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General Purpose Registers 

Processor 03 1'11 21 23 53 73/83 04 
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Can program code be 
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Can GPRs be accessed 

I 
by program as N N N N N N N N N 
17777700·17777717? 
Can GPRs be accessed 

I 
by console as N N N N N N N N y 
17777700·17777717? 

05110 24 34 35/40 44 

K011·B KOF11·UA K01H K011·A KD11-Z 

1 1 1 1 1 

1 2 useful 2 2 3 

y N N N N 

Y N N N N 

y N y y y 

45150/55 60 70 

KD11·A K011·K 1<811·B 
K011·0 KB11-C 

2 1 2 

3 2 3 

N N N 

N N N 

y y y 

84 

KOJ11·B 

2 

3 

N 

N 

N 

VAX 

Various 

1 

1 

N 

N 

N 

i 
~ .... ". 
~ 
w 



Error Handling 

;g 
~ 
~ 
~ ..... 
~ 

~ 
~ 
:Jl 
~ 
~ 
ti 
S; 
~ 
~ 
B 
;:;J 

'" ,,' 



Error Handling 

'Odd SP not detected_ 

;g 
co 

'" E;-x-

t 
'" 



Consoles and Serial Ports 

~ 
~ 
k >:;. 

~ 
~ 

C\ 

23 
~ 
~ 

~ 
~. 
~ 

t:l 
S; 
~ 
~ 
a 
:;;J 
""" "" 



Appendix B • Console ODT Command Languages 

• Console ODT Command Set for MicroPDP-ll/53, 
MicroPDP-ll/73, MicroPDP-ll/83, andPDP-ll/84 

A description of the PDP-ll/84 console terminal and a table of the console 
ODT commands are found in Chapter 6 (PDP-11/84). 

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). 

Whenever these systems are halted, til(" nII\S(\!e (l'rrnina!,"an he used as the 
hardware console of the machine. The contents of the main memory, the 
general registers, or I/O device registers can be examined or modified and the 
processor can be initialized or started. 

The PDP-11 processor can be halted by: 

Pressing the < BREAK> key on the terminal (if the BREAK HALT fea­
ture is enabled on the CPU module). 

• Pressing the HALT button, located on the front panel. 

Executing the PDP-11 HALT instruction. 

• Causing certain PDP-ll internal errors. 

Once the PDP-ll processor is halted, you are prompted for input. The con­
sole prompt character (@) indicates that the console commands described 
below are available for use. 

NOTE 
In the following examples, the. user's entry is printed in 
boldface (dark) type. 
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/(ASCn 057) Slash 
This command (j) 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 (six characters) and then a space (ASCII 40). After printing is com­
plete, 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> 

@001000/012525<SPACE> 

= console ODT prompt character. 

= octal location in the bus address space desired by the 
user (leading zeros are not required) 

= command to open and print contents of location 

= contents of octal location 1000 

= space character generated by console ODT 

The / command can he used without a location specifier to verify the data 
just t:ntt:feo into a previollsly opened location. The / is recog-nized 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. 

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 pre­
vious location was opened to reveal that the new contents 
were correctly entered into memory 

< CR > (ASCn 015) Carriage Return 
This command <CR> is used to close an open location. If a location's con­
tents 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: @Rl/004321<SPACE> <CR> <CR> <LF> 
@ 

Processor register Rl was opened and no change was desired so the user 
issued < CR >. In response to the < CR >, console ODT printed < CR > 
<LF>@. 
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@R1/004321<SPACE> 1234<CR> <CR> <LF> 
@ 

In this case the user desired to change Rl, so new data, 1234, were 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 with­
out 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 regis­
ter, R 7, 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 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 
K word). This operation is the same as that found on older PDP-II consoles 

Example: @R7/000000<SPACE> <LF> <CR> <LF> 
RO/1234 56 < 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 > @. 
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$ (ASCII 044) or 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-I1. The R charac­
ter 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> 
RO/05432I < 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, how­
ever, if the last three digits equal 077 or 477. ODT interprets this to mean 
the PSW rather than R 7. 

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-II program debug utilities (e.g., ODT-II) 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 prints a < CR > < LF > @. No new location is opened in this case. 

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-ll 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. (In the 
example above, R 7 is set equal to 200 and that is where program execution 
begins.) 
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3. The PSW and floating-point status register contained in the MMU are 
cleared to o. 

4. The bus is initiali<:ed. 
5. The service state is entered by the processor. If there is anything to be ser­

viced, it is processed. If the HALT signal is asserted, the processor reenters 
the console aDT state. This feature is used to initialize a system without 
starting a program (R 7 is altered). If the user wants to single-step a pro­
gram, it can be executed by issuing a G and then successive P commands, 
all done with the HALT signal asserted via the HALT switch. 

P (ASCII 120) Proceed 
This command (P) is used to resume execution of a program and corresponds 
to the CONTINUE switch on older PDP-II consoles. No programmer-visible 
machine state is altered using this command. 

Example: @P 

The PDP-ll 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 R 7. 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-instruction step through a program and get a PC 
trace displayed on the terminal. 

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 > com­
mands 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 which console ODT interprets as a 16-bit starting address. These two 
bytes are not echoed. The first byte specifies starting address < 15:8 > 
and the second byte specifies starting address < 7:0>. Bus address bits 
< 17: 16 > are always forced to be 0; the dump command is restricted to 
the first 32 Kwords of address space. 
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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. 
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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 straight­
forward but dependent on a variety of factors. These factors include two 
main categories-speed of the hardware and complexity of the instruction. 

This appendix examines the hardware features that affect speed and pre­
sents tables that break down the instructions to 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. 

Processor Microcycle Rate 
If the time required for a processor microcycle is shortened, the amount of 
time required to execute a complete macroinstruction should also be short­
ened, assuming nothing else stalls the processor. For example, the basic clock 
time of the PDP-ll/53 and 73 microcycle is 267 nanoseconds; the basic clock 
time of the PDP-ll/S3 and S4 is 222 nanoseconds. If all other things were 
equal, the PDP-II/S3 and S4 would be faster for this reason alone. 

The Amount of Work Performed with Each Microcycle 
A processor that can accomplish more useful work per microcycle will also 
execute macroinstructions faster than a processor that accomplishes less per 
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microcycle. For example, these processors' microcycle can accomplish more 
work per microcycle than previous PDP-ll processors. 

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. 

Minimizing the Number of Main Memory Cycles 
The inclusion of fast buffer memories between the processor and main mem­
ory can mean that fewer references need to go all the way to main memory 
for data. This speed5'-execution while freeing up main memory cycles for use 
by DMA devices. The PDP-ll/73, 83, and 84 use two methods to minimize 
the number of main memory cycles-cache memory and the instruction 
buffer. The PDP-ll/53 uses a dedicated memory bus and the instruction 
buffer. 

PDP-ll/73, 83, and 84 Cache Memory 
The PDP-ll/73, 83, and 84 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 auto­
matically passes to main memory. 

In addition, every time these processors must go to main memory, two words 
will be returned to the cache. This is useful because there is a high probabil­
ity that the second word will be used soon. 

The PDP-ll/53 does not contain a cache memory. All memory requests 
result in a read or write of main memory, however, main memory is located 
on-board, on its own bus for fast access. 

The Instruction Buffer 
In addition to the speed improvement provided by its cache, the PDP-ll/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 gen­
erally successful. Separate hardware within the processor performs this pre­
diction and uses spare memory or cache cycles to access the next instruction 
word. This next instruction word is then stored in the instruction buffer. 
Should the prediction prove true, the word is already waiting and the proces­
sor need not stop to fetch that next word. If, however, the program 
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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. 

Effective Memory Access Time 
Table C-l indicates the time to access data from each of the different data 
sources for each of the different processors. 

Table C-I • Effective Memory Access Time 

Processor I-stream Data Reads Data Writes 
Reads 

PDP-ll/84-data in: 

Instruction o ns 
buffer 

Cache 222 ns 222 ns 
memory 

Main memory 1000 ns 1000 ns 680 ns 

PDP-ll/83-data in: 

Instruction o ns 
buffer 

Cache 222 ns 222 ns 
memory 

Main memory 1000 ns 1000 ns 700 ns 

PDp· l1/73-data in: 

Instruction o ns 
buffer 

Cache 267 ns 267 ns 
memory 

Main memory 1000 ns 1000 ns 1000 ns 

PDP· II/53-data in: 

Instruction o ns 
buffer 

Main memory 542 ns 542 ns 542 ns 
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Direct Memory Access (DMA) 
If the processor must read or write a main memory word, and the bus is 
already busy servicing a direct memory access (DMA) , then the processor 
must wait until the DMA completes. This can greatly extend the processor's 
effective memory access time. 

In most circumstances, the Dual TagStore of the PDP-ll!73, 83, and 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. 

Timing Variations in a Given System 
Finally, the speed of the various hardware systems varies from unit to unit. 
The clock of all these processors is timed by a quartz crystal and is very accu­
rate, but the memory system is not so precise. 

• Instruction Complexity 

PDP-ll 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. The 
execution of some PDP-11 instructions is examined below. 

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 gen­
eral 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 oper­
and 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 par­
ticular 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, so the address calculation need not be repeated. 
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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·ll family 
to another but, in general, the following operations take place: the source 
field is evaluated to supply the address of the source operand (that is, where 
the MOV instruction will find the data). Remember that this requires zero, 
one, or two memory reads, depending on the addressing mode. The destina­
tion 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 instruc­
tion only in that the destination operand is replaced with the sum of the 
source and destination operands. In other words, both the source and desti­
nation operands must be read, then the two data words added together, and 
the result 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) are pushed onto the SP stack. The PC 
and the PS are then loaded from the EMT trap vector (at location 000 030). 
(This is a simplified explanation, not taking into account memory 
management.) 
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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-ll require 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-ll processors can execute the 
instruction ADD Rl, RO in a single microcycle. In that single microcycle, Rl 
and RO are presented to the adder and the result returned to RO. Thus, the 
source, destination, execution, and write-back 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 address­
ing mode, requiring the most work and execution time. Use of the various 
addressing modes is described in the PDP-ll 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 
well as their contribution (in microseconds) to the overall instruction execu­
tion time. Separate tables document: 

• Source addressing modes. 

• Destination modes for CMP(B), TST(B). 

• Destination modes for ]MP. 

• Destination modes for ]SR. 

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

• Destination modes for all other instructions. 
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Source Addressing Modes 
The source operand is never written, so a source operand access simply con­
sists of read operations. 

--C-O -- . ~---
I-

~--"--. -- r-cPU"" 
Source Macro-ll stream Data Data activities 
Mode syntax reads reads writes required 11/84/83 73/53 

-- -- f-- --- .. ~--- --,._---

00-07 R 0 0 0 <Nonc> 0 0 

10-17 @Ror(R) 0 1 0 Access operand .44 .53 
-----" 

20-26 (R) + () I ° Access operand .44 .5 J 
Increment R 

~-
Access operand 

f---- --

(PC) + or #11 I 0 0 .22 .26 
Increment PC 

--- r----.--
3036. 

@(R) + 0 2 0 Access addr of operand .89 1.07 

\ 
Access operand 
Increment R 

37 @(PC) + or @#11 1 I 0 Access addr of operand .67 .80 
Access operand 
Increment PC 

. - _.--- f---
40-46 -(R) ° 1 0 Decrement R .67 .80 

Access operand 
-- .,-" 

1° 47 -(PC) 0 I Decrement PC 1.33 1.60 

I Access operand 
--

50-56 @-(R) 0 2 0 Decrement R 1.11 1.33 
Access addr of operand 
Access operand 

57 @(PC) 0 2 0 Decrement PC 1.78 2.14 

I 
Access addr of operand 

I Access operand 
f--- ---I---- _ .. __ . --------- --

60-67 INDEXIR) II I 0 Access index word .89 1.07 

I 
Sum \vith R 
Access operand 

r---c--- .-

I' C 
0-70-77 @lNDEX(R) Access index \vord 133 1.60 

Sum with R 

I 
Access addr of operand 
Access operand 

.. ~-

'''0 it 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-lIs never write the destination operand. Other older models write back 
the exact same data as read. See the PDP-II difference list (Appendix A) for 
details. 

Desti· I· CPU 
nation Macro·ll stream Data Data activities 11184/83 
Mode syntax reads reads writes required SingleOp 73/53 

00-07 R 0 0 0 <None> 0 0 

10-17 @Ror(R) 0 1 0 Access operand .44 .53 

20-26 (R) + 0 1 0 Access operand .44 .53 
IncrementR 

27 (PC) + or #n 1 0 0 Access operand .22 .26 
Increment PC 

30:36 @(R)+ 0 2 0 Access addr of operand .89 1.07 
Access operand 
IncrementR 

37 @(PC) + or @#n 1 1 0 Access addr of operand .67 .80 
Access operand 
Increment PC 

40-46 -(R) 0 1 0 DecrementR .67 .80 
Access operand 

47 -(PC) 0 1 0 Decrement PC 1.55 1.86 
Access operand 

50-56 @-(R) 0 2 0 DecrementR 1.11 1.33 
Access addr of operand 
Access operand 

57 @-(PC) 0 2 0 Decrement PC 2.00 2.40 
Access addr of operand 
Access operand 

60-67 INDEXIR) 1 1 0 Access index word .89 1.07 
SumwithR 
Access operand. 

70-77 @INDEX(R) 1 2 0 Access index word 1.33 1.60 
SumwithR 
Access addr of operand 
Access operand 

*0 if source mode also equals 00-07. 
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Destination Addressing Modes for JMP 
The JMP instruction performs one less read than an equivalent MOV to PC 
instruction and is implemented with its own microroutines. 

Desti- 1- CPU 
Dation Macro-ll stream Data Data activities 11I84/83 
Mode syntax reads reads writes required SingleOp 73/53 

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

10-11 @Ror(R) 0 O' 0 PC~R .89 1.07 

20-26 (R)+ 0 O' 0 PC~R 1.33 1.60 
IncrementR 

27 #0 0 O' 0 PC~PC 1.33 1.60 
Increment PC 

30-36 @(R)+ 0 I' 0 Access operand 1.11 1.33 
PC~operand 
IncrementR 

37 @#n 1 O' 0 Access operand 1.11 1.33 
PC~operand 

40-47 -(R) 0 0' 0 DecrementR 1.11 1.33 
PC~R 

50-57 @-(R) 0 1* 0 Decrement R 1.33 1.60 
Access operand 
PC~operand 

60-66 Index(R) 1 O' 0 Access index word 1.33 1.60 
PC~R + index 

67 Symbol 1 0' 0 Access symbol word 1.11 1.33 
PC~PC + symbol + 2 

70-76 @Index(R) 1 I' 0 Access index word 1.55 1.80 
AddrT~R + index 
AccessT 
PC~T 

77 @Symbol 1 I' 0 Access symbol word 1.55 1.86 
AddrT~PC + symbol + 2 
AccessT 
PC~T 

*PDP-11184 performs one additional read (e.g., 1 instead of 0) 



Appendix C-lO' Instruction Timing 

Destination Addressing Modes for }SR 
The Jump-to-Subroutine instruction is similar to the]MP instruction, except 
that ]SR must push the old contents of the destination register onto the SP 
stack. This requires extra microcycles and one data write. 

Desti· 1- CPU 
nation Macro·11· stream Data Data activities 11/84/83 
Mode syntax reads reads writes required SingleOp 73/53 

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

10-11 @Ror(R) 0 O' 1 PC~R 2.00 2.40 

20-26 (R) + 0 O' 1 PC~R 2.22 2.66 
IncrementR 

27 #n 0 O' 1 PC~PC 2.22 2.66 
IncrementR 

30-36 @(R)+ 0 1 • 1 Access operand 2.22 2.66 
PC~operand 

IncrementR 

37 @#n 1 O' 1 Access operand 2.00 2.40 
PC~operand 

40-47 -(R) 0 O' 1 Decrement R 2.22 2.66 
PC+-R 

50-57 @-(R) 0 1* 1 Decrement R 2.22 2.66 
A-ccess operand 
PC~operand 

60-66 Index(R) 1 O' 1 Access index word 2.22 2.66 
PC~R + index 

67 Symbol 1 O' 1 Access symbol word 2.00 2.40 
PC~PC + symbol + 2 

70-76 @Index(R) 1 1 * 1 Access index word 2.66 3.19 
AddrT~R + index 
Access T 
PC~T 

77 @Symbol 1 1 * 1 Access symbol word 2.66 3.19 
AddrT~PC + symbol + 2 
AccessT 
PC~T 

'PDP-1l/84 performs one additional read (e.g., 1 instead oEO) 
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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 PDP-ll 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-ll difference list (Appendix A) for details. 

Desti- I· CPU 
nation Macro·ll stream Data Data activities 
Mode syntax reads reads writes required 11184/83 73/53 

00-07 R 0 0 0 <None> 1.11 1.33 

10-16 @Ror(R) 0 0 1 Write operand .44 .53 

17 @PCor(PC) 0 0 1 Write operand 1.33 1.60 

20-26 (R) + 0 0 1 Write operand .44 .53 
Increment R 

27 (PC) + or #n 0 0 1 Write operand 1.33 1.60 
Increment PC 

30·36 @(R)+ 0 1 1 Access addr of operand .89 1.07 
Write operand 
IncrementR 

37 @(PC) +@#n 1 0 1 Access addr of operand .67 .80 
Write operand 
Increment PC 

40·46 ·(R) 0 0 1 DecrementR .67 .80 
Write operand 

47 ·(PC) 0 0 1 Decrement PC 1.55 1.86 
Write operand 

50·56 @-(R) 0 1 1 DecrementR 1.11 1.33 
Access addr of operand 
Write operand 

57 @-(PC) 0 1 1 Decrement PC 2.00 2.40 
Access addr of operand 
Write operand 

60·67 INDEX(R) 1 0 1 Access index word .89 1.07 
Sum with R 
Access operand 

70-77 @INDEX(R) 1 1 1 Access index word 1.33 1.60 
Sum with R 
Access addr of operand 
Access operand 

*0 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-ll stream Data Data activities 
Mode syntax reads reads writes required 11/84/83 73/53 

00-06 R 0 0 0 <None> 0 0 

07 R 0 0 0 <None> 1.11 1.33 

10-16 @Ror(R) 0 1 1 Access operand .67 .80 
Write-back operand 

17 @PCor(PC) 0 1 1 Access operand 1.55 1.86 
Write-back operand 

20-26 (R) + 0 1 1 Access operand .67 .80 
Increment R 
Write-back operand 

27 (PC) + or #n 0 1 1 Access operand, 1.55 1.86 
Write-back operand 
Increment PC 

30-36 @(R)+ 0 2 1 Access addr of operand 1.11 1.33 
Access operand 
Write back operand 
Increment R 

37 @(PC) + @#n 1 1 1 Access addr of operand .89 1.07 
Access operand 
Write-back operand 
Increment PC 

40-46 -(R) 0 1 1 DecrementR .89 1.07 
Access operand 
Write-back operand 

47 -(PC) 0 1 1 Decrement PC 1.78 2.14 
Access operand 
Write-back operand 

50-56 @-(R) 0 2 1 Decrement R 1.33 2.60 
Access addr of operand 
Access operand 
Write-back operand 

57 @-(PC) 0 2 . 1 Decrement PC 2.22 2.66 
Access addr of operand 
Access operand 
Write-back operand 

60-67 INDEX(R) 1 1 1 Access index word 1.11 1.33 
Sum with R 
Access operand 
Write-back operand 

70-77 @INDEX(R) 1 2 1 Access index word 1.55 1.86 
Sum with R 
Access addr of operand 
Access operand 
Write-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. 

Notes: 

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

2 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 branch-taken, respectively. In addition, on the 
PDP-11/84, taking the branch flushes the instruction buffer. 

3 On a given processor, all cases of the CLx and SEx condition code opera-
tors execute in the same amount of time_ 

4 Special case-see ]MP Destination Table_ 

5 Special case-see ]MP Destination Table_ 

6 1.33 if other than RTS, PC. 

7 These instructions flush the instruction buffer, requiring an extra 
instruction to refill the instruction buffer. 

8 These instructions flush the instruction buffer, requiring an extra 
instruction to refill the instruction buffer. 

9 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. 

• Floating-Point Instructions 

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

Operand Length 
PDP-ll 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, 
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two, or four words must be read or written from or to memory to access or 
write floating-point operands. This affects the execution time of the float­
ing-point instructions. 

Data Dependencies 
Most of the basic PDP-ll 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 instruc­
tions 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 ... ) . 

• PDP-ll/83 and 84 Floating Point Instruction Timing: FPJll 

Because the FPJll is a co-processor operating in parallel with the J-11 chip­
set, the calculation of floating point instruction times (for ]-11 systems that 
utilize the FPJll) must take this parallel processing into account. The follow­
ing are the terms and definitions for those terms used in describing the 
timing. 

FP}l1 cycle-two clock periods (110 ns at 18 MHz). 

}-1I non stretched cycle-two FPJ11 cycles (220 ns at 18 MHz). 

}-11 read cycle-J-ll nonstretched cycle if cache hit. Dependent on read 
access time of the system if cache miss, the minimum is two ]-11 non­
stretched cycles, after which the J -11 stretches in 1J2 cycle increments until 
MCONT is asserted. 

}-11 write cycle-dependent on write access time of the system. (Two J-11 
cycles + 1J2 cycles until MCONT). 

Instruction Decode-a decode/prefetch cycle followed by a MOV microin­
struction which allows the FPJll to assert DMR prior to the start of the next 
microinstruction (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. 
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Address Calculation Time-J -11 time required to calculate the address of 
the operand. This time is dependent on the addressing mode of the instruc­
tion, the frequency of the system clock, and whether any indirect data 
required is present in the cache. 

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 FPJll instructions. It moves the PC of the previous FPJll instruction 
to a TEMP register in case that instruction resulted in a floating-point excep­
tion. If the FPJl1 is still executing the previous floating-point instruction 
when the J-11 reaches its INPR microinstruction, the FPJ11 asserts STALL 
causing the]-l1 INPR microcycle to stretch. The J-11 then WAITs for the 
FPJ11 to deassert STALL, signaling the system interface to assert MCONT 
before executing the next microinstruction (OUTR). 

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]-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 de asserted 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 (when the system inter­
face is ready to execute the first write cycle of a floating-point store) and the 
assertion of FP A -RDY (data ready) by the FPJ 11. 

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 
INTERFACE to recognize the deassertion of STALL and assert MCONT, plus 
the time required for the]-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 continua­
tion time is part of the write cycle. However, if the FPJ11 is executing a pre­
vious MODF/D or DIVD, the FPJll 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 wait­
ing for FPJ11 output. In this case a WAIT and RESYNC time associated with 
the stretched non-I/O cycle is added to the effective execution time of the 
store class instruction. 

OUTR (PC,FEATEMP), TESTPLA FPE-last]-l1 support microinstruc­
tion unless there is a floating-point exception from the previous floating­
point instruction. This saves the address of PC in FEATEMP. 
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PRDC SYNC-time required by FPJll to decode a floating-point instruc­
tion and begin execution after receiving PRDC. This time equals two or three 
FPJll cycles depending upon synchronization. PRDC SYNC is not added to 
FPJll instruction execution times when the FPJll is executing a previous 
floating-point instruction at the assertion of PRDC. 

Floating-Point Execution Time,,--time required by FPJll to complete a 
floating-point instruction once it has received all arguments. For store class 
instructions, floating-point execution time includes the time from the start 
of the instruction until the FPJll asserts FPA-RDY indicating the first l6-bit 
word is available for output. 

Effective Execution Time-total J-ll time required to execute a floating­
point instruction. 

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 + Argu­
ment Transfer + WAIT + OUTR. 

Load class instructions require input data and deposit results to the destina­
tion floating-point accumulator. REG mode instructions are floating-point 
accumulator to floating-point accumulator. 

Execution of a load class floating-point instruction by the FPJll occurs in 
parallel with J-ll operation and can be overlapped. See Figure C-2. 

Store class instructions can be overlapped by the J-ll as the FPJll will com­
plete a previously started load class or REG mode instruction and then con­
tinue to store the instruction. Execution of the store class instruction must 
be completed before the result can be stored to memory, thus eliminating 
further parallel processing for store class floating-point instructions. 

Table C-2 • Address Calculation Times 

MODE WAD 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 + RDI 2 + RDI 
7 3 +RDI+RD 3 +RDI+RD 
27 2 2 
37 2 + RDI 1 + RDI 
67 3 + RDI 2 + RDI 
77 4+RDI+RD 4+RDI+RD 

RDI = J-ll Istream request RD = J-ll Read cycle 
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Table C-3 • FPJll Instruction Times 

INSTRUCTION MINI- TYPICAL MAXI- STRETCH 18 mHz 
MUM CYCLES MUM CYCLES TYPICAL 
CYCLES CYCLES (usee) 

ADDF/SUBF 7 9 19 5 1.0 
ADDD/SUBD 15 9 30 5 1.0 
MULF 26 15 16 11 1.7 
MULD 17 26 27 22 2.9 
DIVF 33 24 30 25 2.7 
DIVD 28 48 62 57 5.4 
MODF 39 43 15 
MODD 3 71 26 
CMPF/D 3 6 2 
LDF/D 2 3 0 
LDEXP 10 2 0 
LDCIF/D 10 10 3 
LDCLF/D 4 10 3 
LDCFD 4 4 1 
LDCDF 3 8 1 
STF/D 8 3 0 
STCFl 8 13 1 
STCFL 4 16 1 
STCFD 6 4 0 
STCDF 5 6 1 
STEXP 3 5 0 
TSTF/D, LDFPS 4 3 0 
STFPS, CFCC, SET 5 0 
ABSF/D, NEG7 

NOTE 
Stretch cycles indicate the number of cycles out of maximum 
cycles that a data dependent stretch of one additional cycle 
could occur with probability less than 1 % for each additional 
cycle. 
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J-ll 
Load class instruction is prefetched. 
This occurs during previous instruc­
tion execution 

Instruction decode 
Prefetch next instruction 

Address calculation 

Argument transfer 

INPR 

WAIT if any 

RSYNC 

OUTR 

Decode next instruction 

FP 11 

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

PRDCSYSC 

FPJll loads 
operands 

FPJll execution 
starts 

FPJll execution 
unit done 

Figure C-l • Jll/FPJll Interaction/or Load Class Instructions 
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Store class instruction is prefetched. 
This occurs during previous, instruc­
tion execution 

Instruction Decode 
Prefetch next instruction 

Address Calculation 

INPR 

Argument Transfer 

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

]-11 completes argument transfer 

OUTR 

Decode next instruction 

FPJll 
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PRDCSYNC 

FPJ 11 starts 
execution 

FPJ 11 places 
operands in out­
put buffer sets 
FPA-RDY 

Figure C-2 • J-llfFPJll Interaction for Store Class Instructions 





Appendix D· MicroPDP-ll/23 System and Upgrades 

• Introduction 

Digital's proud PDP-ll history includes a number of systems that continue to 
serve customers but that are no longer actively marketed. This appendix dis­
cusses one such system: the MicroPDP-ll/23. More detailed examination of 
this system is available in other handbooks. 

• MicroPDP-ll/23 Features 

The MicroPDP-11/23 system is ideally suited to the small business or depart­
mental computing environment. The large number of MicroPDP-ll/23 con­
figurations serves wide variety of customer requirements. A low-cost, entry­
level system, the MicroPDP-11/23 fits on or under a desktop and includes in 
a single package the processing components and mass storage. Because the 
MicroPDP-11/23 is a full member of Digital's family of 16-bit super­
microcomputers, the MicroPDP-ll/23 can use most of the software already 
written for PDP-lls, including a wide variety of operating systems, lan­
guages, application software, and communications packages. The MicroPDP-
11/23 can also link with existing corporate mainframes and other computer 
systems via Digital's powerful DEC net networking software. Users can add 
more power as needs grows. 

Over 50 configurations of the MicroPDP-ll/23 have been offered since the 
system was introduced providing configuration flexibility for a number of 
computer solutions. These configurations include: 

• RD51-based systems. 

• RD52-based systems. 

• RX50-based systems. 

• RC25-based systems. 

• Packaged automation systems. 

• Standard systems. 
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The current configurations, including RD52-based systems and RX50-based 
systems, incorporate diagnostics with the latest in component technology for 
highly reliable system use under demanding conditions. 

The current MicroPDP-ll/23 features include: 

• Compact size. 

• Accommodation of two to four active users and up to 14 devices such as 
terminals and printers. 

• Support for a wide variety of operating systems, languages, and protocols. 

• 256- or 512-Kbyte parity memory system. 

• 31-Mbyte formatted Winchester fixed hard-disk. 

• 800-Kbyte removable dual-diskette storage. 

• Additional external fixed hard-disk expandability. 

• Proven Digital KDFll-B CPU. 

• Simple plug-in connections for terminals and external devices. 

The MicroPDP-ll/23 executes the full set of PDP-ll instructions and uses 
the same F-ll chipset as some larger PDP-ll systems. It provides 256 or 512 
Kbytes of parity memory, expandable to a maximum of 4 Mbytes for large 
program capacity. 

A wide variety of storage options are available, including internal disks, car­
tridge tape drives, and floppy disk drives. 

The MicroPDP-ll/23 disk controller uses the Mass Storage Control Protocol 
(MSCP), a Digital standard that: 

• Accoml,Ilodates all disk accesses, data transfers, error, recovery, and per­
formance optimization. 

• Permits the operating system to deal with MSCP, not with specific disk 
drives. 

Because it's a PDP-ll, the MicroPDP-ll/23 can run many of the application 
packages available from Digital and from third-party software developers. 

The MicroPDP-ll/23 supports all PDP-ll operating systems. Micro/RSX, 
RSXllM, RSXllM-PLUS, and RSX-llS offer multiuser, multitasking com­
mercial and realtime applications. Micro/RSTS AND RSTS/E provide multi­
user timesharing and interactive programming development. MicroPower/ 
Pascal offers realtime microcomputer applications development. ULTRIX-
11, a commodity timesharing operating system, is Digital's enhanced native-
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mode UNIX software. RT-ll is a single user realtime operating system. 
CTS-300 is an RT-ll based, small business timesharing system. DSM-ll is 
the MUMPS language and integrated operating system for hierarchical data 
management. 

Additionally, a number of data management utilities and languages provide 
the MicroPDP-ll/23 with enhanced utility. Refer to the Chapter 1 and the 
PDP-II System Comparison Chart for further details. 

The MicroPDP-ll/23 can be linked with other computers. DECnet as well 
as SNA, X.25, and UNIVAC 1004 for multivendor connections, and the tra­
ditional 2780/3780 protocol products are available for MicroPDP-ll/23 
systems. 

Depending on the operating system used, the MicroPDP-11/23 can connect 
to Ethernet local area networks for high-speed local area communications 
among, for example, departments in an organization. 

The MicroPDP-11/23 can use up to 14 terminals, printers, and other devices. 

The MicroPDP-ll/23 uses the 16-bit KDF11-B central processing board with 
the Fll chipset, discussed below. Optional floating-point microcode chips 
add 46 additional instructions for floating-point mathematics and FOR­
TRAN-77. A commercial instruction set chip for enhanced COBOL execu­
tion is also available . 

• Central Processor 

The KDFll-B series is a quad-height central processor module implemented 
in the MicroPDP-l1/23 and earlier PDP-11/23 Plus systems. It is designed for 
moderate-speed, realtime applications and for multiuser, multitasking envi­
ronments. 

The KD F 11-B module provides: 

• F-ll microprocessor chip. 

• Complete PDP-ll instruction set including the Extended Instruction 
Set (EIS). 

• Floating-point and commercial instruction sets (optional). 

• Q22-bus interface that supports block-mode DMA transfers and as many 
as 4 Mbytes of physical memory. 

• Line-frequency clock. 

• Four levels of interrupts. 

• Powerfail/autorestart 

• Console emulator in microcode. 
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• Two serial-line units-one for use as a console terminal and the other for 
use with a user terminal or serial printer . 

• 8-Kbyte bootstrap/diagnostic read-only memory (ROM). 

The KDFlI-B module supports up to 256 Kbytes of memory on an I8-bit 
Q-bus backplane or up to 4 Mbytes of memory on a Q22-bus backplane. 
When used with the Q22 bus, the KDFlI-B uses four level interrupt 
protocol. The 22-bit memory management is provided for both instruction 
and data references in two protection areas-kernel and user. The KDFll-B 
is fully downward compatible with older PDP-lIs that have I8-bit memory 
management. 

The KDFlI-B supports console emulation (micro octal debugging tool, or 
ODT). This allows users to interrogate and write to main memory, CPU regis­
ters, and I/O devices. 

Self-diagnostic LEDs indicate the status of the module and the system when 
the module is powered. The LEDs aid in troubleshooting module failures. 
The LEDs also appear on the I/O distribution panel. 

The KDFII-B module supports all MicroPDP-lI operating systems. 

• System Chassis and Backplane 

The MicroPDP-ll/23 chassis contains the following components: 

• 8-slot Q22-bus backplane. 

• dc power supply. 

• Front control panel. 

• I/O distribution panel. 

• Two cooling fans. 

• CPU module(s). 

• System modules (optional). 

• 5.25-inch fixed-disk drive (optional). 

• 5.25-inch dual-diskette drive. 

H2978-A Backplane 
The logic module for the MicroPDP-ll/23 is installed in the H2978-A back­
plane assembly, included with the system chassis. The assembly consists of 
four rows by eight slots of prewired connectors and a mounting frame that 
allows quad- or quad-height logic modules to be easily inserted and removed. 
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A card guide also permits the latches on the quad-height modules to hold 
securely onto the backplane. 

The backplane incorporates the Q22-bus wiring in rows A and B of connec­
tor slots one through eight and in rows C and D of connector slots four 
through eight. The Q22 bus supports an interrupt and DMA grant-continu­
ity scheme for the logic modules installed in the backplane. The backplane 
provides the 120-ohm far-end termination for the system. 

Four connectors on the backplane, J 1 through J 4, receive voltages and signals 
from the H7864 power supply and provide signals and voltages to the front 
control panel. Maximum ratings are 36A at + 5V and 6A at + 12V. 

Table D-l • Logic-module Assignments 

Slot 

2 

3 

4 

5 

6 

7 

8 

H7864 Power Supply 

MicroPDP-ll/23 

CPU 

Memory 

Additional memory or communi­
cations option 

Two dual-height or one quad-height 
option 

See Slot 4 

See Slot 4 

See Slot 4 

See Slot 4 

The H7864 modular power supply is common to the basic microsystem 
chassis. It drives 230 watts of power to the logic modules mounted in the 
system backplane, to the control panel switches and indicators, and to the 
two dc fans. 

Power supply features include: 

• Universal supply with switchable inputs for 88-128 V RMS at 120V/60 
Hz and 176-256V RMS at 240 V/50 Hz. 

• Separate output circuit for fans. 

• Line voltage conditioning. 

• Q22-bus compatible power sequencing signals. 

• 12 V dc power rating of 7 A maximum. 
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Additional H7864 features include thermal shutdown, overvoltage protec­
tion, and ac input transient suppression. 

Control Panel 
Control switches and indicator lights are located at the front of the system 
chassis. These controls allow you to apply and remove power, start or stop 
the current program operation, and protect the data stored oil the fixed disk 
drive. 

• ac power-is controlled by the ac power rocker switch marked 0 and 1. 

• Halt-halts the operation of the current program. 

• Restart-initiates a process restart. 

• Fixed Disk 0 Write Protect-prevents data from being written to the 
fixed disk. 

• Fixed Disk 0 Ready-disables disk-drives to prevent read or write. 

• Run Indicator-indicates a process in operation. 

• DC OK Indicator-indicates correct de voltages. 

• Removable Disk Write Protect I-indicates that data cannot be written 
to removable disk 1. 

• Removable Disk Write Protect 2-indicates that data cannot be written 
to removable disk 2. 

• Memory Systems 

The MicroPDP-ll/23 uses the MSVll-P series of random-access 
memory(RAM) modules that provide 256 Kbytes (MSVll-PK) or 512 Kbytes 
(MSVII-PL) of main memory storage. The following are the main features of 
this series: 

• 256 Kbytes or 512 Kbytes of MOS memory on a single, quad-height 
module. 

• 64-Kbyte MOS RAM integrated circuitry. 

• Support for 18-bit or 22-bit addressing for as many as 4 Mbytes of physi­
cal memory. 

• Support for block-mode DMA transfers. 

• LEDs for parity-error indication. 
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• Performance Options 

Three options are available to enhance the performance of the MicroPDP-
11/23. A floating-point processor and a floating-point accelerator are avail­
able for applications that require a great deal of calculation. A character­
string instruction set (Commercial Instruction Set) is offered for business 
applications. 

KEFll-AA Floating-point Processor 
KEF11-AA is a single- and double-precision floating-point option that imple­
ments PDP-11 floating-point instructions. The microcode resides in two 
chips in one 40-pin package that mounts directly on the CPU module. This 
option performs operations on 32-bit and 64-bit floating-point numbers and 
provides up to 17 digits of precision. KEF11-AA also provides integer-to­
floating-point conversion. 

FPFll Floating-point Accelerator 
FPF11 is a single-precision and double-precision floating-point hardware 
option that executes instructions approximately six times faster than the 
KEF11-AA. This option is a single, quad-height module and mounts adjacent 
to the CPU board. FPF11 performs hardware operations on 32-bit and 64-bit 
floating-point numbers and provides up to 17 digits of precision. Like the 
KEF11-AA, it provides integer-to-floating-point conversions. 

KEFll-BB Character-string Instruction Set 
KEF11-BB implements a set of 27 commercial instructions on a variety of 
data types, including character-string, packed-decimal, and numeric for­
mats. Because these data types closely resemble those used in COBOL, they 
are referred to as the Commercial Instruction Set (CIS). KEF11-BB mounts 
directly on the CPU board. 

• Storage Options 

Many storage options are available for the MicroPDP-11/23. The RQDX 
series of disk controllers coordinates the activities of these options by pro­
viding data transfers between the Q22 and the RX50 and RD-series of 
drives. These controllers contain logic that provides the necessary data 
buffering and control to allow direct-memory access (DMA) transfers using 
the Mass Storage Control Protocol (MSCP). 

The following are the main features of the RQDX series: 

• Control for up to four logical disk drive units . 

• Support for block-mode DMA data transfers. 
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• Quad-height module size for the RQDX1 and RQDX2_Dual-height mod­
ule for the RQDX3_ 

• Maintenanc~ self-test programs_ 

• LED parity-error indication_ 

• Specifications 

Identification 

Size 

Power Requirements 

Bus Loads 
ac 
dc 

Instruction Timing 

Interrupt Latency 

Interrupt Service Time 

DMALatency 

M8189 

Quad 

5 V ± 5%, 6.4 A max (4.5 A typ) 
12 V ± 5%, 0.7 A max (0.3 A typ) 

21 

Based on 75 ns intervals 

5.7 JLsec (typ) 
12.6 JLsec (max), except EIS 
54.225 JLsec (max), including EIS 

8.625 JLsec (memory management 
off) 
9.750 JLsec (memory management 
on) 

1.35 JLsec (max) 

NOTE 
Interrupt and DMA latencies assume a KDFll-B with memory 
management enabled and using MSVll-P Memory. 

Nonstandard Environmental Specifications 

Operating temperature 5°C to 50°C (41°F to 122°F) 
Operating altitude Up to 2.44 km (8,000 ft) 

• Board Configuration 

Jumper and Switch Configuration 
The MicroPDP-ll/23 CPU board contains two dual inline pack (DIP) 
switchpacks (E102 and E114) and several jumpers that allow the user to 



Appendix D-9 

select the module features desired. The boot/diagnostic switchpack (E102) 
consists of eight switches that let the user select boot and diagnostic pro­
grams. The second switchpack (E114) selects the baud rate for the console 
SLU and the second SLU. The module contains both wirewrap jumper pins 
and soldered-in jumpers. The jumpers are divided into the following func­
tional groups: 

• Test jumpers. 

• CPU option jumpers. 

• Device selection jumpers. 

• Boot and diagnostic ROM jumpers. 

• SLU character format jumpers. 

• Internal/external SLU clock jumpers. 

• Q-bus backplane jumpers. 

CPU Option Jumpers 
Four wirewrap pins provide user-selectable features associated with the 
operation of the CPU. The ground pin can be connected to any combination 
of the other three pins to select the available features. Two powerup mode 
pins select one of three powerup modes. The halt/trap pin selects the halt/ 
trap options. 

Powerup Mode Selection 
Three powerup modes are available for user selection. Selection is made by 
installing or removing wirewrap jumpers between jumper pins (J17, J19) and 
the ground pin (J18) in various combinations. 

Table D-2 • LSI-ll/23-PLUS Powerup Mode Jumpers 

Mode Name J18 to J19 J18 toJ17 

0 PC @24, PS @26 Removed Removed 

1 Console ODT Removed Installed 

2 Bootstrap Installed Removed 

3 Not Implemented Installed Installed 

Only the powerup mode is affected-not the power-down sequence. 
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• System Upgrade 

Common features in system hardware, software, enclosures, and bus archi­
tectures among MicroPDP-ll systems allow for a variety of growth paths for 
the MicroPDP-ll/23, either within the PDP-ll family or as entry into the 
VAX family. Upgrade kits make it easy to enhance performance or capacity 
and preserve investment in both hardware and software. 

MicroPDP-ll/23 to MicroPDP.ll/73 
ll/73-UA, the upgrade kit to the MicroPDP-ll/73, provides an ability to 
upgrade to the higher performance J11 technology while preserving invest­
ments in software and Q-bus peripherals. The ll/73-UA provides a KDJl1-
BB(ll/73) CPU board and cabinet kit, diagnostics on RX50, documentation, 
and Field Service installation package. 

MicroPDP.ll/23 to MicroPDP.ll/83 
ll/83-UB, the upgrade kit to the MicroPDP-ll/83, provides an ability to 
upgrade to the higher performance and higher capacity MicroPDP-ll/83 
while preserving investments in hardware and peripherals. The ll/83-UB 
consists of a KDJll-BF(1l/83) CPU board and cabinet kit, 2 Mbytes PM! 
memory, diagnostics on RX50, documentation, and Field Service installa­
tion package. 

MicroPDP.ll/23 to MicroVAX II 
The MicroPDP-11/23 can also be upgraded to an entry level VAX system, the 
Micro VAX II. The MicroVAX II Upgrade Kit, 630VR-BB, offers the power 
and reliability of a VAX, while preserving investments in Q-bus peripherals. 
630VR-BB consists of a MicroVAX II CPU, 2 Mbytes of memory, RQDX3 
disk controller, documentation, diagnostics on RX50, MicroVMS 1 to 8-user 
license and key, Field Service installation and integration package. 
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• Introduction 

Digital's proud PDP-II history includes a number of systems that continue to 
serve customers but that are not currently marketed. This appendix dis­
cusses two such systems: the PDP-ll/24 and PDP-ll/44. More detailed 
examination of these systems is avalable in other handbooks. 

• PDP-ll/44 and PDP-ll/24 

The PDP-ll/44 processor delivers the capability needed to satisfy a wide 
range of application requirements. Many outstanding features such as a high­
performance central processor, access up to four Mbytes of main memory, 
and a large 8-Kbyte parity cache memory are standard on the PDP-ll/44. 
Available options include the floating-point processor, commercial instruc­
tion set processor and the battery backup unit. 

The PDP-ll/24 is a fourth-generation member of the UNIBUS PDP-ll 
processor family. Designed as a single-hex module UNIBUS processor, the 
PDP-ll/24 provides the basis for compact, low-cost application solutions. 
Offering an extended 22-bit memory addressing capability, the PDP-ll/24 
can address up to four full Mbytes of memory. The PDP-ll/24 optional 
floating-point unit and commercial instruction set provide programming 
compatibility with other PDP-lIs. 

Integral to the PDP-ll/24 central processor unit are hardware features and 
expansion capabilities that are common to the PDP-ll/84, PDP-ll/44, 
PDP-ll/70 and PDP-ll/34A. 

Many of the hardware features and expansion capabilites of the PDP-ll/44 
are common to other PDP-lls. Appendix A illustrates the similarities and 
differences between the PDP-ll/44, PDP-ll/84, PDP-ll/70, PDP-ll/24, 
PDP-II/34A, and other PDP-I! systems. 

• System Architecture 

The PDP-ll/44 is a medium-scale, general purpose computer that is designed 
according to an enhanced, upwardly compatible version of the basic PDP-ll 
architecture. A block diagram is shown in Figure E-l. 
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Memory management is standard with the basic computer, allowing 
expanded memory addressing, relocation, and protection. Also standard is a 
UNIBUS map that translates 18-bit UNIBUS addresses to 22-bit physical 
memory addresses. The cache contains 8192 bytes of fast, static MOS mem­
ory that buffers the processor data from main memory. 

The PDP-ll/44 system has an expanded internal implementation of the 
PDP-ll architecture for greatly improved system throughput. All memory is 
on its own high-data-rate bus. The processor has a direct connection to the 
cache memory system for very rapid memory access. 

The UNIBUS remains the primary control path in the PDP-ll/44 system. It is 
conceptually identical with all other PDP-II systems; the memory in the sys­
tem still appears to be on the UNIBUS to all UNIBUS devices through the 
UNIBUS map. This expanded internal implementation of the PDP-ll archi­
tecture is generally compatible with earlier PDP-ll/70 programs. 

The PDP-ll/24 is a minicomputer designed for both multitasking and dedi­
cated applications. A block diagram of the computer is shown in Figure E-2. 

The central processor performs all arithmetic and logical operations required 
in the system. Memory management is standard with the basic computer, 
allowing expanded memory addressing, relocation, and protection. The 
UNIBUS map, which translates UNIBUS addresses to physical memory 
address, is program compatible with PDP-ll/44 and PDP-ll/84 UNIBUS 
maps. The UNIBUS remains the primary control path in the PDP-ll/24 sys­
tem. Memory addresses are passed on a separate 22-bit wide bus. This bus 
provides reduced memory access times. It is conceptually identical with pre­
vious PDP-ll systems; the memory in the system still appears to be on the 
UNIBUS to all UNIBUS devices through the UNIBUS map. 
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• PDP-ll/44 and PDP-ll/24 Central Processor 

The PDP-ll/44 processor acts as the arbitration unit for UNIBUS control by 
regulating bus requests and transferring control of the bus to the requesting 
device with the highest priority. 

The central processor contains arithmetic and control logic for a wide range 
of operations. These include fixed point arithmetic with hardware multiply 
and divide, extensive test and branch operations, and other control opera­
tions. It also provides room for the addition of the floating-point processor, 
commercial instruction set, and UNIBUS options. 

The machine operates in three modes-kernel, supervisor, and user. When 
the machine is in kernel mode, a program has complete control of the 
machine; when the machine is in any other mode, the processor is inhibited 
from executing certain instructions and can deny direct access to the 
peripherals on the system. This hardware feature can be used to provide 
complete executive protection in a multiprogramming environment. 

The central processor contains six general registers that can be used as accu­
mulators, index registers, or stack pointers. Stacks are extremely useful for 
nesting programs, creating reentrant coding, and as temporary storage where 
a last-in/first-out structure is desirable. An additional register is used as the 
PDP-ii/44's program counter. Three additional registers are used as proces­
sor stack pointers, one for each operational mode. 

The CPU performs all of the computer's computation and logic operations 
in a parallel binary mode through step-by-step execution of individual 
instructions. 

The PDP-ii/24 processor is the arbitration unit for UNIBUS control. It regu­
lates bus requests and transfers control of the bus to the request device with 
the highest priority. 

The central processor contains arithmetic and control logic for a wide range 
of operations. These include fixed-point arithmetic with hardware multiply 
and divide, extensive test and branch operations, and other control opera­
tions. It also provides room for the addition of the floating point unit, com­
mercial instruction set, and UNIBUS options. 

The machine operates in two modes-kernel and user. When the machine is 
in kernel mode, a program has complete control of the machine; when the 
machine is in user mode, the processor is inhibited from executing certain 
instructions and can be denied direct access to the peripherals on the system. 
This hardware feature can be used to provide complete executive protection 
in a multiprogramming environment. 
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The PDP-ll/24 processor is implemented using three chips. Two MaS/LSI 

chips, called the data chip and control chip, implement the basic processor. 
The memory management unit (MMU), the third chip, provides a software­
compatible memory management scheme. 

The data chip (DC302) performs all arithmetic and logical functions, 
handles data and address transfers with the external world, and coordinates 
most interchip communication. The control chip (DC303) does micro­
program sequencing forPDP-ll instruction decoding and contains the con­
trol store ROM. The data and control chips are both contained on one 40-pin 
package. The MMU chip (DC304) contains the registers for IS-bit or 22-bit 
memory addressing and also includes the FP 11 floating-point registers and 
accumulators. 
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Figure E-3 • PDP-ll/24 Data and Control Chip 
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General Registers 
The general registers, the same for both PDP-ll/44 and PDP-ll/24 systems 
except as noted, can be used in many ways, the uses varying with require­
ments. The general registers can be used as accumulators, index registers, 
autoincrement registers, autodecrement registers, or as stack pointers for 
temporary storage of data. The PDP-ll Architecture Handbook chapter on 
Addressing Modes describes these uses of the general registers in more 
detail. Arithmetic operations can be done from one general register to 
another, from one memory location or device register to another, or between 
memory or a device register and a general register. 

KERNEL 
STACK POINTER 

R6 

RO 

R1 

R2 

R3 

R4 

R5 

SUPERVISOR 
STACK POINTER 

R6 

PROGRAM I 
COUNTER. R7 

GENERAL 
REGISTER 
SET 

Figure E-4 • The General Registers 

USER 
STACK POI NTER 

R6 

R 7 is used as the machine's program counter (PC) and contains the address of 
the next instruction to be executed. It is a general register normally used for 
addressing purposes and not as an accumu-lator for arithmetic operations. 

The R6 register is normally used as the processor stack pointer indicating the 
last entry on the current mode's hardware stack. (For information on the 
programming uses of stacks, please refer to the PDP-ll Architecture Hand­
book.) The three stacks are called the kernel stack, the supervisor stack, and 
the user stack. When the central processor is operating in kernel mode, it 
uses the kernel stack; in supervisor mode, the supervisor stack; and in user 
mode, the user stack. When an interrupt or trap occurs, the current status on 
the stack selected by the service routine is saved automatically. This stack­
based architecture facilitates reentrant programming. The remaining six 
registers are RO-R5. 
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Registers can be used to increase the speed of realtime data handling or facil­
itate multiprogramming. Each of the six general registers could be used as an 
accumulator or index register for a realtime task or device. 

Processor Status Word (PSW) 
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Figure E-5 • 17 777 776 Processor Status Word 

The processor status word (PSW), shown in Figure E-5, contains information 
on the current status of the PDP-ll. This information includes current and 
previous operational modes, an indicator that is used to show that a 
Commercial Instruction Set (CIS) instruction was suspended by an interrupt, 
current processor priority, an indicator for detecting the execution of an 
instruction to be trapped during program debugging, and condition codes 
describing the results of the last instruction. 

Modes 
Mode information includes the present mode, either user, supervisor, or ker­
nel (bits 15, 14), and the mode the machine was in before the last interrupt 
or trap (bits 13, 12). 

The three (two in the PDP-ll/24) modes permit a fully protected environ­
ment for a multiprogramming system by providing the user with three (two 
in the PDP-ll/24) distinct sets of processor stacks and memory management 
registers for memory mapping. 



15 14 13 12 11 

RSVD 

CURRENT MODEJ t .~'-~ ___ J 
PREVIOUS MODE ~ 
CIS INSTRUCTION SUSPENSION 

PRIORITY 

Figure E-6 • 17 777 776 Processor Status Word 

Appendix E-9 

In user and supervisor modes, a program is inhibited from executing a HALT 
instruction, and the processor will trap through location 4 if an attempt is 
made to execute this instruction. Furthermore, the processor will ignore the 
RESET and SPL (Set Priority Level) instructions, and will execute No Opera­
tion. In kernel mode, the processor will execute all instructions. 

A program operating in kernel mode can map users' programs anywhere in 
memory and thus explicitly protect key areas (including the device registers 
and the processor status word) from the user operating environment. 

CIS Instruction Suspension 
In both the PDP-ll/44 and the PDP-ll/24, bit 8, when set, indicates that a 
commercial instruction is in process. Because commercial instructions can be 
suspended (interrupted), this bit will be pushed onto the stack with the rest 
of the processor status word so that when control is returned to the routine, 
the commercial instruction can continue where it left off. Bit 8 may be used 
in future nonCIS instructions. 

Processor Priority 
The central processor operates at any of eight levels of priority, 0- 7. When 
the CPU is operating at level 7, an external device cannot interrupt it with a 
request for service. The central processor must be operating at a lower prior­
ity than the priority of the external device's request in order for the interrup­
tion to take effect. The current priority is maintained in the processor status 
word (bits 5-7). The eight processor levels provide an effective interrupt 
mask, which can be dynamically altered by the kernel-mode program 
through use of the SPL instructions. (For more information on the instruc­
tions see the PDP-ll Architecture Handbook.) In the PDP-ll/44 only, this 
SPL instruction allows a kernel mode program to alter the central processor's 
priority without affecting the rest of the processor status word. 
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Trace Trap 
The trace trap (T) bit 4, can be set or cleared under program control. When 
the trace trap bit is set, a processor trap will occur through location 14 on 
completion of instruction execution and a new processor status word and 
program counter will be loaded. This bit is especially useful for debugging 
programs because it provides an efficient method of single-stepping 
the program. 

Interrupt and trap instructions both automatically cause the previous proces­
sor status word and program counter to be saved and replaced by the new 
values corresponding to those required by the routine servicing the interrupt 
or trap. The user can thus cause the central processor to a~tomatically switch 
modes (context switching), alter the CPU's priority, or disable the trace trap 
bit whenever a trap or interrupt occurs. 

Condition Codes 
The condition codes contain information on the result of the last CPU opera­
tion. They include a negative bit 3 (N), set if the result of the previous opera­
tion was negative; a zero bit 2 (Z), set if the result of the previous operation 
was zero; an overflow bit 4 (V), set if the result of the previous operation 
caused an arithmetic overflow, and a carry bit © set by the previous opera­
tion if the operation caused a carry out of its most significant bit. 

Stack Limit 
The PDP-ll/44 and PDP-ll/24 have a kernel stack overflow boundary at 
location 400. Once the kernel stack exceeds this boundary, the processor will 
complete the current instruction and then trap through location 4, stack 
overflow in the CPU error register. 
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• CPU Registers 

The following CPU registers are accessed by program or console control. 

PDP.ll/44 CPU Error Register 
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Figure E-7· 17 777 766 PDP-ll/44 CPU Error Register 

The CPU error register (shown in Figure E-7) identifies the source of the 
abort or trap that caused a trap through the vector at location 4. Bits 7-4, 
bit 2 and bit 0 are cleared when the CPU error register is written. When set, 
bit 9 indicates to software that a software powerdown is in progress. 
The remaining bits are software transparent and are accessible only 
when the console has control. They serve to provide diagnostic visibility into 
the processor. 

Bit: 15 

Name: DATA TRANSFER 

Function: Monitors the DATA TRAN line of the processor. When clear, 
this bit indicates the processor is initiating a data transfer on the UNIBUS. 
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Bit: 14 

Name: C1 

Function: Set when the control signal Bus C 1 is asserted, indicating that a 
DATO or DATOB transfer is being performed. 

Bit: 13 

Name: CACHE RESTART 

Function: Set when the cache has generated the signal necessary to restart 
the processor clock. 

Bit: 12 

Name: KTE 

Function: Set when a memory management error (nonresident, page 
length, or read-only abort) has occurred. 

Bit: 11 

Name: BUS ERROR 

Function: Set when· processor has attempted to access nonexistent mem­
ory, odd address during word reference, or if there was no response on the 
UNIBUS within approximately 20 microseconds. 

Bit: 10 

Name: PARITY ERROR 

Function: Set when processor has received an indication of a memory 
parity error. 

Bit: 9 

Name: ACLO 

Function: Set when UNIBUS AC LO is asserted. To software, when this 
bit is set, a powerdown is in progress. This signal is not latched and therefore 
bit 9 is not affected by a processor INIT. 

Bit: 8 

Name: DCLO 

Function: Set when UNIBUS DC LO is asserted. This signal is not latched 
and therefore bit 8 is not affected by a processor INIT. 

Bit: 7 

Name: ILLEGAL HALT 

Function: Set when a HALT instruction was attempted while the processor . 
was in user or supervisor mode. 
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Bit: 6 

Name: ODD ADDRESS ERROR 

Function: Set when the program attempts a word reference of an odd 
address. 

Bit: 5 

Name: MEMORY TIMEOUT 

Function: Set when the processor attempts to read/write from a non­
existent main memory location. This does not include UNIBUS addresses. 

Bit: 4 

Name: UNIBUS TIMEOUT 

Function: Set when the processor attempts to read/write from a non­
existent UNIBUS location. 

Bit: 3 

Name: PROCESSOR INITIALIZE 

Function: Set when the processor initialize signal is asserted. 

Bit: 2 

Name: STACK OVERFLOW 

Function: Set when the kernel hardware stack is below virtual address 
400 octal. 

Bit: 

Name: INTERRUPT 

Function: Set when the PAX interrupt line is asserted. 

Bit: 0 

Name: CIM Power Failure 

Function: Set after de power to the machine has exceeded voltage toler­
ance limits for a period of 1.5 microseconds or greater. 

PDP-ll/24 CPU Error Register 
The PDP-ll/24 CPU error register is available only when the UNIBUS map is 
installed. The CPU error register contains one bit, bit O. This bit when set 
indicates that one or more power supply voltages has exceeded its tolerance. 
This bit is set when a voltage error occurs and is cleared either by RESET or 
by writing a zero to the bit. 

Bit: 0 

Name: CPU Power Failure 

Function: See explanation above. 
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Processor Traps 
Processor traps are a series of errors and programming conditions that will 
cause the central processor to trap through a set of fixed locations. These 
include power failure, odd addressing errors, stack errors, timeout errors, 
nonexistent memory references, parity errors, memory management viola­
tions, floating point processor exception traps, use of reserved instructions, 
use of the T bit in the processor status word, and use of the lOT, EMT, 
and TRAP instructions. PDP-11/24 processor traps are a subset of PDP-11/44 
processor traps. 

Power Failure 
Whenever ac power drops below 90 volts for 120 V power (180 volts for 
240 V) or outside a limit of 47 to 63 Hz, as measured by rectified de power, 
the powerfail sequence is initiated. The central processor automatically 
traps through location 24 and the user's powerfail program has 2 (5 in the 
PDP-ll/24) milliseconds to save all volatile information (data in registers). 

If battery backup is present, and the batteries are not depleted when power 
is restored, the processor traps again through location 24 and executes 
the user's powerup routine to restore the machine to its state prior to power 
failure. If batteries are not present, a bootstrap of the default device is 
executed. 

Odd Addressing Error 
In the PDP-ll/44, this odd addressing error occurs whenever a program 
attempts to execute a word instruction on an odd address (between 
word boundaries). The instruction is aborted and the CPU traps through 
location 4. 

Timeout Error 
In both the PDP-ll/24 and the PDP-ll/44, this timeout error occurs when a 
MSYN pulse is placed on the UNIBUS or main memory bus and there is no 
SSYN pulse within 20 microseconds. This error usually occurs during 
attempts to address nonexistent or peripherals or memory. The instruction is 
aborted and the processor traps through location 4. 
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Reserved Instruction 
There is a set of illegal and reserved instructions that causes the processor to 
trap through location 10. If no floating-point processor is installed, execu­
tion of a floating-point instruction results in a trap through location 10. 

Trap Handling 
The PDP-ll Architecture Handbook includes a list of the reserved trap vec­
tor locations and system error definitions that cause processor traps. When a 
trap occurs, the processor follows the same procedure for traps as it does for 
interrupts (saving the PC and PSW on the new processor stack, for example). 

Priority sequencing differs on PDP-ll/44 and PDP-ll/24 systems. In cases in 
which traps and interrupts occur concurrently, the processor will service the 
conditions according to the priority sequence following 

PDP-ll/44 Trap Priorities 

1. HALT (instruction, switch, or command) 

2. Memory management fault 

3. Memory parity errors 

4. Bus error traps 

5. Floating-point traps 

6. TRAP instruction 

7. Trace trap 

8. Stack overflow trap 

9. Powerfail trap 

10. Console bus request (console NEXT command or on-the-fly EXAMINE) 

11. Program interrupt request (PIR) level 7 

12. Bus request (BR) Level 7 

13. PIR 6 

14. BR6 

15. PIR 5 

16. BR5 

17. PIR 4 

18. BR4 

19. PIR 3 

20. PIR2 

21. PIR 1 

22. WAIT LOOP 
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PDP-ll/24 Trap Priorities 

1. DC LO (powerup) 

2. Reserved instruction trap 

3. Memory management fault 

4. Bus error traps 

5. Memory parity errors 

6. Trace trap 

7. Stack overflow trap 

8. Powerfail trap 

9. Bus request (BR) level 7 

10. Line clock (highest B6 device) 

11. BR level 6 

12. BR level 5 

13. BR level 4 

14. HALT REQUEST 

15. WAIT LOOP 

Stack Limit Violations 
In both the PDP-ll/44 and the PDP-ll/24, when instructions cause the ker­
nel stack virtual address to go lower than 400 octal, a stack violation occurs. 
When the operation that caused the stack violation is completed, then a bus 
error trap is effected (trap through 4). The error trap, which itself uses the 
stack, executes without causing an additional violation. 

PDP-ll/44 Program Interrupt Requests (PIR) 
Figure E-9 shows the layout of the program interrupt request register. 
A request is booked by setting one of bits 15-9 (for PIR 7-PIR 1) in the 
program interrupt register. The hardware sets Bits 7-5 and 3-1 to the 
encoded value of the highest PIR bit set. This program interrupt active (PIA) 
field should be used to set the processor level and also index through a table 
of interrupt vectors for the seven software priority levels. 

15 9 8 4 o 

A ~ p A~ 

Figure E-9' 17777772 Program Interrupt Request Register 
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When the PIR is granted, the processor will trap through location 240 and 
pick up the PC from 240 and the PSW from 242. It is the interrupt service 
routine's responsibility to queue requests within a priority level and to clear 
the PIR bit before the interrupt is dismissed. 

The following sample shows how the actual interrupt dispatch program 
should look. 

MOVBPIR,PS 

MOV R5,-(SP) 
MOVPIR,R5 
BIC #177761,R5 
]MP @DISPAT(R5) 

places bits 7-5 in PSW 
priority level bits 
save R5 on the stack 

gets bits 3-1 
use to index through table which 
requires 15 core locations 

CPU and I/O Device Registers and Addresses 
The following, Table E-1, summarizes the PDP-ll/44 registers and their 
addresses. Table E-2 summarizes the PDP-11/24 registers and their 
addresses. Note that commonalities exist. 
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Table E.l • PDP.1l/44 CPU and I/O Device Registers and Addresses 
Address 

17777 776 
17777 772 
17777 766 
17777 707-17 777 700 
17 777 676-17 777 660 
17777 656-17 777 640 
17777 636-17 777 620 
17777 616-17 777600 
17777 576 
17777 574 
17777 572 
17777 570 
17777 566-17 777 560 
17777 776-17 760 000 
(switch-selectable) 
17777 516 
17772 376-17 772 360 
17772 356-17 772 340 
17772336-17772 320 
17772316-17772300 
17772276-17772 260 
17772 256-17 772 240 
17772236-17772220 
17772216-17772200 
17770372-17770200 

Register 

Processor Status Word (PSW) 
Program Interrupt Request (PIRQ) 
CPU Error 
CPU General Registers 
User Data PAR, Reg. 0-7 
User Instruction PAR, Reg. 0-7 
User Data PDR, Reg. 0-7 
User Instruction PDR, Reg. 0-7 
MM Status Register 2 (SR2) 
MM Status Register 1 (SRI) 
MM Status Register 0 (SRO) 
Switch Register 
Console Terminal SLU 
SLU 2 DEC tape 
(Normally 17 776 500) 
MM Status Register 3 (SR3) 
Kernel Data PAR, Reg. 0-7 
Kernel Instruction PAR, Reg. 0-7 
Kernel Data PDR, Reg. 0-7 
Kernel Instruction PDR, Reg. 0-7 
Supervisor Data PAR, Reg. 0-7 
Supervisor Instruction PAR, Reg. 0-7 
Supervisor Data PDR, Reg. 0-7 
Supervisor Instruction PDR, Reg. 0-7 
UNIBUS Map Registers 
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Table E-2 • PDP-ll/24 CPU and I/O Device Registers and Addresses 

Address 

17777 776 

17777766 

17777707-17777700 

17777 656-17 777 640 

17777616-17777600 

17777 576 

17777574 

17777 572 

17777 570 

17777566-17777560 

17776500-17776506 

17772516 

17772356-17772340 

17772316-17772300 

17770372-17770200 

Register 

Processor Status Word (PSW) 

CPU Error (Optional with UNIBUS map) 

CPU General Register (not accessible by address) 

User Instruction PAR, Reg. 0-7 

User Instruction PDR, Reg. 0-7 

MM Status Register 2 (SR2) 

MM Status Register 1 (SRI) 

MM Status Register 0 (SRO) 

Display Register 

Console Terminal SLU 

SLU 2 

MM Status Register 3 (SR3) -

Kernel Instruction PAR, Reg. 0-7 

Kernel Instruction PDR, Reg. 0-7 

UNIBUS Map Registers (optional with UNIBUS 
map) 
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• Memory Systems 

MOS Memory With Error Correcting Code and Optional Battery Backup 
Both PDP-ll/44 and PDP-ll/24 employ MOS memory with error correcting 
code (ECC) identical to the PDP-ll/84 system. Refer to system technical 
manuals for details. 

Memory Management 
The memory management hardware is standard with the PDP-ll/44 and the 
PDP-ll/24 computer. It is a hardware relocation and protection facility that 
can convert the I6-bit program virtual addresses to 22-bit physical 
addresses. The unit may be enabled or disabled under program control. 
There is a small speed advantage when the unit is in the I6-bit mode. For a 
more detailed description of memory management techniques, refer to the 
PDP-ll Architecture Handbook. 

UNIBUS Map 
The UNIBUS map is the hardware relocation facility for converting the 
I8-bit UNIBUS addresses to 22-bit addresses. The relocation mapping may 
be enabled or disabled under program control. Once again, there is a slight 
speed advantage when the UNIBUS map is disabled (off). 

• PDP· llj44 Cache Memory 

PDP-ll/44 cache memory is integral to the PDP.ll/44 processor and is 
designed to increase the CPU performance by decreasing the CPU-to-memory 
read access time. It is an 8I92-byte, high-speed RAM memory, organized as a 
direct-mapped cache with write-through. Functionally, main memory and 
cache can be treated as a single unit. 

Physical Description 
The PDP-ll/44 cache memory interfaces to the processor through the 
processor backplane. Two user-accessible switches (SI and S2) enable the 
cache to be shut off by causing a forced-miss condition in either upper or 
lower cache address space. Software bits for enabling or disabling cache are 
also provided in the processor's cache-control registers discussed later in 
this chapter. 
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General System Architecture 
The cache operates as an associative memory in parallel with the main mem­
ory, and is connected to the CPU by the high-speed internal data path in the 
PDP-ll/44 (the PAX Data Bus). This high-speed data path is separate from 
the internal data path that is shared by the floating-point and commercial 
instruction set options (the AMUX data bus). The cache is logically con­
nected to the PAX address and memory address buses, but is isolated from 
them by a set of independent receivers. When a memory read transfer is ini­
tiated by the CPU, the cache is strobed 100 nanoseconds later to determine if 
the data is in the cache and is error free. If so, this is referred to as a cache 
hit. If the access results in a cache hit, the processor clock is immediately 
restarted and clocks in the cache data that ends the transfer from the CPU. If 
access results in a cache miss, then main memory MSYN is asserted and the 
access is to main memory with the cache performing an automatic write­
through to update itself. During write transfers, a write is performed to main 
memory with the cache updating itself if that location is presently cached. 
DMA write transfers from the UNIBUS are monitored by the cache and result 
in invalidation of cached locations. Only CPU transfers which access main 
memory are cached. Any data stored in memory appearing on the UNIBUS 
will not be cached. 

CPU Bypass of the Cache 
Besides having the capability of disabling half the cache, or the entire cache, 
the CPU can also disable caching of data based on the virtual address (virtual 
page) of the data. This is useful in two circumstances. 

• If a multiported main memory (not supplied by Digital) is shared among 
two or more processors, it is possible for a particular word of main mem­
ory data to be cache in all of the CPUs. If one CPU then alters this word, 
only the copy of the data in main memory and that particular CPU's cache 
is updated. The other CPUs still have the old data in their caches. The old 
data is referred to as stale. In order to avoid using stale data, each CPU 
that accesses shared data must do so bypassing its cache. This ensures that 
the CPU gets the copy of the data stored in main memory, which is fresh 
(currently valid) . 

• Bypassing the PDP-ll/44 cache is also useful if the CPU is sweeping 
through a large amount of data, with no intent of soon rereading the data. 
If the CPU is caching all the data, the cache will simply become full of use­
less data, meanwhile forcing out the program and other useful data. This 
is particularly true if the amount of data the CPU sweeps through exceeds 
8192 bytes. This technique of bypassing the cache while accessing large 
data lists does not apply to the PDP-11/70 or PDP-11/84. 



Appendix E-22 • PDP-ll/24 and PDP-ll/44 Systems 

Table E.} • Cache Response Matrix 

CPU Hit Miss DMA Hit Miss 
Nothing Read Bypass Nothing or Nothing Nothing 

Invalidate 
Write Bypass Invalidate 
Write Update 

Invalidate 
Nothing 

Nothing 
Invalidate 

Nothing 
Nothing 

The response of the cache to a CPU read bypass hit is jumper selectable_ In its 
normal configuration, jumper WI (M7097 module) is inserted and jumper 
W2 is removed to allow a forced miss to occur only for a CPU read hit bypass_ 
If the PDP-ll/44 and the KKll·B cache are to be used in a multiported mem­
ory system, jumper WI is removed and jumper W2 is inserted to allow a CPU 
read hit with bypass to cause an invalidation to occur to that location_ This 
allows the software to clear potentially stale cache data that might arise in a 
multiported memory system_ 

Cache Memory Organization 
The cache memory array (Figure E-IO) consists of thirty 4096 X I RAM 
chips arranged as follows_ 

TAG 

VALID 

DATA 

9 

~1 

4.0968 WORDS TAG a: 
it 

8 8 
~1~1 

>- >-.... ... 
BYTE 1 a: BYTE 2 a: 

it it 

Figure E-10 • Cache Memory Array 

Consists of nine tag store bits plus 
one bit of parity. 
Consists of two bits, one of which is 
currently active, allowing the other 
bit to be cleared concurrently. By 
having two bits, a fast flush may be 
accomplished by switching to the set 
which has been previously cleared. 
Consists of two 8-bit bytes plus a 
parity bit for each byte. . 
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Cache-Control Registers 
The following cache-control registers are implemented on the PDP-ll/44 
cache. All bits are cleared by processor INIT, but not by a CPU RESET 
instruction . 

• Cache Data Register (CDR) 

15 o 
CACHE DATA 

Figure E-ll • 17 777 754 Cache Data Register 

Bits: 15-0 (Read Only) 

Name: Cache Data Register Bits 

Function: These bits are loaded from the 16-bit data array section of the 
cache RAM on every read access to main memory space, except the top 
256 Kbytes, which are reserved for the UNIBUS address space. This register 
can be used with the hit on destination only bit to aid the cache diagnostics 
in identifying failures in the data section of the cache array . 

• Cache Memory E"or Register (CMER) 

Figure E-12· 17777744 Cache Memory Error Register 

Bit: 15 

Name: Cache Memory Parity Error (CMPE) 

Function: Set if a cache parity error is detected while the cache parity 
abort, bit 7, is set, or if a memory parity error occurs_ If set, cache will force a 
miss. Clear by any write to the CMER or by console INIT. This bit must be 
cleared before the disable cache parity interrupt (DC PI) is cleared_ If the 
cache detects a parity error in itself, the cache error LED (mounted on the 
cache module) will light. 
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Bit: 7 

Name: Parity Ertor High Byte (PEHl) 

Bit: 6 

Name: Parity Error Low Byte (PELO) 

Bit: 5 

Name: Tag Parity Error (TPE) 

Function: These bits are set individually when a parity error occurs in the 
high-data byte, low-data byte, or tag field, respectively, if the cycle is 
aborted (cache parity abort bit is set). If the cycle is not aborted, all three 
bits, 5, 6 and 7, are set upon any cache parity error occurrence as an aid to 
system software compatibility. Cleared by any write to the CMPE register or 
by console INIT. 

o Cache Control Register (CCR) 

15 14 13 12 11 10 9 6 o 

Figure E-l]o 17777 746 Cache Control Register 

Bit: 13 (Read Only) 

Name: Valid Store in Use (VSIU) 

Function: This bit indicates which set of valid store bits is currently being 
used to determine the validity of the contents of the tag store memory. It is 
complemented each time that the cache is flushed. When set, valid bit set B 
is in use. When clear, valid bit set A is in use. 

Bit: 12 (Read Only) 

Name: Valid Clear in Progress (VCIP) 

Function: This is set to indicate that the cache is currently in the process of 
clearing a valid store set. The clear cycle occurs on powerup and when the 
flush cache bit is set. 
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NOTE 
The hardware clear cycle takes approximately 800 micro­
seconds. While a valid store set is being cleared, the other set is 
in use allowing the cache to continue functioning. If the cache is 
flushed a second time within 800 microseconds, then the CPU 
will pause until the first flush completes (800 microseconds 
from the time the first flush command was issued). 

Bit: 10 (Read/Write) 

Name: Write Wrong Tag Parity (WWTP) 

Function: This bit when set causes tag parity bits to be written with wrong 
parity on CPU read misses and write hits. A parity error will thus occur on 
the next access to that location. 

Bit: 9 (Read/Write) 

Name: Unconditional Cache Bypass (UCB) 

Function: When this bit is set, all references to memory by the CPU will be 
forced to go to main memory. Read or write hits will result in invalidation of 
those locations in the cache and misses will not change the contents. 

Bit: 8 (Write Only) 

Name: Flush Cache (FC) 

Function: This bit will always read as zero. Writing a one into it will cause 
the entire contents of the cache to be declared invalid. Writing a zero into 
this bit will have no effect. 

Bit: 7 (Read/Write) 

Name: Parity Error Abort (PEA) 

Function: This bit controls the response of the cache to a parity error. 
When set, a cache parity error will cause a forced miss and an abort to occur 
(asserts UNIBUS signal PB L). When cleared, this bit inhibits the abort and 
enables an interrupt through location 114. All cache parity errors result in 
forced misses. 

Bit: 6 (Read/Write) 

Name: Write Wrong Data Parity (WWDP) 

Function: This bit when set causes high and low parity bytes to be written 
with wrong parity on all update cycles (CPU read misses and write hits). This 
will cause a cache parity error to occur on the next access to that location. 
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Bit: 3 (ReadJWrite) 

Name: Force Miss High (FMHI) 

Function: This bit when set causes forced misses to occur on CPU reads of 
addresses where physical address bit 12 is a one. This bit can also be set by 
moving the toggle switch S1 to the right side of the board. The bit cannot be 
cleared via the toggle switch. 

Bit: 2 (ReadJWrite) 

Name: Force Miss Low (FMW) 

Function: This bit when set causes forced misses to occur on CPU reads of 
addresses where physical address bit 12 is a zero. This bit can also be set by 
moving the toggle switch S2 to the right side of the board. The bit cannot be 
cleared via the toggle switch. 

NOTE 
Setting bits 3 and 2 will cause all CPU reads to be misses. 

Bit: o (Read/Write) 

Name: . Disable Cache Parity Interrupt (DC PI) 

Function: This bit when set overrides the cleared condition of the parity 
error abort bit, disabling the interrupt through location 114. The cache 
memory parity error bit must be cleared before disable cache parity interrupt 
(DC PI) is cleared. 

Bit 7 
o 
o 
1 

Bit 0 
o 
1 
X 

Result of Cache Parity Error 
Interrupt to 114 and force miss 
Force miss only 
Abort and force miss 

• Cache Maintenance Register (CMR) 

~-----,v~------

ADDRESS MATCH 

Figure E-14 • 17 777 750 Cache Maintenance Register 
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Bits: 15-10 (Write Only) 

Name: Address Match Bits 21-16 

Function: This register is used to set bits 21-16 of the address-match 
register. The contents of the address-match register are constantly compared 
to the CPU physical address bus (PAX address). When an address-match 
occurs, the processor can 1) stop its microprogram; 2) halt; 3) supply an 
oscilloscope trigger pulse. This feature is useful for troubleshooting the 
PDP-11/44 system and is used with the console BREAK command. 

Bit: 15 

Name: Compare 1 H 

Bit: 14 

Name: Compare 2 H 

Bit: 13 

Name: Compare 3 H 

Bit: 12 

Name: Valid H 

Bit: 11 

Name: High parity bit H 

Bit: 10 

Name: Low parity bit H 

Bit: 9 

Name: Tag parity bit H 

Bit: 8 

Name: HitL 

Function: These bits are key points in the cache that the diagnostic can use 
to help localize errors. This register is loaded on any read to main memory. 
Like the cache data register, these bits can be used with the hit on destina­
tion only bit to aid the cache diagnostic in tracing cache failures. 

Bit: 4 

Name: Enable Stop Action 

Function: This bit can be set to allow the cache to stop the CPU clock upon 
detection of a cache parity error or address match condition. This stops the 
CPU microprogram. 



Appendix E-28' PDP-ll/24 and PDP-ll/44 Systems 

Bit: 3 (ReadfWrite) 

Name: Address Matched (AM) 

Function: ,This bit is set when the 22-bit address match register is equal 
to the 22-bit cache address. The address-match LED (on the cache module) 
also lights, 

Bit: 2 

Name: Enable Halt Action 

Function: This bit can be set to allow the cache to halt the CPU upon 
detection of a cache parity error or address match condition. 

Bit: 1 (ReadfWrite) 

Name: Hit on Destination Only (HODO) 

Function; When set, this bit causes the cache to be enabled only d"uring 
the final memory access of an instruction. Read hits and updates will happen 
only during the final access. This feature is a very powerful tool ·for cache 
diagnostics. When cleared, this bit has no effect on the cache. This bit 
should be used with caution because it can cause stale data in the cache. 

Bit: 0 (ReadfWrite) 

Name: Tag Data from Address Match Register (TDAR) 

Function: When set, this bit enables the tag field of the cache to be writ­
ten with data from bits 8-0 of the address match register. Once this bit is 
set, it will cause all cache writes to clear the valid bit in these locations. This 
feature allows the cache diagnostics to identify failures in the tag field of the 
cache array . 

• Cache Hit Register (CHR) 

15 765 

I TAG ADDRESS ~ HIT REGISTER I 
'----------------------~yr--------------------~/ 

ADDRESS MATCH 

Figure E-15' 17777752 Cache Hit Register (CHR) 



Bits: 15-0 (Write Only) 

Name: Address Match Bits 

Appendix E-29 

Function: This register is used to set bits 15-0 of the address match 
register. It is used in conjunction with bits 15-10 of the cache maintenance 
register. 

Bits: 15-7 (Read Only) 

Name: Tag Address Bits 

Function: Tag address bits contain the nine bits of the tag store memory of 
the last access by the CPU to inain memory (except the top 256 Kbytes). 
When used with the hit on destination only and tag data from address match 
register bits, this field will allow the cache diagnostics to read any tag field of 
any location in the array. 

Bits: 5-0 (Read Only) 

Name: Hit Register 

Function:' This six-bit field shows the number of cache hits (read and write 
hits) on the last six CPU accesses to noncache-control memory. The bits flow 
from the least significant bit to the most significant bit of the field with a one 
indicating a hit and a zero indicating a miss. 

• Other PDP-ll/44 and PDP-ll/24 Processor Equipment 

Floating-Point Processor (FPII-A) 
The PDP-llf44 floating point processor module fits integrally into the 
central processor. It provides a supplemental instruction set for performing 
single- and double-precision floating-point arithmetic operations and 
floating-integer conversion in parallel with the CPU. The floating-point pro­
cessor provides both speed and accuracy in arithmetic computations. It pro­
vides 7 decimal digit accuracy in single-precision calculations and 17 decimal 
digit accuracy in double-precision calculations. For a detailed discussion on 
the PDP-ll floating-point processors, refer to the PDP-ll Architecture 
Handbook. 

PDP-ll/44 Backplane 
Figure E-16 illustrates the PDP-llf44 CA Backplane. In this diagram, the 
standard and optional hardware features are seen in their corresponding slots 
in the backplane. 
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CIM I RESERVED FOR KE44-A 
2 

3 RESERVED FOR FP11-A (FLOATING-POINT PROCESSOR) 

4 

{ "Nnw. """"'''''''. ""'"'. MEMORY MANAGEMENT, 
UNIBUS MAP, ASCII CONSOLE, 

CPU 2 SERIAL LINE UNITS, LINE 
FREQUENCY CLOCK, 
BOOTSTRAP LOADER 

5 

6 

7 

8 

9 256-KBYTE/1-MBYTE ECC MOS MEMORY MS11-MB/PB 

10 RESERVED FOR MS11-MBlPB 

1 RESERVED FOR MS11-MB/PB 

12 RESERVED FOR MS11-MB/PB 

13 HEX OR QUAD SLOT 

14 M9302 I QUAD SLOT 

Figure E-16· PDP-ll/44 Backplane Configuration 

PDP-ll/24 Backplane Configuration 
The PDP-ll/24 backplane consists of nine slots. Slot 1 is reserved for the 
M7133 CPU module. Slot 2 can contain memory or the UNIBUS map mod­
ule. Additional memory can be configured in slots D-6. (In the 5.25-inch 
box, the total number of MSll-L memory modules cannot exceed three; 
only one MSll-P memory module can be configured in the 5.25~inch box). 
The UNIBUS map is generally required for configurations with more 
than 256 Kbytes of memory. Slot 9 contains either the M9312 bootstrap/ 
terminator, the M9302 terminator (if the UNIBUS map option is installed), 
or the UNIBUS expansion cable. 
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EXPANSION 
SLOTS 

Figure E-17· PDP-11/24 Backplane Configuration 

• Serial Line Unit Registers 

Both the PDP-ll/44 and PDP-ll/24 contain two serial line interfaces as a 
standard feature. The first interface (the console interface) is used to control 
the PDP-ll/44 hardware and the operating system software. 

While controlling the PDP-ll/44 hardware, the console interface is said to 
be in console mode and is operated by a fixed program in both systems. 
While controlling, and in turn being controlled by, operating system soft­
ware, the console interface is said to be in program mode. The selection of 
console or program mode is made via the front panel and by special charac­
ters typed at the console terminal. 

Serial Line Unit Timing Considerations 
The UART (Universal Asynchronous Receiver/Transmitter) is an asynchro­
nous subsystem. The transmitter accepts parallel characters and converts 
them to serial asynchronous output. The receiver accepts asynchronous 
serial characters and converts them to parallel output. 

The serial line unit timing considerations for the PDP-ll/24 are identical to 
those of the PDP-ll/44. 



Appendix E-32' PDP-ll/24 and PDP-ll/44 Systems 

• Receiver 
The RECEIVER DONE bit sets when the UART has assembled a full charac­
ter, which occurs approximately at the middle of the first stop bit_ Because 
the UART is double-buffered, data remains valid until the next character is 
received and assembled_ This allows one full character time for servicing the 
RECEIVER DONE bit or the interrupt caused by it. 

• Transmitter 
The UART's transmitter section is also double-buffered. After initialization, 
the TRANSMITTER READY bit is set. When the buffer is loaded with the 
first character, the bit clears but sets again within a fraction of a character 
transmission time period. A second character can then be loaded, clearing 
the bit again. This time the bit remains clear until the first character and its 
stop bit(s) have been transmitted (about one character time). 

• Break Generation 
Setting the break bit causes the transmission of a continuous space. Because 
the TRANSMITTER READY bit continues to function normally, the dura­
tion of the break can be timed by the pseudo-transmission of a number of 
characters. However, because the transmitter is double-buffered, a null 
character (all zeros) should precede transmission of the break to ensure that 
the previous character completes transmission. Likewise, the last pseudo­
transmitted character under break should be a null. 

Terminal Serial Line Unit Control Registers (SLU 1) 
There are four terminal SLU registers that follow. All unused or write only 
bits are zero when examined. 

• Receiver Control Status Register (TERM RCSR) 

15 8 6 5 a 

RECEIVER DONE (RCVR DONE) . . . t t 
RECEIVER INTERRUPT ENABLE (RCVR INT ENB) ~ 

Figure E-18 • 17 777560 Receiver Control Status Register 



Bits: 15-8 

Function: Unused 

Bit: 7 (Read Only) 

Name: RECEIVER DONE 
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Function: Set during the program mode when an entire character has been 
received and is ready for transfer to the CPU. Cleared by INIT or by address­
ing (read only) RBUF. Starts an interrupt sequence when set if RECEIVER 

INTERRUPT ENABLE is also set. 

Bit: 6 (Read/Write) 

Name: RECEIVER INTERRUPT ENABLE 

Function: Cleared by INIT. When set, a priority 4 interrupt sequence will 
start each time RECEIVER DONE is set. 

Bits: 5-0 

Function: Unused 

• Receiver Data Buffer (TERM RBUF) 

,"eoe~J J " y 

1 

OVERRUN 

FRAME ERROR 

RECEIVE PARITY ERROR 

RECEIVED DATA BITS 

Figure E-19· 17777562 Receiver Data Buffer 

Bit: 15 (Read Only) 

Name: ERROR 

/ 

Function: Logical OR of OVERRUN ERROR, FRAMING ERROR and 
PARITY ERROR. ERROR is not tied to the interrupt logic, but RECEIVER 

DONE is. 



Appendix E-34· PDP-ll/24 and PDP-ll/44 Systems 

Bit: 14 (Read Only) 

Name: OVERRUN ERROR 

Function: Set if the previously received character is not read (RECEIVER 
DONE not cleared) before another character is received. 

Bit: 13 (Read Only) 

Name: FRAMING ERROR 

Function: Set if the character received has no valid stop bit(s). Also used to 
detect a break character. 

Bit: 12 (Read Only) 

Name: PARITY ERROR 

Function: Set if received parity does not agree with the expected parity. 
Always cleared if no parity is selected. 

NOTE 
Error bits remain set until the next character is received, at 
which time the error bits are updated. IN IT does not clear the 
console terminal error bits. However, in the PDP-ll/44 a 
powerup sequence does clear them. Error bits may be disabled 
by removing a jumper on the M7096 module. 

Bits: 11-8 

Function: Unused 

Bits: 7-0 (Read Only) 

Name: RECEIVED DATA 

Function: These bits contain the character just received. If fewer than 
eight bits are selected, the buffer will be right-justified with the unused bits 
read as o. Not cleared by INIT. 
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• Transmitter Control Status Register (TERM XCSR) 

15 8 6 4 

SYSTEM REMOTE MODE -----------' 

CONSOLEMODE------------~ 

REMOTE DIAGNOSTIC BITS ENABLE ---------' 

MAINTENANCE ---------------------' 

BREAK---------------------~ 

Figure E-20 • PDP-ll/44 77 777 564 Transmitter Control Status Register 

15 8 7 6 5 3 2 o -TRANSMITIER READY (XMT RDV) t t 
TRANSMITTER INTERRUPT ENABLE (XMT INT ENB) ~ 
MAINTENANCE (MAINT) _________________ ..J 

Figure E-21 • PDP-ll/24 17 777 564 Transmitter Status Register 

Bits: 15-8 

Function: Unused 

Bit: 7 (Read Only) 

Name: TRANSMITTER READY 

Function: Set during the program mode only by INIT or when XBUF can 
accept another character. Cleared when a character is written into the XBUF. 
Starts an interrupt sequence if TRANSMITTER INTERRUPT ENABLE is 
also set. 

Bit: 6 (Read/Write) 

Name: TRANSMITTER INTERRUPT ENABLE 

Function: Cleared by INIT. When set, a priority 4 interrupt sequence will 
start each time TRANSMITTER READY is set. 
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Bit: 5 (Read Only) 

Name: SYSTEM REMOTE MODE 

Function: Set when CPU is operating in the remote diagnostic mode. 

Bit: 4 (Read Only) 

Name: CONSOLE MODE 

Function: Set to indicate that the CPU is operating in the console mode. 

Bit: 3 (Read Only) 

Name: REMOTE DIAGNOSTIC BITS ENABLE 

Function: Set by turning on switch #2 of E79 on the M7096 module. 
When set, the statuses of bits 4 and 5 are entered into this register. When 
cleared (switch off), all three bits will be zero. 

Bit: 2 (ReadfWrite) 

Name: MAINTENANCE 

Function: Cleared by INIT. When set, it connects the serial output of the 
TRANSMITTER into the serial input of the RECEIVER, in place of the 
normal serial input from the terminal. It also forces the receiver to run at the 
same speed as the transmitter. 

Bit: 1 

Function: Unused 

Bit: 0 (Read/Write) 

Name: BREAKFunction: Cleared by INIT. When set, a continuous space 
is transmitted, equivalent to sending a null character with no s~op bits (fram­
ing error). May be disabled by removing a jumper on the M7096 module . 

• Transmitter Data Buffer (TERM XB UF) 1 7 777 566 

~------~~y~--------~ 

TRANSMITIER DATA BUFFER------------------....Jt 

Figure E-22 • 17 777566 Transmitter Data Buffer 

Bits: 15-8 

Function: Unused 
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Bits: 7-0 (Write Only) 

Name: TRANSMITTER DATA BUFFER 

Function: If fewer than eight bits are jumper selected, the character must 
be right~justified. 

Second Serial Line Unit Registers (SLU 2) 
The second serial line unit is a general-purpose serial line interface. It may be 
used for a variety of purposes: 

• Connection of a serial line-printer 

• Connection of a TU58 cartridge tape drive 

• Connection of a modem 

This interface is not recomended for use with a high-speed (> 1200 baud) 
interactive terminal, such as a VT220 or VT240/Z. The four SLU2 registers 
follow . 

• Receiver Control/Status Register (SLU 2 RCSR) 

15 8 

RECEIVER DONE (RCVR DONE) t t 
RECEIVER INTERRUPT ENABLE (RCVR INT ENB) ~ 

5 0 

Figure E-23 • Receiver Control/Status Register 

Bits: 15-8 

Function: Unused 

Bit: 7 (Read Only) 

Name: RECEIVER DONE 

Function: Set when an entire character has been received and is ready 
for transfer to the cPU. Cleared by INIT or addressing (read-only) RBUF. 
Starts an interrupt sequence when set if RECEIVER INTERRUPT ENABLE 
is also set. 
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Bit: 6 (Read/Write) 

Name: RECEIVER INTERRUPT ENABLE 

Function: Cleared by INIT_ When set, a priority 4 interrupt sequence will 
start each time RECEIVER DONE is set. 

Bits: 5-0 

Function: Unused 

• Receiver Data Buffer (SLU 2 RBUF) 

15 14 13 12 11 

~---------~y~--------~/ 

RECEIVER DATA BITS ____________________________ --'1 

Bit: 15 (Read Only) 

Name: ERROR 

Figure E-24 • Receiver Data Buffer 

Function: Logical OR of OVERRUN ERROR, FRAMING ERROR and 
PARITY ERROR. ERROR is not tied to the interrupt logic, but RECEIVER 
DONE is cleared by INIT_ Bits 12 through 15 may be disabled and cleared by 
removing a jumper on the M7096 module. 

Bit: 14 (Read Only) 

Name: OVERRUN ERROR 

Function: Set if previously received character is not read (RECEIVER 
DONE not cleared) before another character is received. Cleated by INIT or 
reading before receiving another character.Bit: 13 (Read Only) 

Name: FRAMING ERROR 

Function: Set if character received has no valid stop bit(s). Cleared by 
INIT or when a valid character is received .. This bit indicates an error in 
transmission or the reception of a break character. 



Bit: 12 (Read Only) 

Name: PARITY ERROR 
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Function: Set if received parity does not agree with expected parity. 
Cleared by INIT or when the parity of the next character is valid. Always 
cleared if no parity is selected. 

Bits: 11-8 

Function: Unused 

Bits: 7-0 (Read Only) 

Name: RECEIVED DATA 

Function: These bits contain the character just received. If fewer than 
eight bits are selected, the buffer will be right-justified with the unused bits 
read as zeros. Not cleared by INIT . 

• Transmitter Control/Status Register (SLU 2 XCSR) 

15 8 7 650 

TRANSMlnER READY (XMIT RDV) t t 
TRANSMlnER INTERRUPT ENABLE (XMIT INT ENB) ~ 
BREAK BIT (BREAK) _____________________ ---1 

Figure E-25 • Transmitter Control/Status Register 

Bits: 15-8 

Function: Unused 

Bit: 7 (Read Only) 

Name: TRANSMITTER READY 

Function: Set by IN IT or when the XBUF can accept another character. 
Starts an interrupt sequence when set if TRANSMITTER INTERRUPT 
ENABLE is also set. Cleared when a character is written into the XBUF. 

Bit: 6 (Read/Write) 

Name: TRANSMITTER INTERRUPT ENABLE 

Function: Cleared by INIT. When set, a priority 4 interrupt sequence will 
start each time TRANSMITTER READY is set. Cleared by the program or by 
the initialization sequence. 
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Bits: 5-3 

Function: Unused 

Bit: 2 (Read/Write) 

Name: MAINTENANCE 

Function: Cleared by INIT_ When set, it connects the serial output of the 
transmitter into the serial input of the receiver, in place of the normal serial 
input from the terminal_ It also forces the receiver to run at the same speed 
as the transmitter_ 

Bit: 1 

Function: Unused 

Bit: 0 (Read/Write) 

Name: BREAK 

Function: Cleared by INIT_ When set, a continuous space is transmittd 
equivalent to sending a null character with no stop bits (framing error). May 
be disabled by removing a jumper on the M7096 module . 

• Transmitter Data Buffer (SLU 2 XBUF) 

15 8 1 e 5 4 3 2 1 0 

~j~~ DOli Doel D051 D041 D031 D021 D011 DOol 
'- yr------/ 

TRANSMITIER DATA BiTS __________ --'t 
Figure E-26 • Transmitter Data Buffer 

Bits: 15-8 

Function: Unused 

Bits: 7-0 (Write Only) 

Name: TRANSMITTER DATA 

Function: If fewer than eight bits are selected, the character must be right­
justified. 
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• Line Clock 

Both the PDP-ll/44 and PDP-ll/24 include a line-time clock as standard 
equipment. This clock provides interrupts synchronized with the cycles of 
the ac power line (mains). By counting these interrupts, this allows the opera­
tion system software to keep realtime. 

Line Clock Status Register 

LINE CLOCK MONITOR --------' 

LINE CLOCK INTERRUPT ENABLE ----------' 

Figure E-27· 17777 546 Line Clock Status Register 

Bits: 15-8 

Function: Unused 

Bit: 7 (Read/Write, clear only) 

Name: LINE CLOCK MONITOR 

Function: Set by INIT or by the line-frequency clock signal (LTC). Cleared 
only by the program. 

Bit: 6 (Read/Write) 

Name: LINE CLOCK INTERRUPT ENABLE 

Function: Cleared by INIT. When set, starts a priority 4 interrupt 
sequence each time LINE CLOCK MONITOR is set. 

Bits: 5-0 

Function: Unused 
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• Address and Vector Assignments 

Integral to the PDP-ll/44 and PDP-ll/24 CPUs are the two serial line units 
and a the line-clock. The serial line units and clock follow the same address 
and vector assignments as the KLll, DLll-A, B, C, D, and W, and the 
KWll-L, respectively. SLU #1 is used for the system console and has fixed 
addresses and vectors. SLU #2, which may be used for asynchronous devices, 
has switch-selectable contiguous addresses and vectors. The realtime clock 
has a fixed address and vector. 

Table E-4 • PDP-ll/44 Address and Vector Assignments 

Console 

(SLU #1) 

(SLU #2) 

Line Clock 

Address Vector Priority 

17777560 

17777562 

17 777564 

17777 566 

177YXXXO 

17 7YXXX2 

17 7YXXX4 

17 7YXXX6 

Where Y = 6 or 7 and 
X=0-7 (vector) 

17777546 

BR4 (fixed) 

60 

64 BR4 (fixed) 

BR4 (fixed) 

XXO 

XX4 BR4 (fixed) 

100 BR6 (fixed) 
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Table E-5 • PDP-ll/24 Address and Vector Assignments 

Address Vector Priority 

Console 
(SLU #1) 

(SLU #2) 

Line Clock 

17777 560 
17777562 
17777 564 
17777 566 

17776500 
17776502 
17776504 
17776506 

17777 546 

NOTE 

60/64 BR4 

300/304 BR4 

100 BR6 

Recommended address and vector assignments for SLU #2 
when used for a TU58 are: 

Address: 17 776500 

Vector: 300 

These are the settings as received from Digital. 
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• PDP-ll/44 Specifications 

Packaging 
A basic PDP:ll/44 consists of a 1O.5-inch box with a 14-slot backplane, 
power supply, CPU, and 1-Mbyte memory. 

Component Parts 
The basic PDP-ll/44 system includes: 

• Standard Equipment 

PDP-ll/44 CPU 
Memory management 
Bootstrap loader 
Line-frequency clock 
Asynchronous console terminal interface 
Second asynchronous serial interface 
8-Kbyte cache memory 
1-Mbyte ECC MOS Memory 
BAll-A box with power supply 

• Prewired Expansion Space for Optional Equipment 

Floating-point processor 
Commercial instruction set processor 
2 SPC slots for peripherals (1 hex, 1 quad) 
3-Mbyte ECC MOS memory (up to 4 Mbytes maximum) 
3 SU open space in CPU box 

Other PDP-ll/44 Specifications 

• ACPower 
Power is 90-128 Vrms, 47-63 Hz, 1 phase power, 19 amp rms maximum 
@ 120 Vac or 180-256 Vrms, 47-63 Hz, 1 phase power, 9.5 amp rms maxi­
mum @ 240 Vac. 

• Size 
Each cabinet is 2604 cm high by 42.2 cm wide by 66.0 cm deep (1OA-inches 
by 16.6-inches by 26.0 inches). 

• Weight 
The PDP-ll/44 CPU box weights 40.5 kg (90lb). 
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• PDP-ll/24 Specifications 

Packaging 
A basic PDP-11/24 consists of either a 5.25-inch or a 10.5-inch box with a 
9-slot backplane, power supply, CPU, 128-Kbyte, 256-Kbyte, or 1-Mbyte 
memory. Prewired areas within the backplane provide for expansion with 
optional equipment. 

Component Parts 
The basic PDP-11/24 system contains: 

• Standard Equipment PDP· 11/24 CPU 

Memory management 

Bootstrap loader 

Line-frequency clock 

Second serial interface 

Terminal interface 

128-Kbyte, 256-Kbyte, or 1-Mbyte ECC MOS Memory 

BAll-lor BAll-A box with power supply 

• Prewired Expansion Space for Optional Equipment Floating-point 

processor 

SPC slots for peripherals, up to 6 hex height and 1 quad height 

768-Kbyte parity MOS memory (up to 1024 Kbytes maximum) 

4 system units of open space in BA11-A Box 

Other PDP-ll/24 Specifications 

• ACPower 
In the 5.25-in box, ac power is 104-127 Vrms, 47-63 Hz, 1 phase power, 
5 amps rms maximum @ 120 Vac. 

In the 10.5-in box, ac power is 90-128 Vrms, 47-63 Hz, 1 phase power, 
9 amps rms maximum @ 240 Vac . 

• Size 
The 5.25-in box cabinet is 13.5 cm high by 48 cm wide by 69 cm deep 
(5.25-in by 19-in by 25-in). 

The 10.5-in box cabinet is 26.3 cm high by 42.4 cm wide by 66 cm deep 
(10.35-in by 16.62-in by 26-in). 
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• PDP.11/44 and PDP· 11/24 Environmental Data 

Operating Environment 

Temperature: 
Humidity: 

Altitude: 

Nopoperating Environment 

Temperature: 
Humidity: 
Altitude: 

5°C to 50°C (41°F to 122°F) 
10% to 95% with max. wet bulb of 
32°C (89.6°F) and minimum dew 
point of 2°C (36°F) 
To 2.4 km (8,000 ft.) noncondensing 

-40°C to 80°C (-14°F to 176°F) 
To 95% noncondensing 
To 9.1 km (30,000 ft.) 
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AAV 11 realtime interface, 9-11 

abnormal arbitration cycles, 
7-25-7-27 

abnormal bus cycles, 7-35-7-36 

aborts 
in kernel stack, 6-14 
in stacks, red, 6-17 

access time, for memory, C-3 

ac power, battery-backup units 
for loss of, 6-20 

ac signals, in UNIBUS, 7-42 

ac specifications 
for PDP-11/84 Systems, 6-41 
for Q-bus, 5-36, 5-37 

ADD instruction, C-5 

address acknowledge signal, 7-6 

addresses 
accessed by buses, 7 -1-7-2 
for bus interrupts, 5-23-5-24 
limitations on, 6-14-6-15 
in PDP-11/24 and PDP-11/44 

Systems, E-40-E-41 
for registers, in PDP-ll/24 and 

PDP-ll/44 Systems, E-15-E-16 
on UNIBUS, 7-8 
UNIBUS maps for, 6-21-6-22 

addressing errors, 6-17 

addressing modes, C-6-C-12 
in MicroPDP-ll/83 Systems, 

2-17-2-19 

address space, in MicroPDP-ll/83 
Systems, 2-12-2-15 

address strobes, 7 -5 

ADE (Application Development 
Environment), 8-20 

ADV11 realtime interface, 9-11 

analog-to-digital (AID) converter 
(ADV11),9-11 

applications, 1-3-1-4 
A-to-Z Integrated System for, 8-21 
information management software 

for, 8-18-8-19 
MicroPower/Pascal development 

toolkit for, 8-6-8-7 
programmer productivity tools for, 

8-19-8-20 

Application Startup Services, 11-9 

arbitration 
abnormal cycles, 7-25-7-27 
distributed, 5-24 
overlapped, 7-4 
partially distributed, 7-2-7-4 
Q-bus signal lines for, 5-2 . 
on UNIBUS, 7-7 
UNIBUS signal lines for, 7-24 
UNIBUS timing of, 7-25 

architecture 
of MicroPDP-11/83 Systems, 

2-11-2-12 
of PDP-ll/24 and PDP-ll/44 

Systems, E-I-E-2 
of PDP-11/84 Systems, 6-2-6-5 

arithmetic exceptions, 2-17 

ASCII (American Standard Code for 
Information Interchange) characters, 
2-23 

assembly language instructions, 
timings for, C-I-C-19 

asynchronous bus operation, 7-4-7-6 

asynchronous interfaces, 
Q-bus options for, 9-8-9-9 

asynchronous links, 
in networks, 10-14-10-16 

A-to-Z Integrated System (software), 
1-5,8-21 

autodecrement-deferred mode (mode 5), 
in MicroPDP-l1/83 Systems, 2-18 

autodecrement mode (mode 4), 
in MicroPDP-11/83 Systems, 2-18 



autoincrement-deferred mode 
(mode 3), in MicroPDP-11/83 
Systems, 2-18 

autoincrement mode (mode 2), 
in MicroPDP-11/83 Systems, 2-18 

AXV11 realtime interface, 9-11 

B 

BA23Aenclosure, for MicroPDP-11/53 
and MicroPDP-11/53 PLUS 
Systems, 4-4 

BA23 enclosure 
backplane assembly on, 2-7 
for MicroPDP-11/73 Systems, 3-4 
for MicroPDP-11/83 Systems, 2-2, 

2-4 

BA123 enclosure 
backplane assembly on, 2-7 
for MicroPDP-11/73 Systems, 3-4 
for MicroPDP-11/83 Systems, 2-2, 

2-4 

backplane assemblies 
for MicroPDP-11/23 Systems, 

D-4-D-6 
for MicroPDP-11/83 Systems, 2-7 
for PDP-11!24 Systems, E-28 
for PDP-11!44 Systems, E-27 
for PDP-11/84 Systems, 6-30 
Q-bus interconnect wiring on, 5-38 
Q-bus pin assignments on, 5-3-5-5 
Q-bus signal lines mounted in, 5-1 

band printers (LP27 and LP25), 9-19 

BASIC (language), 8-14 

BASIC-11 (language), 8-14 

BASIC-PLUS (language), 8-14 

BASIC-PLUS-2 (language), 8-14 

Basic Service agreements, 11-3 

battery-backup units (BBU), for 
PDP-11/84 Systems, 6-20 

BBS7 L signal, 5-7, 5-19-5-21 

BBSY signals, 7-31 

BDAL signal, 5-7, 5-8, 5-11, 5-19, 
5-21 

BDCOK H signal, 5-33, 5-34 

BDIN L signal, 5-7-5-8, 5-20, 5-21, 
5-27,5-29 

BDMGI L signal, 5-16, 5-17 

BDMGO L signal, 5-16 

BDMR L signal, 5-16 

BDOUT L signal, 5-11, 5-13, 
5-22-5-23 

BHALT L signal, 5-33 

BIAKI L signal, 5-27, 5-29 

BIAKO L signal, 5-27-5-29 

BINIT L signal, 5-33, 5-34 

bit-oriented protocols, for 
synchronous communications, 
10-17 

block mode, in data transfers, 5-19 

Blue Chip Program (for OEMs), 11-2 

BOOT ENABL L signal, 7-21, 7-37 

boot ROM, 6-22 

borrowed grants, 7-27 

BPOK H signal, 5-33, 5-34 

BREF L signal, 5-21-5-23, 5-33 

BRPLY L signal, 5-8, 5-11, 5-13, 
5-21-5-23,5-29 

BSACK L signal, 5-17 

BSYNC L signal, 5-6-5-8, 5-11, 
5-13,5-17,5,20,5-22 

buffers 
caches, in PDP-11/84 Systems, 6-23 
instruction, C-2-C-3 

burst mode (multiple bus cycles), 7-36 

BUSAC WLsignal, 7-14, 
7-20-7-23,7-40 

bus arbitration, 5-2 

bus arbitrator, 7-3 

BUS BBSY L signal, 7-31, 7-34 
for multiple bus cycles, 7-36 

BUS CO L signal, 7-31, 7-32 



BUSC1Lsignal,7-31 

bus cycles, 7-4-7-5 
abnormal,7-35-7-36 
DAITO(B),5-13-5-15 
DATI,5-7-5-1O 
DATO(B),5-10-5-13 
multiple (burst mode), 7-36 
on Q-bus, 5-5-5-7 

BUS DC ill L signal, 7-14, 
7-20-7-22,7-40 

bus drivers, 5-36 

buses, 1-2-1-3,7-1 
good citizenship of, 7-44-7 -4 5 
Private Memory Interconnect bus, 

6-17-6-18 
see also Q-bus; UNIBUS 

bus grants, 7-3 

BUS INIT L signal, 7-20-7-23 

bus interconnect wiring, for Q-bus, 
5-38-5-39 

BUS INTR L signal, 7-27, 7-34, 7-35 

bus masters, 7-2 
SSYN timeouts and, 7-35 

bus mastership acquisition phase, 5-16 

bus mastership relinquish phase, 5-17 

BUS MSYN L signal, 7-5, 7-31-7-35 

bus networks, 10-8-10-9 

BUS NPG H signal, 7-27 

BUS NPR L signal, 7-27 

bus receivers, 5-36-5-37 

bus requests (BR7 through BR4), 7-3 

BUS SACK L signal, 7-25, 7-32, 7-34 
DATI timing and, 7-31 
for multiple bus cycles, 7 -36 
no-SACK timeouts and, 7-26 
stolen grants and, 7-27 

bus signals, 5-3-5-5 

BUS SSYN L signal, 7-6, 7-31-7-34 
SSYN timeouts and, 7-35-7-36 

bus termination, 5-37 

bus timeout errors, 6-17 

BWTBT L signal, 5-7, 5-10, 5-11, 5-19, 
5-22 

bytes, 2-23 

c 
C (language), 8-14 

in ULTRIX-11 operating system, 
8-7 

cabinets 
for PDP-11/84 Systems, 6-40 
see also enclosures 

cables 
in Ethernet, 10-9-10-11 
for ThinWire Ethernet, 10-13 

cache control register (CCR), 6-26-27 

cache data register (CDR), E-20-E-24 

cache hit register (CHR), E-26-E-27 

cache maintenance register (CMR), 
E-24-E-26 

caches, C-2 
DMA cache, 6-20-6-21 
in PDP-ll/44 Systems, E-17-E-27 
in PDP-11/84 Systems, 6-3, 

6-22-6-29 

Carrier Sense-Multiple Access with 
Collision Detection (CSMA/CD), 
10-12 

cartridge tape drive (TK50), 9-7 

CCITT (International Consultative 
Committee on Telegraphy and 
Telephony), 10-14 

central processing units (CPUs) 
bus arbitrator in, 7-3 
CPU error register for, 6-12-6-13 
KDJ11-BB,3-1-3-3 
KDJ11-BF,2-3-2-4 
KDJ11-DA and DKJll-DB, 

4-3-4-4 
in MicroPDP-11/23 Systems, 

D-3-D-4 
in PDP-11/24 and PDP-11/44 

Systems, E-3-E-8 



in PDP-11/84 SysteJ:Ils, 6-3, 
6-5-6-17 

traps originating in, 5-24 

character data, 2-23 

character-oriented protocols, 
for synchronous communications, 
10-17 

chassis, for MicroPDP-11/23 Systems, 
D-4-D-6 

clocks 
in bus operations, 7-5 
KW11,9-14 
KWW11 programmable clock 

counter, 9-11-9-12 
line-time, in PDP-11/24 and 

PDP- 11/44 Systems, E-39 
line-time, in PDP-11/84 Systems, 

6-34-6-35 

clock status register (LKS), 6-35 

coaxial cables, in Ethernet, 
10-9-10-11 

COBOL-81 (language), 8-15 

color printer, LCG01, 9-19 

commands, in RT-11 , 8-9 

command set for console ODT 
command languages, B-1-B-6 

communications 
asynchronous, 10-14 
DECnet software for, 10-21 
Internet products for, 10-4, 10-21 
MicroPDP-11/73 Systems features 

for, 3-1 
MicroPDP-11/83 Systems features 

for, 2-1 
modems for, 9-19-9-21 
networks for, 1-4, 10-3-10-4 
Packetnetfor, 10-22 
on Q-bus, 5-1-5-5 
Q-bus options for, 9-8 
in RT-11, 8-9 
software for, 8-20 
on stand-alone systems, 10-2-10-3 
synchronous, 10-16 
UNIBUS options for, 9-13 
see also networks 

communications controllers 
DEQNA, 9-9 
KMV11,9-10 

compatibility 
across PDP-11 family, I-I 
of MicroPDP-11/83 Systems, 2-1 
in RSX -II family of operating 

systems, 8-2 
of software, 1-4-1-5 

computer-based insttuction (CBI), 
11-10 

Computer Services, 11-5-11-6 

Concise Command Language (CCL), 
8-5 

condition codes 
in PDP-11/24 and PDP-11/44 

Systems, E-8 
processor status word fields for, 

6-10 

configurations 
four-level interrupt scheme for, 

5-29-5-31 
of MicroPDP-11/23 Systems, 

D-1-D-2, D-8-D-9 
of MicroPDP-11/53 and MicroPDP-

11/53 PLUS Systems, 4-4-4-5 
of MicroPDP-11/73 Systems, 

3-3-3-4 
of MicroPDP-11/83 Systems, 

2-4-2-7 
of networks, 10-6-10-9 
of PDP-11/84 Systems, 6-40 
ofPDP-11 family, 1-5-1-6 
of Q-bus, 5-39-5-53 
of UNIBUS, design suggestions for, 

7-41-7-45 

console ODT (octal debugging 
technique),6-39-6-40 
command set for, B-1-B-6 

consoles 
on PDP-11/84 Systems, 6-31-40 
PDP-11 family differences in, A-16 

console serial-line unit, 6-31-6-34 



consulting 
Network Consulting Services for, 

11-8 
Professional Services for, 11-7 

context switching, 2-21 

control functions, in Q-bus, 5-33-5-34 

controllers 
RQDX3,9-3 
for UNIBUS, 9-12 

control panels 
for MicroPDP-11/23 Systems, D-6 
for MicroPDP-11/83 Systems, 2-8 

conversion services, 11-8 

COROL-66 (language), 8-15 

cost-effectiveness, 1-1 

courses, 11-9, 11-10 

CPU error register 
in PDP-11/24 Systems, E-11 
in PDP-11/44 Systems, E-9-E-11 
in PDP-11/84 Systems, 6-12-6-13 

CPU registers, in PDP-11/24 and 
PDP-11/44 Systems, E-9-E-16 

cross-talk, in UNIBUS, 7-43 

CSMA/CD (Carrier Sense-Multiple 
Access with Collision Detection), 10-12 

CTS-300 (operating system), 8-8-8-10 

cycles, 7 -4-7 -5 

daisy chaining, 7-3 

data 

D 

carried on buses, 7-1-7-2 
on UNIBUS, 7-8-7-9 

data link layer (DNA), 10-5 

data strobe signal, 7-6 

data transfer bus cycles 
DATI,5-7-5-10 
DATIO(B),5-13-5-15 
DATO(B),5-10-5-13 
on Q-bus, 5-5-5-7 

data transfer phase, 5-17 

data transfers 
asynchronous, 10-14 
direct memory access (DMA), in 

Q-bus, for, 5-16-5-23 
error correction code for, 6-19 
overlapped arbitration and, 7-4 
Private Memory Interconnect bus 

for, 6-17-6-18 
synchronous, 10-16 
on UNIBUS, 7-7 
on UNIBUS, types of, 7-9-7-14 
UNIBUS signal lines for, 

7-27-7-30 

data transmission lines, 5-2 

DATATRIEVE-11,8-18 

data types, 2-22-2-24 

DATBI bus cycle, 5-19-5-21 

DATBO bus cycle, 5-21-5-23 

DATI bus cycle, 5-7-5-10 
on UNIBUS, 7-10-7-11 
UNIBUS timing of, 7-30-7-32 

DATIO(B) bus cycle, 5-13-5-15 

DATIP bus cycle, 7-12-7-13 
UNIBUS timing of, 7-32 

lDATO(B) bus cycle, 5-10-5-13 
in UNIBUS, 7-12 
UNIBUS timing of, 7-33-7-34 

DATO bus cycle, 7-11 
UNIBUS timing of, 7-33-7-34 

dc specifications, 5-36 

dc voltage levels, in UNIBUS, 
7-41-7-42 

debugging, console ODT for 
command set, B-1-B-6 
in PDP-11/84 Systems, 6-39-6-40 

DECcompatible Service, 11-4 

DECgraph-11,8-18 

DECmail-11, 8-18 

DEC mailers, 11-5 

DECmate II, 10-24 

DECmate III, 10-24 



DECnet,1-4 
products and features of, 10-23 
software for, 10-21 

DECservice, 11-3 

DECstart Consulting Services, 11-7 

DELNI Ethernet concentrator, .10-13 

DEQNA synchronous interface, 9-9, 
10-12 

as link between Q-bus and 
Ethernet, 10-9 

DEUNA Ethernet concentrator, 10-13 

device addressing, by Q-bus, 5-7 

DF100 modem enclosure, 9-21 

DF112 modem, 9-19-9-20 

DF124 modem, 9-20-9-21 

D-floating-point data, 2-23 

DHJU11 asynchronous DMA 
multiplexer, 9-13 

DIBOL-83 (language), 8-15 
in CTS-300, 8-10 

Digest (journal), 11-9 

Digital Command Language (DCL) 
in RSTS/E, 8-5 
in RT-11, 8-9 

Digital Network Architecture (DNA), 
1-4, 10-4-10-6 

software for, 8-20 

Digital Servicenters, 11-5 

digital-to-analog (D/ A) converter 
(AAV11),9-11 

.direct addressing, by MicroPDP-11/83 
Systems, 2-13 

direct memory access (DMA), C-4 
DMA cache for, 6-20-6-21 
in PDP-11/84 Systems, 6-3 
in Q-bus, 5-16-5-23 

Disaster Backup Services, 11-6 

disk controllers, for UNIBUS, 9-12 

disk drives 
KDA50 disk controller for, 9-4 
RA60 (removable), 9-6 
RA81,9-6 

RD54, RD53, RD32, and RD31, 
9-5-9-6 

RQDX3 controller for, 9-3 
RX 33, 9-5 
RX50,9-4-9-5 

distributed arbitration, 5-24 

distributed processing systems, 10-1 

DLVJ1 asynchronous interface, 
9-8-9-9 

DMA, see direct memory access 

DMA cache, 6-20-6-21 

DMA guidelines, 5-23 

DMA protocol, 5-16-5-19 

DMP11 synchronous communications 
interfaces, 9-13 

DMR11 synchronous communications 
interfaces, 9-13 

DMV11 synchronous interface, 
9-9-9-10, 10-17 

documentation, 11-12 
or MicroPDP-11/83 Systems, 2-31 
for networks, 10-24 
for options, 9-21 
for software, 8-21 

dot -matrix printers 
LA 1 00 (Letlerprinter 100 and 

Letterwriter 100), 9-17-9-18 
LA120 DECwriter III, 9-17 
LA210,9-16 
LA75 Personal Printer, 9-18 
LPS40 (PrintServer40), 9-18 

double-precision (D-) floating point 
data, 2-23 

double-pumping, 6-18 

DPV11 synchronous interface, 9-10 

DR11 digital interface, 9-13 

DRS 11 I/O device, 9-13 

DRU11 DMA interface, 9-14 

DRVll-JP realtime interface, 9-10 

DRV11-WA realtime interface, 9-11 

DSM-11 (Digital Standard MUMPS; 
operating system), 8-11-8-12 



DSS11 I/O device, 9-13 

dual-backplane configurations, 
5-40-5-41 

DUP11 synchronous communications 
interfaces, 9-13 

DVH11 asynchronous interface, 9-8 

DZQ11 asynchronous interface, 9-8 

E 

Educational Services, 11-9-11-10 
training centers of, 11-10-11-11 

Electrical Industries Association (ElA), 
10-14 

electrically bidirectional signal lines, 
7-38-7-39 

electrically unidirectional signal lines, 
7-39-7-40 

electrical specifications 
for PDP-11/24 Systems, E-42 
for PDP-11/44 Systems, E-41 
for PDP-11/84 Systems, 6-41 
for Q-bus, 5-35-5-37 
Q-bus interconnect wiring, 

5-38-5-39 
for UNIBUS, 7-37-7-41 

electronic-message system 
(DECmail-11),8-18 

EMT (emulator trap) instruction, 
C-5-C-6 

enclosures, 1-5-1-6 
DF100 modem enclosure, 9-21 
for MicroPDP-11/53 and 

MicroPDP-11/53 PLUS 
Systems, 1-7, 4-4 

for MicroPDP-11/73 Systems, 
1-8, 3-4 

for MicroPDP-11/83 Systems, 1-8, 
2-2,2-4,2-5 

for PDP-11/84 Systems, 1-9,6-40 

end communications layer (DNA), 10-5 

Enhanced Application Network 
Services, 11-6 

error correction code (ECC), in PDP-
11/84 Systems, 6-19-6-20 

errors 
hardware, 6-17 
old addressing errors, E-12 
in parity, bus detection of, 7-6 
PDP-II family differences in 

handling of, A-14-A-15 
timeout errors, E-13 
see also interrupts; traps 

Ethernet, 1-4, 10-9-10-13 
DEQNA for, 9-9 
Systems Network Architecture 

(SNA) gateways for, 10-21 

exceptions, in MicroPDP-11/83 
Systems, 2-17, 2-19-2-21 

exception vectors, 2-20 

F 

Facility Management Services, 11-6 

fans, for MicroPDP-11/83 Systems, 2-9 

fast termination of signal lines, 7-14 

F-floating-point data, 2-23 

Field Services, 11-1 
OEM Portfolio, 11-1-11-2 
offsi te services, 11-4-11-5 
onsite services, 11-3-11-4 

file transfers, 10-24 

fixed-disk drives 
RA81,9-6 
RD54, RD53, RD32, and RD31, 

9-5-9-6 
RQDX3 controller for, 9-3 

flexible-disk drives 
RQDX3 controller for, 9-3 
RX33,9-5 
RX50, 9-4-9-5 

floating-point data, 2-23 

floating point instructions, C-13-C-14 
for MicroPDP-11/83 and 
PDP-11/84 Systems, C-14-C-19 



floating-point processors 
FPJ11, floating point instructions 

for, C-14-C-19 
in PDP-11/24 and PDP-11/44 

Systems, E-27 
in PDP-11/84 Systems, 6-6 

floppy disks, see flexible-disk drives 

FMS-11 (Forms Management System), 
8-19 

FORTRAN (language), 8-15-8-16 

FORTRAN-77 (language), 8-15 

FORTRAN-IV (language), 8-16 

FP11-A floating-point processor, E-27 

FPJ11 floating-point co-processor, 
instructions for, C-14-C-19 

frames, in synchronous 
communications, 10-16 

G 

general purpose registers 
in PDP-11/24 and PDP-11/44 

Systems, E-5 
in PDP-11/84 Systems, 6-6-6-7 
PDP-11 family differences in, A-13 

grant refusal cycle, 7-26 

graphics, DECgraph-11 for, 8-18 

grounds, 5-38-5-39 

H 

H2978-A backplane, D-4-D-5 

H7864 power supply, D-5-D-6 

H9642 cabinet (Micro System Cabinet), 
2-2,2-4 

HALT GRANT L signal, 7-37 

halting, BHALT H signal for, 5-33 

HALT instruction, 6-8 

HALT REQ L signal, 7-37 

handshaking signals, 7 -5 

hardware 
console terminal, in PDP-11/84 

Systems, to set-up, 6-36-6-38 
errors from, 6-17 
for Ethernet, 10-9 
offsite service for, 11-4-11-5 
onsite service for, 11-3-11-4 
speed of, C-1-C-4 
see also options 

Hardware/Software Evaluation 
Service, 11-6 

high -level languages, see languages 
(programming) 

high-speed signal lines, in UNIBUS 
electrically bidirectional, 

7-38-7-39 
electrically unidirectional, 

7-39-7-40 

hit/miss register, 6-29 

I 

IBM Corp., Systems Network 
Architecture (SNA) gateways for 
communications with computers by, 
10-21 

IEC 11 interface, 9-14 

IEEE interfaces, 9-14 

IEU 11 interfaces, 9-14 

impedance, in UNIBUS, 7-42 

INC (increment) instruction, C-4 

Incremental Computer Resources, 11-6 

INDENT (program), 8-19 

index-deferred mode (mode 7), in 
MicroPDP-11/83 Systems, 2-19 

index mode (mode 6), in MicroPDP-
11/83 Systems, 2-18 

indirect (deferred) addressing, by 
MicroPDP-11/83 Systems, 2-13 



information management software, 
8-18-8-19 

initialization 
BINIT L signal for, 5-33 
Q-bus signal lines for, 5-2 
on UNIBUS, 7-7 
UNIBUS signal lines for, 7-20 

inkjet printer (LCG01 color printer), 
9-19 

instruction buffer, C-2-C-3 

instruction register (IR), 6-11 

instruction sets 
data types for, 2-22-2-24 
executed only in kernel mode, 6-14 
for MicroPDP-11/23 Systems, D-2 
for MicroPDP-11/53 and 

MicroPDP-11/53 PLUS Systems, 
4-1 

for MicroPDP-11/83 Systems, 
2-24-2-31 

for PDP-11/84 Systems, 6-3 
PDP-11 family differences in, 

A-2-A-6 
privileged, 6-8 
timings for, C-1-C-19 

instruction traps, 6-10 

integer data, 2-23 

integrated software, 1-5 
A-to-Z Integrated System, 8-21 

interconnect wiring, for Q-bus, 
5-38-5-39 

interfaces 
Q-bus, asynchronous, 9-8-9-9 
Q-bus, realtime, 9-10-9-12 
Q-bus, synchronous, 9-9-9-10 
Q-bus interconnect wiring for, 5-38 
UNIBUS, realtime, 9-13-9-14 

International Consultative Committee 
on Telegraphy and Telephony 
(CCITT),1O-14 

International Standards Organization 
(ISO), 10-4 

Internet communications, 10-4, 10-21 

interrupt acknowledge and priority 
arbitration phase, 5-27-5-29 

interrupt-fielding processors (lFPs), 
7-7,7-14 

interrupted by master, 7-34-7-35 

interrupt request phase, 5-25-5-27 

interrupts 
in MicroPDP-11/53 and MicroPDP-

11/53 PLUS Systems, 4-2 
in MicroPDP-11/83 Systems, 2-16, 

2-19-2-21 
PDP-11 family differences in, 

A-9-A-10 
program interrupt requests, 

E-14-E-15 
on Q-bus, 5-23-5-32 
service priorities for, 6-15-6-16 
software, 6-10-6-11 

interrupt vectors, 2-20 

interrupt vector transfer phase, 5-29 

intrabackplane wiring, 5-38 

I/O distribution panel, for 
MicroPDP-11/83 Systems, 2-8 

I/O page, 6-14 
not cached, 6-23 
UNIBUS maps of, 6-21 

J 
]-11 chipset, 1-2 

console serial-line unit and, 6-31 
memory management unit in, 6-18 
in MicroPDP-11/53 and 

MicroPDP-11/53 PLUS Systems, 
1-7,4-1,4-3 

in MicroPDP-11/73 Systems, 1-8, 
3-3 

in MicroPDP-11/83 Systems, 1-8 
in PDP-11/84 Systems, 1-9,6-1, 

6-3,6-5 
pipeline processing on, 6-11-6-12 
stack limit protection for kernel 

stack by, 6-13-6-14 



K 

KDA50 disk controller, 9-4 

KDJ11-BB CPU module, 3-1-3-3 

KDJ11-BF CPU module, 2-2-2-4 

KDJ11-DA CPU module, 4-1, 4-3-4-4 

KDJ11-DB CPU module, 4-1, 4-3-4-4 

KED/KEX keypad editor, 8-9 

kernel mode, 2-22, 6-5 
protection for, 6-14-6-15 

kernel stack, 6-6 
red stack aborts in, 6-17 
stack limit protection for, 

6-13-6-14 

KFD11-B CPU module, D-3-D-4 

KMCR (memory configuration 
register),6-22 

KMV11 synchronous interface, 9-10 

KWV11 realtime interface, 9-11-9-12 

KWW 11 programmable clock counter, 
9-11-9-12 

L 

LA75 Personal Printer, 9-18 

LA100 (Letterprinter 100; Letterwriter 
100),9-17-9-18 

LA120 DECwriter III printer, 9-17 

LA210 Letterprinter, 9-16 

languages (programming), 8-17 
BASIC, 8-14 
COBOL-81,8-15 
console ODT command languages, 

command set for, B-1-B-6 
CORAL-66,8-15 
DIBOL-83, 8-15 
FORTRAN,8-15-8-16 
MUMPS, 8-16 
PDP-PascaljRSX, 8-16 

laser printer, LN03, 9-18 

LCG01 Color Printer, 9-19 

letter-quality printers 
LN03 Laser Printer, 9-18 
LQP03,9-17 

line clock status register, E-39 

line-time clocks 
in PDP-11/24 and PDP-ll/44 

Systems, E-39 
in PDP-11/84 Systems, 6-34-6-35 

links, in networks, 10-6 
asynchronous, 10-14-10-16 
Ethernet and Thin Wire Ethernet, 

10-9-10-13 
synchronous, 10-16-10-20 

LKS (clock status register), 6-35 

LN03 Laser Printer, 9-18 

local area networks (LAN s) 
DEQNA for, 9-9 
Ethernet for, 10-9-10-13 

LP25 System Printer, 9-19 

LP27 System Printer, 9-19 

LPS40 (PrintServer40), 9-18 

LQP03 Letter-quality printer, 9-17 

LTC signal, 7-37 

M 

maintenance 
a EM Portfolio services for, 

11-1-11-2 
offsite, 11-4-11-5 
onsite, 11-3-11-4 

Management Services, 11-8 

Mass Storage Control Protocol 
(MSCP), 2-7,3-4 

mass storage systems 
MicroPDP-ll/23 Systems options 

for, D-7-D-8 
in MicroPDP-ll/53 and 

MicroPDP-11/53 PLUS 
Systems, 4-5 

in MicroPDP-11/73 Systems, 3-4 



in MicroPDP-ll/73 Systems, 3-4 
in MicroPDP-ll/83 Systems, 2-7 
Q-bus options for, 9-5-9-7 
UNIBUS options for, 9-12-9-13 

master/slave relationships, 5-1-5-3 
DMA protocol in, 5-16-5-17 
in UNIBUS, 7-2, 7-5-7-6 

MASTER SYNC signal, 7-5 

MCVll-DC memory option, 9-1 

memory 
address limitations on, 6-14-6-15 
caches, C-2 
caches, in PDP-l1/44 Systems, 

E-17-E-27 
caches, in PDP-ll/84 Systems, 

6-22-6-29 
direct memory access, C-4 
direct memory access, in Q-bus, 

for, 5-16-5-23 
effective access time for, C-3 
in MicroPDP-11/23 Systems, D-6 
in MicroPDP-11/53 and MicroPDP-

11/53 PLUS Systems, 1-7,4-1 
in MicroPDP-11/73 Systems, 1-8, 

3-3 
in MicroPDP-ll/83 Systems, 

2-12-2-15 
in PDP-ll/24 and PDP-ll/44 

Systems, E-16-E-17 
in PDP-ll/84 Systems, 6-18-6-29 
PDP-ll family differences in, 

A-7-A-8 
Q-bus options for, 9-1-9-3 
UNIBUS options for, 9-12 
see also mass storage systems; 

storage 

memory configuration register 
(KMCR), 6-22 

memory management 
in MicroPDP-ll/83 Systems, 

2-14-2-15 
in PDP-ll/24 and PDP-ll/44 

Systems, E-17 
in PDP-ll/84 Systems, 6-18-6-19 

PDP-II family differences in, 
A-7-A-8 

processor status word fields for, 6-8 

memory management unit (MMU), in 
PDP-ll/84 Systems, 6-18-6-19 

memory mapping, in PDP-ll/84 
Systems, 6-19 

memory protection, by MicroPDP-
11/83 Systems, 2-15 

memory system error register (MSER), 
6-27-6-29 

MENU-11 (program), 8-20 

microcycle rates, C-l 

MicroPDP-ll/23 Systems 
board configuration for, D-8-D-9 
central processor in, D-3-D-4 
compared with other members of 

PDP-11 family, 1-10-1-12 
features of, D-I-D-3 
memory subsystems for, D-6 
performance options for, D-7 
specifications for, D-7 - D-8 
storage options for, D-7 - D-8 
system chassis and backplane for, 

D-4-D-6 
system upgrades from, D-lO 

MicroPDP-ll/53 PLUS Systems, 
4-1-4-2 

configurations of, 4-4-4-5 
features of, 4-2-4-4, 4-2-4-4 

MicroPDP-11/53 Systems, 1-7-1-8, 
4-1-4-2 

compared with other members of 
PDP-ll family, 1-10-1-12 

configurations of, 4-4-4-5 

MicroPDP-ll/73 Systems, 1-8-1-9, 
3-1 

communications by, 3-3-3-4 
compared with other members of 

PDP-11 family, 1-10-1-12 
features of, 3-1-3-3 
MicroPDP-11/23 System upgrade 

to, D-I0 



MicroPDP-11/83 Systems, 2-1 
addressing modes in, 2-17-2-19 
address space and memory in, 

2-12-2-15 
compared with other members of 

PDP-11 family, 1-10-1-12 
configurations of, 2-4-2-7 
exceptions and interrupts on, 

2-19-2-21 
features of, 2-1-2-4 
floating point instructions for, 

C-14-C-19 
instruction set for, 2-24-2-31 
MicroPDP-11/23 System upgrade 

to, D-10 
operating modes on, 2-21-2-24 
registers and stacks in, 2-15-2-17 
specifications for, 2-7-2-11 

MicroPDP-11 family 
architecture of, 2-11-2-12 
Micro/RSTS operating system for, 

8-5-8-6 
Micro/RSX operating system for, 

8-1,8-3 
processor operating modes in, 

2-21-2-22 

MicroPower/Pascal development 
toolkit, 8-6-8-7 

Micro/RSTS (operating system), 
8-5-8-6 

Micro/RSX operating system, 8-1, 8-3 
A-to-Z Integrated System for, 8-21 

MicroSystem Cabinet (H9642), 2-2, 
2-4 

MicroVAX II systems, upgrades from 
MicroPDP-11/23 Systems to, D-lO 

Migration Services, 11-8 

miscellaneous signal lines, 5-2 

modem eliminators, 10-17 

modems, 9-19-9-21 
for synchronous communications, 
10-17 

monitors (in operating systems), in 
RT-11,8-9 

MOV (move) instruction, C-5 

MSV11-DV memory option, 9-1 

MSV11-]B/JD memory option, 9-12 

MSV11-JC/JE memory option, 9-12 

MSV11-J PMI memory module, 2-2, 2-4 

MSV11-M memory option, 9-2 

MSV11-P memory option, 9-2 

MSV11-Q memory module, 3-3, 4-4 

MSV11-Q memory option, 9-2 

MSV11-SA memory option, 9-3 

multidrop (multipoint) networks, 10-7 

multiple bus cycles (burst mode), 7-36 

multiplexed buses, 7-1-7-2 

multiplexers 
for Q-bus, 9-8-9-9 
for UNIBUS, 9-13 

multiprogramming 
processor operating modes for, 2-21 
RSX -11 family of operating systems 

for, 8-1 

multi tasking systems 
MicroPDP-11/73 Systems as, 3-2 
MicroPDP-11/83 Systems as, 2-3 
RSX-11 family of operating systems 

for, 8-2 

multiuser systems 
DSM-11 (Digital Standard 
MUMPS; operating system) for, 

8-11 
MicroPDP-11/73 Systems as, 3-1, 

3-2 
MicroPDP-11/83 Systems as, 2-1 
RSTS/E operating system for, 8-5 
RSX-11 family of operating systems 

for, 8-1, 8-2 
RSX-11M-PLUS operating system 

for, 8-3 
stand-alone systems as, 10-2 

MUMPS (language), 8-11, 8-16 

MUMPS (operating system), DSM-11 
(Digital Standard MUMPS), 
8-11-8-12 



N 

network application layer (DNA), 10-5 

Network Consulting Services, 11-8 

network management layer (DNA), 10-6 

Network Management Services, 
11-8-11-9 

Network Planning and Design Service, 
11-8 

networks, 1-4, 10-1, 10-3-10-4 
asynchronous links for, 

10.-14-10-16 
A-to-Z Integrated Systems used 

with, 1-5 
configurations of, 10-6-10-9 
DECmail-11 used in, 8-18 
DEQNA for, 9-9 
Digital Network Architecture for, 

10-4-10-6 
Digital personal computers in, 

10-24 
documentation for, 10-24 
Ethernet and ThinWire Ethernet 

links for, 10-9-10-13 
LN03 Laser Printer for, 9-18 
LPS40 (PrintServer40) for, 9-18 
Network Management Services for, 

11-8-11-9 
software for, 10-20-10-23 
synchronous links for, 

10-16-10-20 
see also communications 

nodes, 10-6 
asynchronous links for, 10-14 
configurations of, 10-7-10-9 
in Ethernet, 10-12, 10-13 

nonmultiplexed buses, 7-1-7-2 

non-processor grants (NPGs), 7-3 

nonprocessor requests (NPRs), 
7-2-7-3 

no-SACK timeouts, 7-26 

o 
ODT (octal debugging technique) 

command set for, B-1-B-6 
console, in PDP-11/84 Systems, 

6-39-6-40 

OEM Portfolio services, 11-1-11-2 

Office Application Support Services, 
11-7,11-8 

offsite services, 11-4-11-5 

old addressing errors, E-12 

onsite services, 11-3-11-4 

operating modes, 2-21-2-22 

operating systems, 1-4,8-13 
comparisons among, 1-13-1-15 
DSM-11 (Digital Standard 

MUMPS), 8-11-8-12 
kernel of, protection for, 

6-14-6-15 
for MicroPDP-11/23 Systems, 

D-2-D-3 
RSTS family of, 8-4-8-6 
RSX-11 family of, 8-1-8-4 
RT-11 and CTS-300, 8-8-8-10 
ULTRIX-11,8-7-8-8 

operation code (opcode), 2-24 

options, 1-6 
documentation for, 9-21 
for MicroPDP-11/23 Systems, 

performance, D-7 
for MicroPDP-11/23 Systems, 

storage, D-7-D-8 
modems, 9-19-9-21 
PDP-11/84 Systems expansion 

space for, 6-41 
printer and printing terminals, 

9-16-9-19 
Q-bus asynchronous interfaces, 

9-8-9-9 
Q-bus communications, 9-8 
Q-bus memory, 9-1-9-3 



Q-bus realtime interfaces, 
9-10-9-12 

Q-bus storage, 9-3-9-7 
Q-bus synchronous interfaces, 

9-9-9-10 
UNIBUS communications, 9-13 
UNIBUS memory, 9-12 
UNIBUS realtime interfaces, 

9-13-9-14 
UNIBUS storage, 9-12-9-13 
videoterminals,9-14-9·16 

overflows, 6-10 

overlapped arbitration, 7-4 

p 

packaging, 1-5-1-6 
of PDP-11/84 Systems, 6-40 

packed-decimal string data, 2-24 

Packetnet System Interface (PSI), 
10-22 

packet-switched networks (Packetnet), 
10-22 

pages (memory), 6-14-6-15 
UNIBUS maps of, 6-21 

parity bits, 6-19 
detection of errors in, 7-6 

partially distributed arbitration, 
7-2-7-4 

Partnership Program (for OEMs), 11-2 

Pascal (language) 
MicroPower/Pascal development 

toolkit for, 8-6-8-7 
PDP-11 Pascal/RSX, 8-16 

passive release cycles, 7-26 

PC absolute mode, in MicroPDP-11/83 
Systems, 2-19 

PC immediate mode, in MicroPDP-
11/83 Systems, 2-19 

PCL11 communications link, 9-13 

PC relative-deferred mode, in 
MicroPDP-11/83 Systems, 2-19 

PC relative mode, in MicroPDP-11/83 
Systems, 2-19 

PDP-11/24 Systems, E-1 
address and vector assignments for, 

E-40-E-41 
architecture of, E-2 
backplane configuration of, E-28 
central processor in, E-4-E-8 
compared with other members of 

PDP-11 family, 1-10-1-12 
CPU registers in, E-11-E-16 
line clock in, E-39 
memory system in, E-16-E-17 
serial line unit registers in, 

E-29-E-38 
specifications for, E-42-E-43 

PDP-11/44 Systems 
address and vector assignments in, 

E-40 
architecture of, E-1-E-2 
backplane for, E-27 
cache memory in, E-17-E-27 
central processor in, E-3, E-5-E-8 
compared with other members of 

PDP-11 family, 1-10-1-12 
CPU registers in, E-9-E-16 
environmental data for, E-43 
floating-point processor in, E-27 
line clock in, E-39 
memory system in, E-16-E-17 
serial line unit registers in, 

E-29-E-38 
specifications for, E-41-E-42 

PDP-ll/84 Systems, 1-9, 6-1 
architecture of, 6-2-6-5 
backplane for, 6-30 
central processor for, 6-5-6-17 
compared with other members of 

PDP-11 family, 1-10-':1-12 
console for, 6-35-6-40 
console functions in, 6-31-6-34 
floating point instructions for, 

C-14-C-19 
hardware features of, 6-1-6-2 
line-time clock for, 6-34-6-35 
memory system for, 6-18-6-29 



for traps, in PDP-ll/24 and 
PDP-11/44 Systems, E-13-E-14 

for traps and interrupts, 6-15-6-16 

Private Memory Interconnect (PMI) 
bus 

in MicroPDP-ll/83 Systems, 2-2 
in PDP-11/84 Systems, 6-17-6-18 
UNIBUS adapter module connected 

to, 6-20 
UNIBUS maps and, 6-21 

privileged instructions, 6-8 

process control, RSX-11S operating 
system for, 8-4 

processor memory management mode 
fields (in PSW), 6-8 

processor operating modes 
in MicroPDP-11 Systems, 

2-21-2-22 
in PDP-11/24 and PDP-ll/44 

Systems, E-6-E-7 
in PDP-ll/84 Systems, 6-5 
stacks for, 6-6 

processor priority field (in PSW), 6-9 

processors 
effective memory access time for, 

C-3 
interrupt-fielding processors 

(IFPs),7-7 
KFD11-B, D-3-D-4 
microcycle rates in, C-1 
priority levels in, 2-21 
in stand-alone systems, 10-2 
traps originating in, 5-24 
see also central processing units 

processor stack pointer (SP), 6-6 

processor status word (PSW) 
in MicroPDP-ll/83 Systems, 

2-16-2-17 
in PDP-ll/24 and PDP-11/44 

Systems, E-6-E-8 
in PDP-11/84 Systems, 6-7-6-10 
PDP-II family differences in, 

A-11-A-12 
preserved during traps, 6-16 

processor traps, E-12 

Professional 300 series of personal 
computers, 10-24 

Professional Services, 11-6-11-8 

program counter (PC; R7) 
in MicroPDP-11/83 Systems, 2-16 
in PDP-ll/84 Systems, 6-6 
preserved during traps, 6-16 

program interrupt request register 
(PIRQ),6-1O-6-11 

program interrupt requests (PIRs), 
E-14-E-15 

programmer productivity tools, 
8-19-8-20 

programming 
languages for, 8-14-8-17 
productivity tools for, 8-19-8-20 

program mode functions, in PDP-ll/84 
console, 6-38 

programs, MicroPower/Pascal 
development toolkit for, 8-6-8-7 

Project Resource Services, 11-6 

Project Services, 11-9 

protocols 
Digital Network Architecture, 10-4 
for Packetnet, 10-22 
for synchronous communications, 

10-17 

Q 

Q-bus (Q22 bus), 1-3,5-1 
asynchronous interfaces for, 

9-8-9-9 
communications on, 5-1-5-5 
communications options for, 9-8 
configurations of, 5-39-5-53 
control functions on, 5-33-5-34 
data transfer cycles on, 5-5-5-15 
direct memory access on, 

5-16-5-23 
electrical characteristics of, 

5-35-5-37 
Ethernet link with, 10-9 



interconnect wiring on, 5-38-5-39 
interrupts on, 5-23-5-32 
memory options for, 9-1-9-3 
in MicroPDP-11/53 and MicroPDP-

11/53 PLUS Systems, 1-8,4-2 
in MicroPDP-ll/73 Systems, 3-1 
in MicroPDP-11/83 Systems, 1-8, 

2-7 
as multiplexed bus, 7-1 
realtime interfaces for, 9-10-9-12 
storage options for, 9-3-9-7 
synchronous interfaces for, 

9-9-9-10 

R 

RA60 removable disk drive, 9-6, 9-12 

RA81 fixed-disk drive, 9-6, 9-12 

Rainbow 100 series of personal 
computers, 10-24 

RD31 fixed-disk drive, 9-6 

RD32 fixed-disk drive, 9-5 

RD53 fixed-disk drive, 9-5 

RD54 fixed-disk drive, 9-5 

read-only memory (ROM) 
boot ROM, 6-22 
for setup, in PDP-11/84 Systems, 

6-36 

read operations, in UNIBUS, 7-9 

read word data transfers, 7-10-7-11 
with write intent, 7-12-7-13 

realtime applications 
RSX-11 family of operating systems 

for, 8-1 
stand-alone systems for, 10-2 

realtime interfaces 
Q-bus options for, 9-10-9-12 
UNIBUS options for, 9-13-9-14 

receiver control/status register 
(SLU 2 RCSR), E-35 

receiver control status register 
(TERM RCSR), E-30 

receiver data buffer (RBUF), 
6-32-6-33 

receiver data buffer (TERM RBUF), 
E-31-E-32 

receiver data buffer (SLU 2 RBUF), 
E-36-E-37 

receiver status register (RCSR), 
6-31-6-32 

red stack aborts, 6-17 

register-deferred mode (mode 1), in 
MicroPDP-ll/83 Systems, 2-18 

register mode (mode 0), in MicroPDP-
11/83 Systems, 2-18 

registers 
for cache memory, in PDP-ll/44 

Systems, E-20-E-27 
for cache memory, in PDP-ll/84 

Systems, 6-25-6-29 
clock status register, 6-35 
in console serial-line unit, 

6-31-6-34 
CPU, in PDP-ll/24 and PDP-ll/44 

Systems, E-9-E-16 
CPU error register, 6-12-6-13 
general purpose, in PDP-11/24 and 

PDP-ll/44 Systems, E-5 
general purpose, in PDP-ll/84 

Systems, 6-6-6-7 
general purpose, PDP-II family 

differences in, A-13 
line clock status register, E-39 
memory configuration register, 6-22 
in MicroPDP-11/83 Systems, 

2-15-2-17 
in PDP-ll/84 Systems, 6-5 
for pipeline processing, 6-11 
processor interrupt request register, 

6-10-6-11 
processor status word, 6-7-6-10 
serial line unit, E-29-E-38 

register selection field (in PSW), 6-9 

removable disk drive (RA60), 9-6 

Resident and Advisory Services, 11-9 

ring networks, 10-7 -1 0-8 



RMS (Record Management System), 
8-19 

routing layer (DNA), 10-5 

RQDX3 controller, 9-3 

RQDX controller module, 9-4 

RSTS/E (operating system), 8-5 

RSTS family of operating systems, 
8-4~8-5 

Micro/RSTS, 8-5~8-6 
RSTS/E,8-5 

RSX -11 family of operating systems, 
8-1~8-2 

Micro/RSX,8-3 
PDP-11 Pascal/RSX for, 8-16 
RSX-11M,8-4 
RSX-11M-PLUS,8-3 
RSX-11S,8-4 

RSX-IIM (operating system), 8-4 

RSX-11M-PLUS (operating system), 
8-3 

RSX-11S (operating system), 8-4 

RT-11 (operating system), 8-8-8-10 

runtime applications, stand-alone 
systems for, 10-2 

RX33 flexible-disk drive, 9-5 

RX50 flexible-disk drive, 9-4~9-5, 
9-12 

s 
second serial line unit registers (SLU 2), 

E-34-E-38 

self -paced instruction (SPI), 11-10 

serial line unit registers, E-29~E-38 

serial ports, PDP-II family differences 
in, A-16 

Service Bureau, 11-6 

serVIces 
documentation, 11-12 
Educational Services, 11-9~ 11-11 
Field Service, 11-1-11-5 

Software Services, 11-5-11-9 

session control layer (DNA), 10-5 

setup mode functions, in PDP-11/84 
Systems, 6-36~6-38 

Shared Maintenance Service, 11-4 

shutdown 
on UNIBUS, 7-7 
UNIBUS signal lines for, 7-20 

signal lines 
in Q-bus, 5-1, 5-2 
in UNIBUS, 7-14-7-37 

single-backplane configurations, 
5-39~5-40 

single-precision (F-) floating point data, 
2-23 

slave devices, 5-1, 5-2, 7-2 
bus timeout errors from, 6-17 
write operations by, 7-9 

SLAVE SYNC signal, 7-6 

slow termination of signal lines, 7-14 

SLU 2 RBUF (receiver data buffer), 
E-36~E-37 

SLU 2 RCSR (receiver control/status 
register), E-35 

SLU 2 XBUF (transmitter data buffer), 
E-38 

SLU 2 XCSR (transmitter control/ 
status register), E-37~E-38 

software 
ADE (Application Development 

Environment), 8-20 
A-to-Z Integrated System, 8-21 
BASIC (language), 8-14 
BDP-11 Pascal/RSX (language), 

8-16 
C (language), 8-14 
COBOL-81 (language), 8-15 
communications, 8-20 
compatibility of, 1-4~1-5 
CORAL-66 (language), 8-15 
DATATRIEVE-ll,8-18 
DECgraph-11,8-18 
DECmail-11,8-18 



DIBOL-83 (language), 8-15 
documentation for, 8-21 
DSM-11 (Digital Standard 
MUMPS) operating system, 

8-11-8-12 
FMS-11 (Forms Management 

System), 8-19 
FORTRAN (language), 8-15-8-16 
INDENT,8-19 
interrupts from, 6-10-6-11 
languages, 8-17 
MENU-ll,8-20 
MicroPower/Pascal development 

toolkit, 8-6-8-7 
MUMPS (language), 8-16 
for networks, 10-20-10-22 
operating systems, 8-13 
RMS (Record Management System), 

8-19 
RSTS family of operating systems, 

8-4-8-6 
RSX-11 family of operating 

systems, 8-1-8-4 
RT-11 and CTS-300 operating 

systems, 8-8-8-10 
services for, 11-5-11-9 
ULTRIX-11 operating system, 

8-7-8-8 

Software Services, 11-5 
Computer Services, 11-5-11-6 
Network Management Services, 

11-8-11-9 
Professional Services, 11-6-11-8 

specifications 
for MicroPDP-ll/23 Systems, D-8 
for MicroPDP-11/83 Systems, 

2-7-2-11 
for PDP-ll/24 Systems, 

E-42-E-43 
for POP-l1/44 Systems, 

E-41-E-42 
for POP-ll/84 Systems, 6-40-6-42 
for Q-bus, electrical, 5-35-5-37 
for UNIBUS, electrical, 7-37-7-41 

speed of hardware, C-I-C-4 

SSYN timeouts, 7-35-7:36 

stacks 
limit protection for, 6-13-6-14 
in MicroPOP-ll/83 Systems, 

2-15-2-17 
overflows of, 6-10 
in POP-ll/24 and POP-11/44 

Systems, E-8 
in POP-ll/84 Systems, 6-5 
processor stack pointer for, 6-6 
red aborts in, 6-17 

stand-alone systems, 10-1-10-3 

Standard ~isk Interconnect (SOl), 9-4 

star networks, 10-7 

steal grants, 7-27 

stolen grant cycles, 7-26-7-27 

storage 
MicroPOP-ll/23 Systems options 

for, 0-7-0-8 
Q-bus options for, 9-3-9-7 
UNIBUS options for, 9-12-9-13 
see also mass storage systems 

streaming tape drive (TSV05), 9-7 

supervisor mode, 2-22, 6-5 

supervisor stack, 6-6 
software protection for, 6-13 

synchronous bus operation, 7-4-7 -5 

synchronous interfaces, Q-bus options 
for, 9-9-9-10 

synchronous links, in networks, 
10-16-10-20 

syndrome (parity) bits, 6-19 

system chassis, for MicroPOP-ll/23 
Systems, 0-4-0-6 

system-control block (SCB), Q-bus 
interrupts in, 5-23 

system options, see options 

system printers (LP27 and LP25), 9-19 

Systems Network Architecture (SNA), 
10-21 



T 

tape drives 
TSV05,9-7 
TU81-Plus, 9-13 

T bit (trace trap field; in PSW), 
in PDP-11/24 and PDP-11/44 

Systems, E-8 
in PDP-11/84 Systems, 6-9-6-10 

terminal emulation, 10-24 

terminals 
console, for PDP-11/84 Systems, 

6-35-6-40 
FMS-11 (Forms Management 

System) for displays on, 8-19 
printing, 9-16-9-19 
video, 9-14-9-16 

terminal serial line unit control 
registers (SLU 1), E-30-E-34 

termination of signal lines, 7-14 

TERM RBUF (receiver data buffer), 
E-31-E-32 

TERM RCSR (receiver control status 
register), E-30 

ThinWire Ethernet, 1-4, 10-13 

timeout errors, E-13 

timesharing, RSTS/E operating system 
for, 8-5 

timing 
for assembly language instructions, 

C-1-C-19 
of DATI bus cycles, 7-30-7-32 
of DATIP bus cycles, 7-32 
of DATO/DATO bus cycles, 

7-33-7-34 
powerdown, UNIBUS signals for, 

7-22 
powerup, UNIBUS signals for, 

7-20-7-21 
in UNIBUS, design suggestions for, 

7-43-7-44 

TK50 cartridge tape drive, 9-7, 9-13 

trace faults, 2-17 

trace trap field (T bit; in PSW) 
in PDP-11/24 and PDP-11/44 

Systems, E-8 
in PDP-11/84 Systems, 6-9-6-10 

training 
Educational Services for, 

11-9-11-10 
training centers for, 11-10-11-11 

transceiver cables, in Ethernet, 10-9, 
10-10 

transmitter control/status register 
(SLU 2 XCSR), E-37-E-38 

transmitter control status register 
(TERM XCSR), E-32-E-33 

transmitter data buffer (SLU 2 XBUF), 
E-38 

transmitter data buffer (TERM XBUF), 
E-34 

transmitter data buffer register 
{XBUF),6-34 

transmitter status register (XCSR), 
6-33-6-34 

traps 
CPU error register for, 6-12-6-13 
handling of, in PDP-11/24 and 

PDP-ll/44 Systems, E-13-E-14 
in MicroPDP-ll/83 Systems, 2-16 
in processor status word, 6-9-6-10 
on Q-bus, 5-24 
service priorities for, 6-15-6-16 
stack, yellow, 6-13 

TSU05 tape drive, 9-13 

TSV05 streaming tape drive, 9-7 

TU81-Plus tape drives, 9-13 

u 

UART (Universal Asynchronous 
Receiver/Transmitter), E-29 

ULTRIX-11 (operating system), 
8-7-8-8 

C (language) for, 8-14 



unconstrained networks, 10-9 

UNIBUS, 1-3, 7-1-7-4 
asynchronous operation of, 

7-4-7-6 
block diagram of, 7 -6-7-8 
communications options for, 9-13 
data and address organization of, 

7-8-7-9 
design suggestions for, 7-41-7-45 
electrical characteristics of, 

7-37-7-41 
in Ethernet, 10-13 
memory options for, 9-12 
in PDP-11/24 Systems, E-1 
in PDP-11/44 Systems, E-2 
in PDP-11/84 Systems, 1-9,6-1, 6-5 
Private Memory Interconnect bus 

and,6-17 
realtime interfaces for, 9-13-9-14 
signal lines in, 7-14-7-37 
storage options for, 9-12-9-13 
type of data transfers on, 7-9-7-14 

UNIBUS adapter module (UBA) 
in PDP-ll/84 Systems, 6-3, 

6-20-6-22 
private memory interconnect and, 

6-18 

UNIBUS maps 
in PDP-ll/24 and PDP-ll/44 

Systems, E-17 
in PDP-l1/84 Systems, 6-21-6-22 

UNIX (operating system) 
C (language) for, 8-14 
ULTRIX-ll version of, 8-7-8-8 

upgrades, from MicroPDP-ll/23 
Systems, D-I0 

user layer (DNA), 10-6 

user mode, 2-22, 6-5 

user stack, 6-6 
software protection for, 6-13 

utilities 
in CTS-300, 8-10 
in RT-11 , 8-9 

v 
VAX systems 

in networks with PDP-ll family, 
1-3 

PDP-II family compatibility with, 
1-1 

vector assignments, in PDP-ll/24 and 
PDP-11/44 Systems, E-40-E-41 

video terminals, 9-14-9-16 

virtual-address space, in MicroPDP-
11/83 Systems, 2-14 

virtual program counter (VPC), 6-11 

voltage levels, in UNIBUS, 7-41-7-42 

VT200 video terminal series, 
9-15-9-16 

VT220videoterminal,9-15 

VT240 videoterminal, 9-15 

VT241 video terminal, 9-16 

VT300 video terminal series, 
9-14-9-15 

w 
waitlines, 7-5 

Winchester disk drives 
RA81,9-6 
RD54, RD53, RD32, and RD31, 

9-5-9-6 
see also fixed-disk drives 

wiring 
Q-bus interconnect, 5-38-5-39 
see also electrical specifications 

words, 2-23 

WPS-PLUS/RSX (document processing 
software), 8-2 

write byte data transfers, 7-12 

write operations, in UNIBUS, 7-9 

write-through cache systems, 6-23 



write vector data transfers, 7-14 

write word data transfers, 7-11 
read word with write iritent, 
7-12-7-13 

x 
XBUF (transmitter data buffer 

register), 6-34 

XCSR (transmitter status register), 
6-33-6-34 

y 

yellow stack traps, 6-13 

z 
zoned-numeric sting data, 2-24 





PDP-ll Systems Handbook 

Your comments and suggestions will help us in our continuous effort to 
improve the quality and usefulness of our handbooks. 

What is your general reaction to this handbook? (format, accuracy, complete­
ness, organization, etc.) 

What features are most useful? _________________ _ 

Does the publication satisfy your needs? _____________ _ 

What errors have you found? _________________ _ 

Additional comments ____________________ _ 

Name 

Title 

Company Dept. 

Address 

City State Zip 

{stapk here) 



(staple here) 

(please fold here) 

II 

BUSINESS REPLY MAIL 
FIRST CLASS PERMIT NO. 33 MAYNARD, MASS. 

POSTAGE WILL BE PAID BY ADDRESSEE 

Digital Equipment Corporation 
Corporate Communications Group 
CFO 1-2/M92 
200 Baker Avenue 
West Concord, MA 01742 

No Postage 

Necessary if 

Mailed in the 

United States 




