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|. Intreduction

115IM is a program that simulates a Digital Equipment
Corporation PDP-11 computer |Ref 1|. This simulator is
designed to run on the Artificial Intelligence Laboratory PODP-
10 |Ref 3| system under the |TS moniter |Ref L|. A DDT=1ike
|Ref 5| command facility is included which makes available
functions equivalent to those provided by the PODP-11 console,
the normal range of DODT facilities, and the use of several
gpecial debugging features bullt into the simulator,

The PDP=11 processor simulator and its input=ocutput
device simulation routines were written by the author of this
memo. The DDT command language was designed and implemented
by Richard #, Stallman,

1151 is avallable under ITS as a system program of

name PDFLll.
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Il. Proucessor Simulation

The PUP=-11/20 processor is simulated by 115IM under
ITS |Ref 4| with an increase in execution time of about a
factor of 30. The actual simulated versus real speed ratio
varied from 25. to 37, for the PDP-11/20 processor maintenance
programs. Things that would tend to increase this ratio (i.e.
slow down simulation) include activation of "direct to memor y"
input=output devices that operate in parallel with the
processor on a PDP-11 and freguent program reference to such
things as the program counter as a register other than as an
addressing index (i.e., BIC 57,={(3)), non-existant memory
locations, or the other special reglster locations.

1151M keeps track of simulated time to one tenth of a
mi crosecond based on the nominal timing of the PDP-11/20.
belays caused by the EAE (Extended Arithmetic Unilt KEll-A) are
not simulated. For information on the timing treatment of
other peripherals see the AppendiXx.

As a convience, some PDP-11/45 |Ref 2| features are
also simulated but can be disabled by detaching the "1L5"
device |5ec VII11]. With these PODP-11/45 features off, the
only known imperfection in the PDP~11/20 processor simulation
is that instructions that specify a register as a source and
then rmodify the register in the calculation of the destination
address will fetch the unmodified register as data, Thus MOV

©3,(3)+ does not store the incremented register 3 as on a
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real PDP-11, This Is because it is convenient for the
sirmulator to fetch the source data before calculating the
destination address, Digital Eguipment Corporation has said
it will not guarentee the compatability of this tvpe of

instruction on future models of the PDP=11 |Ref 1].
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I11. Command Level and Interrupt Commands

1151M has a DDT-11ke command level [Ref 5| which the
user is initially typing at. Whenever command level is
entered, after the first time, it prints out the location and
gsymbolic representation of the next instruction to be executed
if the simulator were proceeded, (This location Is not "open"
however |Sec V|.) When first started, 113IM prints out its
version number (this should be included in the report of any
bug) and initializes the POP=-11 configuration |Sec VIII|. If
the user has no disk file named .PODPL1 (INIT), zeroed PDP=11
core is attached to BK from zero as with an attach command,
causing a print out, Command level is then entered with zero
as the 1ﬂ:atiun.uf the next instruction for the simulator to
execute, The resulting iniftial print out is as follows:

11s5IM.nnn
CORE = B.K

If the user does have @ disk file named ,FPODPLL (INIT),
no core s iniitially attached by the simulator. Instead,
"IMIT" is typed out and after command level is first entered,
the user's file will be executed as with a :XFILE |5ec X|.

The user's INIT file should attach the desired amount of core,

Conmand level is entered if the user guits (see |G
below this section) or the simulator halts due to a HALT
instrugtion, a buss error during a trap, or some reason
related to the debugging features of the simulator. Command

level types out an exclamation point as a prompt character at
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the beginning of each new line of input te 1t, Single
character rub out is allowed between activation characters.
Simulated time does not pass in command mode.

The followlng characters have effect at the interrupt
level regardless of whether the simulator or command level is
active. They are Invisible to simulated programs and [gnored
by command level {(but see [{Q). Some help in getting back to
command level rapidly while most control the destination of
normal "eonsole" or simulated teletype output,

4. |E (Begin) Turns on output to line printer (but see
sWALLP |Sec X|). If not avallable, output will be buffered on
the disk for later printing by ITS.

BE. |E (End) Turns off ocutput to line printer.

. |G (bell) This is the "gquit" character.

.1 If typed while at command level it causes
an Immediate error and return to the main command loop. )

C.2 If typed while simulating, it sets up a
transfer to command level te occur at the end of the current
instruction or simulated input-output cycle. It is possible
that due to a bug in the simulator the current Instruction or
i=0 eyele will not end soon. (This is very much more likely
for a complex newly introduced 1=0 device than for a basic
POP=11 instruction.) In this case more |G's may be typed with
the following effects:

C.2.a |GIG This has the same effect as [{la
and will allow the user to immediately see if he has guit or
not desplte much buffered type out.

C.2.b |GIGIG This causes command level to be
entered immediately, prebably from within an 1=0 cycle.
Proceding the simulation will return to whatever was happening
while a ;G 15eec V11| will start simulation at the beginning of
an instruction.

D. 10 (Quote) This character causes the immediately
following character to be treated as an ordinary letter at
interrupt level and also at the main program level of command
tevel. A |Q will be invisible to a program being simulated
but the following character will always be visible,. It is
useful for inputing any of the special characters listed In
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this section.

E. |15 (iilence) This character deletes all typeout
until the time it is Invisibly read at the main program level.

F. I¥ (Moice) Turns on typeout, Typeout is also
switched on by some serious errors,

G. | (Misper) Turns off typeout, except for most
error messages which bypass this switch,
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|¥. Expressions In 11ZIM QDT

gxpressions in 115IM DOT are composed of syllables and
operators, Syllables are composed as follows:

cdigitrrio= 0 1] 2] 31 4| 5] 6| 7] B] @

cletter>s:= Al Bl C + + &+ X Y1 ZI 1 %] %

{octal-number>::= <{digit>| <{digit<octal-number?

{decimal =number>;:i= <digitr.| <digitri{decimal -number}?

{ASClI=valuer::= "{any=characer>|] "{any=-
character*<any-character?;

{symbolrise {lettery] <letterr<octal =numbery]|
¢symbol»<symbol?

{syllabler::= <octal=number>| <decimal-=-numbery |
CASCII=value?| <symbol>

In the above, <any=character? means either any ASCII
character not mentioned in section 11l and not rub=-out, or a
|g followed by any mentioned in section 11l or rub-out. Rub-
out is used to implement a character at a time input backup
feature.

The value of a syllable (assuming no undefined
symbols) is a 16. bit number and 2 flag that says if it 1s a
register number. A reglster value can come only from a
register tyvpe symbol, The only inftial register symbols are
20, %1, + . « %6, £7. An expression is register valued If and
only if it contains a term which 1z a register valued
syllable.

E:p;essluns are composed of syllables and :arfain
operators, with the indlcated precedence, as follows:

cterm>»:i® {syllable>] <{valuel

cexprlsti=s <term>| =<{term>| +<{term:

cexprixir= Cexprl:| <exprlr«~<exprl:| <exprl>l<exprl>
Cexpriric= Cexprir| <Jexprid+fexprid| <exprii=Jexpriz
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¢expressionr::= {exprdr]| <{exprirbdexpr3l|
Lenpri>Texprid| Jexprixflexpri’

In the above "!"™ signifies division, "&" means loglical
and, '"™" (back slash) means inclusive=-or, and "#" means
exclusive=ar,

Since the POP=11 has multi-word instructions, the
command level DDT can handle multi-word values, These may be
composed by an op-code or with angle-brakets as shown below:

Lexpr=sequencer::= <expression?| <expressiony,<expr=
seduence?

{valuer::= {expression?| <op-code-with-cperands>|
" expr=sequence>” >

For an expr-sequence at the top level, each expression
Is assembled as a successive word, In an embedded expr-
sequence, only the first expression 1s used, Surrounding
recister value expressions with angle brakets strips off their
registerness,

Op=-codes may variously have zZero, one, or two operands
and the operands may be of various sorts. The usual PDP=11
conventions are followed |Hef 1] except for the set and clear
flag instructions where 5FL or CFL followed by & space, an
atsign, and the appropriate flag letters s used (i,e, SFL EC
for SEC or CFL g2 for CLZI). Inm genral, expressions of the
right registerness may be used in ocperands,

The following are some special symbols whose values

are automatically set.
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SPATR
PATCH
EPHMODE
&TMODE
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Current location [Ref L],

Location actually wpen |[Sec V|,

Set at entry to simulated program counter.
Address of last or current instruction,

Has value of last quantity typed in or out.
Address of last breakpoint taken |[Sec 1X].
Starting address for ;G with no argument,
Humber of bytes attached {(first non-existant

Last explicit destination address typed in or
Sometimes set to address of last jump or trap

Length of last quantity tvped in or out,.
Last explicit source address typed in or out,
Last subexpression Iin a multiword expression,

Address used by ;X |Sec VII].

Location after Instruction patched |Sec VII].
Patch space pointer |Sec VII],

Permanent type out mode |[Sec V.

Temporary type out mode |5ec V|,

symbols are also defined for various device registers

{including the processor "device"). They are listed in the

Appendix.
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V. Examining and Depositing

In examining and modifying locations, 115IM command
level follows the same general conventions as DDT |Ref 5].

"M when preceeded by an expression types out the
corresponding location in the current mode (see below this
sectlon for mode commands), This command changes the values
of the symbols %, and ".,", |f given no argument, the value of
= is used and only %. is changed. Open sgquare braket is the
same as "/" in all respects except that type out is in numeric
mode .

The "=" command retypes %0 or Its argument, I1f
supplied, in numeric form. Close square braket is the same as
"' axcept that-it types out In current mode.

The left arrow {(or underbar) command recpens %. in the
current mode,

Carriage return closes the currently open location and
deposits its argument, 1f any, there. Horizontal=-tabk, line-
feed, and up=-arrow {(or circumflex) do the same but then type
out the address of and open a new location. For horizontal-
tab, this is the iocation addressed by the previously open
location. For line feed, this is .+1 If a byte is open or
.*L, if a word is open, where L Is the length of %0 in bytes.
For up=-arrow, it is .-1 if a byte is open and .-2 if a word Is
Qpen.,

There are three sets of type out modes, The one-shot



11514 Reference Manual Fage 11

set are refered to during printing and are reset from the
temporary set at the end of every non-type-out-mode command,
The temproary set are modified te the permanent whenever the
simulator types out a prompting "!", This happens when DDT 1is
entered and after a carriage return, a colon command, and some
other commands. Each set of type out modes is a group of bits
that can be cleared (with a minus sign immediately before the
mode character) or turned on for either just the one-shot set
{one alt-mode), or both the one-shot and temporary sets (two
alt-modes), or all three {three alt-modes). For example, §-
D$5%H will set numeric mode for all sets but clear decimal
mode in the one shot set., The following is a complete list of
mode characters:

B Bvte mode.

D Decimal mode, when printing numerically, use base
10, (normal i1s §).

1 Instruction mode, when opening a locatien, print
as an instruction.

M Numeric mode, overrides symbolic and ASCI| modes.

K bon't print register values symbolicly.

5 symbolic mode,

! Men-printing mode, when opening a location, don't
print its contents, overrides all others,

" ASCI1I mode, overrides symbolic,

' Both ASCII and byte modes,

These different modes are relevant at different points
in type out, Decimal mode only has effect when it has been
decided to putput a number., When a location Is opened, "IV
mode is check first, |f it is off, then "I" mode is checked

to see if Instruction print out should be used. If "™ is off

then ASCI] and "N" mode are successively tested. (In
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gxamining an odd location or a register or when hyte mode is
on, Instruction mode Is supressed,) When a quantity Is
output, the same thing happens except the "!" and "1" modes
are not examined, WWhen a quantity Is printed symbolicly, it
is normally printed as the nearest symbol less than the
quantity plus the difference printed numerically. Special
things happen for register quantities, These are printed as a
symbal enly if the symbol matches exactly, "R" and "N" mode
are off, and "5" mode is on. If printed numericly a § is
printed in front enly If the context (in an instruction) does
not make it clear that the number s a register.

Numeriec and ASCII mode do not affect the output of
addresses printed by DOT because it 1s about to open them
fil.e., those generated by line-feed, breakpoints, ete.)l.
Expressions tyvped before a mode setting command are treated as

iIf typed afterward.
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vi. Zeroing, Loading and Oumping

Although the simulated core and disk dumping and
luading commands load and dump zeros, there exist separate
commands Lo zero or set to any other value all or part of core
and to zero the simulated disk. The commands are as follows:

3L Zero all core words (except top LK of memory).

exp;i set all core words (except top LK) to exp
where exp Is a one word expression,

{expl,exp2»;I ZIero all core words from expl through
exp. {expl,expl,expld’;I Set all core words form expl
through expl to expl.

: LERDF  Zeros simulated disk,

Dump files in L15IM can contain many di fferent kinds
of data. In the list below, the term "core" Includes zeroes
and breakpoint infnrmatrnn |Sec 1X|] but not normally anything
in the top Lk of memory, Dump commands write in a format
known about by the load commands (farther below, this section)
but not acceptable to any normal POF-11 loader.

A1l dump commands but ;CDMP may be followed by a file
speci fication which consists of symbols separated by space,
colon, or semicolon (these characters may be included in a
symbol by preceeding them with [U) and ending with a carriage
FELUFM. Symbols terminated by a colon or semicolon speclfy
the device and system name respectively, Symbols terminated
by @ space or carriage return are treated as, succesively, the

first and second file names, the device, and the system name.

FParts of the file specification not given are supplied from
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the last load or dump command except for the svstem name which
is takepn from the last file command of any sort. The initial
file name is 14 EIN,

sDMPCOR  Dump all core {includes breakpoint
information |%ec 1X|J) and information as toe the amount of core
attached.

{expl,expl»:0OMPCOR  Dump core from expl through expl.

tOMP3SYM  Dump symbol table,

sDMPTPY  Dump the trap and PC change action codes |Sec
x5«

s OMPDF Dump the sinulated disk contents [(may also
happen when detaching DF, see Appendix).

sDMP Dump core, information on amount of core
attached, symbols, and TPV, but not disk,

sUDMP Open permanent dump file. A1l following
grdinary dump commands, wntil a :COMP, dump Tnto the permanent
file.

s CDMP Close permanent dump file (see :0DMP),

;Y Same as :DMP,

A1l 1151M load commands, listed below, may be followed
by file specifications of the same format as for dump commands
{see above, this section). |f core |5 loaded from a file that
was dumped with information on the amount of core attached at
dump time, more core will be attached by the load command, if
necessary, s0 as to make the avilable core at least as large
as that at dump time, |If core is attached in this way, a
"COHE =" print out will occur, |If disk InFurmat]un-is loaded
.and the disk is not attached, it will be attached and &

message printed, Load commands know about absolute loader
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format as well as those formats used by the above dump
commands ,

;L Zero all of core, flush all user symbols,
zero cumulative virtual time, then load all items in file
(Same as ;£ ;1 :FL3YMS :LOAD),

: LOAD Load all ltems in file (simulated disk may
also be loaded by attaching it, see Appendix).

;LOUDCOR Load only core from file. Ignore symbols,
TPV, and disk information.

tLODFTR Same as :LOAD but uses E-bit mode for loading
from the paper tape reader.,
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VIil. Executlion
This section lists commands that cause or are direct

related to actual simulation of PDP=-11 instructions. In the

ly

case of those commands that cause indefinitly long simulation,

control can be returned to command level with a |G [Sec 111

control will automaticly revert to command level if a HALT is

executed, a buss error occurs during a buss error trap, or a
debugging stop is reached |5ec 1X].

;G Start indefinite simulation at location %GO0.

renpl Execute exp instruction starting at %GO.

exp;l Start indefinite simulation at location exp.

expl;exp2G Execute expl instructions stating at
location expl.

N Proceed simulation for one instruction, then
return to command level,
exp:N Proceed simulation for exp instructions,

return to command level at end if nothing has caused an
earlier return to command level,

;%X insn {(terminate by carriage return) Executes the
instruction insn by storing it at Tocation ZC3X (Initlally

1777720). |If insn causes a transfer, simulation will continue

until control returns., &7 is always restored on return,

Y Same as ;X insn but executes the instruction

currently at $C5X.

egxp:; X insn Same as ;X insn except that exp 15 put
%1 before executing the instruction and %1 is restored on
return.

exp: X ame a5 exp;X insn except [t uses the
instruction currently at §$CSX,

gxp:S%C5X This command allows the user to move the
location used by :X commands to location exp, exp+i, and
gxp*l, |f moved into attached memory below the top LK, the
“CSh location will be properly dumped and locaded |Zec VI|.

sl This Is a reinitialization command that
simulates a HESET instruction, zeros the cumulative virtual
time and zeros the processor status register,

in
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tEUSS The simulator remembers various information
about the last up to three buss errors, This information,
which Includes the simulated time of the error, is printed
along with the current time by {BUSS. This information is
reset by anything which zeros the cumulative simulated time.

:FAT exp This command can be given only when a
location is open |5ec V|, It glives the location special
properties and stores exp, which must be a aone word guantity,
in it, Attempts to read or write the locaction by a simulated
program will be treated as stopping breakpoints |S%ec 1X].
Fetching the location as an Instruction will cause a transfer
to exp., Examining the location at command level will type out
": PAT" before exp. Depositing with DDT will erase the special
features, The :PAT command also sets the symbol LFATR to the
location of the next instruction {(the location line feed would
have opened). The properties of :FPAT locations are correctly
dumped and loaded |Sec VWI|.

I~ This command can be given only when a location
is open and the symbol PATCH has been defined to point to an
even non-register location. It has the effects of :PAT PATCH.

|1 This command is normally used to return to an
instruction sequence that was was patched with |T7. It has the
same effect as :PAT LPATR except that if given an argument it
first stores it and then patches after it and it alseo
redefines the symbol PATCH instead of %PATR to point just
after the patch it stores,
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Vill. Configuration Control
The configuration of the simulated POP-11 |s

controlled by the A and ;0 commands which attach and detach

devices, These commands may be preceded by an optional
pnumeric argument and are followed by & device name, If no
device name is given, either command will type a list of legal

device names, For some devices, 5n cptional file name can
follow the device name. The exact effect and conventions in
attaching and detaching all devices are listed in the Appendix
except for the CORE "device", which Is explained below.

Simulated PDP-11 core is allocated in units of 1024,
words, ﬁjving a numeriec argument to an attach or detach
command on the CURE device will attach or detach that number
of 1024, word units. The maximum that may be attached is 2B,
units. After any attach or detach command on the core device
the total amount of core then attached is printed out,

There alse exists the exp:CORE command that tries to
set the number of attached blocks of core to the value of the
expression exp. It then prints the amount of core attached,

g5 it does if glven no argument.
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|, Lebugging Aids

The two basic bebugging features are the breakpoint
feature, described Immediately below, and the trap message
feature described further below, this section. They have been
designed to allow the user to enter command level at a polnt
in the simulated program likely to be that at which 1t is
Eoing astray.

The breakpoint feature 5 implemented by associating a
5ix bit gunatity with each simulated PDP-11 word, Any
reference to memory by a simulated program or direct to memory
input-output device can actlivate a breakpoint if the
appruprTnFe bits are on in the guantity associated with the
word It is refafencing. These bits are as follows:

1 Ereak on processor instruction fetches.
2 Break on processor write references.

'] BEreak on processor read references except
instruction feteches,

10 Upon breaking, 1f this bit is clear, enter
command level, else continue simulation.

20 Ereak on direct to memory device write.

| Break on direct to memory device read.

When a break occurs, & message is typed showing, in
all cases, the old contents of the location reference to which
caused the break. Head (not instruction fetch) or write
breaks additionally print the instruction most recently
gxecuted by the simulated PDF=11, If the 10 Bit 1s off and
command level is entered, the next instruction iz, of course,

printed.

The break message will also contain the code R, W, or
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| as the break was caused by a read, write, or instruction
fetch., KW will appear if the referencing instruction was
performing a read-pause-wrlite cycle. For direct to memory
references, the codes DIS R and DI5 W for the display, D5k R
and D5K W for the disk, and DM R, DM RW, and DM W for the
teletype multiplexer will appear.

The ecommands to insert and remove breakpoints are :B,
:F, ;R, W, and ;U, These commands can take two expressions
as arguments, one just before and one just after the ":", |f
no first argument is given, the command will affect alil
locations where breakpoints can be set. |f a single word
value fir;t argument is given, the command will affect only
the location with that address. |f a multi-word value first
argument is given, the lecations from the first sub-value
through the second sub-value will be affected.

With no second argument, just after the ";", ;B will
put in a break of type 7 (print message and enter command
level on any processor reference) while ;U will remove a
breakpoint by making it type 0 (never break). ;F, :R, and :W
insert breakpoints of type 1, L, and 2 repsectively to trap
Just instruction fetches, Just other reads, or just write
references,” This is, in fact, the only difference between
these commands as, with a second argument, all use the bottom
5ix bits of the second argument as the break type to set.

The trap message feature allows the user to be
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notified and, if he desires, to enter command level on any
POP=-11 trap or transfer of control., There is an array with an
entry for each even word address from 0 thru 374, These are
the type of locations used for "trap vectors" in the PDP=-11,
Each entry in this array contains one of the following trap

action codes:

] Do nothing (continue simulation),

1 Set SJPC from %0PC and continue,

2 Print message and continue.

3 Print message and enter command level.

The ;T command is used for setting these codes, It

can be given the location it s desired to influence traps
through as a first argument (just before the ":"). |If this
argument is omitted, traps through all locations will be
affected. A second argument (just after the ";") may be
supplied which is the trap action code to be set, If this
argument is omitted, 0 is assumed.

Since the PDP-11 does not trap through location 0,
this slot in the tEap action array is free and i5 used to
allow any of the above trap actions on all transfer of control

instructions, The inital trap vector state is 0;1T.
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k. Miscellaneous

A. Symbols

At any particular time, there is symbol table in the

simulator used by the command level 0DT |Ref L], 1t contains
gh=codes, special symbols, and user defined syvmbols., The user
defined symbols are usually initialized by a load command and
are saved by some dump commands |Zec VI|., The follewing .
commands are uvseful in manipulating user symbols:

tLSYMS  Lists all user symbols and some special
symbols with their value,

:FLSYMS Flushes all user symbols.

exprsym Defines sym with value exp (should be a one
word quantity).

exprsym|k Defines sym with the value exp but does not
allow it to be used in symbolic typeout (half-kills the
symbol ).

|[ksym  Complements half killed status of sym.
E. Time
A cumulative simulated run time is kept by the
simulator, Simulated rum time does not pass in command Tevel,

tTIME Prints cumulative simulated runm time. This is
also printed by the ;BUSS command |Sec VII].

tLTIME Zeros the cumulative simulated run time, This
is also done by ;1 [Sec VII| and ;L |Sec VI].

C. Other

:DEBUG This command complemnents a switch and prints
out UM or OFF depending on the switch's new state. This
switch Is Inltially off. When on it enables the print out of
the simulation program's program counter at certain critical
points,



115IM Reference Manual Fage 23

+LEOMS  This command lists all ":" commands |Sec XI|.

sWALLP This conmand has he effect of |E but takes an
optional file specification which controls future output Lo
the "line printer”. This file is also used by future |E's.
|E terminates "conscle" outpul started by a :WALLP,

:XFILE This command takes a file specification like
that used for dump and load commands |Sec VI|. 1t treats the

file as text commands to be executed by the simulator command
level,
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1. Index to Commands

|B Section
|E Lection
|G Lection
|1 {tak) section
|JETIne=-feed) Section
| & Section
| L

Fage 24

V.
Ke

Clear screen.,

[Mi{carriage-return) Terminates file specifications and

(control backslash)

Section VII.

(control close braket) Section VII.

some commands Section VI, Section V.,
| H Same as ;M, Section VII.
| P Same as ;P, Section VII.
| Section 111.
|V Section 111,
| W Section 111,
| £ Reference 3.
|-q
|
5

(alt=-mode)

the next following non-alt-mode character.
ordered by character.

Tist ASCII
i Section
50, 5%1, 3%%!] Section
" Section

58", $%%" Section

Section

Section

Section

Section

Section

Section

Section

section

section

this

5",

', 5%, 558

N e T

the following symbol,
by svmhﬂl.

Starts a class of commands

Starts a class of commands
See commands

indicated by
See commands in

Iy,
Ul
Y,
vi
|1ri-
v,
¥,
|¥.
V.
1V,
|v.
[ W,
V.
indicated by

in this list ASCI| ordered

Starts a class of commands indicated by

Lhe ful]ﬂang character. 5See
aordered by character,

LSection
= Section
> Section
A Section
5B, SSB, 5%%B Section
+ b Section
tBUSS Section
s COMP Section
t CORE Section

commands in this list A5CIHI]
v,

il||ll-

1V, Section X.

Vitl.

V.

| X.

Vil

Vi,

VIill.
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0, 5%D, 5530 Section V.
H Section V1|1,
tUDEBUG Section X.
# URIP section V1.
s DMPCOR cection V1.
s OMPDF Section VI,
s OMPSYM Section VI.
s DMPTRV Section VI,
;F Section 1X.

tFLEYMS Section X.
;G Section YI1.
2l, 2%01, %551 Section V

:L section ¥,
: LOAD Sectlian VI,
s LODCOR section VI,
tLUDPTR zection VI,
t LSYHMS section X.
SN, S5H, 3%8N Section V,
Hi| zection VII.
: ODOMP section VI,
iP Section VII.
: PAT Sectlion ¥I1.
HL Section [X,
3R, 33R, $%5R Section V.
£5, $%5, $3%%5 Section V.
a5 C5X Section VII.
;T section X,
s TIME section X.
H Section [X.
H Section X,
sWALLP Section X,
HE Section VII.
+XFILE Section X.
H Section VI,
L Section VI.
s ZERDF Section VI,
tZTIME Sectlon X,

| topen braket) Section V.
“(back slash) Section IV.
| {close braket) Section V.
|[{lup arrow) Section ¥,
sectian V,

Fage 25
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N  Hot Simulated. These bits are not simulated,
For a register, this means that the lecation will be non-
existant., For a bit or field, the bits are always read as
zero and writting them has no effect.

The symbolic name of each register appears in all
capltal letters after the above code after the octal address
of the register. This name, with a § prefixed, is a defined
symbol in 115IM's DDT whose value is the address of the
register. A general deseription of the register is given
after its symbole name and a descrition of each used bit or
field in the register is given below the main register line.
A1l bit numbers are decimal and the notation nim means bits n
through m inclusive of bits n and m.

Unless otherwise stated, all the register locations
associated with a device will be non-existant when the device

is not attached and attaching a device already attached is

identical toe detaching it and then attaching it.



L151M Reference Manual == Appendix Fage 27

Appendix of Device Registers

This appendix 11sts all device registers (pseudo-
memory locations with magic properties) simulated by 11501M,
They appear In erder of increasing address and are grouped by
"device".

Each lettered section represents a device whose
symbolic name or names, if any, appear in all capital letters
after the section letter, Such names are the legal device
names to use with the ;A attach and ;0 detach commands [Sec
Vill|. After the section heading line, a 1ist of interrupt
vectors and priorities, if any, for that device appear. Then
there is an explanation of the details of the device's
simulation, attachment, and detachment, In all cases except
the Knight display, It 15 assumed that the user is familiar
with the device's normal operation from manufacturer
literature, For the Knight display {(section &) a fuller
explanation is given.

Finally, each section has a 1ist of register locations
and bits in each register, Just after the register's octal
address and just after each subfield or bit will appear one of
the following codes:

RO Eead Only, This register or field is unaffected
by writting into it, The data in 1t can only be read.

R/ EBead Hrite. These blts can be read or written
by the user's program,

WO Hrite Only. This register or fleld 1s always
read as zero but has some effect on being written into.
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L. NGDIS, The Knight Display
Z270=interrupt vector LEpriority
The Knight display controller allows up to eight
consoles to be attached to a POP-11, In the simulator, this
device is not initially attached. When aottached, it uses the
DEC 340 display to simulate three consoles {(number 0, 1, and
2} in three guadrants of lts screen. The fourth, lower right
hand guandrant displays various simulator information
including the contents of the processor general registers.
Each word fetched for a particular display console as
a display command is decoded as follows:
Lit 15 1%
0 0 Ho-op, rest ignored,
0 1 Increment command, 13:1ll=direction, 10:f=count,
TiU=bits,
1 0 Push]. l3:0=destination word address.

bit 13 12 11

1 1 0 0 0 lO=reset X, 9=reset Y. B=stop. 7=pop.
b "F“ﬂp_j '

1 1 0 0 1 1lO=intensify. D:0=delta Y.

1 1 0 1 0 1lo0=intensify. 9:0=delta X.

1 1 0 1 1 1lo=intensify. 9;0=delta X and Y.

1 1 1 - - Ho=op, rest ignored.

The reset X and reset Y functions set the appropriate
coordinate registers to zero, The point (0,0) is at the
center of the screen and the upper right guadrant is +X, +Y.
Each coordinate register is eight bits,

In increment mode, the count field (In which zero
implies eight) is the number of bits starting from bit 7 down
that are used as follows:

dir bit X ¥ dir BIt X ¥
0 0 0 =1 L ] o =1
0 1 +1 +1 L 1 =1 . =1
1 0 +1 1] a 0 =1 0
1 1 +1 +1 5 1 -1 =1
2 0 +1 ] & 0 =1 ]
Z 1 +1l =1 B 1 =1 +1
3 0 n =1 7 0 0 =+1
3 1 +1 =1 ¥ 1 =1 =+1

The direction can be considered to be one of the eight
compass points clockwise numbered with zero north, These
points are then rotated clockwise 22 and a half degrees, Then
a zero bit means the nearest of M, E, 5, or W and a one bit
- means the nearest of NE, SE, 5W, or WW. A polnt is displaved
at the end of each Increment,

In the delta X and Y commands, bit @ and E have no
effeet currently but are reserved for future expansion of the
coordinate registers. Bits 7 through 0 are 2's complement
added to the appropriate coordinate reglister(s), A point is
displaved at the new coordinates if the Intensify bit Is on.
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The lower 14, bits of a push] type display command are
shifted left one to give the (unrelocated) byte address that
is transfered to. A simple transfer is accomplished by
pushjing to a pop command. The stack pointer (unrelocated)
used by the display processor for each console is found In
lacation 16. plus twice the console number.

lbLOLU K/H  MNGCSR, Control and status register
s 7 EfU Hun bits for sach consocle (0 for console 0),
Setting bit starts console and sets console PC (unrelocated)
te the console number times two as a byte address. Clearing
bit aborts output on console, Eit cleared by controller when
console hits o stop command.
8 K/¥W  Interrupt enable. Allows interrupt on run
bit going to zero for any console,
9:11 Hu Humber of last conscle to get a non-existant
MeEMQry error.

12 R/W HXM interrupt enable., |If set, bit 15 on will
interrupt and suspend all displaying even though some of bits
0:7 remain on,

13: 14 E/v Relocation extension bits. See HGREL.

15 KE/¥W  Hon=existant memory error. Can be set for

checking purposes,

164042 H/¥l  HGREL, Relocation pointer,

1:15 Hi/¥W Helocation for display addresses, extended by
MGCS5K bits 13:14, A1l lecations in memory fetched from or
stored into by the Enight display have their address relocated
by the addition of the relocation pointer,
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l0=jnterrupt vector
This device is not

take any file name after

Prograrmable Clock

E=priority
initially attached, It does not

it in an attach command but a non-

zero prefix numeric argument will be taken as the "line
freguency" for rate 2 operation. This is Initially 60. The
cumulative simulated time 15 used to drive the PE device so
its actions correspond to simulated real time,

1725GL0 HiH

PRCSR, Control and Status Register
Bun, allows clock to run, cleared by

Rate select as follows:

1l 2 rate

0 0 100,000 Hz

01 10,000

Hz

1 0 Line freguency,
1l 1 External,

{ B e
underflow in Mode 0.
1:2 RS

3 RA¥

clearing bit 0,
underflow,

) AT
counts up.

Mode, If zero underflow stops clock by
if one clock continues counting after

When zero,

clock counts down, if one, clock

Setting this bit causes clock to count by

Interrupt
Turned on
Turmed on

cleared by clearing bit 7.

g Fiwl -
one.
3] RSw
7 K/w
15 RO
172542 WO
b:15 WU
172544 RO
e 15 RO

enable, allows bit 7 to Interrupt,
by underflow.
by underflow with blt 7 set,

PKC5B, Counter Set Buffer
sets counter, cleared by underflow In mode 0,
used to restore counter on underflow in mode 1.

FRC, Counter
Current state of counter,
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Cc. bLC, LCR, DCT, Asynecronous Line Interface
I0k=interrupt wvector EEpriority (receivel
Sl0=interrupt vector Lepriority [transmit)

This device Is not initally attached. |t may be given
a file specification argument when attahced. Using the DC
device attaches the same file for both receive and tramsmit,
The DCR and DCT devices allow file specifications for just
receive or transmit, All registers exist if oither DCR or DCT
is attached.

If a teletype is attached for Input, characters will
be available as 115IM gets teletwvpe interrupts, Characters
will not be lost due to not reading them fast enough, Hon=
teletype input and any output is allowed every ten simulated
microseconds, Characters output when ready is not on will be
lost,

The OC device uses dynamically allocated Input=-ocutput
channels as discused under the DM device below,

174000 K/ RCSR, Receiver Status Register

] ME Data terminal ready,.

1 KfW EBreak. |In simulator, sends a zero character
when set.

z RO Carrier detect. |In simulator indicates DCR
altached. :

3k R/W Receiver speed. Ho effect In simulator,

5 RO Parity, In simulator always zero indicating
even parity.

b B/W  Interrupt enable, allows interrupt on bit 7,

7 KO Done, indicates character avallable in REEBUF,

8 Ha Supervisory transmit data,

9:10 R/¥W  Character length, Ho effect In simulator,

4 10 bits
00 8
01 7
10 6
11 5

12 MES flecelver averrun,

15 MHS Ring indicator,

14 KO Carrier transition., Cleared by reading RCSR.
In simulator set when DCR attached or detached.

15 RO Error. OR eof bits 12:1L,

174002 RO REUF, Receiver Buffer
0:7 KO Input character, FReading clears RCSR bit 7.

174004 R/H TSCR, Transmitter Status Register
] K/W FKequest to send., HNo effect in simulator,
1 RO Clear to send. In simulatoer Indicates that
LCT attached,
i HE Haintenance.
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31l B/ Transmitter speed select. In simulator no
efffect,
b B/l Transmitter interrupt enable.
7 RO heady. Indicates ready to accept character
in TBUF.

] E/Wl Stop code., 0=2 bits. 1=1 bit., Mo effect In
simulator.
15 Ha Supervisory recelive data.

176006 Ko TeUF, Transmitter Buffer
0:7 (0] Transmitted character. Loading clears TSCR

Bit 7.
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O, DM, DMR, DMT, Asyncronous 16=line Single Speed Multiplexer
Fl4=interrupt vector c=Epriority lreceive)
Z0=interruplt vector SEpriority [transmit)

This device is not Initially attached, A line number
from one to sixteen must be supplied as & prefix argument to
any attach command and a file specification may be supplied
after each attach command, An attach on the DM device tries
to attach the same file for both receive and transmit on the
specified line, The UDUMR and OHT devices may be used to attach
receive and transmit sperarately, A line number from one to
sixteen i% also usually given with a detach command, DME and
LMT may be used to detach just receive aor just transmit., |If
ne line number is supplied on a detach, nothing is detached,
Instead, a print out of the status of the DM line is made.

If a teletype is attached for input, characters will
be stored inte memory as 115IM gets teletype interrupts,
Characters may be lost due to tumble table wrap around. Hon=
teletype input and any cutput is activated every three
simulated milliseconds.

The DM device uses dynamically allocated input-output
channels, Each receive or transmit attachment on each line
uses up one channel unless the device attached is TTY or LPT
|Ref L]|. Currently there are a total of six channels
available.

175000 K/W C5R, Ceontrol and Status Register
] E/¥ FHReceiver enable. When clear disables all 16
rFeceivers,
1 E/W Full=half duplex select, Ilgnored in
simulator.
2 NS Haintenance.

L:5 R/WH TBR extension bits. These bits also extend
all other address produced by the DM, |If on in the simulator
they cause a timeout error.

i R/W Receiver interrupt enable. Allows bit 7 to
interrupt.
7 E/H Done. Set as each character is received,
12 E/W Transmit interrupt enable. Allows bits 13:15
o interrupt,
13 R/W System overrun. DM unable to get unibus in
time, May be set for checking purposes.,
14 KiW Timesut., DM pnon=-existant memory.  May be sel
for checking purposes,
15 E/W Tramsmit done, Set as any bit of BAR goes to
ZEro.

175002 R/W BAR, Buffer Active Register
0:15 /W Upne bit per 1ine. Setting starts
transmission. Clearing aborts transmission. Bit set to zero
when character count decremnented to zero (see TER),



11514 Beference Hanual -- Appendix Pape 35

175004 H/W BCR, Break Control Register
B:z1s R/W OUne bit per line. Setting causes continuous
break tranmission on line until bit cleared by program or
reset.

175006 K/H TER, Table Base Register

B:lb R/ This is the relocation pointer for the tables
in memory used by Lhe DM device. It is extended by CSP bits
15, Since the bottom eight bits are always rero, the TBR is
a multiple of w00, The first sixteen locations it points to
are the current byte address of characters being transmitted
to each line. The next sixteen locations are the tramnmission
byte counts. The third set of sixteen are not used In the
simulator but are normally the bit assembly words., The fourth
cet of sixteen words is never used but the following slxty
four are the receiver tumble table, A internal pointer In the
DM circles through these words and is incremented once as each
character received is stored into a word, The word will have
it 1% on and will have the line number in bits 2:12, In the
simulator, bit 13 will always be on and bit 14 always off, On
a real DM these bits indicate parity and break respectively.
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E. EAE, Extended Arithmetic Unlt KC11l=A
This device is initially attached, Delavs caused by
EAE operations are nob sinulated,

177300 Wil DIV, Divide
0:15 WU When the divisor is moved to this address,
the 32. bit dividend in the AC & HQ is divided by this number,

i77302 R/W AC, Accumulator
0:15 RiW High order word of arithmetic unit., Contains
luw order product on nultiply, remainder or high order
dividend on divide,

17730k R/W MO, Multiplier Quotient
0:15 R/W Low order word of arithmetic unit. Contains
low order product or guotient on divide. When written into,
its sign Is extended into the AC,

177306 K MUL, Multiply
0:15 WO ¥When the multiplicand is loaded into this
address, the EAE multiplies this number by the number in the
r"lq =

177310 E/W SCSR, Step Count and 53tatus Register
0:5 Risv/ The step count which contains the count for
long shifts and the step count following normalize.
B R/W On shifts, set to last bit shifted out of AC
& HO.
g RO Indicates that result is a single word in the
MQ. (Or of bits 12 and 13, this word,)
10 RO Indicates that result is zero, (And of bits
11 and 12, this word,)}
11 RO MO 15 zero.
12 RO AC 15 zero.
13 RO AC is all 1's.
14 RS/ Indicates result negative,
15 RS/v ROR of operation causing overflow and bit 14,

177312 R/W HOR, Normalize
0:1l5 R/W Writing into this address results in the 32,
bit number in the AC & MO being normalized, This usually
means shifting Teft until the top two bits are differenet but
certain special numbers are checked for and handled
differently, Reading this address fetches the shift count,

177314k W] LG5, Logical Shift
0:5 e Dutput to this address results in a logical
shift of the AC & MU (filling with zeros) Lhe specified number
of bits,



1151+ Reference Hanual == Appendix rage 37

177316 Wo ARS, Arithmetic Shift
0:5 HO Output to this address causes an arithmetic
shift of the AC & MO (sign extension) with the shift count
being the value moved to this address.
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F. DF, The RF11/R511 Disk
204=interrupl wvector Lepriorlity

This device Is not initally attached. It Ts the only
device that may be given a file argument on attaching but acts
differently if not given a file argument, All other devices
that take file specifications simply use some initial file as
changed by previous type=in if no file specification Is
supplied. This device is simulated by storing the disk
contents in the simulator's core image. Two PDP-11 words are
stoFed per POP=10 word.

The DF device may be attached by a louad command |Sec
Vl| which loads disk contents information. A messape 15
printed and the information is loaded inte the simulated disk,
If an attach command on the DF device is given a file
argument, the disk is attached and disk information only is
loaded from the specified file into the simulated disk. An
attach comnmand with no file specification attaches a zeroed
disk, The :ZERDF cornmand is alsc available to zero the disk
|5ec VI,

' Detaching the DF with & file name simulates a :DMPDF
|1Sec V1| and then expunges the disk contents information in
core, If no file is specified and the user has not done a
: DMPDF then the disk contents is lost by detaching the DF
device, .

Although In the simulator a disk transfer happens
instantaneously Iin terms of cumulative simulated time, the
ready flag will not normally come on (possibly causing an
interrupt) until the right amount of simulated time has past,
The user can activate another transfer by setting go even when
ready I1s off.

177460 R/W DCS, Disk Control a&nd Status
] v} Setting causes the disk to execute the
function selected by bits 1:2, clears bits E:13, and clears
bit 1% unless bit 1k |5 set.

1:2 R/ Select one of three functions as shown in

this table:
: 2 1 Function
0 0 no operation
01 write
1 0 read
1 1 write check
3 HS Maintenance.

L:5 R/W Extended memory bits., Cause disk non=-
existent memory error unless both on when addressing an 1=0
register. :

b R/W Interrupt engble. Allows bits 7 and 153 to
Interrupt.

7 RO Ready.

8 H Setting causes "power clear" of disk,
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g HE Missed tramsfer.

10 FS Write lock out.

11 RO Hon-existent disk, ©On If DAE bits 2:4 are
nan=zero.

12 HS Data parity error.

13 RO Write check error. On if word read from

memory and word read from disk differ during a write check
operation.

1k RO Freeze, Or of DAE bits 10:15,

15 RO Error. Or of DCS bits 9:14L.,

177402 RiWl  ChA, Current Memory Address
1:15 R/Wl Current remory address, initially loaded with
the starting address minus two, incremented after each word is
transfered unless DAE bit & 15 on.

177L0L R/W WC, Word Count
0:1% R/W Word count, loaded with 2's complement of
block length and incremented by 1 before each transfer.
overflow ends a function, Limits block size to 65,530 words,

177LG6 R/W DAR, Disk Address Reglister
b:10 /W Selects word of disk track for next transfer.
Incremented after each transfer, Overflow carries into track
atddress,
11:15 H/W Selects track for next word to be transfered,
Carries into and is extended by DAE bits 0O:1.

177470 R/W DAE, Disk Address Extension and Error
0:1 R/W Track address extension, carries into bhit 2,
21l R/W Disk address, in the simulator causes non-
existant disk error if non-zero, carries inte bit 5.
5 RO Disk address overflow, causes non-existant
disk error.
7 M5 Data reguest late.
B E/iW CMA increment inhibit.
10 RO Hon-existant memory on disk reference.
12 HS C timing track error,
13 MS BE timing track error,
1k M5 A timing track error,
15 NS Address parity error,

177472 13 -, Data buffer Register
177474 15 -, Maintenance Register

177476 RO DS, Address of Disk=Segment
0:10 Fu ~ Real time disk position.
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G, LP, Line Printer
200=interrupt vector  L=priority

The device 5 not initially attached, 1t allows
output to the "line printer" through the same path as that
genabled by [E [2ec [11|. It may be given a file specification

to output to which will effect future |BE or :WALLP ocutput |Sec
%]. Detaching the LP does not terminated |BE or :WALLP output,
Characters may be output every & simulated microseconds,
Characters output when done is not on will be lost.

177524 E/W LP5, Line Printer Status
G R/W  Interrupt enable, allows bit 7 ar 15 to
interrupt,
7 R/W Done. Indicates ready to accept character in
LPE.
15 RO Error on output,

177526 WO LPE, Line Printer Cuffer
0:6 (1] Character to be printed, Loading clears LPS
bit 7.

H. LK, The EKEWll=-L Line-Frequency Clock
1i00=interrupt vector C=priorlity
This device is initially attached, It takes no file

name after an attach command on 1t but a non-zero prefix
numeric argunent will set the "line fregquency" used it its
operation, This is initally G0, The cumulative simulated
time is used to drive the LK so its actions correspond to
sirmulate real time.

177546 RO LK5, Line Clock Status
i EfW Interrupt enable, aloows bit 7 to reguest
interupt.
7 RO et to one every cycle of line current,
cleared by reading.
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|. PR, High Speed Paper Tape Reader

Ji=interrupt wector b=priority

This device is not initially attached. |t takes a
file specification to read from, A nonzero numerie argument
will set the PR to rad in image or ASCI| mode as the argument
is one or greater than one. Image mode is the Initial setting
and must be used to read properly from the PTR |Ref k| which
is the inlitial file specification, A character may be read
from the PR device every 6 sinulated microseconds hut no data
is lost if characters are not read fast enough.

177550 RsW  PRS, Paper Tape Reader Status

0 Wl Keader enable, reguests read of next
character, can be set only if bit 1% clear, setting clears PRE
and sets bit 11.

G F/W  Interrupt enable, allows bits 7 and 15 to
interrupt.

7 RO Done, set by character available, cleared by
reading FRE.

11 RO Busy, s5et by setting bit 0, cleared by bit 7
coming on.

15 RO Error, set by end of input,

177552 RU - PRB, Paper Tape Reader Buffer
0:7 RO Reader character buffer.

J. PP, High Speed Paper Tape Punch

7h=interrupt vector L=priority

This device is not initially attached. It takes a file
specifcation to write on, A non=zero prefix numeric argument
Wwill set the FP to read in image or ASCI] mode as the argument
is one or greater than one. Image mode is the initial setting
and must be used to write properly on the PTP device |Ref U]
which Is the inftial file specification. Characters may bhe
output to the PP device every 30. simulated microseconds.
Data output when ready i5s not on is lost,

177556 R/W PP5, Paper Tape Punch Status
7 R/%  Interrupt enable, allows bits 7 and 15 to
interupt.
7 RO Ready, cleared by loading PPB, set when ready
for more data. :
15 RO Error on cutput,

177556 Wl FPE, Paper Tape Punch Buffer
0:7 WO Funch character buffer,
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K. TE, Teletype Kevboard

Gl=interrupt vector be=priority

This device is initially attached and allows input
from the user's teletype to the simulated PDP-11 program. HNo
file specification is taken by this device but a non-zero
prefix numeric argument will set the ratio between simulated
real teletype speed and real teletype speed. (This Is
initially set te 1000.) Thus an argument of one would alllow
one input character per one tenth second of simulated time or
4 seconds of real time, In the sinulator, as aopposed to the
real PUP=11, data is not lost due to not reading it in time.
However, characters buffered by the time-sharing system will
be Tost on transition to command level,

177500 R/ TES,; Teletype Kevboad Status
0 S Header emnable.
G B/¥  Interrupt enable,.
7 RO Done, character avallable, Clears bit 11
when set.
11 RO Busy, character being read.

177562 RO TKE, Teletvype Kevboard Buffer
0:7 RO Character buffer, reading clears bit 7 in
TKS. '

L. TP, Teletype Printer

Ghminterrupt vector k=priority

This device is Iinlitially attached and allows output to
the "eonsole" through the same path &% command level type out
|5ec 111), HNo file specification is taken by this device but
a non-zero prefix numeric argument will set the ratio betwaen
simulated real teletype speed and real teletype speed, This
is initially 500, ({5ee description of TKE device,) Writting
in TPE when ready is off will casuse output to be lost,

17756k R/ TPS, Teletype Printer S5tatus
2 HE Malntenmance control,
B R/W Interrupt enable,
7 RO Ready.

177566 WO TPE, Teletype Printer Buffer
o:7 WU Character buffer, clears bit 7 in TPS when
loaded,
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ti. Console Data Switches Register
cee references 1 and 2,

177570 RU SWR, Switch Register
0: 1% RO Thiz location represents the conscle data
ewl tches, Elthough read-only for a simulated program, it can
be deposited into by command level.

H. Frocessor General Registers
k=interrupt vector
l0=interrupt vector
20=interrupt vector
Tl=interrupt veclor
I=interrupt vector

see references 1 and 2.

177700 R/  through 177716, %0 through 57
0:15 R/W 50 through %5 are the POP-11's general
purpose registers. 50 i5 used as the stack pointer for
interrupts, %7 is the program counter.
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0. IS, POP-11/45 Features

240=interrupt vector priority variable

Hith this device attached, as it is initially, the

following PODP-11/45 oup=codes become available: XOR, MUL, DIV,
ASH, ASHC, SXT, SPL, RTT, SO0E, and MARK. (Estimated times are
used for these operations in advancing the cumulative
simulated time.) The POP-11/L5 segmentation option and
floating point processor option and their associated
instructions are not simulated, See reference 2.

177772 R/W PIR, Programmed Interrupt Reguest
1:3 [H] Friority level of highest reguest (bits
9:15).
517 RO Same as 1:3.
9:15 R/W Program set requests for interrupts. Bit n
is priority n minus 3.

177774 HE -, 11/45 Stack Limit

P. Processor Status Register

li=zinterrupt vector

The trace trap enable bit causes a trap through 1L at
the end of most instructions. See references 1 and 2,

177776 RSl P, Processor Status
R/ Carry flag (C).
RAM Overflow flag (V).
R/W Zero flag (Z).
R/ Hegative flag (M),
RF/W Trace trap enable (T),
5:7 /W Processor priority, Interrupts of egual or
lower priority are inhibited,

E Vol



