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The oor ;roqram allows dynamic interactive testing an:J debugging of
programs generated in the CP/M environment. '!be debugger is initiated by
typing one of the following canmands at the CP/MConsole Commandlevel

DOl'
ocr filename •HEX
DOl'filename.a:>M

'Itlere "filename" is the nameof the program to be loaded and tested. In both
cases, the oor program is brought into rrein memoryin the place of the Console
Canmand Processor (refer to the CP/M Interface Guide for standard l'Ill!!rory
organization), ani thus resides directly below the Basic Disk Operating System
portion of CP/M. The ar:cs starting a:1dress, 'Itlich is located in the a:1dress
field of t.l1eJMP instruction at location 58, is altered to reflect t."le reduced
Transient Program Area size.

The second ani tturd forms of the DOl'canmand srown above parform the same
actions as t.~ first, except there is a swsequent automatic load of t.h.e
specified HEX or a:>Mfile. The action is identical to tr.e sequence of
canmands

DOl'
Ifilename.HEX or Ifilename.CCM
R

where the r and R canmands set up an:} read the specified program to test (Se9
the explanation of trs r and R canmands below for exact details) •

u"poninitiation, oor prints a sign-on message in the format

om VER m.m



Followin; the sign on rressage, DOI' pranpts the operator with the character
"_" an:] waits for input canmands from the console. The operator can t:yp! any
of several single character canmands, terminated by a carriage return to
execute the canmand. Each line of input can be line-edi ted using the standard
CP/Mcontrols

rubout
"etl-U
etl-C

remove the last character tyt:ed
rE!rOvethe entire line, ready for re-typing
system reboot

Any canmarxican be up to 32 characters in lenqth (an automatic carriage return
is inserted as the 33rd character), ,...nere tne first character determines the
ccmmarxit:yp!

A enter assembly languaqe rmemonicswith operands
o display memoryin hexadecimal and ASCII
F fill ITe!rorywith constant data
G begin execution -Hith optional break;::oints
I set up a standard input file control block
L list ITe!roryusing assembler rmemonics
M rove a memorysegment from source to destination
R read program for subsequent testing
S substi tute memoryvalues
T trace program execution
(J untraced program rronitoring
X examine and optionally alter the CPUstate

The canrrarxlcharacter, in some cases, is followed by zero, one, two, or three
hexadecimal values ioIhichare separated by canmas or single blank characters.
All oor nurre:ic cut'PJt is in hexadeciml form. In all cases, the canmandsare
not executed until tr..e carriage return is t:;rE:ed at the end of the eotrmand.

At a:tr{ r:oint in the debug run, the operator can stop execution of oor
using either a etl-C or Ga (jmp to location 00008), ani save t..."'.ecurrent
meEX:)ryimage using a SAVEcommandof t...:,eform

where n is the r'Il.lII'Cerof pages (256 byte blocks) to be saved on disk. The
nl.JItt)erof blockS can be determined by takinc; the hiqh order byte of the top
load address arxi converting this nuntler to decimal. For example, if the
highest address in the Transient Program Area is 12348 then t...'ler'Il.lII'Cerof
pages is 12H, or 18 in decimal. Thus the operator could typa a etl-C during
the debug run, returning to the Console Processor level, followed by

The rremory imaqe is saved as X.COMon the diskette, an:! can be directly
executed by simply typing the name x. If further testing is required, t...'le
memoryimage can be recalled by typin<;l



-which reloads ;reviously saved p:ogram frcm leaction 1008 through ~ge 18
(l2FFB)• The !l'achine state is not a part of the COMfile, and thus the
program must be restarted fran t.."le beginning in order to properly test it.

The in:Uvidual canmandsare given below in somedetail. In each case, the
operator must wait for the p:cmpt character (-) before entering the command.
If cootrol is passed to a ;rogram under test, and the program has not reached
a breakt:eint, control can be returned to DDI'by executing a RST 7 fran the
front p:mel (note that the rubout key should be used instead if the pr:ogramis
executing a T or (] canmand). In the explanation of each canmand, the corrmand
letter is srown in 3:)mecases with nIJlTi:lersseparated by canmas, where the
nUItiJers are represented by lower case letters. These nl.lltCers are always
assumed to be in a hexadecinal radix, an:i from one to four digits in length
(longerl"l..1Iltlerswill be automatically truncated on the right).

Manyof the canman:isoperate u;::ona "CPOstate" ·",hic.~corresponds to the
program under test. The cpa state nolds the registers of the EXogrambeing
debugged, and initially contains zeroes for all registers and flags except for
the ;rogram counter (P) and stack p'inter (5), ;.bich default. to HHni. The
program counter is slbsequently set to the starting address given L., the last
record of a HEX file if a file of t.Jotis form is loaded (see the I and R
canmands)•

1. The A (Assen'ble) Command. Dor allows inline assetbly language to be
inserted into the OJrrent rremory iroaqe using the A commandTNhichtakes the
form

where s is tne hexadecimal starting ajdress for the inline asserrbly. DOl'
pranpts the console with the address of the next instruction to fill, and
l:'eads the console, looking for assencly language rmaronics (see the Intel 8080
Assentlly tan;uaqe Reference Card for a list of maronics), followed by
register references and operands in absolutoil hexadecimal foon. Each sucessive
load address is t;:t'inted before reading the console. The A commandterminates
when the first empty line is input frcm the console.

O;::oncatl91eticn of asseniJly language input, the operator can review the
memorysegment using the DOl'disassereler (see the L command)•

. Note t."at tl'.e asse!ttller/disassembler t=ertion of Dor can be overlayed by
the transient program being tested, in which case the DOl'program l:'es;:onds
with an error COndition ....nenthe A ar.d I:. canmandsare used (refer to Section
IV) •



2. The 0 (Display) comma.~. The 0 camnandallows the operator to view
the cootents of mem:lryin hexadecimal a~ ASCIIformats. The forms are

D
OS
OS,f

In the first case, memory is displayed fran the current display address
(initially H'0H), w cootinues for 16 display lines. Each display line takes
the form shownbelow

where aaaa is the display address in hexadecimal, w bb represents data
present in nemorystartinq at aaaa. The ASCII characters startinq at aaaa are
given to the ri.c;ht (represented by the sequence of c's), 'lbere non~aphic
characters are ~inted as a p!riod (.) syni:)ol. Note that both upp!r and lower
case alphabetics are displayed, w thus will appear as upJ;:ercase syn-bolson
a coosole device that supports only ut=t=ercase. Each display line gives the
values of 16 bytes of data, except that the first line displayed is truncated
so that the next line begins at an address which is a multiple of 16.

The second form of the 0 canmandsOOwnabove is s:imi.lar to the first,
except that the display address is first set to address s. The third form
causes the display to cootinue fran address s through address f. In all
cases, trs display address is set to the first address not displayed in this
canmand, so that a continuinq display can be accomplished by issuinq
successive 0 canmarldswith no explicit addresses.

-..mere s is the starting address, f is the final address, and c is a
hexadecimal byte constant. The effect is as follows: oor stores t:.'1econstant
c at address s, increments trB value of s and tests against f. If s exceeds f
then the cperation terminates, otherwise the operation is repeated. Thus, the
fill ccmma~can be used to set a memoryblOCKto a specific constant value.

4. The G (Go) Ccmmand. Programexecution is started using the G canand,
with up to two C9tional brealq:oint addresses. The G commandtakes one ot the
forms

G
Ga
Ga,b



Gs,b,c
G,b
G,b,c

The first £oen starts execution of the ~oc;ram under test at the current value
of the ~ogram counter in the current ltBdline state, with no breakpoints set
(the only way to re;ain ca1trol in cor is through a RST 7 execution). '!be
current srogram counter can be viewed by typing an X or XP canmalX1. '!be
second toen is similar to the first except that the pr:oc;ramcounter in the
current ltBchine state is set to address s before execution begins. '!be third
form is the same as the second, except that program execution stops when
address b is encountered (b must be in the area of the ~ogram under test).
The instruction at location b is not executed when the breakt=eint is
encountered. The fourth foen is identical to the third, except that two
break;oints are specified, one at b arxi the other at c. Encountering either
break;oint causes execution to stop, ani both breakt=eints are subsequently
cleared. The last \:WO forms take the ;rogram counter frem the current machine
state, ani set one ani \:WO break;oints, respective~y.

Execution cattinues fran the starting address in real-time to t.~ next
break;oint. . That is, there is no intervention between the starting address
and the break address by cor. Thus, if the program under test does not reach
a breakt=eint, control cannot return to cor without executing a RST 7
instruction. Uponencountering a breakt=eint, cor stops execution and types

where d is the stop address. The ltBchine state can be examined at this ;:oint
using the X (Examine) canmand. '!be cperator must specify break;oints 'Nhich
differ fran the ~ogram counter address at the beginning of the G canmanci.
Thus, if the OJrrent program counter is l234H, then the ~s

both ;roduce an immediate breakp:lint, wi. thout executing arw instructions
whatsoever.

S. The I (Input) command. The I canmandallO'NSthe cperator to insert a
file nana into the default file control block at 5CH(the file control block
created by CP/Mfor transient srograms is placed at this location 1 see the
CP/MInterface Guide). The default Fa! can be used by the pr:ogramunder test
as if it ba:i been passed by the CP/MCOnsole Processor. Note that this file
name is also used by cor for reading additional HEX and COMfiles. The foen
of the I Canm:lJ'Xiis



If the second form is used, aro the filetype is either HEX or COM, then
subsequent R comnan:Js can be used to read the pure binary or hex format
machine code (see the R canman::1for further details).

6. 'the L (List) Command.The L camnandis used to list asserrbly language
mneronics in a particular program region. The forms are

r..
Ls
Ls,f

The first canmand lists twelve lines of disassen'bled machine code fran the
current list a::ldress. The second form sets the list a::ldress to s, and then
lists twelve lines of code. The 'last form lists disasserrbled code from s
through a::ldress f. In all three cases, the list address is set to the next
unlisted location in preparation for a subsequent r.. ccmmand. Upon
encountering an execution breaJq:oint, the list address is set to the current
'1alue of t.~ ~ogram counter (see the G aro T camrands). Again, long ty}::eouts
can be abOrted usin<; tr.e rubout key during the list process.

7. The M (MO'1e)Command. The Mcanmandallows block movementof proqra.'tI
or data areas fran one location to another in memory. The for:n is

where s is the start address of the rove, f is the fiI'1al address of the rove,
and d is the destination a::ldress. Data is first l1'Ovedfran s to d, and bOth
addresses are incremented. If s exceeds f t.~n the rove operation stops,
otherwise therrove operation is repeated.

8. The R (Read) Command.The R ccmIllandis used in conjunction wit.1o).the I
commarx:!to read COM arx:!HEX files frem the diskette into the transient program
area in E%eparation for the' debug tun. The forms are

·..mereb is an octional bias address 'Nhich is added to each ;:roqram or data
address as it is loaded. The load ~eration must not OI1erwrite arrt of the
system parameters frem a00H throuqh 0FFH (Le., the first page of memory). If
b is anitted, t.;,en b=000e is assumed. The R commandreauires a ccevious I
command,s;:ecifyi~ the nameof a HEX or COM file. The loao addres~ for each
record is obtained from each irx:!i'1idual HEX record, 'Nhile an assumed load
address of 10eH is taken for COM files. Not~ t.1at arrf nun'Cerof R camrands
can be issued following the I ,commandto re-r:ead the program under test,



assumin; the tested program does not destroy the default area at SCH.
Further, any file st=Ecified with the filetype "COM"is assumed to contain
machine code in pure binary form (created with the I..C:lM or SAVE command), and
all others are assumed to contain lTachine cede in Intel hex format (produced,
for example, with the A.SMcanmand).

oor
-Ifilename.filetype
-R

Wheneverthe R canmand is issued, nor resr;:ondswith either the error indicator
"?" (file cannot be cpened, or a checksum error occurred in a HEX file), or
with a load message taking the form

NE:a PC
nnnn pWp.

INherennnn is the next address following the loaded program, and 9PPP is t.."le
assumed ptoqram counter (HJ0H for COMfiles, or taken fran the last record if
a SEX file is s;:ecified).

9. The S (Set) Command.
examined and optionally altered.

The S canrnand allows rremory locations to be
The form of the canmandis

where s is the hexadecimal starting address for examina1:ionand al teration of
merory. oor t'esr;:ondswith a numeric !Xcmpt, qiviI'Xf the memorylocation, along
with the data currently held in the memorylocation. If the operator ty'f:es a
carriage return, then the data is not altered. If a byte value is typ!d, then
the value is stored at the ~anpted address. In either case, OCTcontinues to
pranpt with successive addresses and values until eit."ler a E=eriod (.) is 1:y1;ed
by the ~erator I or an invalid input value is detected.

HJ. The T (Trace) Ccmn'and. The T commandallows selective tracing of
program execution for 1 to 65535 program steps. The forms are

In the first case, tl"'.eCPUstate is displayed, arxJ t."le next pr:ogram step is
exeC'..lted. The EXogramtermiI".ates irmediately, with t."l.e termination address



where hhhh is the next address to execute. The diSl;'lay address (used in the 0
canmand) is set to the value of a and L, ani the list address (used in the L
ccmmand)is set to hhhh. The CPOstate at program termination can then be
examined using the X ccmmand.

The second form of the T canmand is similar to the first, except that
execution is traced for n steps (n is a hexadecimal value) before a txogram
brealq:oint is occurs. A brealq:oint can be forced in the trace rrode by typing
a rubout character. The CPUstate is displayed before each program ~tep is
taken in trace rrode. The format of the display is the same as described in
the X canmand.

Note that program tracirq is discontinued at the interface to CP/M, and
resumes after return fran CP/M to the' program under test. Thus, CP/M
functions which access I/O devices, such as t.1-tediskette drive, run in
real-tiIte, avoiding I/O timing problems. Programs runninq in trace rode
execute approximately sea times slotNer t.'1an real time since cor gets control
after eac."1user instruction is executed. Interrupt processing routines can be
traced, but it must be noted that canmandswhich use t."le break;:oint facility
(G, T, ani a) accanplish the break usinq a RST 7 instruction, which means tl"at
the tested ~ogram cannot use t.his interrupt location. Furt.."1er, the trace
mode always runs the tested program with interrupts enabled, which may cause
problems if asynchronous interrupts are received during tracina.

Note also that the cperator soould use the rubout key to get control back
to cor during trace, rather than executinq a RST 7, in order to ensure that
the trace for t..~ current instruction is carrpleted before interruption.

11. The a (Untrace) Command.The a commandis identical to the T ccmnand
except t.lo]atintermediate -r;:rogramsteps are not displayed. '11'1et.ntrace rode
allo\llS fran 1 to 65535 (0FFFFH) steps to be executed in rronitored rrode, and is
used principally to retain control of an execJ.tinq proqram ·..,hile it reac."les
steady state conditions. All conchtions of the T canmand apply to the U
canmand.

12. The X (Examine) Ccmmand. The X commandallows selective diSi?lay and
alteration of the current CPUstate for the l;%oc;ramunder test. The forms are

C Carry nag
Z Zero flag

(0/1)
(0/1)



M Minus Flag (0/1)
E: Even Elarity Flag (0/1)
I Interdigit Carry (0/1)
A Accumulator (0-FF)
a ac register pair (0-FFFF)
D DEregister pair (0-FFFF)
a BLreqister pair (0-FFFF)
S Stack Pointer (0-FFFF)
P ProgramCounter (0-FFF'F)

In the first case, the CPUregister state is displayed in the format

CfZ£.lwtfEfIfA=bbB=ddddD=ddddHaddddS~ddd Padddd inst

where f is a 0 or 1 flag value, bO is a byte value, and dddd is a double byte
quantity correSPJooirq to the register pair. The "inst" field contains the
disasserreled instruction which occurs at the, location addressed by the CPO
state's programcounter.

The second form allows display ~ optional alteration of register values,
where r is one of the registers given above (C, Z, M, E, I, A, a, D, H, 5, or
P) • In each case, the flag or register value is first displayed at the
console. The DDI' program then accepts input frem the console. If a carriaqe
return is typed, then ti".e flag or register ~'alue is not altered. If a value
in the proper ranqe is l:'/?!<J, then the flag or register value is altered.
Note that ac, CE, and HI.are displayed as register ;:airs. ThUS,t.~e operator
ty;:es the e."1tire register pair 'Nhena, C, or the Be pair is altered.

I!I. IMPLEMENl'ATICNNOI'ES.

The organization of DOT allows certain non-essential PJrtions to be
overla.yed in order to gain a larger transient program area for debugging large
programs. The Dor P.t'ogramconsists of two parts: the DOT nucleus and t.~e
asserreler/disassarcler rrodule. 'l11eDOT nucleus is loaded over the Console
Canmaoo Processor, and, although loaded with the DOT nucleus, t.~e
asserreler/disasserreler is overlayable unless used to assemole or disassemble.

In particula.r, the 8I:CS address at location 68 (address field of the JMP
instruction at location SH) is rrodified by DOT to address the base location of
the DOT nucleus ·...nich, in turn, contains a JMPinstruction to the BOOS. Thus,
programs which use t;.his address field to size melOOrysee t.iolelogical :nd of
meooryat t.."'lebase of t.~e DDI' nucleus t'at.l1erthan the base of the sees.

The assereler/disasseneler rrodule resides directly below the Dor nucleus
in the transient :;:rogramarea. If the A, t., T, or X commandsare used during
the debuqgirq E%ocessthen t.l-JeDOT program a;ain al ters the address field at
6a to include this rrodule, t.."1uSfurther reducinq t.~e lcqical end of memory.
If a ;rogram leads beyond the beginning of t..~eaSSeI'li)ler/disassentller rrodule,
the A and t. canmandsare lost (their use :;:reduces a "7" in resp:mse), and the



trace a~ display (T and X) canmandslist the "instH field of the display in
hexadecimal, rather than as a decoded instruction.

The followin:; example srows an edit, asserrele, and debug for a simple
program which reads a set of data values and determines the largest ,';alue in
the set. The largest value is taken fran t."levector, and stored into Hr.AR;E"
at the termination of the txogram

2.,J
; J

~ECT :m-
~GE:

~ -ggp----;

EHD OF
!:!.Qi..
STA
..H1F' '

TEST.u
EQU
II
~ JJ
ORG
/'1"'1
!'l'oI1
LXI
!'lOY
sue
JHC
:-4EIlI
i'lOIr'
rHl<
DCR
JHZ

; TO NE:<i ElEMEIH
i MORE TO S C ~ tol'? J
i FOR Ai-lOTHERJ J

c(~~Sau(C2.
9{~vc.'M.· (..l'AdU(lvt~
C~11(dde.t"S 'btl'~d
\~ 1"fCl9 "-o.m ffId:

~J" Y(W~fs "oIYi0f
((4uflA..

sceM" STORE Co1
~ ; GET URGE3T
LAIi:GE:1..a

DATe
2.· a.· 4. 3. 5, 6·1 .. 52
f- ••.ECT ;\..EHGTMJ

J.. ,;LARGEST

l~eH iSTART OF TRANSIENT A~EA
B.LEH iLEHGTH OF "'ECTOR TO SCAN
c .. a ;LARGEST VALUE so FeR
H •••.ECT ;SASE OF YECTOR
,:..1'1 i GET' 'f'ALUE
C ;LARGER VALUE IN c~
NFOUHD iJU~P IF LARGER YALUe: tolOT FOUND

LMRGEST "'~LUE, STORE I T TO C
C. ~
H
9
LOOP

iTa f.lEXT ELEME1H
;/'IORE TO SCAM'
;FOR ANOTHER



END OF SC~N .. STORE C
MOV A·C ;GET LARGEST VALUE
STA L~RGE
JMP a ;REBOOT

rEST DATA
D8 2"e,~,.3/S,6 .. 1.,5
EQU $-YECT ;LENGTH
D S 1 ; L!~ R G EST 'I A L U ~ ,) ~j E;~ I T
END .
..- ~ Ild. i t&ht

vEer:
!.E~I
LARGE:

e122
fHt2.H . USE FACTOR
END OF AS:3EMBL'(

( 5ou{re ;R~yCM
~ ORG l0eH ;3T~RT OF TRANSIENT AREA

1'1111 8 .. lEN. i_:NGT:-l OF \IECTOR TO :;CiHI
1'111I c. e, :..;:;RGE'3T 'JALUE so FAR
LgI H,VEcr ,3ASE OF VECTOR
M0 Y A,. M , C E i "~!. U E
SUB C ; U"RGER \I~!.UE IN C':'
JNC HFOUND ;J0~P 1= lARGE~ V~LUE NOT FOUND
HEW LAPGE3T VALUE STORE IT TO C
i'l0 ',I !:.' A

~FOUND: rHX H
DC R B
,JNZ LOOP

T'r-FE SCAN, ~RH- ;
Cade AJJt't5/

131a 9 ~O~U\f CfJi.(.
8 lee 8693 j
8182 aEea
8184 2113el
13187 7E
8188 91
13189 D28D81

Blae 4F
a18D 23
aU~E as
~ 1I3F C28791

; r;) rl EXT E L..E ~,E N T
" !'\ I) R E T·) :;:: i:l N '7'

.: ;:OR ~r10THF.R

END .)F SCAN, :HQRE C
MO'.,' ~ .. C ,:::':T L.:~RC.=:~T '·:;;'"-UE
3TA L~;:~E
JMP 0 ;~8aOT

TEST D~iJoi
DB ;2J Ir) I 40· 3! S} ~ 1 1) '5
E Q U , .s - •.,' EC T • '- ~ /oj G f'-l
DS .~ARGE3T YALUE ON EXIT
Eii D



1 6J< DOT '~ ER
~E:<T PC
0,1,21\ e €I e0
-i\-~
C11l2B!'I8E01oa
-)<:p
-J

P·~~08 le~-;
~at

A=00 9=eeee D=@eee H=00~e S:01a~ ?=a~e~
~ ~~~ '{e~l'&~ kke d~~~YUY\..

eltanjt ?c. --\0 tOO
VtslSb, ~~l~ ,r'Pc. ~~d...

P=011H :1'.11 3, ~:j1
~ 1~4udta'V\
to 6taJt a± ?~::1LJc)

-:<
-J

C0Z9l'1ftE0Iit
-L130
-J

i!lee MVI
B 1 ~Z 1'1 '~ I
\t:e4 LXI
ala~ 1'1011
~1~9 SUB
131~9 JHC
€tlq,C 11011
;)1~!I IHX
61(1E DCR
'~l~F JHZ
a112 1'1011
-L-;

a, e:3
c.' 0 it
iC131l9
A .• f1
C
BUD

B
~i>37
A., C



->:-~
CaZ0M8E9Ia A=e~ 8=008a D=aeQ8 H=eeee 8=0190 p=01e~ Myr e.ea
-1-.1 &R~.lt ?f~(G\m~ 0'11(. 'S~. i~LM.lCPu. Stt-f-I ~~~ J i~~ecLLkd
caZ0M8E0Ia A=~~ e=~~8a D=~e~0 H=Q80~ S=81a~ p=al~1 ~YT 8,83.0182
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