MEMORANDUM BBN-154
(Retyped at Inforonics 9/16/65)
To: All PDP-1 Users
From: W. lMann
Subject: Extend DDT
Date: 2 March 1264

Extend DDT (DEC Debugging Tepe) is a symbolic debugging program
for the PDP-1 with Memory Extension Control (Type 15) and up to
16. Memory Modules (Type 12). It occupies the upper section
any Memory Module starting at register 5@¢@@; in addition it may
use registers 7765-7777 in other modules. The symbol table
builds down from DDT into lower memory. The initial symbol
table contains all basic PDP-1 instructions. The program is
loaded by 2 self-contained loader occupying registers 7751-7777
(this is the standard MIDAS absolute loader).

Operation of DDT is from the on-line typewriter. Lower case
letters, numberals and period are symbol constituents; other
characters, and characters typed in upper case either are con-
trol characters or are illegal, A symbol consists of a string
of letters, numerals, or periods, at least one of which must

be a letter, Only the first six are significant. A string of
digits alone is an octal number. A string of digits followed
by a period is a decimal number, A period alone means the pre-
sent location. This symbol syntax is the same as that of MIDAS.
DDT will read binary tapes produced by MIDAS or MACRO, and also
MIDAS symbol punches for the purpose of informing itself of the
user's symbol definitions

One of DDT's most useful features is the "Breakpoint'", When
debugging a program, it is occasionally desirable to allow
control to flow up to a certain point at which the programmer
would like to examine the contents of the AC, I0 and various
other registers in his program. To facilitate this, DDT will
insert into the user's program a jump instruction (specifically,
da) to 777@, where there is a routine which transfers to
DDT. DDT saves the AC, IO, overflow indicator, extend mode
status, program flag 1, and sequence break status, It then
prints out the break location, and the contents of the AC.
When this has occurred it is possible to examine program lo-
cations, make changes, move the breakpoint if desired, and
continue the program, restoring all indicators and executing
the instruction which was originelly replaced by the breakpoint.
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The following list descrihes +he action of ty=ed-in choracters:

CHARACTERS

Space
+

vV
N\

Carriage
Return

Backsgace

Tab

ACTION

separation < aracier meaning arithmetic PLUS
separation ciaracter meaning arithmetic PLUS
separation character meaning arithmetic MINJS
separation character meaning boolean inclusive OR
separation character meaning boolean AND

REGISTER EZAMINATION CHARACTERS:

Preceded by an expression, takes this expression
as a 12, bit address and causes the location to

be reset to the address, the register to be open-
ed, and its contents to be typed out, Otherwise

it causes the register addressed by the last
quantity typed by DDT or the programmer to be open-
ed and typed out. (An open register's comments

may be modified by typing an expression and then
closing it). The typeout is in the current output
mode,

Same as /, but takes a 18, bits address and
resets the current module indicator (displayed
in the AC while waiting for type-in).

Same as /, but forces printout as a number for
this examination.

Same as /, but forces printout in symbolic for
this examination.

REGISTER CLOSING CHARACTERS:

If a register is open and any expression has been
typed immediately prior to the carriage return,
the value of that expression is stored in the open
register. Otherwise no change is made.

Same effect as carriage return, then opens the
next sequential register. This sequence is not
altered by /, [, ], or > (see below) typed with-
out an expression immediately preceding it.

Same as backspace, but opens the previous
register.

Same effect as carriage return, then opens the
register addressed by the contents of the last
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A
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opened register (after modification, if any)
taken 23 a 12, bit numbzr. Tab alters the se-
quence of locations,

Same as tab, but does not alter the sequence of
locations.

EVALUATING CHARACTERS

Types out the last quantity as an integer.
Types out the last quantity as an instruction.
Types out the last quantity as concise code, in
the order left, middle, right. Spaces are de-
leted.

Same as a, but types out right 16. bits as sqoze
code.

CHARACTERS HAVING VALUE
Has the value of the current location.

Has the value of the location in which the AC
is preserved.

A+l., The location in which the IO is preserved.

I+1., The location which contains the mask used
in searches (see below). M+l contains the lower
limit for searches, and M+2 the upper limit.

The location containing the lowest location being
used by DDT. As symbols are defined its contents
will decrease.

Hes the value of the last quantity typed by DDT
or you,

Preceded by three letters or numerals, has the
value of these characters as concise code.

SYMBOL DEFINING CHARACTERS

Following a symbol, defines it locally as the 12,
bit current location.

Following a symbol, defines it locally as the 12,
bit address of the last quantity typed,
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( fetz the eymionl definition value to the last
guaniivy tyved,

S’

TFcliowinz 2 symbcl, defines it globally as the
current symlol definition value.

K Fnilowing a2 symbol deletes that symbol from the
svmbol ftable. Alone deletes all but the initial
svmbols.

MODE CHANGING CHARACTERS

S Sets the word type out mode to symbolic.

C Sets the word type out mode to numeric.
Overbar Sets the word type out mode to concise code.
R Sets the location type out mode to symbolic.
o) Sets the location type out mode to numeric,
H Sets the numeric type out mode to octal.

U Sets the numeric type out mode to decimal.

SEARCH CONTROL CHARACTERS

W Causes DDT to search memory between the limits
specified in M+1 and M+2, for words equal to the
expression preceding. Only bits masked 1 in
register M are compared. Occurrences are typed
out with their locations.

N Same as W, but finds all words not equal to the
preceding expression.

E Same as W, but finds words whose effective address
is the preceding expression. Follows indirect
addressing 100 levels.

PAPER TAPE COMMANDS

Y Reads a MIDAS or MACRO binary tape into memory
between the limits contained in M+l and M+2.
Checksum errors cause a halt.

\'s Reads a tape as above, comparing it with newory
and printing errors as:
location/ memory tape
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Read a MIDAS symbol table merging it with the old
table; redefinitions may occur. The contents of
7 {laver brund of symbol table) are typed upon
complttine reading the symbol section of the
tape,

Punches following characters in readable format
cn paper tzpe. Terminates on:

1) [TAB. Sets DDT to punch in read-in
mode,

2) - CAH . EET. Punches input routine and sets
DDT to punch checksummed in
blocks.

3) PACKSPACE Sets DDT to punch checksummed
blocks.

punches from fa through la in format set by L.
fa and la are any two expressions.

punches current register., Makes any modification
first,

punch a start (jump) block to the specified
address.

FLOW CONTROLS

restore indicators and transfer to the address
specified. G without an address is not accepted
(an error).

causes the execution of the preceding expression,
If this is a transfer type instruction it may be
used to give control to your program.

inserts a breakpoint at the location specified.
No location removes the previous breakpoint.
Your instruction is not removed until control
leaves DDT. Breakpoints should not be placed

at instructions to be modified or used for their
values, Breakpoints may be placed at a cal
instruction without following parameters oOr more
than two returns if no trap occurs at any other
place before the cal returns.
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2 ¢ ter a brrak trap has occurred procesds with
oo eveczuilon of your program at the location
Lo wi.o0h 71 was interrupted. A word preceding
143 I' gauces the trep not to occur for that
rvitnber of vimes,
OTHERS
Z no arcumenl. Clears memory not used by DDT.
fa < la Z clears from fa to la.

times (X) d=letcs expression immediately preceding.
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STMART 7 CCNTROL CHARACTERS

acocun L . texr storage

ingert¢ « brsakpoint

g+t wo e print mode to constants
runch data bhlocks

effective address search

lowest loca:ion in DDT

go to

set number output mode to octal
i-0 storage

punch start (jump) block

k1ll cdefined symbols

listen for title punch

maslk register

not-word search

set location print mode to numeric
proceed

last quantity

set location print mode to relative
set word print mode to symbolic
read symbol table

set number output mode to decimal
verify tape against memory

word search

execute as instruction

read binary tape

Zero memory

number and/or symbol constituents
symbol constituents

take as concise code

print as sqoze code

print as concise code

define symbol 2s address typed
inclusive or

and

argument setup character

modify and open addressed register
modify and open previous register
print as instruction

set symbol definition value
define symbol

examine register as constant
examine register 2s instruction
set word print mode to concise
set module and examine register
minus

plus
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bk sp
car ret
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space

g’ present Location
deZs e grabol as

prici ag aumben

cui s sat Iacatinn

del~ 72 tioned input

exan.ne icogister

MmoGLiy and open addressed register
mocify and open next register

moc fy and close register

set rase

nlus

all other :ounorsd. but respond with a ?

William Mann
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