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ABSTRALT

A program that simulates a Digital Equipment Corporation POP-11
computer and many of its peripherals on the A.I. Laboratory Time
Sharing System (ITS) is described from a user's reference point of
view. This simulator has a built in DOT-1ike commznd leval which
provides the user with the normal range of DDT facilities but also
with several special debugging features built into the simulator.

The DDT command language was implemented by Richard M. Stallman while
the simulator was written by the author of this mema.

Work reported herein was conducted at the Artificial Intelligence
Laboratory, a Massachusetts Institute of Technology research program
supported in part by the Advanced Research Projects Agency of the
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|, Introduction

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 PDP-
10 |Ref 3| system under the |TS monitor |Ref 4. A DDT=like
|Ref 5| command faclility is included which makes avallable
fupctions eguivalent to those provided by the PDP=11 console,
the normal range of DDT *a:il1ties, and the use of several
spacial debugging features built Into the simulator,

1151M is available under 1TSS as a system program of
name PDP11,

The PDP-11 processor simulator was written by the
author of this mema, The DDT command language was designed

and implemented by Richard M., Stalliman.
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1l1. Processor Simulation

The PDP=11/20 processor s simulated by 115IM under
IT5 |Ref 4] with an increase in execution time of about a
factor of 30, The actual simulated versus real speed ratlo
varied from 25. to 37, for the PDP=-11/10 processor malntenance
programs, Things that would tend to increase this ratio (i.e,
slow down simulation) Inelude activation of "direct to memory"
input=output devices that operate In parallel with the
processor on a real POP-11 or frequent program reference Lo
such things as the program counter as a register other than as
an addressing index {(i.e., BIC %7,=(3)), non-sxistant memory
locations, or the other special register locations.

1151M keeps track of simulated time to one tenth of a
microsecond based on the nominal timing of the PDP-11/20,
Delays caused by the EAE (Extended Arithmetic Unit KE1l-A) are
not simulated, For information on the timing treatment of
other peripherals see the Appendix,

As a convience, some PDP=11/45% |Ref 2| features are
also simulated but can be disabled by detaching the "ILE"
device |Sec VIII]. With these PDP=-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 modify the register in the calculation of the destination
address will fetch the unmodified register as data. Thus HOV

£3,(3)+ does not store the Incremented register 3 as on a
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real PDP=-11, This is hecause it is convenient for the
gsimulator to fetch the source data hefore calculating the
destination address, Digital Fouipment 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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[11. Command Level and Interrupt Commands

1151M has a ﬁﬁT-likE command level |Ref 5| which the
user is initially typing at, VWhenever command lTevel is
entered, after the f}rst time, It prints out the location and
symbolic representation of the next instruction to he executed
If the simulator were proceeded. (This location 1s not "open"
however |[5ec V|.) This is usually preceded by an Indication
of why command level was entered, For example QUIT, BREAK,
and COUNT indicate command level was entered due fa a |G, a
breakpoint |Sec I1X|, or a proceed count exhaustion |Sec VI,

When flrst started, 115IM prints out its version
number (this should be included in the report of any bug) and
inTtialize% the PDP~11l configuration |Sec VIII]., If the user
has no disk file named .PDPll (INIT), zeroed PDP=11 core is
attached to EK from zero as with an attach command, causing a
print out, Command level is then entered with zero as the
loecation of the next instruction for the simulator to execute.
The resulting initial print out Is as follows:

115 1IM.nnn
CORE = B.K

| f the user does have a disk flle named .PDP11 (INIT),
no core is initially attached by the simulator, Instead,
"INITY 1s typed out and after command level I1s First eﬁtered,
the user's file will be executed as with a :XFILE |Sec X|.
The user's INIT file should attach the desired amount of core,

Command level is entered If the user guits (see |G
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below this section) or the simulatoer halts due to a HALT
Instruction, 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
the beginning of each new line of Input to it, Single
character rub out is allowed between activation characters.
Simulated time does not pass in command mode,

The following 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 |0). Some help In getting back to
command level rapidly while most eontrol the destination of
normal "econsole" or simulated teletype output,

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

B, |E (Emd} Turns off output to line printer.

C. |G (bell) This Is the "quit" character.

C.1 If typed while at command level 1t 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 to occur at the end of the current

instruction or simulated Input-output cvele. It Is possible
that due to a bug in the simulator the current instruction or
| =2 eycle will not end soon., (This Is very much more 1ikely

for a complex newly introduced 1-0 device than for a hasie
POP=-11 instruction.}) In this case more |G's may be tvped with
the following effects:

C.2.a |GIG This has the same effect as |GI5
and will allow the user to immediately zee if he has quit ar
not despite much buffered type out.

C.2.b IGIGIG This causes command level to hbe
entered immediately, probably from within an 1=0 evela,
Froceding the simulation will return to whatever was happening
while a ;G |Sec VII| will start simulation at the heginning of



11514 Reference Manual Page £

an instruction.

0, |Q (Quote) This character causes the immediately
following character to be treated as an ordinary letter at
interrupt level and also at the main program leve]l of command
level, A |Q will be invisible to a program heing simulated
but the following character will always be visible., It is
pseful for inputing any of the special characters listed in
this section, It may also be used to put space, comma, colon,
and semicolon into filenames. Rubbing out a character ouoted
hy a |Q also automatically rubs out the |[.

E. |5 (Silence) This character deletes all typeout
until the time It is Invislbly read at the main program level,

F. |¥ (Voice) Turns on typeout., Typeout {5 also
switched on by some serious errors.

_ G. |H (Hisper) Turns off typeout, except for most
error messages which bypass this switch,
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IV, Expressions 1n 115IM DDT

Expressions In 115IM DDT are composed of svllables and
operators, Syllables are composed as follows:

cdigitree= O 1| 21 31 4| 5| B 71 8] @

¢letter»::= Al Bl C . . . X ¥ Z1 .1 %] %

coctal=-number>:i= Jdigit:] <digit:<octal=-numher}

{decimal=-number>::= {digit».] <digit><{decimal=-number>

¢ASCII=valuer::= '"{any=-characer>| "{any=-
character»<any=-character>

¢symbali::= {letter?| <{letter*<octal=number?|
{symbol»<{symbol>

ts¥yllabler::= {octal=-number>| {decimal=-number}]|
CASCII=-valuer| <symbol?

In the above, {any-character> mprans elther an; ASCII
character not mentioned In section 111 and not rub=-out, aor a
| followed by any mentioned in section 11l er rub=put. FRub=
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 a flag that says if it is a
register number, A register value can come only from a
register type symbol. The only Initial register symbols are
=0, %1, . . . %6, %7. An expression is register valued if and
only if It contains a term which is a register valued
syllable,

Expressions are composed of syllables and certain
operators, with the indicated precedence, as follows:

{termri:= csvllabler| <wvalue’

fexprliii= {term?| -<{term>| +<{term>

fexpri>;:= {exprl>| <{exprli=<{exprl:| <{exprl>!<exprl:
{exprir>ii= {expriy| <exprir+{expri>| <exprir-<expr?>
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{pxprbr»:i= {expriy| <expridfdexpr3r»| {expri>T{expri’|
coxprirédexpri’

caxpression>:i= {expri>| <exprh><{spaceri{exprby

In the above "!" sipgnifies division, "&" means logical
and, """ (back slash) means inclusive=-or, and "#" means
exclusive=or, A <{space? in an expression performs the
operation of addition.

| Since the PDP-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:

{expr=seguencer:i= {expression?| <expressionl,{expr=
seqQuence

¢valueri:= {expression?| {op=-code=with-operands’|
" axpr=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 s used, Surrounding
register value expressions with angle brakets strips off their
registerness.

Op=codes may variously have zero, one, of two operands
and the operands may be of various sorts, The usual POP=11
conventions are followed |Ref 1| except for the set and clear
flag instructions where 5FL or CFL followed by a space, an
atsign, and the appropriate flag letters is used {i.,e. SFL BC
for SEC or CFL BZ for CLZI). In genral, expressions of the
right registerness may he used in operands. Where a register

is expected and an ordinary value is supplied, it is treated
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as a register value (i.e, RTS 7 Is eqguivalent to RTS %7).

The following are some special symhols whose values

are automatically set.

FC

o gF FF g F .

0
Q
&
5 G0
©CORE
address).
D

out.
*JPC
|Sec 1X].

% PMODE
% TMODE

Current location |Ref k],

Location actually apen |Sec V|,

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

Has value of last guantity typed in or out,
Address of last breakpoint taken |[See 1X].
Starting address for :G with no arpument,
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 typed in or out,
Last expliclt source address tvped In or out.
Last subexpression in a multiword expression,

Address used by :X |5ec VI1].

Location after instruction patched |Sec V11|,
Patch space pointer |Sec VII|.

Permanent type out mode |[Sec V],

Temporary type out mode |Sec 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],

"/ when preceeded by an expression types out the
corresponding location in the current mode (see helow this
section for mode commands)., This command changes the values
of the symbols §. and ".". If given no argument, the value of
20 1= used and only %. is changed. Open square braket is the
same as "/" In all respects except that tvpe out 18 in non-
instruction mode,

The "=" command retvpes %0 or its argument, §f
supplied, in numeric form., Close sguare hraket is the same as
=" except that it types out in current mode,

The left arrow (or underbar) command reopens %, in the
eurrent mode,

The :REGS command is available to examine all of the
eight procesor general registers,

Carriage return closes the currently cpen locatien and
deposits its argument, if any, there. Horlzontal=tah, 1ine-
feed, and up=arrow (or circumflex) do the same hut then type
out the address of and open a new location, For horizontal-
tab, this is the location addressed by the previously open
location. For line feed, this Is .+1 1f a byte is open or
.+%L, If a word 15 open, where %L i5 the length of %0 In

bytes. For up-arrow, it is ,=1 if a hyte is open and .-2 If a
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word s open.

There are three sets of type out modes, The one-shot
set are refered to during printing and are reset from the
temporary set at the end of every non-type-out-mode command.
The temporary set are modified to the permanent whenever the
clmulator types out a prompting 1", This happens when DDT is
entered and after a carriage return, a colon command, and some
ather commands. Thus the one=shot mode affects only the next
command,

Each set of type out modes ig a group of kits that ecan
be cleared (with a minus sign immediately hefore the mode
character) or turned on for either just the one-shot set (one
semicolen), or both the one-shot and temporary sets (two
semicolens), or all three {(three semicolons). For example, ;-
D::;H will set numeric mode for all sets but clear decimal
mode in the one shot set. The following 18 a complete 1ist of
mode characters:

B Byte mode, when opening an even location, examine
even addressed byte only. (Examining an odd location always
fetches byte only.)

1] Decimal mode, when printing a guantity

numerically, wuse base 10, (Hormal base is E,)

I Instruction mode, when opening a locatlion, print
g5 an instruction,

M Humeriec mode, overrides symbolic and ASCI] modes,

R "Register" mode, stops register values form being

printed symbalicly,
: 5 Cymbolliec mode,

! Hoen=printing mede, when cpening a location, don't
print Its contents, overrides all others.

LL]

ASCI| mode, overrides symbolic.
' Bath ASCII and byte modes.
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These different modes are relevant at different points
in type out. Decimal mode only has effect when it has heen
decided to output a number. When a location is opened, "!"
mode is check first, |If it is off, then "I" mode is checked
to see if instruction print out should be used, [|f "I" is off
then ASCI| and "HY mode are successively tested. (lIn
examining an odd location or a register or when hyte mode Is
on, Instruction mode Is supressed,) When a quantity is
sutput, the same thing happens except the "!'" and "1" modes
are not examined, UWhen a gquantity is printed symbolicly, it
is normally printed as the nearest symbol less than the
guantity plus the difference printed numerically, Speclal
things happen for reglster quantities. These are printed as a
symbol only If the symbol matches exactly, "R" and "H" mode
are off, and "5" mode is on, |If printed numericly a § is
printed in front only 1f the context (In an instruction) does
not make it clear that the number Is a register.

Numeric and ASCII mode do not affect the output of
addresses printed by command level because it Is about to open
them (i,e,, those generated by line-feed, hreakpoints, etc.).
Expressions typed before a mode setting command are treated as

If typed afterward,
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V1. Zeroing, Leoading and Numping

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

$Z Zero all core words (except top LK of memory).

expsZ Set all core words (except top LK) to exp
where exp is a one word expression,

cexpl;,expl>3Z Zero all core words from expl through
expt. {expl,expl,exp3>»$l Set all core words form expl
through exp? to expl.

:ZERDF Zeros simulated disk,

Dump files in 113IM can contaln many different kinds
of data. In the list helow, the term "core" includes zeroes
and breakpoint information |Sec 1X| but not normally anything
in the top 4k of memory. Dump commands write in a format
known about by the load commands (farther below, this section)
but not acceptable to any normal PDP=11 leoader,

A1l dump commands but :CDMP may he followed by a file
specification which conslists of symbols separated by space,
comma, colon, or semicolon (these characters may he Included
in a symbol by preceeding them with |0) and ending with a
carriage return. Symbols terminated by a coleon or semicolon
specify the device and system name respectively., Symbols
terminated by a space, comma, or, carriage return are treated

~as, succesively, the flrst and second file names, the device,

and the system mame. Parts of the file specification rot
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given are supplied from the last load or dump command except
for the system name which is taken from the last file command
of any sort, The initial file name 15 |Q B&IN.

+DMPCOR Dump all core (includes breakpoint
information |Sec [X]).

fpxpl,exp2r:DMPCOR  Dump core from expl throupgh expl,

sOMPSYM  Dump svymbol tahle,

tOMPTPY  Dump the trap and PC change action codes [Sec
1] .

:DMPDF Dump the simulated disk contents (may also
happen when detaching DF, see Appendix).

:DHMP Dump core, information on amount of core
attached, svmbols, and TPV, but not disk.

:UDMP Open permanent dump file. After an :0DMP all
ordinary dump commands, until a :COMP, dump into the permanent
file.

1 COMP Clese permanent dump file (see :0DMP).

$Y Same as :DMP,

A1l 115IM load commands, listed below, may he followed
by file specifications of the same format as for dump commands
(see above, this section}. |f core heing loaded into Isn't
attached, it will be attached automatically, Vhen core is
attached in this way, a "CORE =" print out will ocecur, IFf
disk InFnrmatinnITs loaded and the disk is not attached, 1t
wWill be attached and a2 message printed, Load commands know
about absolute loader 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 flle
(Same as £Z %1 :FLSYMS :LOAD but also restores 505X (:3%CEX)
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and sets PATCH to prohibit patching [(1>PATCH) |Sec VII| until
reset by the load or the user).

s LOAD Load all items in file (simulated disk may
also be loaded by attaching it, see Appendix),

:LODCOR  Load only core from file. |gnore symbols,
TPy, and disk information,

+LODPTR  Same as :LOAD but uses B-hit mode for loading
from the paper tape reader,
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vil. Execution

This section lists commands that cause or are directly
related to actual simulation of PDP=11 instructions. In the
case of those commands that cause indefinitly long simulation,
control can be returned to command level with a |16 |5ec 111].
Control will automatically revert to command level if a HALT
is executed, a buss error occurs during a buss error trap, oF
a debugging stop is reached |Sec |X].

G Start indefinite simulation at locatlon %GO,

sexpl Execule exp instruction starting at G0,

expsc Start indefinite simulation at location exp.

expl$explG Execute expl? instructions stating at
location expl.

SN Proceed simulation for one instruction, then
return to command level.
expsi Proceed simulation for exp instructions,

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

sP Proceed simulation Indefinitely.

$%X insn {(terminate by carriage return) Executes the
instruction insn by stering it at location 05X (initially

177720), |If insn causes a transfer, simulation will continue
until contrel returns, &7 is alwavs restored on return.
5X same as 5X insn but executes the instruction

currently at %CSX.

exp(® Insn Same as 55X insn  except that exp is put in
%1 before executing the instruction and %1 is restored on
return. :

expsx Same as expiX insn except [t uses the
instruction currently at 5CSX.

exp:5%C5X This command allows the user to move the
lecation used by 5% commands to location exp, exp+?, and
exprh. |If moved into attached memory below the top LK, the
*C5K lecation will be properly dumped and locaded |Sec VI|.

£l This is a reinitialization command that
simulates a RESET instruction, zeros the cumulative virtual
time and zeros the processor status register.
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:BUSS 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
aleng with the current time by :(BUSS,

+PAT exp This command can be given only when a
location is open |Sec V|. It gives the location special
properties and stores exp, which must be a one word guantity,
in it, Attempts to read or write the locaction by a simulated
program will be treated as stopping breakpoints [Sec [X].
Fetching the location as an instruction will cause a transfer
to exp. Examining the location at command level will type out
e pAT" before exp and force exp to be typed as an address.
bepositing with DDT will erase the special features, The :PAT
command also sets the symbol LPATR to the location of the next
inetruction (the location line feed would have opened). The
properties of :PAT locatiens are correctly dumped and loaded
|Sec V1.

= This command (control backslash) can be given
only when a location 15 open and the symbol PATCH has been
defined to pelint to an even non-register location. 1t has the

effects of :PAT PATCH but also cpens location PATCH.

11 This command {(control close hracket) is normally
used to return to an instruction seguence that was was patched
with |7. 1t has the same effect as :PAT %PATR except that if
given an argument it first stores it and then patches after it
and it also redefines the symbol PATCH instead of SMATR to
point just after the patch it stores.
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vil1l. Configuration Control

The configuration of the simulated PDP-11 is
controlled by the $A and £0 commands which attach and detach
devices. These commands may be preceded by an eptional
numeric argument and are followed hy a device name. |f no
device name Is given, either command will type a 1ist of legal
device names. For some devices, an optional file name can
follow the device name, The exact effect and conventions In
attaching and detaching all devices are listed In the Appendlx
except for the CORE "device", which iz explained bhelow,

Simulated PDP-11 core is allocated In units of 1024,
words, Giving a numeric argument to an attach or detach
command on the CORE device will attach or detach that number
of 102k, word units, The maximum that may be attached is 2E,
units. After any attach or detach command on the core device
the total amount of core then attached is printed out,

As it is sometimes convenient to have a way of setting
the amount of core to a particular value regardless of the
current amount attached, there also exists the exp:CORE
command. 1t tries to set the number of attached hlocks of
core to the value of the expression exp. It then prints the

amount of core attached, as it does If given no argument.
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1%, Debugging Alds

The two basic hebugging features are the breakpoint
feature, described immediately below, and the trap message
fepature described further below, this section, They hkave heen
designed to allow the user to enter command level at a point
in the simulated propram likely to he that at which it s
going astray.

The breakpoint feature Is implemented hy associating a
seven bit gqunatity with each simulated PDP-11 word, Any
reference to memory by a simulated program or direct to memary
input-output device can activate a breakpoint if the
appropriate bits are on in the gquantity assocliated with the
word it is referencing. These bits are as follows:

1 Breaks on processor instruction fetches,

2 Breaks on processor write references,

L Breaks on processor read references except
instruction fetches,

10 Upon breaking, If this bit 15 set, continue
simulation, else enter command level,

z0 Breaks on direct to memory device write.

L0 Breaks on direct to memory device read,

100 Breaks on processor instruction fetch, always
enters command level, and clears itself,

When a break occurs, a message (s typed showing
various information normally including the instruction which
"caused" the hreak, In the case of instruction fetch
breakpoints that enter command level, this Is the instruction
fetch of which caused the break, Autoflush breakpoints,

indicated by the 100 bit, always enter command mode and delete

themselves, Otherwise, if the 10 bit is off command level Is



1151M Reference MHanual FPage 20

entered,

The break message will also contain the code B, 1, or
| as the break was caused by a read, write, or instruction
fetch. RW will appear If the referencing instruction was
performing a read-pause-write cycle. For direct to memory
references, the codes HGDIS RW for the display, D5K R and DSK
W for the disk, and DM R, DM RW, and DM W for the teletvpe
multiplexer will appear.

The commands to insert and remove hreakpolnts are %8,
5F, %R, %W, and $%l, These commands can take two expressions
as arguments, one just before and one just after the "§", |If
no first argument is given, the command will affect all
locations where breakpoints can be set, [If a single word
value first argument is given, the command will affect only
the location with that address. If a multi=-word value first
argument is given, the locations from the first sub=-value
through the second sub-value will be affected.

With no second argument, just after the "$", 3B will
put in a break of type 7 (print message and enter command
level on any processor reference) while 35U will remove a
breakpoint by making 1t type 0 (never hreak), 5F, 3R, and %
Insert breakpoints of type 1, 4, and 2 repsectively to trap
just Instruction fetches, Just octher reads, or just write
references, This 1=, in fact, the only difference between

these commands as, with a second argument, all use the hottom
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seven bitse of the second argument as the hreak type to set.
The trap message feature allows the user to bhe
notified and, if he desires, to enter command level on any
POP-11 trap or transfer of contrel, There is an array with an
entry for ecach even word address from 0 thru 374, These are
the type of locations used for "trap vectors" in the PODP-11,
Each entry In this array contains one of the following trap

action codes:

1] Do nothing (continue simulation).

1 Set ZJPC from 30PC and continue.

2 Frint message and continue,

3 Print message and enter command lewvel,

The 5T command 5 used for setting these codes. It

can be given the location it 1s desired to influence traps
through as a first argument (just before the "§"). If this
argument is omitted, traps through all locations will he
affected. A second argument (just after the "$") may he
supplied which is the trap action code to be set, |f this
argument s omitted, 0 i5 assumed.

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

Instructions. The inital trap vector state is NSI1T,
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¥. Miscellaneous

A, Svmbols

At any particular time, there is symhol table In the

simulator used by the command level DDT |[Ref 4|, It contalns
op-codes, special symbols, and user defined symhols, The user
defined symbols are usually Initlallzed by a load command and
are saved by some dump commands |[Sec VI|. The following
comnmands are useful in manipulating user symbols:

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

tFL3YMS Flushes all user symbols,

exprsym Defines sym with value exp (should he a one
word gquantityl.

*5YM Defines sym with value 20.

exprsym|K Defines sym with the value exp but does not
allow it to be used in symbolic typeout (half-kills the
symboll,

|Esym Complements half killed status of svm,
tLOOKUP Should be followed by a svymbol, Valrets a
string to HACTEMN |Ref 5| which causes it to type out the
symbol table entry for the symbol,
B, Time
A cumulative simulated run time is kept by the

simulator. Simulated run time does not pass in command level,

:TIME Prints cumulative simulated run time. This Is
also printed by the :BUSS command |Sec VII].

tZTIME Zeros the cumulative simulated run time. This
is also done by 51 |5ec VII| and 3L |Sec VI].

C. Other

sALTSEM This ecommand switches the effect of : and % in
indicating tvpes of commands, |t prints put MORMAL ar
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ek ITCHED as the state is the same or different from that
Iindicated in this manaul,

tDEBUG This command complements a switch and prints
aut ON or OFF depending on the switeh's new state, This
switeh is initially off, When on it enables the print out of
the simulation program's program counter at certain critical
points.

:LCOMS This command 1ists all ":" commands |Sec X1].

tWALLP This command has the effect of |BE hut takes an
optional file specification which controls future output to
the "line printer". This file is also used hy future |R's.
|E terminates "console" output started hy a :WALLP,

iXFILE This command takes a file specification like
that used for dump and load commands |Sec V1|, |t treats the
file as text commands to be executed hy the simulator command
level. Characters in the file are echoed on the users
terminal as they are read, |8, |E, IX¥, and |H are effective
|Sec 11| from the file as well as from the terminal, Any
errors cause input to be taken from the termianl again (this
includes |G typed on the terminall)., 5G, %H, and %P termiate
usage of the command file.
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{tab)

{(1ine=feed) Section
Section X.

| L Clear screen,

IM{carriage-return) Terminates file specifications and

some commands Section VI, Section V,

IH zame as IM, Sectlon VI,
| P scame as P, Section VI,
| Section 111,

|V Section 111,

| W Section 111,

| Z Reference 3,

|

“{control backslash) Section VI]|,

| | {econtrol close braket) Section VIl.

t(alt=-mode} starts a class of commands indicated by
the following character, See commands in this 1ist ASCH])
ordered by character,

| Section IV,
! | Section V.

+[ w8 5
* i LA R i

b 1]
LT3

" Section 1V,
" 5", 23" Section V.

# Section 1V.
% Section 1V,
& Section 1V,
' Section 1V,
s, 3%, :::' Section V.

* Section V.
* Section IV,
= ‘ Section IV,
) Section V,

! Starts a class of commands Indicated hy
the following symbol, See commands in this 1ist ASCII ordered
by 5vmhu1.

Starts a class of commands indicated by
the next fu]luwin; non-semicolon character, See commands in

this 1ist ASCII| ordered by character.

£ Section 1V,

- Section V.

» Section 1V, Section X.
SA Section VI,

s ALTSEM Section X,

;B, 3B, ;:;:B Section V.

5B Section 1X.

:BUSS Section VII,

i COMP Section VI.
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:DHP
tDMPCOR
1DMPDF
:DMPSYM
tODMFTRV
sF
:FLSYMS
5G
H PR
fL
s LOAD

: LODCOR
t LODPTR
s LOOKUP
:LEYMS
sH. 2N,
5N

:0DMP

P

:PAT

%R

iR, 2:R,
tREGES

i

:::0

Jiil

133N

L

:5, 2:5, 3335

tEECEX
5T
:TIME
su

su
+WALLP
£X
:+XFILE
Y
+ZERDF
s ZTIME
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II.lll
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Vi,
Vi,
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| {open braket) Section V.
“{back slash) Section
|{close braket) Section V.
[(up arrow)
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V.
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Appendlx nf.ﬂevice Registers

This appendix lists all device registers [(pseudo-
memory locatlons with magic properties) simulated hy 1151H,
They appear in order of Increasing address and are prouped hy
"device",

Each lettered section represents a device whose
symbalic 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 %D detach commands |Sec
Vill]l. After the section heading line, a list of interrupt
vectors and prierities, if any, for that device appear. Then
there is an explanation of the detalls of the device's
simulation, attachment, and detachment. |In all cases except
the Enight display, it is assumed that the user is familiar
with the device's normal operation from manufacturer
llterature. For the Enight display {(section A) a fuller
explanation Is given,

Finally, each section has a list 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 Bead Only. This register or field is unaffected
by writting into it. The data inmn it can only be read,.

R/W Read Hrite. These bits can be read or written
by the user's program,

WO Hrite Only. This register or field is alwavs
read as zero but has socme effect on heing written into.
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NS ot Simulated. These hits are not simulated,
Far a register, this means that the location will he non-
existant., For a bit or field, the hits are always read as
zero and writting them has no effect.

The symbolic name of each register appears in all
capital letters after the above code after the octal address
af the register, This name, with a % prefixed, is a defined
symbel in 115IM's DOT whose value is the address of the
register., A gpeneral description of the register 1s given
after 1ts symbolc name and a descrition of each used bit or
field in the register Is given below the main register line,
A1l bit pnumbers are decimal and the notation n:m means bits n
through m Inclusive of bits n and m.

Unless otherwlise 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 to detaching it and then attaching it,

The simulation routines for thease devices were written

by the author of this memo except for the ET device which was

implemented by Richard M, Stallman.
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A. HGDIS, The Knight Display

270=Interrupt vector heprierity

The Enight display controller allows up to eight

consoles to be attached to a PDP-11. In the simulator, this
device is not initially attached, VWhen attached, [t uses the
DEC 340 display to simulate three consoles {(number 0, 1, and
7} In three gquadrants of 1ts screen, The fourth, lower right
hand guandrant displays simulator information including the
gutput from a :REGS and :BUSS command. Each word fetched for a
particular display console as a display command is decoded as
follows:
big 15 1b

0 0 MNo=op, rest lgnored.

0 1 Inerement command, 13:1l=direction. 1l0:f=count,
7:0=bits.

1 0 Push]. 13:0N=destination word address.
big 13 12 11

1 1 0 0 6 1l0=reset X. 9=reset Y. &=stop. 7=pop.
E=pop] . )

1 1 0 0 1 1l0=intensify. :N=delta Y.

1 1 0o 1 0 10=intensify., 9:0=delta X.

1 1 1 1 10=intensify, 9:fi=delita ¥ and Y.

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

The reset X and reset ¥ functions set the approprlate
coordinate reglsters to zero. The point (0,0) is at the
center of the sereen and the upper right guadrant is +X, +Y,
Each coordinate register Is might bits.

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

dir it i Y direr BIE b4 b
1] ] 0 +1 ks fi o =1
0 1 +1 +1 L 1 =1 =1
1 i} +1 1] 5 1] =1 i
1 1 +1 +1 5 1 =1 =1
2 0 *1 0 i) ] =1 0
2 1 +]1 =1 ] 1 =1 =1
3 0 o =1 7 0 0 +1
3 1 +1 -1 7 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 N, E, %, or W and a one hit
means the nearest of NE, S5E, SW, or NW. A point is displaved
at the end of each Increment.

In the delta ¥ and ¥ commands, bit 9 and 8 have no
effect currently but are reserved for future sxpansion of the
coordinate registers, Bits 7 through 0 are 2's complement
added to the appropriate coordinate register(s). A point is
displaved at the new coordinates If the intensify bit is on.
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The lower 14, hits of a pushj type display command are
shifted left vne to give the (unrelecated) byte address that
is transfered to. A simple transfer is accomplished hy
pushjing to a pop command. The stack pointer (unrelocated)
used by the display processor for each console is found in
location 16, plus twice the console number,

164040 R/H  HGC3R, Control and status register
0D:7 R RBun bhits for each consale (0 for console 0},
Setting hit starts console and sets console PC {unrelocated)
to the console number times two as a byte address, Clearing
bit aborts output on console, Bit cleared by controller when
console hits a stop command,
g n/W  Interrupt enahle. Allows interrupt on run
bit going to zero for any console,.
9:11 RO Humber of last console to pet a pon-existant
memnory error.

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

13:1L R/W Relocation extension hits., See NGREL.

15 R/W Hon=-exlstant memory error, Can he set for

checking purposes.

165042 R/W HGREL, Nelocation pointer.

1:15 /W Relocation for display addresses, extended by
HGCSRE bits 13:1k., A11 memory locations fetched from or stored
into by the Knight display have their address relocated hy the
addition of the relocation pointer.
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B, PE, The KW1l-F Programmable Clock
l0s=interrupt vector E=prioritcy

This device is not initially attached, It does not
take any file name after It in an attach command hut a non=
zero prefiz numeric argument will he taken as the "1ine
frequency" .for rate I operation, This is initially 60, The
cumulative simulated time is used to drive the PK device so
its actions correspond to simulated real time.

172540 RfW PKCS5R, Control and Status Reglster

0 R/Y Run, allows clock to run, cleared hy

underflow in Mode 0,
1:2 R/W Rate select as follows:
Ll 2 rate
00 100,000 Hz
01 10,000 Hz
10 Line frequency,
1 1 External,

3 R/W Mode, if zero underflow stops clock hy
clearing bit 0, if one clock continues counting after
underflow,

b B/ When zero, clock counts down, if one, clock
counts up.

5 R/W Setting this bit causes clock to count hy
one.

B R/YW  Interrupt enable, allows bit 7 to interrupt,

7 R/ Turned en by underflow.

15 RO Turned on by underflow with bit 7 set,
cleared by elearing bit 7.

172542 WO PECS5B, Counter Set Ruffer
0:15 KO Sets counter, cleared by underflow in mode 0,
used to restore counter on underflow in mode 1.

1725044 RO PEC, Counter
0:15 RO Current state of counter.
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¢, DC, DCR, DCT, Asyncronous Line Interface

Fs=interrupt vector
Flo=interrupt vector

This device

a flle specification argument when attahced.
deviece attaches the same file for hoth recelve and
The DCR and DCT devices allow file specifications for
receive ar transmit,

is attached.

If a teletype
be available as 115IM gets teletype

will
teletype
microseconds,
lost.

The DC device uses dvnamically allocated

not be lost due to not reading them fast enough.
input and any output
Characters output when ready

Repriority {recelve)

S=priority {transmit)
initally attached, It mayv he given
Using the NC
transmit.
just
if elther NCR or DCT

is not

A1l reglsters exist

is attached for input, characters will
interrupts, Characters
Hon=
is allowed every ten simulated

is not on will he

Input=-output

channels as discused under the DM device helow,

174000 Riw
i} NS
1 R/W
when set,
2 RO -
attached.
3k R/
5 RO
even parity.
6 RS
7 RO
B HE
q9: 10 RS
12 NS
13 HES
14 [t}
In simulator set
15 H
17002 RO
0:7 RO
176004 R/
1] RS
1 RO
DCT attached.
2 HS

3
o
0
1
|

RCSR, Receiver Status Register
pata terminal ready.
Break, In simulator, sends a zero character
Carrier detect. In simulator indicates DCR
Receiver speed, HNo effect in simulator.
Parity. |In simulater always zero indicating
Interrupt enable, allows interrupt on bhit 7.
Done, indicates character available in RBUF.
Supervisory transmit data.
Character length., HNo effect in simulator,
10 bits

o &

1 7

0 B

1 &
Recelver overrun,
Ring indleator,
Carrier transition, Cleared by reading RCSR.
when DCR attached ar detached,
Error, OR of bits 12:14,
REUF, Recelwver Buffer

Input character. Reading clears RCSR hit 7.
T5CR, Transmitter Status Reglster

Ho effect
In simulator

in simulator.
indicates that

Request to send.
Clear to send.

Maintenance,
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31l R/ Transmitter speed select. In simulator no

efffect.

G /Y Transmitter Interrupt enahle.

7 RO Feady, Indicates ready to accept character
in TBUF,

8 BR/WH Stop code, 0=2 hits, 1=1 hit., Ho effect in
simulator.,

15 HS Supervisory receive data.

174006 WO TBUF, Transmitter Buffer
f:7 [H]u] Transmitted character. Loading eclears TSCR
bit 7.
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0. DM, DMR, DMT, Asyncronous 1lG=1ine Single Speed Multiplexer

Jliminterrupt vector S=priority (recelvel
320=interrupt vector Empriority {transmit)
This device s not initially attached, A line number

from zero to fifteen should he supplied as a prefix argument
to any attach command and a file specification may he supplied
after each attach command., An attach on the M device tries
to attach the same file for both receive and transmit on the
specified line., The DMR and DMT devices may he used toe attach
recejive and transmit sperarately, & lipe number from zero to
fifteen is also usually given with a detach command, DMR and

DMT may be used to detach just recelve or just transmit, |f
ne line number 1s supplied on an attach or detach, nothing s
attached ardetached. Instead, a print out of the status of

the DM lines is made,

If a teletype is attached for input, characters will
be stored into memory as 115IM pets teletype interrupts,
Characters may be lost due to tumble table wrap around, Hon=
teletype input and any output is activated everv three
simulated milliseconds,

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

175000 E/W C5R, Controal and Status Register
0 RfH Receiver enable. When clear disables all 16
recel veérs,
1 EfW Full=half duplex select. lgnored in
cimulator.
2 HS Maintenance.

Lh:5 R/t TBR extension hits, These bits also extend
all other address produced by the OM, If on in the simulator
they cause g timeout error.

6 R/W Recelver interrupt enable. Allows hit 7 to
interrupt.

7 R/W Done. Set gt each character is received.

12 R/W Tramsmit Iaterrupt enable, Allows hits 153:15
“to InterrFupt.

13 E/W Svstem overrun, OM unable to pet unibus In
time, May be set for checking purposes.

1k R/W Timeout. DM non-existant memorv. May be set
for checking purposes,

15 R/iW Transmit done, 5et as any bit of BAR gpoes to
ZEero.

175002 R/W BAR, Buffer Active Register
N:15 R/W One bit per 1ine, Setting starts
transmission., Clearing aborts transmission, B8it set to rzero
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when character count decremented to zero (see THR).

175004 R/W BCR, Break Control Hegister
N:15 RfW One bhit per line, Setting causes continuous
break trapmission on 1ine until bit cleared hy program or
reset, -

175006 R/W TBR, Table Base Register

#:15 H/W This is the relocation pointer for the tables
in memory used by the DM device, It is extended by CSR hits
L:5. Since the bottom eight bits are alwavs zerg, the TBR is
a multiple of 400, The first sixteen Jocations it points to
are the current byte address of characters being transmitted
to each line. The next sixteen locations are the tranmission
byvte counts. The third set of sixteen are not used In the
simulator but are normally the Bt assembly words, The fourth
set of sixteen words 15 never used hut the following sixty
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 inte a word., The word will have
bit 15 on and will have the line number In hits 9:12. In the
simulator, bit 13 will always be on and bit 14k always aoff, 0On
a real DM these bits Indicate parity and break respectively,
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£, EAE, Extended Arithmetic llnit KE11l=-A
This device is initially attached. Delays caused hy
EAE operations are not simulated. Ryte mode references can
write in the simulated status register,

177300 wWo DIV, Divide
015 WD When the divisor iz moved to this address,
the 32, bit dividend in the AC & MO fs divided by this number,

177302 /W AC, Accumulator
n:l5 R/M High order word of arithmetic unlt, Contains
low order product on multiply, remainder or high arder
dividend on divide.

177304 R/W MO, Multiplier Nuotient
0:15 R/W Low order word of arlthmetic unlt, Contalins
low order product or guotient on divide, Uhen written into,
its sign 1s extended into the AC.

177506 WO MUL, Multiply _
0:15% Wo When the multiplicand is loaded Inte this
address, the EAE multiplies this number by the number in the
MQ .

177310 kS SCE5R, Step Count and Status Register
n:s /W The step count which contalns the count for
long shifts and the step count following normalize.
g8 RS/H 0On shifts, set to last hit shifted out of AC

& MO,

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 is zero.
12 o AC 1s zero,
13 RO AC is all 1's,
1k R/ Indicates result negative.
15 R/H XOR of operation causing overflow and bit 14,

177312 R/ NOR, MHormalize
0:15 R/M Writing into this address results in the 32,
bit number in the AC & MQ heing normalized., This usually
means shifting 1eft until the top two bits are different bhut
certain special numbers are checked for and handled
di fferentlvy. Reading this address fetches the shift count,

1773514 L[] LGS, Logical Shift
b:5 YD Output to this address results in a logical

EQ[Ft of the AC & MQ (filling with zeros) the specified number
of bits,
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177316 Wo ARS, Arithmetic Shift
0:s (3]4) Qutput to this address causes an arithmetic
shift of the AC & MO (sign extension) with the shift count
being the value moved to this address,



F. ET, DECtape
2l1h=interrupt vector G=priority
The simuator command structure for attaching this
device is not vel settled,
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TC5T, Control and S5tatus Register

Extended Data,

Data Tracks,

Maintenance.

Tape up to speed. Cleared when unit select

changed,

Non=gxlstant memory, Cleared in the same

Data missed,

Block missed.

Selection error,

|11egal operation,

Mark track error,

Parity error.

End zone. Cleared when a zero Is loaded into

TCCM, Command Register
Starts action, clears ready.
Command as Indicated helow:
Function )

Stop all motion,

fead bBlock number.

Fead data.

Fead all.

Stop mation in selected tramsport.
Hrite timing and mark track,
Write data.

irlte all.
Extend hits of buss address.
Interrupt enable.
Ready.
Unit select,
Tape direction.
Delay inhibit,
Maintenance,
Error.

l O A B BT b O

TCWC, Werd Count
Two's complement word count,

TCBA, Buss Address

177340 RO
n:1 HS
2:0 HS
5:0 HS

T no
orF reverse bit
] RO
manner as blt 15,
) NS
10 R
11 RO
12 LN
13 HS
1k HES
15 RO
bit 15 or TCCM,

177342 RS

0 L0
1:3 RSV
a5 R/W
b R/W

7 R
g:10 R/
11 R/
12 R/iW

13 Mo
15 R/W
177344 R/W
0215 R/W
177346 RSV
n/w

0:15

Buss address for memory transfers.
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177350 HE =, Data Register
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G. DF, The RF11/RS511 Disk
T0h=interrupt vector E=zpriority

This device is not initally attached, 1t Is the anly
device that may be given a file argument on attaching but acts
di fferently if not given a file argument., A1l other devices
that take file specifications simply use some Initial flle as
changed by previeus type-in If no file specification is
supplied. This device is simulated by storing the disk
contents In the simulator's core image, Two POP=11 words are
storcd per PODP-10 word,

The DF device may be attached by a load command [5ec
V1| which loads disk contents information. A message is
printed and the infeormation is loaded inte the simulated disk.
| ¥ an attach command on the DF device 1s piven a file
argument, the disk is attached and disk infermation only is
loaded from the specified file Into the simulated disk., An
attach command with no file specification attaches a zeroed
disk., The :ZERDF command is also available to zero the disk
|Sec VI|.

Detaching the DF with a file name simulates a :DMPDF
|Sec V1| and then expunges the disk contents informatien In
core, |f no flle is specified and the user has not done a
DMPDOF then the disk contents is lost hy detaching the DF
device.

Although in the simulator a disk transfer happens
instantaneously in 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 is off, :

1770 R/ DCS, Disk Control and Status
n WO Setting causes the disk to execute the
function selected by bits 1:2, clears hits B8:13, and clears
bit 15 unless bit 14 is set,

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

2 1 Function

00 no aperation

01 wrlte

10 read

l 1 write check
3 HS Maintenance,

L:5 R/W Extended memorv hits, Cause disk non-
exIstent memory error unless both on when addressing an (-0
register.

G R/ Interrupt enable, Allows hits 7 and 15 to
interrupt,

7 RO Ready,

g WO Setting causes "power clear" of disk,
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g ({31 Missed transfer,

10 N5  Write lock out.

11 RO Hon-existent disk, On 1f DAE bits 2:4 are
non=zero,

17 HES Nata parity error,

13 RO Write check error, 0On If word read from
memory and word read from disk differ during a write check
pperation.

1k HO Freeze., Or of DAE hits 10:15,

15 RO Erfror. 0Or of DCS bits 9:14,

177462 H/W o CMA,; Current Memory Address
1:15 R/W  Current memory address, initially loaded with
the starting address minus two, Incremented after each word Is
transfered unless DAE bit 8 1s on,

177ThEE RS WC, wWord Count
n:15 R/W Word count, loaded with 2's complement of
block length and incremented by 1 before each transfer.
Owverflow ends a function, Limits hlock size to BE5,536 words,

177466 R/W DAR, Disk Address Register
o0:10 R/W Selects word of disk track for next transfer.
Incremented after each transfer, Overflow carries Into track
address.
11:15 R/W Selects track for next word to he transfered,
Carries into and is extended by DAE bits 0:1.

177470 R/W DAE, Disk Address Extension and Error
0:1 R/W Track address extension, carries into hit 2.
2: L Rfw.  Disk address, in the simulator causes non=
existant disk error If non-zero, carries into bit 5,
5 RO Disk address overflow, causes non-existant
disk error.
7 iS5 Data reguest late.
2 R/W CMA increment Iinhibit,
10 - RO Hon=-existant memory on disk reference,
12 (] C timing track error,
13 HS B timing track error,
1k NS A timing track error,
15 NS Address parity error,

177472 HS -, Data Buffer Register
17747k HS -, Maintenance Register

177476 RO ADS, Address of Disk-Segment
0:10 RO Real time disk position.
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H., LF, Line Printer
200=interrupt vector b=priority

The device is not initially attached, |t allows
output to the "line printer" through the same path as that
enabled by |B [Sec 111]. 1t may be given a file specification
to output to which will effect future |E or :WALLP output |Sec

¥|. Detaching the LP does not terminated |B or :WALLP output,
Characters may be output every & simulated mlcroseconds.
Characters output when done Is not on will he lost.

177524 R/ LPS, Line Printer Status
[ R/ Interrupt enable, allows hit 7 or 15 to
interrupt,
7 R/ Done, Indicates ready to accept character In
LFB.
15 RO Error on output,

177526 WO LPE, Line Printer Buffer
0:6 W Character to be printed., Loading clears LPS
bit 7.

l. LKk, The KWHll=-L Line-Frequency Clock
100=interrupt vector fepriority
This device is inftially attached, It takes no file

name after an attach command on 1t but a non-zero prefix
numeric argument will set the "line frequency" used It Its
operation, This is initally 60, The cumulative simulated
time is used to drive the LK so its actions correspond to
simulate real time,

177546 RO LES, Line Clock Status
B R/W Interrupt enable, aloows hit 7 to request
interupt,
7 RO Set to one every cycle of line current,
cleared by reading.
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J, PR, High Speed Paper Tape Reader

Th=interrupt wvector b=priority

This device is not initially attached. |t takes a
file specification to read from, A nonzero numeric arpument
will set the PR to rad in image or ASCI| mode as the argument
is one or greater than one. Inage rode s the initial setting
and must he used to read properly from the MTR |Ref 4| which
is the initial file specification. A character may be read
from the PR device every b simulated microseconds bhut no data
is lost if characters are not read fast enough,

177550 R/W  PRS, Paper Tape Reader Status

] WO Reader enable, reguests read of next
character, can be set only If hit 15 elear, sctting clears PRE
and sets bit 11,

[ B/ Interrupt enable, allows bits 7 and 15 to
interrupt,

7 RO Done, set by character avallable, cleared by

reading PRB.

11 RO Busy, set by setting hit 0, cleared hy bhit 7
coming on.

15 no Error, set by end of input.

177552 RO FREB, Paper Tape Reader Buffer
0:7 RO Reader character buffer.

Le PP, High Speed Paper Tape Punch

Thi=interrupt vector bepriority

This device s not Inftially attached, 1t takes a flle
specifecation to write on, A non-zero prefix numeric argument
will set the PP to read in image or ASCIl| mode as the argument
is one or greater than one. Image mode is the initial setting
and must be used to write properly nn the PTPF device |Ref k|
which is the initial file speciflication., Characters may he
output to the PP device every 30, simulated microseconds,
Data output when ready is not on is lost,

177554 R/W PP5, Paper Tape Punch Status
3 R/W Interrupt enable, allows bits 7 and 15 to
interupt.
7 RO Ready, cleared by loading PPB, set when ready
for more data,

15 [7{n] Error on output.

177556 WO FPE, Paper Tape Punch Buffer
0:7 HO Punch character huffer,
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L. TE, Teletype Keyboard

GOl=interrupt vector b=priority

This device is initially attached and allows input
from the user's teletype to the simulated POP-11 program. Ho
file specification is taken by this device hut a non-zero
prefix numeric argument will set the ratio hetween simulated
real teletype speed and real teletype speed. (This Is
Initially set to 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 simulator, as opposed to the
real PDP-11, data Is not lost due to not reading It in time.
However, characters huffered by the time-sharing system will
he lost on transitlion to eommand level,

177560 R/W TES, Teletype Keyboad Status
0 HS Reader enable,
6 EfY Interrupt enable,
7 RO lone, character available, Clears hit 11
when set.
11 RO Busy, character bheing read,

177562 RO TEB, Teletype Keyboard Buffer
0:7 RO - Character buffer, reading clears hit 7 in
TES.

M. TP, Teletype Printer

Ge=interrupt vector Uspriority

This device is initially attached and allows ocutput to
the "console" through the same path as command level type out
15ec 111]. Mo file specification is taken by this device but
a non-zero prefix numeric argument will set the ratioc between
simulated real teletype speed and real teletype speed. This
is inftially 500, (5ee description of TK device.) Writting
in TPE when ready is off will casuse output to be lost.

177566 R/sW TP5, Teletype Printer 5tatus
2 Hs Maintenance control.
3] Riv . Interrupt enable,
7 RO Ready.

177566 oL TPE, Teletype Printer Buffer
0:7 WO Character buffer, clears bhit 7 in TPS when
loaded, '
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11, Console Data Switches Register
Gep references, 1 and 2.

177570 RO SWR, Switch Register

0:15 RO This location represents the console data
switches. Although read-only for a simulated program, it can
he deposited into by command level,

0. Processor General Registers
b=interrupt vector
li=interrupt vector
20=interrupt vector
Fl=interrupt vector
Fi=interrupt vector

See references 1 and 2. The processor registers are
printed by :REGS,

177700 R/ through 177716, %0 through %7

0:15 RfW %0 through %5 are the POP=11's general
purpose registers. %6 5 used as the stack pointer for
interrupts. %7 is the program counter,
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P, 145, PDP=11/45 Features
240=interrupt vector priority variable
With this device attached, as it Is initially, the
following PDOP=11/L5 op-codes hecome available: XOR, MUL, DIV,
ASH, ASHC, SXT, SPL, RBTT, S0B, and MARK, (Estimated times are
used for these operations Iin advancing the cumulative
gimulated time,) The PODP=11/45 segmentation option and
floating peint processor optien and thelr assoclated
instructions are not simulated, GSee reference 7.

1777712 R/M PIR, Programmed Interrupt Mequest
1:3 no Friority level of highest reguest (hits
g:151).
§:7 RO Same as 1:3,
g:1l5 R/¥W Program set requests for interrupts. PBit n
is priority n minus &,

177774 MG =, 11/45 Stack Limit

1. Processor S5tatus Reglister

lu=interrupt vector

The trace trap enable bit causes a trap through 14 at
the end of most instructions., See references 1 and 2.

177776 R/W PS, Processor Status
R/ Ccarry flag (C).
R/W Overflow flag (V).
R/W Zero flag (I).
R/W Hegative flag (N),
F/sd Trace trap enable [T).
§:7 R/ Processor priorlty, Imterrupts of egual or
lower priority are inhibited,

E o S



