








776 766
776 764
776 762
776 760
776 756
776 754

776 752

776 750
776 746
776 744
776 742
776 740
776 736
776 734
776 732
776 730
776 726
776724
776 722
776 720
776 716
776714
776 712
776 710

776 706
776 704

776702
776 700

776 676
776 500
776 476
776 400
776 276
776 200
776 176

775 610
775 576

775 400

)
}
}
j
}

AAll #1,

RPO4,

KL11,

register 4 (DAC4)
register 3 (DAC3)
register 2 (DAC2)
register 1 (DAC1)
D/A status (CSR)

cont & status #3 l
(RPCS3)
bus adrs ext (RPBAE) l
ECC pattern (RPEC2) '
ECC position (RPEC1) [
error #3 (RPER3) -
error #2 (RPER2) |
cur cylinder (RPCC)
desired cyl (RPDC) |
offset (RPOF)
serial number (RPSN) I
drive type (RPDT) I
maintenance (RPMR)
data buffer (RPDB) l
look ahead (RPLA)
attn summary (RPAS)
error #1 (RPER1)
drive status (RPDS)
cont & status #2
(RPCS2)
sector/track adrs
(RPDA)
UNIBUS address
(RPBA)
word count (RPWC)
cont & status #1
(RPCS1)

#16

DL11-A, -B,

AAll,

DX11

#1
#5
#2

#31

DLI11-C, -D, -E,

DS11,

#1
#4

#1

A-9

RP11,

silo memory (SILO)
cyl adrs (SUCA)
maint 3 (RPM3)
maint 2 (RPM2)
maint 1 (RPM1)
disk adrs (RPDA)
cyl adrs (RPCA)
bus adrs (RPBA)
word count (RPWC)
disk status (RPCS)
error (RPER)

disk status (RPDS)



775 376
775 200
775 176
775 000
774776

774 400
774 376

774 000
773 766

773 000
772776

772700
772-676

772 600

772576
772574
772572
772570

772 556

772 550

772 546
772 544
772 542
772 540

772 536
772534
772532
772 530
772526
772524
772522
772 500

772516

772 476
772 474
772472
772 470

#16

#1
#16 |
DM11, | DV11, #1-4
#1 |
#1
#32
#32
#1

BM792, BM873 ROM
PDP-11 diagnostic bootstrap (half of it)

DN11,

DP11,

DC11,

PA611 typeset punch

PA611 typeset reader

maintenance (AFMR)
AFC11, MX channel/gain (AFCG)

flying cap data (AFBR)

flying cap status (AFCS)

XY11l plotter

counter
KW11-P, count set
clock status

read lines (MTRD)
tape data (MTD)

TM11, memory address (MTCMA)
byte record counter (MTBRC)
command (MTC)
tape status (MTS)

Memory Mgt reg (MMR3)

cont & status #3 (MTCS3)
bus adrs ext (MTBAE)
tape control (MTTC)

serial number (MTSN)
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772 466
772 464
772 462
772 460
772 456
772 454
772 452
772 450
772 446
772 444
772 442
772 440

772 436

772 430

772 416
772414
772412
772 410

772 376

772 360
772 356

772 340
772 336

772 320
772 316

772 300
772 276

772 260
772 256

772 240
772 236

772 220
772 216

772 200
772100

772136

}

—_— = Y e N e Y Y

drive type (MTDT)

maintenance (MTMR)

data buffer (MTDB)

check character (MTCK)
TU1l6, attention summary (MTAS)

error (MTER)

drive status (MTDS)

cont & status #2 (MTCS2)

frame count (MTFC)

UNIBUS address (MTBA)

word count (MTWC)

cont & status #1 (MTCS1)

DR11-B #2
data (DRDB)
DR11-B #1, status (DRST)
bus address (DRBA)
word count (DRWC)
Kernel Data PAR, reg 0-7
Kernel Instruction PAR, reg 0-7
Kernel Data PDR, reg 0-7
Kernel Instruction PDR, reg 0-7
Supervisor Data PAR, reg 0-7
Supervisor Instruction PAR, reg 0-7
Supervisor Data Descriptor PDR, reg 0-7

Supervisor Instruction Descriptor PDR, reg 0-7

UNIBUS Memory Parity
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772 072
772 070
772 066
772 064
772 062
772 060
772 056
772 054

772 052
772 050
772 046
772 044
772042
772 040

772016

772 010

772 006
772 004
772 002
772 000

771776
771774
771772
771770

771776

771 000
770776

770 700
770 676

770 500

770 436
770 434
770432
770 430
770 426
770 424
770 422
770 420
770 416
770 414
770 412
770 410
770 406
770 404
770 402
770 400

RS04,

RS04,

cont & status #3 (RSCS3)
bus adrs ext (RSBAE)
drive type (RSDT)
maintenance (RSMR)

data buffer (RSDB)

look ahead (RSLA)
attention summary (RSAS)
error (RSER)

drive status (RSDS)

control & status #2 (RSCS2)
desired disk adrs (RSDA)
UNIBUS address (RSBA)
word count (RSWC)

control & status #1 (RSCS1)

} GT40 #2

Y axis
X axis

GT40 f#1 status

UDC11,

program counter

status (UDCYS) |
scan (UDSR) | ICS/ICR11

} UDC functional 1/0 modules

} KG11,

} DM11-BB,

LPS11,

#8

#1

#16
#1
DMA

ext DAC

D/A YR

D/A XR

D/A SR

D 1/0 output
D 1/0 input
CKBR

CKSR

ADBR

ADSR
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770 366

770 200
767 776

766 000
765 776

765 000
763776

760010

UNIBUS Map

GT40 bootstrap

—— N~

PDP-11 diagnostic bootst User &

- iagnosti ootstrap ]

(half of it) Special
Systems

(top of floating addresses)

(start of floating addresses)

NOTE
All presently unused UNIBUS addresses are re-
served by Digital.
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APPENDIX B
INSTRUCTION TIMING

PDP-11/04 CENTRAL PROCESSOR

INSTRUCTION EXECUTION TIME

The execution time for an instruction -depends on the instruction itself
and the modes of addressing used. In the most general case, the In-
struction Execution Time is the sum of a Basic Time, a Source Address
Time, and a Destination Address Time. :

Instr Time = Basic Time 4 SRC Time + DST Time

Double Operand instructions require all 3 of these Times, Single Oper-
and instructions require a Basic Time and a DST Time, and with all
other instructions the Basic Time is the Instr Time.

All Timing information is in microseconds, unless otherwise noted. Times
are typical; processor timing can vary £10%.

BASIC TIMES
Double Operand Basic Time (u sec)
Instruction MOS Parity MOS
ADD, SUB, BIC, BIS 3.17 3.33
CMP, BIT 2.91 3.07
MOV 2.91 3.07
Single Operand
CLR, COM, INC, DEC, NEG, ADC, SBS 2.65 2.81-
ROR, ROL, ASR, ASL 2.91 3.07
TST 2.39 2.55
SWAB 291 3.07
All Branches (branch true) 2.65 2.81
All Branches (branch false) 1.87 2.03
Jump Instructions
JMP ' 0.91 0.88
JSR 3.27 3.27
Control, Trap, and Miscellaneous Instructions
RTS 4.11 ' 4.43
RTI, RTT 5.31 5.79
Set N,Z,V,C 2.39 2.55
Clear N,Z,V,C 2.39 2.55
HALT 1.46 1.62
WAIT 2.13 2.29
RESET 100 ms 100 ms
IOT, EMT, TRAP, BPT 7.95 8.49
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ADDRESSING TIMES
ADDRESSING FORMAT Time (usec)

SRC Time* DST Time**
Parity Parity -
Mode | Description Symbolic MOS | MOS | MOS | MOS
0 REGISTER R 0 0 0 0
1 REGISTER @Ror(R) | 094 1.10 1.48 1.67
DEFERRED
2 AUTO-INCREMENT (R)+ 1.20 1.36 1.76 1.95
3 AUTO-INCREMENT @(R)+ 266 298 | 3.20 3.55
DEFERRED
4 AUTO- —(R) 1.20 1.36 1.76 1.95
DECREMENT
5 AUTO- @—(R) 266 298 |3.20 3.55
DECREMENT
DEFERRED
6 INDEX X(R) 292 324 | 346 381
7 INDEX @X(R) 4.38 486 | 492 543
DEFERRED

* For Source time, add the following for odd byte addressing: 0.52
(usec) .
#% For Destination time, modify as follows:
a) Add for odd byte addressing with a non-modifying instruction:
0.52 (usec) :
b) Add for odd byte addressing with a modifying instruction modes
1-7: 1.04 (usec)
¢) Subtract for all non-modifying instructions except Mode 0O:
MOS: 0.54 Parity MOS: 0.57 (usec)
d) Add for MOVE instructions Mode 1-7: 0.26 (usec)
e) Subtract for JMP and JSR instructions, modes 3, 5, 6, 7: 0.52

(usec)
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B.2 PDP-11/34A CENTRAL PROCESSOR

INSTRUCTION EXECUTION TIME

The execution time for an instruction depends on the instruction itself,
the modes of addressing used, and the type of memory being referenced.
In the most general case, the Instruction Execution Time is the sum of
a Source Address Time, a Destination Address Time, and an Execute,
Fetch Time.

Instr Time = SRC Time 4 DST Time 4 EF Time

Some of the instructions require only some of these times, and are so
noted. All Timing information is in microseconds, unless otherwise noted.
Times are typical; processor timing can vary = 109,.

BASIC INSTRUCTION SET TIMING -
Double Operand

Instr Time = SRC Time + DST Time 4+ EF Time
Single Operand

Instr Time — DST Time - EF Time
Branch, Jump, Control, Trap, & Misc

Instr Time = EF Time

NOTES
1) The times specified apply to both word and
byte instructions whether odd or even byte.
2) Timing is given without regard for NPR or
BR servicing. _
3) If the memory management is enabled exe-
cution times increase by 0.12 usec for each
memory cycle used,
4) All timing is based on memory with the fol-
lowing performance characteristics:

Memory Access Cycle

Time Time

Core (MM11-DP) .510 usec 1.0 usec
MOS (MS11-JP) .635 775
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I; SOURCE ADDRESS TIME

Source Memory Core MOS
Instruction Mode  Cycles (MM11-DP) (MS11-JP)
0 0 0.00 usec 0.00 usec
1 1 1.13 1.26
2 1 1.33 1.46
Double Operand 3 2 2.37 2.62
4 1 1.28 1.41
5 2 2.57 2.82
6 2 2.57 2.82
7 3 3.80 4.18
Il. DESTINATION TIME
Destinatior Memory
Instruction Mode Cycles Core MOS
0 0 0.00 0.00
Modifying Single 1 2 1.62 1.74
Operand 2 2 1.77 1.89
and 3 3 2.90 3.15
Modifying Double 4 2 1.77 1.89
Operand 5 3 3.00 3.25
(Except MOV, SWAB, 6 3 3.10 3.35
ROR, ROL ASR ASL) | 7 4 4.29 4.66
0 0] 0.00 0.00
1 1 0.93 0.93
2 1 0.93 0.93
MoV 3 2 2.17 2.29
4 1 1.13 1.13
5 2 2.22 2.34
6 2 2.37 2.49
7 3 3.50 3.75
0 0] 0.00 0.00
1 1 0.95 0.95
2 1 1.13 1.26
MTPS 3 2 2.26 2.51
4 1 1.13 1.26
5 2 2.26 2.51
6 2 2.44 2.69
7 3 3.57 4.20
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Destination Memory

Mode Cycles Core MOS
0 0 0.00 0.00
1 1 0.64 0.64
2 1 0.64 0.64
MFPS 3 2 1.95 2.08
4 1 0.82 0.82
5 2 1.95 2.08
6 2 2.13 2.26
7 3 3.26 3.51
HIi. EXECUTE, FETCH TIME
DOUBLE OPERAND
Memory
Instruction Cycles Core MOS
ADD, SUB, CMP, BIT, 1 2.03 2.16
BIC, BIS, XOR
MOV 1 1.83 1.96
SINGLE OPERAND
CLR, COM, INC, DEC, 1 1.83 1.96
ADC, SBC, TST
" SWAB, NEG 1 2.03 2.16
ROR, ROL, ASR, ASL 1 2.18 2.31
MTPS 2 2.99 3.12
MFPS 2 1.99 2.12
EIS INSTRUCTIONS (use with DST times)
MUL 1 *8.82 *8.95
DIV (overflow) 1 2.78 2.91
12.48 12,61
ASH 1 **4.18 #*%4. 31
ASHC 1 *%4.,18 *%4.31
MEMORY MANAGEMENT INSTRUCTIONS
MFPI (D) 2 3.07 3.14
MTPI (D) 2 '3.37 3.34

* Add 200ns for each bit transition in serial data from LSB to MSB

** Add 200ns per shift
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Destination Memory
Instruction Mode Cycles Core MOS
0 0 0.00 0.00
1 2 1.42 1.54
SWAB, ROR, ROL, 2 2 1.57 1.69
ASR, ASL 3 3 2,70 2.95
4 2 1.62 1.74
5 3 2.80 3.05
6 3 2.90 3.15
7 4 4.09 4.46
0 0 0.00 0.00
1 1 1.13 1.26
Non-Modifying 2 1 1.28 1.41
Single Operand and 3 2 2.42 2.67
Double Operand 4 1 1.33 1.46
5 2 2,52 2.77
6 2 2.62 2.87
7 3 3.80 4.18
0 0] 0.00 0.00
1 1 0.98 1.24
2 1 1.32 1.44
MFPI (D) 3 2 2.20 2.45
‘MTPI (D) 4 1 1.18 1.44
5 2 2.20 2.45
6 2 2.40 2.65
7 3 3.59 3.96
BRANCH INSTRUCTIONS
Memory
Instruction Cycles Core MOS
BR, BNE, BEQ, (Branch) 1 2.18 2.31
BPL, BMI, BVC, BVS, BCC,
BCS, BGE, BLT, BGT,
BLE, BHI, BLOS,
BHIS, BLO
(No Branch) 1 1.63 1.76
SOB (Branch) 1 2.38 2.51
(No Branch) 1 1.98 2.11
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JUMP INSTRUCTIONS
Destination Memory

Mode Cycles Core MOS
1 1 1.83 1.96
2 1 2.18 2.31
JMP 3 2 3.12 3.37
4 1 2.03 2.16
5 2 3.07 3.32
6 2 3.07 3.32
7 3 4,25 4.78
1 2 3.32 3.44
2 2 3.47 3.59
JSR 3 3 4.40 4.65
4 2 3.32 3.44
5 3 4.40 4.65
6 3 4.60 4.85
7 4 5.69 6.06
Memory
Instruction Cycles Core MOS
RTS 2 3.32 3.57
MARK 2 4.27 4.52
RTI, RTT 3 4.60 4.98
Set or Clear C,V,N,Z 1 2.03 2.16
HALT 1 1.68 1.81
WAIT 1 1.68 1.81
RESET 1 100 msec 100 msec
I0OT, EMT, TRAP, BPT 5 7.32 7.7

LATENCY

Interrupts (BR requests) are acknowledged at the end of the current in-
struction. For a typical instruction, with an instruction execution time of
4 usec, the average time to request acknowledgement would be 2 usec.

Interrupt service time, which is the time from BR acknowledgement to
the first subroutine instruction, is 7.32 usec, max. for core, and 7.7 usec
for MOS.,

NPR (DMA) latency, which is the time from request to bus mastership
for the first NPR device, is 2.5 usec, max.
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NOTES

1.
2.

Add 0.84 useconds when in rounding mode (FT = 0).

Add 0.24 useconds per shift to align binary points and 0.24 useconds
per shift for normalization. The number of alignment shifts is equal
to the exponent difference for exponent differences bounded as fol-
lows:

1 <|EXP (AC)—EXP (FSRC)IS 24 single precision
1 <|EXP (AC)—EXP (FSRC)| < 56 double precision

The number of shifts required for normalization is equivalent to the
number of leading zeroes of the result.

Add .24 useconds times the exponent of the product if the exponent
of the product is:

1 < EXP (PRODUCT) < 24 single-precision
1 < EXP (PRODUCT) < 56 double-precision

Add 0.24 useconds per shift for normalization of the fractional result.
The number of shifts required for normalization is equivalent to the
number of leading zeroes in the fractional result.

Add 0.24 useconds per shift for normalization of the integer being
converted to a floating point number. For positive integers, the num-
ber of shifts required to normalize is equivalent to the number of
leading zeroes; for negative integers, the number of shifts required
for normalization is equivalent to the number of leading ones.

Add 0.24 useconds per shift to convert the fraction and exponent to
integer form, where the number of shifts is equivalent to 16 minus
the exponent when converting to short integer or 32 minus the ex-
ponent when converting to long integer for exponents bounded as
follows:

1 < EXP (AC) < 15 short integer
1 < EXP (AC) < 31 longinteger

B.3 PDP-11/44 CENTRAL PROCESSOR

Timing for the instructions assumes the following conditions:

1.

2.

Times specified are typical and may vary by +10%. They apply to
both byte and word instructions, whether odd or even byte.

Timing is given without regard to NPR or BR servicing and as-
sumes that no service states are used except where explicitly
forced by the microstructures.

Cache times assume 100% hits. Non-cache times assume 0% hits.

If memory management is used, add 0.09 usec per memory to the
instruction time.

The memory timing is assumed to be the following:

MS11-M DATI (P) 490 ns taa
DATO (B) 230 ns taa

All times are expressed in usec.
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MOV, CMP, BIT, BIS, BIC, ADD, SUB Except any
SMO/DMO Combinations

REGISTER TO REGISTER INSTRUCTION TIMES

UNCACHED CACHED # MEM

INST TIME TIME CYCLE

MOV (0,0) 1.23 .60 1

ADD, BIS, BIC (0,0) 1.41 .78
1CMP, BIT, SUB

For the following instructions, use the time indicated directly.
To figure time, add SRC time from the first table to DST time from the
second table for the appropriate instruction.

SRC MODE TIMES FOi ALL INSTRUCTIONS LISTED
(INCLUDING FETCH)

UNCACHED CACHED # MEM
SRC MODE TIME TIME CYCLE
0 1.23 .64 1
1 1.92 .66 2
2 2.10 .84 | 2
3 2.97 1.08 3
4 2.10 .84 2
5 : 2.97 1.08 3
6 3.15 1.26 3
7 4.02 1.50 4

MOV DST MODE TIMES

UNCACHED CACHED # MEM
DST MODE TIME TIME CYCLE
0 18 18 0
1 | 77 77 0
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DST MODE

ADD, BIS, BIC

DST MODE

0

1

CMP, BIT

DST MODE

0

1

UNCACHED
TIME

a7

1.82

.95

1.82

2.00

2.87

UNCACHED
TIME

.36

1.46

1.64

2.51

1.64

2.51

2.69

3.56

UNCACHED
TIME

.36

1.05

CACHED
TIME

A7

1.19

.95

1.19

1.37

1.60

CACHED
TIME

.36

.83

1.01

1.25

1.01

1.256

1.43

1.67

CACHED
TIME

.36

.42

# MEM
CYCLE

# MEM
CYCLE

# MEM
CYCLE



UNCACHED CACHED # MEM

INST TIME TIME CYCLE
2 1.23 60 1
3 | 2.10 84 2
4 ' 1.23 60 1
5 2.10 84 2
6 2.28 1.02 2
7 | 3.15 1.26 3
suB |

UNCACHED CACHED # MEM
DST MODE TIME TIME CYCLE
0 18 18 0
1 1.46 .83 1
2 1.64 1.01 1
3 2.51 1.25 2
4 1.64 1.01 1
5 - 251 1.25 2
6 2.69 1.43 2
7 3.56 1.67 3
XOR, NEG |

UNCACHED CACHED # MEM
DST MODE TIME TIME CYCLE
0 1.59 96 1
1 2.69 1.43 2
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UNCACHED CACHED # MEM

SRC MODE TIME TIME CYCLE
2 2.89 1.61 , 2
3 3.74 1.85 3
4 2.87 1.61 2
5 3.74 1.85 3
6 3.92 2.03 3
7 4.79 . 2.27 4

CLR, COM, INC, DEC, SBL, ADL, SXT

UNCACHED CACHED # MEM
DST MODE TIME TIME CYCLE
0 1.23 .60 1
1 2.51 1.25 2
2 2.69 1.43 2
3 3.56 1.67 3
4 2.69 1.43 2
5 3.56 1.67 3
6 3.74 1.85 3
7 4.61 2.09 4
TST
UNCACHED CACHED # MEM
DST MODE TIME TIME CYCLE
0 1.23 .60 1
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UNCACHED CACHED # MEM

DST MODE TIME TIME CYCLE
1 2.60 84 2
2 228 - 1.02 . 2
3 3.15 1.26 3
4 2.28 02 2
5 3.15 1.26 3
6 3.33 1.44 3
7 4.20 1,68 4

ROL, ROR, ASR, ASL

UNCACHED CACHED #MEM
DST MODE TIME TIME CYCLE
0 1.59 96 1
1 . 2.69 1.43 2
2 2.87 1.61 2
3 3.74 1.85 ' 3
4 287 1.61 2
5 3.74 1.85 3
6 3.92 2.03 3
7 4.79 | 2.27 4
SWAB

UNCACHED CACHED # MEM
DST MODE TIME TIME CYCLE
0 1.41 78 1

B-13



UNCACHED CACHED # MEM

DST MODE TIME TIME CYCLE
1 2.51 1.25 2
2 2.69 1.43 | 2
3 3.56 1.67 3
4 2.69 1.43 2
5 3.56 1.67 3
6 3.74 1.85 3
7 4.61 2.09 4
MFPI (D)

UNCACHED CACHED # MEM
DST MODE TIME TIME CYCLE
0 2.18 1.55 1
1 3.23 1.97 2
2 - 3.4 2.15 2
3 4.10 2.21 3
4 3.41 2.15 2
5 4.10 2.21 3
6 4.28 2.39 4
7 5.15 2.64 4
MTPI (D)

UNCACHED CACHED # MEM
DST MODE TIME TIME CYCLE
0 2.64 1.38 2
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UNCACHED CACHED # MEM

DST MODE TIME TIME CYCLE
1 - 3.59 2.26 2
2 3.27 2.51 2
3 4.46 2.57 3
4 3.27 2.51 2
5 4.46 2.57 3
6 | 4.64 2.75 ‘ 3
7 5.51 2.99 4
JMP

UNCACHED CACHED # MEM
DST MODE : TIME TIME CYCLE
1 1.23 .60 1
2 1.59 .96 1
3 2.28 1.02 2
4 ‘ 1.41 .78 1
5 . 2.28 1.02 2
6 2.28 1.02 2
7 3.33 1.44 3
JSR

UNCACHED CACHED # MEM
DST MODE TIME TIME CYCLE
1 2.47 1.91 1
2 2.65 2.09 1
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UNCACHED CACHED # MEM

DST MODE TIME TIME CYCLE
3 3.34 2.15 2
4 2.47 1.91 1
5 3.34 2.15 2
6 ‘ 3.52 2.40 ' 2
7 439 2.57 3
CALL TO SUPERVISOR MODE
UNCACHED CACHED # MEM
DST MODE TIME TIME CYCLE
0 7.46 6.20 2
1 8.15 6.44 3
2 8.33 6.45 3
3 . 9.20 6.68 4
4 8.33 6.44 3
5 9.20 6.68 4
6 9.38 6.86 4
7 10.25 7.10 5
BRANCHES
# MEM
BNE, ETC. TYPE UNCACHEDCASHED CYCLE
FAILED 1.05 42 1
PASSED 1.59 .96 1
SOB NO BRANCH 1.41 .78
(1)
1.77 - 1.14 1
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TRAP, SUBROUTINES

TRAP INST.
RTS

RTLRTT -~ K

MISCELLANEOUS

SET, CLR CC's
WAIT (LOOP)
EXIT

RESET

MARK
MFPT

SPL

EIS
ASH DM

~NO OO WN-=O

UNCACHED
5.68
2.46
3.61

4.35

UNCACHED
1.41
1.53
5.56

1.23

CACHED

3.93

1.20

1.92

2.46

CACHED

78

.90

3.67

.60

1.50 In Kernel Mode

3.36

1.41

2.85

3.93
4.62
4.80
5.67
4.80
5.60
5.78
6.65

AP OOMNMDMDODNON =
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3.30
3.36
3.54
3.78

. 3.36

3.78
3.89
4.13

2.10

.78

2.22

ADD 180 ns.
FOR TRANS.

# MEM
CYCLE

# MEM

(1)
(1)
(3)

FOR RIGHT SHIFTS
SUBTRACT 0.6 ns.



ASHC DM

MUL DM

DIV DM

NOOGTHEWN 20O NOOPAWN2LO NOODDWN-=O

3.51
4,20
4.38
5.256
4.38
5.256
5.43
6.30

6.63
7.32
7.50
8.37
7.50
8.37
8.55
9.42

11.01
11.07
11.88
12.75
11.88
12.75
12.93
13.08

A WWLWLWMNN=2L DOWNWLWNONNN= RDOWNNWMNODND =
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2.88
2.94
3.12
3.36
3.12
3.36
3.54
3.78

6.00
6.06
6.24
6.48
6.24
6.48
6.66
6.90

10.28
10.44
10.62
10.86
10.62
10.86
11.04
11.28

ADD 180 ns.

FOR TRANS.

ADD 180 ns. PER

BIT TRANSITION



B.4 PDP-11/60 CENTRAL PROCESSOR

The execution time for an instruction depends on the instruction itself,
the modes of addressing used, and the type of memory being referenced.
In the most general case, the Instruction Execution Time is the sum of
a Source Address Time, a Destination Address Time, and an Execute,
Fetch Time.

Instr Time — SRC Time 4 DST Time 4+ EF Time

Some of the instructions require only some of these times and are so
noted. Times are typical and are based upon the MM11-WP memory as
backing store. The simplified presentation of the timing data has occa-
sionally resulted in a larger time for an instruction being noted. All
times may vary 109, due to clock and bus tolerances.

BASIC INSTRUCTION SET TIMING
Double Operand
all instructions,
except MOV: Instr Time — SRC Time 4+ DST Time 4 EF
Time
MOV: Instr Time = SRC Time 4 EF Time (word
only) _

Single Operand
all instructions: Instr Time = DST Time + EF Time or
Instr Time = SRC Time + EF Time

Branch, Jump, Control, Trap & Misc
all instructions: Instr Time = EF Time

EIS (MUL, DIV, ASH, ASHC)
all instructions: Instr Time = DST Time 4 EF Time

Floating Point
all instructions:
except ABSF, ABSD,

NEGF, and NEGD: Instr Time = SRC Time - EF Time
ABSF, ABSD,

NEGF and NEGD: Instr Time — DST Time -} EF Time

Using the Chart Times

To compute a particular instruction time, first find the instruction “EF”
Time. Select the proper EF Time for the SRC and DST modes. Observe
all ““NOTES"” to the EF Time by adding the correct amount to basic EF
number.

Next, note whether the particular instruction requires the inclusion of

SRC and DST Times; if so, add the appropriate amounts to correct EF
number.
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Chart Times

The times given in the chart are for Cache ‘“‘hits’’; that is, all the read
cycles are assumed to be in the Cache. The number of read cycles in
each subset of the instruction is also included so that timing can be
calculated for a specific case of hits and misses, or timing can be cal-
culated based on an average hit rate.

a) Specific hits and misses :
Add 1.1 usec for each read cycle which is a miss instead of a hit.
b) Average hit rate

If Py is the percent of reads that are hits, add 1.1 X (1 — Py) X
(number of read cycles) to the instruction timing.

For example, an ADD A,B instruction using Mode 6 (indexed) address
modes:

1) All Hits:
SRC time 0.85 usec 2 read cycles

DST time = 0.85 usec 2 read cycles
EF time = 2.2 usec 1 readcycle

TOTAL = 3.9 usec 5 read cycles
2) 4 Hits, 1 Miss
Total = 3.9 -+ 1.1
= 5.0 usec.
3) Read hit rate of 879,
Total = 3.9 4+ (1.1)(1 — .87)(5)
= 4.6 usec.

NOTES

1. The times specified generally apply to Word
instructions. In most cases Even Byte instruc-
tions have the same time, with some Odd
Byte instructions taking longer. All exceptions
are noted.

2. Timing is given without regard for NPR or BR
serving.

3. Times are not affected if Memory Manage-
ment is enabled.

4, All times are in microseconds, except where

noted.
Source Address Time
Read
Source Memory
Instruction Mode SRC Time Cycle
0 .00 0
1 .51 1
2 .51 1
Double 3 1.0 2
Operand 4 .68 1
5 1.2 2
6 .85 2
7 1.4 3
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Destination Address Time

Read

- DST Memory
Instruction Mode DST Time (A) - Cycle

0 .00 0
Single Operand ; gi i
and Double Oper- 3 1.0 2
and (except MOV, 4 .68 1
MTPI, MTPD, JMP, 5 1.2 2
JRS) 6 85 2

7 1.4 3

NOTE (A): Add .17 usec for odd byte instructions, except DST Mode O.

Execute, Fetch Time
(Double Operand)

Instruction EF Time EF Time EF Time

(SRC (SRC (SRC
(Use with SRC Mode 0) Read Mode 1-7) Read Mode 0-7) Read
Time and DST (DST Mem. (DST Mem. (DST Mem.
Time) Mode 0) CYC ModeO) CYC Model-7) CYC
ADD, SUB, BIC, .34 1 1.0 1 2.2 1
BIS
CMP, BIT 34 1 1.0 1 1.0 1
XOR .34 1 —_ — 1.0 1
MovB - .34 1 .51 1 .51 1
Instruction EF Time EF Time Read
(Use with SRC DST DST (SRC Mode (SRC Mode Memory
Time) ‘Mode Register =0) 1-7) Cycle
MOV 0 0-7 34 .51 1

1 0-7 1.0 1.0 1

2 0-7 1.0 1.0 1

3 0-7 1.4 1.4 2

4 0-7 1.2 1.0 1

5 0-7 15 15 2

6 0-7 1.2 1.4 2

7 0-7 . 1.7 1.9 3
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Execute, Fetch Time
(Single Operand)

Instruction EF Time Read EF Time Read
(Use with DST (DST Mode Memory (DST Mode Memory
Time) = 0) Cycle 1-7) Cycle
TST .34 1 .68 1
CLR, COM, INC, .34 1 1.9 1
DEC, ADC, ROL,
ASL
NEG, SBC, ROR, 1.2 1 2.4 1
ASR
Read
Memory
Instruction EF Time Cycle
MFPI, MFPD 6.1 1 Use with
' SRC Times
Read
DST Instruction Memory
Instruction Mode Time Cycle
MTPI, MTPD 0 3.6 1
1 6.1 2
2 6.3 2
3 6.6 3
4 6.3 2
5 6.8 3
6 6.6 3
7 7.1 4
Branch Instructions
Read
Instruction Memory
Instruction Time Cycle
BR, BNE, BEQ, BPL, .85 1
BMI, BVC, BVS,
BCC, BGS, BGE,
BLT, BGT, BLE,
BHI, BLOS, BHIS,
BLO
SOB 2.0 1
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JUMP Instructions

Read
DST Instruction Memory
Instruction Mode Time Cycle
JMP 1 1.2 1
2 1.4 1
3 1.5 2
4 1.4 1
5 1.7 2
6 1.4 2
7 1.9 3
Read
DST Instruction Memory
Instruction Mode Time Cycle
JSR 1 2.5 1
2 2.7 1
3 2.9 2
4 2.7 1
5 3.2 2
6 29 2
7 3.6 3
Miscellaneous Instructions
) Read
Instruction Memory
Instruction Time Cycle
RTS 1.5 2
MARK 24 2
RTI 24 3
RTT 3.1 3
SETN,V,Z C 1.5 1
CLRN, V,Z C :
RESET 10 msec 1
I0T, EMT, BPT, TRAP 4.6 3
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EIS Instructions MUL, DIV, ASH, ASHC
Source Address Time

Read
Source Time Memory
Mode (usec) Cycle
0 340 0
1 .640 1
2 640 1
3 1.19 2
4 .85 1
5 1.36 2
6 1.19 2
7 1.70 3
Add 1.1 usec for each read cycle which is a miss
EF Time
_ Read
EF Time Memory
Instruction (All Modes) Cycle
Dlv 7.65 usec 1
MUL 6.12 usec 1
*ASH 3.57 usec 1
*ASHC 4.25 usec 1

*Add .17 usec for each shift

B.5 PDP-11/70 CENTRAL PROCESSOR

The execution time for an instruction depends on the instruction itself,
the modes of addressing used, and the type of memory being referenced.
In the most general case, the Instruction Execution Time is the sum of a
Source Address Time, and an Execute, Fetch Time.

Instr Time = SRC Time 4 DST Time 4+ EF Time

Some of the instructions require only some of these times, and are so
noted. Times are typical; processor timing, with eore memory, may vary
+159% to —109%.

BASIC INSTRUCTION SET TIMING
Double Operand

all instructions,
except MOV: Instr Time = SRC Time 4 DST Time

(but including MOVB) + EF Time
MOV Instruction: Instr Time — SRC Time 4- EF Time
(word only)
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Single Operand
all instructions: Instr Time —= DST Time + EF Time or
Instr Time = SRC Time -+ EF Time

Branch, Jump, Control, Trap & Misc
all instructions: Instr Time = EF Time

USING THE CHART TIMES

To compute a particular instruction time, first find the instruction “EF"’
Time. Select the proper EF Time for the SRC and DST modes. Observe
all “NOTES" to the EF Time by addlng the correct amount to basic EF
number.

Next, note whether the particular instruction requires the inclusion of
SRC and DST Times, if so, add the appropriate amounts to correct EF
number.

USING THE CHART TIMES
The times given in the chart for Cache ‘‘hits'’; that is, all the read cycles
are assumed to be in the Cache., The number of read cycles in each
subset of the instruction is also included so that timing can be calcu-
lated for a specific case of hits and misses, or timing can be calculated
based on an average hit rate.
a) Specific hits and misses

Add 1.02 usec for each read cycle which is a miss instead of a hit.

b) Average hit rate
If Pu is the percent of reads that are hits, add 1.02 X (1 — Py) X
(Number of read cycles) to the instruction timing.

For example, an ADD A,B instruction using Mode 6 (indexed) address
modes:

1) All Hits:

SRC time = 0.60 usec 2 read cycles
DST time = 0.60 usec 2 read cycles
EFtime = 1.35usec 1 read cycle

TOTAL — 2.55usec 5 read cycles

2) 4 Hits, 1 Miss
Total = 2.55 + 1.02
= 3.57 usec

3) Read hit rate of 909%
Total = 2.55 + (1.02) (.1) (5)
= 3.06 usec

NOTES

1. The times specified generally apply to Word instructions. In most
cases Even Byte instructions have the same time, with some Odd
Byte instructions taking longer. All exceptions are noted.

2. Timing is given without regard for NRP or BR serving. Core memory
is assumed to be iocated within the first 128K memory unit.
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3. Times are not affected if Memory Management is enabled.
4. All times are in microseconds.

SOURCE ADDRESS TIME

Read
Source Memory
Instruction Mode SRC Time Cycles
0 .00 0
1 .30 1
2 .30 1
Double 3 .75 2
Operand 4 .45 1
5 .90 2
6 .60 2
7 1.05 3
DESTINATION ADDRESS TIME
Read
DST Memory
Instruction Mode DST Time (A) Cycles
0 .00 0
Single Operand ; gg i
and Double Oper- 3 '75 >
and (except MOV, 4 '45 1
MTPI, MTPD, JMP, 5 :90 2
IRS 6 60 2
7 1.05 3

NOTE (A): Add .15 usec for odd byte instructions, except DST Mode O.
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EXECUTE, FETCH TIME

Double Operand

Instruction EF Time EF Time EF Time
{SRC (SRC (SRC
Mode 0) Mode 1-7) Mode 0-7)
(Use with (DST Read | (DST Read | (DST Mode 1-7) Read
SRC Time Mode 0) Mem | Mode 0) Mem Mem
and DST Time) Cyc Cyc Cyc
ADD, SUB, .30 1 .45 2 1.20 1
BIC, BIS MOVB (D) (D) ©)
CMP, BIT .30 1 .45 1 45 1
(D) . (D) ©)
XOR .30 1 .30 1 1.20 1
(D) (D)
NOTE (C): Add 0.15 usec if SRC is R1 to R7 and DST is R6 or R7.
NOTE (D): Add 0.3 usec if DST is R7.
EF Time EF Time Read
Instruction DST DST (SRC (SRC Memory
(Use with SRC Time) Mode Register | Mode = 0) Mode = 1-7) Cycles
0 0-6 .30 45 1
0 7 .60 .75 1
1 0-7 1.20 1.20 1
_ -2 0-7 1.20 1.20 1
MOV 3 0-7 1.65 1.65 2
4 0-7 1.35 1.35 1
5 0-7 1.80 1.80 2
6 0-7 1.50 1.65 2
7 0-7 1.95 2.10 3
Single Operand
EF TIME EF Time Read
Instruction (DST Memory | (DST Memory
(Use with DST Time) | Mode — 0) Cycles Mode 1 to 7) Cycles
CLR, COM, INC, DEC, .30 1 1.20 1
ADC, SBC, ROL, . J)
ASL, SWAB, SXT
NEG .75 1 1.50 1
TST .30 1 45 1
)
ROR, ASR .30 1 1.20 1
) (H)
ASH, ASHC .75 1 .90 1
Q) Q)]
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NOTE (H): Add 0.15 usec if odd byte.

NOTE (I):

Add 0.15 usec per shift.

NOTE (J): Add 0.30 usec if DST is R7.

Read
Instruction Memory
(Use with SRC Times) EF Time Cycles
MUL 3.30 1
DIv
by zero .90 1
shortest 7.05 1
longest 8.55 1
Read
Memory
Instruction EF Time Cycles
MFPI 1.50 1 use
MFPD 1.50 1 with
SRC
times
Read
DST Memory
Instruction Mode Instruction Time Cycles
MTPI 0 .90 1
MTPD 1 1.65 2
2 1.65 2
3 2.10 3
4 1.80 2
5 2.25 3
6 2.10 3
7 2.55 4
Branch Instructions
Read
Instr Time Instr Time -Memory
Instruction (Branch) (No Branch) Cycles
BR, BNE, BEQ, .60 .30 1
BPL, BMI, BVC,
BVS, BCC, BCS,
BGE, BLT, BGT,
BLE, BHI, BLOS,
BHIS, BLO
SOB .60 .75 1
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Jump Instructions

Read
DST Memory
Instruction Mode Instr Time Cycles
1 .90 1
2 90 1
3 1.20 2
JMP 4 .90 1
5 1.35 2
6 1.05 2
7 1.50 3
1 1.95 1
2 1.95 1
3 2.25 2
JSR 4 1.95 1
: 5 2.40 2
6 2.10 2
7 2.55 3
Control, Trap & Miscellaneous Instructions
Read
. - Memory
Instruction Instr Time . Cycles
RTS 1.05 2
MARK .90 2
RTI, RTT 1.50 3
SETN, Z V. C
CLR, N, Z, V, C .60 1
HALT 1.05 0
WAIT .45 0
WAIT Loop
fora BR is
.3 usec.
RESET 10ms 1
I0T, EMT, 3.30 3
TRAP, BRT
SPL .60 1
INTERRUPT 2.31 2
First Device

EFFECTIVE MEMORY CYCLE TIME
The overall effective cycle time of the CPU can be calculated from the

following formula:
TCk = Pr X [(Pu X TCu) + (1 — Pu) TCu] + (1 — Pz) TCw
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Where TCrz = Effective cycle time
TCu = Cycle time for a read hit = 0.30 usec
TCx = Cycle time for a read miss = 1.32 usec
TCw = Cycle time for a write = 0.75 usec
Pr = Percent of cycles that are reads
Pu = Percent of reads that are hits

Thus, for an average PDP-11/70 program which has a read rate of 919,
and a read hit rate of 939, the effective cycle time is:

TCe = .91 X [(.93 X .30) + (.07 X 1.32)] + (.09 X .75) = .41 usec
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APPENDIX C

CONVERSION TABLE
Decimal  Octal Binary
0 0 0
1 1 1
2 2 10
3 3 11
4 4 100
5 5 101
6 6 110
7 7 111
- 8 10 1000
9 11 1001
10 12 ) 1010
11 13 1011
12 14 1100 .
13 15 1101
14 16 1110
15 17 1111
16 20 10000
17 21 10001
18 22 10010
19 23 10011
20 24 10100
21 25 10101
22 26 10110
23 27 10111
24 30 11000
25 31 11001
26 32 11010
27 33 11011
28 34 11100
29 35 11101
30 36 11110
31 37 11111
32 40 100000
33 41 100001
34 42 100010
35 43 100011



Decimal Octal Binary

36 _ 44 100100
37 45 100101
38 46 : 100110
39 47 100111
40 50 101000
41 51 101001
42 52 101010
43 53 101011
44 54 101100
45 55 101101
46 56 101110
47 57 101111
48 60 _ 110000
49 61 110001
50 62 110010
51 63 110011
52 64 110100
53 65 110101
54 66 110110
55 .67 110111
56 70 111000
57 71 111001
58 72 111010
59 73 111011
60 74 111100
61 75 111101
62 76 111110
63 77 111111
64 100 1000000
65 101 1000001
66 102 1000010
67 103 1000011
68 104 1000100
69 105 1000101
70 106 1000110
7 107 1000111
72 110 1001000
73 111 1001001
74 112 1001010
75 113 1001011
76 114 1001100
77 115 1001101
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" Decimal Octal Binary

78 116 1001110
79 117 1001111
80 . 120 1010000
81 : 121 1010001
82 122 1010010
83 123 1010011
84 124 1010100
85 125 1010101
86 126 1010110
87 127 1010111
88 130 1011000
89 131 1011001
90 132 1011010
91 133 1011011
92 134 1011100
93 135 1011101
94 136 1011110
95 137 1011111
96 140 1100000
97 141 1100001
98 142 1100010
99 143 1100011

100 144 1100100

101 145 1100101

102 146 1100110

103 147 1100111

104 150 1101000

105 151 1101001

106 152 1101010

107 153 1101011

108 154 1101100

109 155 1101101

110 156 1101110 .

111 157 1101111

112 160 1110000

113 161 1110001

114 162 1110010

115 163 1110011

116 164 1110100

117 165 1110101

118 166 1110110

119 167 1110111



Decimal Octal Binary

120 170 1111000
121 171 1111001
122 72 1111010
123 173 1111011
124 174 1111100
125 175 1111101
126 176 1111110
127 177 1111111
128 200 10000000



INDEX

Abit 160
Aborts 162

ABSD (Make Absolute Double)
instruction 354

ABSF (Make Absolute Floating)
instruction 354

Access Control Field (ACF) 159, 160
Access Information Bits 160
Accumulators 23

Accuracy
floating point processors 351 to
353 :

ACF (see Access Control Field) 159,
160 :

Active Page Field (APF) 156

Active Page Register (APR) 140,
141, 145 to 147

ADC (Add Carry) instruction 46, 58

ADCB (Add Carry Byte)
instruction 46, 58

ADDD (Add Floating/Double)
instruction 354 to 356

Add instruction 24, 45, 47, 58
ADDN(l) 442,434,435
ADDP(l) 422,434,435

Addresses
memory 11
registers 11

Addressing 153, 154

Addressing modes

direct 25, 36, 37

indirect 26, 37,38

overview 23

position independent 106
program counter 26, 32 to 36, 38,
39, 41,42

summary 39 to 41

Address modification looping
technique 144,145

Application kernels 269
APF (Active Page Field) 156

Architecture

floating point processors 341,
342

PDP-11 family 11,13
PDP-11/44 196

ASCIi Console (PDP-11/44) 211
ASCIll conversions 135

ASH (Arithmetic Shift)
instruction 47,59

ASHC (Arithmetic Shift Combined)
instruction 47,59, 60

ASHN(I) 422, 436, 437
ASHP(l) 422, 436, 437

ASL (Arithmetic Shift Left)
instruction 46, 60, 61

ASLB (Arithmetic Shift Left Byte)
instruction 46, 60, 61

ASR (Arithmetic Shift Right)
instruction 46, 61, 62

ASRB (Arithmetic Shift Right Byte)
instruction 46,61, 62

Autodecrement deferred mode 26,
30, 31, 38, 40, 106

Autodecrement looping
technique 144, 145

Autodecrement mode 26, 29, 37,
40, 106, 110

Autoincrement deferred mode 26,
29, 37, 40, 106

Autoincrement looping
technique 144, 145

Autoincrement mode 26, 28, 29, 36,

40, 106, 110
Automatic nesting 115,116
Battery backup MOS memory 183

BBSY (Bus Busy signal) 14, 20
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Index

BCC (Branch if Carry Clear)
instruction 48, 62

BCS (Branch if Carry Set)
instruction 48, 62

BEQ (Branch if Equal)
instruction 48, 62, 63

BG (Bus Grant) 14, 17,20

BGE (Branch if Greater Than or
Equal) instruction 48, 63

BGT (Branch if Greater Than)
instruction 48, 63, 64

BHI (Branch if Higher)
instruction 48, 64

BHIS (Branch if Higher Than the
Same) instruction 48, 65

BICB (Bit Clear Byte) instruction 47,
65

BIC (Bit Clear) instruction 47,65

BISB (Bit Set Byte) instruction 47,
65

BIS (Bit Set) instruction 47,65

BITB (Bit Test Byte) instruction 47,
66

BIT (Bit Test) instruction 47,66
Bits condition code 51,52

BLE (Branch if Less Than or Equal to)
instruction 48, 66, 67

BLO (Branch if Lower)

instruction 48, 67

Block Number (BN) 157

Block structure
PDP-11 1,3

BLOS (Branch if Lower or Same)
instruction 48, 67

BLT (Branch if Less Than)
instruction 48, 67, 68

BMI (Branch if Minus)
instruction 48, 68

BNE (Branch if Not Equal)
instruction 48, 69

Bootstrap loader 188

BPL (Branch if Plus) instruction 48,
69

BPT (Breakpoint Trap)
instruction 50, 69, 70

Branch instructions .48, 49

BR (Branch) instruction 48,70
BR (bus request) 14, 16,17, 20
Bus 1,11t013,15t018
Bus Busy (BBSY) signal
Bus Communication 13
14, 267

14, 20

Bus control section
Buscycle 13
Bus Grant (BG) 14,17, 20
Bus Interrupt (INTR) 14, 20
Busrequest (BR) 14, 16, 17,20

BVC (Branch if V bit Clear)
instruction 48,70

BVS (Branch if V bit Set)
instruction 48,70

Bypass Cache Bit (BC) 161
Byte instructions 48
Byte stack 109, 110

Cache memory 184,203, 235, 236,
301 to 303

Call to Supervisor Mode instruction
(CSM) 50,73,74

Cbit 51,52

CCC (Clear All Condition Code Bits)
instruction 511053, 71

Central processor unit (CPU)
bus priority 13, 18
PDP-11/44 198
PDP-11/70 278

CPU Mapping 147, 148, 149, 150

CFCC (Copy Floating Condition
Codes) instruction 356

Chaining bus grants 17
Character Data Types 405 to 408

Character String Instructions 408 to
410
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Index

CIS (Commercial Instruction
Set) 405to0 468

CLC (Clear C) instruction 511053,
71

CLN (Clear N) instruction
72

CLRB (Clear Byte) instruction 24,
46, 71

CLR (Clear) instruction 24, 46, 71

CLRD (Clear Double)
instruction 356

CLREF (Clear Floating)
instruction 356

CLV (Clear V) instruction 51 t0 53,
72

CLZ (Clear Z) instruction 51 t053,
72

CMPB (Compare Byte)
instruction 72

CMP (Compare) instruction 72
CMPC(l) 408, 438, 439

CMPD (Compare Double)
instruction 356, 357

CMPF (Compare Floating)
instruction 356, 357

CMPN(l) 422, 440, 441
CMPP(l) 422,440, 441

Code

position independent
pure 120
re-entrant 120, 121

COMB (Complement Byte)
instruction 24,46,73

COM (Complement) instruction 24,
46,73

Commercial Instruction Set
468

Commercial Load Descriptor
Instructions 424, 425

Communication between devices
(see also Databus) 11,13

Compatability 1,2

51 to 53,

105 to 109

405to

Computer Special Systems (CSS)
group 6

Condition code instructions 511053

Console emulator
PDP-11/04 - 186to 188

Controller Registers 314
Conversion Table C-1toC-4
122to0 126

144, 145

Coroutines
Counter looping

CPU

bus priority 13,18

CSS (Computer Special Systems)
group 6

CVTLN(I)
CVTLP(l)
CVTNL(})
CVTPL(l)
CVTNP(l)
CVTPN(l)

Cycle
bus 13

Data

formats
cache memory 223
floating point 279 to 281
overlap 424

structures
indirect pointers 27
transfers 13, 14, 18,19

Databus 1, 11to 20, 23
Data-path section 267

Data (D) Space 156

Debugging microprograms 269

DECB (Decrement Byte)
instruction 46,74

DEC (Decrement) instruction 46,74
Decimal String Data Types 411,412

423, 442
423, 442
423, 442, 443
423, 442, 443
423, 444, 445
423, 444, 445

Decimal String Descriptors 412to
416

Decimal String Instructions 421,
422
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Index

Deferred modes
see Addressing modes,
indirect
Devices
bus priority 13,16to 18
communication between (see also
Databus) 11,13

service routine addresses 15, 16
Diagnostic Control Store 263

Direct addressing modes 25, 36, 37

Displacement Field (DF) 156, 157
Displacement in Block (DIB) 157
DIVD (Divide Double)

instruction 357, 358
DIV (Divide) instruction 75

DIVF (Divide Floating)
instruction 357, 358

DIVP(l) 422,4451%0 447
Division methods 132to 135
Documentation 7,8

Double operand instructions 25, 47,
48,54, 55

Downward compatibility 1

Downward expandable page 161,
162

ECC (Error Correcting Code) 244,
245

EIS (Extended Instruction Set) 261

EMT (Emulator Trap) instruction 50,
75,76,129, 130

Enable Memory Management
Traps 163

Errors
parity 245 to 248

129, 130
Expansion direction 161
Extended Control Store 263

Extended instruction Set (EIS) 260,
425 to 430

Fault Recovery Registers 161
FEA (Floating Exception Address)

Error traps

register 350

FEC (Floating Exception Code)
register 350

Floating point processors (FPP)
accuracy 35110353
architecture 341, 342
description 341
instruction addressing 350, 351
instructions 353 to 373
operation 342,343
PDP-11/34A 341,374 to 379
PDP-11/44 398 to 403
PDP-11/60 387 to 395,397
PDP-11/70 379 to 386, 396
timing 373

Floating point unit status

register 34510 349

FP11-A 37410 379
FP11-C 379 to 386
FP11-E 387 to 395

FP11-F 398 to 403
FPP(see Floating point
processors)

FPS register 345 to 349

General-purpose registers (GPR)
addressing modes 23,26,39to
41
PDP-11/44 198 to 200
PDP-11/70 28,279
saving contents 111

Grantchain 17
HALT instruction 51,76,77

Hardware stack pointer (SP)
109

High Speed Controllers 312to 314
16, 17

23, 24,

Horizontal priorities

INCB (Increment Byte)

instruction 24,45, 77

INC (Increment) instruction 24, 45,
77

Index deferred mode 26, 32, 38, 41,
106

Index mode 25, 31, 37, 41, 106
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Index

Index register modifications
looping methods 144, 145

Indirect addressing modes 26, 37,
38

Input buffer
managing 114

Instruction formats

branch 48,49

double operand 25, 47,48
jump 49,50

single operand 25, 46
subroutine return 49, 50

Instructions

addressing
floating point processors 350,
351
reserved 129

timing
floating point processors 372 to
395

trap 129to 131

Instruction set
branch instructions 45, 48
condition codes 511053
double operand instructions 47
examples 531056
floating pointinstructions 353 to
373
interrupts 50, 51
jump instructions 49, 50
miscellaneous instructions 51
overview 45
single operand instructions 45, 46
subroutine instructions 49, 50
summary 56to 102
traps 45, 50, 51

Instruction (I) Space 156
Instruction Timing B-1to B-30

’ Interrupt conditions

under memory management
control 155

description 116to 119
handling 15, 16
instructions 50

linkage 111

software (see Traps)
vector 15,16

INTR (Bus Interrupt) 15to 16, 20

I/0 Page Register (PDP-11/44)
Cache Data Register 206
Cache Memory Error
Registers 206, 207
Cache Control Register
209
Cache Maintenance Register
210
Cache Hit 210,211

10T (1/0 Trap) instruction 50,77
JMP (Jump) instruction 49,78,79

JSR (Jump to Subroutine)
instruction 49,79, 80,111,115

Jump instructions 49

207 to

209,

Jump tables
addressing 27

KT11 memory management
comparison chart 17510178

KT/cache section 267

KY11-P programmers’ console 249
to 260

LDCDF (Load and Convert from
Double to Floating) instruction 358,
359

LDCFD (Load and Convert from
Floating to Double) instruction 358,
359

LDCID (Load and Convert Integer to
Double) instruction 359, 360

LDCIF (Load and Convert Integer to
Floating) instruction 359, 360
LDCLD (Load and Convert Long
Integer to Double) instruction 359,
360

LDCLF (Load and Convert Long
Integer to Floating) instruction 359,
360

LDD (Load Double) instruction 361,
362
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LDEXP (Load Exponent)
instruction 360, 361

LDF (Load Floating) instruction 361,

362

LDFPS (Load FPP's Program Status)

instruction 362

LDUB (Load Microbreak Register)
instruction 81, 82

Linkage information
storing 111, 112

Linkage register 111, 115
LOCC(l) 408,447,448

Long Integer 421

Looping techniques 144, 145
L2DR 449

L3DR 450

M9312 modules 188, 189, 334 to

337

Machine-tanguage instructions
processing phases 270to 274

Machine state
see Processor, state

Macro-level architecture 267
(see also Architecture)

Maintenance Destination Mode 163

MARK instruction 82
Master bus operations 11
MATC(l) 408,451,452

MED (Maintenance Examine and
DEP) instruction 82to 85

Memory (see also Page

addressing) 11,23t042, 140
bus priority 13
PDP-11/04 182
PDP-11/34A 182
PDP-11/44 202 ]
PDP-11/60 244,245
PDP-11/70 282t0 285

Memory Management 147 to 178
PDP-11/34A 153, 154, 182, 183
PDP-11/44 202, 203
PDP-11/60 153, 154, 182, 183

Index

registers 158, 159
registermap 171to 173
UNIBUS map 173

Memory Mapping 147, 148

Memory system error register 237,
238

MFPD (Move from Previous Data
Space) instruction 51, 85, 86

MFPI (Move from Previous Instruction
Space) instruction- 51, 85, 86

MFPS instruction 51, 86
MICRO-11/60 268
MicroDebugging Tool (MDT) 269
Microinstructions - 265
Micro-level architecture 266, 267
Micro-level organization 267
Microprogram Loader (MLD) 268
Microprogramming 262to 273
Miss (cache operation) 238

MLD (Microprogram Loader) 268

MNS (Maintenance Normalization
Shift) instruction 87

MODD (Multiply and Integerize
Double) instruction 362 to 365

Modes (CPU)
PDP-11/44 200, 201

MODF (Multiply and Integerize
Floating) instruction 362 to 365 -

MOS memory
PDP-11/04 183
PDP-11/34A 183
PDP-11/44 202
PDP-11/60 235, 244, 245
PDP-11/70 284, 285, 301 to 306

MOVB (Move Byte) instruttion 47,
88

MOV (Move) instruction 47, 88
MOVC(l) 408,453, 454
MOVRC(l) 408, 454 to 456
MOVTC(l) 408, 456 to 458
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MPP (Maintenance Partial Product)
instruction 88, 89

MTPD (Move to Previous Data Space)
instruction 51, 89

MTPI (Move to Previous Instruction
Space) instruction 51,89

MTPS instruction 51, 89, 90
MUL (Multiply) instruction 47,90

MULD (Multiply Double)
instruction 365, 366

MULF (Multiply Floating)
instruction 365, 366

MULP(l) 422, 459, 460
Multiplication methods
Multiprocessing 205 .
Multiprogramming Integrity 434
Nbit 51,52

NEG (Negate) instruction 46, 91

NEGB (Negate Byte) instruction 46,
91

NEGD (Negate Double)
instruction 366

NEGF (Negate Floating)
instruction 366

134, 135

Nesting
definition 16
automatic: 115, 116
interrupts 116to 118

Non-processor Data Transfers 289 -

Non-processor grant (NPG)
20

Non-processor request (NPR)
bus control 13, 14, 16,17, 20
PDP-11/60 241

NPG (non-processor grant) . 14, 17,
20

NPR (non-processor request)
bus control 13, 14,17, 20
PDP-11/60 206, 207

Numerical notation 8
Odd addressing error trap

14,17,

108, 167

OEMgroup 6

Operating systems
PDP-11 4,5

- DMS-11 4

IAS 5

RSTS/E 4
RSX-11M 5
RSX-11M-PLUS 5
RSX-11S 5
RT-11 4

TRAX 5

Operator’s console
PDP-11/34A 185, 186

O-phase 271

Organization 236, 237
Overpunch Strings 417,418
Package Systems 6,7

Page Address Register (PAR)
Page Descriptor Register (PDR)
Page Length Field (PLF) 161"
PAR (Page Address Register)

Parity
PDP-11/60 245to 248

Patching 129, 130

PC absolute mode 34

PC immediate mode 33, 34

PC (program counter) 26, 32, 33
PC relative deferred mode 35, 36
PC relative mode 34, 36

PDP-11
addressing modes 23t042
architecture 11,13
block structure 3
documentation 7,8
instruction set (see also Instruction
set) 4510 102
major categories 2
operating systems 4,5
peripherals 5,6
price vs. performance .
PDP-11/44 194
priority system -

159
159

159

16to 18
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programming (see also
Programming) 4

PDP-11/04 181 to 183, 185, 189
specifications 190, 191
PDP-11/34A

bootstrap loader 188

console emulator 186 to 188
features 181, 182

floating point processor (see FP11-
A)

memory 182to 184

memory management 147, 148,
152 to 154, 182, 183

operator’'s console 185, 186
processor backplane 189, 190
programmer’s console 187,188
specifications 190, 191

PDP-11/44

features 195
overview 195

block diagram 197
specifications 229, 230
system architecture 196
memory 202
memory management
multiprocessing 205

PDP-11/60
extended instruction set 261
features 233
floating point processor (see also
FP11-E) 261
memory 235 to 240
microprogramming 264 to 275
programmer’s console 249 to 260
programmable stack limit 260
reliability and maintenance
program 262
specifications 262

PDP-11/70
overview 277
features 277
specifications 292

PDR (Page Descriptor Register) 159

Peripherals
PDP-11 5,6

202, 203

Physical address constructed from
virtual 156, 157, 238

PIC (Position-Independent
Coding) 105to 109

Pointers 23
POP stack operation

Position-independent code
109

Power failure
effect on cache memory 241

Priority
bus control

110, 111
105 to

11,13, 15t0 18
Processor
priority
traps

13,18
128 to 131

Processor control
section 267,296

Processor memory reference
cache memory 239 to 241

Processor Priority 201

Processor status word (PS) 15, 16,

200, 226, 280, 281

Program control instructions 45, 48

Program counter addressing
modes 26, 32 to 36, 38, 39, 41

Program counter (PC) 23, 24, 32,
111

Program Interrupt Requests 228
Programmable stack limit 260

Programmer’s console
PDP-11/60 249 to 260
PDP-11/70 325t0 334

Programming
examples 135to 145
PDP-11 see also Instruction set 4
techniques 105to0 135

Programrelocation 142, 144,210to

212

PS (Processor status word) 15, 16,
200, 226, 280, 281

Pure code 120, 121

PUSH stack operation 109to 111
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RAMP (Reliability and Maintenance
Program) 262 )

126 to 128
120to 122
Reentrantcode 120, 121

Register deferred mode 26, 27, 28,
37, 39, 106

Register mode 26, 27, 29, 36, 106

Registers
addresses 11
console 251, 252
displaying contents 255 to 260
general purpose addressing
modes 23, 26, 39 to 41
saving contents 111
index 23
PDP-11/44 221 to 223, 225, 228
PDP-11/60 241to 244

Reliability and Maintenance Program
(RAMP) 262

Recursion
Reentrancy

Relocation
Disabled 174
Enabled 174

Requests

see Bus request
see Non-processor request

Reserved Bits 161
Reserved instr/uctions
traps 129
RESET instruction 51, 91
ROLB (Rotate Left Byte)
instruction 46, 91, 92
ROL (Rotate Left) instruction 46, 91,
92
RORB (Rotate Right Byte)
instruction 46, 92
ROR (Rotate Right) instruction 46,
92

Routines
see also Coroutines;
Subroutines recursive
reentrant 120, 121

126 to 128

RTI (Return from Interrupt)
instruction 50, 93

RTS (Return from Subroutine)
instructin 50, 93, 94

RTT (Return from Interrupt)
instruction 50, 94, 95

SACK (Selection Acknowledge) 14,
20

SBCB (Subtract Carry Byte)
instruction 46, 95

SCANC(l) 408, 460 to 462

SCC (Set All Cs)

instruction 51 to 53, 96
Separate Strings 419, 420
Sequential lists addressing 27
Service routine

device address 15, 16

SETD (Set Floating Double Mode)
instruction 367

SETI (Set Integer Mode)
instruction 367

SETL (Set Long Integer Mode)
instruction 367

SEV (Set V)
instruction

SEZ (Set Z2)
instruction 51 to 53, 96

Signal lines
UNIBUS 11

Single operand
instructions 24, 25, 46

SKPC(l) 408, 462 to 464

Slave
bus operations 11

Slave Sync (SSYN) 15

SOB (Subtract One and Branch if not
Equal to 0) instruction 48,97

Software Services group 6
SPANC(I) 408, 464 to 466

SPL (Set Priority Level)
instruction 97,98

51 to 53, 96
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Specialized Systems 6
SSYN (Slave Sync) 15
Stack
addressing 23
coroutinecalls 122, 123
description 109to 115
interrupt linkage 116to 1119
limit 259, 299
reentrancy 120
subroutine linkage 115
Stack memory pages 170
Stack pointer 109

Status registers
floating pointunit 345 to 349

STCFD (Set and Convert from
Floating to Double) instruction 367,
368

STCDF (Store and Convert from

Double to Floating) instruction 367,
368

STCDI (Store and Convert from
Double to Integer) instruction 368,
369

STCDL (Store and Convert from
Double to Long Integer)
instruction 368, 369

STCFI (Store and Convert from
Floating to Integer) instruction 368,
369

STCFL (Store and Convert from
Floating to Long Intefer)
instruction 368, 369

STD (Store Double) instruction 370

STEXP (Store Exponent)
instruction 369, 370

STFPS (Store FPP’s Program Status)
instruction 371

STF (Store Floating) instruction 370

STST (Store FPP's Status)
instruction 371

SUBD (Subtract Double)
instruction 371,372

SUBF (Subtract Floating)
instruction 371, 372

SUBN(l) 422, 466 to 468
SUBP(l) 422, 466 to 468

Subroutines compared to
coroutine 123, 124
linkage 111,115,116
return from 49, 50, 112, 115

SUB (Subtract) instruction 47, 98,
99 '

Suspendable Instructions 430to
434

SWAB (Swap Byte) instruction 46,
99

SXT (Sign Extend) instruction 46, 99

System Stack
see Stack

Time-out errortrap 128

Top of stack
manipulations addressing 27

Transfer rate
UNIBUS 13

Transfers
data 13, 14, 18,19

Transparency 171

TRAP instruction 50, 100
Traps

handler 129, 130
instruction 50, 129 to 131

linkage 112
processor 128,129

Trap vectors 129, 131
TSTB (Test Byte) instruction 373
TSTD (Test Double)
instruction 373
TSTF (Testing Floating)
instruction 373
TST (Test) instruction 46, 100
UCS (see User Control Store)

UNIBUS

description 1,11t020
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UNIBUS ADDRESSES A-1to A-13
Upward compatibility 1,2
Upward expandable page 161

User Control Store
(UCS) 263

Vbit 51,52

Vector addresses
errortraps 129, 131
interrupts 116, 117

Virtual Address 147, 153, 164
WBit 160

WAIT instruction 51, 100, 101
Word stack 109, 110

Writable Control Store
(WCS) 268, 274, 275

XFC (Extended Function Code)
instruction 101, 102

XORinstruction 47,102
Zbit 51,52
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