




























































































































































































































































































































































































































































































Instructions or Instruction sets

Processor B [ T | 2 3 7 04 [ 050 | /20 | 24 | 34 [ 3640 | a4 [esis0ss] 60 | 70 | 84 | VAX
Nodule Various | DCT11 |KXT11-A|KDF1t-A|KDF11-8 | KDJ1+-A KDJ11-8| KO11D | kD118 | KCT! |korttun kott-e | kott-a | ko112 | KDIVA | korrok | KBTEB | koyt1-8) various
BASIC Y [ Y [ Y Y [ Y Y [V Y [ Y[ VY[ Y[ Y[V [Y[VY[Y [V ][Y
S0B, SXT Y [ Y [ Y[ Y[ Y[ Y [ V[ N[N[NIY[Y[N[Y[N[Y]Y[Y][Y
RTT Y [ Y [ Y[ Y[ Y Y[ Y[ YN[ NTY[Y[Y[Y][Y[Y[Y[VY][Y
MARK Y I N [ N | Y [ Y Y[ Y[ N|N[N[Y[ Y[ NIVYIN]Y[Y]VY]N
XOR Y Y [ Y [ Y[ Y[ Y [ YN[ N[NIY [ Y[ Y Y [Y Y [Y[VY][Y
With ,
ASH, ASHC, MUL, KV ow N [y [y [y [y [N Ny oy ey oy oy oy |y |y
KEVtg
46 Floating-point keIt AKEITA KEFIT A FPTIA LA | FPI1B FhilB
oating-poin - - - - - - -
instructior?sp N N N or or Y Y N N N or N or Y or Y N
FPF11_| FPF11 FPF11 FP11C FPI1C
MFPT N | Y [ Y Y [ Y Y[ Y[ NI N[N[Y[N[N[Y[N]N[N][Y][N
MTPS Y LY [ Y Y[ YT Y[ Y[ NI N[N[Y[Y[N]N[N]N[N]Y]N
KEVA, Bavalable. NN N N NN Ny by oy Ly Ly [y oy [y Ly oy oy |y
. With | With With With
cis NN kerieekertig, N ] N N TN TN eeerg N ) N keag | NN N NN
MR, MEPD. NN N Y Ly by by NN N Yy Ly oy by by by oy oy |y
SPL NN | NI N | N|Y [ Y[ N[N[N]N[N[N[Y][Y[N[Y[V]N
csm N N N NN Y Y I N N|NININ[N]Y]N]N]IN]Y]N

*Limitea subset
(DIS) with KEV11-C
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Instructions or Instruction sets

Processor 03 ™m 2 23 3 04 05/10 | 15/20 24 34 35/40 4 45/50/55[ 60 70 84 VAX
KC11 KD11-A KB11-B
Module Various | DCT11 [KXT11-A KDFﬂ-A‘ KDF11-B | KDJ11-A ’ KDJ11-B| KD11-D | KD11-B KA1 KDF11-UA| KD11-E | KD11-A | KD11-Z KD“-DJ KD11-K KB11-C KDJ11-B | Various
Illegal Instruction
Actions:
OPCOI%%: 83%16 ?Zr T T Ta Ta Tro To Ta Ta Tio Ta Ta N aIive
gf ;:r?/?snoﬂrooorouosé}r‘?nlt())(ijg T Tio Ta Ta Tro Tio Ta Ta T Ta Ts N a1t}ve
Halt | Halt | Halt | Halt Halt T
In kernel mode Halt | Tow+4 | Tow+4| oOF or or or Halt | Halt | Halt or Halt | Halt | Halt | Halt | Halt | Halt O | Nati
Tro Tho Tro T Tio Tio alive
8;33332 8;2%8:;2% Tio Two Tro Tio Tho Tho Tho Tio Tio Tho Tho Tro Tio To Tho Tho Tio N aIive
OPcode 076600 Tio Tro T Tro T T T Tro Tio Tio Tho Tio T T To | Med | Two Tio Na.trive
OPcodes Muserd T T FPP | FPP e | mp | T I I FPP | FPP T FPP | FPP Fop FPP kP T
icrocode| 0 10 or or 10 10 10 or or 10 or or or :
170000-177777 or Tio ! T1o T1o T1o Tio Tio Tro Tro Native
rOPcodes 210-227 Maint. | 1., Two Tio Two Tro Tho Tho Tho Teo Tio Tho Two Tro Tho Tio Tro Tro T
Instruc. Native
JMP, JRS
For JMP or JRS Mode 2, { J | W ‘ ) l L \ l j l | ‘ ! } '
PC will receive R R R R R R R R R+2 | R+2 R R R R R R R R I R

319, saouuaffiq &paund 11-ddd = by *puaddy



Instructions or Instruction sets

Processor

03

™

2

23

YE]

04

05/10

15/20

24

34

35/40

4

45/50/55] 60

70

84

VAX

Various

DCT1

KXT11-A

KDF11~AI KDF11-B

Kl).lﬁﬂ KDJ11-B

KD11-D

KD11-B

KC11
KAT1

KDF11-UA

KD11-E

KD11-A

KD11-Z

KD11-A
KD11-D

KD11K

KB11-B
KB11-C

KDJ11-B

Various

MOV(B),CMP(B),BIT(B)
BIC(B),BIS(B),ADD,SUB:

If an instruction uses a
register as the source
operand, and the same
register in autoincrement,
autodecrement, autoincre-
ment-deferred, or
autodecrement-deferred
mode (e.g., MOV R,(R) +),
the destination will receive

R+2

R+2

R%2

R+2

R+2

R+2

Rt2

Rt2

R+2

If aninstruction uses the
PC as the source operand
and indexed or indexed-
deferred mode for the
destination operand (e.g.,
MOV PC, HERE), the
destination will receive

PC

PC+2

PC+2

PC+2

PC+2

PC+2

PC+2

PC

PC

PC+2

PC+2

PC

PC+2

PC

PC

PC+2

PC

PC+2

PC

SWAB:

V-bit action

0] o

EIS Differences:

EIS exists

If R=Rv1 (in other
words, the register is odd
and a 16-bit result is
being produced), are the
condition codes based on
the 16-bit or 32-bit result?

With
KEN-E

32

16

32

32

32

¢y xpuaddy



Instructions or Instruction sets

P 03 ™ 21 2 73 04 | 0510 | 15/20 | 24 34 | 35/40 | 44 [45/50/55 60 70 84 | VAX
Module Various | DCTH1 | KXTH1-A Knm-ulxnmn KN11-A‘KD.I11-B ko110 | ko1t8 | KCTU korriun| kot | kot | koniz ﬁg}}:ﬁ{xnn-u KB118 | kpa11-| various
FIS Differences
(floating-instruction set):
: With
FIS exists KEV1
FMUL and FDIV require Y
one word of RB stack
Is interruptible Y
Condition codes after FIS
is interrupted are
indeterminate Y
MFPT Differences:
MFPT exists N Y I YT YT Y TY]
| MFPT result T4l a]3 17375 ]
FPP Differences:
. With | With With
FPP microcode N N N Kerti-Alkeri-al Y Y N N N kerial N N N N Y N Y N
y ; " With ; With
With | With With With
FPP hardware N | NN EREn | FRFTY reiir | FRIVB P FRUR) Y ) N
FP11-B FP11-B
Hardware FPP is sync Async | Async | Async
synchronous or FP11-C FP11-C
asynchronous Sync Sync
Y with
FPP instructions KEF11-A N N N
can be interrupted N with
FPFi1-A

a1qu], saouadffa( Apruvd 1I-ddd = 9-V *tpuoddy



Instructions or Instruction sets

P 03 ™m 21 23 .13 04 05/10 | 15/20 24 34 35/40 44 45/50/55] 60 70 84 VAX
KC11 KD11-A KB11-B

Module Various | DCT11 |KXT11-A KDF11-A‘KI)F1I-B KD.II‘I-A‘KDJ“-B KD11-D | KD11-B KA1t KDF11-UA| KDT1-E | KD11-A | KD11-Z KD11-D KD11K KB11-C KDJ11-B | Various
Reset Instruction:

. . 10us | 8.4us | 8.4us | 10us | 10us | 15us | 15us 20ms 20ms 15us .
TR | ot (0 0e ot | o | e || 2 | B2 e | B | B || BB B

S | 0.15us | 0.15us S S S us ms ms 130us |

BUSINITL e | ide | ide | ide | ide | de | ide idle idle idb
Detection of power
failure ends RESET N N N N N N N Y Y N Y Y N Y Y N Y
instruction
Minimum assertion of .

BUS INIT L (as short- o
ened by power failure) .
Power failure during

fetch of RESET instruc-
tion is fatal: no power N N N N N N N N Y N | N N N N N N N
down is executed

MTPSIMFPS:
MTPS/MFPS exists -y Y Y Y Y Y Y N N N Y Y N N N N N Y [PSLonly
affected
in native
hmode

While in user or super-
visor mode, MTPS Y Y Y Y Y Y Y
changes PSW ¢3-0)
While in user or super-
visor mode, MTPS N N N N N N N

changes PSW (7-4)

While in user or super-
visor mode, MFPS Y Y Y Y Y Y Y
accesses PSW <7-0)

LY xpusddy



Memory Management Expansion and Relocation

Processor B | ™ | 2 P 73 04 [ 0510 | 1520 | 24 | 34 | 3540 | 44 |45/50/55] 60 | 70 | 84 | VAX

Module Various | DETH1 |KXT+1-A|KDF11-A|KDF11-8| KDJ11-A KDJ11-B| KD11.0 | kD118 | K11 koFriun| kote | korea | koniz | KDIPA | kotik | KBIEB | oytn-8) various
! 16 16 16

Number of physical | 16 | 1 |[Bor| 2 | 2| 2| ® | 6 | 6 | 8 | 18 [18with| 22 [18with| 18 | 22 | 22 |various

Address bits 3o 2 KT11-D KT11-C

Maximum physical 56, 248 56 56

memory (assuming 56 56 56 |248,0r( 4088 | 4088 | 4088 | 56 56 56 or 248 248 with 3840 248 with 248 | 3840 | 3840 |various

8-Kbyte 1/0 Page) 4088 3840 KT11-D KT11-C

Kernel mode? Y Y | Y Y [ Y YT Y Y [ Y[ Y I YT Y[ Y[ Y[ Yl Y[ Y Y TY

Supervisor mode? NN LN N N Y LY NN N N N Ny ey oy

Y with Y with

User mode? N N N Y Y Y Y N N N Y Y iktiin! Y (ktiic| Y Y Y N

Instruction space Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

Separate data space N N N N N Y Y N N N N N N Y Y N Y Y N

Action on any access with

PSW bits ¢15-14) (current

mode field) set to:

Kernel | Kernel | Kernel | Kernel | Kernel | Kernel | Kernel | Kernel
Super- | Super-

Kernel | Kernel | Kernel
Super-

00 Kernel mode

01 Supervisor mode User | User | Yisor User | Taso visor_| visor | Kernel Svl:spg: S‘;:gg;
10 Reserved User | User | Teso User | Taso Toso | Toso Toso | Toso
11 User mode User | User | User User | User | User | User | User | User | User | User
Which SP does MFPI,

mszﬁgggslﬁ Q‘w 1'l'2F’>D= Unpredictable | User Unpredictatjle User
10?

PSW(15-12), multiple
SPS, and MTPI, MFPI,
MTPD, and MFPD exist
with or without MMU optiol

Y Std N Std Y Std | Std | Std

31qu], saouaidffiq &pruvd 1I-ddd = 8-V Xtpuaddy



Memory Management Expansion and Relocation

P 03 ™ 21 23 73 04 | 0510 | 15/20 | 24 34 | 35/40 | 44 |45/50/55) 60 70 84 VAX

KC11- KD11-A KB11-B :
Module Various | DCT11 [KXT11-A KDF1I-AIKDF11-B KD.I11-A’KDJ11-B KD11-D | KD11-B KA11 KDF11-UA| KD11-E | KD11-A | KD11-Z KD11-D KD11-K KB11-C KDJ11-B | Various
MMU Registers

MMRO (12> MMU trap flag
implemented

MMR1 exists but always
reads 000000

MMR1 exists and
operates

MMR2 tracks instruction
fetches

MMR2 tracks interrupt
vectors

MMR3: Bits <00-02>
(ENABLES DSPACE)
exists and functions

Bit <03) (ENABLE)
exists and functions

Bit <04) (ENABLE 22-bit
exists and functions

Bit <05) (ENABLE UB
map) exists and functions
PARs:

Width (bits)

Program can

execute from PAR

Bit <00 (trap any access) |
implemented .
Bit <07 (any access flag)
implemented -
Bit 15> (bypass cache)
implemented

z|i=<|=<|z|=z|=
z|<|z|z=z|=2|=<
z|l<|lz=z|=z|=2z|=<
z|l<|=<|=z|=|=<
<|=<|=<|=|=<|=<
zl<lz|=z|=z|=<
<|=<|=<|=|=<|=<
z|l<|{=<|z=z|=z|=

12 12 16 12 12 16
12-bits | 12-bits 12-bits | 12-bits
only | only only | only

N

=
=

<|z|=|=<
<

Y
Y
Y N Y
N

N N

6V xpusddy



Interrupts

P B [ | 2 s 7 04 [ 0810 | 1520 | 24 | 34 | 3540 | 44 [asis0iss| 60 | 70 | 84 | VAX
Moduie Various | DCT1 |KXT41-A|KDF11-A| KOF11-B| KDJ1+-A |KDJ11-B| KD11-D | KD1+B | KTl IKoFtiun| ko1t | kot | kotez | KDUHA | wortok | KBIE | kpyrt.p various
Number of interrupt

{BR) tvors 1] 4 a | 4 | 4| 4| a a4 a4 4| 4| 4| a]| 4|4

Does expected interrupt
occur if PSW <07-05) are
lowered for only one
instruction?

Can an interrupt service
routine itself be interrupted
prior to executing its first
instruction?

Are instructions inter-
ruptible?

EIS

FIS

<|=Z

PP

CIS (DIS)

PIRQ (Programmed
interrupt request register)

Y with
KEF11-A

Exists
Is cleared by reset

2199, soouasdffiq Appuuvd T-ddd = 017 Xrpuaddy



Buses

P 03 &1 21 23 73 04 | 0510 | 15/20 | 24 34 | 3540 | 44 |45/50/55] 60 70 84 VAX
KC11 KD11-A KB11-B
Module Various | DCT11 |KXT11-A KDF11-A|KDF11-B KD.Iﬁ-AJKDJﬁ-B KD11-D | KD11-B | \aiq (KOFTHUA| KDTI-E | KD11-A | KD11-Z KD"_D[KW-K KB1-¢ |KDJ11-B| Various
Buses Available:
Q-bus N [ N N N
UNIBUS Y Y 1-4
Digital |
Special Memory Bus I;ast PMI | Various
us
Bus Cycles Utilized:
CLR, SXT, do only DATO for
last bus cycle (alternative: N N N Y N Y Y N N N N N N N N N N N | Varies
DATIP-DATO)
MOV daes only DATO for Y DATI, | DATI, Y Y Y Y | DATIP, | DATIP, | DATIP, .
Jast bus cycle DATO | DATG DATO |DATO jDATO| Y | Y | Y [ Y [ Y [ Y [ Y Y |Vares
EIS does DATI to fetch DATIP, .
source operand DATO Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y | Varies
UNIBUS/Q.bus 10us 10us | 10us | 10us | 22us | 22pus | 25us | 25us | 25us | 15us | 25us | 7us | 35us | 7us | 15us |Various
NPRs (DMAs) will be With
granted during CPU 4 YLy |y by oy gy by by [y by by by by |y
instructions
Console SLU accessible
from Q-bus/UNIBUS Y N . Y N Y N Y N Y Y N Y Y Y N N
Line clock register
accessible from * N Opt N Y N Y N Y Y N Y Y Y N N
a Q-bus/UNIBUS
Bootstrap ROMs N
accessible from Q-bus/ Y N N Y Y Y Y Y Y Y Y Y Y 1 N

* If LTC/Bootstrap exists at all.
1M9312 Emulation-Yes.
Internal ROMs-No.

[1-Y Xtpuaddy



Processor Status Word

Processor w [ m | & s 7 04 [ 050 [ 1520 | 24 | 34 | 35/0 | 44 [aeis0iss| 60 | 70 | 84 | VAX
Module Various | DCT1 |KXTHH-A|KDF11-A| KDF1-8 | KDJT1-A (KDJT1-B| KD1D | KDT1-B | KET1 |KOFttuA) KD11E | KD1-A | D112 | KDUA | konik | KBTHB | koyt1.8 various
?éts <15-12)dmeghar)ized With
urrent mode, Previous N N N Y Y Y Y N N N Y Y
(Cure qil Y LY LY [ Y |y
Bit (11> mechanized !
(Register set selection) N N N N N Y Y N N N N N N N Y N Y Y
Bit <08) mechanized (CIS
instruction NN N Y LY LY LY NN N Y | NN Y NN N Y
suspended)
Bit 07> mechanized Yy by by Ly by by by by by by by oy [y |y |y |y |y

(High-order priority bit)

a1qn], saoudiaffr Gruvd 1I-ddd = Z1-Y Xpuoddy



Processor Status Word

P 03 ™ 21 23 73 04 [ 0510 | 15/20 | 24 | 34 | 35/40 | 44 |45/50/55] 60 70 84 VAX
K11 KD11-A KB11-B N

Module Various | DCTT1 | KXT11-A|KDF11-A KDF11-B KDJT+-A | KDJ11-B| KDT+-D | KDT#-B | sy KDFTH-UA) KDT-E | KD11-A | KDTI-Z | ypop | KDTHK | pparre | KDJ11-B| Various

Bits ¢06-05) mechanized

(Low-order priority bits) N Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

Bit {04) mechanized (T) Y Y Y Y Y Y Y Y Y Y Y Y Y

B a0y Qechanized |y |y Y oy | v vy |y y |y |yl vy |y

gmcessor %tagus Word can

e accessed via

Reads/Writes to location 17 N N N Y Y ¥ Y Y Y Y Y Y Y Y Y Y Y Y N

777776

b s Ly [N N[y oy Ly Yy NN N Y Yy e Ny

Sineueton Loy v N v Ny vy e v v ey oy ey [y ]

Condition code

instructions (bits <0300y | Y | Y [ Y Y Y Y[ Y YY) Y Y Y Y Y Y Y Y Yy

T-bit Differences:

Can explicit PSW reference

by program or console) N N N N N N N Y Y Y N N N N N N N N N

et/Clear T-bit?

Number of instructions

executed between RTI set- 1} 0 0 1} 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0

ting T-bit and T-bit TRAP:

Numberdo!f)instructions éth)T RNToT

executed between

RTT setting T-bit and 1 1 1 1 1 1 1 1 Instruc-|Instruc- 1 1 1 1 1 1 1 1 1

T-bit trap tion | tion

T-bit TRAP immediately

ends WAIT instruction N M Y Y \ Y Y Y Y Y Y oy Y Y N Y N Y

T-bit TRAPS have higher

priority than interrupts (are Y Y Y Y Y Y Y Y N N Y

taken prior to interrupts)

€1y xpuaddy



General Purpose Registers

P B | | 2 2 73 04 [ 0510 | 1520 | 24 | 34 | 35140 | 44 [45/50/55] 60 | 70 | 84 | VAX
Module Various | DCTH! (KXTTL-A|KDF11-A|KDF11-8|KDJTt-A (KDJTL-B | KDTH-D | KD11-8 | Ke't (KoFttun| KD11E | Kott-A | K01tz | KU | konrk | KBTFB | koyn.8) various
Number of sets of RO-R5_ | 1 1 T 1 1 2 | 2 1 [ 1 1 i 1 1 2 1 2 2 1
Number of 3 1

stack pointers ! 1 1 (2 useful) 3 3 1 1 (2 useful) 3 2 2 3 3 2 3 3 1
Can programoode e exected| |y LN | N f NN | N LN Y N N N N N N N N NN
Can GPRs be accessed

by program as N N N N N N N Ny N NN N N N N N N N
ATITIO0ATTTITT

Can GPRs be accessed

by console as N N N N N N N Y Y Y N Y Y Y Y Y Y N N
ATITIO0ATITII?

a1qu], sauasaffrq &preuv 11-ddd = v1-Y xpusddy



Error Handling

m

21

23

73

04

05/10

15/20

24

kL)

35/40

45/50/55] 60

70

84

VAX

 Various

DCT1

KXT11-A

KDF11-A IKDFﬁ-B

KDJ11-A ‘KDJ“-B

KD11-D

KD11-B

KC11
KA1

KDF11-UA

KD11-E

KD11-A

KD11-Z

KD11-A
KD11.p | KD1HK

KB11-B
KB11-C

KDJ11-B

Various

0dd Address/Bus Errors

0dd address errors
detected by CPU

If odd address error occurs
while autoincrementing/
autodecrementing a
register, register

will have been modified.
Bus error (timeouts)
detected by CPU

If bus error occurs while
using autoincremented/
autodecremented-mode
addressing, register will
have been modified.

If bus error occurs while
reading I-stream using PC,
PC will have been incre-
mented.

Y

Y

SIY xpuaddy



Error Handling

P B [ T | 2 7 7 04 [ 0510 [ 15020 | 24 | 34 | 35/0 | 44 [45/50555] 60 | 70 | 84 | VAX
KC1 KD11-A KB11-B :

Module Various | DCTH1 [KXT11-A KnmAlKnmn xnquomn KD11-0 | kD118 | L) ixom-un KDTHE | KDTH-A | KD1-2 | gotioh | KDTHK | (TR |KDU11B | Various

Errors Using (SP):

0dd address/Bus error Nogrror  [SP«—4|SP<4|SP—4|SP+4 SP—4 SP—4 SP—4[SP«<4[SP—4[SP—4]
while using (SP) HA”l deteCted l Ta L Ta 1 Te 1 T JHALT 1 HALT l HALTJ T4 ‘“A”' T JHALT* Ta ‘ Ta L T ‘ i
Stack Overflow Errors:

Yellow-zone trap imple-

mented? ’ N N N Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y N
Yellow-zone trap program- | . With

mable (else ' N N N N N N N N N Y Y Y N

fixed at 000400)

KJt

Execute|Execute|Execute Execute Execute Execute|Execute| Execute|Execute
then | then | then Ta Ta then Ta then | then | then | then | then
Ts Ts Ta Ta Ts Ta Ta Ta Ta

NPN NN NN N Y N Y Y Y N
= T - - P4 SP—4

Yellow-zone action

Separate red-zone trap
implemented?

Red-zone action

Vector Errors:

Error while fetching error,
vector hangs processor.
Halt switch halts
processor.

Console initialize halts
Processor.

Console RESTART switch
restarts processor.

10dd SP not detected.

a1quL, soouandffiq Greuvd TIdAd » 917y xtpuaddy



Consoles

P 03 | Tn 2 23 73 04 | 0510 | 1520 | 24 34 | 3540 | 44 [45/50/55] 60 70 84 | VAX
Module Various | DCT11 |KXT11-A KDFﬁ-A‘KDFﬁ-B KD.I11-A'KDJ11-B ko110 | ko118 | KT \koFreun| korre | korra | korrz | KDTEA | kotik | KBIEB | oytt-8 various
Programmer’s Console:
; ; With | With With
Lights and switches N N KY11-LB Ky 1-g| Y N kyte Y N Y Y Y
. . . N . . . With
Micro | Micro | Micro | Micro | With Micro | With
ASCH console oor | 00T | oot | oot |Metz| N | M mogiz| N | MSD| NN RS
ASClI console memory
addressing range in bits 18 18 2 2 18 18 18 2
Aggg console could access, Y Y Y Y N Y N | Y
Operator’s Console:
; With With With
Bists st0 o | ot | M| st [ ont | | ont | sw
Remote Diagnosis:
Available from Field
Service N]NTNJNlN.NlN‘N‘N]N\NIN'N}Y'N]N(Y!N!Y

L1y xpuaddy






Appendix B - Console ODT Command Languages




Appendix B-2 = Console ODT Command Languages

Console ODT Command Set for PDP-11/84 and PDP-11/24

Descriptions of the PDP-11/84 and PDP-11/24 console terminal and a summa-
rized table of the console ODT comands are found in Chapter 2 (PDP-11/84)
and Chapter 4 (PDP-11/24). The ODT command language is identical for the
PDP-11/84 and PDP-11/24 with the following two exceptions.

= The PDP-11/24 addresses 18 bits of physical memory. The PDP-11/84
addresses 22 bits of physical memory. '

* The H command (ASCII 110) Toggle HALT flip-flop is only available with
the PDP-11/24.

In order to describe the use of a command, other commands are mentioned
before they have been defined. For the novice user, the following paragraphs
should be skimmed first for familiarization and then reread for detail. The
word “location” refers to a bus address, processor register, or the processor
status word (PSW).

NOTE
In the following examples, the user’s entty is in boldface (dark) type, while the
response from the processor is not.

/(ASCII 057) Slash

This command (/) is used to open a bus address, processor register, or the
processor status word and is normally preceded by other characters that specify
a location. In response to /, console ODT prints the contents of the location
(i.e., six characters) and then a space (ASCII 40). After printing is complete,
console ODT waits either for new data for that location or for a valid close
command. The space character is issued so that the location’s contents and
possible new contents entered by the user are legible on the terminal.

Example: @001000/012525 < SPACE >
@ = console ODT prompt character.
001000 =octal location in the bus address space desired by the
user (leading zeros are not required).
00100 =command to open and print contents of location.
12525 = contents of octal location 1000.

<SPACE> =space character generated by console ODT.

The / command can be used without a location specifier to verify the data just
entered into a previously opened location. The / is recognized only if it is
entered immediately after a prompt character. A / issued immediately after the
processor enters ODT mode causes a ?<CR> <LF> to be printed because a
location has not yet been opened.




Appendix B-3

Example: @1000/012525 < SPACE > 1234<CR> <CR> <LF>
@/001234 < SPACE >
first line =new data of 1234 entered into location 1000 and

location closed with <CR>.

second line =a / was entered without a location specifier and the
previous location was opened to reveal that the new
contents were correctly entered into memory.

< CR > (ASCII 015) Carriage Return

This command <CR> is used to close an open location. If a location’s
contents are to be changed, the user should precede the < CR> with the new
data. If no change is desired, <CR> closes the location without altering its
contents.

Example: @R1/004321 < SPACE> <CR><CR><LF>
@

Processor register R1 was opened and no change was desired so the user issued
< CR>. Inresponse to the <CR>>, console ODT printed <CR> <LF>@.

Example: @R1/004321 < SPACE> 1234 <CR> <CR> <LF>
@

In this case the user desired to change R1, so new data, 1234, was entered
before issuing the < CR>. Console ODT deposited the new data in the open
location and then printed <CR> <LF>@.

Console ODT echoes the <CR> entered by the user and then prints an
additional <CR>, followed by a <LF>, and @.

<LF> (ASCII 012) Line Feed

This command <LF> is used to close an open location and then open the
next contiguous location. Bus addresses and processor registers are incre-
mented by 2 and 1 respectively. If the PSW is open when a < LF > is issued, the
PSW is closed and a < CR> < LF> @ is printed; no new location is opened. If
the open location’s contents are to be changed, the new data should precede the
<LF>. If no data is entered, the location is closed without being altered.

Example: @R2/123456 < SPACE> <LF> <CR> <LF>
R3/054321 < SPACE >

In this case, the user entered <LF> with no data preceding it. In response,
console ODT closed R2 and then opened R3. When a user has the last register,
R7, open and issues <LF>, console ODT opens the beginning register, RO.
When the user has the last bus address of a 32-Kword segment open and issues
< LF>, console ODT opens the first location of that same segment. The user
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who wishes to cross the 32-Kword boundary must reenter the address for the
desired 32-Kword segment (i.e., console ODT is module 32 Kword). This
operation is the same as that found on older PDP-11 consoles.

Example: @R7/000000 < SPACE> <LF> <CR> <LF>
R0/123456 < SPACE >
or
@577776/000001 < SPACE> <LF> <CR> <LF>
400000/125252 < SPACE >

Unlike other commands, console ODT does not echo the <LF>. Instead it
prints <CR>, then <LF> so the printing terminals operate properly. In
order to make this easier to decode, console ODT does not echo ASCII 0, 2, or
10 either, but responds to these three characters with < CR> <LF> @.

$ (ASCII 044) oi R (ASCII 122) Internal Register Designator
Either character ($ or R) when followed by a register number, 0 to 7, or the PSW
designator, S, will open that specific processor register.

The $ character is recognized to be compatible with ODT-11. The R character
was introduced because it requires only one keystroke and because it is
representative of what it does.

Example: @%$0/000123 < SPACE >
or.
@R7/000123 < SPACE> <LF>
R0/054321 < SPACE >

If more than one character is typed (digit or S) after the R or §, console ODT
uses the last character as the register designator. There is an exception,

however, if the last three digits equal 077 or 477. ODT interprets this to mean
the PSW rather than R7.

S (ASCII 123) Processor Status Word (PSW/) ;

This designator is for opening the PSW and must be employed after the user

has entered an R or $ register designator.

Example: @RS$/100377 < SPACE>0<CR> <CR> <LF>
@]000020 < SPACE >

Note the trace bit (bit 4) of the PSW cannot be modified by the user. This is

done so that PDP-11 program debug utilities (e.g., ODT-11) that use the T bit for

single-stepping are not accidentally harmed by the user.

If the user issues a < LF > while the PSW is open, the PSW is closed and ODT

printsa <CR> <LF>@. No new location is opened in this case.
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G (ASCII 107) Go

This command (G) is used to start program execution at a location entered
immediately before the G. This function is equivalent to the LOAD
ADDRESS and START switch sequence on older PDP-11 consoles.

Example: @200G <NULL> <NULL>

The console ODT sequence for a G, after echoing the command character
follows.

1. Print two nulls (ASCII 0) so that the bus initialization that follows does not
flush the G character from the double-buffered UART chip in the serial line
interface.

2. Load R7 (PC) with the entered data. If no data is entered, 0 is used. R7 is set
equal to 200 and that is where program execution begins.

3. The PSW and floating-point status register contained in the MMU
are cleared to 0.

4. The bus is initialized.

5. The service state is entered by the processor. If there is anything to be
serviced, it is processed. If the HALT signal is asserted, the processor
reenters the console ODT state. This feature is used to initialize a system
without starting a program (R7 is altered). A user who wants to single-step a
program, can execute it by issuing a G and then successive P commands, all
done with the HALT signal asserted (either by the HALT switch or via the
H command). '

P (ASCII 120) Proceed

This command (P) is used to resume execution of a program and corresponds to
the CONTINUE switch on older PDP-11 consoles. No programmer-visible
machine state is altered using this command.

Example: @P
The PDP-11 processor is started immediately after the transmission of the P to

the terminal console has begun. If a RESET instruction is executed while the P
is transmitting, the echo of the P may be lost.

Program execution resumes at the address pointed to by R7. After the P is
echoed, the console ODT state is left and the processor immediately fetches the
next instruction. If the HALT signal is asserted, it is recognized at the end of
the instruction (during the service state) and the processor enters the console
ODT state. Upon entry, the content of the PC (R7) is printed. In this fashion, a
user can single-step an instruction through a program and get a PC trace
displayed on the terminal.
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Control-S (ASCII 023) Binary Dump

This command (Control-S) is used for manufacturing test purposes and is not a
normal user command. It is described here to explain the machine’s response if
the command is accidentally invoked. Control-S is intended to more efficiently
display a portion of memory than the / and <LF> commands can display it.
The protocol follows.

1. After a prompt character, console ODT receives a control-S command and
echoes it.

2. The host system at the other end of the serial line must send two 8-bit bytes
that console ODT interprets as a 16-bit starting address. These two bytes are
not echoed.

The first byte specifies starting address <15-08> and the second byte
specifies starting address < 07-00>. Bus address bits < 17-16> are always
forced to be 0; the dump command is restricted to the first 32 Kwords of
address space.

3. After the second address byte has been received, console ODT outputs 10
bytes to the serial line starting at the address previously specified. When the
output is finished, console ODT prints <CR> <LF> @.

If a user accidentally enters this command, it is recommended, in order to exit
from the command, that the user resets the terminal and enters two @
characters (ASCII 100) as a starting address. After the binary dump, an @
prompt character is printed.

H (ASCII 110) Toggle HALT Flip-Flop (PDP-11/24 only)

Programs are often debugged by single-instruction stepping them. In the PDP-
11/24, this may be accomplished by setting the HALT/BOOT switch to the
HALT position and using the P command to single-instruction-cycle the PDP-
11/24. The same result as setting the HALT switch may be realized by typing
H. An internal flip-flop is set, simulating the action of the HALT switch. P will
now single-cycle the PDP-11/24. After the debugging execution is completed, H
must be typed once more. This will clear the internal flip-flop, and the next P
will cause the PDP-11/24 to run at full speed.

ASCII Console for the PDP-11/44

The PDP-11/44 serial console is a standard feature that replaces the “lights and
switches” programmer’s console of earlier processors with logic that interprets
ASCII characters to perform equivalent panel functions.

Physically, the I/O port used for the serial console function is shared with the
standard system terminal (also called the system console), and is mode (or state)
switchable by typing ASCII characters on the system terminal (the LA120 or
equivalent that serves as the system console/programmer console).
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In this section, “console state”” defines the serial console mode of operation in
which ASCII commands are interpreted and result in the programmer’s console
functions (deposit, examine, halt, continue, etc.) being performed. The term
“program 1/O state’” will be used to refer to that state in which the LA120
functions as the standard system terminal, or the system console.

NOTE
The console state can be entered only when the key switch is not in the local
disable position.

Console State

The console state is entered by typing a reserved input character, Control P
(ASCII <CTRL>P < 020> or <220>). This is also called the console break
character. The console state is also entered when the CPU halts. It can be
entered only when the front panel key switch is in the local position. The
reserved character is not passed to a running program, and console state is
entered after printing the current output character, if any. While in the console
state, all input characters are interpreted by the console logic as commands to
the CPU control interface. The console performs all character echoing while in
the console state.

A program running in the processor is inhibited by the console logic from
sending or receiving any characters. This is accomplished by inhibiting the
“ready” and “done” bits from being set. The console state is exited to the
program I/O state by typing a specific console command such as CONTINUE,
START, or BOOT. If there is no console command in execution, a front panel
CONTINUE will cause exit from the console state. Turning the front panel
keyswitch to the local disable position will cause exit. The beginning of a
powerdown sequence will also cause exit from the console state.

NOTE
When in console state, if a program just sends output to the printer without
testing status bits, the characters will be printed if the logic happens to be
ready.

Program I/O State

The program I/O state is entered from the console state by typing the
CONTINUE command. A running program will then resume any input/output
that might have been interrupted by the console break character. Any ASCII
character may be output by the program, and any ASCII character, except the
console break character, may be input to the program. Character echoing is the
responsibility of the CPU software in program I/O state.

The program I/O state is exited to the console state by typing the console break
character, or by CPU execution of a HALT.
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= Console Command Language for the PDP-11/44

This section lists the control characters and special characters recognized by
the console and describes their functions.

ADDRESS

The ADDRESS command is used to redisplay the results of a previous console
operation. The command provides a convenient method of calculating the
effective address of modes 67 and 77 offset addresses.

Syntax: > > > Alddress]

Example: >>>A
P 00-001000 000240
Asanindex 001242

>>>

The first line displays the last physical address used by the console as noted by
the P. If an internal register was addressed, this would be an M. The data is the
last word examined or deposited by the console.

The second line contains the address that would be referenced if the current
word was used as the index for a mode 67 instruction.

Example: > >>E 1000/N:3
P 00001000 012767
P 00001002 000301
P 00001004 176560

>>>A
P 00001004 176560
As an index 177566

The MOVE instruction at addresses 1000, 1002, and 1004 has a source mode of
27 (immediate) and a destination mode of 67 (offset from the PC).

BOOT

The BOOT command allows the user to boot from a system device other than
the default system device. This command is executed only if the CPU is halted.
Otherwise, an error message is generated. Console state is exited before boot
execution is continued.

Syntax: > > > Bloot][ < SP> < DEVICE-NAME > J[:][ < Qualifier >]

If no device name is given, the console will perform the boot sequence for the
default system device. This is the equivalent of using the front panel BOOT
switch.

Example: > > >B DT2:/NO
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BREAK

The BREAK command, when supplied with a physical address, sets a hardware
breakpoint. If this breakpoint is set and the CPU or an I/O device issues a read
or write to the specified address, the CPU will halt. If no address is supplied,
the breakpoint will be cleared. The breakpoint remains in effect until it is
explicitly cleared or the system is powered off.

Syntax: > > > BRleak] [ < address > ] [ < Qualifier >]

The optional address qualifier may be used to specify virtual address space and
the address translation will be made once using the current mapping. If the
mapping is subsequently changed, the breakpoint will remain at the old
physical address.

The cache address-match registers are used by this command. Therefore, the
cache module (M7097) must be installed in the system. These registers
(17777750/17777752) should not be explicitly addressed while the breakpoint
is in effect nor should a breakpoint be attempted using these addresses.

Example: > > >BR1000/KI
(Console) Break at 001004
>>>

The CPU is halted and the PC is displayed when the address specified is
encountered. It may be the PC of the first or second instruction following the
breakpoint. The address may be any word in the instruction stream, an explicit
operand address, or an implicit stack access. If the address was accessed by
DMA activity, the contents of the PC may be entirely unrelated.

CONTINUE

When the CONTINUE command is issued, the CPU begins instruction
execution at the address currently contained in the CPU program counter (PC)
or continues execution if already running. CPU initialization is not performed.
Additionally, the console enters program I/O state at the same time as issuing
the CONTINUE to the CPU.

Syntax: > > > (Clontinue]

This command may be used to return the console to program I/O state even if
the CPU was already running.

DEPOSIT

The DEPOSIT command is used to modify the contents of memory, the general
purpose registers, PDP-11 programmer accessible registers, the PDP-11 micro
PC, and various I/O registers. Also, it will deposit data into the address
specified. The address space will depend upon the qualifiers specified with the
command.
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Syntax: > > > Dleposit] [ < address> <sp>] <data> [ < Qualifier>]

An address may be specified with the DEPOSIT command; if no address is
specified, the address defaults to < + > (preincrement).

Initiating deposits while the processor is running is illegal unless the deposit is
to the console switch register (D <sp>SW <data> <cr>).

Example: > > >D 1000 240
>>>D 240
>>>

The first DEPOSIT command loads 000240 into location 0001000. The second
DEPOSIT loads 000240 into location 0001002.

EXAMINE

The EXAMINE command allows the user to display the contents of memory,
the general purpose registers, PDP-11 programmer accessible registers, the PDP-
11 internal registers, and various I/O registers.

Syntax: > > > E[xamine] [ < address >1]

The EXAMINE command can be used without the argument. In this case, the
address defaults to < + > (preincrement).

Examines are legal while the processor is running. The console will respond by
printing the eight-digit physical address examined followed by the six-digit
octal data contained in that location. Upon completion of the examine, the
console will respond with the console prompt (> > >).

Examples: > > >E 1000 Examine location 1000.
00001000 002625
>>>E Examine the next location.
00001002 005646
>>>EPC Examine the PC.
>>>G
00000007 001000

FILL
Syntax: > > > F[ill] count
The FILL command must be followed by a numeric count between 0 and 377.

The count is equal to the number of null characters to be echoed following a
<CR>.

Example: >>>F 100
>>>F0
>>>

The first command sets the fill count to 100 (64 decimal). The second
command sets the fill count back to 0.



Appendix B-11

On powerup, the fill count is set to 0. Upon completion of the FILL command,
the console responds with the console prompt (> > >).

HALT
The HALT command is used to halt the processor at the completion of its
current instruction. After the processor has halted, the PC is displayed.

Syntax: > > > HJalt]
Example: >>>H
Halted at 001000
>>>
HELP

This command provides a listing of all the syntax recognized by the console.
The binary load command is not listed.

Syntax: >>>HE<Ip>

INITIALIZE
The INITIALIZE command causes the entire PDP-11 bus and the I/O to be reset
to the conditions present after initial powerup.

Syntax: > > >I[nitialize]

MICROSTEP
The MICROSTEP command causes the PDP-11 processor to execute one
instruction in the microprogram. The updated PC will be printed.

Syntax: > > > Mlicrostep] [count] [qualifier]

If either a count or a qualifier is supplied, the PDP-11 will take that many steps.
The count is decremented after each microinstruction is performed. When the
count equals 0, the console will print the last micro PC and the console prompt
(>>>). The console is then in spacebar step mode and an additional
microinstruction is performed each time the spacebar or tab key is pressed.

Example: >>>M2
micro PC = 000015
micro PC = 000263

NEXT

The NEXT command causes the PDP-11 processor to execute one instruction in
the program. The updated PC will be printed.

Syntax: Nlext] [count]

If used without an argument or qualifier, the NEXT command will execute one
instruction. If either a count or a qualifier is supplied, the PDP-11 will execute
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that many instructions. Immediately after the NEXT command has been
executed, additional instructions may be executed simply by pressing the
spacebar or tab key.

NOTE
Interrupts are disabled while single stepping the PDP-11.

Example: >>>N

PC=001002
>>>N=2

PC=001004

PC=001010
>>>

REPEAT
The REPEAT command will repeatedly execute <command>.

Syntax: > > > Rlepeat] <comand>

Rlepeat] will repeatedly execute <command> until it is terminated by
CTRL-C.

START

The START command causes the PDP-11 to begin executing its program at the
address specified. The PDP-11 is initialized, the new PC deposited, the
breakpoint (if any) is set, and the PDP-11 continued.

Syntax: S[tart] address
An address must be supplied with the START command.

Example: >>>S§ 1000
(program)

TEST
The TEST command causes the console to perform its self test. By using the /E
qualifier, the test will include console interaction with the PDP-11.

Syntax: > > > Tlest] [[Extensive > ]
Example: >>>T
>>>

Errors during this phase of testing produce no error messages. Success of this
test is indicated by the console prompt. :

>>>TE
Halted at 000000
>>>

Errors during the /E[xtensive] part of the test are indicated by the printing of
an error message. If no errors occur “Halted at 000000 will be printed at the
end of each pass.
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NOTE
/E[xtensive] version of the TEST destroys the contents of the switch register
and PDP-11 memory. Unless specially designed, the PDP-11 program is not
restartable after T[est]/E[xtensive].

BINARY LOAD

The BINARY LOAD command instructs the console to prepare to load or
unload < count> binary data bytes starting from location <address>. Only
an even byte < count> may be used.

Syntex: > > >X <address> <sp> < count> <cr>

Example: > > >X 1000 866

A <count> without bit 18 set (0 XXX XXX) will cause a BINARY LOAD of
the count field. A < count> with bit 18 set (1 XXX XXX) will cause a BINARY
UNLOAD. In this case, the remaining bits in the count field are considered an
unsigned positive number indicating the number of bytes to unload.

Command Qualifiers
QUALIFIER COMMAND DESCRIPTION

APPLICABILITY

/IR Dleposit] Repeats the command continuously.
E[xamine] Halts on error or CTRL-C.
M[icrostep]
Nlext]
Tlest]

/NOIdiagnostic] ~ Bloot] Disables running diagnostics only if a
device specifier is used following the
command.

/SClope] DEPOSIT Retry the command continuously

EXAMINE (will not halt on most errors) CTRL/
HALT C will suspend output.
TEST
/Elxtensive] TEST Test CPU-console interaction.
/N: < count > DEPOSIT Repeat the command for <count>
EXAMINE iterations.
MICROSTEP
TEST
/CB EXAMINE Cache bypass
/TB DEPOSIT Take-bus
EXAMINE

INITTIALIZE
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Addressing Qualifiers
To access virtual memory these qualifiers may be appended to < address>.
Syntax Example: > > >E 1000/K/N:2

KI 00001000 000001

KI 00001002 000776

QUALIFIER DESCRIPTION

/P Physical bus addresses (memory or I/O).

/KIil Kernel instruction space.

/KD Kernel data space.

/SD Supervisor data space.

/Sl Supervisor instruction space.

JUI1] User instruction space.

/UD User data space.

VIl Use the instruction space specified by the current mode
bits of the PSW.

/VD Use the data space specified by the current mode bits of
the PSW.

< address > Arguments
The <address> in D[eposit] and E[xamine] commands can be any of the
following arguments.

ARGUMENTS DESCRIPTION

0-7 1 to 8 octal digits.

— Autodecrement.

* Use the last address again.

+ Autoincrement (default).

@ The last data examined becomes the address.

/Gin] General purpose registers (n=0-17 octal).

/M(n] Machine dependent registers (n=0-11 octal)* The only

machine-dependent register that can be deposited into is
the CPU micro PC register (address 00000004).

* 0-10 if the M7096 module is below revision C.
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SW(r] Switch register. Equal to /P 17777570.

PC Program counter. Equal to /G 7.

PS[w] Processor status word. Equal to /P 17777776.
KS[p] Kernel stack pointer. Equal to /G 6.

SS[pl Supervisor stack pointer. Equal to /G 16.
US[pl User stack pointer. Equal to /G 00000017.

Execution Errors

?Halt CP The command cannot be executed when the CPU is
running.

?No ROM for that  The CPU does not contain a bootstrap ROM for the
specified device.

?CP did not start A hardware failure prevented the CPU from performing
the requested command.

?UnBREAKable It is illegal to set the breakpoint to physical address 0,

any general purpose register, or machine-dependent
register.

?Bus timeout error

The address you are attempting to breakpoint is nonex-
istent. There is no cache memory in the CPU. The
specified address is not responding.

?Parity error

Parity is enabled and the address you are attempting to
breakpoint or examine contains bad parity.

PUStep CP

Breakpoints cannot be set while the CPU is at micro-
address 015.

?Too big

Attempting to deposit, examine or breakpoint based on
a virtual address larger than 177777.

Deposit/examine a general-purpose register greater than
17 or machine dependent register greater than 11 (10 for
V3.XXB machines).

The requested fill count was greater than 377 (225
decimal).

?Access aborted

Attempted to breakpoint/deposit/examine a virtual
address that is not mapped.

9% Wrote RO page

Deposit to a virtual page that is read-only. The deposit is
performed. This is a warning message.
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?Read-only Only the micro PC register may be deposited. All other
machine dependent registers are read-only.
?Failed to halt The console attempted to halt the CPU but could not do

so after 500 microseconds.

?Already halted The CPU is already halted.

?Rn Err The console is not certain of the RUN/HALT state of the
CPU. The CPU did not halt after 500 microseconds
following an EXAMINE command.

?PX Err The pax address/data lines appear to be stuck high or
low.

Notes

1. The message “Console V3.40x” will be printed on powerup where x will be
the revision level of the M7096 module installed in the system.

2. Entering a 22-bit address is not required. Addresses will be expanded to 22-
bits (e.g., 1000+ 00001000).

3. Entering a 16-bit data word is not required. Data will be expanded to 16-bits
(e.g., 240=000240).
4. Spaces are required to separate numeric groups and alpha character groups to
avoid ambiguity.
Examples: Right > > >D PSW340/IR
Wrong > > >DPSW340/IR

Right > > >D1000 12737/TB
Wrong > >>D100012737/TB
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It is often useful to know the amount of time required to execute a particular
instruction or series of instructions. The calculation of this time is straightfor-
ward but dependent on a variety of factors. These factors break down into two
main categories—speed of the hardware and complexity of the instruction.

In this appendix, we'll first examine the hardware features that affect speed,
followed by tables that break down the instructions and allow you to calculate
the execution time for any instruction as executed by the various hardware
systems.

Speed of the Hardware

A computer system is built of many separate hardware subsystems. Each of
these can affect the rate at which instructions are processed. Some of the most
prominent factors are

» The processor microcycle rate.

= The amount of work performed with each microcycle.

= The main memory access time.

* The number of main memory cycles that can be avoided entirely.

» Whether there is DMA activity on the system bus.

= Timing variations peculiar to a given system.

Processor Microcycle Rate

If the time required for a processor microcycle is shortened, clearly the amount
of time required to execute a complete macroinstruction should also be
shortened, assuming nothing else stalls the processor. For example, the basic
clock time of the PDP-11/24 microcycle is 300 nanoseconds; the basic clock
time of the PDP-11/84 is 222 nanoseconds. If all other things were equal, the
PDP-11/84 would be faster for this reason alone.

The Amount of Work Performed with Each Microcycle

All other things are not necessarily equal. A processor that can accomplish more
useful work per microcyle will also execute macroinstructions faster than a
processor that accomplishes less per microcycle. For example, a PDP-11/84
microcycle can accomplish up to three times the work as a PDP-11/24 microcycle.

Main Memory Access Time
While the processor is waiting for data from memory, it is not accomplishing
useful work. Faster memories mean less waiting time.
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Minimizing the Number of Main Memory Cycles

The inclusion of fast buffer memories between the processor and main
memory can mean that fewer references need to go all the way to main memory
for data. This speeds execution while freeing up main memory cycles for use by
DMA devices. The PDP-11/84 uses two methods to minimize the number of
main memory cycles—cache memory and the instruction buffer.

Cache Memory

Both the PDP-11/84 and the -11/44 contain a buffer memory between the
processor and the main memory. This buffer memory attempts to store the data
and instruction words most frequently required by the processor. This buffer is
referred to as the cache memory. Any processor data request satisfied by the
cache memory takes much less time than a request that can be satisfied only
from main memory. When the requested data is found in the cache, the
operation is referred to as a cache hit. When the requested data is not found in
the cache, the operation is referred to as a cache miss, and the request
automatically passes to main memory.

In addition, every time the PDP-11/84 must go to main memory, two words will
be returned to the cache. This is useful because there is a high probability that
the second word will be used soon.

The PDP-11/24 does not contain a cache memory. All memory requests result in
a read or write of main memory.

The Instruction Buffer

In addition to the speed improvement provided by its cache, the PDP-11/84
attempts to predict the address of the next instruction word required by the
processor. Because the processor is normally accessing instruction words in
ascending order (as directed by the Program Counter), this prediction is
generally successful. Separate hardware within the processor performs this
prediction and uses “spare” memory or cache cycles to access the next
instruction word. This next instruction word is then stored in the iustruction
buffer. Should the prediction prove true, the word is already waiting and the
processor need not stop to fetch that next word. If, however, the program
branches, the prediction will prove false and the processor will need to stop
while the real next instruction word is fetched from memory.

Any read access using the PC is referred to as an Instruction-stream (I-stream)
read. Read accesses that do not use the PC cannot be predicted in this fashion,
and are referred to as data reads.

Neither the PDP-11/24 nor -11/44 contain an instruction buffer, so all read
operations, whether I-stream or not, act like data reads.
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Effective Memory Access Time

The table below indicates the time to access data from each of the different
data sources (e.g., the instruction buffer, the cache memory, or main memory),
for each of the different processors (i.e., the PDP-11/84, -11/44, and -11/24).

I-stream| Data Data
reads reads | writes
11/84, data in...
Instruction buffer 0ns
Cache memory 222ns | 222ns
Main memory 1000 ns | 1000 ns | 680 ns
11/44, data in...
Cache memory 90ns| 90ns
Main memory 450ns | 450ns | 150 ns
11/24, data in...
Main memory 450ns | 450ns | 150 ns

Direct Memory Access (DMA)

If the processor must read or write a main memory word, and the UNIBUS is
already busy servicing a direct memory access (DMA), then the processor must
wait until the DMA completes. This can greatly extend the processot’s effective
memory access time.

In most circumstances, the Dual Tag Store of the PDP-11/84 allows the
processor to continue to read from the cache memory unimpeded by DMA
activity. The processor must wait only if a cache miss or a main memory write
occurs or the DMA attempts to alter data already stored in the processor’s cache
memory.

The PDP-11/44 and -11/24 will be stalled any time a memory read or write is
required and a DMA is occurring on the UNIBUS.

Timing Variations in a Given System

Finally, the speed of the various hardware systems varies from unit to unit. The
clock of the PDP-11/84 processor is timed by a quartz crystal and so is very
accurate, but the memory system is not so precise. The clocks of the PDP-11/24
and -11/44 processors may vary as much as + 5 percent from sample to sample.

Instruction Complexity

PDP-11 processors fetch instructions from main memory. These instructions
can change the “state” of the CPU, or manipulate data stored in main memory.
The instructions vary in complexity and, therefore, in execution speed. Let’s
examine the execution of a few PDP-11 instructions.
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Increment (INC)

This instruction causes the operand to be replaced by the operand plus one,
that is, the operand is incremented by one. The operand may be a CPU general
register or a byte or word of main memory. The first step in the execution of any
instruction is to fetch the opcode from main memory. Contained within the
opcode is the field specifying the mode to be used in addressing the operand.
Also specified is the general register that will combine with the addressing
mode to tell the CPU where the operand will be found.

If the operand is contained within a general register (address mode 0), then the
register can be quickly incremented, and the INC instruction is complete.

If any other addressing mode was selected, the operand is contained in main
memory. First, the address in memory of the operand must be determined.
This requires zero, one, or two reads of main memory, depending on the
particular addressing mode. Then the operand can be read from that address.
The data is incremented within the CPU and the updated data written back
into main memory. The INC instruction always returns the incremented data to
the same location as previously read, so the address calculation need not be
repeated.

Move (MOV)

The MOV instruction is used to copy data from one location to another. The
location that supplies the data is called the source. The location to receive the
data is called the destination.

As in all instructions, the opcode is first fetched from memory. This time, the
opcode contains two addressing fields. One specifies the addressing mode and
register for the source operand, and the other specifies the addressing mode
and register for the destination operand.

The exact order of operations varies from one member of the PDP-11 family to
another but, in general, the following operations take place:

The source field is evaluated to supply the address of the source operand (i.e.,
where the MOV instruction will find the data). Remember that this requires
zero, one, or two memory reads, depending on the addressing mode. The
destination field is then evaluated to determine the address of the destination
operand (i.e., where the MOV instruction will put the copy of the data). The
source operand itself is then read, and the destination operand written. If the
source operand is in main memory, this requires reading main memory. If the
destination operand is in main memory, this requires writing main memory.

Add

This is another two-operand instruction. It differs from the MOV instruction
only in that the destination operand is replaced with the sum of the source and
destination operands. In other words, both the source and destination
operands must be read, then the two data words added togethet, and the result
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rewritten to the destination operand. Thus, if the destination operand is in
main memory, ADD requires one more read of main memory than an
equivalent MOV instruction.

Emulator Trap (EMT)
This instruction does not require the specification of any addressing modes.
This is because all of the operands are implicitly specified by the opcode itself.

The instruction allows the software to perform a trap (similar to a hardware
interrupt). This instruction is generally used to call monitor or kernel routines.

As always, the opcode is first fetched from memory. Then the old program
counter (PC) and processor status (PS) ate pushed onto the SP stack. The PC and
the PS are then loaded from the EMT trap vector (at location 000 030). (Thisisa
simplified explanation, not taking into account memory management.)

Beyond the opcode fetch, EMT therefore requires two main memory writes as
well as two main memory reads to execute completely.

General Method to Calculate Instruction Timing

In general, all instructions executed by the PDP-11 requite an opcode fetch, and
most require that some data be manipulated. The data manipulation consists of
one or more of source operand access, destination operand access, destination
operand write-back, and miscellaneous implied reads and writes.

The total execution time of an instruction can be found by summing up the
time required for each of the basic operations listed above. The tables that
follow provide the specific timings for each of these basic operations.

The three-operand CIS instructions are different and are not covered in this
appendix.

Overlap of Phases

Certain simple addressing modes allow much work to be accomplished in a
single microcycle. For example, most PDP-11 processors can execute the
instruction “ADD R1, R0O” in a single microcycle. In that single microcycle, R1
and RO are presented to the adder and the result returned to RO. Thus, the
source, destination, execution, and writeback all take place concurrently.

Addressing Modes

The various addressing modes require various amounts of work. Mode 0
(operand in general register) requires essentially no work and is the fastest
addressing mode. Mode 7 (indexed, deferred) is the most complex addressing
mode, requiring the most work and execution time. Use of the various
addressing modes is described in the PDP-11" Architecture Handbook. The
tables below document the number of I-stream reads, data reads, and data
writes performed by each of the source and destination addressing modes as
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well as their contribution (in microseconds) to the overall instruction execution

time. Separate tables document

= Source addressing modes.

» Destination modes for BIT(B), CMP(B), TST(B).

= Destination modes for JMP.

= Destination modes for JSR.

« Destination modes for MOV(B) and CLR(B).

» Destination modes for all other instructions.

Source Addressing Modes

The source operand is never written, so a source operand access simply consists

of read operations.

I- CPU

Source | Macro-11 stream | Data | Data | activities

Mode | syntax reads | reads | writes | required 11/84 | 11/44 | 11/24

00-07 | R 0 0 0 < None> 0 18* | 0

10-17 | @R or (R) 0 1 0 Access operand 44 | 18 .60

20-26 | (R)+ 0 1 0 Access operand 44 | .36 .60
Increment R

27 {PC)+ or #n 1 0 0 Access operand, 22 1 .36 .60
Increment PC

30-36 | @R)+ 0 2 0 Access addr of operand .89 | .54 1.20
Access operand
Increment R

37 @(PC)+ or @#n | 1 1 0 Access addr of operand .67 | .54 1.20
Access operand
Increment PC

40-46 | -(R) 0 1 0 Decrement R 67 |.36 3.90
Access operand

47 -(PC) 0 1 0 Decrement PC 133 [ .36 |3.90
Access operand

50-56 | @-(R) 0 2 0 Decrement R 111 .54 1.50
Access addr of operand
Access operand

57 @-(PC) 0 2 0 Decrement PC 178 | 54 1.50
Access addr of operand
Access operand

60-67 | INDEX(R) 1 1 0 Access index word 89 | .72 1.50
Sum with R
Access operand

70-77 | @INDEX(R) 1 2 0 Access index word 133 | .90 2.10
Sum with R
Access addr of operand
Access operand

*( if destination mode also equals 00-07.
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Destination Addressing Modes for BIT(B), CMP(B), and TST(B) (read-only)
These instructions never modify the destination operand. Therefore most
PDP-11’s never write the destination operand. Other older models write back
the exact same data as read. See the PDP-11 difference list (Appendix A) for

details.
Desti- I cPU o
nation Macro-11 stream | Data | Data | activities 11/84 11/44 | 11/24 | 11/84
Mode syntax reads | reads | writes | required Single Op Double Op
0007 |R 0 o o <None> "o 18 [0 |o
10-17 @Ror(R) 0 1 0 Access operand .44 18 .90 67
2026 | R+ 0 1 o Access operand 44 36 | 90 | 67
Increment R
27 (PC) + or #n 1 0 0 Access operand, .22 .36 .90 .44
Increment PC
30-36 @R)+ 0 2 0 Access addr of operand .89 .54 120 | 111
Access operand
. Increment R
37 @((PC)+ or @#n | 1 1 0 Access addr of operand .67 .54 120 | .89
Access operand
Increment PC
40-46 -(R) 0 1 0 Decrement R .67 .36 .90 .89
Access operand
47 «(PC) 0 1 0 Decrement PC 155 .36 90 | 178
Access operand
50-56 @-R) 0 2 0 Decrement R 11 .54 1.50 | 1.33
Access addr of operand
Access operand
57 @-(PC) 0 2 0 Decrement PC 2.00 54 150 | 2.22
Access addr of operand
Access operand
60-67 INDEX(R) 1 1 0 Access index word .89 72 150 | 111
Sum with R
Access operand
70-77 @INDEX(R) 1 2 0 Access index word 1.33 .90 210 {155
Sum with R
Access addr of operand
Access operand

*0 if source mode also equals 00-07.




Destination Addressing Modes for J]MP
The JMP instruction performs one less read than an equivalent MOV to PC
instruction, and is implemented with its own microroutines.

PR —
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Desti- R cPU
nation Macro-1i | stream| Data | Data | activities 11/84 11/44 | 11/24
Mode syntax reads | reads| writes| required Single Op
00-17 R N/A | N/A | N/A Tllegal instruction— N/A N/A | N/JA
! | Trap through 10
) 1 S
10-11 @Ror (R) ‘\ 0* : 0 PC<R .89 54 1.50
20-26 (R) + 0 [ 0* : 0 PC—R 1.33 90 | 180
| i Increment R |
27 #n o o o PC+PC 133 90 | 1.80
| | " { Increment R
3036 | @R)+ o ! | Access operand 11 90 | 1.80
| | PC «operand
| Increment R
37 @#n 1 0* 5 0 Access operand 11 90 | 180
; | PC«operand
40-47 -(R) 0 0* |0 | DecrementR L 72 | 180
1‘ ! 3 | PCR
5057 | @-®) fo  [1* |0 | DecrementR 133 90 | 2.20
| | | Access operand
PC«operand
60-66 Index(R) 1 0* 0 Access index word 133 90 | 2.20
i PC—R + index
67 Symbol 1 | 0% 0 Access symbol word 111 90 | 21
PC«PC + symbol + 2
70-76 @Index(R) 1 1* 0 Access index word 155 1.26 | 2.7
Addr, <R + index
| Access T
i PC—T
77 @ Symbol 1 0 Access symbol word 155 126 | 2.7
i Addr, < PC + symbol + 2
; Access T
J PC«T

*PDP-11/84 performs one additional read (e.g., 1 instead of 0)
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Destination Addressing Modes for JSR
The Jump-to-Subroutine instruction is very similar to the JMP instruction,
except that JSR must push the old contents of the destination register onto the
SP stack. This requires extra microcycles and one data write. These extra

activities are not listed under the “CPU activities” column.

Desti- I CPU

nation Macro-11 stteam| Data | Data | activities 11/84 11/44 | 11/24

Mode syntax reads | reads| writes| required Single Op

00-17 R N/A | N/JA | N/A | Illegal instruction— N/A N/A | N/A
Trap through 10

10-11 @Ror (R) 0* 1 PC~R 2.00 126 | 2.70

20-26 (R) + 0* 1 PC—R 2.22 144 | 3.00
Increment R

27 #n 0 0* 1 PC~PC 222 144 | 3.00
Increment R

30-36 @R)+ 0 1* 1 Access operand 2.22 144 | 3.00
PC < operand
Increment R

37 @#n 1 0* 1 Access operand 2.00 1.44 | 3.00
PC «operand

40-47 -(R) 0 0* 1 Decrement R 222 126 | 3.00
PC+~R

50-57 @-(R) 0 1* 1 Decrement R 2.22 144 | 33
Access operand
PC «operand

60-66 Index(R) 1 0* 1 Access index word 222 162 | 33
PC«R + index

67 Symbol 1 0* 1 Access symbo] word 2.00 162 | 3.3
PC+PC + symbol + 2

7076 | @Index(®) 1 1* [ 1 | Accessindex word 2.66 180 | 3.90
Addr; <R + index
Access T
PCT

77 @ Symbol 1 1* 1 Access symbol word 2.66 1.80 | 3.90
Addr, < PC + symbol + 2
Access T
PCT

*PDP-11/84 performs one additional read (e.g., 1 instead of 0)
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Destination Addressing Modes for MOV(B) and CLR(B) (write-only)
The Move and Clear instructions never need to access the destination data,
because that data is merely overwritten. Therefore, some PDP11 processors
suppress the reading of the destination data for MOV(B), CLR(B), or both. This
speeds execution. Other processors may read the data and then discard it. See
the PDP-11 difference list (Appendix A) for details.

[ Desti- I CPU

nation | Macro-11 stream | Data | Data | activities

Mode | syntax reads | reads | writes | required 11/84 | 11/44 | 11/24

00-07 | R 0 0 0 < None> 11 18% | 0

10-16 @Ror(R) 0 0 1 Write operand 44 .36 | 1.20

17 @PC or (PC) 0 0 1 Wirite operand 1.33 36 | 1.20

20-26 | R)+ 0 0 1 Write operand .44 54 | 1.20
Increment R

27 (PC)+ or #n 0 0 1 Write operand, 133 54 | 1.20
Increment PC

30-36 | @R)+ 0 1 1 Access addr of operand .89 .72 | 1.50
Werite operand
Increment R

37 @(PC)+ or @#n | 1 0 1 Access addr of operand .67 72 | 1.50
Write operand
Increment PC

40-46 -(R) 0 0 1 Decrement R .67 54 (| 1.20
Write operand

47 -(PC) 0 0 1 Decrement PC 1.55 54 | 1.20
Write operand

50-56 | @-(R) 0 1 1 Decrement R 111 .72 | 1.80
Access addr of operand
Wirite operand

57 @-(PC) 0 1 1 Decrement PC 2.00 72 | 1.80
Access addr of operand
Write operand

60-67 | INDEX(R) 1 0 1 Access index word .89 .90 | 1.80
Sum with R
Access operand

70-77 @INDEX(R) 1 1 1 Access index word 1.33 | 1.08 | 2.40
Sum with R
Access addr of operand
Access operand

*Q if source mode also equals 00-07.
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Destination Addressing Modes for All Other Instructions (read-write)
All other instructions read the old destination operand, modify the data, and
then write back new data.

Desti- I- CPU
nation | Macro-11 stream | Data | Data | activities
Mode | syntax reads | reads | writes | required 11/84 | 11/44 | 11/24

00-06 |R 0 0 0 < None> 0 18*% | 0

07 R 0 0 0 < None> 11 18* 1 0

10-16 @Ror (R) 0 1 1 Access operand .67 36 | 1.50
Werite-back operand

17 @PC or (PC) 0 1 1 Access operand 155 36 | 1.50
Write-back operand

2026 | R)+ 0 1 1 Access operand .67 .54 {150
Increment R
Werite-back operand

27 (PC)+ or #n 0 1 1 Access operand, 155 54 | 1.50
Write-back operand
Increment PC

30-36 | @R)+ 0 2 1 Access addr of operand | 1.11 .72 | 1.80
Access operand
Werite back operand
Increment R

37 @(PC)+ or @#n

—
—
-

Access addr of operand .89 .72 | 1.80
Access operand
Write-back operand
Increment PC

40-46 | -(R) 0 1 1 Decrement R .89 .54 | 1.50
Access operand
Write-back operand

47 -(PC) 0 1 1 Decrement PC 1.78 54 | 150
Access operand .
Write-back operand

50-56 | @-(R) 0 2 1 Decrement R 133 .72 {210
Access addr of operand
Access operand
Werite-back operand

57 @-(PC) 0 2 1 Decrement PC 2.22 72 1 2.10
Access addr of operand
Access operand
Write-back operand

60-67 | INDEX(R) 1 1 1 Access index word 11 90 | 210
Sum with R

Access operand
Write-back operand

70-77 | @INDEX(R) 1 2 1 Access index word 155 | 108 | 270
Sum with R

Access addr of operand
Access operand
Werite-back operand

*0 if source mode also equals 00-07.
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Fetch and Execution Timing

Operand access and update has already been described. The rest of the work
performed by an instruction consists of the opcode fetch; the actual data
manipulation(s); and any implicit reads or writes.

The table below documents the number of microcycles required times the basic
clock time of the processor. Thus, the table directly lists the duration of the
fetch and execution phase in microseconds.

The table also indicates the number of implicit data reads and writes that must
be performed to complete execution of the operation, including the opcode

fetch.

Execution Time on Plus
Opcode 11/84 11/44 11/24 Reads | Write
Single
operand:
ADC(B) .22 .54 1.20 1 0
ASR(B) .22 .54 1.20 1 0
ASL(B) .22 .54 1.20 1 0
CLR(B) .22 .54 1.20 1 0
COM(B) 22 .54 1.20 1 0
DEC(B) .22 .54 1.20 1 0
INC(B) .22 .54 1.20 1 0
NEG(B) .22 .72 1.20 1 0
ROL(B) 22 .54 1.20 1 0
ROR(B) 22 54 1.20 1 0
TST(B) 22 .54 1.20 1 0
SBC(B) .22 .54 1.20 1 0
SBC .22 .54 1.20 1 0
SWAB .22 .54 1.20 1 0
SXT .22 .54 1.20 1 0
Double
operand:
ADD .22 .54 1.20 1 0
BIC(B) 22 .54 1.20 1 0
BIS(B) 22 .54 1.20 1 0
BIT(B) 22 .54 1.20 1 0
CMP(B) .22 .54 1.20 1 0
MOV(B) .22 .54 1.20 1 0
SUB .22 .54 1.20 1 0
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Execution Time on Plus
Opcode 11/84 11/44 11/24 Reads Write
EIS:
ASH! .88+.22 4.2-30.3 1 0
ASHC! 1.01+.22 6.3-46.5 1 0
DIV 7.48 39.6-50.1 1 0
MUL 4.84 23.4-24.0 1 0
XOR .22 1.20 1 0

NOTE

'The execution time of the ASH and ASHC instructions depends on the
number of shifts performed. The table states the minimum time (i.e., for 0 bits
shifted) plus the incremental time per bit shifted, or the minimum-maximum

times.
Execution Time on Plus
Opcode 11/84° | 11/44° | 11/24 | Reads’ | Wirite
Branch: no yes|no yes
BCC? 44  .88|.36 .90 1.20 1 0
BCS? 44  .881.36 .90 1.20 1 0
BEQ? 44  .88|.36 .90 1.20 1 0
BGE? 44  .88|.36 .90 1.20 1 0
BGT? 44  .88/.36 .90 1.20 1 0
BHI? 44  .88|.36 .90 1.20 1 0
BHIS? 44  .88|.36 .90 1.20 1 0
BMI? 44  .881.36 .90 1.20 1 0
BNE? 44  .88|.36 .90 1.20 1 0
BPL? 44 88|.36 .90 1.20 1 0
BR? 44  .881.36 .90 1.20 1 0
BVC? 44  .88|.36 .90 1.20 1 0
BVS? 44 .881.36 .90 1.20 1 0
BLE? 44  .881.36 .90 1.20 1 0
BLO? 44 88|.36 .90 1.20 1 0
BLOS? 44 .88|.36 .90 1.20 1 0
BLT? 44  .88|.36 .90 1.20 1 0
SOB? .66 1.11(.72 1.08(1.80-2.10 1 0
NOTE

?The execution time for the branch instructions varies depending on whether
or not the branch is taken. The table states the values for branch-not-taken and



Appendix C-15

branch-taken, respectively. In addition, on the 11/84, taking the branch flushes
the instruction buffer, requiring an extra read to refill the instruction buffer.

Execution Time on Plus
Opcode 11/84 11/44 11/24 Reads Write
Condition
codes:
CLx’ .67 .72 2.10 1 0
SEx’? .67 .72 2.10 1 0
NOTE

*On a given processor, all cases of the CLx and SEx condition code operators
execute in the same amount of time.

Execution Time on Plus
Opcode 11/84 11/44 11/24 Reads Write
Jump and
subroutine:
JMP 0! 0 [ON 0 04
JSR o’ (03 o (V& (Vg
RTS 1.11¢ 1.08 2.10 2’ 0
MARK 2.22 1.98 3.60 2’ 0
NOTES

*Special case—see JMP Destination Table.

*Special case—see JSR Destination Table.

¢1.33 if other than RTS, PC.

’On the 11/84, these instructions flush the instruction buffer, requiring an
extra read to refill the instruction buffer.
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Execution Time on Plus
Opcode 11/84 11/44 11/24 Reads Write
Trap and
interrupt:
BPT 4.44 2.70 6.00 38 2
EMT 4.44 2.70 5.10 38 2
10T 4.44 2.79 6.00 38 2
RTI 1.98 1.98 3.60 38 2
RIT 1.98 1.98 3.60 38 2
TRAP 4.44 2.70 5.10 38 2
NOTE

%0n the 11/84, these instructions flush the instruction buffer, requiring an
extra read to refill the instruction buffer.

Execution Time on Plus
Opcode 11/84 11/44 11/24 Reads | Write
Miscellaneous
CSM 6.23 N/A 2-3 3
HALT i 6.30-7.50 * *
MFPI 1.10 1.08 3.6 1 1
MFPD 1.10 1.08 3.6 1 1
MFPS 22 N/A 1.2 1 0
MFPT .44 .72 1 0
MTPI .66 1.26 1.8 2 0
MTPD .66 1.26 1.8 2 0
MTPS 1.78 N/A 42 1| 0
NOP .66 .72 2.10 1 0
RESET =~ 10,000 =~ 100,000 | =100,000" 1 0
SPL 1.55 2.16 N/A 1] o
TSTSET 1.11 N/A N/A 1 1
WAIT® -co 72— 2.4-00 1 0
WRTLOK 88 N/A N/A 1 1
NOTE

*The value stated in the table is the minimum execution time for the WAIT
instruction. WAIT actually continues executing until the next interrupt
request is received.
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°The RESET instruction timing is actually determined by an R/C one-shot.
**The HALT instruction is not microcoded on the 11/44.
*Varies for the 11/84, 11/44 and 11/24.

Floating-Point Instructions

The same basic methodology can be applied to the floating point instructions,
with a few additional concerns added

Operand Length

PDP-11 floating-point operands may be 32- or 64-bits in length. In addition,
mode 27 operands result in the access of just 16 bits. This means that one, two,
or four words must be read or written from or to memory to access or write
floating-point operands. This obviously affects the execution time of the
floating-point instructions.

Data Dependencies

Most of the basic PDP-11 instructions require a fixed number of microcycles to
execute. ASH and ASHC (the long-shift instructions) vary in the number of
microcycles based on the number of bits shifted, while BRANCH instructions
vary slightly depending on whether or not the branch is taken.

On the other hand, the number of microcycles required to execute a floating-
point instruction can vary greatly depending on the specific floating-point data
used.

This is due to two facts:

* Before two floating-point numbers can be added or subtracted, their radix
points must be aligned.

= Before a floating-point number can be stored, it must be normalized (so that
its mantissa is in the range of 0.5 to 0.999...).

Both of these operations require long shifts of varying lengths. This affects the
execution time of the instructions.

PDP-11/84 Floating Point Instruction Timing: FPJ11

Because the FPJ11 is a coprocessor operating in parallel with the J-11 chipset,
the calculation of floating point instruction times (for J-11 systems that utilize
the FPJ11) must take this parallel processing into account.

TERM DEFINITION
FPJ11 cycle Two clock periods (110 ns at 18 MHz)
J-Il nonstretched cycle Two FPJ11 cycles (220 ns at 18 MHz)
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TERM

DEFINITION

J-11 read cycle

J-11 nonstretched cycle if cache hit. Dependent
on read access time of the system if cache miss,
the minimum is two J-11 nonstretched cycles,
after which the J-11 stretches in /2 cycle incre-
ments until MCONT is asserted.

J-11 write cycle

Dependent on write access time of the system
(Two J-11 cycles + /2 cycles until MCONT).

Instruction Decode

A decode/prefetch cycle followed by a MOV
microinstruction that allows the FPJ11 to assert
DMR prior to the start of the next microinstruc-
tion (INPR for REG mode). This time equals
two nonstretched cycles if the prefetch is a
cache hit, else one nonstretched cycle plus one
read cycle.

Address Calculation
Time

J-11 time required to calculate the address of the
operand. This time is dependent on the
addressing mode of the instruction, the fre-
quency of the system clock, and whether any

indirect data required is present in the cache.
See Table C-1.

Argument Transfer Time

J-11 time required to load or store floating-point
operands. This time is one nonstretched cycle
(address relocation microcycle) plus one read
cycle per 16-bit word read from memory for load
class instructions—or one nonstretched cycle
plus one write cycle per 16-bit word written to
memory for store class instructions.

INPR (FEATEMP, TEMP)

J-11 support code microinstruction executes for
all FPJ11 instructions. It moves the PC of the
previous FPJ11 instruction to a TEMP register in
case that instruction resulted in a floating-point
exception. If the FPJ11 is still executing the
previous floating-point instruction when the J-
11 reaches its INPR microinstruction, the FPJ11
asserts STALL causing the J-11 INPR microcycle
to stretch. The J-11 then WAIT for the FPJ11 to
deassert STALL, signaling the system interface
to assertt MCONT before executing the next
microinstruction (OUTR).
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TERM

DEFINITION

WAIT

J-11 time waiting for the completion by the
FPJ11 of the previous floating-point instruction.
For load class or REG mode instructions, this
time is from when the J-11 INPR cycle stretches
at the trailing edge of MALE until the FPJ11
deasserts STALL. This time equals zero if a stall
was not required or if the FPJ11 deasserted the
STALL signal after the INPR cycle began, but
prior to the trailing edge of MALE. Although
the WAIT time for this latter case is zero,
RESYNC time is required. For store class
instructions the WAIT time equals the time
between the assertion of SCTL (i.e., when the
system interface is ready to execute the first
write cycle of a floating-point store) and the
assertion of FPA-RDY (data ready) by the FPJ11.

RESYNC

For load class and REG mode instructions, this
is the time required to continue a stretched
INPR. This is the time for the SYSTEM INTER-
FACE to recognize the deassertion of STALL and
assert MCONT, plus the time required for the J-
11 to synchronize MCONT and advance to the
next microinstruction. Store class instructions
normally do not have RSYNC time because the
J-11 is waiting in a stretched write cycle and the
continuation time is part of the write cycle.
However, if the FPJ11 is executing a previous
MODEF/D or DIVD, the FPJ11 will assert STALL
in order to stretch a non-I/O cycle prior to the
first bus write. This allows the SYSTEM INTER-
FACE to service DMA thus limiting the worst
case DMA latency when waiting for FPJ11 out-
put. In this case a WAIT and RESYNC time
associated with the stretched non-1/O cycle is
added to the effective execution time of the
store class instruction.

OUTR (PC,FEATEMP),
TESTPLA FPE

Last J-11 support microinstruction unless there
is a floating-point execution from the previous
floating-point instruction. This saves the
address of PC in FEATEMP.
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TERM

DEFINITION

PRDC SYNC

Time required by FPJ11 to decode a floating-
point instruction and begin . execution after
receiving PRDC. This time equals two or three
FPJ11 cycles depending on synchronization.
PRDC SYNC is not added to FPJ11 instruction
execution times when the FPJ11 is executing a
previous floating-point instruction at the asser-
tion of PRDC.

Floating-Point
Execution Time

Time required by FPJ11 to complete a floating-
point instruction once it has received all argu-
ments. For store class instructions,
floating-point execution time includes the time
from the start of the instruction until the FPJ11
asserts FPA-RDY indicating the first 16-bit word
is available for output. See Table C-2.

Effective Execution
Time

Total J-11 time required to execute a floating-
point instuction.

Load class

Instruction Decode + Address Calculation +
Argument Transfer + INPR + WAIT + RSYNC
+ OUTR.

REG 'mode

Instruction Decode + INPR + WAIT +
RSYNC + OUTR.

Store class

Instruction Decode + Address Calculation +
INPR + Argument Transfer + WAIT + OUTR.

Load class instructions require input data and deposit results to the destination
floating-point accumulator. REG mode instructions are floating-point accumu-
lator to floating-point accumulator.

Execution of a load class floating-point instruction by the FPJ11 occurs in
parallel with J-11 operation and can be overlapped. See Figure C-1.

Store class instructions can be overlapped by the J-11 as the FPJ11 will complete
a previously started load class or REG mode instruction and then continue to
store the instruction. Execution of the store class instruction must be com-
pleted before the result can be stored to memory, thus eliminating further
parallel processing for store class floating-point instructions. See Figure C-2.
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Table C-1 = Address Calculation Times

MODE LOAD CLASS STORE CLASS
0 0 0

1 3 3

2 3 2

3 3+RD 2+RD

4 4 4

5 3+RD 3+RD

6 3+4+RD 2+RDI

7 3+RDI+RD 3+RDI+RD
27 2 2

37 2+RDI 1+RDI

67 2+RDI 2+RDI

77 4+RDI+RD 4+RDI+RD

RDI=]J-11 I-stream request

RD =J-11 Read cycle
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Table C-2 = FPJ11 Instruction Times (18MHz= 111ns cycle)

MIN TYP MAX STRETCH 18 MHz
INSTRUCTION CYCLES CYCLES CYCLES CYCLES TYP (us)

ADDF/SUBF 7 9 19 5 1.0
ADDD/SUBD 7 9 30 5 1.0
MULF 15 15 16 1 1.7
MULD 26 26 27 22 2.9
DIVF 17 24 30 25 2.7
DIVD 33 48 62 57 5.4
MODF 28 34 43 15 3.7
MODD 39 45 71 26 5.0
CMPF/D 3 4 6 2 4
LDF/D 0 3
LDEXP 2 2 2 0 2
LDCIF/D 10 10 10 3 11
LDCLF/D 10 10 10 3 1.1
LDCFD 4 4 1 4
LDCDF 4 8 1 4
STE/D 3 0 3
STCFI 8 10 13 1 1.1
STCFL 8 12 16 1 1.3
STCFD 4 4 4 0 4
STCDF 6 6 6 1 7
STEXP 5 5 5 0 6
TSTE/D,LDFPS 3 3 3 0 3
STFPS,CFCC,SET

ABSF/D,NEGFD 4 4 5 0 4

NOTE

Stretch cycles indicate the number of cycles out of maximum cycles that adata
dependent stretch of one additional cycle could occur with probability less
than 19 for each additional cycle.



Load class instruction is prefetched.
This occurs during previous instruc-
tion execution

Instruction decode
Prefetch next instruction

Addpress calculation

Argument transfer
INPR

WAIT if any
RSYNC
OUTR

Decode next instruction
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FPI1L

PRDC SYSC

FPJ11 loads
operands

FPJ11 execution
starts

<€

FPJ11 only stalls if next instruction is
FP and REG mode. The FPJ11 can
overlap the loading of operands for
subsequent load class instructions.

| FPJ11 execution
unit done

Figure C-1=J11/FP]11 Interaction for Load Class Instructions
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Jn PRI
Store class instruction is prefetched.
This occurs during previous instruc-
tion execution

Instruction Decode PRDC SYNC
Prefetch next instruction

Address Calculation FPJ11 starts
execution
INPR FPJ11 places

operands in out-
put buffer sets
FPA-RDY

Argument Transfer

J-11 waits during first write if FPA-RDY
not aserted

J-11 completes argument transfer

OUTR

Decode next instruction

Figure C-2 = J-11/FP]11 Interaction for Store Class Instructions
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» PDP-11/44 Floating Point Instruction Timing: FP11-F

Instruction Execution Time
The execution time of an FP11-F floating point instruction is dependent on the
following conditions

= type of instruction.

= type of addressing mode speci_fied.

= type of memory.

= memory management facility enabled or disabled.

Additionally, the execution time of certain instructions, such as ADD, is
dependent on the data.

Table C-3 provides the basic instruction times for mode 0. Tables C-4 through
C-8 show the additional time required for instructions other than mode 0. For
example, to calculate the execution time of a MULF (single-precision multiply)
for mode 3 (autoincrement deferred) with the result to be rounded:

1. Refer to Table C-3 which gives MULF, mode 0, execution time of 12.4 ys.

2. Refer to Note 1 as specified in the notes column of Table C-3. Note 1
specified an additional 0.84 s is to be added if rounding mode is specified.
This yields 12.24 ps.

3. The Modes 1 through 7 column of Table C-3 refers to Table C-4 to
determine the additional time required for mode 1 through 7 instructions.
In this example, mode 3 specifies an additional 3 s for single precision
yielding 16.24 ps.

All timing information is in microseconds unless otherwise noted. Times are

typical; processor timing can vary + 109%. All instructions assume 100%

cache hits.

NOTE

Add .090 s for each DATI memory cycle if memory management is enabled.
Add .630 ps for each DATI memory cycle if a cache miss is encountered.
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Table C-3 = FP11-F Instruction Execution Times

Instruction Mode 0 Notes Modes 1 thru 7
(Reg. to Reg.) -

LDF 3.0

LDD 3.0

LDCFD 4.8 1

LDCDF 4.8 1

CMPF 4.5

CMPD 4.5

DIVF 12.3 1

DIVD 19.6 1 Use Table C-4 to

ADDF 6.5 1,2 determine memory-

ADDD 6.5 1,2 to-register times

SUBF 6.9 1,2 for these

SUBD 6.9 1,2 instructions

MULF 12.4 1

MULD 19.7 1

MODF 16.4 1,3

MODD 23.7 1,3

STF 1.4 "Use Table C-5 to

STD 1.4. determine memory-

STCDF 4.2 to-register times

STCFD 4.2 for these

CLRF 1.6 instructions

CLRD 1.6

ABSF 2.5 Use Table C-6 to

ABSD 25 determine memory-

NEGF 2.6 to-memory times

NEGD 2.6 for these

TSTF 2.6 instructions

TSTD 2.6

LDFPS 1.5 Use Table C-7 to

LDEXP 3.4 determine memory-

LDCIF 6.5 1,4 to-register times

LDCID 6.5 1,4 for these

LDCLF 6.5 1,4 instructions

LDCLD 6.5 1,4

STFPS 1.8 Use Table C-8

STST 1.6 to determine

STEXP 2.4 5 register-to-memory
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Instruction Mode 0 Notes Modes 1 thru 7
(Reg. to Reg.)

STCFI 3.5 5 times for these
STCDI 3.5 5 instructions
STCFL 35 5

STCDL 3.5

The following instructions do not reference memory

CFCC 1.0

SETF 1.2

SETD 1.2 Execution times
SETI 1.2 are as shown.
SETL 1.2

Table C-4 = Floating Source Fetch Time

Memory Cycles Time (us)
Addressing Single Double Single Double
Mode Precision Precision Precision Precision
1 2 4 0.60 1.4
2 2 4 0.80 1.6
2 Immediate 1 1 0.30 0.3
3 3 5 0.90 1.7
4 2 4 0.80 1.6
5 3 5 0.90 1.7
6 3 5 1.10 1.9
7 4 6 1.40 2.2
Table C-5 = Floating Destination Store Time
Memory Cycles Time (us)
Addressing Single Double Single " Double
Mode Precision Precision Precision Precision
1 2 4 0.38 2.94
2 2 4 1.56 3.12
2 Immediate 1 1 0.60 0.60
3 3 5 1.68 3.24
4 2 4 1.56 3.12
5 3 5 1.68 3.24
6 3 5 1.86 3.42
7 4 6 2.16 3.72
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Table C-6 = Floating Destination Fetch And Store Time

Memory Cycles Time (|is)
Addressing Single Double Single Double
Mode Precision Precision Precision Precision
1 2 2 0.72 0.72
2 2 2 0.90 0.90
2 Immediate 2 2 0.80 0.80
3 3 3 1.02 1.02
4 2 2 0.90 0.90
5 3 3 1.20 1.20
6 3 3 1.20 1.20
7 4 4 1.50 1.50
Table C-7 = Source Fetch Time
Memory Cycles Time (Us)
Addressing Short Long Short Long -
Mode Integer Integer Integer Integer
1 1 2 0.30 0.70
2 1 2 0.48 1.28
2 Immediate 1 1 0.48 0.48
3 2 3 0.60 1.00
4 1 2 0.48 1.28
5 2 3 0.60 1.00
6 2 3 0.78 1.18
7 3 4 1.08 1.48
Table C-8 » Destination Store Time
v Memory Cycles Time (ps)
Addressing Short Long Short Long
Mode Integer Integer Integer Integer
1 1 2 0.60 1.38
2 1 2 0.96 1.68
2 Immediate 1 1 0.96 0.96
3 2 3 0.90 1.68
4 1 2 0.96 1.68
5 2 3 0.90 1.68
6 2 3 1.08 1.86
7 3 4 1.38 2.16
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NOTES
1. Add 0.84 s when in rounding mode (FT=0).

2. Add 0.24 us per shift to align binary points and 0.24 s per shift for
normalization. The number of alignment shifts is equal to the exponent
differnces bounded as follows
1 = EXP(AC)—EXP(FSRC) = 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 zeros of the result.

3. Add 0.24 ps 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 s per shift for normalization of the fractional result. The number
of shifts required for normalization is equivalent to the number of leading
zeros in the fractional result.

4. Add 0.24 s per shift for normalization of the integer being converted to a
floating point number. For positive integers, the number of shifts required
to normalize is equivalent to the number of leading zeros; for negative
integers, the number of shifts required for normalization is equivalent to the
number of leading ones.

5. Add 0.24 ps per shift to convert the fraction and exponent to the integer
form, when the number of shifts is equivalent to 16 minus the exponent
when converting to short integer, or 32 minus the exponent when converting
to long integer for exponents bounded as follows

1 = EXP(AC) = 15, short integer.
1 = EXP(AC) = 31, long integer.
« PDP-11/24 Floating-Point Instruction Timing: KEF11-AA

Floating-point instruction timing for the PDP-11/24, using the KEF11-AA
chipset, may be computed using Tables C-9 through C-16. The following
conditions must be accounted for in making these calculations.

= Type of instruction—each floating-point instruction is listed in Table C-9
along with instruction fetch and execution times for addressing mode zero.
Each table is divided into single precision and double precision catagories.

= Type of addressing—when using any mode other than zero, Tables C-10
through C-14 must be referenced for additional time necessary for transfers
between memory and FPP registers.
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Special conditions—conditions that affect execution time are listed in Table
C-15. If an instruction lists any of these conditions in the “Notes” column of
Table C-9, each specified note must be referenced and the appropriate times

added. ‘

State of memory management if memory management is enabled, the time
for each DATI/DATIP is increased by 75 nanoseconds and the time for each
DATO/DATOB is increased by 150 nanoseconds.

Type of memory—these times were calculated using the MOS MS11-L
memory with typical access times of 385 nanoseconds for DATI/DATIP and
125 nanoseconds for DATO/DATOB. When using other memories, any
difference in access times must be accounted for.

All times are typical and may vary by + 10 percent.

Table C-9 = Instruction Fetch and Execution Times

Instruction  Microcycles Mode 0 (Hs) Notes Modes 1-7
ADDF 119 39.22 1-9
ADDD 135 44.78 1-9
SUBF 122 40.13 1-9
SUBD 138 45.68 1-9
MULF 158 53.85 8-11,13
MULD 641 196.50 8,9,12,13
MODF 229 72.98 8-11,20-26 For these
MODD 694 213.23 8,9,12,20-26 instructions use
DIVF 302 94.05 8,9,13 Table C-10 to
DIVD 795 242.70 8,9,13 determine
CMPF 65 22.58 14,15 additional times
CMPD 71 24.83 14,15 - due to
TSTF 30 10.35 9 memory-to-register
TSTD 34 11.85 9 transfer.
LDF 29 10.20 9
LDD 37 13.20 9
LDCFD 41 14.03 9
LDCDF 56 19.05 9

For these
CRLF 37 12.45 9 instructions use
CLRD 41 13.95 9 Table C-11 to
STF 19 6.90 — determine
STD 27 9.90 - additional times
STCFD 47 15.98 9 due to
STCDF 66 22.35 9 memory-to-register

transfer.
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Instruction  Microcycle Mode 0 (us) Notes Modes 1-7
For these
instructions use
Table C-12 to
ABSENEGF 43 14.48 9 determine
ABSD,NEGD 51 17.48 9 additional times
due to
memory-to-register
transfer.
For these
instructions use
LDFPS 16 5.63 —_ Table C-13 to
LDEXP 40 13.35 9 determine
LDCIELDCLF 59 19.28 16,17 additional times
LDCID,LDCLD 54 17.85 16,17 due to
memory-to-register
transfer.
For these
STFPS 13 4.73 — instructions use
STEXP 36 12.08 9 Table C-14 to
STCFI 58 18.75 9,18,19,27,28 determine
STCFL 57 18.45 9,18,19,27,28 additional times
STCDI 59 19.20 9,18,19,27,28 due to
STCDL 58 18.90 9,18,19,27,28 memory-to-register
STST 18 6.38 — transfer.
For these
CFCC 13 4.73 — instructions
SETESETD, 15 5.40 — memory is not
SETILSETL referenced.
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Table C-10 = Floating Source Fetch Time*

Memory Cycles Time (s)
Single Double Single Double
Mode Precision Precision Precision Precision
1 2 4 2.55 4.20
2 2 4 2.85 4.50
2 Immed 1 1 2.10 0.60
3 3 5 3.45 5.10
4 2 4 3.15 4.80
5 3 5 3.75 5.40
6 3 5 3.75 5.40
7 4 6 4.95 6.60

*If floating source is negative, add 0.60 microseconds.

Table C-11 = Floating Destination Store Time

Memory Cycles Time (Us)
Single Double Single Double
Mode Precision Precision Precision Precision
1 2 4 1.60 2.90
2 2 4 2.58 3.88
2 Immed 1 1 -0.40 -1.90
3 3 5 2.50 3.80
4 2 4 2.88 4.18
5 3 5 2.80 4.10
6 3 5 2.80 4.10
7 4 6 4.00 5.30
Table C-12 = Floating Destination Fetch and Store Time
Memory Cycles Time (Hs)
Single Double Single Double
Mode Precision Precision Precision Precision
1 4 8 4.15 7.10
2 4 8 5.43 8.38
2 Immed 2 2 1.70 -1.30
3 6 10 5.95 8.90
4 4 8 6.03 8.98
5 6 10 6.55 9.50
6 6 10 6.55 9.50
7 8 12 8.95 11.90
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Table C-13 = Source Fetch Time

Memory Cycles Time (ps)
Single Double Single Double
Mode Precision Precision Precision Precision
1 1 2 1.20 2.40
2 1 2 1.50 2.70
2 Immed 1 1 0.90 0.90
3 2 3 2.10 3.30
4 1 2 1.80 3.00
5 2 3 2.40 3.60
6 2 3 2.40 3.60
7 3 4 3.60 4.80
Table C-14 = Destination Store Time
Memory Cycles Time ([s)
Single Double Single Double
Mode Precision Precision Precision Precision
1 1 2 1.03 2.05
2 1 2 1.33 2.35
2 Immed 1 1 0.73 0.73
3 2 3 1.93 2.95
4 1 2 1.63 2.65
5 2 3 2.23 3.25
6 2 3 2.23 3.25
7 3 4 3.43 4.45
Table C-15 = Notes on Special Conditions
Time (Ms)
Single Double

Condition Precision Precision

1. Addition of opposite signs or subtrac- 0.60 1.20

tion of like signs.
2. Alignment of binary points is required (1.20)n (1.80)n
(n=exponent difference).
3. Exponent difference = 7 but not=0. 1.20 1.20
4. Exponent difference > 26. -2.10 -2.10

5. ACC exponent < SRC exponent. 1.95 3.30
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6. ACC exponent =SRC exponent. see Table 8 see Table 8
7. Normalization is required (n=number 0.30+(1.20)n 0.30+(1.80)n
of shifts necessary to normalize).
8. Rounding is selected. 1.20 1.80
9. Result is positive. 0.30 0.30
10. DST < 15-00> not=0. 29.10 —
11. DST <22-00> not=0 (n=number of (0.60)n —_
bits in DST <22-00> which are set.
12. DST <54-00> not=0 (n=number of — (1.20)n
bits in DST <54-00> which are set.
13. Normalization is required. 0.60 1.20
14. Both ACC & SRC have same sign, but are 1.80 3.15
not equal.
15. ACC=SRC 0.90 2.25
16. The integer to be converted < 2" (single (1.20)n (1.20)n
precision) or <2’' (double precision)
(n=number of leading zeros in binary
representation of the integer, excluding
the sign bit.
17. Result is negative. 0.30 0.90
18. Unbiased exponent > 15. 0.90 0.90
19. Unbiased exponent not equal to 8 or 24 (2.10)n (2.10)n
(if exponent >15, n=[expn-24]) (if
exponent =15, n=[expn-81]).
20. Normalization of product is required 1.20 1.20
prior to separation of integer and
fraction.
21. Normalization of product is required 0.38+(1.80n) 0.38+(1.80n)
after separation of integer and fraction
(n=number of shifts necessary to
normalize).
22. The number represented by the low 4 (0.90)n (0.90)n
bits of the product exponent not equal
to 0 (n=number represented by these 4
bits).
23. Biased exponent = 16 but <32. 0.30 0.30
24. Biased exponent =32 but <48. 0.60 0.60
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25. Biased exponent =48 but < 64. 0.90 0.90
26. Biased exponent = 64. 0.60 0.60
27. Resulting integer is negative. 0.98 0.98
28. Result is a long integer. 0.30 0.30

Numbers referred to in the text of the notes are decimal unless otherwise
specified.

Table C-16 = Additional Time Under Condition [ACC Expn =SRC Expn]
(see Note 6)

Single Precision

Condition Time (Us)
ACC<22-16> > SRC<22-16> 0.60
ACC<22-16> < SRC<22-16> 2.55
ACC<15-00> > SRC<15-00>* 1.20
ACC<15-00> < SRC<15-00>* 3.15
ACC<22-00> = SRC<22-00> 0.60
Double Precision
Condition Time (s)
ACC<54-48> > SRC<54-48> 0.60
ACC<54-48> > SRC<54-48> 3.90
ACC<47-32> > SRC<47-32>* 1.20
ACC<47-32> > SRC<47-32>* 4.50
ACC<31-16> > SRC< 31-16>* 1.80
ACC<31-16> > SRC<31-16>* 5.10
ACC<15-00> > SRC<15-00>* 2.40
ACC<15-00> > SRC<15-00>* 5.70
ACC<54-00> = SRC<54-00> 1.80

* All higher bits of ACC and SRC mantissas are equal.
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on buses, 5-2
for I/O device registers,
in PDP-11/44 systems, 3-12
in PDP-11/24 systems, 4-2, 4-9,
414-4.15, 423
in PDP-11/44 systems, 3-30-3-31
in PDP-11/84 systems, kernel
protection and, 2-14-2-15
in PDP-11/84 systems, UNIBUS
mapping of, 2-21
qualifiers for, B-14
UNIBUS organization of, 5-9
addressing errors, 2-17
addressing modes, C-6-C-12
address strobe (MASTERSYNC;
BUS MSYL L), 5-6, 5-26
AMUS data bus, 3-13
applications, 1-6
arbitration, on UNIBUS, 5-3-5-5
arbitration bus (UNIBUS), 5-8
arbitration signals, 5-15, 5-16, 5-21
arbitration timing, on UNIBUS, 5-22
abnormal cycles in, 5-23-5-24

architecture
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DMA, in PDP-11/84 systems,
2-20-2-21
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B-2-B-6
in PDP-11/24 console ODT, 4-13
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in PDP-11/44 systems, B-7
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in PDP-11/84 processors, 2-4
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in PDP-11/24 systems, 4-7
in PDP-11/44 systems, 3-7-3-9
in PDP-11/84 systems, 2-12-2-13
CPU registers
in PDP-11/24 systems, 4-4-4-9
in PDP-11/44 systems, 3-7-3-12
in PDP-11/84 systems, 2-6-2-13
CPUs (central processing units)
for PDP-11/24 systems, 4-2-4-4
for PDP-11/44 systems, 3-2-3-7
for PDP-11/84 systems, 2-3-2-17
speed of, C-2
crosstalk, 5-39
cycles (in bus operations), 5-5
abnormal, 5-23-5-24
multiple bus cycles (burst mode),
5-32-5-33

D

daisychaining, 5-4
data, UNIBUS organization of, 5-9-5-10
data chip
in PDP-11/24 processors, 4-4
in PDP-11/84 processors, 2-4
data strobe, 5-7
data transfer bus (UNIBUS), 5-8
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data transfers
on buses, 5-2
private memory interconnect and,

2-17-2-18

types of, 5-10-5-11
UNIBUS arbitration and, 5-5

data transfer signals, 5-15-5-17,
5-25-5-27

DATI (Data-In) data transfers, 5-11
timing of, 5-27-5-29

DATIP (Data-In Pause) data
transfers, 5-13
timing of, 5-29

DATOB (Data-Out Byte) data transfers,
5-12-5-13
timing of, 5-29-5-30

DATO (Data-Out) data transfers, 5-12
timing of, 5-29-5-30

dc loads, 5-38

DEChnet, 1-8

DECUS (Digital Equipment Computer
Users Society), 1-6

destination addressing modes, C-8-C-12

DEUNA controllers, 1-8

Digital Equipment Computer Users
Society (DECUS), 1-6

Digital’s Network Architecture
(DNA), 1-8

Digital Storage Architecture (DSA),
1-8, 19

direct memory access (DMA), 5-3, C-4

DMA cache, 2-20-2-21

documentation, 1-9-1-10

double-word transfers
(double-pumping), 2-17

DSM-11 (operating system), 1-7

E

electrical characteristics of UNIBUS,
534-5.36
EMT (emulator trap) instruction, C-6
environments
for PDP-11/24 systems, 4-25
for PDP-11/44 systems, 3-32
for PDP-11/84 systems, 2-39
error correcting code (ECC)
in PDP-11/24 systems, 4-10
in PDP-11/44 systems, 3-13
in PDP-11/84 systems, 2-19
errors
execution, B-15-B-16
handling of, PDP-11 system differences
and, A-15-A-16
hardware detected, 2-16-2-17
parity, 4-15, 5-7
Ethernet, 1-8
execution errors, B-15-B-16
execution timing, C-13-C-17

F

fetch and execution timing, C-13-C-17
floating-point instructions, C-17
for PDP-11/24 systems, C-29-C-35
for PDP-11/44 systems, C-25-C-29
for PDP-11/84 systems, C-17-C-24
floating-point processors
in PDP-11/44 systems, 3-21
in PDP-11/84 systems, 2-6
FP11-F floating point instruction timings,
C-25-C-29
FPJ11 floating point coprocessor,
instruction timings for, C-17-C-24



G

general registers
in PDP-11/24 systems, 4-4
in PDP-11/44 systems, 3-4
in PDP-11/84 systems, 2-6-2-7
PDP-11 system differences and, A-14
grant lines (BUS NPG H; BUS BGx H),
5-15, 5-21, 5-24
grant refusals, 5-23
grants, 5-8

abnormal cycles resulting from,
5-23-5-24

H

HALT GRANT L signal, 5-34
HALT instruction, 2-8, 2-14, 3-6
HALT REQ L signal, 5-34
handshaking, 5-6
hardware
errors detected by, 2-16-2-17
speed of, C-2-C-4
hit/miss register, 2-28

I

IAS (operating system), 1-7
impedance on UNIBUS, 5-38
INC (increment) instruction, C-5

initialization and shutdown bus
(UNIBUS), 5-8

initialization and shutdown signals,
5-15, 5-17-5-20

initialization timing signals, 5-20

instruction buffer, C-3

instruction register (IR), 2-11

instructions and instruction sets
commercial, in PDP-11/24 systems, 4-6

commercial, in PDP-11/44 systems, 3-6
kernel protection in, 2-14
in PDP-11/84 systems, 2-4
PDP-11 system differences and,
A3-A7
reserved, 3-10, 4-8
timings for, C-2-C-35
interfaces
for peripherals, 1-8-1-9
terminal serial line, in PDP-11/24
systems, 4-16
Internet, 1-8
interrupt-fielding processor (IFP),
5-9,5-14
interrupts
PDP-11 system differences and, A-10
in PDP-11/24 processor, 4-7
in PDP-11/44 processor, 3-6-3-7
PDP-11/44 systems’ handling of,
3-10-3-11
PDP-11/84 systems stacks and, 2-7
priority levels for, in PDP-11/24
systems, 4-9
priority levels for, in PDP-11/84
systems, 2-15-2-16
program interrupt request register for,
2-10-2-11
interrupt service pointers
(vectors), 5-14
invalid characters, 4-15
I/O addresses, in PDP-11/24 systems,
414
I/O device registers
in PDP-11/24 systems, addresses of,
4.9
in PDP-11/44 systems, 3-12
I/O page, 2-23
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]

M

J-11 chipset, 13, 1-6, 24
FPJ floating point coprocessor
for, C-17-C-24
kernel protection in, 2-14-2-15
memory management unit in, 2-18
pipeline processing by, 2-11
stack limit protection in, 2-13-2-14

K

KEF11-AA floating point instruction
timings, C-29-C-35
kernel mode
in PDP-11/24 systems, 4-2
in PDP-11/44 systems, 3-4
on PDP-11/84 systems, 2-6
protection for, 2-14-2-15
kernel stack, 3-4
in PDP-11/44 systems, 3-7
protection for, 2-13-2-14
KMCR (Memory Configuration
Register), 2-21

line clock
in PDP-11/24 systems, 4-22-4-23
in PDP-11/44 systems, 3-29-3-30
in PDP-11/84 systems, 2-33

line clock status register
in PDP-11/24 systems, 4-22-4-23
in PDP-11/44 systems, 3-29~3-30
in PDP-11/84 systems, 2-33

local area networks (Ethernet), 1-8

LTC signal, 5-34

lumped loads, 5-38

mapping
in PDP-11/24 systems, 4-10
in PDP-11/84 systems, 2-19
see also UNIBUS map
mastet/slave relationship, 5-3
asynchronous, 5-6-5-7

MASTER SYNC (address strobe; BUS
MSYN L), 5-6

memory
access time for, C-2, C-4
battery backup units for, 2-19-2-20
cache, in PDP-11/44 systems,
3-13-3-20
in PDP-11/24 systems, 4-10, 4-11
in PDP-11/44 systems, 3-13
in PDP-11/84 systems, 2-18-2-28
private memory interconnect,
2-17-2-18
read data with write intent data
transfers and, 5-13-5-14
Memory Configuration Register
(KMCR), 2-21
memory management
PDP-11 system differences and,
A-8-A9
in PDP-11/24 systems, 4-2, 4-10
in PDP-11/44 systems, 3-2, 3-13
in PDP-11/84 systems, 2-18-2-19
memory management units (MMU )
in PDP-11/24 systems, 4-4, 4-14
in PDP-11/84 systems, 2-18
memory mapping
in PDP-11/24 systems, 4-10
in PDP-11/84 systems, 2-19
see also UNIBUS mab

memory system error register (MSER),
2-26-2-28



microprocessors, see CPUs; J-11 chipset

migration within PDP-11 systems, A-2

monitor and distribution modules
(MDM), in PDP-11/84 systems, 2-28

MOV (move) instruction, C-5

multiple bus cycles (burst mode),
5-32-5-33

multiplexed buses, 5-2

N

networks, 1-8
nonmultiplexed buses, 5-2
nonoperating environment

for PDP-11/24 systems, 4-25

for PDP-11/44 systems, 3-32

for PDP-11/84 systems, 2-39
nonprocessor grants (NPGs), 5-4, 5-9
nonprocessor requests (NPRs), 5-3

stolen grants and, 5-23—5-24
no-SACK timeouts, 5-23

(0]

odd addressing errors, 3-10
ODT (octal debugging technique)
ASCII console for PDP-11/44 systems,
B-6—B-7
console command language
for PDP-11/44 systems, B-8—B-16
console ODT command set for
PDP-11/84 and PDP-11/24 systems,
B-2—B-6
in PDP-11/24 systems, 4-13—4-14
in PDP-11/84 systems,.2-36—2-37
operating environment
for PDP-11/24 systems, 4-25
for PDP-11/44 systems, 3-32
for PDP-11/84 systems, 2-39

operating modes

for console terminals, in PDP-11/84
systems, 2-34—2-36

in PDP-11/24 systems, 4-2

in PDP-11/24 systems, processor status
word and, 4-5—4-6

in PDP-11/44 systems, 3-4—3-6

in PDP-11/84 systems, 2-6

in PDP-11/84 systems, memory
allocation by, 2-15

in PDP-11/84 systems, processor status
word and, 2-8

operating systems, 1-6, 1-7
overlapped arbitration, 5-5

P

packaging
of PDP-11/24 systems, 4-23
of PDP-11/44 systems, 3-31
of PDP-11/84 systems, 2-38

packetnet system interface (PSI)
products, 1-8

page address registers (PARs), 2-19

pages (memory), 2-15

parity bits, 2-19

parity errors, 5-7
in PDP-11/24 systems, 4-15

passive releases, 5-23

PAX data bus, 3-13

PDP-11 systems
buses on, A-11
consoles on, A-17
documentation for, 1-9—1-10
error handling by, A-15—A-16
functionality matrix of, 1-4—1-5
general registers on, A-14
instructions and instruction sets on,
A-3—A7
interrupts on, A-10
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memory management expansion and
relocation on, A-8—A-9
in networks, 1-8

performance and functionality versus

prices of, 1-3
peripherals for, 1-8—19

processor status word on, A-12—A-13

service for, 1-9
software for, 1-6
UNIBUS on, 1-2
PDP-11/24 systems, 4-2
address and vector assignments in,
423
address specifications for, 4-14—4-15
architecture of, 4-2

backplane configuration for, 4-10—4-11

central processor in, 4-2—4-4
console for, 4-11—4-14
console ODT command set for,
B-2—-B-6
floating point instruction timings for,
C-29—C-35
functionality matrix of, 1-5
line clock in, 4-22—4-23
memory in, 4-10
registers in, 4-4—4-9
specifications for, 4-23—4-25
terminal serial line in, 4-16—4-22

PDP-11/34A systems, 1-5

PDP-11/44 systems, 3-2
address and vector assignments in,
3-30—3-31
architecture of, 3-2—3
ASCII console for, B-6—B-7
backplane on, 3-21
central processor for, 3-2—3-7
console command languge for,
B-8—B-16
CPU registers in, 3-7—3-12 .
floating point instruction timings for,
C-25—C-29

floating-point processor in, 3-21
functionality matrix of, 1-4
line clock in, 3-29—3-30
memory systems in, 3-13—3-20
PDP-11/84 systems’ memory
management compatible
with, 2-19
serial line unit registers in, 3-21—3-29
specifications for, 3-31—3-32
PDP-11/70 systems
functionality matrix of, 1-5
PDP-11/44 compatibility with, 3-2
PDP-11/84 systems, 1-3—1-6, 2-2—2-3
backplane on, 2-28—2-29
battery backup unit for, 2-19—2-20
cache memory in, 2-22—2-23
cache registers in, 2-23—2-28
central processor for, 2-4—2-6
console on, 2-34—2-37
console functions on, 2-29—2-32
console ODT command set for,
B-2—B-6
CPU error register in, 2-12—2-14
error correction code in, 2-19
floating point instruction timings for,
C-17—C-24
functionality matrix of, 1-4
general registers in, 2-6—2-7
hardware detected errors in, 2-16—2-17
kernel protection in, 2-14—2-15
line-time clock on, 2-33
memory management in, 2-18—2-19
pipeline processing in, 2-11—2-12
private memory interconnect in,
2-17—2-18
processor status word in, 2-7—2-10
program interrupt request register in,
2-10—2-11 .
specifications for, 2-38—2-39
system architecture of, 2-3—2-4



trap and interrupt service priorities in, processor priority field, in processor
2-15—2-16 status word, 2-9

UNIBUS adapter in, 2-20—2-22 processors
peripherals, 1-8—1-9 speed of, C-2

compatibility of, across PDP-11 on UNIBUS, 5-9

systems, 1-2 see also CPUs; J-11 chipset

UNIBUS adapter connected to, 2-20 processor stack pointers (SPs)

UNIBUS arbitration of requests by, in PDP-11/24 systems, 4-5

5-4 in PDP-11/44 systems, 3-4
physical program counter (PPC), 2-11 in PDP-11/84 systems, 2-6
pipeline processing, 2-11—2-12 processor status word (PSW) during
powerdown timing signals, 5-19—5-20 interrupts and traps, 2-16
power failures in PDP-11/24 systems, 4-5—4-7

in PDP-11/24 processors, 4-8 in PDP-11/44 systems, 3-5—3-7

in PDP-11/44 systems, 3-9—3-10 in PDP-11/84 systems, 2-7—2-10

power timing signals for, 5-19—5-20 PDP-11 system differences and,
power supply A12—A13

for PDP-11/24 systems, 4-24 processor traps

for PDP-11/44 systems, 3-31 in PDP-11/24 systems, 4-8—4-9

for PDP-11/84 systems, 2-38 in PDP-11/44 systems, 3-9
powerup timing signals, 5-18—5-19 program counter (PC)
predecode mechanism, 2-11 during interrupts and traps, 2-16
prefetch buffer (PB), 2-11 in PDP-11/24 systems, 4-5
prefetch mechanism, 2-11 in PDP-11/44 systems, 3-4
prefetch pipeline, 2-11—2-12 in PDP-11/84 systems, 2-6
priority arbitration, 5-3 program interrupt request register in
priority levels PDP-11/44 systems (PIR), 3-11—3-12

in PDP-11/24 processors, 4-6 in PDP-11/84 systems (PIRQ),

in PDP-11/44 processor, 3-6 210—211 )

in PDP-11/84 processor status word, p r%g-r;l m /O state, in PDP-11/44 systems,

2-9

for software interrupts, 2-10—2-11 program mode

for traps and interrupts, 2-15—2-16, in PDP-11/24 systems, 411, 4-12, 4-16

49 in PDP-11/84 systems, 2-34
private memory interconnect (PMI), protocols, 1-8

2-17—2-18

cache memory and, 2-22

UNIBUS adapter connected to, 2-20 Q

UNIBUS map and, 2-21

processor mode fields, in processor status
word, 2-8

Q-bus, 5-2
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R

read operations, 5-9
read word data transfers, 5-11

read word with write intent data
transfers, 5-13-5-14
receiver buffer register (RBUF),
4.20-4-21
receiver control status register
in PDP-11/24 systems (RCSR),
4-19-4-20
in PDP-11/44 systems (SLU 2 RCSR),
3-26-3-27
in PDP-11/44 systems (TERM RCSR),
3-23
receiver data buffer
in PDP-11/24 systems (TERM RBUF),
4.17-418
in PDP-11/44 systems (SLU 2 RBUF),
3.27-3-28
in PDP-11/44 systems (TERM RBUF),
3-23-3-24
in PDP-11/84 systems (RBUF),
2-30-2-31
receiver status register
in PDP-11/24 systems (TERM RCSR),
4-16-4-17
in PDP-11/84 systems (RCSR),
2-29-2-30
red stack aborts, 2-17
red stack traps, 2-14
registers
cache, in PDP-11/84 systems,
2-23-2-28
cache-control, in PDP-11/44 systems,
3-15-3-20
clock status, 2-33, 4-22-4-23
console serial line unit, 2-29-2-32
CPU, in PDP-11/44 systems, 3-7-12
CPU errot, 2-12-2-13
general, in PDP-11/24 systems, 4-4
general, in PDP-11/44 systems, 3-4

general, in PDP-11/84 systems,

2-6-2-7
general, PDP-11 system differences and,

A14

line clock status, 3-29-3-30

Memory Configuration, 2-21

page address, 2-19

in PDP-11/24 central processors,
4-4-4.9

in PDP-11/24 systems, addresses of,
4.9,4.14

prefetch pipeline, 2-11-2-12

processor status word, in PDP-11/24
systems, 4-5-4-7

processor status word, in PDP-11/44
systems, 3-5-3-7

processor status word, in PDP-11/84
systems, 2-7-2-10

program interrupt request, 2-10-2-11

serial line unit, in PDP-11/44 systems,
3-21-3-29

terminal serial line, in PDP-11/24

systems,
4-16-4-22
register selection field, in processor
status word, 2-9
repeaters, UNIBUS, 5-38
requests, 5-8
to program interrupt request register,
3-11-3-12
UNIBUS arbitration of, 5-3-5-5
reserved instructions, 3-10, 4-8
RESET instruction, 2-8, 2-14, 3-6
initialization timing signals and, 5-20
responder devices, 5-3
ROM (read only memory), booting from,
2-21-2-22
RSX-11M (operating system), 1-7
RSX-11M-PLUS (operating system), 1-7
RSX-11S (operating system), 1-7
RT-11 (operating system), 1-7
RTST/E (operating system), 1-7



S

serial line unit registers
in PDP-11/24 systems, 4-16-4-22
in PDP-11/44 systems, 3-21-3-29
service, 1-9
setup mode, in PDP-11/84 systems
console terminal, 2-34-2-36
signal lines in UNIBUS, 5-14-5-17
arbitration, 5-21-5-24
data transfer, 5-25-5-33
electrical characteristics of, 5-35-5-36
initialization and shutdown,
5-17-5-20
miscellaneous, 5-33-5-34
slave devices, 5-3

SLAVE SYNC (address acknowledge;
BUS SSYN L), 5-7

slots
in PDP-11/24 systems, 4-10,4-11
in PDP-11/44 systems, 3-21
in PDP-11/84 systems, 2-28

SLU 1 registers
in PDP-11/24 systems, 4-16-4-19
in PDP-11/44 systems, 3-22-3-26

SLU 2 RBUF (receiver data buffer),
3-27-3-28

SLU 2 RCSR (receiver control/status
registet), 3-26-3-27

SLU 2 registers
in PDP-11/24 systems, 4-19-4-22
in PDP-11/44 systems, 3-26-3-29

SLU 2 XBUF (transmitter data buffer),
3-29

SLU 2 XCSR (transmitter control/status
register), 3-28-3-29

software, 1-6
compatibility of, across PDP-11
systems, 1-2

software interrupts, 2-10-2-11

source addressing modes, C-7

11

specifications
for PDP-11/24 systems, 4-23-4-25
for PDP-11/44 systems, 3-31-3-32
for PDP-11/84 systems, 2-38-2-39
SPL instruction, 2-8, 2-14, 3-6
SSYN timeouts, 5-32
stack pointers (SPs)
in PDP-11/24 systems, 4-5, 4-14-4-15
in PDP-11/44 systems, 3-4
in PDP-11/84 systems, 2-6-2-7
stacks, 2-6
in PDP-11/24 systems, 4-5, 4-7
in PDP-11/24 systems, limit violations
of, 4-9
in PDP-11/44 systems, 3-4, 3-7
in PDP-11/44 systems, limit violations
of, 311
protection for, 2-13-2-14
stall (wait) lines, 5-6
stolen grants, 5-23-5-24
storage, Digital Storage Architecture
(DSA) for, 1-8
strobe signals, 5-27
supervisor stack, 3-4
synchronous buses, 5-5-5-6
syndrome (parity) bits, 2-19
system initialization signal
(BUSINIT L), 5-8, 5-18, 5-20
system shutdown signals (BUS AC LO L;
BUSDCLOL),5-8, 5-15, 5-17-5-20
electrical characteristics of, 5-36

T

terminal serial lines, in PDP-11/24
systems, 4-16-4-22

terminal serial line unit control registers
(SLU 1), in PDP-11/44 systems,
3-22-3-26

TERM RBUF (receiver data buffer),
3-23-3.24, 4-17-4-18
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TERM RCSR
receiver control status register, 3-23
receiver status register, 4-16-4-17
TERM XBUF (transmitter data buffer),
326, 4-19
TERM XCSR
transmitter control status register,
3-24-3-25
transmitter status registet, 4-18
timeout errors
no-SACK, 5-23
in PDP-11/24 systems, 4-8
in PDP-11/44 systems, 3-10
SSYN timeouts, 5-32
timings for instructions, C-2-C-35
timing signals
powerdown, 5-19-5-20
powerup, 5-18-5-19
trace trap field, in processor status word,
2-9-2-10
trace traps
in PDP-11/24 processors, 4-6-4-7
in PDP-11/44 processors, 3-6-3-7
transmitter control/status register
in PDP-11/24 systems (XCSR), 4-21
in PDP-11/44 systems (SLU 2 XCSR),
3-28-3-29
in PDP-11/44 systems (TERM XCSR),
3-24-3-25
transmitter data buffer register
in PDP-11/24 systems (TERM XBUF),
4-19
in PDP-11/24 systems (XBUF), 4-22
in PDP-11/44 systems (SLU 2 XBUF),
3-29
in PDP-11/44 systems (TERM XBUF),
3-26
in PDP-11/84 systems (XBUF),
2-32

transmitter status register

in PDP-11/24 systems (TERM XCSR),
4-18

in PDP-11/84 systems (XCSR),
2-31-2-32

traps

CPU error register and, 2-12-2-13

in PDP-11/24 processots, 4-6-4-7

PDP-11/24 systems’ handling of,
4.8-4.9

in PDP-11/44 processor, 3-6-3-7

PDP-11/44 systems” handling of,
3-10-3-11

in PDP-11/84 processor status word
(PSW), 2-9-2-10

PDP-11/84 systems stacks and, 2-7

priority levels for, in PDP-11/84
systems, 2-15-2-16

red stack traps, 2-14

yellow stack traps, 2-13

U

UART (Universal Asynchronous
Receiver/Transmitter), 3-22
ULTRIX-11 (operating system), 1-7
UNIBUS, 1-2-1-3, 5-2-5-7 data and
address organization of, 5-9-5-10
data transfer types on, 5-10-5-34
design suggestions for, 5-37-5-40
electrical characteristics of, 5-34-5-36
in PDP-11/24 systems, 4-2
in PDP-11/44 systems, 3-2
in PDP-11/84 systems, 2-4
peripherals linked to, 1-8
private memory interconnect and,
2-17-2-18
structure of, 5-8-5-9



UNIBUS adapter (UBA)
on PDP-11/84 systems, 2-4
in PDP-11/84 systems, 2-20-2-22
private memory interconnect and,
2-17-2-18
UNIBUS map, 2-21
in PDP-11/24 systems, 4-2, 4-10
in PDP-11/44 systems, 3-2, 3-13
UNIBUS repeaters, 5-38
Universal Asynchronous
Receiver/Transmitter (UART), 3-22
users group (Digital Equipment
Compuster Users Society; DECUS),
1-6
user stack, 3-4
vector assighments
in PDP-11/24 systems, 4-23
in PDP-11/44 systems, 3-30-3-31
vectors, 2-16
write vector data transfers for, 5-14
virtual program counter (VPC), 2-11
voltage levels in UNIBUS, 5-37-5-38

13

W

wait (stall) lines, 5-6

words, 5-7, 5-9

write byte data transfers, 5-12-5-13

write operations, 5-10

write vector data transfers, 5-14 timing of,
5-30-5-32

write word data transfers, 5-12

X

XBUF (transmitter data buffer register),
2-32,4-22

XCSR
transmitter control/status register, 4-21
transmitter status register, 2-31-2-32

Y

yellow stack traps, 2-13
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