM CONIOLE :> g Mo S G AnEOUS
£OHTACL
CONTROL {{PRICRITY &RDITRATOR]
[T
a3C (TN [26-24] 8cT [T |32-30]
o baty D WO AFFECT
1 SAEL GaTD 1 READ PR paTa
2 KERNEL CATI 2 CONSOLE ACKNOWLEDSE
t SRCR DATL 3 CLEWA MLAGS
4 FC ICONTAGULED &Y FAE1 4 IWIT IF MERMEL WODE rerinem TarFRol
g, ; e o
LI
T bhore T WEwD ALS EMEL G 8 UNIBUS tBR, B

FROM
KT1I-C FASTRUS
B uwiaus

KB11-A Central Processor Control Section, Block Diagram
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« "ON 1018

1

(4

61 B LI 91 S1 +I €0 ¢ 11 OF 6 8

0C

1¢

Ze

ON OIS 8T LT 97 T PT €U

Z g 3 z z Z
£ £ £ £ £ £
& m o} “ = .
CPU FPP KWI1 LINE
MAINT MAINT CLOCK UNIBUS A | TERM
FRH (M8114) A
FRL (M8115)
FLOATING POINT

FRM (M8112)

FXP (M8113) v

DAP (M8100) A

GRA (M8101)

IRC (M8102)

RAC (M8103)

PDR (M8104) CENTRAL
TMC (M810%) PROCESSOR

UBC (M8106)

SSR (M8108) or SIB (M8117)

SAP (M8107)

TIG (M8109) \é PHK ( )

MEM CTRL (M3110)}

MTRX (Bipolar=M8111 & MOS=(G401}}

MTRX (Bipolar=M§111 & MO5=G401)

MTRX (Bipolar=M8&111 & MO5=G401)

MTRX (Bipofar=M8111 & MOS=G401)

SEMICONDUCTOR

MEM CTRL (MB11O) MEMORY

MTRX (Bipolar=M8111 & MOS=G401)

MTRX (Bipolar=M8111 & MOS=G401)

MTRX (Bipolar=M8111 & MOS=G401)

MTRX (Bipolar=M8111 & MOS=G401) \ 4
DEVICE 1 UNI A CABLE
DEVICE 2 UNI B CABLE
DEVICE 3 UNIBUS B TERM

Medule Layout
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DEVICE REGISTER ADDRESSES

Device CSR DBR Vector
Teletype Keyboard 777560 777562 60 BR4
Teletype Printer 777564 777566 64 BR4
Reader (PC11) 777550 771552 70 BR4
Punch (PC11) 777554 711556 74 BR4
Line Clock (KW11-L) 777546 —~ 100 BR6
Line Printer (LP11) 777514 777516 200 BR4
DECtape (TC11/TU586) 777340 777350 214 BRS
Control 777342
Word Count 777344
Current Address 177346
DECdisk (RC11/R564) 777444 T71456 210 BRS
777446
Look Ahead 777440
Disk Address 777442
Word Count T77450
Current Address 777452
Maintenance 777454
DECdisk (RF11/RS11) 777460 777472 204 BRS
Word Count 777462
Current Address 777464
Disk Address 777466
Disk Address Extended 777470
Maintenance 777476
DEC Disk Pack (RP11/RS03) 776714 - 254 BRS
Word Count 776716
Current Address 776720
Disk Cylinder Address 776722
Disk Address 776724
Device Status 776710
Error Register 776712
Maintenance Registers 776726
776730
776732
Card Reader {CR11/CM11) 777160 777162
777164
Magnetic Tape (TM11/TU10) 772522 772530
Byte Count 772524
Current Address 772526
Status 772520
Device Interface (DR11) 772414 772416
Word Count 772410
Current Address 772412
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Ascll ASCII ASCII ASCII

7-Bit 7-Bit 7-Bit 7-Bit

Octal Octal Octal Octal

Code Char Code Char. Code Char. Code Char.
000 NUL 040 SP 100 @ 140 !
001 SOH 041 ' 101 A 141 a
002 STX 042 - 102 B 142 b
003 ETX 043 # 103 C 143 ¢
004 EOT 044 $ 104 D 144 d
005 ENQ 045 % 105 E 145 e
006 ACK 046 & 106 F 146 f
007 BEL 047 : 107 G 147 g
010 BS 050 ( 110 H 150 h
011 HT 051 ) 111 I 151 i
012 LE 052 . 112 ] 152 j
013 VT 053 + 113 K 153 K
014 FF 054 ) 114 L 154 1
015 CR 055 - 115 M 155 m
016 SO 056 ) 116 N 156 n
017 SI 057 / 117 0 157 0
020 DLE 060 0 120 P 160 p
021 DC1 061 ! 121 Q 161 q
022 DC2 062 2 122 R 162 r
023 DC3 063 3 123 S 163 s
024 DC4 064 4 124 T 164 t
025 NAK 065 5 125 u 165 u
026 SYN 066 6 126 v 166 v
027 ETB 067 7 127 w 167 w
030 CAN 070 8 130 X 170 X
031 EM 071 9 131 Y 171 y
032 SUB 072 132 Z 172 z
033 ESC 073 : 133 [ 173 (
034 FS 074 < 134 \ 174 |
035 GS 075 = 135 ] 175 )
036 RS 076 > 136 1 176 ~
037 US 077 ? 137 <« 177 DEL
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