







































































































































































































































































































































































































































































































































































































































































ICE-88

Interrogation and Utility Commands

Here are several examples of the use of the EVALUATE command, with the display
produced by each one.

Example 1:
EVALUATE 123T
Display:
1111011y 173Q 123T 7BH ° { ’
Example 2:
EVAFFH + 256T
Display:
111111111y 777Q 511T 1FFH ©
Note that the addition was performed first, then the result was displayed in the four
bases. The result contained only non-printing ASCII characters, displayed as empty
quotes.
Example 3:
EVA 111:0222H SYMBOLICALLY
Display:
0111:0222H
This example assumes that no symbol or statement numbers match.
Example 4:
EVA111:222H SYM
Display:
..MOD1.SAM + 0021H

This example assumes that symbol ..MOD1.SAM is at address at 111:201 and no
symbols or statement numbers exist in the interval 111:201 through 111:222.
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Display Processor and Status Registers Command

reference |, reference].}
REGISTER >
FLAG
PIN J
Examples:
RAX
RBH, SI, AFL, HOL
REGISTER
R
FLA
PIN
reference Any of the reference keywords that reference processor
registers, status registers and pins. Also can include memory and
I/0 in list.
REGISTER A command keyword requesting the display of the thirteen
16-bit 8088 registers and RF.
FLAG A command keyword requesting the display of the nine status
flags.
PIN A command keyword requesting the display of the contents of

the seven input pins.
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Display Memory Command

memory-designator address [TO address ]
h

LENGTH /engt
ASM address [TO address

LENGTH /ength
Examples:

BYTE 1000:100H

WOR 0:123 TO 0:200

SIN 100:0 LENGTH 200
INT 200:200

POINTER 200:200
POI200:200 TO 200:2FE
ASM 1000:123

ASM 1000:123 TO 1000:400
ASM 2000:000 LEN 100

memory-designator One of the following keywords that specify the size and type of
memory referenced:

BYTE A 1-byte (8-bit) integer value.
WORD A 2-byte (16-bit) integer value.

SINTEGER A 1-byte (8-bit) short integer number (see
Table 7-2).

INTEGER A 2-byte (16-bit) integer value (see Table 7-2).
POINTER A 4-byte (two 16-bit integer) value.

address A pointer value containing a base and a displacement that
together specify an address of a memory location.

TO A partition keyword that denotes that an address is to follow.
This address defines the upper bound of the required range of
addresses in the partition.

LENGTH A partition keyword that denotes that a length value is to
follow.
length An integer value specifying the number of addresses to be

contained in the partition (bytes, words or pairs of words,
depending on memory-designator ).

ASM A command keyword specifying the display of instructions in

disassembled format. (See Display of Trace Data in Instruc-
tions Mode, page 6-26.)
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Display 1/0 Command
PORT address TO address
WPORT LENGTH /ength
Examples:
PORT FF12H
POR FF00 TO FFFF
POR 1000 LEN 200
WPORT 123H
WPO 100 TO 200

WPO 100 LENGTH 101

PORT Keyword reference to 8088 8-bit 1/0 port(s).

WPORT Keyword reference to 8088 16-bit I/0 port(s).

address An integer value to that specifies the address of a 8088 port.

TO A partition keyword that denotes that an address is to follow.

This address defines the upper bound of the required range of
port addresses in the partition.

LENGTH A partition keyword that denotes that a length value is to
follow.
length An integer value specifying the number of port addresses (byte

or word ports) to be contained in the partition.
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Display STACK Command

STACK expression

STACK 10H
STA .SAM

STACK .SAM + 20

STACK

expression

A command keyword that requests the display of the contents of
the user’s stack. The stack is located in user memory referenced
by the pointer value SS:SP.

An integer expression. The value of this expression defines the
number of words at the top of the STACK that are to be
displayed.
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Display Boolean Command

BOOL expression
Examples:

BOOL FFH

BOO CS=DS AND IP > 50
BOOBYTE .X=F2H
BOOL ISAM

BOOL CFL

BOOL A command keyword requesting the display of the boolean value
(TRUE, FALSE) of the input value, expression .

expression A boolean expression. The value of this expression is evaluated to a
boolean value. If the least significant bit of the expression = 1, the
boolean value is TRUE, otherwise the boolean value is FALSE.
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Display NESTING Command

NESTING
Example:

NESTING

NESTING A command keyword that causes the display of the starting and return
address of all procedures that are currently active.
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EVALUATE Command

EVALUATE numeric-expression [SYMBOLICALLY]

Examples:

EVALUATE 123T

EVALUATE 4142H

EVALUATE FFH + 256T

EVALUATE

numeric
expression

SYMBOLICALLY

A command keyword that directs the ICE-88 emulator to
evaluate the expression and display the result in all four
number bases and ASCII.

A numeric expression or numeric constant.
This keyword causes each numeric value output by the

command to be displayed as a symbol or source statement
number plus a remainder.
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CHAPTER 8
ICE-88 ENHANCEMENTS

The command features described in this chapter enhance the operation of the
ICE-88 emulator by extending the power of the simple ICE-88 commands.

ICE-88 enhancements are of two kinds: compound commands and macro com-
mands. These features are as follows.

Compound commands:

REPEAT command
COUNT command
IF command

Macro commands:

DEFINE MACRO command
Invoke macro command
Display macro command
Macro directory command
REMOVE MACRO command
PUT MACRO command

Please note that the examples in this chapter are independent of each other. The
introduction to each example gives the initial conditions for that example, and does
not assume any results or conditions from any previous examples.

Compound Commands

A compound command is a control structure that contains zero or more commands.
The compound commands discussed in this chapter are the REPEAT, COUNT, and
IF commands; the DEFINE MACRO command is also a type of compound com-
mand. As the command titles indicate, REPEAT and COUNT are looping com-
mands, and IF establishes conditional execution, and DEFINE MACRO establishes
a named command block. All compound commands can have a ‘‘local’’ setting for
the default SUFFIX (console input radix), as described under Local and Global
Defaults in this chapter. :

REPEAT Command

The REPEAT command executes zero or more ICE commands in a loop; the loop
can also contain zero or more logical conditions for termination.

The REPEAT command consists of the REPEAT keyword, zero or more com-
mands of any type, zero or more exit conditions using WHILE or UNTIL, and the
keyword END. Enter each of these elements on its own line of the console display;
terminate each input line with an intermediate carriage return (shown as cr in the
command syntax). The syntax or REPEAT can be shown as follows:

REPEATcr
command cr
[WHILE boolean-expression cr:l
UNTIL boolean-expression cr
END
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After each intermediate carriage return, the ICE emulator begins the next line with a
period (giving an indented appearance), then the asterisk prompt to signal readiness
to accept the next element. After the END keyword, enter a final carriage return to
begin the sequence of execution. The final carriage return after END is not shown in
the syntax, since all commands terminate with a final carriage return. The END
keyword can be entered as ENDR or ENDREPEAT; the characters after END serve
as a form of ‘‘comment’’ to indicate which loop is being terminated.

The elements to be repeated are shown in brackets in the syntax. Each element can
be a command,a WHILE clause, or an UNTIL clause. You can mix these elements
in any order, using any number of each type of element.

Each command is executed when it is encountered on each iteration. After the com-
mand has been completely executed, the loop proceeds to the next element.

The WHILE and UNTIL keywords introduce exit clauses. The WHILE clause ter-
minates execution of the loop when its boolean-expression evaluates FALSE. The
UNTIL clause terminates the loop when its boolean-expression evaluates TRUE.

In both the WHILE and UNTIL clauses, the boolean-expression is evaluated each
time the clause is encountered; that is, once per iteration. Evaluation at each itera-
tion involves looking up the values of any references in the expression. Thus, the
result can change with each evaluation. Refer to Chapter 5 for an explanation of
how expressions are evaluated.

The choice of WHILE or UNTIL is usually a matter of convenience — there is
always a way to convert one into the other. For example, “WHILE bool-expr’’ is
equivalent to “UNTIL NOT (bool-expr).”’

NOTE

To terminate execution of a REPEAT (or COUNT) loop, press the ESC key
at the console. The ICE command currently executing halts wherever it hap-
pens to be; if you are emulating, the current instruction is completed before
the break. ICE responds to the ESC with the asterisk prompt.

Here are some brief examples of the REPEAT command.
Example 1: Generate an ASCII table similar to Table 5-2.

DEFINE .TEMP = 40H
REPEAT
WHILE .TEMP <=7EH
EVALUATE .TEMP
.TEMP =.TEMP +1
ENDR

Example 2: Single-step through the user program and display the trace data col-
lected for each instruction until a repetitious routine ((DELAY) is reached.

TRACE =INSTRUCTIONS
CS=SEG.START

IP=OFF .START

REPEAT
UNTIL CS:IP = .DELAY
STEP
PRINT —1

ENDR
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Example 3: Using a complex combination of conditions in the boolean expression.

REPEAT
UNTIL (CS:IP > .END XOR !'VAR1 =0) AND (. TEMP >0 XOR IVAR2 = 1)
STEP
REGISTER

ENDR

Example 4: Emulate from the start of the program ((START) until a breakpoint
(.END EXECUTED) is reached, display status registers, then continue emulating,
halting, and displaying status until a terminating condition (BYTE .VAR = 2) is
reached.

CS =SEG .START

IP = OFF .START
REPEAT
GOTILL .END EXECUTED
REGISTER
UNTIL VAR =2
ENDR
COUNT Command

Like REPEAT, the COUNT command sets up a loop. In addition to the WHILE
and UNTIL clauses discussed under REPEAT, COUNT includes a loop counter that
terminates the loop if no exit condition is met before the counter runs out.

The COUNT command has the form:
COUNT arithmetic expression cr

command cr
[\LVHILE boolean-expression cr:l
NTIL boolean-expression cr
END

The arithmetic-expression after COUNT controls the (maximum) number of itera-
tions to be performed. If a numeric constant is used (for example, COUNT 10), the
ICE emulator interprets it in implicit decimal radix; in other words, any number
entered after COUNT without an explicit radix is interpreted as a decimal number.

If the entry after COUNT is an arithmetic-expression, it is evaluated to give the
number of iterations. The COUNT expression is evaluated once, before any loop
elements are encountered. It is not evaluated again on any interation. The COUNT
expression uses the values of any references it contains as they stand at the time of
evaluation. For example, consider the following command sequence:

DEFINE XX =2
COUNT .XX

XX = XX +1
END

This loop goes through two iterations, although .XX has value 4 when the loop
terminates.
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The loop terminates when the number of iterations given by the COUNT expression
has been performed or when an exit condition is tested and causes exit, whichever
comes first. The following example illustrates this concept.

DEFINE XX =1
COUNT5S
XX = XX+1
WHILE XX <5
END

To show that the loop terminates on the WHILE condition before the COUNT

expression is exhausted, we can “‘track’’ the loop in operation. Table 8-1 shows the
track.

Table 8-1. Tracking a COUNT Command

Iteration XX XX<5
1 2 TRUE
2 3 TRUE
3 4 TRUE
4 5 FALSE

The loop terminates during the fourth iteration, when .XX < 5 becomes FALSE.

Conversely, the COUNT expression specifies the maximum number of iterations to
be performed in case no exit clause produces an exit on any iteration. For example:

TRACE =INSTRUCTION
CS =SEG.START

IP = OFF .START
COUNT 10
UNTIL CS:IP = . DELAY
STEP
PRINT -1
END

In this command, the COUNT expression specifies a maximum of ten STEPs, in
case the first instruction at .DELAY is not reached during any iteration.

With a REPEAT command or with a COUNT command that include one or more
clauses, there may be no direct way to tell how many iterations occurred before the
loop terminated. For these cases, you can insert a loop counter as a loop element.
For example, to obtain table 8-1 as a display (or LIST file output) you could use the
following sequence.

BASE=T
DEFINE.ITER=0
DEFINE. XX =1
COUNT 10
XX = XX+1
ATER=.ITER +1
ATER
XX
BOOL .XX<5
WHILE XX <5
END

The command BOOL .XX < 5 produces a display of TRUE or FALSE.
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The following example emulates to a breakpoint, displays status registers, then con-
tinues emulating, breaking, and displaying status for a definite number of iterations:

CS = SEG .START

IP=0OFF .START

COUNT 10
GO TILL .PAUSE EXECUTED
REGISTER

END

IF Command

The IF command permits conditional execution in a command sequence. The IF
command has the form:

IF boolean-expression [THEN] cr
[commandecr] ...

ORIF boolean-expression [THEN] cr
[commandcr] ...

ELSEcr
[command cr] ...

END

The command must have the IF clause; the ORIF and ELSE clauses are optional.
The command can include as many ORIF clauses as desired. The IF and ORIF
clauses each contain a single condition (boolean expression). Any clause can contain
none, one, or more commands. A clause with no commands simply produces an exit
when its condition is TRUE.

ICE examines each boolean expression in turn, clause by clause, looking for the first
TRUE condition. if a TRUE condition is found, the commands in that clause are ex-
ecuted and the IF command terminates. If none of the conditions is TRUE, the com-
mands in the ELSE clause are executed and the IF command terminates. If the
ELSE clause is omitted and no condition is TRUE, the IF command terminates with
no commands executed.

The END keyword is required to close off the IF command; it can be written as
ENDIF to clarify nesting.

Here is an example of the IF command.

BASE=T

IP=1

IFIP<1
EVALUATEN1

ORIFIP<2
EVALUATE 2

ORIFIP<3
EVALUATE 3

ELSE
EVALUATE 4

END

This example displays the result of EVALUATE 2 and then terminates. The first
condition (IF IP < 1) is FALSE, so EVALUATE 1 is skipped. The second condition
(ORIF IP < 2) is TRUE, so EVALUATE 2 is executed and the IF command ter-
minates. The third condition (OPRIF IP < 3) is not tested, even though it happens to
be TRUE.
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In practice, however, the IF command is useful when it is nested in a REPEAT or
COUNT loop rather than appearing at the ‘‘top’’ level. The reason for this is that
you want to test conditions that can change (due to other commands in the loop),
whereas at the top level the TRUE or FALSE state of any condition is known, or can
be determined with the BOOL command. Thus, the result from the previous exam-
ple can be obtained with fewer steps:

BOOLIP<1 (Displays FALSE)
BOOLIP<2 (Displays TRUE)
EVALUATE 2

Nesting Compound Commands

The REPEAT, COUNT, and IF commands can be nested to provide a variety of
control structures.

Each nested compound command must have its own END keyword. When entering
a nested command sequence, you may wish to use the keywords ENDR, ENDC, and
ENDIF, to help you keep straight which command you intend to close off. The
ICE-88 emulator does not check nesting levels at entry, and if an END is omitted,
the resulting error makes it necessary to enter the entire command again.

Each nested REPEAT or COUNT command can contain its own exit clauses
(WHILE or UNTIL). Each such exit clause can terminate the loop that contains it,
but has no effect on any outer loops or commands.

As an example of nesting, suppose you want to STEP through a program with trace
display, but skip a repetitive timeout routine, .DELAY, that is called with an 8088
short-call instruction several times during program execution. One way to achieve
this effect is with the following command sequence:

TRACE =INSTRUCTION
CS =SEG .START
IP = OFF .START
REPEAT
IF CS:IP = .DELAY
IP=WORD SS:SP
SP=SP + 2
ENDIF
STEP
PRINT —1
ENDR

At each call to .DELAY in the program, the displacement of the return address for
the call is pushed on the stack. The keyword SP refers to the stack pointer, and SS is
the stack segment register; SS:SP is the address of the top of the stack where the
return address is stored. The effects of the commands IP = WORD SS:SP and SP =
SP + 2 are to load the return address back into IP and reset the stack pointer just as
if the return instruction at the end of .DELAY had been executed.

As another example of nesting, suppose the user code at statements #21 and #22 is
incorrect or not written yet. The following sequence emulates to the point where
substitute code is to be inserted, inserts the code (equivalent to IF MARK > 0 THEN
PTR = PTR + 2 in PL/M), then continues emulating beginning with statement #23
(the insertion is made any time emulation reaches statement #21):
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GO FROM .START TILL #21 EXECUTED
REPEAT
IFIMARK >0
IPTR=IPTR + 2
ENDIF
GO FROM #23
ENDR

An exit can be made only when a condition is fested, not when it occurs. To cause an
exit, the test must be placed at the point in the loop where the condition occurs. For
example, consider the following command sequence:

CS =SEG .START

IP=0OFF .START
REPEAT
UNTIL IP =1000H
STEP
ENDR

In this command the condition IP = 1000H is tested after every STEP. If the
sequence of STEPs reaches IP = 1000H as the next instruction, the loop will ter-
minate. By contrast, consider this example:

CS =SEG .START
IP=0OFF .START
REPEAT

UNTIL IP = 1000H

COUNT 10

STEP

ENDC

ENDR

In the second example, the condition IP = 1000H is tested after every ten STEPs.
The loop exits only if IP = 1000H occurs at the end of some group of ten instruc-
tions. If IP = 1000H occurs during one of the groups of ten STEPs, the loop does
not terminate because that condition is changed by subsequent STEPs before the
test can be made.

If the command has more than one exit clause, each exit clause is tested when it is
encountered. If the result at the moment of the test causes an exit, the loop ter-
minates; otherwise, the loop proceeds to the next element.

The loop exits only when the current test causes it, even though some other clause in
the loop would cause an exit if it could be tested at that moment. Consider this
(artificial) example:

DEFINE .ZZ=0
CS=0
IP=0
REPEAT
UNTIL IP > 10H
COUNT 5
STEP
ENDC
PRINT -10
WHILE .ZZ=0
ZZ=.77 +1
ENDR

Enhancements
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Assume for this example that the code being emulated (with STEP) contains only
two-byte instructions. Then, after the first time through the loop, IP = 0AH (10T)
and .ZZ = 1. On the second iteration, the test IP > 10H is FALSE when it is
encountered, so the STEP and PRINT commands are executed again. At this point,
IP > 10H is TRUE but since it i1s not tested, no exit occurs. Instead, the condition
.ZZ =0 is tested, found to be false, and the loop exits.

Macro Commands

A macro is a block of commands. When a block of commands is defined as a macro,
it is stored on diskette so that it can be executed more than once without having to
enter the commands each time. The macro commands described in this chapter
allow you to perform the following functions:

® Define a macro, specifying the macro name, the command block, and any
formal parameters (points where text can be filled in at the time of the macro
call).

¢ Invoke (call) a macro by name, giving actual parameters to fill in the blank
fields in the macro definition, to begin the execution of the command block.

¢ Display the text of any macro as it was defined.

e Display the names of all macros currently defined.

®* Remove one Or more macros.

e Save one or more macro definitions on an ISIS-II file.

In addition, the off-line facility (INCLUDE command) allows you to enter macro
definitions from diskette files for use in the current test sequence.

Defining and Invoking Macros

Each macro is defined once in the test session. The syntax of the DEFINE MACRO
(DEF MAC) command is as follows:

DEF MAC macro-name cr
[command cr]...
EM

Once it is defined, you can invoke (call) a macro as often as desired. The syntax of a
macro call is:

:macro-name [actual-parameter-list|

The macro definition command causes the macro name and block of commands to
be stored in a table of macro definitions in a temporary ISIS-II file named
MAC.TMP. (This file is removed by the ICE EXIT command).

WARNING

If you have a file on the ICE diskette named MAC.TMP it will be lost
when you enter the ICE-88 emulator.

A macro-name must begin with an alphabet letter, or with one of the character *‘?”’
or “@”’. The characters after the first character can be alphabet letters, ““?’’, “@”’,
or numeric digits. The macro name must not duplicate a previously-defined macro
name.
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A macro definition may not appear within any other command (REPEAT,
COUNT, IF, or another macro definition). The command block in the macro defini-
tion can include any command except another DEF MAC command or a REMOVE
MACRO command.

The macro name in the macro invocation must be the name of a previously-defined
macro. The form of actual-parameter-list is discussed later in this chapter.

Here is a simple macro definition:

DEF MAC GOER
REPEAT
GO FROM .START TiLL BRO
END
EM

To invoke this macro and cause its command block to begin executing, enter the
macro name preceded by a colon (:). For example:

:GOER

A macro definition can include calls to other macros, but a macro cannot call itself
recursively. Any macros called from within a macro must have been defined when
the calling macro is invoked. Macro calls can be nested; i.e., one macro calls
another, which calls another, and so on. The level of nesting is limited only by the
memory space required to contain the macro expansions and ‘‘stack’ the macro
calls.

When a macro is called as an outer level command the following operations occur:

e System default (SUFFIX) is saved in case a new default is set inside the macro.

® The text of each actual parameter in the call is substituted for the corresponding
formal parameter in the definition.

e The expanded command block is executed if all commands are valid as
expanded.

®  When the last command has finished, the former system default is restored.
¢ The macro exits. Control returns to the console (asterisk prompt).

The next several sections provide details on these operations, including the treatment
of nested macro calls.

Local and Global Defaults

The system default can have a ‘‘local”” setting within a macro; this default is as
follows:

Default Refersto:

SUFFIX  Default radix for console input.

When a macro is called (or any compound command is executed), the current
“global’’ setting of SUFFIX, is saved so that it can be restored after the macro
finishes executing its commands. The global default continues in effect within the
macro unless and until a new (local) default is set with a SUFFIX command in the
macro. Defaults other than SUFFIX are changed globally when they are set within a
macro.
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When the macro finishes executing its command block, the previous SUFFIX
default is restored. Thus, any SUFFIX default that is set within a macro has no
effect after that macro has exited.

Here is an (artificial) example of a macro with a local default:

DEF MAC SETO0
SUFFIX=H
BYTEOTO10=0

EM

Without the local SUFFIX command, the range of addresses to be set would depend
on the global SUFFIX in effect when the macro SETO is called. The global SUFFIX
is restored after SETO exits.

Formal and Actual Parameters

A formal parameter marks a place in an ICE command where variable text can be
‘““filled in”” when the macro is called. A formal parameter can represent part of a
token or a field of one or more tokens. A macro definition can contain up to ten for-
mal parameters. A formal parameter has the form:

%n
where n is a decimal digit, 0t0 9.

Formal parameters can appear in the macro definition in any order, and each one
can appear any number of times. In most cases, the formal parameters form a com-
plete numeric sequence with %0 as the lowest numbered parameter (even if % is not
the first parameter to appear). However, one or more parameters can be omitted
from the sequence; the effect of omitting a formal parameter from the sequence is to
ignore the actual parameter in the call that corresponds to the omitted formal
parameter.

The macro call can contain as many actual parameters as desired. Enter multiple
parameters as a list, with entries separated by commas. The first actual parameter in
the list is substituted at all points that %0 appears in the macro definition; the
second parameter substitutes for %1, and so on.

An actual parameter can be ‘“null,”’ causing ICE to substitute a null for the formal
parameter to which it corresponds. You can pass a null parameter to a macro in two
ways:

e Enter no actual parameter between consecutive commas.

¢ Omit one or more parameters from the end of the list.

If too few actual parameters are entered, the ICE-88 emulator supplies nulls for the
extra formal parameters. If too many actual parameters are entered, the extra actual
parameters are ignored.

If any actual parameter contains a carriage return, a comma, or a single quote mark,
the entire parameter must be enclosed in single quotes to identify it as a single actual

parameter. In other words, parameters with these characters must be entered as
strings. A single quote within a string is entered as (*’).
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Here are some examples to demonstrate the use of formal and actual parameters:
Example 1:

DEF MAC MEM
%O0INTEGER %1
EM

In the call to this macro, parameter %0 can become ‘S’ or null. Parameter %1 can
be any valid address or partition. Examples of calls to this macro:

Macro call Expansion

:MEM S, 1000H SINTEGER 1000H
:MEM, 1000H TO 100FH INTEGER 1000H TO 100FH

Example 2:

DEF MAC RPT
REPEAT
%0
%1
%2
%3
%4
%5

EM
Macro RPT can accept up to ten commands to be repeated. For example:
:RPT GO TILL BRO, PRINT —1, REGISTERS, GO TILL BR1, PRINT -10
If fewer than ten commands are given, as in the example above, the extra formal

parameters are ignored (treated as nulls). This shows how to do REPEAT on one
line with no end required.

Example 3:
DEF MAC BRS
BR%0 = %1
EM

Use of macro BRS mayrequire parameters entered as strings, since some ways to set
breakpoints involve embedded commas. For example:

:BRS 0, 1000H EXECUTED
This parameter is valid, but this one:

BRS 0, FFH, .START LEN 100H
results in the expansion:

BRO = FFH
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To obtain the correct expansion, make the parameter a string:
:BRS 0, ‘FFH, .START LEN 100H’
This results in the expansion:

BRO =FFH, .START LEN 100H

Details on Macro Expansion

The syntax and semantics of commands in a macro block are ignored at the point of
definition; they are not determined until invocation, any may be different on each
invocation through the use of formal parameters.

When a macro is called, its definition is expanded by adding the text of any actual
parameters in the call at the points indicated by formal parameters in the definition.
If the expanded macro contains any calls to other macros, the text of any such
macros is also expanded, forming in effect one overall block of commands. The
results of expansion are displayed at the console. Expansion continues until the last
EM is reached. If the expansion results in a set of complete, valid commands, the
commands are executed. An error results if any command is incomplete or invalid
after expansion.

A macro invoked in a REPEAT, COUNT, or IF command is expanded immediately
after the macro call command is entered. Thus, a macro called in a REPEAT or
COUNT command is expanded only once, and a macro called in an IF command is
expanded whether the condition in the IF or ORIF clause that contains the macro
call is TRUE or FALSE.

Macro Table Commands

The macro table contains the name and text of all macros currently defined. The text
is stored as it is defined, and does not contain any expansions.

The DEFINE MACRO (DEF MAC) command adds the macro defined to the end of
the table. The syntax of this command appears earlier in this chapter. The DEF
MAC command may not appear with any other command.

The REMOVE MACRO (REM MAC) command removes one or more macro
definitions from the table. The syntax of this command is:

REM MAC [macro-name|[,macro-name)...]

If the list of macro-names is omitted, all macros are removed. The REM MAC com-
mand may not appear within any other command.

The display macro command displays the name and definition of one or more
macros from the macro table. The syntax is:

MAC [macro-name),macro-name]...]

If the list of macro-names is omitted the definitions of all macros in the table are
displayed.

The macro directory command displays the names of all macros in the table. The
syntax is:

DIR MAC
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Here are some examples of these commands (assume that the table contains all the
macro examples defined thus far in this chapter):

Example 1:

*DIRMAC (command)
GOER (display)
SETO

MEM

RPT

BRS

Example 2:

*MAC GOER (command)
DEF MAC GOER (display)
REPEAT

GO FROM .START TILL BR0O

END

EM

Example 3:
REM MAC BRS (command)
Example 4:

*DIR MAC (Command)
GOER

SETO

MEM

RPT

Example 5:

*DEF MAC NULL (command)
*EM

Example 6:

*DIR MAC (command)
GOER (display)
SETO

MEM

RPT

NULL

Saving Macros

The PUT MACRO (PUT MAC) command causes one or more macro definitions to
be copied from table to an ISIS-1I diskette file. The syntax is:

PUT [:drive:] filename MACRO [macro-name|[,macro-name]...]
If any macro names are entered, those macro definitions are saved. If no list of

macro names is given, all macros in the table are saved. The definitions in the macro
table are not affected by the operation.
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The file containing the saved macro can later be edited or brought into another ses-
sion with the INCLUDE command, discussed later in this chapter.

If the named file does not exist, it is created by the PUT command. If the file does
exist on the diskette, the file is opened for input and the macros in the list are written
on the file, destroying the previous contents of that file.

Further Examples

Here are a few more examples of macros. These macros simulate stack operations,
calls, and returns in the ICE-88 emulator.

A stack is an area of memory, indexed (addressed) by a register called the stack
pointer (SP) and stack segment register (SS). The stack is used to save status
information required for an orderly return from a procedure call.

In the ICE-88 emulator, the stack is in mapped memory. The bottom (first available
location) is the highest address in the stack area; the stack expands as needed into
successively lower addresses. The stack pointer points to the address (word) at the
top of the stack; this address contains the last item pushed on the stack. As each new
word is pushed on the stack, SP is decremented to point to the new top address.
Most of the values that need to be saved on the stack are 16-bit values. The high byte
is stored in the address pointed to by (SS:SP — 1), and the low byte is stored in the
next lower address (equivalent to SS:SP — 2).

The MCS-86 assembly language PUSH rp instruction sets SP to the next available
word, then stores the content of the given register pair rp in adjacent addresses at
that position. We can simulate this action with a macro, as follows:

DEF MAC PUSHS88

SP=SP-2T ;decrement SP

WORD SS:SP=%0 ;low byte inlow address, high byte in
EM high address.

The formal parameter %0 lets us use PUSHS88 to save any register pair or other 16-
bit value; for examples:

:PUSHS88 IP ;save instruction register
:PUSH88 RAX ;save RAX
:PUSH88 RBX ;save RBX
:PUSHB88 RCX ;save RCX

The complementary MCS-86 POP rp instruction copies the contents of the two top
bytes pack into the given register pair, then increments SP to the new top of the
stack. A macro for this function is:

DEF MAC POP83
%0 =WORD SS:SP
SP=SP + 2T

EM

Here are some calls to POP88, corresponding to the PUSHS88 calls given earlier:

:POP88 RCX
:POP88 RBX
:POP88 RAX
:POP88 IP

ICE-88
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Here are some macros that use PUSH88 and POPS88.

1. Macroto ‘“call’’ (short-call) a procedure:

DEF MAC CALLS88
:PUSHB88 IP
GO FROM CS:%0
EM

This macro can be invoked with or without a halt condition:

:CALL88 .PROC or
:CALL88 .PROCTILL BRO

2. Macroto ‘‘call”” (long-call) a procedure:

DEF MAC LCALLS8
:PUSH88 CS
:PUSHS88 IP
GO FROM %0

EM

To invoke this macro:

:LCALLS88 .PROC or
:LCALL88 .PROC TILL BR1

3. Macroto ‘“‘return’’ (short-return) from a procedure:

DEF MAC RET88
:POP88 IP
GO %0

EM

To invoke this macro:

:RET88 or
‘RET88 TILL BRO

4. Macroto ‘‘return’’ (long-return) from a procedure:

DEF MAC LRET88
:POP88 IP
:POP88 CS
GO %0

EM

To invoke this macro:

:LRET88 or
:LRET88 TILL BRO
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5. Macro to single-step through user code, skipping over a specified procedure
whenever that procedure is called from the user program, and printing the
instruction just executed each time.

DEF MACRO SKIP
REPEAT
IF CS:IP = %0
:POP88 IP (short-called procedure)
ENDIF
STEP
PRINT -1
ENDR
EM

DEF MACRO LSKIP (long-called procedure)
REPEAT
IF CS:IP = %0
:POPS88 IP
:POP88 CS
ENDIF
STEP
PRINT —1
ENDR
EM

Suppose the user program contains a respective timer routine named DELAY that is
called from several places in the program. The following macro invocation causes
the ICE-88 emulator to step through the program without emulating the timer
routine:

:SKiP .DELAY

Off-line Facilities

In addition to the compound and macro commands described above, the INCLUDE
command allows you to access macro definitions stored in diskette files and to cause
them to be executed from these files rather than the console.

INCLUDE Command

The INCLUDE command causes input to be taken from the file specified until the
end-of-file, at which point input continues to be taken from the previous source,
normally the console.

The syntax of the INCLUDE command is:

INCLUDE | [:drive:] filename
:device:

Nesting of INCLUDE command is permitted. For example:

IP=_.START
REPEAT
UNTILIP = .HALT
INCLUDE PROGA.INC
INCLUDE PROGB.INC
ENDR

8-16
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The console (:CI:) may be given as the filename, in which cases control-Z must be
used as end-of-file. The files are echoed on the console.

As macros can be complex and editing may be required on the macro definition, the
INCLUDE command allows you to access offline macro definitions and to create
online macros, which combine to form the macro suite for a particular debugging
session. However, command lines may appear in the INCLUDE file, not just macro
definitions.

Write Command

The WRITE command writes one or more list elements to the console and to the list
file at run time.

The syntax of the WRITE command is:
WRITE /ist-element [,list-element]
where
list-element = string :: expr :: BOOL expr
For example:
WRITE $CTIME, ‘SECONDS SINCE LIGHT CHANGE’

Would output a message showing the time in seconds (in CARS2) (see Chapter 3)
since the traffic light changed.

This command writes the list-element (s) to the console all on the same line except
when the nest-element will not fit into the remaining character space on the current
line. In this event, a carriage return and a line feed will be inserted. If the list-element
is a string, it will be displayed. If the list-element is an expr, the value of the expres-
sion is displayed in the current base. A single character string is displayed as a string.
When a single character string is used in an expression, its corresponding hex-
adecimal value is used in evaluating the expression, and the value of the expression is
displayed.

If the list-element is BOOL expr, ICE displays the boolean value TRUE when the
least significant bit (LSB) of the result is 1, FALSE when the LSB is 0; no spaces are
provided either before or after the boolean value.

Enhancements
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APPENDIX A
ICE-88 KEYWORDS
AND THEIR ABBREVIATIONS

ABSOLUTE ........... ABS IFL ... IFL RAH ................. RAH
ACKNOWLEDGE ..... ACK INCLUDE ............. INC RAL......... ... ... RAL
ADDR................ ADD INFINITE.............. INF RAX ... RAX
AFL ... oo AFL INPUT............... INP,I RBH.................. RBH
ALL ... ... ... ol ALL INSTRUCTION......... INS RBL .........o..iL RBL
AND ...... ... AND INTEGER.............. INT RBX........oooiil RBX
ASCIT.......... ... ... ASC INTELLEC ............ INT RCH ... RCH
ASM ... ..ol ASM INTERNAL ............ INT RCL.......... .. .. ...RCL
BASE .......... .. ... BAS IP .o 1P RCX.........oooooit RCX
BOOL ................ BOO IR ..o IR RDH ................. RDH
BP ... BP LENGTH.............. LEN RDL.................. RDL
BR..........oooiiii BR LINE.................. LIN RDX ... RDX
BRO................... BRO LIST. ...t LIS RDY.................. RDY
BRI ...........ooooi BR1 LOAD ................ LOA READ .............. REA,R
BUFFERSIZE.......... BUF LOWER.............. LOW REGISTER.......... REG,R
BYTE................. BYT MACRO.............. MAC REMOVE............. REM
CAUSE............... CAU MAP................. MAP REPEAT .............. REP
CFL................... CFL MARK .............L MAR RESET ................ RES
CLOCK............... CLO MASK ................ MAS RF .. RF
CONDITIONALLY ....CON MATCH.............. MAT RST.....oi RST
COUNT ............ cou,C MN....o MN RWTIMEOUT......... RWT
CS o CS MOD................. MOD SAVE................. SAV
DEFINE............... DEF MODULE ............ MOD SEGMENT ............ SEG
DFL ... it DFL MOVE............. MOV,M SFL ... SFL
) DI NESTING ............. NES S SI
DIR........ ..ot DIR NEWEST........... NEW,N SINTEGER............. SIN
DISABLE .............. DIS NMI.................. NMI SPo.o. SP
DISK ...... ... DIS NOCODE............. NOC SS SS
DMUX ............... DMU NOERROR............ NOE STACK................ STA
DOMAIN............. DOM NOLINE.............. NOL STEP................ STE,S
DOWN............... DOW NOSYMBOL........... NOS STS oo STS
DS .. DS NOT...........oit, NOT SUFFIX ............... SUF
ELSE.................. ELS NOVERIFY ........... NOV SYMBOL ............. SYM
EM ... ...ooiiiiio EM NOW ................ NOW SYMBOLICALLY...... SYM
ENABLE.............. ENA OBJECT............... OBJ T T
END.................. END OF ...l OF TEST.........ooiit. TES
ERROR ............... ERR OFF................... OFF TFL........ ... ... ..., TFL
ES ..ol ES OFFSET............... OFF THEN ................ THE
EVALUATE........... EVA OFFTRACE ........... OFF TILL ......... . ... TIL, T
EXECUTED......... EXE,E OFL ...............o0 OFL TIMER................ TIM
EXIT........oooooil i EXI OLDEST............ OLD,O TO..ooo TO
EXTERNAL........... EXT ON ... ON TRACE ............... TRA
FETCHED............. FET ONTRACE............ ONT TYPE................. TYP
FLAG................. FLA OPCODE ............. OPC UNTIL................ UNT
FOREVER............. FOR OR....... ...l OR UP.....o up
FRAME............... FRA ORIF.................. ORI UPPER ............... UPP
FROM .............. FRO,F OUTPUT ........... OUT,O USE................... USE
GO. ... G PFL................... PFL USER ................. USE
GR...........oil G PIN ...l PIN VALUE............... VAL
GUARDED ........... GUA PIP................o0 PIP WHILE ............... WHI
H.o. ... H POINTER.............. POl WORD............... WOR
HALT.............. HAL,H PORT................. POR WPORT.............. WPO
HARDWARE ......... HAR PRINT............... PRILP WRITE ............... WRI
HOLD................ HOL PUT .................. PUT WRITTEN.......... WRI,W
HTIMER .............. HTI Q Q XOR ...l XOR
ICE ... oLl ICE QDEPTH ............. QDE Yoo Y
IF..oooo IF QSTS ... QST ZFL........... ... ..., ZFL
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APPENDIX B
ERROR MESSAGES

The following is a list of error messages.

ERR10:RSLTS BLK INACCESSIBLE
A BUS TIMEOUT WAS DETECTED ON AN ATTEMPT TO WRITE THE
RESULTS BLOCK.

ERR 11:XMIT BLKINACCESSIBLE
A BUS TIMEOUT WAS DETECTED ON AN ATTEMPT TO READ THE
TRANSMIT BLOCK.

ERR 16:DVC CD FORMAT ERROR
THE FORMAT BYTE OF DEVICE CODE TABLE WAS DETERMINED TO
BE NON-ZERO.

ERR17:DVC NOT IN DVC CD TABLE
A DEVICE CODE CORRESPONDING TO THIS ICE WAS NOT FOUND IN
THE DEVICE CODE TABLE.

ERR 21:COMMAND NOT ALLOWED NOW
THE COMMAND CODE IN THE PARAMETER BLOCK CANNOT BE PRO-
CESSED AT THIS TIME.

ERR 30:PGM MEMORY FAILURE
DATA READ BACK FROM PROGRAM MEMORY DID NOT AGREE WITH
DATAWRITTEN.

ERR 31:DATA MEMORY FAILURE
DATA READ BACK FROM DATA MEMORY DID NOT AGREE WITH DATA
WRITTEN.

ERR 32:BREAKPOINT MEM FAILURE
DATA READ BACK FROM BREAKPOINT MEMORY DID NOT AGREE
WITH DATAWRITTEN.

ERR 33:MEMORY MAP FAILURE
DATA READ BACK FROM MEMORY MAP DID NOT AGREE WITH DATA
WRITTEN.

ERR 34:CABLE FAILURE
CABLE DIAGNOSTIC PROGRAM DETECTED A FAILURE IN THE
CABLE.

ERR 35:CONTROL CIRCUIT FAILURE
CONTROL DIAGNOSTIC PROGRAM DETECTED A FAILURE IN THE
CONTROL CIRCUITRY (SEE NOTE 1).

ERR 36:PAGE FAULT
NOT AN ERROR. ACCESS WAS MADE TO DISK MAPPED MEMORY
AND FIRMWARE DOESN'T HAVE PAGE CONTAINING THAT
LOCATION.

ERR 37:INTELLEC MEMORY FAILURE -
INTELLEC MEMORY DOES NOT VERIFY WHEN WRITTEN TO: IT MAY
BE MISSING, NON-WRITABLE, OR BAD MEMORY.
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ERR 40:NO USER CLOCK
IN EXTERNAL CLOCK MODE, THE CPU CLOCK IS NOT PRESENT.

ERR41:NO USER VCC
IN EXTERNAL CLOCK MODE, THE USER VCC IS NOT PRESENT.

ERR 42:GUARDED ACCESS
ACCESS WAS MADE TO A GUARDED MEMORY OR I/O LOCATION.

ERR 43:PROCESSOR NOT RUNNING
IN EXTERNAL CLOCK MODE, THE USER READY SIGNAL IS NOT
PRESENT.

ERR 48:READY TIMEOUT
IN EXTERNAL CLOCK MODE WITH TIMEOUT ON READY SELECTED, A
COMMAND TIMEOUT OCCURRED.

ERR 49:HOLD SEQUENCE ERROR
A HOLD REQUEST WAS INITIATED AND REMOVED BEFORE HOLD
ACK BECAME ACTIVE (SEE NOTE 2).

ERR 4A:HOLD TIMEOUT ,
CANNOT EXIT EMULATION OR EXAMINE USER MEMORY BECAUSE
HOLD IS INACTIVE TOO LONG IN THE USER SYSTEM (SEE NOTE 1).

ERR4B:RESET TIMEOUT
CANNOT EXIT EMULATION BECAUSE RESET IS INACTIVE (SEE
NOTE1).

ERR 80:SYNTAX ERROR
THE TOKEN FLAGGED IS NOT ONE THAT IS ALLOWED IN THE CUR-
RENT CONTEXT.

ERR 81:INVALID TOKEN
THE TOKEN FLAGGED DOES NOT FOLLOW THE RULES FOR A WELL-
FORMED TOKEN.

ERR 82:NO SUCH LINE NUMBER
THE SPECIFIED LINE NUMBER DOES NOT EXIST IN THE CURRENT
MODULE.

ERR 83:INAPPROPRIATE NUMBER
THE VALUE IS NOT APPROPRIATE IN THE CURRENT CONTEXT.

ERR 84:PARTITION BOUNDS ERROR
THE PARTITION VALUES ENTERED IN A COMMAND ARE NOT COR-
RECT. EITHER THE LEFT PART OF THE PARTITION IS GREATER THAN
THE RIGHT PART OR THE VALUES OF THE PARTITION EXTREMES
ARE OUT OF RANGE IN THE CURRENT CONTEXT.

ERR 85:ITEM ALREADY EXISTS
THE ITEM ENTERED IN A DEFINE COMMAND IS CURRENTLY DEFINED
IN THE SYMBOL TABLE.

ERR 86:ITEM DOES NOT EXIST

THE ITEM PRINTED ON THE PRECEDING LINE DOES NOT RESIDE IN
THE SYMBOL TABLE.
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ERR 87:DUPLICATE CHANNEL
THE CHANNEL SPECIFIED APPEARS MORE THAN ONCE IN A CHAN-
NEL LIST.

ERR 88:MACRO PARAMETER ERROR
TOO MANY MACRO PARAMETERS OR MACRO PARAMETER TOO
LONG.

ERR 89:MISSING CR-LF IN FILE
INCLUDE FILE DOESN'T END IN CARRIAGE-RETURN LINE-FEED.

ERR 8A:FORMAT ALREADY EXISTS
THE FORMAT SPECIFIED IN A DEFINE COMMAND IS ALREADY
DEFINED. -

ERR 8B:FORMAT DOES NOT EXIST
THE FORMAT SPECIFIED HAS NOT BEEN DEFINED.

ERR 8C:COMPARE MODE NOT ACTIVE
FIND COMMAND WAS ISSUED WHILE COMPARE TRACE MODE WAS
NOT ACTIVE.

ERR 8D:EMPTY TRACE BUFFER
TRACE BUFFER IS UNINITIALIZED.

ERR 8E:INVALID TRACE REFERENCE
TRACE REFERENCE MADE WHILE TRACE BUFFER UNINITIALIZED.

ERR 8F:NON-NULL STRING NEEDED
A NULL STRING WAS USED WHERE A NON-NULL STRING IS
REQUIRED.

ERR 90:MEMORY OVERFLOW
MEMORY REQUIREMENTS OF ALL DYNAMIC TABLES EXCEED THE
AMOUNT OF MEMORY AVAILABLE.

ERR 91:STACK OVERFLOW
THE CAPACITY OF A STATICALLY ALLOCATED STACK INTERNAL TO
THE DIAGNOSTIC PROGRAM HAS BEEN EXCEEDED.

ERR 92:COMMAND TOO LONG
THE CAPACITY OF THE STATICALLY ALLOCATED INTERMEDIATE
CODE BUFFER HAS BEEN EXCEEDED.

ERR 93:MODULE DOES NOT EXIST
MODULE SPECIFIED DOES NOT EXIST IN SYMBOL TABLE.

ERR 94:NON-CHANGEABLE ITEM
AN ATTEMPT WAS MADE TO CHANGE AN ITEM THAT MAY NOT BE
CHANGED.

ERR95:INVALID OBJECT FILE
FILE SPECIFIED IN A LOAD COMMAND IS NOT A VALID OBJECT FILE.

ERR 96:INVALID WITHIN ACTIVATE
THE COMMAND IS NOT VALID WITHIN AN ACTIVATE BLOCK.

ERR 97:EXCESSIVE DATA
THE AMOUNT OF DATA ATTEMPTED TO BE INSERTED INTO A PARTI-
TION EXCEEDED THE SIZE OF THE PARTITION.

Error Messages
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ERR 98:MORE THAN 16 CHANNELS
MORE THAN 16 CHANNELS SPECIFIED IN A CHANNEL LIST.

ERR99:EXCESSIVE ITERATED DATA
THE AMOUNT OF DATA TO BE REPEATED THROUGHOUT A RANGE
OF MEMORY EXCEEDS THE SIZE OF THE BUFFER ALLOCATED TO
HOLD SUCH DATA.

ERR 9A:TOO MANY GROUPS
NUMBER OF GROUPS DEFINED BY USER MAY NOT EXCEED 43.

ERR9B:TOO MANY CHANNELS
NUMBER OF CHANNELS DEFINED BY USER MAY NOT EXCEED 128.

ERR9C:UNSUITABLE EXECUTE FILE
THE FILE REFERENCED IN AN EXECUTE COMMAND EITHER CON-
TAINS CODE THAT IS OUT-OF-BOUNDS FOR THE EXECUTE COM-
MAND ORIT IS A MAIN MODULE.

ERR9D:LINE TOO LONG
COMMAND LINE WAS LONGER THAN 122 CHARACTERS.

ERR9E:HOST-ONLY COMMAND
THE COMMAND ISSUED IS NOT ALLOWED IN AN ACTIVATION LIST.

ERR9F:PROCESS ALREADY ACTIVE
ATTEMPT MADE TO ACTIVATE A PROCESS THAT WAS ALREADY
ACTIVE.

ERR A0:TOO MANY PARTITIONS
NUMBER OF PARTITIONS OR SINGLE BREAKPOINTS IN A BREAK-
POINT REGISTER EXCEED MAXIMUM PERMISSIBLE VALUE.

ERR A1:PARTITION CROSSES PAGE
BREAKPOINT PARTITION WAS NOT CONTAINED ON A SINGLE PAGE.

ERR A2:ILLEGAL CLOCK VALUE
VALUE SPECIFIED FOR CLOCK IS NOT A PERMISSIBLE VALUE.

ERR A3:PROCESS ALREADY DORMANT
ATTEMPT MADE TO SUSPEND OR TERMINATE A DORMANT
PROCESS.

ERR A4:MACRO FILE FULL
MACRO FILE CONTAINS MORE THAN 64K CHARACTERS.

ERR A7:POINTER VALUE REQUIRED
A NON-POINTER VALUE WAS USED IN A CONTEXT THAT MUST USE A
POINTER.

ERR A8:INTEGER VALUE REQUIRED
A NON-INTEGER (I.E., POINTER WITH NON-ZERO BASE) VALUE WAS
USED IN A CONTEXT THAT MUST USE AN INTEGER.

ERR A9:CANNOT REDECLARE MAP
AN ATTEMPT WAS MADE TO DECLARE THE DISK MAP AFTER IT WAS
ALREADY DECLARED—THE MAP MUST BE RESET IN ORDER TO
REDECLARE.

B-4
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ERR AA:MEMORY UNAVAILABLE
THE INTELLEC OR DISK MEMORY EXPLICITLY GIVEN IN A SET-MAP
COMMAND WAS NEVER DECLARED; OR NO EXPLICIT MEMORY WAS
GIVEN AND THERE IS NO MORE INTELLEC, DISK OR ICE MEMORY
AVAILABLE FOR THE ICE-88 EMULATOR TO ASSIGN.

ERR AC:TAKES TOO MANY BRS
A MATCH CONDITION WAS GIVEN THAT REQUIRES MORE BREAK-
POINT REGISTERS THAN IS ALLOWED IN THE CURRENT CONTEXT;
EITHER IT REQUIRED MORE THAN ONE REGISTER IN A SET BREAK-
POINT COMMAND, OR REQUIRED MORE THAN TWO REGISTERS IN A
TILL CLAUSE.

ERR AD:DIFFERING BASES
TWO POINTERS WITH DIFFERENT BASES WERE USED IN A CONTEXT
WHERE THEY MUST HAVE THE SAME BASE; E.G., THE LOWER AND
UPPER BOUNDS OF A PARTITION.

ERR AE:INVALID ““AND”’ IN GO-REG
THE GO-REGISTER IS “TILL BR0O AND BR1'* DURING A GO COMMAND
BUT EITHER (1) BRO OR BR1 CONTAINS AN EXECUTION-TYPE MATCH
CONDITION OR (2) BRO CONTAINS A DATA-TIME CONDITION AND BR1
CONTAINS AN ADDRESS-TIME CONDITION.

ERR B2:INVALID BASE
THE BASE USED IN THE DISPLAY BREAKPOINT/TRACEPOINT COM-
MAND IS OUT OF RANGE FOR PART OR ALL OF THE ADDRESSES IN
THE REGISTER (E.G., “BR0 BASE 0" WHEN BR0 CONTAINS ADDRESS
10000H).

ERR B3:SYMBOL HAS NO TYPE
A SYMBOL BEING USED IN A TYPED MEMORY REFERENCE (E.G.,
“IX”")HAS NO TYPE.

ERR B5:BLOCK IS EMPTY

WARN CO:UNSATISFIED EXTERNALS
THE PROGRAM JUST LOADED CONTAINS EXTERNALS WHICH WERE
NOT SATISFIED AT LINK TIME. THE PROGRAM WAS LOADED
CORRECTLY EXCEPT FOR REFERENCES TO THE UNSATISFIED
EXTERNALS.

WARN C1:MAPPING OVER SYSTEM
THE USER HAS MODIFIED THE MAP SO THAT PART OF HIS ADDRESS
SPACE INCLUDES EITHER THE ISIS SYSTEM OR THE GID SOFTWARE
PACKAGE.

WARN C2:HARDWARE MISSING
AT ATTEMPT WAS MADE TO INITIALIZE THE DEVICE WHOSE GENERIC
DEVICE CODE NUMBER IS PRINTED ON THE PREVIOUS LINE BUT NO
DEVICE RESPONDED. A GENERIC DEVICE CODE IS THE FIRST OF
FOUR CONSECUTIVE DEVICE CODES RESERVED FOR A SPECIFIC
TYPE OF DEVICE.

WARN C3:MULTIPLE HARDWARE
AN ATTEMPT WAS MADE TO INITIALIZE THE DEVICE WHOSE DEVICE
CODE NUMBER IS PRINTED ON THE PREVIOUS LINE BUT MORE
THAN ONE DEVICE RESPONDED.

Error Messages
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WARN C4:INVALID ““AND”’ IN GR
THE GO-REGISTER IS AS DESCRIBED FOR ERR AE AFTER GR, BRO OR
BR1 WAS CHANGED.

WARN C5:INTELLEC MEM FAILURE
THE INTELLEC MEMORY WHOSE PHYSICAL SEGMENT NUMBER IS
ON PREVIOUS LINE DOES NOT VERIFY WHEN WRITTEN TO: IT MAY
BE MISSING, NON-WRITABLE, OR BAD MEMORY.

WARN C6:HARDWARE REINITIALIZED
THE HARDWARE HAS BEEN REINITIALIZED, CLEARING THE MAP
AND MAKING TRACE UNCONDITIONALLY ON.

WARN C7:CLEARING TFLTOO

WARN C8:REINITIALIZING—FAULT
THE HARDWARE IS BEING REINITIALIZED

| ERRE7:ILLEGAL FILENAME [4]
THE FILENAME SPECIFIED DOES NOT CONFORM TO A WELL-
FORMED ISIS FILENAME.

| ERR E8:ILLEGAL DEVICE [5]
ILLEGAL OR UNRECOGNIZED DEVICE IN FILENAME.

| ERR E9:FILE OPEN FOR INPUT [6]
ATTEMPT TOWRITE TO A FILE OPEN FOR INPUT.

| ERREB:FILE OPEN FOR OUTPUT [8]
| ERR EC:DIRECTORY FULL [9]
| ERR EE:FILE ALREADY IN USE [11]

| ERR EF:FILE ALREADY OPEN [12]
ATTEMPT TO OPEN A FILE THAT WAS ALREADY OPEN.

| ERR FO:NO SUCH FILE [13]
THE FILE SPECIFIED DOES NOT EXIST.

I ERR F1:WRITE-PROTECT FILE [14]
ATTEMPT TO OPEN A WRITE-PROTECTED FILE FOR THE PURPOSES
OF WRITING DATAINTOIT.

| ERR F3:CHECKSUM ERROR [16]
A CHECKSUM ERROR IN A HEX OBJECT FILE WAS ENCOUNTERED
DURING LOADING.

| ERR F6:DISK FILE REQUIRED [19]
ATTEMPT TO USE A NON-DISKETTE FILE WHERE A DISKETTE FILE
WAS REQUIRED.

| ERR F9:ILLEGAL ACCESS [22]
ATTEMPT TO OPEN A READ-ONLY FILE FOR THE PURPOSES OF
STORING DATA (L.E., SPECIFYING :Ci: AS THE LIST DEVICE) OR A .
WRITE-ONLY FILE AS A SOURCE OF DATA (L.E., :LP: IN A LOAD
COMMAND).
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ERR FA:NO FILE NAME [23]
NO FILENAME SPECIFIED FOR A DISKETTE FILE (I.E., NO FILENAME
FOLLOWING :F1:).

ERRFD:*DONE’ TIMED OUT
THE DEVICE WHOSE DEVICE CODE NUMBER IS PRINTED ON THE
PRECEDING LINE WAS INVOKED BUT FAILED TO RETURN DONE
WITHIN FIVE SECONDS.

ERR FE:'"ACKNOWLEDGE" TIMED OUT
THE DEVICE WHOSE DEVICE CODE NUMBER IS PRINTED ON THE
PRECEDING LINE WAS INVOKED BUT FAILED TO ACKNOWLEDGE
WITHIN 5 MILLISECONDS.

ERR FF:NULL FILE EXTENSION (28]
A FILE WAS SPECIFIED SO AS TO CONTAIN AN EXTENSION BUT NO
EXTENSION WAS SPECIFIED.

Note 1. If error 35, 4A, or 4B occurs during emulation, hardware will be reset as if
a RESET HARDWARE was executed. The emulation will not be recover-
able as all registers will be set to the values they contained at the begin-
ning of emulation. Warning message C6 may be issued.

Note 2. Error 49 will cause emulation to exit properly and warning message C6 will
be issued.

Note 3. Bracketed number following error message refers to the ISIS error iden-
tified by this number.

Note 4. Error messages other than those documented in this list should not
occur. If you encounter such an error, please report it to Intel Corpo-
ration, MCSD Customer Marketing, 3065 Bowers Avenue, Santa Clara,
CA 95051, or to your local Field Application Engineer.

Error Messages
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APPENDIX C
ICE-88 COMMAND SYNTAX SUMMARY

Command Summary

debug session = {top-level command cr] ...

top-level command = define macro command . remove macro command ..command
command = compound command . simple command

compound command = if command .. repeat command .. count command . write command

simple command = display break/trace command .. set break/trace command .
go command ::step command :: go-register command ::
enable/disable trace command :: trape command . oldest command .
newest command :: print command .. move command ::clock command ::
command signal timeout command :. enable/disable ready command .
display command . change command .. define command ::
display symbols command . display lines command :.
display modules command .. change symbol command ::
remove symbols command :. set domain command ::
reset domain command . display map command ::
declare map command .. set map command . reset map command :.
load command :: save command :: suffix command .. base command ::
evaluate command ' listcommand . exit command ::
reset hardware command . display macro command :.
put macro command ..dir command .. include command

Expressions

expr =boolean term [or-op boolean term] ...

or-op =0OR::XOR

boolean term = boolean factor [AND boolean factor] ...
boolean factor = [NOT] boolean primary

boolean primary = arith expr [rel-op arith expr]

rel-op =<1>u<=1>=u<>0=

arith expr = memory reference .. port name .. address
address = arith term [MASK arith term] ...

arith term = term [plus-op term] ...

plus-op = + 11—

term = factor [mult-op factor] ...

mult-op =* ./ ::MOD

factor = [plus-op) [segment-op] primary

segment-op = primary : .. OFFSET :: SEGMENT

primary = (expr) .- numeric constant .. source statement number :.string .
k symbolic reference :: keyword reference

symbolic reference = [module name) symbol [symbol] ...
module name = ..identifier

symbol = .identifier

C-1
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source statement number = [module namel # primary-10
primary-10 = primary
keyword reference = register name . flag name :: pin name . typed memory reference

partition = address [TO address| .. address LENGTH address

Keyword Operators

register name = RAL::RAH ::RBL::RBH :*RCL :: RCH ::RDL :: RDH :: RAX ::RBX :: RCX ::

RDX::SP::BP::SI::DI::SS::DS::ES::IP:: CAUSE :: OPCODE ::RF :: PIP ::

TIMER :: HTIMER :: BUFFERSIZE:UPPER:LOWER
flagname = AFL::CFL::DFL::IFL:: OFL::PFL::SFL::TFL::ZFL
pin name = RDY :: NMI:: TEST:: HOLD::RST:: MN :: IR
portname = PORT address :: WPORT address
memory reference = memory-designation address
memory-designation = BYTE ::WORD :: SINTEGER :: INTEGER :: POINTER

typed memory reference = |!! identifier] ! identifier [ identifier] ...

Emulation Controls and Commands

display break/trace command = break/trace reg [display break/trace mode]
set break/trace command = break/trace reg = match-cond

break/trace reg = break reg ' trace reg

break reg = BR::BR0:: BR1

trace reg = ONTRACE :: OFFTRACE

display break/trace mode = ABSOLUTE :: BASE [expr]

match-cond = execution match code .. non-execution match cond
execution match cond = match value EXECUTED

non-execution match cond = address match range [match status list] [data match range ]
[segment register usage) :: match status list [data match range)
[segment register usage] :: data match range
[segment register usage] :: segment register usage

match value = address .. masked constant

address match range = match range

data match range = VALUE match range

match range = match value :: match partition [, match partition] ... - address up/down

match partition = partition .- OBJECT memory reference - OBJECT typed memory reference
up/down = UP :: DOWN

match status list = match status [, match status] ...

match status = READ :: WRITTEN :: INPUT :: OUTPUT :: FETCHED :: HALT :: ACKNOWLEDGE
segment register usage = USING segment register name

segment register name =SS ::CS ::DS::ES

gocommand =GO [FROM address| [go-register]

step command = STEP [FROM address]

go-register command = GR [= go-register]
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Command Syntax Summary

go-register = FOREVER :: TILL break
break = break reg land/or break reg) .. match-cond [and/or match-cond|]
and/or=AND::OR

enable/disable trace command = ENABLE TRACE [CONDITIONALLY [NOW initial trace ]]::
DISABLE TRACE

initial trace = ON :: OFF

trace command = TRACE [= trace mode]

trace mode = FRAME :: INSTRUCTION

oldestcommand = OLDEST

newestcommand = NEWEST

printcommand = PRINT [ [plus-op] primary-10] :: PRINT ALL
move command = MOVE | [p/us-op] primary-10]

clock command = CLOCK [= clock setting)

clock setting = INTERNAL :: EXTERNAL

command signal timeout command = RWTIMEOUT [= new signal]
new signal = INFINITE :: expr-10 [ERROR] :: expr-10 NOERROR
expr-10 = expr

enable/disable ready command = ENABLE RDY :: DISABLE RDY

Interrogation and Utility Commands

display command = reference |, reference] ... .. mem ori/o partition .. ASM partition ::
REGISTER :: FLAG :: PIN :: STACK expr :: BOOL expr

mem or i/o =memory-designaltion .. PORT :: WPORT

change command = reference = expr :>: mem ori/o partition = change exp [, change exp] ...

change exp = mem or i/o partition :: expr :: string

define command = DEFINE {module name| symbol = expr |OF type]

display symbols command = SYMBOL :: symbolic reference

display lines command = LINE :: source statement number

display modules command = MODULE

change symbol command = symbolic reference = expr |[OF type]

remove symbols command = REMOVE symbolic reference [, symbolic reference] ... .-
REMOVE SYMBOL ::
REMOVE MODULE module name [, module name] ...

type = memory desig

set domain command = DOMAIN module name

reset domain command = RESET DOMAIN

display map command = MAP {[partition]

declare map command = MAP DISK = file name :: MAP INTELLEC = partition |, partition]...
set map command = MAP partition = new memory map

reset map command = RESET MAP

new memory map = GUARDED :: USER [NOVERIFY]:: ICE [address ] [NOVERIFY] ::
INTELLEC [address] [NOVERIFY] :: DISK [address] [NOVERIFY]
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NOSYMBOL

load command = LOAD path name (NOCODE
NOLINE

NOSYMBOL
NOLINE

save command = SAVE path name [save code ’
save code = NOCODE :: parition |, partition] ...
suffix command = SUFFIX [= suffix]

base command = BASE [= base]
suffix=Y::0::Q::T:H

base = suffix :: ASCII

display nesting command = NESTING

evaluate command = EVALUATE expr [SYMBOLICALLY]}
list command = LIST path name

exitcommand = EXIT

reset hardware command = RESET HARDWARE

cr =carriage-return line-feed

Macro Definition Command

define macro command = DEFINE MACRO macro name cr macro body EM

macro name = identifier

macro body = [command cr] ...

IF Command

ifcommand = \F expr [THEN] cr true-list
[ORIF expr [THEN] cr true-list] ...
[ELSE cr false-list]

true-list = [command cr] ...
false-list = [command cr] ...

end if =END

Looping Commands

repeat command = REPEAT cr loop-list end-repeat
end-repeat = END

count command = COUNT expr-10 cr loop-list end-count
expr-10 = expr

end-count =END

loop-list = [loop elementcr] ...

loop element = command . loop exit

loop exit = WHILE EXPR :: UNTIL expr

ICE-88



ICE-88

Macro Invocation Command

macro invocation command = macro name :. |actual parameter list]
actual parameter list = actual parameter [, actual parameter] ...
actual parameter = (limited token] ... .. string

limited token = any token exceptcr, string or **,”’

Remove Macro Command

remove macro command = REMOVE MACRO [macro list]

macro list = macro name [, macro name} ...

Display Macro Command

display macro command = MACRO [macro list]

Put Macro Command

put macro command = PUT file name MACRO [macro list]

Director Command

dir command = DIR directory
directory = MACRO

Include Command

include command = INCLUDE file name

Write Command

write command = WRITE /ist element [, list element] ...

list element = string .. expr .- BOOL expr

Command Syntax Summary
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APPENDIX D
ELECTRICAL AND PHYSICAL
CHARACTERISTICS

DC Characteristics of ICE-88 User Cable

1. Output Low Voltages Vi (Max) lo(Min)
ADO-AD7, A8-A15 0.4V 8mA
A16/S3-A19/S6, SSO, RD, LOCK, QS0, Qs1, S0, §1, 0.4V 8mA
S2,WR, 10/M, DT/R, DEN, ALE, INTA
HLDA 0.4V 7mA
MATCHO 0.4V 16 mA

2. Output High Voltages Vo (Min) lon(Min)
ADO0-AD7, A8-A15 2.4V ~ 2mA
A16/S3-A19/S6, SSO, RD, LOCK, QS0, Qs1, S0, ST, 2.4V —omA
$2,WR, I0/M, DT/R, DEN, ALE, INTA :

HLDA 2.4V -3.0mA
MATCHO OR MATCH1 2.4V -0.8 mA

3. Input Low Voltages V,, (Max) 1, (Max)
ADO0-AD7, A8-A15 0.8V -0.2mA
NMI, GLK 0.8V -0.4mA
READY 0.8V ~0.8 mA
INTR, HOLD, TEST, RESET 0.8V -1.4mA
MN/MX (0.1 if to GND) 0.8V -3.3mA

4. Input High Voltages V,,/(Min) 1,4(Max)
ADO-AD7, AB-A15 2.0V 80 LA
NMI, CLK 2.0V 20 uA
READY 2.0V 60 uA
INTR, HOLD, TEST, RESET 2.0V -0.4mA
MN/MX 2.0V -1.1mA

5. RQ/GT0, RQ/GT1 are pulled up to +5V through a 5.6K ohm resistor. No current is taken
from user circuit at V. pin.

Specifications

|CE-88 Operating Environment

Required Hardware:
Intellec Microcomputer Development System with:
1. Three adjacent slots for ICE-88
2. 64K of Intellec Memory. If expansion memory is desired, no more than 32K may be 16K
RAM boards.
System Console
Intellec Diskette Operating System
ICE-88 Module
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Electrical and Physical Characteristics
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Required Software:
System Monitor
I1SIS-Il, Version 3.4 or subsequent
ICE-88 Software

Equipment Supplied
Printed Circuit Boards (3)
Interface Cabie and Emulation Buffer Module
Operator’'s Manual
ICE-88 Software

Emulation Clock

User system clock up to 5 MHz or 2 MHz internal clock in stand-along mode.

Physical Characteristics
Printed Circuit Boards:

Width 12.00 in
Height 6.75in
Depth 0.50in
Packaged Weight —

Electrical Characteristics

Voo =+5V1%

lec =16A maximum; 11A typical

Voo = +12V +5%

oo =120 mA maximum; 80 mA typical

Vas =—10V £5% or —12V = §% (optional)

lag =15 mA maximum; 12 mA typical

Environmental Characteristics
Operating Temperature: 0° to 40°C

(30.48cm)
(17.15cm)
(1.27¢cm)

Operating Humidity: Up to 95% relative humidity without condensation.
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APPENDIX E
INSTRUCTIONS IN
HEXADECIMAL ORDER

00 00000000
01 00000001
02 00000010
03 00000011
04 00000100
05 00000101
06 00000110
07 00000111
08 00001000
09 00001001
0A 00001010
0B 00001011
0C 00001100
0D 00001101
0E 00001110
OF 00001111
10 00010000
11 00010001
12 00010010
13 00010011
14 00010100
15 00010101
16 00010110
17 00010111
18 00011000
19 00011001
1A 00011010
1B 00011011
1C 00011100
1D 00011101
1E 00011110
1F 00011111
20 00100000
21 00100001
22 00100010
23 00100011
24 00100100
25 00100101
26 00100110
27 00100111
28 00101000
29 00101001
2A 00101010
2B 00101011
2C 00101100
2D 00101101
2E 00101110
2F 00101111
30 00110000
31 00110001
32 00110010
33 00110011
34 00110100
35 00110101
36 00110110
37 00110111
38 00111000
39 00111001
3A 00111010
3B 00111011
3C 00111100
3D 00111101
3E 00111110
3F 00111111
40 01000000
41 01000001

MOD
MOD
MOD
MOD

MOD
MOD
MOD
MOD

MOD
MOD
MOD
MOD

MOD
MOD
MOD
MOD

MOD
MOD
MOD
MOD

MOD
MOD
MOD
MOD

MOD
MOD
MOD
MOD

MOD
MOD
MOD
MOD

REGR/M
REGR/M
REGR/M
REGR/M

REGR/M
REGR/M
REGR/M
REGR/M

REGR/M
REGR/M
REGR/M
REGR/M

REGR/M
REGR/M
REGR/M
REGR/M

REGR/M
REGR/M
REGR/M
REGR/M

REGR/M
REGR/M
REGR/M
REGR/M

REGR/M
REGR/M
REGR/M
REGR/M

REGR/M
REGR/M
REGR/M
REGR/M

ADD EA,REG
ADD EA,REG
ADD REG,EA
ADD REG,EA

ADD AL,DATAS8
ADD AX,DATA16

PUSH ES

POP ES

OR EA,REG
OR EA,REG
OR REG,EA
OR REG,EA
OR AL,DATAS8
OR AX,DATA16
PUSH CS

(not used)

ADC EA,REG
ADC EA,REG
ADC REA,EA
ADC REG,EA
ADC AL,DATAS
ADC AX,DATA16
PUSH SS

POP SS

SBB EA,REG
SBB EA,REG
SBB REG,EA
SBB REG,EA
SBB AL,DATAS
SBB AX,DATA16
PUSH DS

POP DS

AND EA,REG
AND EA,REG
AND REG,EA
AND REG,EA
AND AL,DATAS
AND AX,DATA16

ES:

DAA

SUB EA,REG
sSuB EA,REG
SuB REG,EA
SuB REG,EA
suB AL,DATAS
SuB AX,DATA16
CS:

DAS

XOR EA,REG
XOR EA,REG
XOR REG,EA
XOR REG,EA
XOR AL,DATAS
XOR AX,DATA16
SS:

AAA

CMP EA,REG
CMP EA,REG
CMP REG,EA
CMP REG,EA
CMP AL,DATAS8

CMP AX,DATA16
DS:

AAS

INC AX

INC CX

BYTE ADD (REG) TO EA
WORD ADD (REG) TO EA
BYTE ADD (EA) TO REG
WORD ADD (EA) TO REG
BYTE ADD DATA TO REG AL
WORD ADD DATA TO REG AX
PUSH (ES) ON STACK

POP STACKTO REG ES
BYTEOR (REG) TOEA
WORD OR (REG) TOEA
BYTE OR (EA) TO REG
WORD OR (EA) TO REG
BYTEORDATATO REG AL
WORD OR DATA TO REG AX
PUSH (CS) ON STACK

BYTE ADD (REG) W/ CARRY TO EA

WORD ADD (REG) W/ CARRY TO EA

BYTE ADD (EA) W/ CARRY TO REG

WORD ADD (EA) W/ CARRY TO REG

BYTE ADD DATA W/CARRY TO REG AL
WORD ADD DATA W/ CARRY TO REG AX
PUSH (§S) ON STACK

POP STACK TO REG SS

BYTE SUB (REG) W/ BORROW FROM EA
WORD SUB (REG) W/ BORROW FROM EA
BYTE SUB (EA) W/ BORROW FROM REG
WORD SUB (EA) W/ BORROW FROM REG
BYTE SUB DATA W/ BORROW FROM REG AL
WORD SUB DATA W/ BORROW FROM REG AX
PUSH (DS) ON STACK

POP STACK TO REG DS

BYTE AND (REG) TO EA

WORD AND (REG) TO EA

BYTE AND (EA) TO REG

WORD AND (EA) TO REG

BYTE AND DATA TO REG AL

WORD AND DATA TO REG AX

SEGMENT OVERIDE W/ SEGMENT REG ES
DECIMAL ADJUST FOR ADD

BYTE SUBTRACT (REG) FROM EA

WORD SUBTRACT (REG) FROM EA

BYTE SUBTRACT (EA) FROM REG

WORD SUBTRACT (EA) FROM REG

BYTE SUBTRACT DATA FROM REG AL
WORD SUBTRACT DATA FROM REG AX
SEGMENT OVERIDE W/ SEGMENT REG CS
DECIMAL ADJUST FOR SUBTRACT

BYTE XOR (REG) TO EA

WORD XOR (REG) TO EA

BYTE XOR (EA) TO REG

WORD XOR (EA) TO REG

BYTE XOR DATATO REG AL

WORD XOR DATA TO REG AX

SEGMENT OVERIDE W/ SEGMENT REG SS
ASCII ADJUST FOR ADD

BYTE COMPARE (EA) WITH (REG)

WORD COMPARE (EA) WITH (REG)

BYTE COMPARE (REG) WITH (EA)

WORD COMPARE (REG) WITH (EA)

BYTE COMPARE DATA WITH (AL)

WORD COMPARE DATA WITH (AX)
SEGMENT OVERIDE W/ SEGMENT REG DS
ASCII ADJUST FOR SUBTRACT
INCREMENT (AX)

INCREMENT (CX)
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Instructions in Hexadecimal Order 8088 Assembly Language

42 01000010 INC DX INCREMENT (DX)

43 01000011 INC BX INCREMENT (BX)

44 01000100 INC SP INCREMENT (SP)

45 01000101 INC BP INCREMENT (BP)

46 01000110 INC Si INCREMENT (S)

47 01000111 INC DI INCREMENT (Dl)

48 01001000 DEC AX DECREMENT (AX)

49 01001001 DEC CX DECREMENT (CX)

4A 01001010 DEC DX DECREMENT (DX)

4B 01001011 DEC BX DECREMENT (BX)

4C 01001100 DEC SP DECREMENT (SP)

4D 01001101 DEC BP DECREMENT (BP)

4E 01001110 DEC St DECREMENT (SI)

4F 01001111 DEC DI DECREMENT (DI)

50 01010000 PUSH AX PUSH (AX) ON STACK

51 01010001 PUSH CX PUSH (CX) ON STACK

52 01010010 PUSH DX PUSH (DX) ON STACK

53 01010011 PUSH BX PUSH (BX) ON STACK

54 01010100 PUSH SP PUSH (SP) ON STACK

55 01010101 PUSH BP PUSH (BP) ON STACK

56 01010110 PUSH Si PUSH (S1) ON STACK

57 01010111 PUSH DI PUSH (DI) ON STACK

58 01011000 POP AX POP STACK TO REG AX

59 01011001 POP CX POP STACK TO REG CX

5A 01011010 POP DX POP STACK TO REG DX

5B 01011011 POP BX POP STACK TO REG BX

5C 01011100 POP SP POP STACK TO REG SP

5D 01011101 POP BP POP STACK TO REG BP

5E 01011110 POP Si POP STACK TO REG SI

5F 01011111 POP DI POP STACK TO REG DI

60 01100000 (not used)

61 01100001 (not used)

62 01100010 (not used)

63 01100011 (not used)

64 01100100 (not used)

65 01100101 (notused)

66 01100110 (not used)

67 01100111 (not used)

68 01101000 (not used)

69 01101001 (not used)

6A 01101010 (not used)

6B 01101011 (not used)

6C 01101100 (not used)

6D 01101101 (not used)

6E 01101110 (not used)

6F 01101111 (not used)

70 01110000 JO DISP8 JUMP ON OVERFLOW

71 01110001 JNO DISP8 JUMP ON NOT OVERFLOW

72 01110010 JB/JNAE DISP8 JUMP ON BELOW/NOT ABOVE OR EQUAL
73 01110011 JNB/JAE DISP8 JUMP ON NOT BELOW/ABOVE OR EQUAL
74 01110100 JENJZ DISP8 JUMP ON EQUAL/ZERO

75 01110101 JNE/JNZ DISP8 JUMP ON NOT EQUAL/NOT ZERO

76 01110110 JBE/JNA DISP8 JUMP ON BELOW OR EQUAL/NOT ABOVE
77 01110111 JNBE/JA DISP8 JUMP ON NOT BELOW OR EQUAL/ABOVE
78 01111000 JS DISP8 JUMP ON SIGN

79 01111001 JNS DISP8 JUMP ON NOT SIGN

7A 01111010 JP/JPE DISP8 JUMP ON PARITY/PARITY EVEN

7B 01111011 JNP/JPO DISP8 JUMP ON NOT PARITY/PARITY ODD

7C 01111100 JL/JNGE DISPS8 JUMP ON LESS/NOT GREATER OR EQUAL
7D 01111101 JNL/JGE DISP8 JUMP ON NOT LESS/GREATER OR EQUAL
7E 01111110 JLE/JNG DISP8 JUMP ON LESS OR EQUAL/NOT GREATER
7F 01111111 JNLE/JG DISP8 JUMP ON NOT LESS OR EQUAL/GREATER
80 10000000 MOD 000 R/M ADD EA,DATAS BYTE ADDDATATOEA

80 10000000 MOD 001 R/M OR EA,DATAS BYTEORDATATOEA

80 10000000 MOD 010 R/M ADC EA,DATAS BYTE ADDDATAW/ CARRY TOEA

80 10000000 MOD 011 R/M SBB EA,DATAS BYTE SUB DATA W/ BORROW FROM EA
80 10000000 MOD 100 R/M AND EA,DATAS BYTE AND DATATO EA

80 10000000 MOD 101 R/M SuUB EA,DATAS BYTE SUBTRACT DATA FROM EA

80 10000000 MOD 110 R/M XOR EA,DATA8 = BYTEXORDATATOEA

80 10000000 MOD 111 R/M CMP EA,DATAS BYTE COMPARE DATA WITH (EA)

81 10000001 MOD 000 R/M ADD EA,DATA16 WORD ADD DATATOEA

81 10000001 MOD 00t R/M OR EA,DATA16 WORD OR DATATO EA

81 10000001 MOD 010 R/M ADC EA,DATA16 WORD ADD DATA W/ CARRY TO EA

E-2



8088 Assembly Language

81 10000001
85 10000001
81 10000001
81 10000001
81 10000001
82 10000010
82 10000010
82 10000010
82 10000010
82 10000010
82 10000010
82 10000010
82 10000010
83 10000011
83 10000011
83 10000011
83 10000011
83 10000011
83 10000011
83 10000011
83 10000011
84 10000100
85 10000101
86 10000110
87 10000111
88 10001000
89 10001001
8A 10001010
8B 10001011
8C 10001100
8C 10001100
8D 10001101
8E 10001110
8E 10001110
8F 10001111
8F 10001111
8F 10001111
8F 10001111
8F 10001111
8F 10001111
8F 10001111
8F 10001111
90 10010000
91 10010001
92 10010010
93 10010011
94 10010100
95 10010101
96 10010110
97 10010111
98 10011000
99 10011001
9A 10011010
9B 10011011
9C 10011100
9D 10011101
9E 10011110
8F 10011111
A0 10100000
A110100001
A210100010
A3 10100011
A410100100
AS510100101
A6 10100110
A7 10100111
A8 10101000
A9 10101001
AA10101010
AB10101011
AC10101100
AD10101101
AE10101110

MOD 011
MOD 100
MOD 101
MOD 110
MOD 111
MOD 000
MOD 001
MOD 010
MOD 011
MOD 100
MOD 101
MOD 110
MOD 111
MOD 000
MOD 001
MOD 010
MOD 011
MOD 100
MOD 101
MOD 110
MOD 111
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD 00
MOD 001
MOD 010
MOD 011
MOD 100
MOD 101
MOD 110
MOD 111

R/M
R/M
R/IM
R/M
R/IM
R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/IM
R/M
R/IM
R/M
R/M
R/IM
R/M

REGR/M
REGR/M
REGR/M
REGR/M
REGR/M
REGR/M
REGR/M
REGR/M
OSRR/M
1——R/IM
REGR/M
O0SR R/M

R/M
R/M
R/IM
R/M
R/M
R/M
R/IM
R/M
R/M

SBB
AND
SUB
XOR
CMP
ADD

(not used)
ADC
SBB

(not used)
sSuB

(not used)
CMP
ADD

(not used)
ADC
SBB

(not used)
SUB

(not used)
CMP
TEST
TEST
XCHG
XCHG
MOV
MOV
MOV
MOV
MOV
(not used)
LEA
MOV
(not used)
POP

(not used)
(not used)
(not used)
(not used)
(not used)
(not used)
(not used)
XCHG
XCHG
XCHG
XCHG
XCHG
XCHG
XCHG
XCHG
cBwW
CWD
CALL
WAIT
PUSHF
POPF
SAHF
LAHF
MOV
MOV
MOV
MOV
MOVS
MOVS
CMPS
CMPS
TEST
TEST
STOS
STOS
LODS
LODS
SCAS

EA,DATA16
EA,DATA16
EA,DATA16
EA,DATA16
EA,DATA16
EA,DATA8

EA,DATAS8
EA,DATAS8

EA,DATA8

EA,DATAS8
EA,DATA8

EA,DATAS8
EA,DATAS

EA,DATAS8

EA,DATA8
EA,REG
EA,REG
REG,EA
REG,EA
EA,REG
EA,REG
REG,EA
REG,EA
EA,SR

REG,EA
SR,EA

EA

AX,AX
AX,CX
AX,DX
AX,BX
AX,SP
AX,BP
AX,SI

AX,DI

DISP16,SEG16

AL,ADDR16
AX,ADDR16
ADDR16,AL
ADDR16,AX
DST8SRC8
DST16,SRC16
SIPTR,DIPTR
SIPTR,DIPTR
AL,DATA8
AX,DATA16
DST8

DST16

SRC8

SRC16
DIPTR8

Instructions in Hexadecimal Order

WORD SUB DATA W/ BORROW FROM EA
WORD AND DATATO EA

WORD SUBTRACT DATA FROM EA
WORD XOR DATA TO EA

WORD COMPARE DATA WITH (EA)

BYTE ADD DATATO EA

BYTE ADD DATA W/ CARRY TO EA
BYTE SUB DATA W/ BORROW FROM EA

BYTE SUBTRACT DATA FROM EA

BYTE COMPARE DATA WITH (EA)
WORD ADD DATATO EA

WORD ADD DATA W/ CARRY TO EA
WORD SUB DATA W/ BORROW FROM EA

WORD SUBTRACT DATA FROM EA

WORD COMPARE DATA WITH (EA)

BYTE TEST (EA) WITH (REG)

WORD TEST (EA) WITH (REG)

BYTE EXCHANGE (REG) WITH (EA)
WORD EXCHANGE (REG) WITH (EA)
BYTE MOVE (REG) TO EA

WORD MOVE (REG) TO EA

BYTE MOVE (EA) TO REG

WORD MOVE (EA) TO REG

WORD MOVE (SEGMENT REG SR) TO EA

LOAD EFFECTIVE ADDRESS OF EA TO REG
WORD MOVE (EA) TO SEGMENT REG SR

POP STACK TO EA

EXCHANGE (AX) WITH (AX), (NOP)
EXCHANGE (AX) WITH (CX)
EXCHANGE (AX) WITH (DX)
EXCHANGE (AX) WITH (BX)
EXCHANGE (AX) WITH (SP)
EXCHANGE (AX) WITH (BP)
EXCHANGE (AX) WITH (SI)
EXCHANGE (AX) WITH (DI)

BYTE CONVERT (AL) TO WORD (AX)
WORD CONVERT (AX) TO DOUBLE WORD
DIRECT INTER SEGMENT CALL
WAIT FOR TEST SIGNAL

PUSH FLAGS ON STACK

POP STACK TO FLAGS

STORE (AH) INTO FLAGS

LOAD REG AH WITH FLAGS
BYTE MOVE (ADDR) TO REG AL
WORD MOVE (ADDR) TO REG AX
BYTE MOVE (AL) TO ADDR
WORD MOVE (AX) TO ADDR
BYTE MOVE, STRING OP

WORD MOVE, STRING OP
COMPARE BYTE, STRING OP
COMPARE WORD, STRING OP
BYTE TEST (AL) WITH DATA
WORD TEST (AX) WITH DATA
BYTE STORE, STRING OP
WORD STORE, STRING OP
BYTE LOAD, STRING OP

WORD LOAD, STRING OP

BYTE SCAN, STRING OP
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AF 10101111
B0 10110000
B1 10110001
B2 10110010
B3 10110011
B4 10110100
B5 10110101
B6 10110110
B7 10110111
B8 10111000
B9 10111001
BA10111010
BB10111011
BC10111100
BD10111101
BE10111110
BF 10111111
C0 11000000
C1 11000001
C2 11000010
C3 11000011
C4 11000100
C5 11000101
C6 11000110
C6 11000110
C6 11000110
C6 11000110
C6 11000110
C6 11000110
C6 11000110
C6 11000110
C7 11000111
C7 11000111
C7 11000111
C7 11000111
C7 11000111
C7 11000111
C7 11000111
C7 11000111
C8 11001000
C9 11001001
CA11001010
CB11001011
CC11001100
CD11001101
CE11001110
CF 11001111
DO 11010000
DO 11010000
DO 11010000
D0 11010000
DO 11010000
D0 11010000
D0 11010000
D0 11010000
D1 11010001
D1 11010001
D1 11010001
D1 11010001
D1 11010001
D1 11010001
D1 11010001
D1 11010001
D2 11010010
D2 11010010
D2 11010010
D2 11010010
D2 11010010
D2 11010010
D2 11010010
D2 11010010
D3 11010011
D3 11010011

MOD REGR/M
MOD REGR/M

MOD 000
MOD 001
MOD 010
MOD 011
MOD 100
MOD 101
MOD 110
MOD 111
MOD 000
MOD 001
MOD 010
MOD 011
MOD 100
MOD 101
MOD 110
MOD 111

MOD 000
MOD 001
MOD 010
MOD 011
MOD 100
MOD 101
MOD 110
MOD 111
MOD 000
MOD 001
MOD 010
MOD 011
MOD 100
MOD 101
MOD 110
MOD 111
MOD 000
MOD 001
MOD 010
MOD 011
MOD 100
MOD 101
MOD 110
MOD 111
MOD 000
MOD 001

R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M

R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M

SCAS
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV

(not used)
(not used)
RET

RET

LES

LDS

MOV

(not used)
(not used)
(not used)
(not used)
(not used)
(not used)
(not used)
MOV

(not used)
(not used)
(not used)
(not used)
(not used)
(not used)
(not used)
(not used)
(not used)
RET

RET

INT

INT

INTO
IRET
ROL

ROR

RCL

RCR

SHL

SHR

(not used)
SAR

ROL

ROR

RCL

RCR

SHL

SHR

(not used)
SAR

ROL

ROR

RCL

RCR

SHL

SHR

(not used)
SAR

ROL

ROR

DIPTR16
AL,DATA8
CL,DATA8
DL,DATAS8
BL,DATAS8
AH,DATAS8
CH,DATAS
DH,DATA8
BH,DATA8
AX,DATA16
CX,DATA16
DX,DATA16
BX,DATA16
SP,DATA16
BP,DATA16
SI,DATA16
Di,DATA16

DATA16

REG,EA
REG,EA
EA,DATA8

EA,DATA16

DATA16

3
TYPE

EA1
EAN
EA
EA1
EA1
EA

EA1
EA1
EA1
EA
EA
EA
EA1

EA

EA,CL
EA,CL
EA,CL
EA,CL
EA,CL
EA,CL

EA,CL
EA,CL
EA,CL

8088 Assembly Language

WORD SCAN, STRING OP
BYTE MOVE DATATO REG AL
BYTE MOVE DATATO REG CL
BYTE MOVE DATATO REG DL
BYTE MOVE DATA TO REG BL
BYTE MOVE DATA TO REG AH
BYTE MOVE DATA TO REG CH
BYTE MOVE DATA TO REG DH
BYTE MOVE DATA TO REG BH
WORD MOVE DATA TO REG AX
WORD MOVE DATA TO REG CX
WORD MOVE DATA TO REG DX
WORD MOVE DATA TO REG BX
WORD MOVE DATA TO REG SP
WORD MOVE DATA TO REG BP
WORD MOVE DATA TO REG SI
WORD MOVE DATA TO REG DI

INTRA SEGMENT RETURN, ADD DATA TO REG SP
INTRA SEGMENT RETURN

WORD LOAD REG AND SEGMENT REG ES

WORD LOAD REG AND SEGMENT REG DS

BYTE MOVE DATATO EA

WORD MOVE DATATO EA

INTER SEGMENT RETURN, ADD DATATO REG SP
INTER SEGMENT RETURN

TYPE 3INTERRUPT

TYPED INTERRUPT

INTERRUPT ON OVERFLOW

RETURN FROM INTERRUPT

BYTE ROTATE EALEFT1BIT

BYTE ROTATE EARIGHT 1 BIT

BYTE ROTATE EA LEFT THRU CARRY 1 BIT
BYTE ROTATE EA RIGHT THRU CARRY 1 BIT
BYTE SHIFT EALEFT 1 BIT

BYTE SHIFT EARIGHT 1 BIT

BYTE SHIFT SIGNED EA RIGHT 1 BIT

WORD ROTATE EA LEFT 1 BIT

WORD ROTATE EA RIGHT 1 8IT

WORD ROTATE EA LEFT THRU CARRY 1 BIT
WORD ROTATE EA RIGHT THRU CARRY 1 BIT
WORD SHIFT EA LEFT1BIT

WORD SHIFT EA RIGHT 1 BIT

WORD SHIFT SIGNED EA RIGHT 1 BIT

BYTE ROTATE EA LEFT (CL) BITS

BYTE ROTATE EA RIGHT (CL) BITS

BYTE ROTATE EA LEFT THRU CARRY (CL) BITS
BYTE ROTATE EA RIGHT THRU CARRY (CL) BITS
BYTE SHIFT EA LEFT (CL) BITS

BYTE SHIFT EA RIGHT (CL) BITS

BYTE SHIFT SIGNED EA RIGHT (CL) BITS
WORD ROTATE EA LEFT (CL) BITS
WORD ROTATE EA RIGHT (CL) BITS
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D3 11010011
D3 11010011
D3 11010011
D3 11010011
D3 11010011
D3 11010011
D4 11010100
D5 11010101
D6 11010110
D7 11010111
D8 11011-—
EO 11100000
E1 11100001
E2 11100010
E3 11100011
E4 11100100
E5 11100101
E6 11100110
E7 11100111
E8 11101000
E9 11101001
EA11101010
EB11101010
EC11101010
ED11101010
EE 11101010
EF 11101010
FO 11110000
F1 11110001
F2 11110010
F3 11110011
F4 11110100
F5 11110101
F6 11110110
F6 11110110
F6 11110110
F6 11110110
F6 11110110
F6 11110110
F6 11110110
F6 11110110
F7 11110111
F7 11110111
F7 11110111
F7 11110111
F7 11110111
F7 11110111
F7 11110111
F7 11110111
F8 11111000
F9 11111001
FA11111010
FB11111011
FC11111100
FD 11111101
FE 11111110
FE 11111110
FE 11111110
FE 11111110
FE 11111110
FE 11111110
FE 11111110
FE 11111110
FF 11111111
FF 11111111
FF 11111111
FF 1111111
FFE 1111111
FF 11111111
FF 11111111
FF 11111111

MOD
MOD
MOD
MOD
MOD
MOD

010
011
100
101
110
111

00001010
00001010

MOD

MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD

MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD

000
001
010
011
100
101
110
111
000
001
010
011
100
101
110
111

000
001
010
oM
100
101
110
M
000
001
010
011
100
101
110
11

R/M
R/M
R/M
R/M
R/M
R/M

R/M

R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M
R/M

R/M
R/IM
R/M
R/M
R/M
R/M
R/M
R/M
R/IM
R/M
R/M
R/M
R/M
R/M
R/M
R/M

RCL

RCR

SHL

SHR

(not used)
SAR

AAM

ADD

(not used)
XLAT
ESC

LOOPNZ/LOOPNE DISP8

EA,CL
EA,CL
EACL
EA,CL

EA,CL

TABLE
EA

LOOPZ/LOOPE DISP8

LOOP
JCXZ

IN

IN

ouT
ouT
CALL
JMP
JMP
JMP

IN

IN

ouT
ouT
LOCK
(not used)
REPNZ
REPN
HLT
CMC
TEST
(not used)
NOT
NEG
MUL
IMUL
DIV

IDIV
TEST
(not used)
NOT
NEG
MUL
IMUL
DIV

IDIV

CLC

STC

CLI

STI

CLD

STD

INC

DEC

(not used)
(not used)
(not used)
(not used)
(not used)
(not used)
INC

DEC
CALL
CALL
JMP
JMP
PUSH
(not used)

DISP8
DISP8
AL,PORT
AX,PORT
AL,PORT
AX,PORT
DISP16
DISP16
DISP16,SEG16
DISP8
AL,DX
AX,DX
DX

DX

EA,DATA8

EA
EA
EA
EA
EA
EA
EA,DATA16

EA
EA
EA
EA
EA
EA

EA
EA

EA
EA
EA
EA
EA
EA
EA

Instructions in Hexadecimal Order

WORD ROTATE EA LEFT THRU CARRY (CL) BITS
WORD ROTATE EA RIGHT THRU CARRY (CL) BITS
WORD SHIFT EA LEFT (CL) BITS

WORD SHIFT EA RIGHT (CL) BITS

WORD SHIFT SIGNED EA RIGHT (CL) BITS
ASCII ADJUST FOR MULTIPLY
ASCII ADJUST FOR DIVIDE

TRANSLATE USING (BX)

ESCAPE TO EXTERNAL DEVICE

LOOP (CX) TIMES WHILE NOT ZERO/NOT EQUAL
LOOP (CX) TIMES WHILE ZERO/EQUAL
LOOP (CX) TIMES

JUMP ON (CX)=0

BYTE INPUT FROM PORT TO REG AL
WORD INPUT FROM PORT TO REG AX
BYTE OUTPUT (AL) TO PORT

WORD OUTPUT (AX) TO PORT

DIRECT INTRA SEGMENT CALL

DIRECT INTRA SEGMENT JUMP

DIRECT INTER SEGMENT JUMP

DIRECT INTRA SEGMENT JUMP

BYTE INPUT FROM PORT (DX) TO REG AL
WORD INPUT FROM PORT (DX) TO REG AX
BYTE OUTPUT (AL) TO PORT (DX)

WORD OUTPUT (AX) TO PORT (DX)

BUS LOCK PREFIX

REPEAT WHILE (CX)#0 AND (ZF)=0
REPEAT WHILE (CX)#0 AND (ZF)=1
HALT

COMPLEMENT CARRY FLAG
BYTE TEST (EA) WITH DATA

BYTE INVERT EA

BYTE NEGATE EA

BYTE MULTIPLY BY (EA), UNSIGNED
BYTE MULTIPLY BY (EA), SIGNED
BYTE DIVIDE BY (EA), UNSIGNED
BYTE DIVIDE BY (EA), SIGNED
WORD TEST (EA) WITH DATA

WORD INVERT EA

WORD NEGATE EA

WORD MULTIPLY BY (EA), UNSIGNED
WORD MULTIPLY BY (EA), SIGNED
WORD DIVIDE BY (EA), UNSIGNED
WORD DIVIDE BY (EA), SIGNED
CLEARCARRY FLAG

SET CARRY FLAG
CLEARINTERRUPT FLAG

SET INTERRUPT FLAG

CLEAR DIRECTION FLAG

SET DIRECTION FLAG

BYTE INCREMENT EA

BYTE DECREMENT EA

WORD INCREMENT EA

WORD DECREMENT EA
INDIRECT INTRA SEGMENT CALL
INDIRECT INTER SEGMENT CALL
INDIRECT INTRA SEGMENT JUMP
INDIRECT INTER SEGMENT JUMP
PUSH (EA) ON STACK

E-5
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E-6

REG IS ASSIGNED ACCORDING TO THE FOLLOWING TABLE:

16-BIT (W=1)

000
001
010
011
100
101
110
111

AX
CX
DX
BX
SP
BP
Si

DI

8-BIT (W=0)

000
001
010
oM
100
101
110
1

EA IS COMPUTED AS FOLLOWS: (DISP8 SIGN EXTENDED TO 16 BITS)

00
00
00
00
00
00
00
00
01
01
01
01
01
01
01
01
10
10
10
10
10
10
10
10
11
1
11
1
11
1
11
11

FLAGS REGISTER CONTAINS:
X:X:X:X:(OF):(DF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF)

000
001
010
011
100
101
110
111
000
001
010
011
100
101
110
111
000
001
010
011
100
101
110
111
000
001
010
011
100
101
110
1

(BX)+(Sh
(BX)+ (DI)
(BP) + (S
(BP)+(D1)
(S
(o))

AL
CL
DL
BL
AH
CH
DH
BH

SEGMENT REG

00
01
10
11

DISP16 (DIRECT ADDRESS)

(BX)

(BX) +(SI) + DISP8
(BX)+ (D1) + DISP8
(BP)+(SI)+DISP8
(BP) +(DI) + DISP8

(S)+DISP8
(D) +DISP8
(BP)+ DISP8
(BX) + DISP8

(BX) + (SI) + DISP16
(BX) + (D!) + DISP16
(BP) +(Sl) + DISP16
(BP) + (DI) + DISP16

(S!) + DISP16
(D1)+ DISP16

(BP) + DISP16
(BX) + DISP16

REG AX [ AL
REGCX/CL
REG DX / DL
REG BX / BL
REG SP / AH
REG BP / CH
REG Si/ DH

REG DI/ BH

ES
CS
SS
DS

DS
DS
SS
SS
DS
DS
DS
DS
DS
DS
SS
SS
DS
DS
SS
DS
DS
DS
SS
SS
DS
DS
SS
DS

8088 Assembly Language



8088 Assembly Language Instructions in Hexadecimal Order

SET MATRIX 8086 INSTRUCTION
A\lo Lo
Hi 8 ] A B c 0 3 F Hi 0 1 2 3 4 5 6 7
0 OR OR OR OR OR OR PUSH 0 ADD ADD ADD ADD ADD ADD PUSH POP
bfr/m |wihr/m | btr/m | wtr/m b.i w.i cs bfr/m |wihr/m| btr/m| wtr/m | b.ia w.ia ES ES
1 SBB SBB SBB SBB SBB SBB PUSH POP 1 ADC ADC ADC ADC ADC ADC PUSH POP
bfr/m | wihr/m| btr/m | wtr/m b.i w.i 0S DS bfr/m [wfr/m | btr/m}| wtr/m b.i w.i SS SS
2| suB | suB | su | suB | suB | SUB [ SE6 | pag 2| anp | anp | anD | aND [ aND | AND | SEG | pan
bfr/m | wfr/m{btr/m| wtr/m b.i w.i -CS bfr/m jwifr/m | btr/m | wtr/m b.i w.i =ES
3 CMP CMP cmpP CMP CMmP Cmp SEG AAS 3 XOR XOR XOR XOR XOR XOR SEG AAA
bfr/m |wihr/m | btr/m | wtr/m b.i Wi =DS bfr/m [wfr/m| btr/m| wtr/m bi w.i =SS
4 DEC DEC DEC DEC DEC DEC DEC DEC 4 INC INC INC INC INC INC INC INC
AX CX DX BX SP BP St DI AX CX DX BX SP BP Sl Di
5 POP POP POP POP POP PoP POP PoP 5 PUSH PUSH PUSH PUSH PUSH PUSH PUSH PUSH
AX CX DX BX SP BP Sl DI AX CX DX BX SP 8P S| 1]
6 6
7 Js INS JpP/ JNP/ JL/ INL/ JLE/ JNLE/ 7 40 JNO JB/ JNB/ JE/ JNE/ JBE/ JNBE/
JPE JPO JNGE JGE . NG JG JNAE JAE JZ JNZ JNA JA
8 MOV MOV MoV MoV MOV LEA MOV POP 8 | Immed | Immed | Immed | Immed | TEST TEST XCHG XCHG
bfr/m | whr/m| btr/m | wtr/m | srfr/m sntrim{ r/m br/m | wrim | brim is.e/m | br/m | wre/m | br/m | wr/m
CALL 9 XCHG XCHG | XCHG XCHG XCHG XCHG XCHG XCHG
9 CBwW CWD .d WAIT | PUSHF POPF SAHF LAHF AX ox DX BX Sp gp y Dl
A TEST TEST A MOV Mov MoV MoV
bia wia STOS | STOS | LODS | LODS | SCAS | SCAS Mo AL m — AX AL — ml AX — m MOVS | MOVS | CMPS | CMPS
B MoV MoV MoV Mov MoV MoV MOV Mov B MOV MoV MoV MoV MOV MOV MoV MOV
i—-AX|i—-CX{i—-DX|[i—BX|i—~SP|i—8BP} i-SI}i-Dl i~ AL |i—-CL|i—-DL|i~BL |[i ~AH|i—~CH]|i—~DH|i—BH
[ RET, RET INT INT c RET, MoV MoV
LS| 1 | Type3 | (Any) | 'NTO | TRET esp) | RET | LES | 0S| itm | wir/m
D ESC ESC ESC ESC ESC ESC ESC ESC D Shift Shift Shift Shift
0 1 2 3 4 5 § 7 b w by | wy | AAM | ARD XLAT
E | CALL JMP M JMP IN IN ouT out E [LOOPNZ/|LOOPZ/ | |\ nop | yoxz IN IN ouT out
d d 1.d si.d v,b v, W v,b A LOOPNE | LOOPE b w b w
F Grp 2 Grp2 F REP Grp 1 Grp 1
CLC STC CLI STI CcLD STD brim | wrim LOCK REP z HLT cMC brim | wrim
where: .
mod[ Jr/m | 000 001 10 o1 100 01 110 EEE b = byte operation m = memory
Immed | ADD_ | OR | ADC | SBB | AND |SUB | ¥OR | CMP g = grect o - fm ;hgf-\t 'ismsrgcs‘;g‘:n byte
Shift ROL ROR | RCL | RCR | SHL/SAL | SHR — SAR i = immediate st = segment register
Grp 1 TEST — NOT [ NEG | MuL [MuL | DIV DIV ia = immed. to accum. t = to CPU reg
Grp2 INC DEC | CALL | CALL| JMP | JMP | PUSH - id = indirect v = variable
d Lid id Lid is = immed. byte. sign ext. w = word operation
| = long ie. intersegment Z = zero






INDEX

ABSOLUTE, 6-18
ACKNOWLEDGE, 6-7
Actual Parameters, 8-10
ADDR, 6-25, 6-27
Address match range, 6-6
AFL, 4-10, 7-16

ALL, 6-24

AND, 5-11, 5-13, 5-14
Arithmetic operators, 5-9
ASCII, 4-14

ASCII codes, 5-8, 7-59
ASM, 4-15,7-71

Base, 7-11

BASE, 4,14, 7-11, 7-13

Base pointer, 4-9

Binary operator, 5-9, 5-10, 5-11
BOOL, 7-67, 7-74

BP, 4-9, 7-15

Breakpoint registers, 4-12, 6-4
BR, 4-12, 6-4

BRO, 4-12, 6-4

BR1,4-12, 6-4

Buffer pointer, 6-23
BUFFERSIZE, 7-15
BUFFERSIZE register, 4-10
BYTE, 5-5, 5-6, 5-12, 7-30, 7-58

CARS module listing, 3-3

CAUSE, 4-10, 7-15

CAUSE register, 4-10

CFL, 4-10, 7-16

Change Symbol command, 7-43, 7-49
Character set, 4-6

CLOCK, 4-15, 6-19

Code segment register, 4-9

Command contexts, 5-22

Command keywords, 4-12
Command signal timeout, 6-12
COMMENTS, 6-26

Compound commands, 8-1

Console input radixes (SUFFIX), 7-10
Console output radixes (BASE), 7-11
Content operators, 5-12

CS, 49, 7-15

COUNT, 8-3

COUNT command, 8-3, 8-6

Data match range, 6-8
Data segment register, 4-9

DEFINE MACRO command, 8-8, 8-12

DEFINE Symbol command, 7-40, 7-45
DELAY module listing, 3-4
Destination index, 4-9

Device, 7-2, 7-9

DFL, 4-10, 7-16

DI, 49, 7-15

Digit, 5-2

DIR, 8-12

DISK, 4-14, 7-22, 7-23

DISABLE, 4-15
Display, 1-4
Display Boolean command, 7-67, 7-74
Display CLOCK command, 6-19
Display commands, 4-13, 7-54
Display Emulation Register command, 6-18
Display /0 command, 7-64, 7-72
Display Macro command, 8-12
Display MAP Status command, 7-22, 7-28
Display Memory command, 7-60, 7-71
Display Modules command, 7-43, 7-48
Display Processor and Status Register
command, 7-59, 7-70
Display RWTIMEOUT command, 6-20
Display STACK command, 7-67, 7-73
Display Statement Numbers
command, 7-42, 7-47
Display Symbols command, 7-41, 7-46
Display TRACE command, 6-33
DMUX, 6-25
DOWN, 6-8, 6-9
Drive, 7-2,7-7, 7-9
DS, 4-9, 7-15

ELSE, 8-5

EM, 8-8

Emulation control keywords, 4-16

Emulation control commands, 6-1

Emulation timer, 6-12

ENABLE, 4-15

ENABLE/DISABLE RDY command, 6-21

ENABLE/DISABLE TRACE
command, 6-23, 6-32

END, 8-1, 8-3

ES, 4-9, 7-15

EVALUATE, 4-14

EVALUATE command, 7-68, 7-76

EXECUTED, 6-4

Execution commands, 4-13

Execution match condition, 6-4

EXIT, 7-6

EXIT command, 7-3, 7-6

Explicit radix, 5-3, 7-10

Expressions, 5-1

Extra segment register, 4-9

EXTERNAL, 4-15

FETCHED, 6-7
Filename, 7-2, 7-7, 7-9
FLAG, 4-15

Flag references, 7-16

Flag register, 4-10
FOREVER, 6-2, 6-3, 6-10
Formal parameters, 8-10
FRAME, 6-25, 6-26, 6-27
Frames mode, 6-25
FROM, 6-3, 6-4, 6-10

General register file, 7-55
General registers, 7-14

Index-1




Index-2

Generalized Development Cycle with
ICE-88, 1-10

Generalized Emulation Session, 1-12

GO, 6-3, 6-4

GO command, 6-3, 6-15

‘GR, 4-12, 6-2, 6-10

GR register, 4-12, 6-2, 6-10
GUARDED, 7-22

H, 4-14

HALT, 6-7

HALT GO condition, 6-10

HARDWARE, 4-15

Hardware installation procedures, 2-2

Hardware register command
keywords, 4-15

HTIMER, 4-10, 6-12, 7-15

HTIMER register, 4-10, 6-12, 6-22

HOLD, 4-12

ICE, 7-21

ICE-88 architecture, 1-8
ICE-88 components, 2-1
ICE-88 firmware, 1-9

ICE-88 hardware, 1-9

ICE-88 In-circuit emulation, 1-2
ICE-88 In-circuit Emulator, 1-1
ICE-88 software, 1-9

ICES88 command, 7-3, 7-5

IF, 8-5

IF command, 8-5, 8-6

IFL, 4-10, 7-16

Implicit radix, 7-10
INCLUDE, 8-16

INCLUDE command, 8-16
Index registers, 7-15

INPUT, 6-7

Installation Procedure for Intellec Series 11

Model 220 and 230, 2-3
Installation Procedure for Intellec
Model 800 and 888, 2-3
INSTRUCTION, 6-23
Instruction mode, 6-26
Instruction pointer, 4-10
Interrogation and Utility commands, 1-6
Integer, 5-1
INTEGER, 5-5, 5-6, 5-12, 7-30, 7-58
INTELLEC, 7-20, 7-21, 7-22
INTERNAL, 4-15
INTR, 4-12
Invoke Macro command, 8-8
1P, 4-10, 7-15
IR, 4-12, 7-16

Keyword references, 5-3
Keywords, 4-7

LENGTH, 6-6, 6-7

LINE, 7-47

LIST, 7-4

LIST command, 7-4, 7-9
LOAD, 7-3

LOAD command, 7-3, 7-7
Local and global defauits, 8-9
Logical operators, 5-12
LOWER, 4-10, 7-15

MAC TMP, 8-8

MACRO, 8-8

Macro commands, 8-8

Macro Directory command, 8-12
Macro expansion, 8-12

Macro table commands, 8-12
MAP DISK command, 7-21, 7-24
MAP INTELLEC command, 7-21, 7-25
MARK, 6-25

MASK, 5-10, 5-14

Masked constant, 5-3

Match condition, 6-4

Match condition restrictions, 6-8
Match status list, 6-7

Memory and port contents, 4-15
Memory mapping, 4-14

Memory mapping commands, 7-20
Memory references, 5-5

MN, 7-16

MN/MX, 4-12

MNEMONIC, 6-26

MOD, 5-10, 5-14

Module name, 5-4, 7-39

MOVE, 6-23, 6-33

MOVE command, 6-33

Nesting compound command, 8-6

NEWEST, 6-23

NEWEST command, 6-33

NMI, 7-16

NOCODE, 7-3

NOLINE, 7-3

Non-execution match condition, 6-6, 6-9

NOSYMBOL, 7-3

NOT, 5-11, 5-12, 5-14

Notation and conventions used in this
manual, 4-3

Notational symbols, 4-3

NOVERIFY, 7-22

Number base, 5-3

Number base and radix
commands, 4-14, 7-10

Numeric constant, 5-2

Numeric value display formats, 7-58

0, 4-14

OBJECT, 6-7

OF, 7-40

OFF, 6-23, 6-32
OFFSET, 5-10, 5-14
OFFTRACE, 6-11, 6-12
OFL, 4-11, 7-16
OLDEST, 6-23
OLDEST command, 6-33
ON, 6-23. 6-32
ONTRAUCE, 6-11, 6-12
OPCODE, 4-10, 7-15
OPCODE register, 4-10
OPERANDS, 6-26
Operands, 5-2
Operating modes, 1-5
Operators, 4-18, 5-9
OR, 5-11, 5-13, 5-14
ORIF, 8-5

OUTPUT, 6-7

ICE-88
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Partition, 6-6, 7-21, 7-31
Parenthesized expressions, 5-9
Pathname, 7-2

PFL, 4-11, 7-16

PIN, 4-15

Pin references 4-11, 7-16

PIP, 4-10, 7-15

POINTER, 5-5, 5-12, 7-30, 7-58
Pointer, 5-1

Pointer and index file, 4-8
Pointer registers, 7-15

PORT, 5-7, 5-12

Port content references, 7-35
Port reference, 5-12

PREFIX, 6-26

Previous instruction register, 4-10, 7-15
PRINT, 6-24

PRINT command, 6-34
Punctuation, 4-19

PUT MACRO command, 8-13

Q,4-14
QDEPTH, 6-25
QSTS, 6-25

RAH, 7-14

RAL, 7-14

RAX, 7-14

RBH, 7-14

RBL, 7-14

RBX, 7-14

RCH, 7-14

RCL, 7-14

RCX, 7-14

RDH, 7-14

RDL, 7-14

RDX, 7-14

RDY, 7-16

READ, 6-7

READY, 4-11

Reference keywords, 4-7
REGISTER, 4-15
Registers, 4-8

Relational Operators, 5-12
REMOVE MACRO command, 8-12

REMOVE MODULE command, 7-43, 7-50
REMOVE Symbols command, 7-43, 7-50

REPEAT command, 8-1, 8-6

Required and optional hardware, 2-1
RESET, 4-12

RESET Domain command, 7-44, 7-57
RESET HARDWARE command, 7-19
RESET MAP command, 7-23, 7-29
RF, 4-10, 7-15

RST, 7-16

RWTIMEOUT, 4-15, 6-12

SAVE command, 7-3, 7-8

Saving macros, 8-13

SEGMENT, 5-10, 5-14

Segment register file, 4-9

Segment register usage, 6-8

Segment registers, 7-15

Semantic rules, 5-14

Set Breakpoint Register command, 6-13
Set/change commands, 4-12

Set CLOCK command, 6-19

Set Domain command, 7-44, 7-52

Set GO-Register (GR) command, 6-16

Set Input/Output Port Contents
command, 7-35, 7-38

Set Map Status command, 7-21, 7-26

Set Memory command, 7-37

Set memory and Port Contents
commands, 7-30

Set or Display Console Input Radix
commands, 7-12

Set or Display Console Output Radix
commands, 7-13

Set Register command, 7-18

Set RWTIMEOUT command, 6-20

Set TRACE Display Mode command, 6-31

Set Tracepoint Register command, 6-14

Setting the GO Register, 6-10

Setting memory contents, 7-32

Setting tracepoint registers, 6-11

SFL, 4-11,7-16

SI, 4-9, 7-15

Simple commands, 4-12

SINTEGER, 5-5, 5-6, 5-12, 7-30, 7-58

Source index, 4-9

SP, 4-9, 7-15

Special tokens, 4-18

SS, 4-9, 7-15

STACK, 7-73

Stack pointer, 4-9

Stack segment register, 4-9

Statement number reference, 5-5

Statement number table, 4-16

Statement numbers, 4-18

Statement references, 7-41

Status bits, 4-10

Status registers, 4-10, 7-15

STEP command, 6-17

String constants, 5-7

STS, 6-25

Suffix, 7-10

SUFFIX, 4-14, 7-10, 7-12, 8-9

SUFFIX command, 7-10

Symbolic debugging, 1-4

Symbolic references, 5-4, 7-40, 7-41

Symbols, 4-17, 7-39

Symbol table, 4-16

Symbol Table and Statement Number
Table commands, 7-39

T, 4-14

TEST, 7-16

TFL, 4-11, 7-16

THEN, 8-5

TILL, 6-4, 6-10

TIMER, 4-10, 6-12, 6-22, 7-15
TIMER register, 4-10

TO, 6-6, 7-31

Tokens, 4-7

Trace buffer, 6-22

Trace control, 4-17

Trace control commands, 6-22
Trace display formats, 6-25
Trace display mode, 6-23
Tracepoint registers, 6-11

Index-3
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TYPE command, 7-44, 7-51
Typed memory reference, 5-6

Unary operators, 5-9, 5-11, 5-14
UNTIL, 8-1, 8-2, 8-3

UP, 6-7, 6-8

UPPER, 4-10, 7-15

USER, 7-21, 7-22

User names, 4-17

USING C§, 6-8

USING DS, 6-8

USING ES, 6-8

USING S8, 6-8

Utility commands, 4-14, 7-2

WHILE, 8-1, 8-2, 8-3

WORD, 5-§, 5-6, 5-12, 7-30, 7-58
WPORT, 5-7, 5-12, 7-35
WRITE, 8-17

WRITE command, 8-17
WRITTEN, 6-7

XOR, 5-11, 5-13, 5-14
Y, 4-14
ZFL, 4-11,7-16

8086 Pin references, 4-11
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