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Introduction

The IMTEL-c04C simulator z2nd debugger for the KCORD-1 and
NORD-1C computers 1is dessigned to be wused for testing .and
debugging programs written for the INTEL-E080 micro-
proccssor.

Tne dzbugger has acilities for examining and changing
the contents of memory, central registers and othsr variables
that ars built into the system. All registers have mnemonic
names by which they may be accessed. Memory locations may also
be examined and changed in symbolic format (i.e. as
instructions). Program input to the simulator is in standard
INTEL hexadecimal format. If the symbol table was output to
the object file at assembly time, it is automatically loaded.
This allows the user tha conveniencs of symbolic references to
memory locations, to a large degres eliminating the constant
need for an up-to-date assembly 1listing with absolute
addresses. & particularly powerful debugging tool 1is the
conditional ‘breakpoint facility which =allows the user to
specify the exact condition vunder which he wants progran
exccution to terminate. DlMachine code 1is compiled for tne
breakpoint expressions, so tnat even a complicated condition
will not result in an increasc in esxecution time of more than
5-10%. Anctner powerful feature is the program counter 1list.
This is a list thnat always contains the last 64 values of the
program counter, maxking it possible to trace program execution
bzckwards in time.

The ECEC memory area is allocated in onz of two different
ways: in main memory or on a core image file. Wnen allocated
in main memory the address space is limited to the size of the
memory puffer, bui program execution 1is considerably faster
tnan it it is allocated on 3 file. The size of the memory
puffer is determinaed at system generation time. If memory 1is
allocated on a core image file, the whole 1& bit address space
is availsble, but execution speed depends upon the behaviour
of the program and the number of file buffers available. Two
debugger commznds makes it possible to change the mode of
operation whenever the ussr wishes to.

The I1/0 system makes it possible to simulate both
isclatec and memory mapped 1I/C. Any set of 1/C addresses may
be attachsd to any file, and thz user can specify the driver
routine (written in NORD-10 code) which is to perform the I/0
operation. The driver vroutine is identified by its absolute
(LORD-10) address. 4 standard calling sequence 1is specified
for driver routines. This means that the user can write his
own driver routinss and link them to the simulator. Standard
driver routines waich perform binary and ASCII format 1I/0 are
builit-in.

The program occupies atout 11 K words of memory plus
memory buffer, file buffers and stack area. 1t runs under the
pocrating systems NOGRD-TS&S and SINTHAN-III without
dificaticn.
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pxpressions
Constants

A constzant is a string of digits and letters. Ths first
character must be numeric. If th2 last character of the string
is B, 0, ¢, D, Hor S it is used as a radix specifier. The
letters have tanz following meaning: B, binary; O or G, octal;
D, decimal; H, hexadscimal; S, split octal. If no radix
specifier is present, the number is assumed to be represented
in the default radix. The default radix 1is normally 1t
(nexadecimal), but may be changed by means of the ;C command
as described below. The number represented by the string is
evaluated and truncated to 16 bits.

String Constants

A string constant is an arbitrary string of ASCII
characters, other than carriage return, enclosed within single
quotes. If a single quote is to be included in the string, it
nmust be writtsn as two single quotes. The maximum length of a
string constant is &C cnaracters.

Symbols

A symbol is a string of letters and digits. The first
character must be alphabetic or the special character "?". In
symbols consisting of more than five characters, only the
first five are significant: thus, SYMECL is equivalent to
SYMEG. Two kinds of symbols are wused in the debugger:
predefinad symbols (e.g. register names) and variable symbols.
The latter azre either loaded from the object input file or
assigned values by means of the assign command. Predefined
symbols ars prececeded by a dot (".") and variable symbols by a
dollar sign ("3"“). &s 2n example .E refers to the b-register
of tnz &Q8C CPU while $B refers to .the variable symbol B. To
ease ths use of symbols ths type specifier ("." or "$") may be
omitted as long as the symbol type can be determined from tae
symbol name. For example, the symbol B usually refers to the
E-register, but if a variable symbol named B is defined one
must write .B (and ¢E). In addition, all the operation codes
are built-in symbols, but thay may only be used wihen typing in
expressions in symbolic form as explained in a later section.
Following is a list of all predefined symbols together with an
explanaction of their meaning.

Symbol LDescription

bits)
pits)
bits)
bits)

p-register
C-register
D-regiscer
b-reglistzr
H-register bits)
L-register bits)
Accumulacvor (& bits)

€ Louble register BLC (16 bits)

I Double register LE (16 bits)

kL Dcuble register HL (16 bits)

E Program counter (16 bits)

= Stack pcinter (16 bits)
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CC Condition codes (& bits)
bit 0 = carry
bit 2 = parivuy
bit 4 = auxiliary carry
bit & = zero
bit 7 = sign
Ik Instruction register (& bits)
1 Instruction counter (15 bits). The instruction counter

is updated only if the maximum instruction counter (MI)
is non-zero.

MI Maximum instruction count (15 bits). When zero the
instruction counter (I) is not to be updated. Otherwise
execution terminates when I becomes =qual to MI.

SEASE Tne value of this symbol is the smallest address which
the debugger will esver attempt to princt in symbolic
form.

MDISP This is tne maximum displacement tnat will be printed
when an address is typed out in symbolic form. If the
displacement is greater than tnis vaue, the address is
printed in constant form. :

The symbol "." refers to the contents of the 1last opened
location. The contents of a register or a memory location is
specified by enclosing it in brackets. For example [129]
denotes the contents of memory location 129 while dﬁ or {.P)
denotes thzs contents of the P-register.
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Simple kxpressicns and Breakpoint Expressions

Two kinds of expressions are used in the dzbugger: simple
exprassions for use when examining and changing locations etc.
and breakpoint expressions for use wnen specifying breakpoint
conditions. breakpoint expressions are used only with the ;b
commzand and zre logical expressions which return the value O
(FALSE) or -1 (TRUE). Expressions are built up from operators
and operands. OUperands may themselves be expressions 1if
enclesed within parentneses. Tnes operators, in order of
decreasing priority, are listed below for both types of
expressions.

Simple Expressioas

Priority Operation Description

1 ¥ Mulctiplication

2 + Addition

Z - Subtraction

2 NCT UOne's Complement

L AND Arithmetic And

5 Gh Arithmetic Or

5 XCR Arithmetic Exclusive Or

Er=2akpoint Expressions

Pricrity Operstion Descriptiocn

1 & Multiplication

2 + Addition

2 - Subtracticn

3 NCT Ons's Complement

4y AND Arithmetic And

5 CR Aritometic Or

5 XGOR Arithmetic Exclusive Or

o} <<= Magnitudes less than or esqual
€ << Magnitude less than

& = Less than or equal

6 <O * Not equal

b < Less than

& = Equal

& >>= Magnitudz greater than or equal
6 >= Greater than or equzl

6 >> Magnitude greater tnan

€ > Greater than

T . N Logical Not

& & Logical And

G ! Logical Or

The operators with priority 6 are relational operators that
return z2itazr ¢ (FALSE) or -1 (TRUE). The operators .N, & and
! can only obe usad with operands of this type. For example,
C.F) = 100 & [LBC) <> 3 is a valid breakpoint expression while
C.F}] =106 % 3 is not. Tne magnitude tTests regard tneir
operands as 16 bit positive numbers while the othsr tests
regard them as 16 bit two's complement numbers.

b

Y,



AN

AN

L N S Y T ) Ea ko e R ) R R N S e b Lo dbw -

Vg1.02 PrGEe &

Instructions

Instructions can be typed in to tha debugger in symbolic
form. All operation.codes that represent machine instri:tions
(no directives) are recognized. Register operands can only be
simple regiscters or registar pair names, while addresses and
immediate operands can be simple expressions.

Formal Definition cf The Syntax of Exoressigns

Thie following 1is a formal definition of the syntax of
expressions. The symbol "/" means or and "§$" means arbitrary

number cf. Brackets enclose optional 1items, parentneses

enclcse groups of items and double quotss enclcse literals.
B:expr means breakpoint expression and s:expr means simple
expression.

S:expr= conj $(("CR"/ "XCR") conj);
conjs= nag $(MAND" neg);

negs ["NCI"]) sum;

sums term $(("+"/ "=") term);
terms= prim $("¥" prim);

p{.im= "(" S:SXpl" ")"/

n[n pegsym/ siexpr wyn/
Crer/ mv] (const/ symbol)/ ".";

b:expr= l:alt &("!" l:alt);

l:alt= l:neg $("&" l:neg);

l:negs= [".n"]) rel; ,

rel= (" biexpr ")/ \
2:€Xpr relop aiexpr;

r\elop: H((._.Il/ "<<ll/’ H<=11/ l|<>ll/ ll<"/

ll:ll/ |l>>:l|/ |l>=|l/ H>>ll/ ll>l|;

a:cXpr= a:alt $(("Ck"/ "XCR") a:alt);
a:alt= 3:neg $("AND" a:neg);
ainzgs= ["KCI") a:sum
a:sums a:term $(("+"/ "=") a:iterm);
asterms a:prim &("*" a:primj;
a:prim= nm(m a:expr ")"/
"C" regsym/ a:expr "J"/
[*+"/ "=1] (const/ symbol);
regsyms <any of the symbols dctinzd in section 2>;
symbol= (v?r/ alpha) ¢4 (alpna/ num);
consts b:ccnst/ o:const/ d:iconst/
n:const/ a:const/ s:const;
b:constz 1$ ("Gll/ ll1|l) "Bll;
o:const= 1¢ o:digit ("C"/ "Q");
d:consts=s 1% num [ "D"];
h:consts 1¢ (num/ "A"/ "B“/..... / V"Fm) WHw,
a:consts min 122 (<any charactepr) -mntny wevn) e,
s:consts [oyte] byte "s";
bytes= CC(ngny winy manys w3ny] o:digit) o:digit;
o:digits LN CRL AL L R
alphas= WA/ WEM/ L. /z";,

rum= NG/ ANy L ACLE



(W%

SINULATCR AND DaBUGGER FCR IKTEL-EO0EC PAGE 6
VG1.C2 _

Commands

This section <describes all the available debugger
commands. The symbols a, b and ¢ denotes simple expressions,
cr means carriage return and 1f means line feed. Addresses may
be printed in one of twc different formats: as a constant
represented in the default radix or as a symbol name (only
labels) plus a displacement. Two parameters control the
symbolic printout format: the predefined symbols SBASE and
MDISP. SBASE is the smallest address wnich the debugger will
attempt to convert to symbolic form. MLDISP is the maximum
displacement that will be printed. If the displacement 1is
greater than this valus, the address is printed in constant
form. SBASE ang MDISP are initialized to 2zero and 177Q
respectively, but may be changed by the ussr. It 1is assumed
tnat addresses are printed in constant form when not otherwise
statcd. In the examples tne default radix is assumed to be 16
and user input is underlined.

Cormand Description

expression : Display value of 'expression' in the
default radix. Examples:

2+4: 6
(2+5)*10b6: &

expr=ssion / Examine item specified by
texpression'. The contents of the
item 1is displayed as 2 constant

represented in thz default radix. If
expression is null, the 1last opened
item is reopened. Examples:

B

A

(2R VN

/ 00
/ C
Ct

o)
=

|

~

expression \ Examine memory location specified by
'expression' in symbolic form. If the
memory location contains 2 legal
instruction it is disassembled and
typed out. Otherwise it is printed as
a constant represanted in the default
radix. Addresses and 16-bit immediate
operands are converted to symbolic
form. If expression is null, the last
opened location is recpened.
examples:

2=\ LDA EUFF+2
z5€6\ MOV B,C

expression " Examine string. The memory location
specified by 'expression' and the
fellowing 1locations are typed out as
an ASCII string. The string is
terminated by any non-printable
charzcter other than carriage return
or lins feed. In order to avoid large
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expression,

line feed

X terminator

a

VI Sl R R R L VA VR VRV LIRS R ]

PAGE 7

amounts of output if the locations do
not contain a string terminated in
the mannzr described &zbove, tLypeout
is terminated whien 72 characters
without any intervening carriage
returns have been princved.

This comnand is similar to the
command described above, except that
tne value of a specifies the
terminating character. examples:

STR" THIS STRING IS TYPED OUT
STR,'Y'" THIS STRING IS T

Examine next sequentiazl item. The
output produced by this command is
carriage return, locz2tion or name of
ictem,/, contents of item. If the
openad item was a memory location,
the address 1s printed in constant
form if it was opende by / and in
symbolic form if it was opened by\ .
If the 1last item was printed 1in

symbolic form, the address is
incrsmented by the length of the
printed instruction (1, 2 or 3

bytes). Examples:

B/ 0& 1f
.C/ 0¢
ZA/ 06 1f
CO3B/ 02 1f
003C/ 0C

A\ MVI B,C2 1f
CO3C\ NOP

Examine previous item. This command
is similar to 1line feed but 1is
illegal if the item was opened by \ .
Examples:

34/ C6 %
39/ 05

Deposit value. After an item has been
opened with /,\, ", 7 or line feed,
a nesw value wmay be deposited by
typing an expression (x) followed by
a terminator. The item to be
deposited may be a simple expression,
a string constant or an instruction
in symbolic format. The terminator
may be carriage return, line feed or
Examples:

P/ 0217 245 cr
P/ ocCe

24/ C¢ G 1f
25/ 17 1

34/ CO
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reference = expresion cr

=

€ string cr

; €

JA

interval;A =z,

aj;E string ‘¢cr

A ad Nt b el Nk ke AL

file cr

L Y kbt v W - ae

PA&E £,
3A/ Ce6 MVI C,4 1f
G03C\ NOP
36\ MV1 C,CH
Assignment. The value of the

expression on the right side of the
equal sign 1is assigned to the
reference on tne left. The reference
can be a variable symbol or 2
reference to a register cr a memory
location. Examples:

ABC=3 (or %AEC=3), assign the value 2
to the symbol ABC. CP)=5 (or C.P1=S5),
set the P-register to 5. [(P1+2]=[21,
set the menmory location addressed by
the P-register plus two to the
contents of memory location 2.

Execute SINTRAN-III command. The
string is sent to the SINTRAN-III
comand processor for execution.

Return to monitor.
Examinz all I/0 assignments.

1/0 assignment. The specified file is
attached to 211 I/C devices with
addresses 1in the specified interval.
The I/C operatioa is to be performed
oy a driver routine located at the

‘absolute (NCED-10) address a. If a is

less than 64 it specifies one of the
built-in driver routinss. HKead the
section describing the I1I/C system for
furtner information.

Reset all breakpoints currently
definad. .

Reset breakpoint a (1<=za<=63).

Define btreakpoint a (1<=za<=€3). The
string must contain a valid
breakpoint expressicn. The expression
may be followed by a comment string
which consists of a semicolon
followed by an arbitrary string. The
simulator will stop executing
instructions whenever the value of
any breakpoint expression becomes
TRUE. Eaen breakpoint is tested
befors every instruction.

Change desfault radix to 1€.
Change default radix to a (2<=za<=26).

Change default radix to split octal.
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;D Dump register block. Thes registers in
the register block, the stack
pointer, tne condition codes and tne
contecnts of tas memory location
currantly addresssd by HL are printad
on tns terminal.

JE Exzmine all breakpoints currently
definad.

a;kE Examine breakpoint a (1<=za<=£3).
;G Start ¢€08C CPU at the current value

of the program counter.

a;G Start 60EC CPU at the address
specificed by a.

H Delete all I/C assignments.

interval;d . Delete the I/0 asignment specified by

tinterval'. The exact 1interval must
be specified. Read the section
describing the 1I/0 system for further
information.

=

Clear the debugger's variable symbol
table.

s1,s82,..,580;K Kill symbols. Ths symbols si1,s2,..,sn
are removed from the <debugger's
variable symbol table.

;L _ List tke program counter 1list. The
Simulztor saves the addresses of
executed instruections in a 64 word
circular 1list. The ;L command prints
these addresses on tne terminal. The
addresses of the most recently
executed instructions are displaysad
first. This faecility is useful for
tracing a program backwards in time.

a;L List a entries in ths program counter
list.

0L Clear thz program counter list.

a,b;H This command rints the contents of
the memory locations between the
addresses z and b in syxbolic format.
The addressss of the 1locations are
printed in symbolic fcrm.

;0 file name cr Open core 1image file. This command
specities that &CEO0 memcry resides on
a core image file. 1he entire address
space (1€ bits) 1is available for
program and data storage. The default
file type of the file is :COHRE.
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;P _ Proceed with exzcution (after a
break). This ccmmand is similar teo ;G
excent that the instruction counter
and status information related to
breakpoints are not reset.

;3 Q This command specifies that g€CEC
memory resides in a memory buffer.
The available address space is

determined at system generation time.
The currently open core image file 1is
closed. The dzbugger is initielly in
this mod~.

-e
o

Reset simulator and debugger. Default
radix is set to 16, the variable
symbol table is cleared, the progran
counter list is cleared, all
breakpoints are reset, the
instruction counter and the maximum
instruction counter are sst to 2zero,
SBASE is set to zero, MDISP is set to
177Q, and ths program counter
(P-register) is set to zero.

HS) ’ Execute one instruction.

a;S Execute a instructions, breakpoints
are ignored.

a,b;S Execute a instructions starting at
the address specified by b. Break
points are ignored.

HY Print 511 symbols in the variable
symbol tzble on the terminal.

U Output generator. When ;U is typed,
: the following parameters are . asked
for:

FORMAT (HEX, BEPNF)
INPUT FILE

CUTPUT FIiLE

LOWER BCUND

UPPER BGUND

and when finished:
MORE (Y CR N)

If an input file is specified, the
contents of this file 1s read 1into
memory, othsrwise the contents of
memory is not altered. The input file
must contain code in hexadecimal
format and the dafault file type 1s
tHEX. 1Ths output file will contain
the nmenory area specified by the
lower and upper bounds, represented
in the desired format. The default

N
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file type of ths output file is :BENF
if the output format is BPNF and :HEX
if the output format is hexadecimal.
If the questicon MOKE is answered- - by
Y, ¢the 1lowser and  upper bounds are
asked for again and more output may
be written onto the same file. If
hexadecimal format is specified the
symbols in the variable symbol table
are also output.

C;U Tnis command is similar to';U except
that thes symbol table is not output
if nexadecimal format is specified.

a,b;l cr This command prints the contents of
the menmory locations between the
limits a and b. If an area of 1length
greater than or equal to four
contains the same value, it is
printed in a compressed format. For
example, if location 20CH and upwards
contais 10H, 2CH, 0, C, O, O, O, 30H,
4CH etc. the ccmmand 30CH,208H;W will
produce the following output.

10
20
ccC

OO
(A L)
(e Ne N
N - O

-

0z06 CO
0zZ07 20
0208 4¢C

a,b;w c c¢r This command searches memory between
the limits a and b for locations
whose contents is c¢. The address and
contents of all such 1locations are
typed out. The format is the same as
dzscribed above.

<
Loy}
‘.-I
—
[¢)]
=
fu
=
]
(e]
~3

Load program. The specified file must
contain <c¢code in hexadecimal format.
The contents of this file 1is loaded
into memory. The symbol table (if
any) is also 1loaded. Symbols that
already exists in the debugger's
variable symtol table are redefined,
while new entries are created for new
symbols. The default file type 1is
+HEX,

a,t;<Z cr This command sets to zeroc all memory
locations in the interval a through
b.

a,bj;z c cr This command sets all memory
locations in tn2 interval 2 through b
to tne value of c.
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The 1I/0 System
Tne 1/0C System Commands

1/0 assignments are specified with the ;A command which
nas tne following format:

address interval;i driver routine, fille name

The address interval consists of one expression or two
expressions separated by comma, the former specifying an
interval that consists of only one address. The first
expression must be preceeded by a prefix that specifies the
type of 1/0 address. If the second expression is precesded by
a prefix it must be the same as the first ones. The legal
prefixes are:

I Isolated I/C, input (IN instruction)

0 Isolated I/0, output (OUT instruction)
MI lemory mapped 1/0, input (load instructions)
MO Memory mapped 1/C, output (store instructions)

Intervals with different prefixes can overlap while those with
thz same prefix can not. If the specified interval is already
assigned, its driver routines and file assignments are changed
to tha new value,

The driver routine is 1identified by its absolute (NCED-10)
address. If no driver routine, or zero, is specified, the
currcnt value of the address 1is not changed. If no driver
routine, or zero, is specified 2nd the interval is a new one,
the £5CIl tormat I/0 driver routines is assigned by default. If
the address is less than 64 it specifies one of the built-in
driver routines. The built-in driver routines and the calling
sequence of driver routines are dsscribed below.

Thz file name specifies a file that can be wused 1in I/0
operations on devices with addresses in the specified
interval.

The 1/0 assignments may be examined by typing ;A without
any arguments. The I/0 table is printed on the terminal in the
following format:

prefix low address, high address file number driver routine

Ths 1/0 addresses are printed in the default radix while the
file number and the address of the driver routine are always
princted in octz2l.

To canczl an I/0 assignment the command interval;d 1is
used. 1Ine exact interval must be specified. ;J without any
arguments cancels all I/C assignments. :

he I1/0 tatle is not initialized when the simulator 1is
: This makes it possible to create a system with
= assicnments by executing tane SINTRAN-III command
start and restart addresses are spaecified on the
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It an IN or OUT instruction, for which no I/0 assignment
exists, is executed, the ASCII format driver routine is us=zd.

Builv-in Driver Routines

Two built-in driver routines exist. These are specified
oy 1 for ASCII format I/0 and 2 for binary format.

ASCII Format 1/0

When tne simulator encounters an input instruction the
action taken depends on whether or not the specified tile is
the terminal. If the file is tnz terminal the driver routins
outputs the current value of the program ccunter and the I/0
address preceeded by a prefix. It then requests input from the
usar. For example if the instruction 'IN 223H' is stored 1in

location 203H, the following output is producsad:
P=0303 I 0023=

The user is now expected to type the correct input value,
which may be an =xpression as defined in section 3. If ctrl-L

is typesd, program execution terminates and control returns to
the debugger.

If the file is any file other than the terminal the driver
routins reads tne next item from a list of wvalues storsd on
this file. These values wmay be expressions and they may be
separated by space, comma or cirriage return. As an example
the fcllowing is a valid list of values:

G, 13G+250 cr
5 ¢r

If an error occurs or 1if end-of-file is reached, an error
message is printed and control returns to the d=abugger.

¥Wnen an output instruction 1is encounterad the driver
routinz outputs the current value of the program counter, the
1/0 address preceeded by a prefix and the output value. For
example if the instruction 'QUT Y4€H' is stored in location
G024 and the A-register contains 22H the following is written
onto the assigned file:

P=05C2 C CQ046=22
The default file for ASCITI format I/0 is the terminal.

Einary Format 1/0

In binary mode bytes are transferred directly from the
h-register to tnez file or from the file to the A-register.
There is no default file for binary I/0.
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Calliing Scquences of Eriver ERoutines

At entry:

T = pit 15 = C if isolated, 1 if memory
it 14 = 0 if input, 1 if output
bits 7-0 = file number

0 if nc file assigned

data if output operation

pointer to 2 location which contains

ths address of tne memory access routine
the I/C address

>< o -
"o

fketurn: (failure)
A = 0 if return to debugger
<>0 if print message addressed by A
and return to dcbugger
Skip return: (success)

A = data if input operation

The cz2lling sequence of thes memory access routine:

At entry:

= 0 if read, 1 if write
A = data if write

X = memory acdress

Keturn: (failure)
Skip return: (success)

g = data if read



(%)}

SIMNULATOR AND DEBUGGER FOR INTEL-E0QEC PAGE 15
Vi1.0z2

Opcratine Instructions

To start the simulator trom NORD-TSS or SINTRAN-III one
types the following.

65IM~-80E0 cr
INTEL-80680 SIMULATOR V01.02

The debugger is now ready to accept commands. To return to the
monitor type 36€.



