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INTRODUCTION

DBUGR 1is a utility program for debugging programs run on HP 1000
series computers., It features:

* Symbolic or octal printout

* gSymbol definition

* Register examination and change

* Paper tape loading and verification
* Memory search

* Memory clear

* Breakpoints

~ Map examination.

1-1. OPERATING ENVIRONMENT

DBUGR runs on any HP 1000 series computer equipped with DMS and
teleprinter (or CRT) running the RTE-IV operating system. DBUGR
itself 1is approximately 3.,6K words in length including symbol table
and excluding the breakpoint table. The wuser symbol table space is
fixed at 50 1locations in length. Two 1locations are required for
symbols of one or two characters, while three locations are required
for symbols of three to six characters. The breakpoint table, which
uses 50 words of memory, consists of 10 breakpoints of 5 words each.

Paper tape operations are configured to dump to LU4 and read from
LUS.

1-2.  LOADING AND USING DBUGR

To wuse DBUGR it must be relocated with the program to be debugged.
This may be done in one of two ways. The first is to use the DB
format in the loader. LOADR will set the primary entry point of the

program to DBUGR and save the program’s actual start address in
DBUGR. For example:

*RU ,LOADR, , $PROG, ,DB

Note that this 1is the only way that segment breakpoint can be
utilized.

1-1
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The second method is for the program to call DBUGR directly by the
following calling sequence:

Assembly Fortran

EXT DBUGR CALL DBUGR(lu#-optional
JSB DBUGR parameter)
DEF RTN
DEF lu# of console (optional)

RTN EQU *

When the wuser’s program begins execution, DBUGR takes control and
prints START D3UGR on the optional console logical unit or, if not
included, on the 1logical unit passed to DBUGR through the system
subroutine LOGLU. At this point the wuser can 1initiate a debug
operation, All debug operations are conducted at the Assembly
Language level, A load map of the program 1is essential. 1If
debugging a program written 1in a higher level language, a mixed
listing of source and assembly is required.

DBUGR has 10 breakpoints available which reside 1in a relocatable
module named $SGBPT. If the user desires to change the number of
available breakpoints, the user may write his own SGBPT module and
load the new code in place of the system library routine SGBPT. This

can be done by using the loader LI,%SGBPT command to search %SGBPT
file before the system library.

The routine looks like:

ASMB,R,Q
ENT SGBPT,SGBPE
SGBPT DEF *+1 start of table points

REP 10 determines number of breakpoints (10)
ocr 0,0,0,0,0
SGBPE DEF *

end of table pointer
END

1-3. ELEMENTS OF DBUGR AND TEXT CONVENTIONS

Input to DBUGR consists of controls and expressions,

1-4. CONTROLS

Controls, consisting of special characters and letters preceded with
escape or ALTMODE, act as directives to DBUGR., In the text that
follows, escape will be denoted by \, carriage return by CR, control
by CTRL, tab by TAB and line feed by LF. (CrRL-J is optional LF on

264x terminals.) Escape prints as a backslash (\) on a TTY or CRT.
Some controls are:
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/
!
\S
+

For muiltipoint terminals or terminals wusing driver DVRO7, refer to
Appendix D.

NOTE

Some terminals do not print the first backslash after
an excape (e.g., the 2640). The control "\U" will
cause DBUGR to print two backslashes for each escape.

1-5. EXPRESSIONS

An expression, which will be denoted in the text by the letter n,
consists of one or more terms, combined by operators as in the
following:

AA+190

1-6. TERMS

A term may be a symbol (denoted in the text by the letter s), a
number, or a special notation called a mark. The following are
terms:

BB A symbol is defined as a letter or a period followed by any
number of letters, digits or periods. Only the first six
characters are significant. For example:

ABC AS .B
A.22222Z .4 cee

Each symbol may be assigned a value. The symbol and its
value are equated by entries in the DBUGR symbol table.
Values for symbols 1lie in the range of -32768 through

32767.
3775 An octal number,
386. A decimal number, The decimal point 1is wused to

characterize the number as decimal rather than octal., A
decimal point in a number other than as the last character
is not meaningful.

. and * Period and Asterisk are marks. When used as terms in an
expression their value 1is equal to that of the current
value of DBUGR’s location counter.
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\Q Esc-Q is a mark., It refers to the last quantity typed.

1-7. OPERATORS
Legal operators are:
+ Add terms

Space Add terms (this 1is manually faster than shifting and
depressing the + key.)

- Subtract term

¢ Inclusive OR terms (inclusive OR is used to selectively set
individual bits within a word).

Operators are discussed in more detail in Appendix A.

1-8. CONVENTIONS FOLLOWED IN THE TEXT

1. What you input to DBUGR is underlined.

2. Use of a control that does not cause print-out is denoted by
brackets ([]). These will not be underlined.

3. All values referenced 1in the text are octal unless otherwise
noted,

4, Vertical and horizontal spacing shown in the examples is not
exactly as it appears on a teletype or CRT printout.

1-9. LIMITATIONS

DBUGR reads and interprets each character as it is entered so that
many commands may be invoked by a single keystroke. Since one
character is read at a time, it is possible for the user to get ahead
of DBUGR and get a system prompt. When this happens the user should
increase the priority of the program being debugged with the PR
command. Alternatively, through use of the \\U command, DBUGR can
accept a continuous string or line of characters as would be sent

from a 264x terminal by a soft key, cartridge tape unit, or a
Multipoint 264x terminal using driver DVRO07.
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Information can be displayed to us in one of four modes:
1. Symbolic instructions
2, Numeric constants
3. Address pointers

4., ASCII characters

Although a printing mode normally remains in effect until changed, it
is possible to either:

a. momentarily invoke a different mode for the display of only
one number, or

b. temporarily invoke a different mode for a series of
examinations until a carriage return is entered.

2-1. PRINTOUT AS SYMBOLIC INSTRUCTIONS

DBUGR is in symbolic mode when it is loaded.

In symbolic mode the contents of a memory location are printed as
symbolic instructions; the operation codes are represented as
mnemonics., The address field of one-word memory reference
instructions will be printed as octal numbers with the page number

merged with the page offset. Only the first word of multi-word
instructions will be interpreted.
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It 1is important to note that in symbolic mode every location is
printed as a symbolic instruction whether that location contains an
instruction, data or an address. The bit pattern in memory is simply
interpreted as an instruction. For example, the octal value 1767
would appear in memory as:

Notice that bits 6 through 15 correspond to the bit pattern for the
ALF instruction. The lower 6 bits are similarly treated as
instructions, The printout appears as:

ALF,CLE,ALF

Also notice that not all shift rotate instructions are defined. 1In
those cases DBUGR will print the valid opcodes merged with the
remaining bits, For example, the octal value 1747 will be printed as
ALF,CLE,7.

DBUGR’s symbol table does not contain instructions referencing the

overflow register, therefore overflow instructions will be printed as
I/0 instructions with a select code of 1.

The operand field for 1/0 and double shift instructions will be
printed correctly except when the operand is zero, in which case a
blank 1is printed instead of a zero. Therefore STF 0 will be printed
as STF, and RRL 16 (actual operand is 0) will be printed as RRL.

"I" and "C" are special symbols in DBUGR’s symbol table with the
octal values of 100000 and 1000 respectively. Therefore 100000 and
1000 will be reverse assembled as I and C.

From this discussion, it is obvious that we must know whether we are
looking at data or instructions. It is also obvious that it is
desirable to be able to print data or address words as octal numbers.
DBUGR provides this capability.

2-2. PRINTOUT AS NUMERIC CONSTANTS

We can either momentarily change the printing mode to octal so the
last item printed will be reprinted as octal, with subsequent
printouts continuing in the master mode; or we can change the master
mode to octal so that all subsequent printouts will be in octal.
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Conversely, 1if we <change the master mode to octal, we have the
capability of momentarily switching back to symbolic; it works both
ways. The examples below demonstrate printing modes. In these
examples the following controls are used:

n/ Prints the contents of memory location n. These contents
can be modified at this point, but that is discussed later.

\C Set master print mode to numeric constant. Remember, C
means constant.

Print the last quantity (typed by either us or DBUGR) as a
numeric constant. This is a momentary mode change.

\= Same as =, except constant mode remains in effect until a
carriage return, This is a temporary mode change.

\S Set master print mode to symboclic instruction. Remember, S
means symbolic.

Print the last quantity typed as a symbolic instruction.
This is a momentary mode change,

\! Same as !, except symbolic mode remains in effect until a
carriage return, This is a temporary mode change.

2-3. CHANGING THE RADIX OF NUMERIC PRINTOUT

An interesting feature of DBUGR is that the numeric output (in any
mode) does not have to be octal. The radix of output values can be
from 2 to 33. Thus, it is possible to print data as a decimal value
or examine memory in hexadecimal. If the radix is decimal, numbers
are followed by a period. You can change the output radix by using

the control,. DBUGR interprets all values as 16~ bit unsigned
numbers, regardless of radix.

n\R where n can be any decimal value from 2 to 33 (or octal
value from 2 to 41. Remember, R means radix.
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For

2-4

example:
2420/ ADA 2745 \C |[LF]
[LF]

2421/ 3004 2\R

10100010010/ 10000010000 10\R [CR]

\S (LF]

;;23/ JMP 2714,1 [LF]
2424/ SzA [LF]

2425/ JMP

2714,1 2\R [LF]

*The radix

Select
master
Select

Select

Select
mode

Select

could have been specified in decimal

10100010110/ JMP 10111001101,I 20\R [CR] Select

\S [LF]

517/ JsB 331,1 [LF]

518/ CLA,SSA,SLA,SZA \C [LF]

519/ 51A [LF]
S51A/ 9B3E 10\R

10.\R [LF]
[LF]

[LF]
[LF]

[CR]
2471/

1338./ 1040.
1339,/ 44464.
1340,/ 1026.

3004

Select
mode

Select
mode

Select

Select

numeric constant
mode
binary output

octal output*

symbolic master

binary output

as 8.\R.

hexadecimal output

symbolic master

constant master

octal output

decimal output
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2-4. ALPHANUMERIC (ASCIl) PRINTOUT

It may be necessary to examine alphanumeric information, If so,
DBUGR allows us to change the printing mode so that the contents of
each memory location are printed as two ASCII characters. In this
mode DBUGR will interpret the 16 bits as two 8-bit ASCII codes,
whether the memory location contains data, an 1instruction, or an
address. The controls are:

\H Sets master printing mode to ASCII characters.

4

Prints the 1last quantity typed as two ASCII characters.
Then prints a double quote.

\’ Same as “, except ASCII mode remains in effect until a
carriage return,

Study the following example carefully:

2514/ 115762 \H [LF] Select ASCII printout
;gIE;PV"=50126 .:-PV" [LF]
2516/NE";47105 E NE" [LF]
2517/@.";40056 . @." [LF]
2520/-”=;655 . -" [LF]
2521/*“;115452 - a [LF]
2522/8“;2523 E Ss" [LF]
2523/-0:=126660 :—0“ [LF]
2524/ >“;lls476 :>“ [LF]
2525/+0”;25460 t+0" [LF]
:‘2532/-"=2655 ‘=" [LF]
2533/ ";12 “n [LF]
2534/ ";5 B [LF]
2535/ *:=115452 7*" [CR]
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From an examination of the octal equivalents of the printed
characters, several observations can be made:

1. A character will be printed only if the upper and/or lower 8 bits

of a word contain bit patterns that represent legitimate ASCII
characters,

2, If either 8-bit field does not represent an ASCII character, it
is not printed. There is no way to determine whether a single
printed character fell in the upper or 1lower half of the word
without looking at the octal equivalent, At location 2522 above,
only the lower half of the word converts to the character S.

3. If neither half word contains an ASCII code, but does contain
binary information, nothing is printed (location 2534 above). 1If
a non-printing ASCII character is encountered, DBUGR performs the
function that ASCII code represents. For example, encountering a

607 causes the bell to sound, and encountering a 012 causes a
line-feed.
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2-5. ADDRESS POINTERS

There 1is one more printing mode, It allows DBUGR to print a 1l6-bit
memory location as an address pointer. Keep in mind that in HP 1000
computer programming, many words are set up to contain a full 15-bit
address plus a bit to indicate direct or indirect use of that
address. In the following code:

3000 LDA POINT,I
3010 POINT DEF DATA
7000 DATA BSS 1000

the DEF pseudo operation generates a full 15-bit address at location
3010. The address generated is that of the symbol DATA; i.e., 7000,
and this address is used as a pointer by instructions such as the LDA

at 3000 to access the data stored at DATA. The contents of location
3010 look like:

bit 15 0
tommmc e e e —cmcmcm e —————— e ————————— +
ijlo o 0 0 1 1 1 0 0 O 0 0 0 0 0 o0} =7000
g gy MBSO + 8

Memory locations containing address words can easily be examined in
numeric constant mode. In fact, if we switch to the printing mode
that allows us to print the contents of memory locations as
addresses, there appears to be no difference in output. The example
below demonstrates the apparent identity. The control <- (left arrow

or underline on some CRTs) 1is used to print the last quantity typed
in address pointer mode,

\C [CR]

1510/ 60247 <- 60247 [LF]

1511/ 3004 <- 3004 [LF]

1512/ 102000 <- 2000,I [LF]
The two modes return almost identical results! What then is the use
of address pointer mode?

Printing in address pointer mode is wuseful only in conjunction with
another feature of DBUGR; i.e., the capability of associating symbols
witn numeric addresses.

2-7
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2-6. DEFINING SYMBOLIC ADDRESSES IN DBUGR

Remember that when a program is in memory for execution, all symbols
associated with program 1locations at assembly time have been
converted to absolute addresses; they are gone! As DBUGR maintains
its own symbol table, we <can associate arbitrary symbols with

specific locations. This is wuseful because we may wish to see
locations and address references printed as symbols rather than
words.,

Before we see how symbols are manipulated, it is necessary to learn
how DBUGR sequences through a program. For example, to begin
debugging at location 2500, we would type:

DBUGR will respond by typing the contents of location 2500 (assume we
are in numeric constant print mode). The output would look like:

2500/ 171572

If we strike LF or CTRL-J on a 264x, the next sequential location in
memory is displayed:

2500/ 171572 [LF]

2501/ 723 [LF]
2502/ 5241

Although it was not explicitly mentioned, 1in all previous examples
advancing to the next line of print was accomplished by LF.

Obviously, DBUGR maintains a 1location counter similar to the
P-register of the computer, and LF is the control for sequentially
examining memory. Later we will see that the contents of the memory
location just printed can be changed before executing the LF.

If we wish to associate a symbol with the address 2500, we can type
the following:

n<s: where n is an expression resulting 1in a 16-bit value and s
is a symbol. The symbol is then said to be defined.

Thus, "less than" (<) is a control to designate a value, and “"colon"
(:) is a control to define a symbol.

2500<SYM:

will associate the symbol SYM with the address 2500.

2-8
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In the following example, notice how symbols replace numeric notation
after location 2500. Assume we are in numeric constant mode, and SYM
has been defined as above,

2476/ 126720 [LE]

2477/ 115476 [LF]

Ssym/ 2734 [LF]
SYM+1l/ 115471 (LF]
SYM+2/ 25460 [LF]

SYM+3/ 126666 [LF]

.

. . . * . *

A strange thing happens after location SYM+1l0:

SYM+10/ 165715 [LF]
2511/ 7004 [LF]
2512/ 77113

Addresses are associated relative to a particular symbol for 10 octal
locations, If we wish to continue using symbolic addressing, we have
to define another symbol:

SYM+130/ 165715 [LFE]

2631/ 7004 [CR]
2631/ SYM2: [LF]

- o - - — - - -

SYM2+1/ 77113

Notice the use of CR above. Unlike LF it only returns us to the next
print line; the location counter does not change. Actually it is
generally not necessary to strike a CR before typing a new address or
using a new control. You can continue on the same line,.

The exception to the 10 rule above is for symbols of one or two

characters. For these symbols, the numeric offset has no limit.
Thus:

2631<Ss: [CR]

S+,001/ 165715 [LF]
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This mode 1is wuseful with relocatable code where we might define a
symbol for the origin of each module. The offsets would then be the
same as those printed on the assembly listings.

Another form of symbol definition that would have been more efficient
at location 2631 above is illustrated below:

SYM+130/ 165715 [LF]
2631/ 7004 SYM2: [LF]
SYM2+1/ 77113

When no value is explicitly designated for a symbol definition, the
current value of the location counter is used,

Now 1let us look more closely at the printout in symbolic instruction
mode (Column A of Figure 2-1). Notice that we may specify the
address at which to begin printing by using its symbolic form:

SYMBOLICAINSTRUCTION ADDRESSBPOINTER OCTALCCONSTANT
ey ey S
| STz, o 1460 25460 Tass60 |
: SYM+3/ JMP SY+35,1 <-26666,1 =126666 :
: SYM+4/ JSB 1454,1 ::15454,1 ;115454 :
: SYM+5/ CLA,CLE,INA,SZA,RSS ::SYM+7 ;2507 :
: SYM+6/ CLE,SEZ,SSA ;:2120 ;2120 %
: SYM+7/ JMP 2716,1 ::26716,1 2126716 :
i SYM+10/ JSB 1453,1I ::15453,1 ;115453 :
] SYM+11/ CLA,CLE,SSA,SZA,RSS <=SY+13 =2513 :
| sym+12/  CLE,SEZ,SSA <2120 Z2120 .'
: SYM+13/ JMP 2716,1 ::26716,1 2126716 :
: SYM+14/ JSB 1762,1 ::15762,1 ;115762 :
: SYM+15/ cLA,CLE,SSA,RSS z:SY+21 ;2521 :
: SYM+16/ 2746 ::SY+115 ;2746 5
| R R )

Figure 2-1,COMPARISON OF SYMBOLIC, ADDRESS POINTER, AND OCTAL PRINTOUT

2-10
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Notice that not only are the locations printed in symbolic form, but
some addresses referenced by memory reference instructions also
appear using the offset limits; i.e., 10 for multicharacter symbols
or no limit (but >0) for one or two character symbols.

Referring to the octal printout in Column C, notice that the entire

word 1is printed as an octal constant, even 1if that constant
represents an address that can be represented symbolically, as at
location SYM+7.

In symbolic instruction mode, symbolic addresses appear only if that
word is a one-word memory reference instruction. Address pointers
will not be printed symbolically. They will appear either as octal

constants, as locations SYM+16 or as meaningless instructions as at
location SYM+11.

A glance at Column B in Figure 2-1 immediately reveals that address
pointer mode 1is the only mode that will print 15-bit addresses in
symbolic form., Notice that the control <- 1is used to momentarily

invoke address pointer mode. To set the master printing mode to
address pointer, use the control:

\A Sets the master printing mode to address pointer,
Remember A means address.

The control \ <- can be used to temporarily invoke address pointer
mode until a carriage return is executed.

2-7. DELETING SYMBOLS FROM THE SYMBOL TABLE

Using the control \K will kill all symbol definitions that we have
defined. Symbols defined by DBUGR remain. Remember K means kill,

CAUTION
Do not use the following to define address labels:

1. Instruction mnemonics; if a symbol is redefined, the
original value is lost.

2. The letters C and I; these are defined as 1000 and
100000 octal, respectively.

3. Special Register Symbols.
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2-8. ASSIGNING A SYMBOL TO AN ADDRESS JUST PRINTED BY DBUGR

In addition t~ being able to define a symbol equal in value to a
specific address or to the current value of the location counter, we
can equate a symbol equal in value to an address just printed by

DBUGR:

s& Defines symbol s equal in value to the addrecss of the
last quantity typed, if an instruction,

For example:

1476/ JMP 305 XFER& [CR]

305/ SLA+17 [CR] The symbol XFER is defined
———— as location 305

XFER/ SLA+17 [LF]

XFER+1/ SLA+20

2-9. HOW TO PRINT THE LAST QUANTITY TYPED IN MASTER MODE IF
YOU HAVE JUST CHANGED MODES

; Prints last quantity typed in master mode.

For example:

1700/ HLT 77 =102077 ;HLT 77 [CR]



MEMORY EXAMINATION
AND MODIFICATION | m

3-1. CONTROLS TO EXAMINE MEMORY ONLY — LOCATION COUNTER
DOES NOT CHANGE

We have already used two controls to examine memory locations:
n/ To open and print the contents of location n,

LF To open and print the contents of the next
sequential location,

Actually these rontrols do more than print the contents of the memory
location; they "open" the location for possible modification, Before
we explore that possibility, let us 1look at some other controls for
examining memory:

/ Opens and prints the contents of the location pointed
to by the last quantity typed. The quantity typed is
used as a 15-bit address, regardless of the printing
mode.

For example:

2007/ 20602 / 67 |[LF] Opens and prints contents

----- ~ of 20602
2010/ 30501 / 115723 Opens and prints contents
- of 30501

Notice that DBUGR's location counter does not change.

We can continue sequential examination of memory simply
by using LF.

\/ Opens and prints the contents of the location pointed
to by the 1last gquantity typed. Unlike /, the last
quantity typed 1is interpreted as a memory reference
inctruction and only the 1ll-bit address field is used

as the effective address. The 1location counter does
not change.

\L Prints the contents of the next 16 sequential
locations; the last printed location is left open.

n\L Same as the \L, the quantity n replacing 16 as the
number of locations listed.,
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For example:

5010/ ELA 5\L
5011/ ~A 2042
5012/ CMA,INA
5013/ SSA,RSS
5014/ JMP 3066
5015/ JsB 2076

3-2. CONTROLS THAT EXAMINE MEMORY AND SET THE LOCATION
COUNTER TO A REMOTE ADDRESS
The following two controls are similar to / and \/, but

notice that the location counter is set to the address of
the memory location being examined.

CTRL-I (TAB) Opens and prints the contents of the location
(compare pointed to by the last quantity typed. This
with /) qguantity is used as a 15-bit address pointer.

DBUGR’s location counter is changed to contain
this address.

For example:
2312/ 2031 [CTRL-1]} Location counter

2031/ 126313 [CTRL-I} change to 2031

26313/ 43734 then to 26313
\CTRL~-I (\ TAB) Same as CTRL-I except that the last quantity
(Compare typed is interpreted as an instruction and
with E/) only the 1ll-bit address field is used as

the pointer.
For example:

5002/ JMP 5007 \ [CTRL-I] Location counter

5007/ SLB+56 Changes to 5007
3-3. CONTROLS TO CHANGE THE CONTENTS OF MEMORY

To change the contents of a memory location, simply open that

location, then type the quantity desired followed by one of the
controls discussed below. The quantity you type is designated by n.
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3-4. MEMORY CHANGE CONTROLS THAT MAINTAIN THE LOCATION
COUNTER WITHIN THE CURRENT SEQUENCE

nCR n is the quantity that we want stored in the open
nLF location. The control that follows this quantity
n” executes as previously described,

For example:

5010/ 1600 7777 (CR] Contents of 5010

*/ 7777 changed to 7777. Verify by
- re-examining 5010.

Note that an asterisk is used to imply an address
equal in value to the current value of the location
counter. A period can be used in place of an
asterisk.

5012/ 27006 6655 [LF] Contents of 5012

5013/ 2060 - changed to 6655. Verify
5012/ 6655 ) [CR] by sequencing backward.

5012/ 6655 44444 Contents of 5012 changed
EEII; 7777 ?5;;— ) to octal 44444, Verify

5012/ 44444 by sequencing forward,

IMPORTANT: .The use of CR will close the currently open memory
register!

For example:

5010/ 1600 7777 [CR] Contents of 5010 becomes

3333 [CR] 7777. Attempt to change

*/ 77717 again, but 5010 still con-
- tains 7777.

NQTE: Note that a period is used above to refer to an address equal
in value to the current value of the location counter,

DBUGR provides a control for storing one or two ASCII characters in a
word., It has the form s" where s is a symbol.

3-3
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Type the ASCII input and the quote followed by any of the memory
change controls discussed above:

1700/ 20532 AB" [CR]

*/ 40502 “AB"

Only letters, digits, or the period, may be used; blanks and special
characters are illegal.

The next two controls allow us to store a new address in an open

memory location and then open and examine the contents of the
location pointed to by that address.

ng Stores the quantity n in the currently open memory
location; then opens and prints the contents of the
location pointed to by n., N is wused as a 15-bit address
pointer. The location counter does not change.

Notice that this control is similar to / with the added
capability of changing the currently open memory location.,

For example:

5011/ 7777 55% 102055 ([CR]

The contents of 5011 are changed to contain the gquantity
55; then location 55 1is opened and 1its contents are
printed.

n\$% Same as n% except that n is interpreted as an instruction,
and only the 1ll-bit address field 1is used as a pointer to
the location to be opened and printed.

For example:

4011/ ADB 215 ADB 312\% 4445 [CR]

312/ 4445 [CR]

4001/ ADB 312

The contents of 4001 are changed to point to location 312,
Location 312 is then opened and its contents printed. 1It
is tuen opened again for comparison, Notice that we
reprint location 4001 to verify the change.
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3-5. MEMORY CHANGE CONTROLS THAT CHANGE THE LOCATION
COUNTER TO A REMOTE SEQUENCE OF CODE

The following controls allow us to store a new address in the
currently opened location and then open, print and set the location
counter to the address into which we have just stored.

nCTRL-I Stores n in the currently open register and then opens and
prints the contents of the 1location pointed to by n.

Remember that the quantity 1is interpreted as a 15-bit
address. The location counter is set to this address,

For example:

337/ sSTB 1772,1 / ALF+73 =1773 1660 [CTRL-I]

1660/ ISZ 126 =34126 [CR]

1772/ ELA+60 =1660

Location 337 contains an indirect reference to location
1772, which contains 1773. Before 1660 CTRL-I is typed,
location 1772 1is the open location. Typing 1660 CTRL-I
changes the contents of 1772 to the value 1660 and then
opens and prints the contents of location 1660, with the
location counter set to this address.

N\CTRL-I Same as nCTRL-I except that n is interpreted as an
instruction.

For c¢xample:

330/ JMP 461 JMP 500 \[CTRL-I}
500/ JMpP 207,1I [CR]
330/ JMpP 500

Location 330 originally contains a JMP 461l. This is
changed to a JMP 500, and location 500 is opened, printed
and the location counter is set to location 500.

This control is excellent for making in-core patches. For example,
suppose it is necessary to insert instructions between locations 3737
and 3740:

3737/ ADA 200
3740/ SsA

The inserted code must be stored at locations remote from the in-line

code, therefore, we must jump to the added instructions from location
3737 and return to location 3740.
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Assuming that memory is available at location 3745, we can use DBUGR
as follows:

3737/ ADA 200 JsB 3745 \[CTRL-I]

3745/ 0 [LF]
3746/ 0 ADA 200 [LF]

3747/ 1Inserted code

37xx/ 0 JMP 3745,I

Note that the ADA 200 was moved to the beginning of the inserted code
to make room for the JSB instruction.

3-6. SPECIAL REGISTER MODIFICATION AND EXAMINATION

To examine user or system maps, modify or examine O-, E-, X-,

Y-registers, or examine the DMS status as of the last breakpoint,
special modes are required.

3-7. SPECIAL REGISTERS

\M [CR] will cause the following two lines to be displayed:

AREG BREG XREG YREG EOREG MASK (CBVAL-CBADDR,I) CBMASK = CBTEST
11 237 11376 5775 2 177777 7 22042 177777 Sza

AREG A-register
BREG B-register

XREG X-register
YREG Y-register
EOREG E-, O-registers in bits 1 and 0 respectively
MASK Search Mask

CBVAL Conditional Breakpoint value

CBADDR Conditional Breakpoint Address

CBMASK Conditional Breakpoint Mask

CBTEST Conditional Breakpoint Test Instruction

The special registers are accessible by the symbol names given above,
the same way user defined symbols may be accessed. The EOREG holds

the extended bit status in bit 1, and the overflow bit status in bit

0. For example, EOREG = 3 means extend and overflow are set. EOREG
= 1 means extend register clear and overflow register set.
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Two other symbols available to the user are:
WRTLU The EXEC control word of the device for DBUGR output.
(Refer to the RTE-IV or RTE-IVB Programmer ‘s Reference
Manual regarding EXEC calls.)
BRFLG 0 means check for break in debug loops
1 means no check will be made for break
(speeds up loop processing)
3-8. MEM STATUS SPECIAL MODE
The following special mode displays the MEM status.

\? displays the MEM status as of the last breakpoint in the
following format:

MS = X15 X14 X13 X12 X10 YYYY
where X15, X14, X13, X12, X11 and X10 = MEM status register bits 15,
14, 13, 12, 11, and 10 respectively. YYYY is the four digit octal
number representing the base page fence.

3-9. MAP EXAMINATION SPECIAL MODE

The following special mode allows examination of the system and user
maps and cross load.

\J puts DBUGR into this special mode and responds with a CR LF and
three spaces.

UM Displays the user map.
SM Displays the system map.

XL Sets up this special mode to cross load from an address in the
alternate map.

PA Displays the port A maps.

PB Displays the port B maps.

A Aborts the special mode with no change.
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UM:

0 = MRO 20 = MR20
i = MR1l 21 = MR21
2 = MR2 22 = MR22
3 = MR3 23 = MR23
4 = MR4 24 = MR24
5 = MR5 25 = MR25
6 = MR6 <6 = MR26
7 = MR7 27 = MR27
10 = MR10 30 = MR30
11 = MR11 31 = MR31
12 = MR12 32 = MR32
13 = MR13 33 = MR33
14 = MR1l4 34 = MR34
15 = MR15 35 = MR35
16 = MR16 36 = MR36
17 = MR17 37 = MR37

The system map registers routine operates the same as the user map
registers routine except "UM" is replaced by "sm",

The cross load routine begins by outputting a CR, LF and six spaces
with XL follcwed by three more spaces, The operator then enters an
address and a slash to display the contents of that address in the
alternate map. DBUGR will return to allow additional cross loads.

For example:

XL

XL ADDRESS/ (o0ld contents)

XL

An LF will also increment the address counter as in the case of
examining memcry locations,
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3-10. CONTROLS TO TEMPORARILY CHANGE THE PRINT MODE OVER
A SERIES OF EXAMINATIONS

There are several controls that we can use 1in place of n/ and n\/
(refer to paragraph 3-1). As with \!, \=, \° and \<- they
temporarily change the print mode until we execute a carriage return,
thereby returning to master mode. However, unlike \!, \=, \  and
\<-, they open and print the contents of a register,

n$ Same as n/ but sets temporary print mode to symbolic
‘instruction.

n# Same as n/ but sets temporary print mode to numeric
constant,

n@ Same as n/ but sets temporary print mode to address
pointer.

n) Same as n/ but sets temporary print mode to ASCII.

n\$ Same as n\/ but sets temporary print mode to symbolic
instruction,

n\# Same as n\/ but sets temporary print mode to numeric
constant,

n\@ Same as n\/ but sets temporary print mode to address
pointer.

These controls can be used without a preceding address expression
(n), 1in which case they can be used in place of / and \/. However,
the mode change will be momentary only, Below are given two
examples.
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Example #1:

Example #2:

\S

4012/
4013/
4014/
4015/
4016/
5000%
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421 [CR]
LDA
ADA 2740 [LF]
SSA [LF)
JMP 2657 [LF]
CLA [LF]
STA 2663 [LF]
LDB 2661 [LF]
STB 2662 [CR]
125503 [LF]
46664 [LF]
6020 [CR]
SZA [LF)
JMP 4016 [LF]
LDA 1717 [LF]
STA 5235 CPA
STA 5236 [CR]
53266 [LF]
73237 [LF]
17575 [LF]
LDB 1717 [LF]
ADB 5273 [LF]
cLa [LF]
sTa 1,1 [LF]
LDA 4103 [LF]
2003 / 72053 [LF]
126775 [LF]
73240 [LF]
12306 [LF]
73242 [LF]
2400 [CR]
sTa 1,I [LF)
LDA 5240 [LF]

Begin in constant mode

2534,1 / LDA 62572 / 234 [LF] Change to symbolic

temporary mode

Return to constant mode

Change to symbolic
temporary mode

72525 / JSB 34 [LF]

Return to constant mode

Begin in symbolic mode

Change to constant
temporary mode

Return to master mode
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AND VERIFY PAPER TAPE| v

4-1. PROGRAM LOAD
DBUGR provides a control for loading absolute binary paper tape:

\Y Loads absolute binary paper tape, as prepared by the HP
Assembler. Mount tape to be 1loaded before typing \Y.
Remember, Y means vyank. Loading will terminate at end of
tape, or upon any attempt to 1load beyond the upper limit,
DBUGR will report an error for any attempt to load over
itself,

4-2. PUNCHING BINARY TAPES AND PRODUCING PATCHES

Memory locations can be changed and punched on paper tape one by one,
or blocks of memory can be punched.

As the tape 1is punched in absolute format readable by HP absolute
program loaders, we can use these controls to punch entire programs
or binary patches.

nl<n2>\D Punches locations nl and n2 inclusive

n\D Stores the value n into the open register, if any;

then punches the register last opened (with the new
contents, if stored).

Let’s say we have have discovered a bug and must make the following
changes:

Location Instruction Change
2050 RBR RAR
2051 SSB SSA

Using DBUGR in symbolic instruction mode:
2050/ RBR RAR \D |[LF]

2051/ SSB SSA \D

One record is punched for each word.

4-1
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