l A R T I s A N® Full-service, independent repair center
with experienced engineers and technicians on staff.
‘ e HLNSIEER R OUR We buy your excess, underutilized, and idle equipment

along with credit for buybacks and trade-ins.

YO U r defin il.ive SO U rce sgl;zzﬁﬁqﬁ:;gnj:rii:ic:l?s exactly as you specify.
for quality pre-owned
e Critical and expedited services ¢ Leasing / Rentals / Demos

eq ul p men 1- * In stock / Ready-to-ship * ITAR-certified secure asset solutions

Expert team | Trust guarantee | 100% satisfaction

Artisan Technology Group

(217) 352-9330 I sq|es@qrﬁsqnfg,com I Qrﬁsqmg_com All trademarks, brand names, and brands appearing herein are the property of their respective owners.

Find the Intel iISBC CSM/001 at our website: Click HERE


tel:2173529330
mailto:sales@artisantg.com
https://artisantg.com
https://www.artisantg.com/TestMeasurement/90065-1/Intel-iSBC-CSM-001-Central-Services-Module
https://www.artisantg.com/TestMeasurement/90065-1/Intel-iSBC-CSM-001-Central-Services-Module

L Itel MICROSOFT MULTIPLAN SPREADSHEET

ORDERING INFORMATION

Order Code Shipping Media

" SD109CFPMEDA A——Single-density 8" diskette
SD109CPME0B B— Double-density 8" diskette
SD109CPMBOF F—iPDS Format 5% diskette
SUPPORT

Intel offers severai levels of support for this pro-
duct, depending on the system configuration in
. which it s used. Please consult the price list fora
detailed description of the support options
availabie.

Product Description

Multiptan spreadshest program
for use under CP/M* on 8080/8085
hased small computers.

3-22

AFN-DD845E

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



PASCAL 80
SOFTWARE PACKAGE

m Offers a Superset of Standard Pascal a Can Call Routines Written in PL/M 80,

= Provides Highly Structured Language FORTRAN 80, or 8080/8085 Macro
wlith Powerful Data Type Definitions to Assembler

Suit Applications ] = Allows Modular Breakdown of Large

= Compiles Pascal Source Code into Programs and Separate Compilation of
intermediate Code to Optimize Individual Modules
Execution Speed and Storage

= Executes Compiler and Interprets the
intermediate Code on Intellec®
Microcomputer Development Systems

= Provides a Utllity to Produce
Relocatable Object Modules
Compatible with Other Intel®
Languages

= Gives Application Control Over
Run-Time Errors by Providing
User-Declared Error Procedures

PASCAL B0 Software Package consists of a compiler and an interactive Run-Time System designed to provide
the Pascal programming fanguage as a software development tool for Intellec Development System Users.
Pascal is a highly-structured, block-oriented programming languags that is now gaining witde acceptance asa
powerful software development tool. Its rigid structure encourages and enforces good programming tech-
niquas, which, combined with a high level of readability. helps produce more reliable software.

Standard intel development tools, such as CREDIT editor can be used to create and modify Pascal source
programs. The compiler compites this source and creates a P-Code file. The Run-Time Systern axecutes this
P-Code in an interprative manner under {SiS-Il.

*Pascal language as delined in PASCAL User Manual and Report, Second Edition, Kathleen Jenson and Niklaus Wirth.

C Wondor Supgsteed Peoduck )

b

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



intel

PASCAL 80

LANGUAGE FEATURES

Data Structures

Pascal allows the user fo define labels, constants,
data types, variables, procedures, and functions. '

Variable Types

Varlables can be defined according to the following
system-defined data types: boolean, integer, real,
character, array, record, string, set, file, and pointer.

User-Defined Types

New types can be dafined by the user for added
flexibility.

File Handling Procedures

Pascal provides procedures to allow a user's pro-
gram to interface with the ISIS-1l file manager.
Routines provided are: RESET, REWRITE, CLOSE,
PUT, GET, SEEK, and PAGE.

Input/Qutput Procedures

Routines are provided to interact with the console or
an 1518 file. These procedures are: READ, WRITE,
READLN, WRITELN, plus BUFFER.and BLOCK Read
and Write,

Dynamic Memory Allocation

The procedures NEW, MARK, and RELEASE allow
the user to obtain and release memory space at run-
time for dynamically atlocating variable storage.

String Handling

Pascal provides powerful tools for defining and
manipulating strings and character arrays. These
facilities enable concatenation of strings, character
and pattern scans, insertion, deletton and pointer
manipulation. : :

Recursion
Pascal allows a PROCEDLURE definition to include a

call to itseif, 2 powserful construct in many mathe-
matical algorithms.

Artisan Technology Group - Quality Instrumentation ..

PROGRAM TRACING FACILITY

The PASCAL 80 System incorporates a program
tracing facility which allows for selectively monitor-
ing the execution of a Pascal program. When the
TRACE flag is set, the line number of each program
statement being executed i output to the congole.

The TRACE flag 'may be manipulated in two ways:

—The TRACEON command {of the Run-Time Sys-
tem) will set the flag, and the TRACEOFF com-
mand will reset the flag.

—Pressing the Interrupt 4 switch on the Inteliec Sys-
tem front panel will toggle the TRACE flag; i.e.. the
flag will be set if it was reset, and vice-versa.

COMPILER DIRECTIVES (PARTIAL LIST)

Compiler Command Line Directlves

NOLIST
Mo tist file is produced; used for fast compifation of
“clean’ programs.

NOCODE
No code file is produced; used for syntax error
checking.

ERRLIST
List file is limited to only those Pascal lines that
comMain errors, along with the error messages
produced.

LIST {file-name)
Specifies the name of the list file,

COODE (file-name)
Specifies the name of the code file.

NOECHO
Error lines are echoed on the console unless this di-
rective is specified.

Embedded Compiler Directives

$C text
Causes text to appear in ¢ode file (allows for com-
mants, copyrights, etc.).

$l+ :

Causes checking for /0 completion gfter each /0
transfer, Failure results in a run-time error. ($1—
causes no checkirng, and no errors on KO failure.)

AFN-01 2238
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PASCAL 80

SR+

Causes Range Checking to occur, so that an oyut-of-
range value causes a Run-Time error. ($R— sup-
presses generation of code for Range Checking.)

$0+

. Causes the compiler to operate in overlay mode.
Overlays allow less source code to reside in mem-
ory. ($0— causes no overlays, which decreases
compile time, since there are fewer disk accesses.)

$T+

Causes the compiler 10 generate tracing in-
structions to be used by the TRACE facility. ($T—
suppresses tracing instructions.)

BENEFITS

Brings Pascal to intellec Microcomputer Develop-
ment Systems:

—Pascal is a block-structured, highly-readable pro-
gramming language, suitable for a wide-range of
applications.

—Pascal is being acclaimed as the programming
language of the future; it is being taught in many
colleges and universities around the country.

—PASCAL 80 Run-Time System provides great ease
in programming formatted /O operations.

PASCAL 80 provides a portable language for appli-
cation programs running under IS1S-1.

PASCAL 80 can be used to evaluate complicated
algorithms using a natural language.

PASCAL B0 compiler generates intermediate
Pseudo-code,

—P-code is optimized for speed and storage space.

—P-code is approximately 50% to 70% smaller than
corresponding machine code.

—P-code is machine indepandent, providing code
portability to any CPU,

Makes the Intallec Development System a more val-
uable tool. Extension of softwara support to inciude
Pascal makes software development and resource
management more flexible.

The 3ource program is
crealed on diskeile with
the [S1S-I1 text edilar

- PASCAL

. Loads 1ha Run-Time Systam
which exeeutes compiles PASCAL
programs.

COMP PROG ..

...Loads the compiler te convart
ihe saurce program into an
interpraiad ohjeet farm known
a6 intermadiate code, or Pcode,

‘PROG..,

~Loads the Aun-Tims Syslam
which sxecutas comphed Peacal
progeams.

EDITOR

SOURCE
PROGRAM

PASCAL-80
AUN-TIME 5YSTEM

PASCAL-80
COMPILER

“ PRINTER
INTERMEDIATE
CODE

LOADED
APPLICATION
PROGRAM

Flgure 1. Program Development Cycle
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Table 1. Sample Program Listing Showing Nesting Levels

BUFFER.PAS Program Listing
Line Seg Proc Lev Disp |
1 1 1 1 program example;
2 1 1 3 ]
3 1 n 3 { Example using bufferread and bufterwrite with break charactars I
4 1 1 3
5 1 1 3 var buffer: stning,
-8 1 1 44 disk  storage: hle;
7 1 1 64 break char;
B 1 1 65 new len, lan; integer,
3 1 1 &7 buft array: packed array|0. 80| of char;
10 1 1 108 :
1t 1 1 0 0 begin
12 1 1 1 0 rewrite (disk  storage, 'dala');
13 1 1 1 a7 writelnt'Input a hne of text: *);
14 1 1 1 68 readin tbufter},
15 1 1 1 87 len = bufferwnteldisk  storage, buffer|1], lengthibuffer]),
16 1 1 1 109 repaat
17 1 1 2108 resetidisk  staragel;
18 1 1 2 118 writeln, writeln;
18 1 t 2 132 write{ input break char |cntrl Z to stop|: 7,
0 1 1 2179 readin{break):
N 1 1 2 197 if not ectiinpul} then
22 1 1 3 208 begin .
23 1 1 4 208 new len = bufferreadidisk storage, buft  array. ten, ordibreak}),
24 1 1 4 226 writaind' The buffer read. ',
25 1 1 4 262 writaln{eopytouffer. 1, absinew  lenii:
26 1 1 4 262 wrileln{*Length. . absinew len):0h
7 1 1 4 3N ifnew  len < 0then whiteln'{Break char not laund)™):
28 1 1 3 378 end,
29 1 1 1 378 unhl ecfiinput},
U] 1 1 0 388 end
SPECIFICATIONS OPTIONAL SOFTWARE

1818-11 CREDIT™ (CRT-Based Text Editor)

Operating Environmént

ion Package
REQUIRED HARDWARE Documentation Pa 9

Intellec® Micrecomputer Development System PASCAL 80 User's Guide {9801015-01)
--Model 800

—Series 1I-Model 220, Model 230, Model 240
64KB of Memory

Dual-Diskette Drives

~-Single- or Double-Density*

System Console

—intet® CRT or non-intei® GRT

PASCAL User Manual and Report, Second Edition,
Kathleen Jensen and Niklaus Wirth

i

Shipping Media

Flexible Diskettes
—Single- and Double-Density

"Recommended.

REQUIRED SOFTWARE
1S15-11 Diskette Operating System
~—Single- or Double-Density

3-26 AFN-O1Z138
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ORDERING INFORMATION

Part Number Description
MDS-381" PASCAL 80 Software Package

Requires Software License

*MDS is an otdering code only and is not used as a product name or trademark. MDS® is a ragistered trademark of Mohawk Data Sciances

Corporation.

SUPPORT CATEGORY: Level D
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WordStar* WORD PROCESSING SOFTWARE

= Powerful, reliable, and user-friendly m Streamlines text entry
word processing software package » Horizonta) scrolling for wide pages
u Six on-screen menus and ten Help : " Wordwrap removes need to worry
reference

. ] = On-screen formatting displays text
= Printout enhancements provide exactly as it will be printed

numerous combined print functions . ® Al functions easily controlled despite
u Simple formatting commands including differences In printers and consoles
Hyphen-Help

WordStar, a popular word processing program written for use under the CR/M1 operating system, gives screen
editing capabilities in an easy to learn and use format. The program is in use by programmers, and engineers
for documentation and program entry, as well as managers and secretaries. :

With WordStar. the user can easily make ingertions and deletions, move or copy blocks of text, and search for
and reptace a string of text. WordStar will actomnatically reformat text upon command as these editing functions
are performed.

Docurnents produced by WordStar can include any combination desired of pagination (page numbers), right
and left justification, subscripts, superscripts, underlining, boldface type, overstrikes, crossouts, and even
accents for use in foreign languages. Commands for all of these are entered with simple control-character
keystrokes which are well documented in the program's six help menus.

All WordStar commands are easily executed using the CTRL key and the standard typewriter keys. Using the
CTRL key, the function of standard keys can be changed to perform useful editing commands. The cursor-
maovernent diamond (a group of standard keys on the keyboard) allows fast access to any area of text.

SCROLL INSERT
SCAEEH § GHADFF

Flgure 1. WordStar Keyboard Functions

Tha follcwing ara of Intal & and Ha at And may ta Lsad rily to identily Irtel peoducis: 8XF CREDIT, |, ICE, 108, im, Insia, Intyl. INTEL, Intelevigion,
Intligen i ‘Intgligant P . Intefirk, [ntgllee, iIMMX. QSR 1PDS, RMX, 1SBC, 1SR, Lirary Manager, MCS, MULYIMODULE, Magachase:s. Mlcramanl iams.
MJI.‘I’IDUU Multlclllhﬂol'l’luu A Buhbll FROMPT, Promuire. RUFL RMNB0. Sysiem 2000, UPI, and whe combingilon of i05 (AMYX, SBG. (SBX ICE, 12 ICE. MES, gr UPland a

suttin. bntel £ Mo A ilility 1o the use o Ay Girguitry Otts Than Crrelitry Embodiad 1n an inta? Product, Na Other Patant Lloansas L]
imaling. & NTEL CORPORATION, 1983

B3
“WordSnee Mailergs and § are tradwmarks of MicroPro i 5 ORDER NUMBER:ZWTE!-UD‘J
TOPM in 1 rag of Dighal Ry Ing. 3-28
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WordStar* WORD PROCESSING SOFTWARE

FEATURES

WordStar is designed to be simple for the novice to
use, while remaining sophisticated enough to be
appealing to even the most advanced user.

Standard typewriter keys are combined with the
“Gontrol” keay to provide a wide variety of editing
functions (Fig. 1). Al' cursor control is localized to the
ten keys in the "Cursor-Movement Diamond™ {Fig. 2),
and the on-screen menu details the functions of the
other keys, so the user can quickly find functions
without memorizing them.

Wordwrag is a feature of WordStar that allows the
typist to entirely disregard margins. When typed
characters go beyond the right margin, WordStar
brings the last full word down to the next line auto-
matically. The only time the Return key needs to be
used I1s between paragraphs Margins can be auto-
maticaliy right and left justified both during and after
entry.

Horizontal Scrolling give the flexibility 1n creating
documents oo wide to fit on the video screen. When
Wordwrap is disabled and a line is being typed
beyond normal screen width, the displayed lines are
automatically scrolled offscreen to the leit. A single
keystroke can be used to move the lines back to thair
normal position. Editing functions can atso use Hor-
zontal Scrofling to examine and modify any part of a
wide document.

The On-Screen Formatting feature displays the text
on the screen as it will appear when it is printed. This
allows the changing of margins, spacing. and other
format variabtes without requiring the use of a num-
ber of intermediate printouts.

Hyphen-Help aids in reformatting by positioning the
cursor over a word requiring hyphenation at the end
of a line, and allowing the user to seiect a hyphen-
ation point or decide not to hyphenate. Hyphens en-
tered this way are "soft”, and will not ba printed if the
document |s refermatted and the hyphen is no longer
required. Permanent or “hard" hyphens are inserted
while typing and will always be printeg.

WordStar's Find and Replace command allows the
text to be scanned for a specified character string.
Once the string is found it will be replaced quickly
with the updated information. Options with this com-
mand allow the user to periorm functions like finding
the “n"" accurrence, performing the operation “'n”
times, replacing the string without vertfication by the

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

user each time, searching backward, or to compen-
sate for differences in upper and lower case letters
{i.e., at the baginning of a sentence).

Entire blocks of text can be markad at their begin-
ning and ending, then moved t¢ a new area as easily
as moving the cursor. Different block control com-
mands allow the duplication and deletion of blocks
as welt.

Ceolumn Move assists in the creation and editing of
tables of data. With Column Move, a column can be
taken from one table and moved to another table or
to ancther place in the same table. Columns can also
he easily duplicated or deleted.

Over 20 Page Formatting commands enable a range
of functions from producing autematic page
headings to overriding built-in parameters for line
height and character width. Margins can be set and
number of lines typed per page can be dictated via
these very simple commands. These page com-
mands are especially useful in fong documents.

Decimal Tab is a feature that assists in aligning fig-
urgs into columns. When a number is entered into a
decimal tab position, it will be automatically aligned
so that its decimal point is directly below the.decimal
point of the number on the line above.

Files can be combined with each other to form
derivative documerts, Cne file can be inserted at any
point of ancther, beginning middie or end, with equal
simplicity.

Print controls, single lettars antered while editing to
enhance the printout, permit the user of underscore,
boldface, underlining, double-strike, superscript,
subscript, overprint, and nearly any combination of
the above. This facilitates the generation of mathe-
matical formulas with subscripts and superscripts,
and allows the text to include foreign words and
phrases with accents above and below certain let-
ters. Alternate character pitch, for italics, and even
ribbon color selection can be controlied by WordStar
if these options are available on the printer in use.

Can be used with MaitMerge* to generate chained
printing combining form letters with mailing iists.
MailMerge allows names to be drawn from the ad-
dress and inserted into the text of the form letter.

SpellStar” may alsoc be used with WordStar to check
the spelting in a documnent against both a 20,000-
werd standard dictionary and & user-generated sup-
plementa! dictionary which can be used to store
names, buzz words, or abbraviations.

AFM-013156
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WordStar* WORD PROCESSING SOFTWARE

WordStar is easity adapted to nearly any video termi-
nal and document printer, despite the wide variation
of options and communication standards used by
these devices. At installation time the user is
prompted through a series of questions which con-
figure that WordStar instaliation to fit the hardware
at hand.

On-Screen Menus are displayed at the top of the
screen along with the text being edited. Should the
user desire to fill the entire screen with text, the manu
displays can be turned on and off as desired.

The ten Help Menus guide the user through the use
of all editing functions from Moving Text to Para-

. graph Reform.
. When an existing file is edited and saved, any previ-
ous version of the file is saved under the original
filename as a .BAK extension (i.e., after-updating a
file entitled "LETTER" there wouid be two files, LET-
TER and LETTER.BAK an the diskette). When g doc- Line
ument is to be updated, its latest extension is w ) H
automatically used as input. Whenever a new .BAK Up .
extension is created, the o'der .BAK version is - Word
oft Right

destroyed.
Screen
Y Down |

Figure 2, The Cursor Movement Diamond
A:TEST.LOC PAGE I LINE 1 QoL 1 INSERT N \
) << MAIN MENTU > .
* * Cursor Movement * *!¥ Dalete %! * Miscsllanecus * | * Othar Menus *
“S char left "D char right |G char |7I Tab "B Reform | (from Main only)

g
]

i3
§

i3

WordStar allows documents of almost any size to be
entered and edited. A Memory Management feature Line
automatically transfers text to and from rass storage z

Down

if the document is too large to be held in main
memaory at one time.

There are six Main Menus (Fig. 3A-3F) and ten Help
Menus to guide even the most inexperienced user
through a WordStar editing session. The Main or

"A word left °P word right IDEL chr 1f|°V Insert On or Off |°J Help “K Block
“E line up "X line down |°T word rtl"L Find/Replce againi”Q Quick "P Print
* *  serolling % *[*Y line tmmdpamgraphi OOnscree.n

"Z line wp "W line down | "N Insert a RETURN |
°C screen yp "R screen downl "0 Stop a command |
L [ I i { I 3 ! [ 3 ! | R
L] .
Flgure 3A. Main Menu: gulde to the most frequently used commands. This menu :
—and all other menua—can be called up at any time, or dropped to altow full-screen viewing of the text.

(> A

| * Other Menus *
H Dieplay and set the help level i 5 Status line ] {Erom Main only)
- B Paragraph reform (CTRL B commapd) | R Ruler line |"J Help - “K Block
F Flags in rightmost column of screen | M Margins and tabs 1°C Quick "P Print
D Dot commands, print ctrl(P command) | P Place markers I“0 Onscreen
| ¥V Moving text |Space bar returns
I ' ' lyou to Main Menu,
L ! ! f ; 1 1 1 [ I ! [ R ’
. .

Figure 3B, Help Menu: a directory of commands that control heip lavels and show refarence information.

INSERT CN
> >

A:TEST.DOC PAGCE 1 LINE'l OOL 1

<< HELPIMENU

3-30 AFN-013158
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ﬂ A:TEST,.DOC PAGE 1 LINE 1 COL 1 INSERT N
< <X QUICK MENU >0
*

* %  Cursor Movement * *|* Delete *| * Miscellaneous * | * Other Menus
S left side D right side !¥ line rt!iF Find text in file | {(from Main only)
E top of scrn X bottom scrn!DEL lin 1fIA Find and Replace {°J Help "K Block
R top of £ile C end of filel* * * *|L Find misspelling I"Q Quick "P Print

B top of block K end of block 10 Repeat cormand or | "0 Onscreen
0-9 marker Z up W down ! key until space iSpace bar returns
V last Find or biock i bar or other key lyou to Main Menu.
L ! ! ! l [ ! ! ! ! ! ! R

|

Figure 3C. Quick Menu: expanded cursor movement, deletion, find/replace commands, and place
marker commands. ’

ﬂ( A:TEST,.DOC PAGE 1 LINE 1 OOL 1 INSERT ON \

< €K BELOCK MERNU >> >
* Saving Files * {* Block Operations *[ * File Operations *! * Other Menus *
S Save and resume{B Begin K End IR Read P Print | {from Main only}
D Save—done {H Hide / Display {0 Copy E Rename |"°J Help “K Block
X Save and exit IC Copy Y bDeletel] Delete "0 Quick “P Print
Q Abandon file ¥ Move W Write |* Disk Operations ¥!“0 Onscreen
* Place Markers *IN Column off (ON}IL Change logged diskiSpace bar returns
0-9 Set/hide & 0-9I {F Directory on {OFF) lyou to Main Menu.
L ! ! ! ! l 1 l l l ! l R
|

Figure 3D: Block Menu: instructions for using block and place markers, saving and printing a file, and
ingerting other files.

%(') A:;TEST.DOC PAGE 1 LINF 1 COL ) INSERT ON \
<< DNSCREEN MEND >2>>

* Margins & Tabs * |* Line Functions *| * More Toggles * | * Cther Menus *

L Set left margin IC Center text IJ Justify off (ON)! {from Main only}

R Set right margin IS Set line spacing |V Vari-tabs off (ON)1"J Help “K Block
Release margins | {H Hyph-help off (ON)!"Q Quick “P Print
Set N Clear tabl * Toggles * {E Soft hyph on (OFF){"0 Onscreen

Set paragraph tab{W Wrd wrap off (CN}{D Prnt disp off (ON) |Space bar returns
Ruler from line |IT Rlr line off (ON) |P Pge break off (ON)Iyou to Main Mehu.

{ ! ! ! l ! l ! l l t R

o H

L
|

Figure 3E. Onscreen Menu: functions that parform onscreen document formatting (such as line spacing,
tebs, matrgins, justification, and wordwrap).
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A

<X

‘(begin and end} | (one time each)

B Bold

S Underscore 10 Non-break space
X Strikeout {F Phantom space
V Bubscript iG Phantam rubout
T Superscript

A:TEST.DOC PAGE 1 LINE1l (oLl
PRINT ,
*Special Effects*| * Special Effects * |* Printing Changes *| * Qther Menus *
IA Alternate pitch
b DoublelH Overprint character IN Standard pitch
IC Printing pause
{Y Other ribbon colori”0 Onscreen
| * User Patches
IRETURN Overprint line|Q(1l) W(2) E{3) R({4) lyou to Main Menu.

INSERT ON
MENU > x>
| (from Main only)
"7 Help “K Block
I"Q Quick “P Print

*|Space bar returns

L [ ! ; ! ! [ l
| |

fomnul L l 13

Flgure 3F Prlﬁt Menu: special print control charac.ters Including $ubscripts, superscripts, boldface,

double strike, and strikeout.

BENEFITS

WordStar is an advanced word-processing program
that can turn any CP/M based personal computer
into a sophisticated yet easy to learn and use text
processor. !t takes very litthe time for even the least-
trained user to learn to productively generate docu-
mentation with WordStar.

Tha simplifying features of WordStar do not detract
from its acceptance by advanced users. Menus and
other features are designed to be unobtrusive when
they are not needed. WordStar's sophistication
means that it will not run out of horsepower as the

user progresses, but will always be an appealing and
highly productive tool.

With WordStar there is no question about the appear-
ance of the printed output, since the text can be dis-
played on the screen exactly as it is to be printed.

Time savings when using WordStar wiil be consider-
able. Generation of new text is easier than by
handwritten/typed means. When WordStar is used
for program editing it supplies powerful features un-
available in other editors. With WordStar, both code
and documentation can he generated at the same
time within the same environment,

3.32 AFN-013158
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Table 1.
EDITING COMMAND INDEX
: hold CTRL key, type letter "KQ abandon edit
A cursor left word " KR Read additional file
"B reform paragraph "KS Save and reedit
L~ scrofl up screenful T KV moVe block
"D cursor right character "KW Write block to additional file
" E. cursor up line " KX save and eXit
: F cursor right word "KY detete biock
G delete character right - .
“H cursor left charactgr - oc Center cursor !me
o tab oD print control disptay on/off
" help PREFIX _OE soft hyphen Entry onf_uff
‘K editing PREFIX _OF margins & tabs from line
‘L find/replace again .06 paraGraph tab
" OH Hyphen-Help on/off
M {Same as RETURN) "ol { tab sto
N insert hard carriage return " 0J jﬁstificatio?‘n onioft
o formatting PREFIX " oL et )
[ print control PREFIX . set lsft margin
"Q editing PREFIX ~ON clear tab stop
- : oP Page break display on/off
R scrofl down screentul . FE !
"8 cursor left character . OR set F_hght margin
T delete word right .08 set Img Spacing
‘u interrupt . ) oT ruler display on/off
v insert on/off ow Wordwrap
W scroll down line : TPA-" PZ enter A-Z
X cursor down ling " PM make next line overprint
Y delete finc " PQ enter non-break space
. z scrall up fine JQe-"Q9  cursor to marker-0-9
. JB explain reform QA find and raplace
.9 summarize print diractives QB cursor Block beginning
L JF explain Fiags LGQC cursor end fila
. JH set Help lave! .Qp cursor right end line
L command index .QGE cursor top scragn
. M explain tabs and Margins . QF Find
, JP explain Place markers _GK cursor biocK end
. YR explain Ruler line L QL - find misspelling
_J8 explain Status line QR cursor Previous position
Jv explain moVing text .aa repeat rext comrmand
. . : S QR cursor beginning of tile
_ KO- K&  sat/hide marker 0-¢ Qs cursor left Side screen
. KB mark/hide Block baginning “av . CUrsor source :
. K¢ Copy block oW continuous downward scroll
KD Dene edit (save) : ax cursor bottom of screen
_KE rEname file “ay delete to end tine '
. KF Fite directory on/off ‘0z sontinuous upward scroll
_KH Hide/display marked block " Qdel dalete ‘0 beginning line
KJ dalets additicnal file .
" KK mark blocK end _ DEL calete character ieft
L change Logged disk . ESCAPE arror l'"egsa
" KN column mode on/off , LINE FEED (sama as J)
‘KO cOpy file . _RETURN  hard carriage return
" KP Print TAB tab
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WordStar WORD PROCGESSING SOFTWARE

&

Table 1. (Continued)

NO-FILE COMMANDS

D open a Document file 0 ¢Qpy file

E rEname file P Print

F File directory on/off R Run program

H set Help level S run SpeliStar (optional)

L change Logged disk X eXit to operating system

M run MaiiMerge (optional) Y delete file

N open & Non-document file
SPECIFICATIONS DOCUMENTATION PACKAGE

. Wordstar Training Guide
OPERATING ENVIRONMENT Wordstar Cperator's Guide
' Wordstar General Information Manual

Hardware Required : Wordstar Referance Manual

Wordstar {nstallation Manual
8080 or 8085 CPU

5% ar 8" Diskette drive

Printer ’ SUPPORT

64K Bytes of memory intel offers several levels of support for this product,
. Console with absolute cursor addressing . depending on the system configuration in which it is

Mote Intellec Series Il and [ require IMDX-511 used. Please consult the price list for a detailed

description of the support options available.
Optional hardware
Additional mass storage

Intel software license is required.

Software Required
CP/M 2.2 operating system

ORDERING INFORMATION

Description
WordStar word processing software package for use under the CP/M operating system

Order Code Shipping Medla

SC111CPMBOASY A—Singie-density 8" diskette
8D111CPMBOBSU B-—Double-density 8" diskette
SD111CPMBOFSU F-—iPDS Format 514" diskette

3-34 . _ AFN-013158
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IAPX 86,88
SOFTWARE DEVELOPMENT PACKAGES
FOR SERIES II/PDS

s PL/M 86/88 High Level Programming = CONV 86/88 Converter for Conversion
lLanguage of 8080/8085 Assembly Language

m ASM 86/88 Macro Assembler for Source Code to iAPX 86, 88 Assembly
iAPX 86,88 Assembly Language Language Source Code
Programming ® OH 86/88 Object-to-Hexadecimal

m LINK 86/88 and LOC 86/88 Linkage and Converter
Relocation Utilities m LIB 86/88 Library Manager

The 1APX 86,88 Software Development Packages for Series ) provide a set of software development tools for
the iAPX 86/88 CPUs and the |SBC 86/12A single board computer The packages operate under the 1SiS-Il
operating system on Intel Microcomputer Development Systems—RModel 800, Series I or the Personal Devel-
opment Systam (PDS}—thus minimizing requirements for additional hardware or training for tntel Microcom-
puter Development System users.

These packages permit 8080/8085 users to efficiently upgrade existing programs into iAPX 86/88 code from
either B080/8085 assembly language source code or PL/M 80 source code.

For the new Intel Microcomputer Development System user. the packages operating cn a PDS or an tnteilec
Series li. such as a Model 235, provide total iAPX 86,88 software development capability.

«: INTFI COFRORATION 1933 MAY 1083

3.95 AFN-D1236E
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lnter iAPX 86,88 SOFTWARE DEVELOPMENT PACKAGES FOR SERIES II/PDS

PL/M 86/88 COMPILER
FOR SERIES II/PDS

® Language is Upward Compatible from
PL/M 80, Assuring MCS-80/85™ Design
Portability

Supports 16-bit Signed Integer and
32-bit Floating Point Arithmetic in

Accordance with IEEE Proposed
Standard

Easy-to-Learn, Block-Structured
Language Encourages Program
Modularity

& Produces Relocatable Object Code
Which is Linkable to All Other 8086
Object Modules

B Supports Full Extended Addressing
Features of the IAPX 86/10 and 88/10
Microprocessors (Up to 1 Mbyte}

m Code Optimization Assures Efficient
Code Generation and Minimum
Application Memory Uilization

Like its counterpart for MCS-80/85 program development, PL/M 86/88 15 an advanced, structured high-level
programiming language. The PL/M 86/88 compiler was created specificaliy for performing software develop-
ment for the Intel iAPX 86,88 Microprocessors.

PL/M 86/88 has significant new capabilities over PL/M 80 that take advantage of the new facilities provided by
the iAPX 86,88 microsystem, yet the PL/M 86/88 language remains compatible with PL/M 80.

With the exception of hardware-dependent modules, such as interrupt handlers, PL/M 80 applications may be
recompiled with PL/M 86/88 with little need for modification. PL/M B6/88, like PL/M 80, is easy to learn,
facilitates rapid program development, and reduces program maintenance costs.

PL/M s a powerful, structured, high-level system implementation language in which program statements can
naturally express the program algorithm. This frees the programmer to concentrate on the logic of the
program without concern for burdenscme detaits of machine or assembly language programming (such as
register allocation, meanings of assembler mhemonics, etc.).

The PL/M 86/88 compiler efficiently converts free-form PL/M language statements into eguivalent 86/88
machine instructions. Substantially fewer PL/M statements are necessary for a given application than if it were
programmed at the assembly language or machine code level.

The use of PL/M high-level language for system programming. instead of assembly language, results in a high
degree of engineenng productivity during project development. This transtates into significant reductions in
initial software development and follow-on maintenance costs for the user.

structure allows the use of REENTRANT which is
especially useful in systern design.

FEATURES

Major features of the Intel PL/M 86/88 compiler and

i | include:
programming language include Language Compatibility

Block Structure

PL/M source code is developed in a series of mod-
ules, procedures, and blocks. Encouraging program
modularity in this manner makes programs more
readable, and easier to maintain and debug. The
language becomes more flexible by clearly defining
the scope of user variables {local to a private proce-
dur glebal to a public module, for example}.

The use of procedures to break down a large prob-

lem is paramount to productive software develop-
ment. The PU/M 86/88 implementation of a block

Artisan Technology Group - Quality Instrumentation .

PL/M 86/88 object modules are compatible with ob-
ject modules generated by all other 86/88 translators.
This means that PL/M programs may he finked to
programs written in any other 86/88 language.

(bject modules are compatible with ICE-88 and
ICE-86 units; DEBUG compiler control provides the
In-Circuit Emulators with symbolic debugging
capabiiities.

PL/M 86/88 Language is upward-compatible with
PL/M 80, so that application pregrams may be easily
ported to run on the iAPX 85 or 88.

3-38 AFN-01239E
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Intel JAPX 86,88 SOFTWARE DEVELOPMENT PACKAGES FOR SERIES 1I/PDS

Supports Five Data Types

PL/M makes use of five data types for vanous appli-
cations. These data types range from one to four
bytes, and facihtate various arithmetic, logic, and
addressing functions:

—Byte. 8-bit unsigned number

~—Word:  16-bit unsigned number

—Integer: 16-bit signed number

—Real:  32-bit floating point number

—Pginter: 16-bit or 32-bit memory address
ndicator

Another powerful facility allows the use of BASED
variables that map more than one variable to the
same mamaory location, This s especially useful for
passing parameters, relative and absolute address-
ing, and memory allocation

Two Data Structuring Facilities

In addition to the five data types and based variables,
PL!M supports two data structuring facilities. These
add flexiblity to the referencing of data stored in
large groups.

—Array: Indexed hst of same type data
elements
—Structure; Named collection of same or dif-

ferent type data elements
—Combinations
of Each: Arrays of structures or

structures of arrays

8087 Numerics Support

PL/M programs that use 32-bit REAL data may be
executed using the Numeric Data Processor for im-
proved performance. All floating-point operations
supported by PL/M may be executed on the 8087
NOP. or the 8087 Emulator {(a software module}
provided with the package. Determination of use of
the chip or emutator takes place at ink-time, allow-
ing compilations to be run-time independent.

Built-In String Handling Facilities

The PL/M 86/88 language contains built-in functions
for string manipulaton. These byte and word func-
tions perform the foilowing operations on character
strings, MOVE, COMPARE, TRANSLATE, SEARCH,
SKIP, and SET.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

Interrupt Handling

PL/M has the facility for generating interrupts to
the iAPX 86 or 88 via software. A procedure may be
defined with the INTERRUPT attribute, and the
compiler will automaticaily initiatize an interrupt
vector at the appropriate memory location. The
compiler will also generate code to same and re-
store the processor status, for execution of the
user-defined interrupt handler routine. The proce-
dure SETSINTERRUPT, the function retuning
an INTERRUPTSPTR, and the PL/M statement
CAUSESINTERRUPT ail add flexibility to user pra-
grams involving interrupt handling.

Segmentation Control

The PL/M 86/88 compiter takes futl advantage of
program addressing with the SMALL, COMPACT,
MEDIUM, and LARGE segmentation controis. Pro-
grams with less than 64KB total code space can
exploit the most efficient memaory addressing
schemes, which lowers total memory reguirements.
Larger programs can exploit the flexibility of ex-
tended one-megabyte addressing.

Code Optimization

The PL/M 86/88 compiler offers four levels of optimi-
zation for significantly reducing overall program
size. .

—Combination or “folding” of constant ex-
pressions; and short-circuit evaluation of Boo-
lean expressions.

—"'§trength reductions” (such as a shift left rather
than multiply by 2); and elimination of common
sub-expressions within the same block.

-Machine code optimizations; elimination of
superfluous branches; re-use of duplicate code;
removal of unreadable code.

—Byte comparisons (rather than 20-bit address cal-
culations} tor pointer variables; optimization of
based-variable operations.

Compiter Controls

The PL/M 86/88 compiler offers more than 25 con-
trols that facilitate such features as:

—Conditional compilation

—lintra- and Inter-module cross reference

—Corresponding assembly language code in the
listing file

—3etting overtlow conditions tor run-time handling
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Intel iAPX 86,88 SOFTWARE DEVELOPMENT PACKAGES FOR SERIES 1I/PDS

BENEFITS

PL/M B6/88 is designed to be an efficient, cost-
effective socfution to the special reguirements of
iAPX 86 or 88 Microsystem Software Development,
as illustrated by the following benefits of PL/M use;

Low Learning Effort’

PL/M 86/88 is easy to learn and to use, even for the
novice programmer.

Earlier Project Completion

Critical projects are completed much earlier than
otherwise possible because PL/M 86/88, a
structurad high-level language, increases pro-
grammer productivity.

Lower Development Cost

Increases in programmer productivity translate im-
madiately into lower software development costs

because less programming resources are requirad
for a given programmed functicn.

Increased Reliability

PL/M 86/88 is designed to aid in the development of
reliable software (PL/M 86/88 programs are simple
statements of the program algorithm). This substan-
tially reduces the risk of costly correction of errars in
systems that have already feached full production
status, as the more simply stated the program is, the
more likely it is to perform its intended function.

Easier Enhancements and Maintenance

Programs written in PL/M tend to be seif
documenting, thus easier to read and understand.
This means it is easier to enhance and maintain
PL/M pregrams as the system capabilities expand
and future preducts ara developed.

IAPX 86,88 MACRO ASSEMBLER
FOR SERIES 1I/PDS
2 H'Igh-Level Data Structuring Facilitles

Such as “STRUCTUREs” and
“RECORDs”

® Powerful and Flexible Text Macro
Facility with Three Macro Listing
Options to Aid Debugging

& Highly Mnemonic and Compact
Language, Most Mnemonics Represent
Several Distinct Machine Instructions

® “Strongly Typed” Assembler Helps
Detect Errors at Assembly Time

® Over 120 Detailed and Fully Docu-
mented Error Messages

» Produces Relocatable and Linkable
Object Code

ASM 86/88 is the “'high-level” macro assembler for the iIAPX 86,88 assembly language. ASM 86/88 translates
symbolic 86/10, 88/10 assembly language mnemonics into 86/10, 88/10 relocatabie object code.

ASM 86/88 should be used where maximum code efficiency and hardware control is needed. The iAFPX 86,88
assembly language includes approximately 100 instruction mnemonics. From these few mnemonics the
assembler can generate over 3,800 distinct machine instructions. Therefore, the software development task is
simplified, as the programmer need know only 100 mnemonics to generate all possible B6/10, 88/10 machine
instructions. ASM B6/88 will generate the shortest machine instruction possible given no forward referencing
or given explicit information as to the characteristics of forward referenced symbols.

ASM 86/88 offers many featuras normally found only in high-lavel fanguages. The iAPX 85,88 assembly
language is strongly typed. The assembler performs extensive checks on the usage of variables and labels.
The assembler uses the attributes which are derived explicitly when a variable or label is first defined, then
makes sure that each use of the symbao! in later instructions conforms to the usage defined for that symbol.
This means that many programming errors will be detected when the program is assembled, long before it is
being debugged on hardware. .

3-38 AFN-01239E

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



|nte| iAPX 86,88 SOFTWARE DEVELOPMENT PACKAGES FOR SERIES II/PDS

FEATURES

Major features of the Intel iIAPX 86,88 assembler and
assembiy language include:

Powerful and Flexible Text Macro Facility
— Macro calts may appear anywhere

Allows user to define the syntax of each macro
Built-in functions

conditicnal assembty {IF-THEN-ELSE, WHILE}

repetition (REPEAT)

string processing functions {MATCH)

support of assembiy time /O to console (IN, GUT)
Three Macro Listing Options include a GEN
mode which provides a complete trace of all
macro calls and expansions

High-Leve! Data Struciuring Capability

— STRUCTURES: Defined to be a tempiate and
then used to aliocate storage. The familiar dot
notaticn may be used to form instruction
addresses with structure flelds,

ARRAYS: Indexed list of same type data sle-
ments.

RECORDS: Allows bit-templates to be defined
and used as instruction operands and/or to ailo-
cate storage.

Fully Supports 1APX 86,88
Addressing Modes

- Provides for compiex address expressions in-
volving base and indexing registers and
{structure) field offsets.

— Powerful EQU facllity allows complicated ex-
pressions to be named and the name can be used
as a synohym for the expression throughout the
module.

Powerful STRING MANIPULATION
INSTRUCTIONS

— Permit direct transfers to or from memory or the
accumulator.

— Can be prefixed with a repeat operator for repe-
titive execution with a count-down and a condi-
tion test.

3-39 .

Over 120 Detailed Error Messages

- Appearoth Inregularlist file and error printfile.

-~ Usar documentation fuily explains the occur-
rence of each error and suggests a method to
correct it.

Support for ICE-86™ Emulation and
Symbolic Debugging

— Debug options for inclusion of symbol table in
object modules for In-Circuit Emulation with
symbolic debugging.

Generates Relocatable and Linkable
Object Code—Fully Compatible with
LINK 86/88, LOC 88/38 and LIB 86/88

— Permits ASM B6/88 programs to be developed
and debugged int small modules. These modules
can be easily linked with other ASM 86/88 or
PL/M BE/88 object moduies and/or library
routines to form a complete application system.

BENEFITS

The 1APX 86,88 macro assembtler allows the exten-
sive capabilities ‘of tha 86/86 CPU's to be fully ex-
ploited. In any application, time and space critical
routines can be effectively written in ASM 86/88. The
86,88 assembler outputs reiocatable and linkabls ob-
ject modules. These object modules may be easily
combined with objact modules written in PL/M
86/88—Intel’s structured, high-level programming
tanguage. ASM B6/88 compliments PL/M 86/88 as the
programmer may choose to write each mogdule in the
fanguage most appropriate to the task and then com-
bine the modules into the complste applications pro-
gram using the IAPX 86,88 relocation and linkage
utilities.

AFN-01239€
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Inte[ iAPX 86,88 SOFTWARE DEVELOPMENT PACKAGES FOR SERIES I/PDS

CONV 86/88
MCS".80/85 to iAPX 86,88 ASSEMBLY LANGUAGE
CONVERTER UTILITY PROGRAM

® Translates 8080/8085 Assembly
Language Scurce Code to iIAPX 86,88
Assembly Language Source Code

® Provides a Fast and Accurate Means to
Cenvert 8080/8085 Programs to the
iAPX 86/88 Facllitating Program
Portability

® Automatically Generates Proper ASM
86/88 Directives to Set Up a “Virtual
8080’ Environment that is Compatible
with PL/M 86/88

In support of Intel's commitment to software portabllity, CONV 86/88 is offered as a toci to move 8080/8085
programs to the iAPX 86/88. A comprehensive manual, "MCS-86 Assembly Language Convertar Operating
tnstructions for IS15-Il Users,” covers the entire conversion process. Detailed methodology of the conversion

process is fully described therein.

— CONV 86/88 will accept as input an error-free
8080/8085 assembly-language source file and
optional controls, and produce as ocutput, op-
tional PRINT and QUTPUT files.

— The PRINT file is a formatted copy of the
8080/8085 scurce and the BE/B8 source file with
embedded caution messages.

— The OUTPUT file is an 86/88 source file,

— CONYV B6/88 issues a caution message when it
detects a potential problem in the converted
B6/88 code.

— A transliteration of the 8080/8085 p'rograms oc-
curs, with each 8080/8085 construct mapped to its
exact B6/88 counterpart;

Registers

Condition flags
Instruction

Operands

Assambler directives
Assembler control lings
Macros

Artisan Technology Group - Quality Instrumentation ...
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Because CONY B6/88 is a transliteration process,

there is the possibility of as much as a 15%-20%

code expansion over the 8080/8085 code. For com--
pactness and efficlency it is recommended that crit-

ical portions of programs be re-coded in iAPX BE.88

assembly language.

Also, as a consequence of the transtiteration, some-
manuel edlting may be required for converting in-
struction sequences dependent on:

—instruction length, timing, or encoding
—interrupt processing*
—PL/M parameter passing convantions®

*Machanical editing procedures for thege are sug-
gested in the converter manual.

The accompanying figure illustrates the flow of the
conversipn process. Initially, the abstract program
may be represented in 8080/8085 or |APX 86,88 as-
sembly language te execute on that respective target
machine. The convarsion process is parting a source
destined for the 8080!8085 to the BE/AA via CONV
86/88.
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|nte[ iAPX 86,86 SOFTWARE DEVELOPMENT PACKAGES FOR SERIES II/PDS

SOURCE CODE ABSTRAGT PROGRAM SOURCE COUE
N BOBOWDBS  [m—— e +— 1N 28/10, B0
ASSEMALY LANG ALGORITHM ASSEMBLY LANG

‘\\‘-». H
e i
ASSEMBLE R ASSEMBLE
FOR CONY B§/8E FOR
0506085 8610, 88110

! |
. ;

EXECUTE (R —— EXECUTE
o EQUIVALENT aN

N
A0&0 B0AS oo FUNCTIGN BES1T, BA10

Figure 1. Porting 8080/8085 Source Code to the iAPX 86/10 and 88/10

LINK 86/88
m Automatic Combination of Separately ® Automatic Generation of a Summary
Compiled or Assembled iAPX 86, 88 Map Giving Resuits of the LINK 86/88
Programs Into a Relocatable Module Process
m Automatic Selection of Required ® Abbreviated Control Syntax
Modules from Specified Libraries to u Relocatable Modules may be Merged
Satisfy Symbolic References into a Single Module Suitable for

: jon in a Libr
m Extensive Debug Symbol Inclusion in & Library

Manipulation, Allowing Line Numbers, u Supports “Incremental” Linking
l.ocal Symbols, and Public Symbols to a Supports Type Checking of Public and

be Purged and Listed Selectively External Symbols

LINK 86/88 combines object modules specified in the LINX B&/88 input list into a single output module. LINK
B86/88 combines seagments from the input modules according to the order in which the modules are listed.

LINK 86/88 will accept libraries and object modules built from PL/M 86/88, ASM 86/88, or any other translator
generating Intel's iAPX 86/88 Relocatable Object Modules.

Support forincremental linking is provided since an output module produced by LINK B6/88 can be an input to
another link. At each stage in the incremental linking process, unneeded public symbols may be purged.
LINK 86/88 supports type checking of PUBLIC and EXTERNAL symbeols reporting an error if their types are not
consistent. )

LINK 86/88 will link any valid set of input modules without any controls. However, controls are available to con-
trol the output of diagnostic information in the LINK §6/88 process and to controi the content of the output
modulie.

LINK 86/88 allows the user 10 create a large program as the combination of several smalier, separately com-
piled modutes. After developmant and debugging of these component modules the user can link them
together, locate them using LOC 86/88 and enter final testing with much of the work accomplished.

341 . AFN-01298E

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Iﬁ"el iAPX 86,88 SOFTWARE DEVELOPMENT PACKAGES FOR SERIES I/PDS

LIB 86/88

= LIB 86/88 is a Library Manager
Program which Allows You to:

Create Specially Formatted Files to
Contain Libraries of Object Modules
Maintain These Libraries by Adding or
Deteting Modules

Print a Listing of the Modules and
Public Symbols in a Library File

'w Libraries Can be Used as Input to
LINK 86/88 Which Will Automatically
Link Modules from the Library that
Satisfy External References in the
Modules Being Linked

u Abbreviated Control Syntax

Libraries aid in the job of building programs. The library manager program LIE 86/88 creates and maintains
files containing object modules. The operation of LIB 86/88 is controlled by commands ¢ indicate which op-
eration LIB 86/88 15 to perform. The commands are:

CREATE: creates an empty library file

ADD: adds object modules to a library file

DELETE: deletes modules from a library file

LIST: hsts the module directory of hbrary files

EXIT. terminates the LIB 86 program and returns control to I1S15-1}

When using object libranes, the linker will call only those object modules that are reguired to satisfy externai
referances, thus saving memory space.

LOC 86/88

m Automatic Generation of a Summary

Map Giving Starting Address, Segment

Addresses and Lengths, and Debug
Symbols and their.Addresses

® Automatic and independent
Relocation of Segments. Segments
May Be Retocated to Best Match

Users Memory Configuration

® Extensive Capability to Manipulate the .
Order and Placement of Segments in
iAPX 86/88 Memory

m Abbreviated Conirot Syntax

» Extensive Debug Symbol
Manipulation, Allowing Line Numbers,
Local Symbaois, and Public Symbols to
be Purged and Listed Selectively

Relocatability allows the programmer to code programs or sections of programs without having to know the
final arrangement of the object code In memory.

LOG 86/88 converts relative addresses in an input module to absolute addresses. LOC 86/88 orders the seg-
ments in the input module and assigns absolute addresses 1o the segments. The sequence in which the seg-
ments in the input module are assigned absolute addresses is determined by their order in the input module
and the controls supplied with the command.

LOC 86/88 will relocate any valid input module without any controls. However, controls are available to control
the cutput of diagnostic information in the LOC 86/886 process, to control the content of the cutput module, or
both.

The program you are developing will aimost certainly use same mix cf random access memory (RAM), read-
only memory (ROM), andior programmable read-only memory (PROM). Therefore, the location of your pro-
gram affects both cost and performance in your application. The relecation feature allows you to devetop your
program on the Intellec development system and then simply relocate the object code to suit your application. .
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OH 86/88

a Converts an iAPX 86/88 Absolute ® Converts an Absolute Module to a
Object Module to Symbolic More Readable Format that can be
Hexadecimal Format Displayed on a CRT or Printed for

Debugging

a Facilitates Preparing a File for Later
Loading by a Symbolic Hexadecimal
Loader, such as the iSBC™ Monitor
SDK-86 Loader, or Universal PROM
Mapper

The OH 86/88 utility converts an 86/88 absolute object module to the hexadecimal format This conversion may
be necessary to format a module for latar loading by a hexadecimal loader such as the iSBC 86/12 monitor or
Universal PROM Mapper The conversion may also be made to put the module in a more readable format than
can be displayed or printed

The module to he converted must be in absclute format; the output from LOC 86/88 is in absolute format.

1S1S-11 PL M 8688 PL M 8688 RELOCATABLE USER ]
TEXTEDITOR [ |  SOURCE COMPILER | OBJECT MODULE ] sYstem SDK-85
LINK 86/88 ~
SBC 86/12'
-1 AN OH 8688 !
LOC 86188 BOARD

ASM B6/88
SOURCE

RELOCATABLE
OBJECT MODULE

ICE-86™
EMULATOR — uPM

151511
TEXT EDITOR

ASM BO@BS

LIBRARIES
SOURCE

Figure 2. JAPX 86,88 Software Development Cycle
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SPECIFICATIONS

Operating Environment

Inte| Microcomputer Development Systems
Intel Personai Development System

Documentation

PLIM-86 Programming Manual
I815-1f PLiM-86 Compiler Operator's Manual
. MCS-86 User's Manual

MCS-86 Software Development Utitities Operating
fnstructions for ISIS-It Users

MCS-86 Macro Assembly Language Reference
Martual :

MCS-86 Macro Assembler Operating Instructions
for {S15-11 Users

MCS-B6 Assembly Language Converter Operating
Instructions for 1S15-1f Users

Universal PROM Programmer User's Manual

ORDERING INFORMATION

iAPX 86,88 Software Development
Packages for Series II:

Part No. Descriptidn
MDS-308* Assembler and Utilities
: Package - :
MDS-309° PL/M compiter and Utilities
Package
MDS-311* PL/M compiler, Assembler,

and Utilities Package
All Packages Require Software Licenses

SUPPORT:

Hotline Telephone Support, Software Performance Reports (SPR), Software Updates, Technical Reports,

Monthly Newsletters are available

*MDS is an ardering code only and 15 not used as a product name or trademark. MDS?T is a registered trade-

mark of Mohawk Data Sciences Corporation.
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intel

86/88/186/188 SOFTWARE PACKAGES

FORTRAN 86/88 Software Package PL/M 96/88/186/188 Software Package
m Features High-Level Language B Advanced Structured System Imple-
Support for Floating-Point mentation Language for Algorithm
Calculation, Transcendentals, Development
Interru!:t Proced_ures, and run-time m Supports 16-bit Signed Integer and
exception handiing 32-bit Floating Point Arithmetic in
m  Maoets ANS FORTRAN 77 Subset Accordance with IEEE Proposed
L.anguage Specifications Standard
E Supports Complex Data Types m Easy-to-Learn Block-Structured
_ Language Encourages Program
PASCAL 86/88 Software Package Modularity
m Resident on iAPX 86 Based Intel . .
Microcomputer Development Systems iC-86 C Compiler for the 8086
m Object Compatibie and Linkable with ® Implements Full C Language
PL/M 86/88, ASM B86/88 and FORTRAN m Produces High Density Code
B6/88 Rivaling Assembler
m  Supports Large Array Operation m  Supports Intel Object Moduie

Format (OMF)

ASM PROGRAMS \
\ TARGET
PLMPROGRAMS | i SYSTEM
\ E
-]
\ £
=2
a
EXECUTABLE
€ PROGRAMS g EXECuTABL
g
w
(=]
'/ 2 COMPATIBLE
P;%ZT::SS . / = DEBUGGERS
.g. PSCOPE,
/ ICETY DEBUGGER
PASCAL PROGRAMS /

Figure 1. Program modules compiled with any of the iAPX B6 languages may be linked together.
Each language is compatible with Intel’s debug tools.

Inled Corporation Assumes No Responsdlily for the Usa of Any Crreurtry Other Than Circwitry Embodred in an Intel Product No Other Crrcut
Patent Licenses are Impiied Informanon Contaned Heremn Supercedes Previously Pubhshed Specifications On These Devices From Intet

INTEL CORPORATION, 983

SEPTEMBER 1984
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FORTRAN 86/88 5
SOFTWARE PACKAGE

w Features high-level language support = Offers powerful extensions tailored to
for floating-polint calculations, microprocessor applications

transcendentals, interrupt procedures, » Offers upward compatibility with
and run-time exception handling . FoRTRApI:VBO P d

= Meets ANS FOR_TRAN 77 Sul:_hlset _ « Provides FORTRAN run-time support
Language Specifications _ for IAPX 86,88,186,188-based design
= Supports iAPX 86/20, 88/20 Numeric = Provides users ability to do formatted

Data F::'ocesfsor for fa?t at"d‘;.m cient - and unformatted I/O with sequential or
execution of numeric instructions direct access methods

s Uses REALMATH Floating-Point ™ . .
Standard for consistent and reliable ® ICE™ Symbolic Debugging Fully

results Supported
» Supports Arrays Larger Than 64K - gﬁg&l::iegource Level.Debugglng Fully

= Unlimited User Progi‘arn Symb_ols » Supports complex data types

FORTRAN B6/88 meets the ANS FORTRAN 77 Language Subset Specification and includes many features of
the full standard. Therefore, the useris assuré,d of portability of most existing ANS FORTRAN programs and of
full portability from other computer systems with an ANS FORTRAN 77 Compiler.

FORTRAN 86/88 programs developed and debugged on the Intel Micrecomputer Development Systems may be
tested with the prototype using ICE symbotlic debugging, and executed on an RMX-86 operating system, oron a
user's iAPX 86,88,186,188-basad operating system.

FORTRAN 86/88 is one of a complete family of compatible programming languages for iAPX 86,88,186,188
development: PL/IM, Pascal, FORTRAN, and Assemblar. Therefore, users may choose the language best suited
for a specific problem solution,

N

EINTEL CORPORATION, 1883 . . . . ’ WAy 1983
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FORTRAN 86/88 SOFTWARE PACKAGE

FEATURES

Extensive High-Level Language
Numeric Processing Support

Single {32-bit}, double {64-bit}, and double extended
precigsion (B0-bit) floating-point data types

REALMATH Proposed IEEE Floating-Point Stan-
dard) for consistent and reliable results

Full support for all other data types: integer, logical,
character

Ability to use hardware (IAPX 86/20, 88/20 Numeric
Data Processor) or software (simulator} floating-
point suppart chosen at ink time

ANS FORTRAN 77 Standard

Intel® Microprocessor Support

FORTRAN BE/88 language features support of IAPX
86/20, B8/20 Numeric Data Processor

Compiler generates in-line IAPX 86/20, 88/20 Nu-
meric Data Processor object code far floating-point
arithmetic {See Figure 1}

Intrinsics allow user to contro! iIAPX B86/20, 88/20
Numeric Data Processor

iAPX B6,38,186,188 architectural advantages used
far indexing and character-string handling

Symbolic debugging of application using ICE
emulators

Source level debugging using PSCOPE.

FLOATING-POINT-STATMENT

TEMPER = (PRESS - VLLUM /7 JUEK) - 3.45 / (PRESS = vOLUM / JUEK)
& - {PRESS = vOLUM 7 QUEK) » (PRESS ~— vOLUM /J QUEX)

QBJECT CODE GENERATED

Intel FORTRAN-3& Caompiler

iAPX 86120, 88/20

MACHINE CODE ASSEMBLER MNEMONICS

s STATZIMONT # 2

£013  9309060C30 FLO

VOLUM
0018 9308340000 FOIv JJEK
0010 98082E0800 FSUER PRESS
G022 9BDDOY F5T TIS+1H
0025 982ED83E0000 FOIvR CS:aCONST
0028 9B0OFCY FXCnG TOS+1H
002¢ #8000 2 FET TOS+2M
0031 983EEY FSUBRP
A034& 9BD9PCT FLD TIS+1m
0037 980acs FMyL TCS
on3a  9B80ODCZ FFREE TOS+2H
Q03D 9BDEE1 F58#
0040 9BO%I1ECQ4D0 FSTP TEMPER
0045 98B WalT

Figure 2. Object Code Generated by FORTRAN 86/88 for a Floating-Point Calculation Using iAPX 86/20,
88/20 Numeric Pracessor.

3-47 AFN-016538
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FORTRAN 86/88 SOFTWARE PACKAGE

Microprocessor Application Support

—nDirect byte- or word-oriented port /O
—Reentrant procedures

—Interrupt procedures

Flexible Run-Time Support

Appiication cbject code may be executed in iAPX 86,
88,186,188-based environment of user's choice:

—a Series Il or Series IV Intellec Development System

—an iAPX 86,88,186,188-based system with IRMX-88
Operating System

—an iAPX_ 86,88,186,188-based system with user-
designed Operating System

Run-time exception handling for fixed-point nu-

© merics, floating-point numerics, and IYO errors

Relocatable object libraries for comptate run-time
support of 'O and arithmetic functions. In-line code
execution is generated for iIAPX 86/20, B8/20 Nu-
meric Data Processor '

BENEFITS

FORTRAN 86/88 provides a means of developing ap-
plication software for the Intel iAPX 86,88,186,188
products lines in a familiar, widely accepted, and
industry-standard programming language. FOR-
TRAN 86,88 will greatly enhance the user's ability to
provide cost-effective software development for
Intel microprocessors as illustrated by the following:

Early Project Completion

FORTRAN is an ingustry-standard, high-level
numerics processing language. FORTRAN pro-
grammers can use FORTRAN 86/88 on micropro-
cessor projects with little retraining. Existing FOR-
TRAN software can be compiled. with FORTRAN
86/88 and programs developed in FORTRAN 86/88
can run on other.computers with ANS FORTRAN 77
with little or ne change. Libraries of mathematical
programs using ANS 77 standards may be compiled
with FORTRAN 86/88.

Application Object Code
Portability for a Processar Family

FORTRAN 86/88 modules "talk” to the resident Intel-
lec development operating system using Intel’s stan-
dard interface for zll development-systern software.
This allows an application developed under the 1515-
If operating system to exacute on iIRMX/86, or a user-
supplied operating system by linking in the IRMX/86
or other appropriate interface library. A standard
logical-record interface enables communication
with non-standard /O devices.

Comprehensive, Reliable
and Efficient Numeric Processing

‘The unique combination of FORTRAN 86/88, iAPX

86/20, 88/20 Numeric Data Processor, and
REALMATH (Proposed IEEE Floating-Point Stan-
dard) provide universal consistency in results of
numeric computations and efficient object code
ganaration.

SPECIFICATIONS

Operating Environment

intel Microcomputer Development Systems (Series
H:Series V)

3-48

Documentation Package

FORTRAN 8688 User's Guide
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|ntel FORTRAN 86/88 SOFTWARE PACKAGE

ORDERING INFORMATION

Part Numbar Description
MDS*-315 FORTRAN 86/88 Software Package

Raguires Software License

SUPPORT

Intel offers several levels of support for this product
which are explained in detail in the price list. Please
consult the price list for a description of the support
options available.

*MDS is an ordering code only and is not used as a product name or trademark. MDS is a registered trademark of
Mohawk Data Sciences Corporation.
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PASCAL 86/88
SOFTWARE PACKAGE
W Resident on iAPX 86 Based Intel B Unlimited User Pragram Symbols
Microcomputer Development Systems m Supports iAPX86/20, 88/20 Numeric
& (Object Compatible and Linkable with Data Processors
PL/M 86/88, ASM 86/88 and FORTRAN ® Strict Implementation of ISQ Standard
86/88 Pascal
® ICE™ Symbolic Debugging Fully ' a Useful Extensions Essential for
Supported Microcomputer Applications
®m PSCOPE Source Level Debugging Fully B Separate Compilation with Type-
Supported Checking Enforced Between Pascal
® [mplements REALMATH for Consistent Modules
and Reliable Resuits u Compiler Option to Support Full Run-

m Supports large array operation Time Range-Checking

PASCAL 86/88 conforms to and implemants the 150 Draft Proposed Pascal standard. The language is
enhanced to support microcomputer applications with special features, such as separate compilation, inter-
rupt handling and direct port 0. To assist the development of portable software, the compiler can be directed
to flag all non-standard features. :

The PASCAL B6/88 compiler runs on Series Il and Series IV Microcomputer Development Systemns. A wsl-defined /O imerface is
provided for run-time support. This aliows a userwritien oparating system to suppoert application programs as an alternate to the
development systern environment. Program modules compiled under PASCAL 86/88 are compatible and linkable with modules
written in PL/M 86/88, ASM 88/88 or FORTRAN B6/88. With & complete family of compatible programming languages for tha iAPX
86, B8, 186, 188 one can implement each module in the language most appropriate to the task at hand.

PASCAL B6/85 object modules contain symbol and type information for program debugging using ICE™
emulators and PSCOPE source language debugger. For final production version, the compiler can remove this
extra information and code.

tntal-Corporatlon Assumas No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodled in an Intel Product. No Other
Circuit Patent Licenses are implied. Information Contained Herein Supercedes Previousiy Published Specifications of These Devices
from Intel. JUNE 1984
ZINTEL CORPORATION, 1983
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PASCAL 86/88

FEATURES

Includes all the language features of Jensen & Wirth
Pascal as defined in the ISG Draft Proposed Pascal
Standard.

Supports required extensions for microcomputer
applicaticns.

—Interrupt handling
—Direct port IO

Separate compilation extensions allow:
-—Modular decomposition of large programs

—Linkage with other Pascal modules as well as PL/M
86/868/186/188, ASM B6/88/186/188 and FORTRAN
66/88.

—Enforcement of type-checking at LINK-time

Supports numerous compiler options to control the
compilation process, to INCLUDE files, flag non-
standard Pascal statements and others to contral
program listings and object modules.

Utilizes the IEEE standard for Floating-Point Arith-
metic {the Intel REALMATH standard) for arithmetic
operations.

Wall-defined and documented run-time operating
system interfaces allow the user to execute tha ap-
plications under user-designed cperating systems.
Predefined type extensions allow:

—Create precision in read, intsger, and unsigned
calculations.

—Means to check 8087 ervors

~—Circumvention of rigid type checking on calls to
non-Pascal routines

BENEFITS

Provides a standard Pascal for iAPX 86, 88, 186, 188
based apphications.

—Pascal has gained wide acceptance as the port-
abie application {anguage for micrecomputer
applications

—Itis being taughtin rany colleges and universities
around the world

—It is easy to learn, originaliy intended as a vehicle
for teaching computer programming

—Improves maintainability: Type mechanism is
both strictly enforced and user extendable

—Few machine specific language constructs

Strictimpiementation of the proposed 1SC standard
for Pascal aids portability of application programs. A
compile time option checks conformance to the
standard making it easy to write conforming
programs.

PASCAL 86/88 extensions via predefinad proce-
dures for interrupt handling and direct port 1/O make
1t possible to code an entire application in Pascal
without compromising portability.

Standard Intel REALMATH is easy to use and pro-
vides reliable results, consistent with other Intel
languages and other implementations of the {EEE
proposed Floating-Point standard.

Provides run-time support for co-processors. All
real-type arithmetic is performed on the 86/20 nu-
meric data processor unit or software emuiator.
Run-time library routines, common between Pascal
and other Intel languages {such as FORTRAN}, per-
mit efficient and consistently accurate results.

Extended relocation and inkaye support allows the user to
ink Pascal program modules with routnes written 10 other
languages for certain parts of the program. For example, real-
time orf hardware dependent routines wrnitten in ASM
26/88/186/188 or PLA B6/88/186:188 can be linked to Pascal
routings, further extending the user's ability to write structured
and modular programs. :

PASCAL 86/88 programs “talk” to the resident
operating system using Intel’s standard interface for
translated programs. This allows users to replace
the development apearating system by their own
operating systems in the final application.

PASCAL 8688 takes full advantage of /APX B6, 88, 186, 188
high level language architecture to generate efficient machine
code

Compiler options can be used to control the program
listings and object medules. While debugging, the
user may generate additional information such as the
symbol record information required and useful for
debugging using PSCOPE or ICE emulation. After
debugging, the production version may be stream-
lined by removing this additional information.

AFN-D1652B
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PASCAL 86/88

SPECIFICATIONS
Operating Environmer_lt
REQUIRED HARDWARE

intel Microcomputer Development Systems (Senes IIl, Senes
v

Documentation Package

PASCAL 86 User's Guide

ORDERING INFORMATION

Part Number
MDS*-314

Description
PASCAL 86/88 Software Package

Reaquires scftware license.

*MDS isan ordoring code only and s notused as a product name or trademark. MDS# s a reqisterad trademark of Mohawk Data Science,

SUPPORT:

Hotline Telephone Support, Software Performance Report (SPR), Software Updates, Technical Reports, and

Monthly Technical Newslettars are availabie.
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PL/M 86/88/186/188 Software Package

a Systems Programming Language for
the iAPX 86/88/186/188 Processors

m Language s Upward Compatible from
PLiM 80, Assuring MCS®-80/85 Design
Portability

a Advanced Structured System imple-
mentation Language for Algorithm
Development

m Supports 16-Bit Signed Integer and
32-Blt Floating Polnt Arithmetic in
Accordance with IEEE Proposed
Standard

m Easy-to-Learn Block-Structured
Language Encourages Program
Modularity

Improved Compiler Performance Now
Supports More User Symbols and
Faster Compilation Speeds

Produces Relocatable Object Code
Which Is Linkable to All Other 8086
Object Modules

Code Optimization Assures Efficient
Code Generation and Minimum
Application Memory Utilization

Built-In Syntax Checker Doubles Per-
formance for Complling Programs
Containing Ervors

Resident on iAPX 86 intel Micro-
computer Development Systems

PL'M 86 is an advanced, structured, high-level systems programming language. The PL/M 86 compiler was
created specitically for performing software development far the intel B086, 8088, 80186 and 80188 Microproces-
sars. PL'M was designed so that program statements naturally express the program algorithm. This frees the
programmer to concenirate on the logic of the program without concern for burdensome details of machine or
assembly language pregramming (such as register allocation, meanings of assembler mnemenics, etc.).

The PL/M 86 compiler efficiently converts free-form PL/M language statements into machine instructions. Sub-
stantially fewer PL/M statemenits are necessary for a given application than if it were programmed at the agssembly
language or machine code level.

The use of PLIM high-leval language for system pregramming, instead of assembly language, results in a
high degree of engineering productivity during project development. This translates into significant reduc-
tions in initiai software devetopment and follow-up maintenance costs for the user.

MOTE Tha [ P System

hewe i nat includad with the PLIM 86/88 SeMware package bul meraly dapiots a ks op e

The lgllowing are trad s of Intel & and rs alfiliales and may be used anly to ldentsly Intel products BXP, CREDIT, 1, 12E, 1C5, im, Inaite, Intal, INTEL, Intebevigion,
Intelink, Intellac, (MMX, WOSF, 1PDE, IBMX, SBC, 1SBX, Library Manegar, MCS, MULTIMODULE, . MULTIBUS, Multichannal, Plug-A-Bubbla,
FPROMPT, Promware, RUP, RMXB0. System 2000. UPI, and the combmalion 458, IFMX, I5BC, BBX, ICE, 12ICE, MCS, or UP1 and numerical sufhy Inte| Corporation Assumes Mo
Respnsitnlily for b usé of Any Circuitry @ther Than Gircuitry Embagdec m an Ittel product Ma Othes Patent Licenses are mplisd EUNTEL CORPORATION, 1983

MAY 1983
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PL/M 86/88/186 SOFTWARE PACKAGE

FEATURES

Major features of the Intel PL/M 86 compiler and
programming language include;

Block Structure

PL/IM source code is developed in a series of
modules, procedures, and blocks. Encouraging
program modularity in this manner makes pro-
grams more readable, and easier to maintain and
debug. The language becomes more fiexible, by
clearly defining the scope of user variables (local
to & private procedure).

The use of procedures to break down a large
probiemn is paramount to productive software
development. The PL/IM 88 implementation of a
block structure allows the use of REENTRANT
(recursive) procedures, which are especiaily use-
ful in system design.

Language Compatibility

PL/M 86 object modules are compatible with ob-
ject modules generated by all other iAPX 86
transiators. This means that PL/M programs may
be linked to programs written in any other iAPX 86
language.

Cbject modules are cempatible with In-Circuit
Efmulators, DEBUG compiler control provides the
In-Circuit Emulators with symbolic debugging
capabilities.

PLIM 886 Language Is upward compatible with
PL/M B0, so that application programs may be
easily ported to run on the iAPX 86,

Supports Seven Data Types

PL/M makes use of seven data types for various
applications. These data types range from one to
four bytes, and facilitate various anthmetic, logic,
and addressing functions:

—Byte: 8-bit unsigned number

-—Word: 16-bit unsigned number

—DOWORD: 32-bit unsigned number

—integer: 16-bit signed number

—Read: 32-bit floating point number

—Pointer: 16-bit or 32-bit memory address
indicator .

—Selector: 18-bit base portion of a pointer

Ancther powerful facility allows the use of BASED
variables that map mare than one variable to the
same memory location. This is especially useful
for passing parameters, relative and absolute ad-
dressing, and memory allocation.

Two Data Structuring Facilities

In addition to the five data types and based
variables, PL/M supports two data structuring
facilities. These help the user to organize data in-
to logical groups.

-— Array: Indexed list of same type data elements

— Structure: Named collection of same or dif-
ferent type data elements

— Combinations of Each: Arrays of structures or
structures of arrays

8087 Numerics Support

FL/M programs that use 32-bit REAL data may be
executed using the Numeric Data Processor for
improved performance. All floating-point opera-
tions supported by PLIM may be executed on the
IAPX B6/20 or B8/20 NDP, or the 8087 Emulator {a
software module} provided with the packags.
Detarmination of use of the chip or Emulator
takes place at linktime, allowing compilations to
te run-time independent.

Bﬁilt-ln String Handling Facilities

The PL/M 86 language contains built-in functions
for string manipulation. These byte and word
functions perform the following operations on
character strings: MOVE, COMPARE,
TRANSLATE, SEARCH, SKIP, and SET.

‘Interrupt Handling
_ PLIM bhas the facility for handling interrupts. A

procedure may be defined with the INTERRUPT

-~ attribute, and the compiier will automatically in-

Hialize an interrupt vector at the appropriate
memory location. The compiler wiil also generate
code to save and restore the processor status, for
execution of the user-defined interrupt handler
reutine, The procedure SETSINTERRUPT, the
function retuning an INTERRUPT$PTR, and the
PL/M statement CAUSESINTERRUPT all add fiex-
ibitity to user programs involving interrupt and
handling.

3'54 AFN D1BE1C
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PL/M 86/88/186 SOFTWARE PACKAGE

Compiter Controls

‘Including several that have been mentioned, the
PL/M 86 compiler offers more than 25 controls
that facilitate such features as:

— Conditional compilation

— Ingluding additional PL/M source files from
disk

— Corresponding assembiy language code in the
listing file

— Setting overflow conditions for
handling

run-time

Segmentation Control

The PL/M 86 compiler takes full advantage of pro-
gram addressing with the SMALL, COMPACT,
MEDIUM, and LARGE segmentation controls. Pro-
grarms with less than 64KB total code space can
exploit the most efficient memory addressing
schemes, which lowers total memory require-
ments. Larger programs can exploit the flexibility
ot extended one-megabyte addressing.

Code Optimization

The PL/M 86 compiler offers four levels of op-
timization for significantly reducing overali pro-
gram size.

— Combination or “folding” of constant expres-
sions; and short-circuit evaluation of Boolean
expressions

— “Strength reductions” (such as a shift left
rather than multiply by 2); and elimination of
common sub-exprassions within the same
block

-— Machine code optimizations; elimination of
superfluous branches; re-use of duplicate
code; removal of unreachable code

- Byte comparisons (rather than 20-bit address
calcuiations) for pointer variables; optimization
of based-variable operations

Error Checking

The PL/M 86 compiiler has a very powerful feature
to speed up compilations. If a syntax or program
errar is detected, the compiler will skip the code
generation and cptimization passes. This usually
yields a 2X performance increase for compilation
of programs with errors,

A fully detailed set of programming and compila-
tion errors is provided by the compiier.

M O, - Beginning of moadule =

* Parametess
FTA 15 pointer to first record
COUNT 15 number of racords 10 be sorted
RECSIZE 15 number of bytes 1in each recerd---max 5 128
KEY¥INDEX 15 b\-te posifion within each lecord of a BYTE scakar
in be used as zort key ° e

DECLAREC Fh-_CORD BASED PTH il’ ‘] BYTE

"CURRENT | l1E'BJ BYTE
il JyINTEGER

END SORT
EMD SORTPAGC

“End of module”

ENQ M

SORTPROC PROGEDURE (PTR. COUNT, REGSIZE KEYINDEX (PUBLIEYS:
DECLARE PTA POINTER, (COUNT RECSIZE. KEYINDEX) INTEGEA

CALL@t @WMOURRENT & AHECCADI RECSIZE] RECSIZE)

PUBLIC ang EXTERMNAL atiributes premote
program modulardty

Based Vanablas allow mamgadation of exfarnal data oy
© passing the base af the data steuciure |a ponter; This
' mun.mizes the STACK space Lsed for parameter passing and
the exeqution ume to pertarm many STACK aparations

SORT DG4 1 TO COUNT-1
CALL MQOYBIRAECORDI RECSIZE! QCUHPFNT) RECSIZE)
' | The AT cperator returns the agavess of a
o wanavle nstaad ot ks cortenis Thos s very wselu
FIND DO WHILE | N pz g y r !
AND RECORDUI ("RECSIZE KEYINDEX, 7 passing po-ters for based vanabies
URRENT(KEYINDEX
CALL MO\-‘B(@RECORDUI 11 REC‘SIZE'
@RECORD(I"AECSIZE
HECSIZFI
[
EMD FIND

.-— Gne of severa P M bl pracedures 1ar sthng
mampu alion

Figure 3. Sample PL/M 86 Program,
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PL/M 86/88/186 SOFTWARE PACKAGE

BENEFITS

PL/M 86 is designed to be an efficient, cost-effec-
tive solution to the special requirements of iAPX
86 Microsystem Software Development, as illus-
trated by the following benefits of PL/IM use:

Cost-Effective Alternative to

‘Assembly Language

PL/M 86 programs are code efficlent. PL/IM 86
combines all of the benefits of a high-level
language (ease of use, high productivity) with the
ability to access the IAPX 86 architecture. Conse-
gquently, for the development of systems software,
PL/M B6 is the cost-effective alternative to
assembly language programming.

- Low Learning Effort

PL/M is easy to learn and to use, even for the
novice programmer.

Earslier Project Completion

Critical projects are compieted much earlier than
otherwise possible because PL/M 86, a structured
high-level language, increases programmer pro-
ductivity.

Lower Development Cost

tncreases in programmer productivity translate
tmmediately into lower software development
costs pecause fewer programming resources are
required for a given programmed function,

Increased Reliabillty

PL/M 86 is designed to aid in the development of
reliable software (PL/M BS programs are simple
staternents of the program algorithm). This
substantially reduces the risk of costly correction
of errors in systems that have already reached full
proguction status, as the more simply stated the
program ig, the more likety it is to perform its in-
tended function.

Easier Enhancemenis
and Maintenance

Programs written in PL/M tend to be self-
gdocumenting, thus easier to read and understand.
This means it is easier to enhance and maintain
PL/M programs as the system capabilities expand
and future products are developed.

SPECIFICATIONS

Operating Environment

REQUIRED HARDWARE:

Intel Microcomputer Development Systems (Series
" NiSeries IV}

Documentation Package

PL/M-86 User's Guide for 8086-based Develop-
ment Systems (121636)

SUPPORT:

Hotline Telephone Support, Scftware Performance
Reporting (SPR), Software Updates, Technical
Reports, Monthly Newsletter available,

ORDERING INFO“MATION

Part Numbaer
MDS&-313*

Description
PL/M 86 Software Package

3-66

Requires Scoftware License
*MODE s an ordering code only and is not used as a product

nama or trademark MDOS® is a registered trademark of
Mohawk Data Sciences Corporation
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i1C-86
C COMPILER FOR THE 8086

n Implements full C Language
» Produces high density code rivaling

= Supports both small and large models of
computation

assembler s Supports PSCOPE-86 and I2ICE™
a Supports Intel Object Module Format = Supports |IEEE Floating Point Math with
{OMF) 8087 coprocessor

= Supports Bit Fields :
» Supports full standard I/O Library {STDIO}
= WritteninC

= Runs under the intel UDI on
Intel Development Systems and
iRMX™ 86

= Available for the VAX/VMS* Operating
System

The C Programming Language was originally designed in 1972 and has become increasingly popular as a
systems development language. Cis net a ''vary high level” language and is not tied to any specific application
area, Although it is used for writing operating systems, it has been used equally well to write numerical, text-
processing and data base programs. G combines the flexibility and programming speed of a higher level
language with the efficiency and controi of assembly language.

intel iC-86 brings the full power of the C programming fanguage to 8086 and 8088 based microprocessor
systems.

Intel iC-86 supports the full C language as described in the Kernighan and Ritchie book, ““The C Pregramming
Lanugage,” {Prantice-Hail, 1978). Also included are the latest enhancements te the C language: structure
assignments, functions taking structure arguments and returning structures, and the “'void" and “enum’ data
types.

C is rapidly becoming the standard microprocessor system implementation language because i provides:

1. the ability to manipulate the fundamental objects of the machine {including machine addresses) as easily
as assembly fanguage. '

2. the powerand speed of a structured language supporting a large number of data types, storage classes, ex-
pressions and statements,

3. processorindependence (most programs developed for other processors can be easily transported to the
8086), and

4. code that rivals assembly language in efficiency

INTEL iC-86 COMPILER DESCRIPTION

The iC-86 compiler operates in four phases: pre-
processar, parser, code generator, and optimizer. The
preprocessor phase interprets directives in C source
code, including conditional compilations (# define).
Thae parser phase converts the C program into an
intermediate free form and does all syntactic and

semantic error checking. The code generator phase
converts the parsers cutput into an.efficient inter-
mediate binary code, performs constant foiding, and
features an extremely efficient register allocator,
ensuring high quality code. The optimizer phase
converts the output of the code generater into

Intel Corporatien Assumss No Responsibiity for tha Use ot Any Circuitry Other Than Circuitry Embodiad in an Intel Product No Other
Cieun Patent Licenses are Implied Informalian Conlained Herem Supetcedes Previously Published Specificatons of These Devices

from Inted “VAX 15 a trademark of Digital Equipment Corparation
@INTEL CORPORATION, 1983
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relocatable Intel Object Module Format (OMF) code, -

without creating an intermediate assembly file. Op-
tionally, the iC-B6 compiler can produce a symbolic
asgembly like file. The iC-86 optimizer eliminates
common code, eliminates redundant loads and
stores, and resolves span dependencies (shortens
branches) within a program.

The iC-B6 runtime library consists of a number of
functions which the C programmer can call. The run-
time system includes the standard /O library

(STDIO), conversion routines, routines for manipu-
- lating strings, special routines to perform functions

not available on the BOB6 (32-bit arithmetic and
emulated floating point), and (where appropriate}
routines for interfacing with the operating system.

iC-86 uses Intel's linker and locator and generates
debug records for symbols and lines onh request,
permitting access to Iniel’s PSCOPE AND RICE™ to
aid in program testing.

FEATURES

Support for Small and Large Models

intel iC-86 supports both the SMALL and LARGE
modes of segmentation. A SMALL model program
can have up to 64K byltes of code and 64K bytes of
data, with all pointers occupying two bytes. Because
two byte pointers permit the generaticn of highly
compact and efficient code, this model is. recom-
mended for pregrams that can meet the size restric-
tions. The LARGE segmentation model is used by
programs that require access to the full addressing
space of the BOSE/B088 processors. In this model,
each source file generates a distinct pair of code and
date segments of up to 64K bytes in length. All pointers
are four bytes long.

Preprocessor Directives

#define—defines a macro

#include—includes code outside of the program
source file

#if— conditicnally includes or excludes code

Other preprocessor directives include #undef, #ifdef,
#ifndef, #else, #endif, and #lina.

Statements )

The C language supports a variety of stalements:
Conditicnals: IF, {F-ELSE
Loops. WHILE, DO-WHILE, FCOR
Selection of cases: SWITCH, CASE, DEFAULT
Exit from a function: RETURN
Loop control: CONTINUE, BREAK
Branching. ‘GOTO

Expressions and Operators

The € language includes a rich-set Of expressions

and operators,

Primary expression: invoke functions, select ele-

Artisan Technology Group - Quality Instrumentation ...

ments from arrays, and extract fields from structures
ar unions

Arithmatic operators: add, subtract, mulitiply, givide,
modulus

Relational operaters: greater than, greater than or
equal, less than, iess than or equal, not equal

Unary operators: indirect through a peinter, compuie -
an address, logical negation, ones complement, pro-
vige the size in bytes of an operand.

Logical operators: AND, OR

" Bitwise operators: AND, exclusive OR, inclusive OR,

hltwise complemant

Data Types and Storage Classes

Data in C is described by its type and storage class.
The type determines its representation and use, and
the storage class determines its lifetime, scope, and
storage allocation. The following data types are fully
supported by iC-86.

char

an 8 bit signed integer
_int

a 16 bit signed integer

short

same as int {on the 8086)

long
a 32 bit signed intager

unsigned

a madifier for |nteger data types (char, int,
short, ‘and long) which doubles the positive
range of valyas’

. float .
a 32 bit floating point number which utilizes the
. B0B7 or a software floating point library

doubie
a 84 bit floating peint number

3-58
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void

a special type that cannot be used as an
operand in expressions; normally used for
functions cafled only for effect (to prevent their
use in contexts where a value is reguired).

enum
an enumerated data type

These fundamental data types may be used to
create other data types including: arrays, func-
tions, structures, pointers, and unions.

The storage classes availabe in iC-86 include:
register

extern

a variable defined cutside of the function where
it is declared; retaining its vaiue throughaout the
entire pregram and accessible to other
modules

auto

a local variable, created when a block of code is
entered and discarded when the block is
axisted

static

a local variable that retains its value until the
termination of the entire program

suggests that a variable be kept ih a machine typedef
register, often enhancing code density and defines a new data type name from existing
speed data types

BENEFITS

Faster Compilation Rapid Program Development

intel iC-86 compiles C programs substantially faster
than standard C compilers because it produces Intel
OMF code directly, eliminating the traditional inter-
mediate process of generating an assembly file.

Portabllity of Code

Because Intel iC-86 supports the STDIO and pro-
duces Intel OMF code, programs developed on a
variety of machines can gasily be transported to the
8086.

Intel iC-86 provides the programmer with detailed
error messages and access to PSCOPE-86 and
I2ICE™ to speed program development.

Full Manipulation of the 8086

intei iC-86 enables the programmer to utilize features
of the C language to control bit fields, pointers, ad-
dresses and register allocation, taking full advantage
of the fundamental concepts of the 8088.

SPECIFICATIONS

Operating Environment

The iC-88 compiler runs host resident on both the
Intel Series Il Microcomputer Developmient System
under ISIS-Il and on the System 86/330 under the
iAMX™ 86 aperating system. iC-86 can also run as a
cross comptliter on a VAX 11/780 computer under the
VMS operating system 128 KBytes of User Memory is
required on all versions. Specify desired version
when ordering.

Required Hardware
Development System Version

—Intellec® Microcomputer Development System;
Series It or Serigs IV

3-59

—Dual Diskette Drives, Single or Double Density

—System Console; CRT or Hardcopy Interactive
Device

iAMX 86 version:

—Any |APX Bb/88, ISBC" 86/88, iTPS 86/XXX, or
SYS5 86/3XX based system capable of running the
iRMX 86 Operating Systern

VAX verston:

—Digital Equipment Corporation VAX 11/780 or
compatibie computer

AFN-DGH 440
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Optional Hardware
15t5-11 version;
-—ICE-86, 121CE-86

iRMX 86 version:

—Numeric Data Processors for support of the
REALMATH standard

VAX version:
—None
Required Software

I1S1S-1} version:
—1818-11 Diskette Operating System
—Series Il or Series IV Operating System

iRMX 86 version:

—iRMX 86 Realtime Muttiprogramming Operating

System
—iRMX 860 Utilities Package

VAX version:
—WMS Operating Systam

Optional Software
Development System Version:
—None

{RMX 86 version:
—None

VAX version:

—MDS*-384 Kit-Mainframe Link for distributed developrment, or
iMDX-384 Asynchronous Communications Link.

—VAX jAPX B6/88/186 MACRO Assembler and
utilities package (IMDX-341VX)

Documentation Package '

The C Programming Language by Kernighan and
Ritchie (1978 Prentice-Hall)

iC-86 User Manual

Shipping Media

Development System Version:

—Two single and one double density 1S15-1l format
8" diskettes, one 5 1/4” Series IV Format

iAMX 86 version:

—Double Density iIRMX 86 format 8" diskette
—Double Density iRMX 86 format 54" diskette
VAX version:

—1600 bpi, 9 track Magnetic tape

ORDERING INFORMATION

Order Code Description
iIMDX-317 iC-86 Compiler for 1S15-13
iAMX-866 iC-86 Compiler for iRMX 86
IMDX-347 iC-86 Cross Compiler for

VAX/VMS

Intel Software License required

SUPPORT

Intel offers several levels of support for this preduct
which are explained in detail in the price list. Please
consult the price list for a description of the support
options available.

*MDS ig an ordering code only and is not used as a product name or trademark. MDS is a registered trademark of

Mohawk Data Sciences Corporation.

AFN-001 440
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8087 SUPPOHT LIBRARY

m Library to support floating point = Full 8087 Software Emulator for soft-
arithmetic in PL/M-86 and ASM-86 ware debugging without the 8087
component '

m Common elementary function library
provides trigonometric, logarithmic

and other ussful functions a Accurate, verified and efficient imple-

mentation of algorithms for functions

= Decimal conversion module supports
binary-decimal conversions

. m Supports proposed |IEEE Floating
s Error-handler module simplifies Point Standard for high accuracy and
floating point error recovery software portability

The 8087 Support Library provides PLIM-86 and ASM-86 users with the equivalent numearic data processing capability
of Fortran-86, With the Library, it is easy for PL/M-86 and ASM-86 programs to do floating point arithmaetic. Programs
can link in modules to do trigonametric, logarithmic and other numeric functions, and the user is guaranteed accurate,
reliable results for &) appropriate inputs. The 8087 Support Library implements Intel’'s REALMATH standard and also
supports the proposed IEEE Floating Peoint Standard. Consequently, by using this Library, the PL/M-86 user not only
saves software development time, but is guaranteed that the numeric software meets industry standards and is
portable—his software investment is maintained.

The BOB7 Support Library consists of the common elementary function library, the decimal conversion module, the
error handler madule, the full BO87 Scftware emulator and interface libraries to the BOB7 and to the 8087 emulator.
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 CEL87.LIB
THE COMMON ELEMENTARY FUNCTION LIBRARY

CEL87.LIB contains commonly used floating point functions. It is used atong with the 8087 numaeric coprocessar or
the 8087 emulator and it provides a complete package of elementary functions, giving valid results for all appropriata
inputs. This library provides PLIM-86 and ASM-86 users all the math functions supported intrinsically by the
Fortran-86. Following is a summary of CELBT functions, grouped by functionality.

Rounding and Truncation Functlons:

mqerlEX, mgerlE2, and mgerlE4 round a real number to the nearest integer; to the even integer if there is a tie. The
‘ answet returned is real, a 16-bit integer or a 32-bit integer respectivealy.
mqerlAX, mgerlA2, mgerlA4 round a reai number to the nearest integer, to the integer away from zero if there is a tie;
the answer returned is real, a 16-bit integer or a 32-bit Integer, respectively,
maerlCX, mgerlC2, mgerlC4 truncate the fractional part of a real input; the answer is real, a 16-bit integer or a 32-bit in-
teger, respectively.

Logarithmic and Exponential Functions:

maerbGD computes decimal (base 10Q) logarithms.

mgerLGE computes natural (base e) logarithms.

mqerEXP computes exponentials to the base e.

mqerY2X computes exponentials to any base,

mgery |2 ralses an input real to a 16-bit integer power.
maerYhd is as mgeryl2, except to & 32-bit integer power.
mgeryls is as mgerYl2, but it accommodates PL/M-86 users.

Trigonometric and Hyperbolic Funetions:

mqgerSIN, mgerCOS, mgerTAN compute sine, cosine, and tangent,

mgerASN, maerACS, mgerATN compute the corresponding invarse functions,

myerSNH, mqerCSH, mgerTNH compute the corresponding hyperbolic functions.

mqerATZ 15 a special version of the arc tangent function that accepts rectanguiar coordinate inputs.

Qther Functlons:

mqgerDIM is FORTRAN's positive difference function.

maerMAX returng the maximum of two real inputs.

mqerMIN returns the minimum of two real inputs,

mqgerSGH combines the sign of one input with the magnitude of the other input.
mqerMOD computes a madutus, retaining the sign of the dividend,

mgerRMD computes & modulus, giving the value closest to zero.

DCONS87.LIB
THE DECIMAL CONVERSION LIBRARY

DCONBY.LIB is & library of procedures which convert binary representations of floating point numbers and ASCII-
encoded string of digits.

The binary-to-decimal procedure mgcBIN DECLOW accepts a binary number in any of the formats used for the
representation of floating point numbers in the 8087. Because there are 50 many cutput formats for floating point

numbers, mgeBIN_DECLOW does not attempt to provide a finished, formatted text string. Instead, it provides the
“building blocks™ for you to use to construct the output string which meets your exact format spacification.

AFN-GR0E3E
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" The decimal-to-binary procedure mqcDEC__BIN accepts a text string which consigts of a decimal number with
optionai sign, decimal point, and/or powsr-of-tén exponent. It translates the string into the caller's choice of binary
farmats.

Decimal-to-binary procedure mycDECLOW_ _BIN is provided for callers who have already broken the dacimal number
into its constituent parts.

The procedures mgcLONG__TEMP, mqecSHORT__TEMP, mqeTEMP_LONG, and mgcTEMP__SHORT convarl Hoating
point numbers between the longest binary format, TEMP_REAL, and the shorter formats.

EH87.LIB
THE ERROR HANDLER MODULE

EHS7.LIB is a library of tive utility procedures which a user can utilize for writing trap handiars. Trap handlers are
called when an unmasked 8087 errar occurs.

The 8087 erros reporting mechanism can be used not only to report error conditions, but also to let seftware implement
IEEE standard options not directly supported by the chip. The three such extensions to the 8087 are. normalizing
mode, non-trapping not-a-number (NaN}, and non-ordered comparison. The utility procedures support these extra
features.

DECODE is called near the beginning of the trap handler. it preserves the complete state of the 8087, and also iden-
tifies what function called the trap handler, and returns available arguments andfor results, DECODE ellminates much
of the effort needed to determine what error caused the trap handler to be called.

NORMAL provides the "normalizing mode' capability for handting the “D" exception. By calling NORMAL in your trap
handler, you eliminate the need to write code in your agplication program which tests tor non-normal inputs,

SIEVE provides two capabitities for handling the "i” exception. It implements non-trapping MaN's and non-ordered
comparisons. These two |EEE standard features are usaful for diagnostic work.

ENCODE is called near the end of the trap handler. it restores the state of the 8087 saved by DECODE, and performs a
chaice of concluding actions, by either retrying the offending function or returning a specified result.

FILTER calls each of the above four procedures. If your error handier does nothing more than detect fatal errors and
implement the features supported by SIEVE and NORMAL, then your interface to EH87.LIB can be accomplishad with
a single call to FILTER.

E8087
THE FULL 8087 EMULATOR

EB0B7 is an object module that functionally emutates the B087 copracessor chip, It is ideal for use during prototyping
and debugging floating point progranis. However, the target system should use the 80B7 component because it exe-
cutes 1000 times faster and uses significantly less memory.

3-83 AE N OEOBR
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E8087.LIB, 8087.L1B, 87TNULL.LIB
INTERFACE LIBRARIES

EB087. LIB, 8087.LI18 and 87NULL. LIB libraries cenfigure a user's application program for his run-time environment:
running with the emulator, with the 8087 companant or without floating point arithmetic, respectively.

SPECIFICATIONS

TARGET ENVIRONMENT

B0OB6/BORR Based Microcomputer Systam
DEVELOPMENT ENYIRONMENT

Raquired Hardware

All Intel Microcomputer Development Systems (Series Il
Senes 'Series V)

Required Software

For Series Ii;
6086/B088 Software Davelopment Package

Documentation Package
Numeric Support Library Manuval

“Recomrended

ORDERING INFORMATION

Part Number Description
MDS"-319 8087 Support Library
Requires Software License

SUPPORT

Intel offers several levels of support for this product
which are explained in detail in the price list. Please
consult the price list for a description of the support
options available.

*MDS is an ordering code only and is not used as a product name or trademark. MDS is a registered trademark of

Mohawk Data Sciences Corporation.

3-64
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SOFTWARE SUPPORT PACKAGE

® Program Generation for the 8087 a 8087 Emulator Duplicates Each 8087
Numeric Data Processor on 8080/8085 Floating-Point Instruction in Software,
Based Intel Microcomputer for Evaluation of Prototyping, or for
Development Systems Use in an End Product

m Consists of: 8086/8087/8088 Macro & Macro Assembler and 8037 Emulator
Assembler, 8087 Software Emulator are Fully Compatible with Other

® Macro Assembler Generates Code for 8086/86088 Development Software
8087 Processor or Emulator, While = Implementation of the IEEE Proposed
Also Supporting the 8086/8088 Floating-Point Standard (the Intel®

Instruction Set Realmath Standard)

The 8087 Software Support Package is an optional extention of {ntel's 8086/8088 Software Development
Package.

The 8087 Software Support Package consists of the 8086/8087/8088 Macro Assembler, and the Full B0g7
Emulator. The assembler is a functional superset of the 8086/8088 Macro Assembler, and includes instruc-
tions for over sixty new floating-point operations, plus new data types supported by the BO87.

The 8087 Emuiator is an B086/8088 object moduie that simulates the environment of the 8087, and executes
sach floating-point operation using software algorithms. This emulator functionally duplicates the operation
of the 8087 Numeric Data Processor.

Also included in this package are interface jibraries to link with 8D86/8087/8088 object modules, which are
usad for specifying whether the 8087 Processor or the 8087 Emulator is to be used. This enables the run-time
environment to be invisible to the programmer at assembly time.

The lallawing ara trademarks of Intefl Gorporation and may ba uged anly te |dent|fy Inlel produc's BXP, CREDIT, Intallag, Mulhbug, 1, 158G, Multimadule, ICE, (SBX, PROMPT, IAMX,
G5, Library Manager, Promware, Inaita. MGS, PR X, Intel. h LR p, wScops and tha compination of ICE, 1LE, ISBC, 158X, MLS. or RMX and &
rumencal suflix

& INTEL CORFORATION, 1983 SEPTEMEBER 1884

ORDER NUMBER:4042450-002
3-85
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FUNCTIONAL DESCR_IPTION
8086/8087/8088 Macro Assembler

The B0B6/BD87/8088 Macro Assembler translates
symbolic macro. assembly language instructions
.into appropriate machine instructions. It is an ex-
tended version of the B085/8088 Macro Assembler,
and therefore supports all of the same features and
tfunctions, such as limited type checking, condi-
tional assembly, data structures, macros, etc, The
extensions are-the new instructions and data types
to support fioating-point operations. Realmath
fioating-point instructions {see Table 1) generate
code capable of being converted to either 8087 in-
structions or interrupts for the 8087 Emuiator. The
Processor/Emulator selection is made via interface
libraries at LINK-time. In addition t0 the new

' _ floating-point instructions, the macro assemblar
‘also introduces two new 8087 data types: QWORD

{8 bytes) and TBYTE {ten bytes). These support the
highest precision of data processed by the 8087,

Full 8087 Emulator .

The Full 8087 Emulator is a 16-kilobyte object mod-
ule that is linked to the application program for
floating-point operations. Its functionality is identi-
cal to the BOS7 chip, and is ideal for prototyping and
debugging floating-peint apphcations. The
Emulator is an atternative to the use of the 8087 chip,
aithough the latter executes floating-point applica-
tions up to 100 times faster than an B086 with the
8087 Emulator. Furthermore, since the BOB7 is a
“co-processor,” use of the chip will allow i'nany op-
erations to be performed in parallel with the 8086.

Table 1. 8087 Instructions

Arithmetic instructions

Processor Control Instructions

Addition
FADE Add real
FADDP Add real and pop
FIAE]I_.‘J_ o Integer add :
_____ Subtraction '
FSUB Subtract real !
FSUBP Subtract real and pop ;
FiSUB Integer subtract
FSURR Subtract real reversed
FSUBRF Subtract real reversed and
pep
FISUIBR Integer subtract reversed
B _Mu _iplicatlon
FMH. Multiply reat
FRMULF Multiply real and pop
FIMUL nteger mulhply
Division
FIv Divide real
FDIVP Divide real and pop
FIDIY Integer divide
FDIVR Divide real reversed
FDIVRF Divide real reversed and’
pop .
FiDIVR integer divide reversed
Other Operatlons
FSQAT Square root
FSCALE Scale
¢ FPREM Partial remainder
1 FRMNDINT Aound to integar
i FXTRACT Extract exponent and
significand
FABS Absalute value
FCHS Change sign

FINIT:FNINIT Intialize processor
FOLISIFNDHSI Disabie interrupts
FENLEFNEMNI Enatile interrupts
FLODGW Load control word

FSTCW FNSTCW
FSTSW/FNSTSW
FCLEXFNCLEX
FSTENV/FNSTENY

Store control word
Store status word
Clear exceptions
Store environment

FLOENV l.oad envirgnment
FSAVE/FNSAVE Save state

FRSTOR i Restore state

FINCSTP | Increment stack pommter
FDECSTP . Decrement stack pointer
FFREE Free register

FNOP No operation

FywalT

CPU walt

Comparison Instructions

FCOM Compare real

¢ FCOMP Compare real and pop

| FCOMPPR Compare real and pop

: twice
FICOM i Integer compare i
FICOMP Integer compare and pop
FTST Test
Fram Examine

3-66
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Table 1. 8087 Instructions {cont’d)

Transcendental Instructions

FPTAN Partial tangent
FPATAN Partial arctangent
F2xm1 21
FYL2X Y # log.X
-[ FYLZXP1 Y e log, (X~ 1)
Constant Instructions
FLDZ Load 1 00
FLDA Load 1140
FLDP1 Load ~
FLDL2T Load log 10
FLDL2E Load log.e
FLOLG2 Load iog ;2
FLDLN2 Load log,2

Data Transfer Instructions

Real Transfers

FLD Load real
FST Store real
FSTP Store real and pop
FXCH Exchangs registers
integer Transfers
FILD Integer load
FIST Intager store
FISTP Integer store and pop !
Packed Decimal Transfers

FBLD  Packed decimal (BCD}

load
FBSTP Facked decirnal (BCD}

store and pop i

SPECIFICATIONS

Operating Environment

REQUIRED HARDWARE

Intel Microcomputer Development Systerms
—Series |l

—Personal Development System

—Series IV

REQUIRED SOFTWARE
8086/8088 Software Development Package

Documentation Package

B086/8087/8088 Macro Assembly {anguage Refer-
ence Manual for 8080:8085-Based Development
Systems

8086/8087/8088 Macro Assembler Operating In-
structions for 8080/8085-Based Development Sys-
tems

The 8086 Family Users Manual Supplement for the
8087 Mumeric Data Processor

ORDERING INFORMATION

Part Number
MDS*-387

Requires Software License

Dascription

8087 Software Support Package -

SUPPORT

Intel offers several levels of support for this product
which are explained in detail in the price hst. Please
constlt the price list for a description of the support
aptions available.

"MDS s an ordering code only and is not used as a product name or frademark. MDS 1s a registered trademark of

Mohawk Data Sciences Corporation.
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8089 IOP
SOFTWARE SUPPORT PACKAGE
‘ #407200
m Program Generation for the 8089 /0 a Supports 8089-Based Addressing
Processor on the Intellec® Modes with a Structure Facllity that
Microcomputer Development System Enables Easy Access to Based Data
m Contains 8089 Macro Assembler, plus » Powerful Macro Capabilities
Relocation and Linkage Utllities owertu P
= Relocatable Object Module m Provides Timing Information in
Compatible with All iAPX 86 and iAPX Assembly Listing

88 Object Modules

® Fully Supports Symbolic Debugging
with the RBF-89 Software Debugger

m Fully Detailed Set of Error Messages

The |IOP Software Support Package extends Intellec Microcomputer Development System support to the 8089
IO Processor. The macro assembier translates symbolic 8089 macro assembly language instructions into
relecatable machine code. The relgcation and linkage utilities provide compatibility with iAPX 88, iAPX 88, and
8089 modules, and make structured, modular programming easier,

The macro assembler also provides symbolic debugyging capabitity when used with the RBF-B9 scftware
debugger. 8089 program modularity is supported with inter-segment jumps and calls, The macro assembler
also provides instruction cycle counts in the listing file, for giving the programmer execution timing informa-
tion. The programs in the B0BY Software Support Package run on any intellec Series Il or Model 800 with 64K
bytes of memory.

it
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The b g Bra o al intel Corp and may be ussd only to antfy Intet products BXP, CREDIT, tntellec, Multibus, |, iSBC, Multimodule, ICE, ISBX, FAOMPT, IGS,
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Tabte 1. Sample Program Listing
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8089 IOP SOFTWARE SUPPORT PACKAGE

FUNCTIONAL DESCRIPTION

The IOP Software Support Package contains;
ASMBI —The 8089 Macro Assembler.

LINK8E — Resclves control transfer references be-
tween BO89 object modules, and data ref-
erences In BO086 B088, and 8089
modules.

LOC86 —Assigns absclute memory addresses to
8089 object modules.

—Converts absolute object modules to
hexadecimal format.

UPM  —The Universal PROM Mapper, which sup-
perts PROM programming m all iAPX
86/11 and IAPX 88/11 applications,

0OH86

ASME9 transiates symbolic 8089 macro assembly
language instructions into the appropriate machine
codes. The ability to refer to both program and data
addresses with symbolic names makes (t easier to
develop and modify programs, and avoids the errors
of hand translation.

The powerful macro facility allows frequently used
code sequences to be referred to by a single name,

so that any changes to that sequence need to be
made in only one place in the program. Common
code sequences that differ only slightly can also be
referred o with a macro call, and the differences can
be substituted with macro parameters.

ASMB9 provides symbolic debugging information in.
the object file. The RBF-89 debugger makes use of
this information, so the programmer ¢an symboli-
cally debug 8088 programs. ASME9 also provides
cycte counts for each instruction in the assembly
listing file {see Table 1}. These cycle counts help the
programmer determine how long a particular
routine or code sequence will take to execute on the
8089.

‘ASMBY provides relocatable object module com-

patibility with the 8086 and 8088 microprocessors.
This object module compatibility, along with the
8086/8088 reiocation and linkage utiiities, facilitates
the designing of iIAPX 86/11 and iAPX 88/11 systems.

ASM8S fully supports the based addressing modes
of the 8089. A structure facility allows the user to
define a template that enables accessing of based
data symbolically.

SPECIFICATIONS

Operating Environment

Intel Micracomputer Developrﬁent Systems (Model
800, Series |, Senes I, Senes IV}

Support

Hotline Telephone Support. Software Performance
Report {SPR), Software Updates. Technical Reports,
and Monthly Technical Newsletters are available.

Documentation Package

8089 Macro Assembier User's Guide (8800338}
8089 Macro Assembler Pocket Reference (3800836)

MCS-86 Software Development Utifities Operating
Instructions for ISI1S-11 Users (9800633)

Universal PROM Programmer User's Manual
f2800813)

Shipping Media

—3ingle and Double Density Diskettes

ORDERING INFORMATION

Part Number Description
MDS*-312 8089 10P Software Suppert Package

Requires Software License

‘MDS$ s an ordering code only and 15 not used a3 a product name
or trademark MD3% is a registered trademark of Mohawk Data
Sciences Corporation
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IAPX 286 SOFTWARE DEVELOPMENT PACKAGE

s Compiete System Development n Software Simulator for Execution and
Capability for High-Performance Symbolic Debugging on Intel Devel-
iAPX 286 Applications. opment System.

s Allows creation of Multi-User, Virtual = Package Supports Program Develop-
Memory, and Memory-Protected Systems. ment with PL/M-286, Pascal-286, and

» Macro Assembler for Machine-Level FORTRAN 286.

Programming. # Extends Existing Inteliec” Develop-

s System Utilitles for Program Linkage ment Systems to Provide Broad
and System Bullding. Support for the iAPX 286 Micro-

processor.

The iAPX 286 is a 16-bit microprocessor system with 32-bit virtual addressing, integrated memory protection,
and instruction pipelining for high performance. The iAPX 288 Software Development Package is a cohesive
set of software design aids for programming the iAPX 286 microprocessor system. The package enables
system programmers to design protected, multi-user and multi-tasking operating system software, and
enables application programmers to develop tasks to run on a protected operating system.

The iAPX 286 Software Development package contains a macro assembler, & program binder (for linking
separately compiled modules together), a system builder (for configuring protected multiple-task systems),
and & software simulator {for execution and symbelic debugging).

The memory protection features of the 1AFX 286 architecture are mwvisible to apphcation programmers, who use language
translators and the program binder System programmers, may Use special memory protection features 10 ASM-286 or PL'M 286,
and use the system builder for imitializing and managing protection features. The Simulator dupllcatas the operaticn of the 80286
CPL, as well as the loating point operations of the 80287,

All the utibties in the Software Development Package run on the Intel Microcomputer Development Systems (Series ll:Senes V)

TARGET
ASM-286 x SYSTEM
programs N §

w=
:D /““ 23 ﬁ DEBUGGER

« < ‘ ICE, MONITCR, etc
PUM-286 ] 4 az= N/,
programs |~ 2 OF‘ERATlNG SYSTEM = &2

o ¢ | PROTECTED, MULTI-

© [ TASK SYSTEM

o~
Pascal-286 ] x
programs | % f :%

:D i ’ o

FORTRAN-286 &2

oroarame APPLICATION S<
SOFTWARE 82
“®

The IAPX 286 Software Development Package keeps the protection mechanism invisible to the application
programimer, yet easy to configure for the system programmer.

Intel Corporation Assumes Mo Responsibitity for the Usa at Any Clreuitry Other Than Circultry Embodied tn an Intel Product. No Other
Circuit Patent Licenses are Implled. Information Contained Herein Suparcedes Previcusly Fublishad Specifications of These Devices
from |ntal. JUNE 1984
=INTEL CORPORATION, 1383 3-71 ORDER NUMBER: 210565009
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IAPX 286 MACRO ASSEMBLER

= Instruction Set and Assembler = Struclures and RECORDS Provide
Mnemonics Are Upward Compatible Powerful Data Representation.

with ASM-86/88. » “High-Level” Assembier Mnemonics

» Powerful and Flexible Text Macro Simplify the Language.
Facility. » Supports Full Instruction Set of the
» Type-Checking at Assembly Time Helps IAPX 2868/20, Including Memory
Reduce Errors at Run-Time. Protection and Numerics.

ASM-286 is the “high-level" macro assembler for the iAPX 286 assembly language. ASM-286 transiates
symbolic assembly language mnemonics into reiocatable object code. The assembler mnemaonics are a
superset of ASM-86/88 mnemaonics; new ones have also been'added to support the new iAPX 286 instructions.
The segmentation directives have been greatly simplified.

The iAPX 286 assembly language includes approximately 150 instruction mnemonics. From these few
mnemonics the assembler can generate over 4,000 distinct machine instructions. Therefore, the software
development task is simplified, as the programmer need know oniy 150 mnemaonics to generate all possible
machine instructions. ASM-286 will generate the shortest machine instruction possible {given explicit
information as to the characteristics of any forward referenced symbols).

The powerful macro facility in ASM-286 saves development and maintenance time by coding common
program sequences only once. A macro substitution is made each time the sequence is to be used. This facility
also allows for conditional assembly of certain program seguences.

ASM-286 offers many features normally found only in high-tevel languages. The assembly language is
strongly typed, which means it performs extensive checks on the usage of variables and labels. This means
that many programming errors will be detected when the program is assembled, long before it is being
debugged.

ASM-286 object modules conform to a thorough, well-defined format used by all 286 high-fevel languages and.
utilities. This makes it easy to call {and be called from) HLL object modules.

Key Benefit:

For programmers who wish to use assembly language, ASM-286 provides many powerful “high-level”
capabilities that simplify program development and maintenance.

3-72 AFN-DO3TEE
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iAPX 286 BINDER

= Links Separately Compiled Program = Resolves PUBLIC/EXTERNAL Code and
Modules Into an Executable Task. Data References, and Performs

= Makes the IAPX 286 Protection Intermodule Type-Checking.
Mechanism Invisible to Application m Provides Print Flle Showing Segment
Programmers. Map, Errors and Warnings.

n Works with PL/M-286, Pascal-286, a Assigns Virtual Addresses to Tasks in the
FORTRAN-286 and ASM-286 Object 2% Address Space.
Modutes. = Generates Linkable or Loadable Module

n Performs Incremental Linking with for Debugging.

Output of Binder and Builder.

BND-286 is a utility that combines iAPX 286 cbject modules into executabie tasks. In creating a task, the
Binder resoives Public and External symbol references, combines segments, and performs address fix-ups an
symbolic code and data.

The Binder takes object modules written in ASM-286, PL/M-286, Pascal-286 or FORTRAN-286, and generates
aloadable module (for execution or debugging), or a linkable module (to be re-input to the Binder lzter; thisis
cafled incremental binding). The binder accepts library modules as well, linking only those modules required
to rasolve external references. BNO-286 generates a print file displaying a segment map, and error messages.

The Binder will be used by system programmers and application programmers. Since application
programmers need 16 develop software independent of any system architecture, the 286 memory protection
mechanism is “hidden” from users of the Binder. This allows application tasks to be fully debugged before
becoming part of a protected system. (A protected system rmay be debugged, as well.) System protection
features are specified later in the development cycle, using the 286 Systam Builder. It is possible ta tink
operating system services required by a task using either the Binder or the Builder. This flexibility adds to the
gase of use of the 286 utilities.

Key Benefit:

The Binder is the only utility an application programmer needs to develop and debug an individual task. Usars
of the Binder need not be concerned with the architecture of the target machine, making application program
development for the 285 very simpie.

iAPX 286 MAPPER

s Flexible Utitity to Disptay Object File = Mapper Allows Users to Display:
Information.

Protection Debug
s MAP-286 Selectively Purges Symbols Information: Information:
from a Load Module. SEGMENT TABLES  MODULE NAMES
GATE TABLES PROGRAM SYMBOLS
s Provides Inter-Modute Cross-Referencing PUBLIC ADDRESSES LINE NUMBERS

for Modules Written in Ali Languages.

Key Benefit:

A cross-reference map showing referances between modules simplifies debugging; the map also lists and
controls all symbolic information in one easy-to-read place.

3-73 AFN-00378E
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IAPX 286 LIBRARIAN

» Fast, Easy Management of iAPX 286 n Librarian Aliows Users to:
QObject Module Librarles. : Create Libraries

s Only Required Modules Are Linked, Add Modules
When Using the Binder or Builder. Replace Modules

Delete Modules
Copy Modules from Another Library
Save Library Module to Object File
Create Backup
] Display Module Information
Key Benefit: {creation date, publics, segments)

Program libraries improve management of program moduies, and reduce software administrative overhead.

iAPX 286 SYSTEM BUILDER

s Supports Complete Creation of s Creates a Memory Image of 2286 System
- Protected, Multi-task Systems. for Cold-start Execution.

« Resolves PUBLIC/EXTERNAL Definitions ;‘“’9‘“ sys‘z“.‘ ';‘“;g; B°°:"°:d:bl',""’
{between protection ievels). rogrammed into M. or Loaded From

Mass-store.

= Supports Memory Protection by Building = Generates Print File with Command
System Tables, Initializing Tasks, and Listing and System Map.
Assigning Protection Rights to Segments.

BLD-286 is the utility that lets system programmers configure multi-tasking, protected systems from an
operating system and discrete tasks. The Builder generates a cald-start execution module, suitable for ROM-
based or disk-based systems.

The Builder accepts input modules from 1APX 286 translators or the |1APX 286 Binder. It also accepts a “"Build File” containing
debnitions and intial values for the 286 protection meshamsm—descriptor tables, gates, segments, and tasks. BLD-286 gener
ates a Loadable or boottoadable output module. as well as a print file with a detailed map of the memary-protected system.

Using the Builder command Language, system programmers may perform the following functions:

— Assign physical addresses to segments; also set segment access rights and limits.

— Create Call, Trap, and Interrupt “Gates” (entry-points) for inter-tevel program transfers.

— Make gates avaiiable to tasks; this is an easier way to define program interfaces than using interface
iibraries.

- Create Global (GDT)Y, Interrupt {1DT), and any Local (LDT) Descriptor Tables.

— Create Task State Segments and Task Gates for multi-task applications.

— Resolve inter-module and inter-level references, and perform type-checking.

— Automatically select required modules from libraries.

-- Configure the memory image into partitions in the address space.

— Selectively generate an object file and various sections of the print file.

Key Benefit:
Allows a system programmer to define the configuration of a protected system in one place, withone easy-to-

use Utility. This specification may then be adopted by all project members, using either the Builder or just the
Binder. The flexibility simplifies program development for all users. .

3-74 . AEN-003TBE
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iAPX 286 SIMULATOR

= Supports Symbolic Debugging of » Executes Full Instruction Set, Including
Complete, Protected 286 Systems. 80287 Numerics.

a Allows 286 Program Execution and = Symbolic Access to Program Variables as
Debugging in Absence of iAPX 286 weill as Descriptor Tables.

Hardware Execution Vehicle. = Two Execution Timers for Program

= Functionally Duplicates the Operation Benchmarking and Interrupt Simulation.
of the _iAPx 286 Microprocessor, = UDI File System Support for User
Including Memory Protection. Program. '

$5IM-286 is an 8086-resident program designed to support development of iAPX 286 O.S. kernels, systems, and
applications. All of these may be deveioped and debugged without the use of a 286 hardware exscution
vehicle.

The Simulator consists of a human interface layer, and software executors for the 80286 CPU and 80287
Numeric Data Processor. The human interface receives commands with symbelic names, and passes control
to the executor as though it were a 286-resident monitor,

S5IM-286 lets designers manipulate a 286 program using the symbolic names given for ¢code and data. It also
lets users symbelically examine and modify the protection features (such as systemtables, access rights, etc.),
if it is desired,

SiM-286 containg two instruction timers. One may be set and incremented during execution; this allows
program sequences to be benchmarked in clock cycles and microseconds. The second, an interval timer, may
be set to generate interrupts every 5 clock cycles, to simulate event-driven processing. These timers are
extremely useful for developing system kernels.

For programs that make operating system calls for file 1/0, $iM-286 provides access 10 these services through
the Universal Development (nterface.

Key Benefit:

Symbolic system debugging (for protected 286 software) may be performed in the absence of a 286-based
target.

SPECIFICATIONS iAPX 286 System Builder User's Guide
_ iAPX 286 Simulator User's Guide
OPERATING ENVIRONMENT : o Po:;:: F;;éerence for all the above:
Intal Microcomputer Davelopment Systems . Utilities
{Series Il:Saries V) : © SIM 286
DOCUMENTATION _
ASM 286 Language Reference Marual SUPPORT:
ASM 286 Macro Assembler Operating Hotline Talephone Support, Software Performance
Instructions Raport (SPR), Software Updates, Technical Reports,
IAPX 286 Utilities User's Guide and Monthly Technical Newsletters are available.

ORDERING INFORMATION

Product Code Description
iMDX-321 iAPX 206 Software Development Package

.75 AFH-003788
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= Systems programming language for n Produces relocatable object code
the protected virtual address mode which is linkabie to object modules
IAPX 286 generated by all other IAPX 286

» Upward compatible with PL/M 86 and language translators
PL/M 80 assuring software portability = Multiple levels of optimizatien

= Enhanced to support design of a Resident on Intel mlcrocomputer devel-
protected, multi-user, multi-tasking, opment systems (Series Ill, V)’
virtual memory operating system
software

= Advanced, structured system

implementation language for algorithm
development

PL/M 286 is a powerful, structured, high-leve! system implementation language for the development of system
software for the protecied virtual address mode iAPX 286. PL/M 286 has been enhanced to utilize iAPX 288
features—memory managemant and protection—for the implementation of multi-user, multl-tasklng virtual
memory operating systems. . .

PL/M 286 is upward compatible with PL/M 86 and PL/M 80. Existing systems software can be re-compiled with
PL/M 286 to execute in protected virtual address mode on the iAPX 286.

PL/M 286 is the high-level alternative to assembly language programming on the iAPX 286. For the majority of
iAPX 286 system programs, PL/M 286 provides the features needed to access and to control efficiently the un-
derlying iAPX 286 hardware and consequently it is the cost-effective approach to deveiop reliable, maintain-
able system software. . .

The PL/M 286 compiler has been designed to efficiently support all phases of software deveiopmeni. Features
such as a built-in syntax checker, multiple levets of optimization, virtual symbol table and four models of pro-
gram size and memory usage for efficient code generation provide the total program development support
needed.

MAY 1983
OHDEH NUMBER:210536-002
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FEATURES

Major features of the Intel PL/M 286 compiler and
programming language include:

Structured Programming

PL/M source code is developed in a series of mod-
ules, procedures, and blocks. Encouraging program
modularity in this manner makes programs more
readable, and easier to maintain and debug. The
language becomes more flexible by clearly defining
the scope of user variables {lecal to a private proce-
dure, for axample).

The use of modules and procedures to break down a
large problem leads to productive software develop-
ment. The PL/M 286 implementation of biock struc-
ture allows the use of REENTRANT procedures,
which are especially usefut in system design.

Language Compatibility

FL/M 286 object modules are compatibie with object
modules generated by all other 286 transiators. This
means that PL/M programs may be tinked to pro-
grams written in any other 286 language.

Object modules are compatible with In-Circuit
Emulators; DEBUG compiler control provides the in-
Circuit Emulators with full symbolic debugging
capabilities. '

PL/M 286 language is upward compatibie with PL/M
86 and PL/M 80 so that application programs may be
easily ported torun on the protected mode IAPX 286.

Supports Seven Data Types

PL/M makes use of seven data types for various
applicaticns. These data types range from one to
four bytes and facilitate various arithmetic, togic,
and addressing functions:

—Byte: 8-bit unsigned number

-Word: 16-bit unsigned number

—Dword: 32-bit unsigned number

—Integer: 18-bit signed number

—Real. 32-bit fleating-point number

—Pointer: 16-bit or 32-bit memory address
indicator

—Salector: 16-bit pointer base.

Ancther powerful facility allows the use of BASED
variables which permit run-time mapping of var-

iables to memory locations. This is especially useful
for passing parameters, relative and absclute
addressing, and dynamic memory allocation.

Two Data Structuring Facilities

in addition to the seven data types and bassad
variables, PL/M supports two powerful data structur-
ing facilities. These help the user to organize data
into logical groups.

——Array: Indexed tist of same type data elements

—Structure: Named collection of same or different
type data elements

—~Combinations of both: Arrays of structures or
structures of arrays.

Numerics Support

PL/M programs that use 32-bit REAL data are ex-
ecuted using the 80287 Numeric Data Processor for
high performance. Ali floating-point operations sup-
ported by PL/M are executed on the 80287 according
to the IEEE ficating-point standard, PL/M 288 pro-
grams can use built-in functions and predefined
procedures—INITSREALSMATHSUNIT,
SETSREALSMODE, GETSREALSERROR,
SAVESREALSSTATUS, RESTORESREALSSTATUS
—to control the operation of the 80287 within the
scope of the language.

Built-in String Handling Faclilities

The PL/M 286 language contains built-in functions
for string manipulation. These byte and word func-
tions perform the following operations on character
strings: MOVE, COMPARE, TRANSLATE, SEARCH,
SKIP, and SET.

Built-In Port /O

PL/M 286 directly supports input and output from the
iAPX 286 ports for single BYTE and WORD transfers.
For BLOCK transfers, PL/M 286 programs can make
calls to predsfined procedures.

Interrupt Handling

PL/M 286 has the facility for generating and handling
interrupts on the iAPX 286. A procedure may be
defined as an interrupt handler through use of
the INTERRUPT attribute. The compiler will
then generate code 1o save and restore the proces-
sor status on each execution of the user-defined

AFN-DDB43E
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interrupt handler routine. The PL/M statement
CAUSESINTERRUPT allows the user to trigger a soft-
ware interrupt from within the program.

Protection Model

PL/M 286 supports the implermentation of protected
opearating system software by providing built-in pro-
cedures and variables to access the protection
mechanism of the tAPX 286. Predefined variables—
TASKSREGISTER. LOCAL$TABLE, MACHINES
STATUS, etc.—allow direct access and modification
of the protection system. Untyped procedures and
functions—SAVESGLOBALSTABLE, RESTORES
GLOBALSTABLE, SAVESINTERRUPTSTABLE,
RESTORESINTERRUPTSTABLE, CLEARSTASKS
SWITCHEDS$FLAG, GET$ACCESSSRIGHTS, GET
SSEGMENTSLIMIT. SEGMENTEREADABILE,
SEGMENTSWRITABLE, ADJUSTERPL—provide all
the facilites needed to implementi efficient operating
system software.

Compiler Controls

The PL/M 286 compiler offers cantrols that facilitate
such features as

" —Optimization

—Conditional compilation

—The nclusion of addibonal PL/M source ftles
from disk

—(Cross-reference of symbols

—Qptional assembly language code in the
histing file

—The setting of overfiow conditions for run-time
handhing.

Addressing Control

The PL/M 286 compiler uses the SMALL, COMPACT,
MEDIUM, and LARGE controls to generate optimum
addressing nstructhions for programs. Programs
of any size can be easity modularized into
“subsystems” to exploit the most efficient memory
addressing schemes. This lowers total memory re-
quirements and improves run-time execution of
programs.

Code Optimization

The PL/M 286 compiler offers four fevels of optimiza-
tion for significantly reducing overall program size.

—Combination or “folding” of constant
expressions,; and short-circuwit evaluation of
Boolean expressions

—"Strength reductions”: a shift left rather than
multiply by 2; and elimination of common sub-
axpressions within the same block

—-—Machine code optimizations; elimination of
superfiucus branches; reuse of duplicate code;
removal of unreachable code

—Optimization of based-variable operaticns and
cross-statement icad/store.

Error Checking

The PL/M 286 compiler has a very powerful feature
to speed up compilations. If a syntax or program
error is detected. the compiler will skip the code
generation and optimization passes. This usually
yields a 2X performance increase for compifation of
programs with errors.

A fully detailed and helpful set of programming and
compilation error messages is provided by the com- -
piler and user's guide.

BENEFITS

PL/M 288 is designed to be an efficient, cost-
effective soiution to the special reguirements of
protected mode iAPX 286 Microsystem Software De-
velopment, as illustrated by the following benefits of
PL/M use:

Low Learning Effort

PL/M 286 is easy to learn and use, evan for the novice
programmer.

Earlier Project Completion

Cntical projects are completed much earlier than
otherwise possibie because PL/M 286, a structured
high-level language, increases programmar
productivity.

Lower Development Cost

Increases in programmer productivity translate im-
mediately into lower software development costs be-
cause less programraing resources are required fora
given programmed function

Increased Reliability

Pl/M 286 is designed to aid in the development of
reliable software (PL/M 286 programs are simple
statements of the program algorithm}. This substan-
tially reduces the risk of costly norrection of errors in

AFH-I06438

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



intel

PL/M 286 SOFTWARE PACKAGE

systems that have already reached full production
status, as the more simply stated the program is, the
more likely it is to perform its intended function.

Easier Enhancements and Maintenance

Programs written in PL/M tend to be seif-
documenting, thus easier to read ang understand.
This means it is easiar to enhance and maintain
PL/M programs as the system capabitities expand
and future products are developed.

Cost-Effective Alternative to
Assembly Language

PL/M 286 programs are code efficient. PL/M 286
combines all of the benefits of a high-level language
{ease of use, high productivity) with the ability to
access the iAPX 286 architecture. This includes lan-
guage featuras for control of the iAPX 288 protection
mechanism. Consequently, for the development of
systems software, PL/M 286 is the cost-effective al-
ternative to assembly language programming.

SPECIFICATIONS

Operating Environment

Intel Microcomputer Development System (Series
N:Series V)

Documentation Package

PL/M 286 User's Guide

ORDERING INFORMATION
Part Number Description
iMDX 323 PL/M 286 Software Package

Requires Software License

SUPPORT:

Hotline Telephene Support, Software Performance
Report (SPR}, Software Updates, Technicail Reports,
and Montbly Technical Newsletters are available.

AFN-O0E4 36
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iISDM™ 286
IAPX 286 SYSTEM DEBUG MONITOR

m Development support for iISBC® 286- m Universal Development interface (UDI)
and iAPX 286-based applications support via development system

m Real Address Mode (RAM) and Protect- connection
ed Virtual Address Mode (PVAM) suppott

B Support of MULTIBUS® | and MULTIBUS® & Command execution, including pro-
Il environments gram load capability from Intellec® Series

m Powerful debugging commands, I or Series IV Development Systems

including single step CPU operation

m For MULTIBUS? Il, software configuration H Supports B0287 Numerlc Processor
of system boards at start-up and auto- Extension (NPX) for high-speed math
matic configuration of memaory boards applications

The Intel iISDM™ 236 System Debug Monitor package contains the necessary software, cables, EPROMs, and
documentation required to interface an iISBC® 286 board or iAPX 286 application to an intellec® Series I or Series
1V through a high-speed link. The Systern Debug Monitor supports an OEM’s chwice of MULTIBUS® 1 or MULTIBUS
il environments, and the iIRMX™ 86 Real-Time Multitasking Operating System or a custom operating system.
The monitor contains debugging toois that examine CPU registers, memory content, CPU descriptor tables, and
other crucial envircnmental details. The Monitor also allows programs to access files on the development sys-
tem via the internal UDF support and the serial communication fink.

The foliowing are trademarks of lrtel Corperation and may be used only to descrbe Inted products: Inhel ICE, iIMMX, iRMX, iSBC, ISBX, iSXM, MULTIBUS,
MULTICHANKEL and MULTIMODULE. [rbel Corporation assumes no responsibifity for the use of any “circuitry ather than circlutry ambodied in an
;nte| plurod;.mt No other circuit patent ficenses are impilied. [nformation contatned herein supercedes previeusly published specificatons on these devices
rom Intef.

© INTEL CORPORATION, 1984 SEPTEMEER, 1984
3-80 CROER NUMBER: 220882002
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iSDM™286 MONITOR

PRELIMINARY

FUNCTIONAL DESCRIPTION

Overview

The iSDM 286 System Debug Monitor provides
programmers of iIAPX 286-based applications with the
debugging fools needed to test new applications rang-
ing from single-user systems to complex operating
systems executing in either a MULTIBUS | or MUL-
TiBUS 1l environment. Programmers are given direct
access to both the Real Address (RAM) and Protect-
ed Virtual Address (PYAM) modes of the CPU via a
simple terminal interface or via an Intellec Saries Ik
or Series |V Development System.

Powerful Debugging Commands

The iSDM 286 Monitor contains a powerful set of user
functions, including cemmands to:

Examine and modify CPU registers

Examine, modify, and move memory locations
Symbolic reference to variable names

Find and compare memaory contents

Set program breakpaints

Bootstrap load application software from iRMX 86
fiie compatible peripherals (requires the iIRMX 86
Operating System for Bootstrap Loader)

Single-step CPU operation

Switch from Real Address Mode to Protected Vir-
tuai Address Mode

Formatted Displays

The iSDM 286 Monitor formats all iAPX 286 prede-
fined data structures into clearly understandable dis-
plays. This display gives programmers a formatted
view of such CPU structures as LDTs, GDTs, IDTs,
Segment Selectors, and Task State Segments—not
just a series of unconnected digits,

Universal Development Interface (UDI)

Via the Universai Development Interface (UDI), the
iISDM 286 Monitor can support the execution of iIRMX
86, Series |Il, Series IV, or any cther UDI-based ap-
plications. The Monitor emulates many of the UDI
calls (RAM or PVAMY}, and passes all requests for a
file system to the host development system. UDI ap-
plications, such as compilers and other programs

available from Independent Software Vendors, can .

be tested in the target IAPX 286 environment im-
mediately. ’

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

MULTIBUS® Il Software
Configuration of System Boards

The MULTIBUS Il Interconnect Space Registers al-
low the software o configure boards, eliminating
much of the need for jumpers and wire wraps. The
iSDM 286 Monitor can initialize these registers at con-
figuration time using user-defined variables. The Mo-
nitor ¢an also automatically configurs memory boards,
defining the addresses for each board sequentially
in relation to the board’s physical placement in the
card cage. This feature allows for the swapping, ad-
ding, and deleting of memory boards en a dynamic
basis.

Command Execution

Commands to the iSOM 286 Monitor are entered
interactively via a standalone terminal, an Intellec®
Series lil or a Series IV Development System. The
target application hardware is connected to the terminal
or development system via a serial link. Figure 1
shows a typical MULTIBUS | environment and Figure
2 shows a typical MULTIBUS Il environment. All con-
trol operations and UDI file manipulations occur over
the serial link through the cables supplied. Mora than
onheg channel can be configured for the communica-
tion since the Monitor scans all configured channels
to determine which channel is in use,

Numeric Data Processor Support

In addition to executing 80287 Numeric Processor Ex-
tension (NPX) appiications with full NPX performance,
programmers may examine and modify NPX registers
using decimal and real number format. Any tocation
in memory known to contain numeric values in stan-
dard real format (IEEE-P754) may be examined or
modified using normal decimat notation. In this man-
ner, programmers may fest confident that correct and
meaningful numbers are available to applications
without having to encode and decode complex real,
integer, and BCD hexadecimal formats.

3-31 230882-002
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ISDM ™ 286

MONITOR PROMS SERIAL /G

PORT

% 1SBC 28610

INTELLEC SERIES I
DEVELOPMENT STATION

OPTIONAL
VIDEO TERMINAL

Figure 1. Typical MULTIBUS® | Environment

SERIAL /O
PORT

APPROPRIATE
I1SBC* BOARD

INTELLEC* SERIES IV
DEVELOPMENT SYSTEM RS232
CABLE

OPTIONAL N
VIDEO TERMINAL

Figure 2. Typical MULTIBUS® )l Environment

3-82 230852-002
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iSDM™286 MONITOR

PRELIMINARY

SPECIFICATIONS

Development System Environment

Intellec Series Il or Series IV Development System
with 128K of memary and 1 disk drive.

Target System Environment

Any iAPX 286 system with at least 4K of read-write
memory starting at location OH and 32K of read-only
memory starting at location OFF8000H.

Serial communication with a stand-alene terminal or
develepment system requires either a 8274 USART
and B253 ar 8254 PIT, or an 82530 SCC.

Monitor EPROMS ara supplied for locations OFF8000H
through OFFFFFFH.

ORDERING INFORMATION

The iSDM 286 System Debug Monitor package in-
cludes cables, EPROMs, software, and a reference

3-83
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manual. The software is provided on a double-density,
single-sided |SIS-formatted 8% diskette for Series Il
Development System use and on a double-density,
double-sided iRMX-formatted 514" diskette for Ser-
ies IV Development System use.

The OEM license option listed herg allows users to
incorporate iISDM 286 inte their applications. Each
use requires payment of an Incorporation Fee.

ORDER CODE: iSDM 288 RO,

The iSOM 286 RO product also includes 90 days of
suppert services that includes the Software Problem
Report service.

Another licensing option includes prepayment of aii
future incorporation fees.

As with all Inte) software, purchase of any of these
options requires the execution of a standard intel
Master Software license. The specific rights granted
to users depends on the specific option and the
license signed.

230882002
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80287 SUPPORT LIBRARY

m Library to support floating a Common elementary function library
point arithmetic in Pascal-286, provides trigonometric, logarithmic
PL/M-286 and ASM-286 and other useful functions

m Decimal conversion module m Error-handler module simplifies
supports binary-decimal floating point error recovery
conversions

" Supports .prdposed JEEE Floating
Point Standard for high accuracy
and software portability

The 80287 Support Library provides Pascal-286, PL/M-286 and ASM-286 users with humeric data processing
capability, With the Library, it is easy for programs to do floating point arithmetic. Programs can bind in library
modules to do trigonometric, logarithmic and other numeric functions, and the user is guaranteed accurate,
retiable resulis for all appropriate inputs. Figure 1 below illustrates how the 80287 Support Library can be
bound with PL/M-286 and ASM-286 user code to do this. The 80287 Support Library supports the proposed
IEEE Floating Point Standard. Consequentty, by using this Library, the user not only saves software develop-
ment time, but is guaranteed that the numeric software meets industry standards and ts ponable--the
software investment is maintained.

Tne 80287 Support Library consists of the common elementary function library (CEL287.LIB), the decimat
conversion library (DC287.LIB), the error handler module (EH287.L1B} and interface libraries (80287 LIB,
NUL287.LIB).

l BFLM
A PLM

'NIUMN L qusﬂlzﬂ 'HETAI PEA. EWSEARAL

ENDEI LME-'H E OBJ

LRECLAP [T WAL LE CAJ7H Y WAL NEAL,

IMFUT YALJE ~ 062 ¢ Takl sdlu? 7 F LM‘aﬁs L A w -

QA FLY YALUE 3 moer HRIRFIT YALLEY

a ;sn'“;l:g?‘! 2251 Apal OLTFUT YALUE o2 220.1

- ' COMPILED
SOURCE MODULES
- .
| D ASM
C ASM ' | pos
5 BIND- - USER LNK
-3 CATEN rus] apomar iemdn & al SECREN! ERLS
B e P ASM-2886 coss L
IR AL AN et 2 Tk LINKED USER
ouRUT v DG OBJECT MODULE
[ — ASSEMBLED
gl s i e LG e SOURCE MODULES
FL IMAJT WALLE w0ad e Temara 1tio Se BIRT
wa Iy
v vyt i,

I'%YI ( wPIj[\laI R I;u |hg -y
\Faﬂ Isll::lﬁi:lelltlﬁ LASTEUT wALLE & no 3ol 80257 L|a

BU287 SUPPORT
LIBRARY

Figure 1. Use of 80287 Support Library with PL/M-286 and ASM-286.

ntel ey P fcr the Use cr Any Circuitry Other Than Gleculiry Embocrad in an intal Froduct. No Oliner Clrcull Pataml Licanses are implied
infmmatlon Contamad Herem 8 I had § al These Bewvices from Intel 54
2INTEL CORPORATION, 1984 MARCH 191
ORDER NUMBER: Z31041-001
3-84
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8027 SUPPORT LIBRARY

CEL287.LIB
THE COMMON ELEMENTARY FUNCTION LIBRARY

FUNCTIONS

CEL287.LI8 contains commonly used floating point
functions. It is used along with the 80287 numeric
coprocessor. It provides a complete package of
elementary functions, giving valid results for all
appropriate inputs. Following is a summary of CEL287
functions, grouped by functionality.

Rounding and Truncation Functions:

maerlEX, mgerlE2, and mgerlE4. Round a real
number to the nearest integer; to the
even integer if there is a tie. The answer
returnad is real, & 16-bit integer or a 32-bit
integer respeactively.

maerlAX, maqerlA2, mgerlA4. Round a real number
to the nearest integer, to the integer away
from zero if there is a tie; the answer
returned is real, a 16-bit integer or a 32-bit
integer, respectivaly.

mqerlCX, mgerlC2, mqeriC4. Truncate the frac-
tional part of a real input; the answer is
real, a 16-bit integer or 32-bit integer,
respectively.

Logarithmic and Exponential Functions:
mqerLGD  computes decimal (base 10} logarithms.

mqerl.GE computes natural (base e) logarithms.
mqerEXP computes exponentials to the base e.

mgerY2X computes exponentials to any base.
mgerY12 raises an input real to a 16-bit integer
power.

is as mgerY12, except to a 32-bit integer
power.

is as mqerY12, but it accommodates
PLMM-286 users.

mqerYi4

mqgerYIlS

Triganometric and Hyperbolic Functions:

mqerSIN, magerCOS, mgerTAN compute sine,
cosine, and tangent.

myerASN, mgerACS, mgerATN compute the cor-
responding inverse functions.

maerSNH, mgerCSH, maerTNH compute the cor-
respoending hyperbolic functions.

maerATZ is & special version of the arc tangent
funetion that accepts rectangular coor-
dinate inputs,

Other Functions:

maetDIM  is FORTRAN's positive difference
' function.

maerMAX returns the maximur of two real inputs.

maerMIN  returns the minimum of two real inputs,

maerSGH combines the sign of one input with the

- magnitude of the other input.

mgerMOD computes a modulus, retaining the sign
of the dividend.

mqaerRMD computes a modulus, giving the vaiue
closest to zero.

DC287.LIB
THE DECIMAL CONVERSION LIBRARY

DC287.LIB is a library of procedures which convert
binary representatiors of floating point numbers ang
ASCll-encoded string of digits.

The binary-to-decimal procedure mgcBIN__DECLOW
accepis a binary number in any of the formats used
for the representation of floating point numbers in the
80287. Because there are so many output formats
for floating point numbers, mgceBIN__DECLOW does
not atiempt to provide a finished, formatted text string.
Instead, it provides the “building blocks™ for you to
use to construct the output string which meets your
exact format specification.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

The decimal-to-binary procedure mqcDEC _BIN
accepts a text string which consists of 2 decimai
number with optional sign, decimal point, and/or
power-of-ten exponent. It translates the string into the
caller's choice of binary formats.

Decimal-to-binary procedure mgcCECLOW__BIN is
provided for callers who have already broken the
decimal number into its constituent parts.

The procedures macLONG__ TEMP, mgeSHORT_
TEMP, mqcTEMP__LONG, and mqcTEMP_SHORT
convert floating point numbers between the longest
binary format, TEMP__REAL, and the shorter formats.

2310411
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80287 SUPPORT LIBRARY

EH287.LIB
THE ERROR HANDLER MODULE

EH287.LIB is a library of five utility procedures for
writing trap handlers. Trap handlers are called when
an unmasked 80287 error occurs.

The 80287 error reporting mechanism can be used
not only ta report error conditions, but also to let soft-
ware implement IEEE standard options not directly
supported by the chip. The three such extensions to
the 80287 are: normalizing mode, non-trapping not-
a-number (NaN), and non-ordered comparison. The
utility procedures support these extra features.

DECODE is called near the beginning of the trap
handler. it preserves the complete state of the 80287,
and alsc identifies what function called the trap
handler, and returns available arguments andfor
results. DECODE eliminates much of the effort
needed to determine what error caused the trap
handler to be called.

NORMAL provides the ““normalizing mode’” capability
for handling the D" exception. By calling NCRMAL

in your trap handler, you sliminate the need to write
code in your application program which tests for non-
normal inputs.

SIEVE provides two capabilities for handling the 1"
exception. It implaments nen-trapping NaN's and non-
ordered comparisons. These two IEEE standard
features are useful for diagnostic worl.

ENCODE is called near the end of the trap handler.
It restores the state of the 80287 saved by DECODE,
and performs a choice of conciuding actions, by either
retrying the offending function or returning a specified
result.

FILTER calis gach of the above four procedures. If
your error handler does nothing more than detect fatal
errors and implement the features supported by
SIEVE and NORMAL, then your interface to
EH287 LIB can be accomptished with a single call to
FILTER.

80287.LI1B, NUL287.LIB
INTERFACE LIBRARIES

80287.LiB and NUL287.LIB libraries configure a
user's application program for his run-time anviron-

ment; running with the 80287 component or without.
floating point arithmetic, respectively.

SPECIFICATIONS
Operating Environment

Intel Microcomputer Development Systems (Series
I, Series V) i

Documentation Package

80287 Support Library Reference Manual

Related Software

A 80287 software emulator is available as part of the
8086 software toolbox (iIMDX364)

ORDERING INFORMATION
Part Number Description

iMDX329
Requires Software license

80287 Support Library

SUPPORT

Intel offers several levels of support for this product
which are explained in detail in the price list. Please

consult the price list for a description of the support
options available.

3-86 23104101
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PASCAL-286 SOFTWARE PACKAGE

= High-level programming language for . = Produces relocatable object code
the protected virtual mode IAPX 286 which is linkable to object modules
m Implements ISO standard Pascal. Many tgenemed by other iAPX 286
useful extensions may be enabled via fanslators
a compller switch B Supporis full symbolic debugging with
& Upward compatible with Pascal-86 for IAPX 286 software and ICE™ debuggers
software portabllity m Fully supports the 80287 numeric proc-
essor using the IEEE floating point
standard

Pascal-266 is a powerful, structured, applications programming language for the protected virtual address mode
of the iAPX 2B6. Pascal-286 is upward compatible with Pascal-86 so that 8086 Pascal source code can be
ported to the iAPX 286 in protected mode. :

Pascal-286 implements strict 150 standard Pascal, but with many usefu! extensions. These include separate
compilation of modules, interrupt handling, port /0, and 80287 numerics support, A control is provided in the
gompiler to flag all non-1SO features used.

Pascal-286 produces relocatable object code which can be linked with cbject code produced by other iAPX
286 transiators such as ASM-286 and PL/M-286. Thus, a combination of translators can be used to provide
great programming flexibiity.

Type and symbol information needed by software and in-circuit debuggers is added to the cbject code by the
Pascal-286 compiier. This information can be stripped off by the compiler or linker for the final production version.

Intel Corporation Assumes No Responsibility for the use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. Mo Other Patent Licenses
arg mplied SINTEL CORPORATION, 1982, Note: Tho developmant system pictured hara s not incleded in the Pascal-285 software package,
but merely depicts the fanguage In Its cperating emvircriment

@Intel Corparation, 1983 NOVEMBER 1983
3-87 ORDER NUMBER: 230863-001
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PASCAL-286 SOFTWARE PACKAGE

FEATURES
Conforms to 1SO Standard Pascal

Pascal has gained wide acceptance as a portable
language for microcomputer applications. However,
portability can result only if standards are adhered to.
Pascai-286 is a strict implemantation of ISO standard
Pascal. Extensions are provided to make the language
more powerful for microprocessor applications. All ex-
tensions are ¢learly highlightad in the documentation.
In addition, the compiler provides a cantrat to flag any
non IS0 feature used. Pascal-286 will evolve to track
future enhancements to standard Pascal.

Upward Compatible with Pascal-86

The Pascal-286 compiler produces objact code for the
protected virtual address mode of the iAPX 286
language. However, no 286 architecture specific
features have been added to the Pascal-286 language.
This makes Pascal-286 source code upward compat-
ible with Pascal-86, which allows for porting of 8086
software to the protected 286 with relative ease.

Compatible With Other iAPX 286
Translators

All Intel IAPX 286 transiators output object code in a
standardized format. This allows 286 programs tc be
written in a mixture of languages. Systems routines
which need access to architectural features can be
coded in PL/M-286 or ASM-286. Pascal-286 may be
better suited for the applications routines. The systems

and application routines can then be combined using.

the 286 linker (BIND-286).
Standardized Run Time Support

Programs compiled with Pascal-286 can be moved
frem the development host envisonment fo the target
envirenment with ease. This is the result of standard-
izing rur-time operating system interfaces required by
the compiled program into a wel! defined and well
documented set of routines. After programs are
developed on a development host, they can then be
executed in the target using the same set of system
-interfaces. .

3-88

Extensions for Microprocessor
Programming

Pascal-286 provides extensions that make it power-
ful for microprocessor applications. Built-in procedures
allow I/O directly from the ports of the iAPX 286. This
speads up YO as it is done by direct communication
with the microprocessor. Interrupt processing is also
supported by built in procedures. Examples are:
ENABLEINTERRUPTS, DISABLEINTERRUPTS,
CAUSEINTERRUPT. Many built in procedures and
variables are provided for communicating with the
80287 for numeric computations.

Compiler Controls

The Pascal-288 compiler provides many controls
which can be usad at invocation time to enhance pro-
gramming flexibility. Examples are: CODE/NOCQDE,
DEBUG/NOCDEBUG, INCLUDE (file), LIST/NOLIST,
OPTIMIZE (n), EXTENSIONS/NOEXTENSIONS. Ail
controls have default values that are active unless the
opposite is specified during invocation. Thus, for most
compiles, ne controls need be specifiad.

Support for IEEE Standard Numerics

Pascal-288 provides full support for the 80287
numarics co-processor. All floating point operations
are done accerding to the IEEE floating point stand-
ard. The benefits are predictable, accurate and con-
sistent results. Built-in procedures to support the
80287 include GETS087ERRORS and MASK
8087ERRORS. A full set of 80287 library routines are
supplied with the compiter.

Optimizations

" The Pascal-286 compiler produces highly aptimized

code, hoth in size and execution time. This is achieved

by: :

—Use of powerful IAPX 286 instructions, in particular,
for string handling, 80287 numerics and subrouting
linkage °,

—Short circuit evaluation of boolean expressions, con-
stant folding and strength reduction of multlpiica-
tions ang additions -

—Elirmination of superfiucus branches, optimization
of span dependent jumps

AFN-230863
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SPECIFICATIONS

Operating Environment Documentation Package
Intel 8086 based microcomputer Pascal-286 User's Guide
Development systems {Series I, Series V) Pascal-286 Pocket Refersnce

ORDERING INFORMATION
Part Number Description

iMDX-324 Pascal-286 Software Package

Requires Software License

Support

Hotline service, SPR (Softwars Performance Reports),
Updates and technical newsletters are available.

3-89 AFN-230863
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VAX*/VMS* RESIDENT SOFTWARE DEVELOPMENT
PACKAGES FOR {APX 286

m Hosted on DEC VAX* Minicomputer a Packages include PL/M-286, BUILD-286,
Under the VMS™* Operating System BIND-286, LIB-286 and MAP-286

® Allows Development of System and Ap- & Compatible with Corresponding intel
plication Software for the Protected Vir- Development System Resident Products
tua! Address Mode of the iAPX-286

These packages provide the capability of developing software on a VAX*/VMS* host for the IAPX-286 in pro-
tected virtual address mode. With these packages a user can assemble and compile 286 programs, configure
system and application softiware and create and manage 286 object libraries. Figure 1 illustrates the process
of 288 software development on VAX*/VMS™ hosts.

Two packages are avaitable:
1. A PL/M-286 package which contains the PLIM-286 compiler and run time support libraries.

2. An ASM-286 package which contains the IAPX-286 Assembler (ASM-286) and programming utilities,
. Thase utilities include the iIAPX-286 System Builder (BL.D-286}, the System Binder (BND-286), a Library
Utility (LIB-286) and an Object Map Utility (MAP-286).,

These packages are compatible with correspondmg products which are hosted on Intel development systems.
Correspondence can be established via version numbers. For example, BND-286 V2.0 offers the same set
of features on VAX/VMS and Intel development systems.

Owing ta this compatibility, IAPX-286 software developed on VAX/VMS can be linked to IAPX-286 software
from development systems. Moreover, iIAPX-286 programs developed on the VAX can then be downloaded
to development systems and debugged using 286 debuggers like the | %|CE™.286 system.

asmzss N .
PROGRAMS '\ OPERATING SYSTEM 8
SOFTWARE =] DOWNLOAD
=]
§ & DEVELOP
PLfM-286 o = VELOPMENT
PROGRAMS | & o SYSTEM OR
Z @ PROTECTED MULTI-TASK TARGET SYSTEM
@ -1 SYSTEM FOR EXECUTION
2 S OR DEBUGGING
pascaLzes | X z
PROGRAMS 4 L <
FORTRAN-286 : G
PROGRAMS 1 b7
APPLICATION SOFTWARE
Figure 1: 286 Software Development on VAX*/VYMS*
WAK, WMS are tragd ks of Digital Fq t Corperanen tourtently Avalable on Inlel Davelapment Systoms Only
Intel Corp 1A Mo Resp bility for the lise of Any Cirowitry Other Than Circurtry Embodied in an Intel Product Mo Other Ciraul Patent Ligensas are imphad
Infovmaben Conlained Harsn Sup das F y + Hpac of These Devices irom Intet
:INTEL CORPORATION, 1984 MARCH foRa

ORDER NUMBER: 231035-007
3-90
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VAX*/VMS* RESIDENT SOFTWARE DEVELOPMENT PACKAGES

VAX*/VMS* RESIDENT PL/M-286

& Systems Programming Language for
the protected virtual address mode
iAPX-286

» Enhanced to support design of
protected, multi-user, multi-tasking,
virtual memory operating system
software

®m Provides multiple levels of optimization
to produce efficient code

m Produces relocatable ohject code

linkable to object modules generated
by other Intel 286 language translators

m Upward compatible with PL/M-86 and

PL/M-B0 to allow software portability

m Compatible with development system

resident PL/M-286

PE/M-286 15 a powerful, structured, high-level system implementation language for the development of system
software for the protecied virtual address mode iAPX-286, PL/M-286 has been enchanced to utilize IAPX-286
features--memory managernent and protection--for the implementation of multi-user, multi-tasking virtual memory

operating systems.

PL/M-286 is upward compatible with PL/M-86 and PL/M-80. Existing systems software can be re- compﬂed
with PL/IM-286 to execute in protected virtual address mode on the 1APX-286.

PL/M-286 is the hlgh—levei alternative to assembly language programming on the iAPX-286. For the majority
of 1IAPX-286 system programs, PL/M-2B6 provides the features needed to access and to control efficiently
the underlying 1APX-286 hardware, and conseguently it is the cost-effective approach to develop reliable. main-

tainable system software.

The PL/M-286 compiler has been designed to efficiently support all phases of software development. Features
such as buifi-in syntax checker, multipie levels of optimization, virtual symbol table and four models of pro-
gram size and memory usage for efficient code generation provide the total program development support
needed. The compiler also provides complete symbolic debug capability to the various 286 debuggers and

amulators

VAXIVMS resident PL/M-286 15 completely feature compatible with development system resident PL/M-286

with the sama version number,
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II'Itel VAX*/VMS* RESIDENT SOFTWARE DEVELOPMENT PACKAGES

VAX*/VMS* RESIDENT iAPX-286 MACRO ASSEMBLER

m Supports full Instruction Set of the m Powerfu! and flexible Text Macro
iAPX-286 including memory protection facility
‘and numetics (with 80287)

® Structures and RECORDS provide 8 Upward compatible with
powerful data representation ASM-86/88/186

m Type checking at assembly time m Compatible with development
helps reduce errors at run-time system resident iAPX-286 Macro

Assembler

ASM-286 is the "'high-level” macrc assembler for the iAPX-286 assembly language. ASM-286 translates
symbaolic assembly language mnemonics into relocatable object code. The assembler mnemanics are a superset
of ASM-86/88 mnemonics; new ones have also been added to support the new IAPX-286 instructions. The
segmentation directives have been greatly simplified.

The IAPX-286 assembly language includes approximately 150 instruction mnemonics. From these few
mremonics the assembler can generate over 4,000 distinct machine instructions. Therefore, the software
development task is simplifiad, as the programmer need know only 150 mnemonics to generate all possible
maching instructions. ASM-286 generates the shortest machine instruction possible (given explicit infarma-
tion as to the characteristics of any forward referenced symbols).

The powerful macro facility in ASM-286 saves development and maintenance time by coding common pro-
gram sequences only once. A macro substitution is made each time the sequence is to be used. This facility
also allows for conditional assembly of certain program sequences. '

ASM-286 offers many features normally found only in high-tevel languages. The assembtiy ianguage is streng-
ly typed, which means it performs extensive checks on the usage of variables and labels. This means that
many programring errors will be detected when the program is assembled, long befare it is being debugged.

ASM-286 object modules conform to a thorough, well-defined format used by 286 high-leve! languages and
utilities. This makes it easy to call {and be called from) HLL object moduies.

ASM-286 also provides support for the 80287 numerics co-processor. The complete instruction set of the 80287
is available through high-level mnemonics.

VAX/VME resident ASM-286 is completely feature compatible with development system resident ASM-286
with the same version number.

392 - 231038-001
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Intd VAX*/VMS* RESIDENT SOFTWARE DEVELOPMENT PACKAGES

VAX*/VMS* RESIDENT iAPX-286 SYSTEM BUILDER

a A tool for configuring multi-tasking m Target system may be bootloadable,
protected, virtual memory systems programmed into ROM or loaded from
software for the iAPX-286 mass storage

B Links separately complled modules. B Generates print tile with command
Resolves EXTERNAL/PUBLIC listing and system map
definitions

m Creates a memory Image of a 286 m Compatible with development
system for cold start execution system resident iAPX-286 System

Builder

BLD-285 is the iAPX-286 System Builder. It allows systems programmaers to configure multi-tasking and memory
protected iAPX-286 software. The configuration is specified by the user in a "'Build file” using a symbolic
meta-language. BLD-286 thus provides the programmer a high-level symbolic interface to the multi-tasking
and memory protection features of the tAPX-286 architecture.

BLD-286 accepts as inputs object modutes from the IAPX-286 translators, the iAPX-286 Binder and itself (for
incremental building). Using the programmer’s specifications in the Build File, it produces a bootloadable or
loadable module as well as a print file with a map of the configured module.

Using the builders command language, system programmers may perform the following functions:

-— Assign physical addresses to segments; also set segment access rights and limits.

— Create Call, Trap, and Interrupt "“Gates™ (entry-points) for inter-level program transfers.

— Make gates available to tasks; this is an easier way to define program interfaces than usmg interface libraries.
— Create Global (GDT), Interrupt (IDT), and any Local {LDT) Descriptor Tables.

— Create Task State Segments and Task Gates for muiti-tasking applications.

— Resoive inter-module and inter-level raterences, and perfarm type-checking.

— Automatically gelect required modules from libraries.

— Configure the memory image into partitions in the address space.

— Selectively generate an object file and varipus sections of the print file.

VAX/VMS BLD-286 is completely feature compatible with development system resident BLD-286 with the same
version number.

3-93 231038-001
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VAX*/VMS* RESIDENT iAPX-286 BINDER

m Links separately compiled program m Resolves PUBLIC/EXTERNAL code
modules into an executable task and data references, and performs
intermodule type-checking
m Makes the IAPX.286 protection m Provides print file showing
mechanism invisible to application segment map, errors and warnings
programmers
& Assigns virtual addresses to tasks m Generates linkable or loadable
module for debugging
& Performs incremental linking with » Compatible with development
output of Binder and Builder system resident |APX-286 Binder-

END-286 is a utility that combines iAPX-286 object modules into executable tasks. In creating a task, the Binder
resalves Public and External symbol references, combines segments, and performs address for-ups on sym-
bolic code and data.

The Binder takes object modules, produced by the 286 translators, and generates a loadabie module (for ex-
ecution or debugging}, or a linkable module {to be re-input to the Binder later; this is called incremental bind-
ing). The binder accepts library modules as weli, linking only those modules required to resolve external
references. BND-286 generates a print file disptaying a segment map, and error messages.

The Binder is useful for system as well as application programmers. Since application programmers need
to develop software independent of any system architecture, the 286 memory protection mechanism is
“hidden’’ from users of the Binder. This allows application tasks to be fully debugged before becoming part
of a protected system. (A protected system may be debugged, as well.} System protection features are specified
. later in the development cycle, using the 286 Systemn Builder. It is possible to link operating system sarvices
required by a task using either the Binder or the Builder. This fiexibility adds 10 the ease of use of the 286 utilities.

VAX/VMS resident BND-286 is compietely feature compatible with development system resident BND-286
with the same version number.

VAX*/VMS* RESIDENT iAPX-286 LIBRARIAN

m Allows creation and management of m Only required modules linked in when

IAPX-286 object libraries using Binder or Builder

a Library functions include Create, Delete, m Compatible with development system
Add, Replace, Copy, Save, Backup resident iAPX.286 Librarian
and Display

LIB-286 is the iAPX-286 Librarian. It can be used to create and manage IAPX-286 Object Libraries. By placing
often used object madules into libraries, the administrative overhead of managing software modutes can be
reduced.

VAXIVMS based LIB-286 is complately feature compatible with development system resident LIB-286 with
the same version number,
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- VAX*/VMS* RESIDENT iAPX-286 MAPPER

m Flexible Utility to display object file

information in symbolic form

m Compatible with development system
resident iAPX-286 Mapper

MAP-288 1s a cross reference ulilily for IAPX-286 object modules It provides a symbolic hsting of the
EXTERNAL and PUBLIC symbals in the specified object modules

VAXIVMS resident MAP-286 s completely feature compabible with development system resident MAP-286

with the same version number,

SPECIFICATIONS
Operating Environment

DEC VAX* 11/780 or compatible mode! running
VMS™ operating system V3.4 {or upward com-
patible versions)

Documentation

Installanon guids and user's manuais for the soft-
ware are supplied with the products

SUPPORT

Hotling Telephone Support, Software, Per-
formance Report {SPR) Software Updates,
Technical Reports and Monthly Newsletters
are available.

ORDERING INFORMATION

Product Code Description

IMDX-371VX ASM-286, BLD-2B6,
BNC-286, LIB-286, MAP-286

iMDX-373VX PL/M-286

*VAX /VMS are trademarks of Digital Equipment Corporation
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.\ - VAX*/VMS* RESIDENT

intal
iAPX-86/88/186

SOFTWARE DEVELOPMENT PACKAGES

» Executes on DEC VAX* Minicomputer = Packages Include Pascal-86; PL/M-86;
under VMS* Operating System to ' ASM-86; Link and Relocation Utilitles;
translate PL/M-86, Pascal-86 and OH-86 Absolute Object Madule to
ASM-86 Programs for [APX-86, 88 Hexadecimal Format Converter; and
and 186 Microprocessors. ' Library Manager Program.

* Output linkable with Code Generated
on Intellec® Development Systems.

The VAX/VMS Resident Software Development Packages contain software developrment tools for the iAPX-88,
88, and 186 microprocessors. The package lets the user develop, compile, maintain libraries, and iink and
locate programs on a VAX running the VMS operating system. The translator output is object module compati-
blawith programs transiated by the corresponding version of the translator on an Intellec Development System.

Three packages are available:

1 An ASM-86 Assembler Package which includes the Assembler, the Link Utility, the Locate Utility,
the absolute object to hexadecimal format conversion utility and the Library Manager Program.

2. A PL/M-86 Compiler Package which contains the PL/M-86 Comptler and Runtime Support Libraries.
3. A Pascal-86 Compiler Package which contains the Pascal-86 Compiler and Buntime Support Libraries.
The VAX/VMS resident development packages and the Inteliec Development System development packages
are built from the same technology base. Therefore, the VAX/VMS resident development packages and the
Intellec Development System development packages are very similar.
Yersion numbers can be used toc identify features correspondence. The VAX/VMS resident development
packages wilt have the same features as the Inteltec Development System product with the same version
number
Support for the IAPX-186 processor will be provided as an update to the IAPX-86, 88 software.
The object modules produced by the translators contain symbol and type information for programming

debugging using ICE™ transiators and/or the PSCOPE debugger. For final production verston, the compiler
can remove this extra information and code

“WAX DEC ard YMS are lravemarks Sf Dl £yuipnient Sorporinan

Intal Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Cirguitry Embodied in an Intsl Product. No Cther
Circuit Patent Licenses are |mplied. Information Contained Herein Supercedes Previcusly Published Specifications of These Devices
from Intel. JUNE 1984
@INTEL CORPORATION, 1983 3-96 CRDER NUMBER: 210643-002
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VAX*/VMS* RESIDENT

VAX*-PL/M-86/88/186 SOFTWARE PACKAGE

= Executes on VAX* Minicomputer Under
the VMS* Operating System

= Supports 16-Bit Signed Integer and
32-Bit Floating Point Arithmetic in
Accordance with IEEE Proposed
Standard

s Easy-To-Learn Block-Structured
Language Encourages Program
Modularity

= Produces Relocatable Object Code

s Code Optimization Assures Efficient
Code Generation and Minimum
Application Memory Utillzation

s Built-In Syntax Checker Doubles
Pertormance for Compiling Programs
Containing Errors

= Source Input/Object Qutput Compatible
with PL/M-86 Hasted on an Intellec®
Development System

» |{CE™, PSCOPE Symbolic Debugging

Which is Linkable to All Other Intel 8086
Object Modules, Generated on Either a
VAX* or Intellec® Development Systems

Fully Supported

Like s counterpart for MCS%-80/85 program development, and intellec® hosted iAPX-86 program develop-
ment, VAX-PL/M-86 rs an advanced, structured high-level programming language The VAX-PL/M-86
compiler was created specifically for performing software development for the Intel iAPX-86, 88, and 186
Microprocessors

PL/M is a powerful, structured. high-level system implementation language in which program statements can
naturally express the program algorithm. This frees the programmer to concentrate on the logic of ithe
program without concern for burdensome details of machine or assembly language programming (such as
register allocation, meanings of assembler mnemonics, etc.).

The VAX-PL/M-B6 compiler efficiently converts free-form PL/M language statements into eguivalent
iAPX-86/88/186 machine instructions. Substantially fewer PL/M statements are necessary for a given appli-
cation than if it were programmed at the assembly language or machine code level,

The use of PL/M high-tevet language for system programming, instead of assembly language, results in a high

degree of engineering productivity during project development. This translates into significant reductions in
initial software development and follow-on maintenance costs for the user.

*wax DEC aqd YME arz tratermarks of Digital Equipmen: Carporatian
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VAX*-PASCAL-86/88 SOFTWARE PACKAGE

» Executes.on VAX* Minicomputer Under = Strict lrnplementailon of 1ISO Slandard

the VMS* Operating System  Pascal
= Produces Relocatable Object Codé ' s Useful Extensions Essential for M|cro—
Which Is Linkable to All Other Inte) 8086 computer Applications
- Object Modules, Generated on Either a Separate Compilation with Type-
VAX™ or Intellec” Development Systems ) Chzckmg Enfol:ced Betweenylfascal
= ICE™, PSCOPE Symbolic Debugging Modules -
Fully Supported . _ a Compiler Opfion to Support Full Run-
a implements REALMATH for Consistent Time Range Checklng
and-Reliable Resuits . . = Source Input/Object Output
a Supports iAPX-86/20, 88/20 Numeric Compatible with Pascal-86 Hosted on a
Data Processors - Intellec Development System )

VAX-PASCAL-86 conforms to and imptements the IS0 Pascal standard. The language is enhanced to
support microcomputer apphications with special features, such as separate compilation, interrupt
handling and direct port 1/0. Other extensions include additional data types not required by the standard
and miscellanecus enhancements such as an alowed underscore in names, an OTHERWISE clause in
CASE construction and so forth. To assist the development of portable software, the compiler can be
directed to flag ail non-standard features

The VAX- PA\.‘JCAL 86 compiler runs an tha Dagl dal Eguipment Corporation VAX under the ¥MS
Operating Systern A weil-defined KO interface 15 prowidad for run-bime support. This allows a dser-
written operating system to support application programs on the target system as an alternate to the
development system enwironment Program modules compiled under PASCAL-86 are compatilble and
linkabie with modules written in PL/M-B86, and ASM-86 With a comple{e family of compatible program-
ming languages for the IAPX-86, 88, and 186 ong can implement each module in the Ianguage most
appropriate to the task at hand

VAKX LSO ars WMY e Irader-anc o0 Doota Lovipment Corpoeatio
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VAX*-iAPX-86/88/186 MACRO ASSEMBLER

» Executes on VAX* Minicomputer Under = “Strongly Typed"” Assembler Helps

The VMS* Operating System Detect Errors at Assembly Time
= Produces Relocatable Object Code = High-Level Data Structuring Facilities
Which Is Linkable to All Other Intei Such as “STRUCTURES” and
iAPX-86/88/186 Object Modules, “"RECORDS”
Generated on Either a VAX* or Intellec® a Over 120 Detailed and Fully Documented
Development Systems Error Messages
w» Powerful and Flexible Text Macro Facility Produces Relocatable and Linkable
with Three Macro Listing Options to Aid - Object Code
Debuggin
Hi hlggM 9 ] u Source Input/Object Output Compatible
= Highly Mnemonic and Compact with ASM-86 hosted on an Intellec
Language, Most Mnemonics Represent Development System

Several Distinct Machine Instructions

VAX-ASM-86 15 the “high-tevel” macro assembler for the iIAPX-86/88/188 assembly language. VAX-ASM-86
translates symbolic 1APX-86/88/186 assembly language mnemonics into tAPX-86/88/186 relocatable
object code

VAX-ASM-B6 should be used where maximum code efficiency and hardware control is needed. The
1APX-86/88/186 assembly fanguage includes approximately 100 instruction mnemonics. From these few
mnemanics the assembler can generate over 3,800 distinct machine Instructions, Therefore, the software
development task s simplified, as the programmer need know only 100 mnemonics to generate all
possible 1APX-86/88/186 machme instructions VAX-ASM-86 will generate the shortest machine instruction
possible given no forward referencing or given explicit information as to the charactenstics of forward
referenced symbaois

VAX-ASM-86 offers many features normally found only in high-level languages The tAPX-86/88/186
assembly language is strongly typed The assembler performs extensive checks on the usage of variable
and labels The assembler uses the attributes which are derived explicity when & variable or label 1s first
defined, then makes sure that each use of the symbol in later instructions conforms to the usage defined for
that symbol This means that many programming errors will be detected when the program is assemblec.
long before 1115 being debugged on hardware

S RS el YR e e rks ol g el Boposnen] gzt
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VAX*-LIB-86
= Executes on VAX* Minicomputer:Under. s Libraries Can be Used as Input to
the VMS* Operating System VAX*-LINK-86 Which Will Automatically
= VAX*-LIB-86 is a Library Manager : Link Modules from the Library that
Program which Allows You to: Satisfy External References in the
Create Specifically Formatted Files to Modules Being Linked
Contain Libraries of Object Modules = Abbreviated Control Syntax

Maintain These Libraries by Adding or

Deleting Modules

Print a Listing of the Modules and

Public Symbaols in a Library Fiie
Libraries aid in the job of building programs. The library manager program VAX-LIB-86 creates and
maintaing files containing object modules. The operation of VAX-LIB-86 is controlied by commands to
indicate which operation VAX-LIB-86 is to perform. The commands are:

CREATE: creates an empty library file

ADD: adds object modules to a library file

DELETE. deletes modules from a library file

LIST: lists the module directory of library files

EXIT: terminates the LIB-86 program and returns control to VM3

When using object libraries, the linker will call only those object modules that are required to satisty external
referances, thus saving memory space.

VAX-OH-86
® Executes on VAX* Minicomputer Under  ® Facllitates Preparing a file for Loading
the VYMS* Operating System by Symbotic Hexadecimal Loader (e.g.

= Converts an iAPX 86/88/186 Absolute iISBC™ Monitor SDK-86 Loader), or
Object Modute to Symbolic Universal PROM Mapper
Hexadecimal Format = Converts an Absolute Module to a More
Readable Format that can be Displayed
on a CRY or Printed for Debugging
The VAX-OH-86 utility converts an 86/88 absciute object module to the hexadecimal format. This conversion
may be necessary for later loading by a hexadecimal loader such as the iSBC 86/12 monitor or the Universal
PROM Mapper. The conversion may also be made to put the module in a more readable format that can be
displayed or printed.

The module to be converted must be in absolute form; the output from VAX-LOC-86 is in absolute format.

“WAX, YMS are trademarks of Digital Equipment Corporation.
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VAX*-LINK-86
a Executes on VAX* Minicomputer Under a Automatic Generation of a Summary
the VMS* Operating System Map Giving Results of the LINK-86
= Automatic Combination of Separately Process
Compiled or Assembled 86/88/186 » Abbreviated Control Syntax

Programs Into a Relocatable Module,
Generated on Either a VAX or an Intellec®
Development System

= Automatic Selection ot Required
Modules from Specified Libraries to . .
Satisty Symbolic References » Supports Type Checking of Public and
External Symbols

= Relocatable moddies may be Merged into
a Single Module Suitable for Inclusion in
a Library

m Supports “Incremental” Linking

= Extensive Debug Symbol Manipulation,
allowing Line Numbers, Local Symbols,
and Public Symbols to be Purged and
Listed Selectively

VAX-LINK-86 combines object modules specified in the VAX-LINK-86 input 1ist into a single output module
VAX-LINK-86 combines segments from the input modules according to the order in which the madules are
listed

VAX-LINK-BE will accept Iibraries and object modules built from VAX-PL/M-86, VAX-PASCAL-B6, VAX-ASM-
86, or any other Intel translator generating 8085 Relccatable Object Moduies, such as the Seres 1l resident
translators,

Support for incremental inking 15 provided sihce an output module produced by VAX-LINK-86 can be an
input to anocther hink At each stage in the incremental linking process, unneeded public symbols may be
purged

VAX-LINK-868 supports type checking of PUBLIC and EXTERNAL symbols reporting a warning if their
types are not consistent

VAX-LINK-86 will ink any valid set of input modules without any controls However, controls are available
to cantrol the output of diagnostic information in the VAX-LINK-88 process and to control the content of
the output module

VAX-LINK-B6 allows the user to create a large program as the combination of several smaller, separately

complled modules After development and debugging of these component modules the user can link them
together, locate them using VAX-LOC-86 and enter final testing with much of the work accomplished.

SR DG el WS Are rschanarks S0 Tiaeal Boapans Dorpnsatan
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VAX*/VMS*RESIDENT

VAX*-LOC-86

s Executes on the VAX* Minicomputer
Under the VMS* Operating System

m Abbreviated Control Syntax
s Automatic and Independent Relocation

s Automatic Generatlon of a Summary
Map Giving Starting Address, Segment
Addresses and Length, and Debug
Symbols and thelr Addresses

s Extenslve Capabllity to Manipulate the
Order and Placement of Segments in
8086/8088 Memory

of independent Relocation of Segments.
Segments May be Relocated to Best -
Match Users Memory Configuration

n Extensive Debug Symbol Manlpulation,
Allowing Line Numbers, Local Symbols,
and Public Symbols to be Purged and
Listed Selectively

Relocatability allows the programmer to code programs or sections of programs without having to know the
final arrangement of the cbject code In memory.

VAX-LOC-86 converts relative addresses in an input module in iAPX-86/88/186 object module format to
absolute addresses. VAX-LOC-86 orders the segments in the input module and assigns absclute addresses
to the segments. The sequence in which the segments in the input module are assigned absolute
addresses is determined by their order in the input madule and the controls supplied with the command.

VAX-LOC-86 will relocate any valid input module without any controls. However, controls are available to
controt the output of diagnostic information in the VAX-LOC-86 process, to control the content of the
cutput module, or both,

The program you are developing will almost certainly use some mix of random access memory (RAM},
read-onily memory (ROM), and/or programmable read-gnly memory (PROM). Therefore, the location
of your program affects both cost and performance in your application. The relocation feature allows you to
develop your program and then simply refocate the object code to suit your application.

SPECIFICATIONS Documentation Package

Operating Environment IAPX-86, 88 Development Software Installation
_ Manual and User's Guide for VAX/VMS, Order
Required Hardware number 121850-001
VAX® 11/780, 11/782, 11/750, or 11/730

9 Track Magnetic Tape Drive, 1600 BPI Shipping Media

9 Track Magnetic Tape 1600 bpi

Required Software

VMS Operating System V3.0 or Later. All of the devel- ~ ORDERING INFORMATION
opment packages are defivered as unlinked VAX ob-
ject code which can be linked to VM3 as designed for
the system where the davelopment package is fo be
used. VMS command files o perform the link are
provided.

Part Number Description

iMDX-341VXY VAX-ASM-88, VAX-LINK-86, VAX-
LOC-86, YAX-LIB-86, VAX-OH-85,
Package

IMDX-343VX  VAX-PLM-B6 Package

IMDX-344VX  VAX-PASCAL-86 FPackage

REQUIRES SOFTWARE LICENSE

“wax DEC and WMS aqe trademarks o1 Dig tal Ecwapmen: Coraorahinn
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~ iSDM™ 86
SYSTEM DEBUG MONITOR

» Supports target system debugging for s Supports application access to ISIS-il
iSBC® fiAPX 86, 88, 186 and 188-based files
applications ,

m Provides interactive debugging
commands inciuding single-step code
execution and symbolic dispiays of

u Provides program load capability from
an Intellec® Development System '

= Contains configuration facilities which

results : : aliow an apptications bootstrap from
= Supports 8087 Numeric Processor {RMX™ 86 and 88 file compatible
Extension (NPX) for high-speed math peripherals
applications )
n Aliows building of custom commands s Modular to allow use from an Intellec
through the Command Extension Development System or from a stand-
Interface (CEIl) alone terminal

The intel iISDM™ 86 System Debug Monitor package contains the necessary hardware, software, cables, EPROMs
and documentation reguired to interface, through a serial or parallel connection, an iSBC* B6/05, 86/12A, 86/14,
86/30, 88/25, BB/40, BB/45, 186/03, 1B6/51, 188/48, or iAPX 86, 88, 186 or 188 target system to an MDS 800, Series
I, Series Iil, or Series IV Intellec® Microcomputer Development System for execution and interactive debug-
ging of applications software on the target system. Tha Monitor can: load programs into the target system; ex-
ecute the programs instruction by instruction or at full speed; set breakpoints; and examine/modify CPU registers,
memery content, and other crucial environmental details. Additional custom commands can be built using the
Command Extension Interface (CEl). The Monitor supports the OEM’s choice of the iRMX™ 86 Operating Sys-
tem, the iRMX 88 Real-Time Mutti-tasking Executive or a customn syster: for the target application system, OEM's
may utilize any iAMX 86, 88 supported target system peripheral for a bootstrap of the application system or have
fuil access to the 1SIS-1I files of the Inteliect System.

The lollowing a:0 rademarks of Intei Corporation and may be wsed anly 10 descnhe tel aradarts ieed IGE SN B SBC SBX SXM, MULTIBUS Mullchannol ard MULTIMODULE
Iinlet Corpoialinn qssumes no respons odity far the use of any crcuiry SUhes 1han SIkJnry @mbadien 0 a0 el product Mo R Sirc. pAIRN 1ICRASES are IMMEied NTarmangn camia ned
REFEIn SURETCEdes pravitusly publshed specilications on these cawces fam ntel

INTEL CORPORATHIN, 1983 Octobar, 1987

5103 ORDER NUMBER: 230892-002
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iSDM™ 86

FUNCTIONAL DESCRIPTION

Overview

The iSDM 86 Menitor extends the software development
capabilities of the Intellec system so the user can effec-
tively develop applications to ensure timely product avai-
ability,

The iSDM 86 package consists of four parts:

* The loader program

+ The iISOM 86 Monitor

« The Command Extension Interface (CEI)
* The ISIS-I! Interface

The user can use the ISDM 86 package to load programs
into the target systern from the developrment system,
execite programs in an instruction-by-instruction manner,
and add custom commands through the command ex-
tension interface. The user also has the option of using
just the iSDM 86 Monitor and the CEl in a stand-alone
application, without the use of an Inteliec development
gystem,

Powerful Debugging Commands

The iSDM 86 Monitor contains a powerful set of com-
mands to support the debugging process. Some of the

features included are: bootstrap of application software;
selective execution of program modules based on break-
paints or single stepping requasts; examination, modi-
fication and movement of memory contents; examination
and modification of CPU registers, including NPX regis-
ters, All results are displayed in clearly understandable
formats. Refer to Table 1 for a more detailed list of the
iSOM 88 monitor commands.

Mumeric Data Processor Support

Arithmetic applications utilizing the 8087 Numeric Pro-
cessor Extension {NPX) are fully supported by the iSDM
86 Monitor. In addition to executing applications with the
full NPX performance, users may examine and modify
the NPX's registers using decimal and real number format.

This feature allows the user to feel confident that correct
and meaningfui numbers are entered for the application
without having o encode and decods complex real,
integer, and BCD hexadecimal formats.

Command Extension interface {CEI)

The Command Extension Interface (CE?) aliows the ad-
dition of custom commands to the iISDM 86 Monitor com-
mands. The CEl consists of various procedures that can
be used to generate custom commands. Up to three
custom commands {or sets of commands) can be added

Table 1. Monitor Co'mrhanc_ls

Function

Command )
B Bootstrap appiication program from target systems peripheral device
Cc Compare two memaory blocks
D Display contents of memory black
E* Exit from loader program to ISIS-] Interface
F Find specified constant in a memory block
G Execute application program ;
| Input and display data obtained from input port
L* Load absalute Intellec® object file into target system memory
M Move contents of memory block to another location
N Display and execute single instruction '
o Qutput data to output port
P Print values of literals
R Load and axecute absoiute Intellec™ object file in target system memory
S Display and (optlonally) modify contents of memory
T Transfer block of memory to an Intellec® file

Uv.w Liser defined custom commands extansions

X Examine and (optionally) modify CPU and NPX registers

T Commands require an attached Senes N/Series ili.

Artisan Technology Group - Quality Instrumentation ..
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to the manitor without programming new EPROMs or
changing the monitor's source code.

ISIS-1l Interface

The ISIS-1l interface consists of libraries which contain
interfaces to 1SIS-H VO calls. A program running on an
iAPX 86, 88, 186 or 188-based system can use the 1SIS-Il
interface and access the individual ISIS-Il /O calis. The
intarface allows the inclusion of these calls into the pro-
gram; however, most of the calls require a Series IIf
Saries Il system. Table 2 contains a summary of the
major #Q calls and parametars.

Program Load Capability

The iSDM 86 loader allows the leading of IAPX 86, 88,
186 or 188-based programs into the target system. It exe-
cutes on a Intellsc Microcomputer Development System
and communicates with the target system through a
serial or a parallel load interface. If a Series ll/Series
1Il/Series IV systern containing an Intel 170 expansion
board is being used, the board can be used as a fast
parallel load interface, freeing up the UPP port for ap-
ptication use.

Configuration Facility

The monitor contains a full set of configuration facilities
which allow it to be carefully tailored to the requirements

of the target system. Pre<configured EPROM-resident
monitors are supplied by Intel for the iISBC 86/05, 86/12A,
86114, 86/30, 88/45, 186/03, 186/51, and 188/48 boards.
The monitor must be configured by the user for the iISBC
88/25, 88/40 boards and for other iAPX 86, 88, 186, 188
applications. iRMX 86 and iIRMX 88 system users may
use the configuration facilities to include the iIAPX 88,
88 Bootstrap Loader (V5.0 or newer) in the monitor.

Variety of Connections Available

The physical interface between the Intellec Microcom-
puter Development System and the target system can
be established in one of three ways. The systems can
be connected via a serial link, a paralie link or a fast
parallel ink. The fast paraliel {ink requires the use of an
iSBC 108(A), 116{A), 517 or 519 IfO expansion board in
the Intellec system and is only available for connections
with the Series II/Serias lllfSeries IV systems. The ca-
bling arrangement is different depending upon the de-
velopment system being used. Figure 1 displays the
cabie connections needed betwean an Intellec Series
It system and a target system for a serial interface.

The iS0M 86 Monitor does not require the use of a de-
valopment system. The monitor can be used by simply
attaching a stand-alone terminal to the target system.
Figure 1 also displays the cable connections needed for
this arrangement.

Table 2. Routines for ISIS-Il Services Available to Target System Applications

Routine Target System Function
ATTRIB Changes to 1SS file attribute
Cl : Returns a character Input from the eonsole

cO Transfers a character for console output

Returns information about monitor's communication link and type
Displays an error message on the Intellec® console
EXIT Exits to the target system monitor

CLOSE Closes an opened 1S1S-l file

. DELETE Daletas the specified ISIS-It file
DQSCFG
ERROR

LOAD Loads target system memory with ISIS-I} object code file
OPEN Opens an 18151l file for access

READ Reads up to 4096 bytes from an 1518-11 file to memory
RENAME Renames an I1SIS-If disk file

SEEK Seeks to the specified 1SIS-1l fils location

WRITE Writes up to 4086 bytes from memory to an ISIS-1l file

3-105 230882-002
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INTELLEC" SERIES Il
DEVELOPMENT SYSTEM

SERIAL PORT

SERIAL 1/Q
PORT

APPROPHIATE
iSBC" BOARD

—

OPTIONAL
VIDEO TERMINAL

Figure 1. Typical {SDM™ 86 Serial Connection Environment

SPECIFICATIONS

Development System Environment

The Intellec Microcomputer Devetopment System may
be utilized for application program development and, if
used, requires the following to support the iISDM 86
package:

* 48 Kbytes memory

» Double density or singie density diskette subsystem

= [Si5-ll Operating System and associated language
translators

{APX 86, 88, 186, 188 TARGET SYSTEM
ENVIRONMENT

To support the iSOM 86 package, the target system must
contain the following:

« 2K read-write memory beginning at lecation OH
* {EK read-only memory beginning at location FCOQ0H

« For Parallel iink:
— 8255A Programmable Peripheral Interface

Artisan Technology Group - Quality Instrumentation

* For Serial link: :
— B251A USART or 8274 Multiprotocol Serial Con-
traller, and 8253/4 or 80130 or iAPX 186/188 timer,
or

— 82530 Serial Communications Controlier, including
82530 timer
Hardware
* Supported ISBC Microcomputers:

iSBC 86/05  Single Board Computer.
iISBC B6/12A Single Board Computer

iISBC 86/14  Single Board Computer
iSBC 86/30 Single Board Computer
iSBC 88/25  Single Board Computer
iSBC 88/40  Single Board Computer
iSBC 88/45  Single Board Computer
i8BC 186/02 Single Board Computer
iSAC 186/51 Single Board Computer
iSBC 186/48 Single Board Computer

Supported iSBX MULTIMODULE™ Boards:

iSBX 350 Parallel I/C MULTIMODULE Board
1SBX 351 Serial 1D MULTIMODULE Board

3-106 230882-002
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ISDM™ 86 Package Contents
Cables:
1 — Parailel I/O Cable {uploadfdownload)
2 — RS232 Cables
Adaptors:
1 — Parallel Status Adaptor
1 — Paratlel Adaptor

O Drivers and Terminators:
4 — Pull-up Resistor Packs
4 — Pull-up/down Resistor Packs
4 — Line Driver Packs

Interface and Execution Software Diskettes:

1 — Single Density, IStS Compatibie
1 — Double Density, 1SS Compatible

Systemn Monitor EPROMs:

Microcomputer EPROM

iSBC® 86/05

:ggg: :g:: EA Four 2732A EPROMSs
/SBC® 86/30

iSBC® 68145 Two 2764 EPROMS

iSBC® 186/03
iSBC® 186/51
i8BC*® 188/48 Two 2764 EPROMs

Two 2764 EPROMs

Reference Manual (Supplied):

146165-001 — iSDM 86 System Debug Monitor Refer-
ence Manual

ORDERING INFORMATION

Part Number Description

iSDM 86

iSDM 86 RO
iSDM 86 BSR

Intellec to target system interface
and target systern monitor, suitable
for use on iSBC 56, BB, 186, 188
computers, or other IAPX 88, 88,
186, 188 microcomputers. Package
inciudes cabies, EPROMs, soft-
ware and operator manual.

The iSDM 86 package includes
SPR Service for 90 days after
shipment.

As with all intel Software, purchase
of any of these options requires
exacution of a standard intel
Mastar Software License.

Qbject Software
Machine Readable Source

3107
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ivDI 720
GRAPHICS VIRTUAL DEVICE

Interpreter
m Provides standardized decoding of u Support for ISBX™ 275 and
high-level graphics commands iSBC® 186/78 Graphlcs hardware
) modules )
m Full iRMX™ 86 compatibility operating m Procedural interface from Pascal 86,
system (Rel. 6) PL/M 86 and Fortran 86

m Compatible with {proposed) ANSI X3H33
specification

m Compact for EPROM installation m Virtual Device Metafile interpreter

a Standardized input & output drivers

The Intal iVDI 720 Graphics Virtual Device Interpreter provides both a powerful library of high-level commands,
and the drivers necessary to support the iSBX™ 275 or iSBC® 186/78 graphics modules in an iRMX™ 86
{Release 6} environment. It allows the OEM to quickly tailor an Intel system for application into the rapidly
growing graphics marketplace, especially low-cost CAD/CAE, CAM, and process control. Individual single-
board computer (SBC) modules may also be configured from Intel’s broad product family.

For intra-systems graphics control, iVDIl 720 is the most powerful and efficient product available that brings
(proposed) ANSI X3H33 compatability to an iIRMX 86 operating system environment.

186/78
TAMX™ 86 DI VER
NUCLEUS

VDI
. INTERPRETER '

GRAPHICS
SUBSYSTEM

ivDI 720

SR f RMX™ 86 AVAILABLE
: */ exTensions 7 SEPARATELY m
o ' FROMW INTEL

”

U A
IRMX™ 85

NUCLEUS, HOST cPU

USER
APPLICATION

The followin%are trademarks of lntel Corporation and may only be used to describe [ntel Progucts: [nkel, ICE, IAMX, ISBC, 1SBX, 15XM, MULTI-
BUS, MULTECHANNEL, MULTIMODULE, and ICS, fntel Corporatioh assumes no responsitility for the use of any circuitry other than the circuitry
. embodied in an Intel Product. No ather clreult patent licenses are implied

DINTEL CORPORATION, 1984 " JUNE, 1984
3-108 ORDEA NUMBER' 2B0002-001
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iVDI 720 VIRTUAL DEVICE INTERPRETER

PRELIMINARY

FUNCTIONAL DESCRIPTION
Graphics Standard Software

The iVDI 720 Graphics Virtuat Device Interpreter im-
piements the proposed ANSI standard on any intel-
based graphics system running under the iRMX 86
operating system, release 6. The propossd standard
is a significant advancemant in graphics software. It
creates a predictable environment for the input and
output of high-level commands between the user and
system, or among the graphics peripherals attached
to the system, such as a mouse, tablet, printar or plot-
ter. The software supports two environments: stand-
alone and distributed, depending on the hardware
configuration,

All slements of iVDI 720 can run as tasks of the oper-
ating system or as part of the graphics applica-
tion program, hence a stand-alone partitioning of
graphics activities such as with the iSBX 275
MULTIMODULE™ attached to a general purpose
CPU board like the iSBC 86/30. In a distributed en-
vironment, the device driver runs under the iIAMX 86
operating system and the remaining application code
and VDI interpreter are exercised by a separate
procassor dedicated to graphics activities. The iSBC
18678 subsystermn was designed especially for the dis-
tributed solution.

ISBC® 186/78 Graphics Subsystem
Support

By virtue of its on-board, high integration microproces-
sor {the Intel 80186}, the iISBC 186/78 subsystem is
an excellent platform on which to perform graphics
routines in a distributed environment. This is partic-
ularly important in multi-user systems where one iSBC
186/78 subsystermn can be dedicated to each user.
{see figure 1)

The compact coding of the iVDI 720 Graphics Virtu-
al Devica Interpreter lends itself to EPROM installa-
fion on the iISBC 186/78 subsystem. The host CPU
board is thereby off-loaded from graphics activities
s0 it can direct more global system level oporations
such as database management or network commu-
nications.

iSBX™ 275 Graphics MULTIMODULE™
Support.

In single-user applications or where graphics activi-
ties are not the major focus of the system, the ISBX
275 MULTIMODULE shares the CPU on the host
processor board through the iSBX expansion bus.
The subsystern formed in this manner supports either
manochrome or eight colors and is a very cost-
offective solution. Like the iSBC 186/78 subsystem,

KEYBOARD
M

=]

USE |

ivDI 720
IN EPROM

86/310 OR

OTHER 186/78
SUBSYSTEMS

286/310 SYSTEM

Figure 1. Multi-User Example
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VDI 720 VIRTUAL DEVICE INTERPRETER

PRELIMINARY

this expansion maodule is based on the Intel 82720
Graphics Display Contrelier (GDC) component. (see
figure 2)

For exampie using an iSBC 86/30 CPU board, the
VDI 720 library can be installed in EPROM to sim-
plify the application and provide higher performance
execution. :

82720 Component Designs

The Intel 82720 GDC is an intetfigent graphics con-
trofter component designed to operate as the heart
of a raster-scan computer graphics display system.
The 82720 performs all the basic timing needed to.
generate the raster display and manage the display
memory. In addition, it supports several high-level
graphics figure drawing functions. The Intel 82720 is
an alternative to the NEC 7220 component.

VDI COMMAND LIBRARY

In addition to providing driver support for Intel's grow-
ing family of graphics modules, the iVDI 720 Graph-
ics Virtual Device Interpreter decodes a wealth of
high-fevel commands to streamiine the development
of application code for a variety of graphics devices,

The proposed ANSI standard provides multiple en-
codings of high-level text and graphics commands
and capabilities. The VDI 720 sofiware decodas a
binary representation of these proposed commands,
along with the Virtual Device Metafile (VOM) routines
that allow consistant formatting and storage of VDI
aencoded images.

In addition te a full set of inquiry functions, many ad-
ditional high-level commands are supported in the
iVDI 720 software. (See Table 1)

These features are configurable as defined jn the iVDI
720 Software RAeference Manual. However, they are
typically device dependent and therefore reflect the
users application. Consaquantly, the reference manu-
al should be consulted to assure compatability.

DEVELOPMENT ENVIRONMENT

intel's family of development systems and their ex-
tensions are highly recommended for both the de-
velopment of iVDI 720 and related application code.
Languages that are supported include Fortran 886,
Pascal 86 and PL/M 88. All iVDI 720 commands can
be called from any of these programming languages

through the PL/M 86 procedural interface that is in-

tegral to the iVDI 720 product. :

MONITOR
OR

COLOR
CONSOLE

iSBX™ 275
BOARD

iSBC" 86/30 BOARD

ivDI 720
IN EPROM

Figure 2. Single-User Example
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PRELIMINARY

Table 1. VDI 720 Command Library
Graphical Elements: Control & Descriptor Elements:
Polytine Palymarker Bagin & End Metafile Begin & End Picture
Palygon Circle . Background Color VDC Extant
Arc ' Arc Close (Pie or Chord) Clip Rectange Clip Indicator
Text Append Text Clear Surface Defaults Raplacement
Cell Array Set Davice Viewpaint Color Direct Precision

Attribute Elements:
Aspact Source Flags
Character Orisntation
Character Path
Character Spacing
Text Alignment
Perimeter Type & Color

Bundled & Individual
Attributes

Character Helght

Character Expansion
Factor

Interior Style

Scaling Mode
Marker Size Mode

Color Specification
Mode

Input Elements:
Initialize Locator

. Sample Locator
Request Locator

Initialize String
Sample String
Regquest Locator

Hatch Fill Marker Typa & Color Set Prompt State Set Echo State
Pattern Fill Line Type & Cofor Ralease Input Device Set Input Device Mode
Pattern Definition Set Color Tabie
Taxt Precision Pattern Size
String Pattern Refarance Point
Character Text Color
Stroke
SPECIFICATIONS Code size — 64 Kbytes in stand-alone mode {using

ANSI X3H33 VDI Specification

The Ametican National Standards institute (ANSI) ad-
ministers the standard specification. Requests for in-
formation should be directed to:

X3 Secretariat

Computer Business Equipment Manufacturers

Association (CBEMA)

311 First Street, NW

Washington, D.C, 20001
Intel is heavily involved in the development of the
ANSI X3H33 Virtual Davice Interface standard. We
will endeavor to bring to our user base the latest re-
visions through phased introductions and updates.
Caonsequently, it is strongiy advisad that implementers
of iVDI 720 also subscribe to the update service (VDI
720 WX, see below).

ivDl 720 Specifications

Code slze — 50 Kbytes in distributed mode (using
the iSBC 186/78 subsystemy}, inciud-
ing the iIEMX 86 nucleus

the 1ISBX 275 MULTIMODULE)
Source-code language — PL/M 86

Related Literature

Reference material may be ordered from any Intel
sales represenative, distributor office or from Intel
Literature Department, 3065 Bowers Avenue, Santa
Clara, Calif., 95051.

146717 — VDI 720 Software Aeference Manual

2105806 — iSBX 275 Video Graphics Controller
Data Sheet

231035 — iSBC 186/78 Video Graphics
Subsystem Data Sheet

146666 — iSBC 186/78 Video Graphics Sub-
system Hardware Reference Manual

210655 — 82720 GDC Component Data Sheset
9803126 — IRMX 86 Configuration Guide

Ordering Information

Intel makes available a variety of licensing programs
to the iVDI 720 Graphics Virtuat Device Interpreter
which allow different plans for incorporation of the
Intel softwars into the final product. The Intel Master
software Agreement should be consulted to determine
which plan is best suited for the parncular applica-
tion and preduction environment.

The VDI 720 Graphics Virtual Device Interpreter
comes in three farmats as shown below, along with

3111
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source fistings and update services. The IRMX
86-Aeal-time Multitasking Operating System is avail-
able separately.

iVDI 720R0O OEM licenss {8 inch singte-sided/dou-
ble densite 1S1S and iIAMX plus 5% inch
double-sided/double density iRMX for-
mats are supplied)

IVDI 720RF Incorporation fee payment
ivD! 720WX Object code update
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iPLP 720
NAPLPS Interpreter

a Provides decoding of NAPLPS & Driver support for Intel
{Videotex} commands Graphics hardware modules
B Multiple font sizes and definitions m Complete library of high-level

frame management instructions

s Full iRMX™ 86 compatibility
B Resclutlon Independant presentation

Compact for EPROM Installation

) m Simplified communication of Graphic
Compatible with ANSI BSR X3.110 -1983 images between systems

The Intei iPLP 720 NAPLPS (North American Presantation Level Protocol Syntax) Interpreter provides both
a powaerful library of high-ievel commands, and the drivers necessary to support the iSBX™ 275 or iSBC
186/78 Graphics Modules in an iRMX™ 86 Operating System (Release 5 or later) environment. it allows the
OEM to quickly tailor an Intel systam for application into the rapidly growing Videotex marketpiace. Individual
iSBC? madules may aiso be configured from Intel's broad product family, and iPLP 720 wili also be con-
venient for the those implementing custom, component designs based on the Intel 82720 Graphics Bisplay
Controller (GDC).

Begardless of the hardware configuration, iPLP 720 is the most powerful and efficient product available that
brings full ANS) X312 Videctex compatibility to an iIBMX 86 environment. .

1B6/78
DRIVER

IRMX™ 86

NUCLEUS GRAAPHICS
SUBSYSTEM
NAPLPS
INTERPRETER
iPLP 720 NAPLPS
l DRIVER
/
f f AVAILABLE SEPARATELY
" FROM INTEL
f’ IRMX™ 86 . '
»f EXTENSIONS .
s
R
AMXes T Y

NUCLEUS . § - HOST cRU
ey

+ USER
APPLICATION

The following are trademarks of Intel Corporation and may be used only to describe Intel products: Intsl, ICE, (MMX, iIRMX, (BBC, (SBX, iSXM,
MULTIBUS, Multichannel and MU TIMODULE Intel Corporabon assumes na respansibility for the use of any circuilry other than circuitry embodied
In an Intel product. Mo other eircuit paten leenses are wmplied. information contamned herein supercedes previously published specifications on
these devices from inlel - .

@ INTEL CORPORATION, 1984 May, 1984
: 3112 . Ordar Numbar : 280001-001
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FUNCTIONAL DESCRIPTION
NAPLPS Interpreter

The iPLP 720 software implements the NAPLPS
videotex standard on any 82720-based graphics ap-
plication using the iRMX 86 Operating System,
Release 5 or later. The NAPLPS Standard is a sig-
nificant advancement in device-level graphics soft-
ware. It creates a predictable environment for
development of presentation frames along with a
transrmission scheme to dramatically improve perfor-
mance when moving graphics images from one sys-
tem to another. The software supports two
environments: stand-alone and distributed, depend-
ing on the hardware configuration.

All elemements of iPLP 720 can run as tasks of the
operating system or as part of the graphics applica-
tion program, hence a stand-alone partitioning of
graphics activitias such as with the iSBX 275 MUL-
TIMODULE™, In a distributed environment, the
device driver runs under the iRMX 86 Operating Sys-
tem and the remaining controller code ang NAPLPS
interpreter are exercised by a separate processor
dedicated to graphics activities. The iSBC 186/78 sub-
system was designed especially for the distributed
solution.

This architecture also allows iPLP 720 to run under
non-iRMX environmaents.

iSBC® 186/78 Video Graphics
Subsystem Support

By virtue of its on-board, high integration microproces-
sor (the Intet 80186), the iSBC 186/78 subsystem is
an excellent platform on which to perform graphics
routines in a distributed environment. This is partic-
ularly important in multi-user systems where cne iSBC
186/78 subsystern can be dedicated for each user.
The hast CPU board is thereby off-loaded to diract
more global system level operations such as database
management or network communications.

The combination of the iSBC 186/78 subsystem and
iPLP 720 interpreter meets all requirements of AN-
SI's NAPLPS Standard Reference Model (SRM).

iSBX™ 275 Graphics Controller Support

In single-user applications or where graphics activi-
ties are not the major focus of the system, the iISBX
275 MULTIMODULE shares the CPU on the host
processor board through the iSBX Expansion Bus.
The subsystem formed in this manner supports either
monochrome or aight colors and is a very cost-

KEYBCOARD
MOUSE

]
|

iSBX™ 354

iPLP 720
IN EPROM

186/78 BOARD

A6/310 OR
2B6/310 SYSTEM

OTHER 186/78
SUBSYSTEMS
N

Figure 1. Multi-User Example
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iPLP 720

MONITOR
OR

COLOR
CONSOLE

IPLP 720
IN EPROM

86/30 BOARD

Figure 2. Single-User Example

effectiva solution. Like the iSBC 186/78 subsystem,
this expansion module is based on the Intel 82720
component.

82720 Component Designs

The Intel 82720 GDC is an intelligent graphics con-
troller componani designed to operaie as the heart
of a raster-scan computer graphics display system.
The 82720 performs all the basic timing needed to

' generate the raster display and manage the display
memory. In addition, it supports several high-lavel
graphics figure drawing functions. The Intel 82720 is
an alternative to the NEC 7220 component, Custom
hardware designs based on either component are
supported by iPLP 720 running in an iRMX 88 en-
vironment.

NAPLPS COMMAND LIBRARY

tn addition to providing driver support for Intel's grow-
ing family of graphics products, the IPLP 720 NAPLPS
interpreter decodes a wealth of high level commands
to streamtine the development of application code for
videotax environments. =

The NAPLPS standard provides character set ancod-
ings of high level text and graphics commands and
capabilities, The iPLP 720 NAPLPS Interpreter im-
plements every one of these character encodings.

3114

The following table lists the major high level com-
mands which are encoded in the NAPLPS standard:

Tabte 1. IPLP 720 Command Library

Geometric Drawing Primitives:

Point Incremental Point
Line Incremental Line
Poilygon Incremental Polygon
Arc Ractangle

Text:

Cursor Styles
Word or Character

Wrap Arotnd
Inter-row Spacing
Screlling

Character Rotaticn
Character Path
Movement
Inter-character Spacing
Character Field
Dimensions
Texture:
Line Texture
Highlighting
Programmable Texture Patterns
Texture Mask Size

Miscellanecus Functions:

Logical Pel Size Set Color
Macro Definitions Mosaic Sets
Blink Processes Wait Intervals

Dynamically Redefin-

able Character Sets

Orger Humber: 260001-001
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Other features are configurable as defined in the stan-
dard, however they are typically device dependent
and therefore reflect the users application. Conse-
quently, the standards document should be consult-
ed to assure compatibility.

ANSI X3L2 NAPLPS Specification

The development of any standard is an evolutionary
process. Consequently, the specification used as a
reference model for the design of IPLP 720 was pub-
lished in October 1982, Updates to iPLP 720 will
render it fully compatible with the final specification.
The American National Standards Institute (ANSI) ad-
ministers the standard specification and makes it
available to ail interested parties. Requests for co-
pies should be directed to:

X3 Secretariat

Computer Business Equipment Manufacturers
Association {CBEMA)

311 First Street, NW

Washington, D.C. 20001

Reference document: BSR X3.110

iPLP 720 Specifications

Code size — 90 Kbytes (four 27256 EPROMs) in dis-
tributed mode;
— 72 Kbytes in stand-alone mode

Source-code language — PL/M 86
Related Literature

Reference material may be ordered from any Intel
sales representative, distributor office, or from Intel
Literature Department, 3065 Bowers Avenue, Santa
Clara, Calif., 95051.

146144 — iPLP 720 Software Reference Manual

210506 — iSBX™ 275 Video Graphics Controller
Data Shest

231035 — iSBC® 186/78 Video Graphics Subsystem
Data Sheet

146666-001 — 186/78 Reference Manual.
210655 — 82720 GDC Component Data Shest
9803126 — iRMX™ 86 Configuration Guide

145412 — Intel's Guide to Understanding the ANSI
Videotex/Teletex Standarg

ORDERING INFORMATION

Intsl makes available a variety of licenses to the iPLP
720 NAPLPS interpreter that allow different plans for
incorporation of the intel software into the final
product. The Intel Master Software Agreement should
be consulted to determine which is best suited for the
particular application and production environment.

The iPLP 720 NAPLPS Interpretar comes in two for-
mats as shown below, along with yearly update serv-

ices. The iRMX 86 Real-time Multitasking Operating
Systemns are available separately.

iPLP 720RO  OEM License, single density
{both 1SIS and iAMX formats
are included)

iPLP 720RF Incerporation fee payment

iPLP 720WX  Object code update
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iRMX™ » Industry-standard languages and
j utilities for developing applications on
LANGUAGE iRMX-based systems. Includes
FORTRAN, Pascal, C, BASIC, PL/M,
assembier, text editor
~ » Complete set of utilities to create and
manage object modules

» Mix languages on single application
system with UDI standard

* Tntel 8087 and 80287 math coprocessor
support

* 8086 and 80286 compatibility

» Worldwide post-sales service and
support organization

UNIVERSAL RUN-TIME

URI

INTEL CORPORATION, 1884 ORDER NUMBER 230745-003
“EEMIX 13 & radematk OF Microsolt Corporation
TRANDE 5 2 Ikpcdernark of Bell Laboraiones
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Full Language Support
for iRMX™ -Based Systems

Intel's IRMX™ 86 based systems are
completely supported by a wide variery
of popular languages and utilities with
which to build fast, real-time, muld-
tasking applications. Incloded are the
latest versions of FORTRAN, Pascal,
BASIC, €, PL/M and Assernbler for
Tntel's iAPX 86 and itAPX 286 pro-
cessors. Previously developed applica-
tions using any of (hese languages pork
eusily to iIRMX-based systerns with
minimal source code modifications.

In addition to the wealth of languages
available, IRMX-based systems are com-
plemenited by valities with which to
create and manage object modutes. This
latitude in configurability allows pro-
grurnmers to tear thedr efforts in order to
achieve a shorter development time than
would otherwise be possible,

Because the high-level languages are
acmally tesident on the iRMX-based
system, OEMs can pass application
software directly on to end users. End
users may then tailor the OEM's system
to better meet application needs by writ-
ing programs using the same languages.

L.anguage-Independent
Application Deveiopment

Intel’s Universal Development Interface
{UD]) and Object Module Format
{OMF) enable several users to write
different modules of an appheation, in
different languages, then link them
together.

The OMF provides users with the ability
to mix languages on a single application
systemn, affording the luxury of choosing
exactly the right language tools for
specific pieces of the application, rather
than compromising specialized tasks for
the suke of one, project-wide language.

iRMX languages are fully compatible
with the Tntel Series TIT and Series I'V
Development Systems, should the user
choose to develop applications oo 2
specialized development systeml.
Applications are eastly moved to the final
target system Tor test, debug and minor
redevelopment.

Fast, Lean Programs
for Rapid Processing

The iIRMX language products enable
programmers to write the smallest,
fastest programns available in high-level
languages. due to the compiler’s superior
ability to optintize code.

Ttis also possible to make IRMX
operating system calls directly from
FORTRAN, PASCAL and PL/M. Thix
means that application developers can
take full advantage of the IRVEX multi-
tasking capability, whereby multiple
applicaticos execute concurrently on

the operating systern. Multi-tasking, 4
requirement of most real-time systems, is
sometimes as necessary in application
software development as in an operating
syslem environment.

Standardized REALMATH
Support

All the IRMX languapes (except BASIC
and C} support the REALMATH floating
point standard. This ensures universal
consistency in npmeric computation
results and enabies the user to take
advantage of the Intel :APX ¥6/20 and
iAPX 88/20 Nuertc: Data Processor or
iSBC? 337 MULTIMODULE™ hoards,
which boost performance two o four
times over that possihle an a mini-
computer.

All the Utilities Needed to
Link Languages
Utilities for iRMX operating
systems inclode Tatel s own
EDIT, LINK.,, LOCATE
and LIBRARTAN. The
iRMX EDIT program :
meets the needs of both |
novice and sophisticated
users with powerful line-
oriented editing facilities.

Using the iIRMX LINK program, users
may link individually compiied abject
modules to fonm a single, relocatable
object module. This provides the ability
to merge work from several programmers
into one cohesive applicarion system.

The iIRMX LOCATE utility maps
relocatable object code into the processor
memaory segments, allowing user defini-
tion of module fmemory type allocation.
For example, often-used portions of an
application may be mapped to {PIROM.

The LIBRARIAN object code library
manager atfords easy creation, collection -
and maintenance of related object code to
reduce the overhead uf separately main-
tained modules.
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Finally, the iRMX Assembler for the
iAPX 86 and iAPX 286 processors gen-
erate extremely efficient code and invoke
2086/8087 machine instructions.

iRMX™ 86 Pascal

iRMX Pascal meets the proposed ISOQ
language standard and implements
several microcomputer extensions. A
compile-time option checks conformance
1o the standard, making it easy to write
uniform code. Industry-standard speciti-
cations contribute to portability of appli-
cation programs and provide greater
reliability.

IRMX 86 Pascal supports extensions,
such as an interrupt-handler and direct

UNIVERSAL RUN-TIME INTERFACE

URI

DEVELOPMENT &

RGET

port I/O extension, that allow programs
to be written specifically for micro-
computers. Separate module compilation
allows linkage of Pascal modules with
modules written in other high-level
languages. '

For more information on iRMX 56 Pas-
cal see the Pascal 86 Software Package
data sheet.

iRMX™ 86 FORTRAN

The iIRMX 86 FORTRAN compiler pro-
vides total compatibility with FORTRAN

66 language standards, plus most new
features provided by the FORTRAN 77
language standard . iIRMX 86 FORTRAN
includes extensions specifically for
microcompater application development.
Progranuming is simplified by relocatable
object libraries, which provide mn-time
support for exscution time activities.

iRMX 85 FORTRAN supports the 8087
math coprocessor for the most powerful
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microcomputer solution available in
pumberintensive applications. For more
information on iIRMX 86 FORTRAN see
the FORTRAN A6 Software Package
data sheet.

IRMX™ 86 PL/M

PL/M offers tull access to micro-com-
puter architecture while simultangously
offering all the benefits of a high-level
hanguage. Invented by {ntel in 1976,
PL/M 80 was the first microcomputer-
specific, block-structured, high-level
language available. Since then, thou-
sands of users have generated

code for millions of microcomputer-
based systems using PL/M 80 and
PL/M 86.

Software written for 8-hit
processors (PL/M B0)
are easily ported to the

more powerful 16-bit
(PL/M 886) environment. The
same portability will be availubie
for future VLSI.

For mote information about iRMX 86
FL/M see the PL/M 86/88 Safiware
Package duta sheet.

IRMX™ 86 BASIC

Intel s offering of Microsoft BASIC isa
standardized version of the most popular
high-level language in the world. Exist-
ing BASIC programs are easily ported to
IRMX-based systerns. BASIC is an ex-
celient pass-through language by which
an OEM can offer customers the abnlity
o write and modify their own
applications.

IRMX™ 86 C Compiler

The popular new programnting language,
C {Mark William's Company version}, is
fully supported on iRMX-based systems.
iRMX 86 C offers both small and large

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

segmentation models, enabling applica-
tions to be written efticiently. The iIRMX
86 C compiler combines assembly
lunguage efficiency with high-level lan-
puage convenience; it can manipulate on
a machi ddress level while

ing the power and speed of a structured
language.

The iIRMX 36 C comnpiler affords easy
portability of existing C ptograms to
iRMX-based systetns, For more infor-
mation oo the IRMX C compiler see the
iIRMX 86 C Software Package data
sheet.

iRMX(™ 86 Text Editor

The iRMX 86 Text Editor is screen-
oriented, menu-driven and easy to leam.
Guided by the menu of eorrmands al-
ways before him, the vser can edit text
and programs easily and efficiently.

iRMX 86 Text Editor allows the simul-
taneous edit of two files. This allows
easy transferral of text between files and
use of existing material in the creation of
new files. Creating macros, strings of
frequently-used commands, is also very
simple. The editor ‘‘remembers " the
selected commands and allows the user to
re-use them repeatedly.

Worldwide Service

- and Support

All iRMX systems are completely sup-"l,““

ported by Intel’s worldwide staff of
trained hardware and software engineers.
iRMX Language customers receive a
warranty that imcludes Hotline Support,
Sottware Updaies, and Subscription
Service.

Complete documentation is provided for
all operating systern and application

- software languages, as well as for system

hardware ccinpenents. An Intel system is
not a collection of hardware and software
picces as much as a cohesive whole that
is supported and serviced as such,

3F11e

Intel Has Total Solutions
for Real-Time Systems

iRMX B6 is the fastest, most powerful
operating system available for multi-
tasking, multi-user, real-time applica-
tions. Complemented by a wide range of
industry-standard languages and ntilities,
the iIRMX-based systems are highly
flexible and conligurable.

Application development (or iRMX-
based systerns is possible at the board or
the system level. OEMSs can integrate
functionality at the most profitable level
of product design, using one system for
both development and target use. Intel’s
choice of industry standard high-level
languages enables the end user o exiend
OEM-provided functionality even
further, if desired. .

Whe is better gualified to write and sup-
ply software for Intel VLI than Intel?
Today you have the ability to tap into
hundreds of available application solt-
ware packages, languapes and utilities,
peripherals and controllers and
MULTIBUS® boards,

" Tomorrow, and ten years down the road,
you will be uble to tap into the latest,
high-performance V1.51— withour losing
todday s software investment.

.._..
(RS

7

F=

iRMX LANGUAG




Specifications

Requirad Hardware

* Any IAPY 86/286 based ar iSBC 86/
286 based systemn including Intel s
System 86/300 and 236/300 family. In
addition, object code from the compil-
ers will run on 1APX 88 based systems.

# 140KB of memory

* Two iRMX 86 compatible floppy disks
or one hard disk

* One 8" double density or 3.25” double-
density floppy disk drive for disaibu-
tion of software

& System console device

Required Software

The iRMX 86 Operating Systern Release
& or later including the nucleus, basic IIQ
gystem, extended 1/0 gystem and human

interface

Purchase of any RMX language requires
signing of [ntels OEM License
Apresment (OLA).

Ordering Information
Language Order Code Product Contents Warranty
ASM 86, RMX 860 Two 8" disk and two 3.25" diskettes 90 days:
Unilities Edit Reference Manuat Software Updates, Subscription Service,
1AFX 86/88 Fanuly Utilities User’s : Hotline Support
Guide .
Macro Assembler Operating Instructions
ASM 86 Language Reference Manual
8087 Support Library Reference Manual
Pascal RMX B61 Two B" diskettes and two 5.257 diskettes 90 days:
Pascal 86 User's Guide Software Updates, Subscription Service,
Haotline Sopport
FORTRAN EMX 862 Two 8" diskettes and two 5.25" diskette 90 days:
FORTRAN 88 User's Guide : Software Updates, Subscription Sarvice,
Hotline Support
PL/M RMX 863 COne 8" diskette and one 5.25" diskette 90 days:
PL{M 86 User's Guide Software Updates, Subscription Service,
Hotline Support
TX Editor RMX 864 One 8" diskette and one 5,25" diskette 90 days:
TX Screen Echter User's Guide Software Updates, Subscription Service
BASIC RMX 865 One 8" diskette and one 5.25" diskette 90 days:
BASIC Reference Manual Software Updates, Subscription Service
BASIC 86 User's Guide
One 8" diskette and one 5.257 diskette
C BMX 866 One 8" disketie and one 5.25" diskette 9 days:

C Programming Language by
Kernighan and Ritchie {Prentice-Hall)
C 86 Compiler User's Guide

Software Updates, Subscription Service,
Hotline Support
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ntel

XENIX”
LANGUAGES

* COBOL, BASIC and FORTRAN
support for Xenix-based systems

* Conformation to international
standards: ANSI 77 subset FORTRAN,
ANSI X3.23 1974 COBOL to Federal
High Level and ANSI X3.60—1978
subset BASIC

* Powerful microcomputer extensions to
ANSI standards

® Easy porting of mainframe and
minicomputer applications to micro
environiment

* Intel 80287 math coprocessor support

* Worldwide service and support
organization

COBOL FO J

)r\ru —~ e

FORTRAN CO

ORTRAN COB(
RTRAN COBOL
TRAN COBOL

RAN COBOL F
AN COBOL FO

M,

5
@ INTEL CORPORATION, 1884 :
“XENIX 5 & frademark of Microsalt Corparabon

ORDER NUMBER 230750-003
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High-level Language
Support for XEND{-
Based Systems

Tntel’s XEMIX operating system, avail-
able for component, board, ot system-
level integration, is a multi-user operat-
ing system well suiled for both techoical
and commercial interactive applications.
Typical appiications include small busi-
ness syskems, soltware development!
engineering workstations, distributed
data processing and praphics.

For OEM and end-user application de-
velopment ot XENTX, Tntel has provided
three industry-standard, high-level
languages — FORTRAN, COBOL and
BASIC — with which to build micro-
computer-based solutions for systems
products or component and board-

level applicaiions. XENIX BASIC,
FORTRAN and COBOL accommedate
esy porting of existing mainframe and
mini-based applications to the micro
environment.

XENIX FORTRAN far
Sclentific and Technical
Applications

FORTRAN is the most popular pro-
gravming language for scientific and
nuimerical applications. There are
thousands of existing FORTRAN pro-
grams and subroutines written in main-
frame and minicomputer environments,
most of which cun be ported to a micro
environment via Intel’s offering of
Microsoft FORTRAN,

Compliance with the X3.9 1978 ANSI
standard for FORTRAN at the subset
level ensures portability with minimal
source code modifications. By moving to
3 microcomputer-based system, you lose
nane of your mainframe and mini-
developed software investment.

Sreed and Accurac

here Theyre Needed
Scientific, math-oriented applications
usually require fast, highly accurate pro-
cessing. XENIX FORTEAN delivers ac-
curacy with double-precision arithmetic

#XESTX 1t & tradeanusk of Microsdtt Cucpocatian

-

NO

NO_
€S
€S

3
L4
Ni
Y
\l
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Y
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which handles numbers containing 15
significant digits.

High speed results from XENIX FOR-
TRAN support of the Intel 80287 float-
ing point coprocessor, as well as from an
extensive subroutine library, which in-

 cludes subroutines for 16- and 32-hit

integer arithmetic and 32- and 64-bit
floating-point arithmetic. Because of
XENIX FORTRAN s B0287 math co-
PrOCESSOr SUppOrt, SOMe Programs Writ-
ten in XENIX FORTRAN will execute
from two to four times faster than their
minicomputer counterparts.

Calls to *C"" and MS MACRO
Assembler are possible, making it easy
to interface non-standard peripherals to
XENIX FORTRAN programs.

FORTRAN

XENIX COBOL for
the Micro Environment

Intel's offering of Microfocus COBOL

is a mainframe -caliber compiler for

ANSL 1974 COBOL programs, ensbling
XENIX-based systems to compils and run
existing COBOL programs with minimal
source conde moditication, XENIX
COBOL also contuins features specifi-
cally aimed at facilitating the interactive

T 4471
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program development of new applica-
tions in a microcomplter environment .

These features inclwle a fagility for
dymamically loading sub-programs

from disk as required which effectively
removes limits on the size of the applica-
tion code that can be run. XENIX
COBOL avganents the fonetionality of
the ANSI standard with additional com-
piler feamres, such as interactive
screen-handling, that further increase
Con i e and [E

productivity.

Users can license 4 separate run-tivne
support package. This enables OEMs to
pass COBOL applications onto custom-
ers at a much lower cost than that in-
volved in transferring full COBOL
packages.

XENIX COBOL is one of only eleven

COBOL compilers in existence-—and

the only one for microcomputers —that
has been GSA-certified
as error-free at the
High Level. A
special ANSI-

defined commanications madule pro-
vides the user with a standard mechanism
for program-to-program message-
passing in multi-uscr networks such as
those found in an “‘oifice of the future™
seftings.

Forms-2™ Support for
Screen-Painting

XENTX COBOL supports FORMS-2,

a powerful visual prograrmming tool that.
speeds the creation of programs invaly-
ing interactive screen-handling. In an
cxtremely user-friendly environment. the
user “*paints " a form on the screen, and
FORMS-2 generates the COBOL source
code to support it. FORMS-2 results in
greatly imiproved programmer produc-
tivity in a microcomputer, screen-
building enviconment.

XENIX BASIC for Maximum
Flexibility

Inte]’s oftering of Microsoft BASIC
apens a whole window aof applications to
the XENIX user. Since their BASIC is
the same as that used on MS-DOS* based
machines, most programs written for
MS-DOS cunt now run on XENIX un:
changed. When developing vour own

OBOL

programs, BASIC is simple and easy for
quick prototyping, yet complete enough
for total development. Conforming to the
ANS1 X3.60 1975 subser standard,
BASIC also has powerful extensions, 16
significant digit Double Precision float-
ing point arithmetic, 80287 support, and
assermbly languages ronting calling capa-
bilities. From vsing applications wo de-
signing your own programs BASIC is
easy, complete, snd extremely flexible.

Woridwide Service
and Support

All XENIX systems are fully supported
by {ntel's worldwide staff of trained
hardware and software engineers, Com-
plete docwmentation is provided for all
operating systems and application soft-
ware languages, es weil as for systermn
hardware components, The XENIX and
XENTX Languages warranty includes
Hotline support, Software Updates, and
Subscription Service.

Total Solutions for
Interactive, Multi-
User Applications

Intel's XENTX-based systems offer the
most complete solutions for interactive,
multi-uset apglications requiring fast,
accurate throughput and a friendly
programming environment. XENLX is
compiemented by industry-standard,
high-level ianguages with whch FEMs
can create flexible and open end-user
SYSIEmS.

KENIX languages are completely pott-
able—{rom one leve] of integration to
another {chip to board to system),

Intel is paving the way into the foture of
V18T und ptonecring VLS1-based sys-
tems. We are committed to providing
custoniers with smacth, nninterupted
application development on the latest
VLSi-based systens - today and
LOMOLIOW,

VISR ININNXENIX LANGUAGES
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intel

Specifications

Required Hardware: Required Software:

* Any IAPX 286 based or iSBC® 286 # Intel’s XENLX 286 Operuting System
based system including Tnte} s

286,300 farnily and iDIS systems
® 196 KB memory
& Two floppy disks or ooe hard disk

# One §" double-density or 5.25"
double-density floppy disk drive for
distribution of média

* Purchase of any XENTX Language
requires signing of [ntel’s OEM
License Agreement (OLA)

Ordering Information

Order Code
WNX 236?

Language
COBOL

XNX 2868
XNX 2862

FORTRAN

BASIC HANX 2863

Product Contents

One 8" diskette and one 5.25" diskette

Level T COBOL Language Reference
Manual —122158

Level I COBOL Operating
Guide—122159

Forms [1 Utility Manual— 122160

Lewvel II COBCL Pocket Guide — 122161

Ineorporation Fee for passing through the
COBOL Runtime Systern

One 8" diskette and two 5,25" disketies
Fortran Reference Manual
Fortran User’s Guide

Ome 8" diskette and one 5,25 diskette
BASIC Reference Manual
BASIC User's Guide

Warranty

9 days:
Software Updates, Subscription Service

90 days:
Software Updates, Subscription Service

9} days:
Software Updates, Subscription Service

FORME-2 13 2 trademark of Micro Focus
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n
2920 SOFTWARE SUPPORT PACKAGE

* Complete software design and » Extends intellec® Microcomputer
development support for the 2920 Development System to support 2920
software development

The 2920 Software Support Package furnishes a 2020 Signai Processing Applications Software/Compiler, 2020
Assambler, and 2920 Software Simulator. These three software design and development tools run on the intellec®
Micracomputer Development System.

The 2920 Signal Processing Application Software/Compiler is an interactive too! for designing softwars to be
aexecuted on the 2920 Signal Processor. The compiler accepts English-like statements from the user and generates
2920 assembly lfanguage code.

The assembler translates symbolic 2920 assembly language programs into the machine operation code. The user can
load the code into the simulator for 2920 simulation or to the Universal FROM Programmer for 2620 EFROM
programming.

The simulator, operating entiraly in softwars, allows the user to test and symboticaily debug 2920 programs, The user
can specify input stgnals, simulate program execution, set up breakpoints, display irput and output, and display and
alter the contents of the 2920 registers and memaory locations. The simulator can alse stop or trace the program and
constructively give the user access 10 the Key elements inside a 2920 for analyzing his program.

The cormpiler, assembler, and simulator enable the designer to develop and test an entire program without a
complete prototype design. The 2920 designer works on the Intetlec® Microcomputer Devalopment System rather
than on a breadboard. The development system can program, store and recall programs of routines and aid in 2920
program design.

2920 Soitware Support Package

Tha toshewing are trademarke af intel Corpreation and may oe used oaly (o wentify [ntel prodycis BXP, Inteflse. Mulbbos, &80, Multimodule. ICE, (SBX, PROMPT, {28, Library
Managet, Promware, Insite, MCS, RMX, infel, Megachaasis. UPL, Intelayison. Micropmp, zScopa and the cambinalon of {CE CS, 1ISBC. 1SBX, MOS. or AWK and & numencal
Bufix . S 1560

Intel Carperatien 1980 3-125 1562208
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inl'el‘ 2920 SOFTWARE SUPPORT PACKAGE

2920 SIGNAL PROCESSING APPLICATIONS
SOFTWARE/COMPILER

s Compiler generates 2320 Assembly = Interactive software support tool for
Language Code 2920 Signal Processor
» Extensive command set for designing
electrical tilters s Extends Intelfec® Microcomputer
: Development System support of the
= Graphics capability enhances analysis - 2920

of filter response or piecewise linear

function approximations :

= Containg MACRO library for several

» Powerful MACRQ capability for standard filters and signal processing
executing frequently used routines functions

The 2920 Signal Processing Applncahons SoftwareJ'Compner {SPAS20) is an mteractwe tool for designing
software 1o execute on the 2920 Signat Processor

The SPAS20 package can be visualized as being comprised of four inter-related sections: A compiter section,
a filter design section, a curve fitting section, and a MACRO section,

Among the abilities of SPAS20 are: ability to generate 2220 assembly language code directly from
specifications of signal processing building blocks such as filters and waveform generators; ability to
generate 2820 assembly language code for several classes of algebralc equations suchas Y =C*X, Y =C*Y,
and Y=C"X+Y where X, Y are variables and C is a constant; ability to generate 2920 assembiy language
code for one variable function Y(X)= F(X}, ability to examine time and frequency responses of filter sections
specified by continuous or sampled poles and zerces; ability {0 examine piecewise linear approximation of
specific function; ability for users to implement more complex commands by grouping sets of commaonly
used commands inte a MACRO,

The SPAS20 package runs under 1SIS-11 on any Inteliec® Micrecomputer Development Systermn with §4iK
RAM. The output of SPAS20 can be assembled with the 2920 assembler, teated with the 2920 Simulator, and
programmed into the 2920 chip with the Universal PROM Programmer for prototyping.

3126 LEN-DIIREA
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2920 SOFTWARE SUPPORT PACKAGE

FUNCTIONAL DESCRIPTION

The 2920 Signal Processing Applications Software/
Compiler gives the analog designer a “'high level
fanguagse™ for his 2920 applications—it decreases
the need to code 2320 assembly language. Further-
more, the compiler is interactive. This feature
anables the designer to define a filter, or transfer
function, graph their response, and change their
parameters many times, without having to program
and test in an actual 2920 implementation.

Once a filter is realized by moving poles and zeros
in the continuous and sampled planes, the filter
may be coded and written antc an ISIS file. Simi-
tarly, after a function Y = F(X) has been defined, the
code for a piecewise linear approximation can be
stored onto an ISIS file. Several other file com-
mands are available to store and retrieve command
sequences for SPAS20 sessions.

SPAS20 Command Language
DEFINE This command defines a pole or
zero by associating it with a
number (i.e., POLE 3), and with rea)
and imaginary coordinates in the
continuous or sampled plane.

This command alzo defines a sym-
bol by associating a name with a
numeric value, or a MACRO by pro-
viding a pointer to a specified com-
mand sequence. -

GRAPH/{
OGRAPH

This command graphicaily displays
the values of object(s) specified.
For example, GRAPH GAIN and
GRAPH PHASE are used to display
filter response. The CGRAPH com-
mand will ""overgraph' the new
response over the oid response,
after any changes have been
made. (You may alsc graph Group
Delay, Step, and Impulse.}

MOVE Allows the definition of a pole or
zero 1o be changed—its coor-

dinates, its plane, or both.

REMOVE Deletes the definition of a pole,

zerg, symbol, or macro.

HELP Types an explanatory message on
the console, pertaining to a com-

mand or its attributes.

FIT This command performs curve fit-
ting, i.e. it approximates an arbitrary
user supplied function with a piece-
wise linear function.
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DATA This command allows for specifica-
tion of a set of vertices {ie. X-¥
coordinate pairs) which determing a
piecewise linear approximation of
some defined tunction, filter
response characteristics, etc.

HOLD Command to correct attenuation
due to sample-and-hold distortion:
it ON, it corrects absolute gain by
sin{x}{x and phase by adding x,
where x=TS*FREQ'r. It corrects
group delay by subtracting n*TS.

EVALUATE  Gives the decimal numeric value of

any exprassion.

CODE Creates 2920 assembly language
code for given poles, and zeros,
equations, and user defined func-

tions.

The SPAS20 compiler also recognizes the follow-
ing commands for file handling:

PUT/ Writes out objects (commands) to
APPEND a specified file, either creating a
new one or appending an existing
one. This enables the user to
store all or part of 2 SPAS20) ses-
sion on a diskette to be brought
back later with the INCLUDE

command.

DISPLAY Copies the contents of a file to the
console.

iINCLUDE Executes a sequence of
instructions from a diskette file as
if they were typed in from the con-
sole.

LIST Creates a file containing all

console interactions.

In addition to¢ naming macros for specific com-
mand sequences, compound and conditionai
commands may be formed using ail of the above
statements. These compound commands are:

{F Establishes conditional flow of
contrel within a block of
commands.

REPEAT Used for repetition of a block of
commands; executes Indefinitely
or until & condition is met {using
WHILE, UNTIL, and END

statements).

COUNT Establishes the number of times a
command sequence s ¢ be

executed, in alooping fashion.

AFN-D1I864
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SPAS20 MACRO Facllity

A macro is a sequence of commands that is stored
on a temporary diskstte file. The command
sequence is executed when the macro name is
entered as a command. This saves repetitive entry
of the sequenceé, and permits alogorithms to be
saved on diskette for future use. This SPAS20
facility allows you to do the following:

+ Display the text of any macro.

= Define a macro, specifying its name and any
parameters that are to be used by the block.
This definition is foliowed by the contents of
the macro {commands) and the EM statement
o end its definition.

-

Invoke a macro by entering its name and
appropriate vatues for any parameters.

List the names of all defined macros.

Remove any or all macros.

Intel also supplies several MACRO library files con-
taining the following commonly needed MACROs:
+*  Filter design MACROS

— Butterworth filter

— Chebyshev filter

-— Bllinear transform

— Evaluate gain or phase of digital fllter
in parallel form

— Time rasponse simulation
. Function design MACROs
— Code and error optimization
— Calculate instertitial error
+  MACROs for generation of 2920 code
— Code for all-POLE filter
— Input and A/D conversion
- Muitiplication
— Division
— Logarithm functions
— Square-roct functions
— Sinewave oscillator

SAMPLE SPAS20 FILTER DESIGN SESSION

—1FI @ SPas20 . §FT

I518-11 2920 S1GNAL PROCESSING AFPLICATIONS COMPILER, ¥2.0

-
*DEFIME POLE 1 = -707.70Q7 i CRERTE R
"

"FZ LIET mLL POLES AMD ZERDS
POULE 1 = -707 Q0GROQ.707 O0000.CONTIHUCUS
:FSCQLE = 100, 10000
:YSCQLE = =451
':GFkPH GRlk

LM Lo

B A -

[N

L A N R N

]
-
prLy
i~

~ A - - -

BBIHZ ...l
108 130 200

.

FREPARE TO MOYE TO TRE DICITAL DOMAEN.
$ANPLE RATE MQST BE SPECIF1ED

- .
»T% = Lr/13020 .
T3 =2 7 €BO3G04/10w=%

3128

‘300 700 580 ‘70c 1o téos 2eon Fo0n 5600

POLE IM COMTINUOUES S-FLANE

i ESTRBLISKWES FREQUENTY RANGE OF IHTEREST
i ESTABLISHES MAGHTTUOE ®ESPONIE RANLE OF IHTEREST

J PLDY MAGKITUDE RESPONSE OF POLE FAIR

- - a - . '

THE DHITS USED 1N GRAFHIKG CALW ARE SHEMH 1M THE LOWER LEFT CORKER
GAIH TH GECIBELS [S CRAPHED YERBES FREGWUENCY IN HERTZ

; RATE FOR 192 1NSTRUCTION PROGRAM AMD 10MAZ CLOCK

AFN-01388A
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SAMPLE SPAS2) FILTER DESIGN SESSION (Cont'd.)

*WOYE POLE TH 2 i COKYERYT FILYER TO DIGITAL VIR W&TCMED-2Z TRAMSFORMATION
1 POLES/ZEROES KOVED

-

+F ¢ LIST TRANSFORAER POLE

POLE | = 0 710%2836.0 34119369.2

-

*. (ONPARE RESPOWNSEE OF THE ANALC AND OIGITAL FILTERS BY GRAFNING THE

=’ HEW RESFUNSE QYER TME OLD

-
sOGPAPH GRIN

Gl
]

L R L T
»

JBIHZ ..ol - . - - - o N .l

106 150 200 300 400 500 700 1006 14G0 2060 3000 saco 16000

G
*
*. FLUS SIGNS [HDICATE QLD CURVE

*. HITE THAT THE DPIGITRL FILTER RESPONSE BEGINS TQ INCEREASE RGATM
%. mT HALF THE SAMPLE RATE ¢ €310 HZ

*

L

L

THE PHASE CHARACTERISTICS OF THIS FILTER CAM BE EXARIMEC
#7§CALE = -FI1,PI i ESTABLISHES RANLE GF IWTEREST

L]

*GRAPH PHASE

PHASE L T T T T T T . L I |
3,14
.24
Z2.54
224
1.94
1.6%
135 -
0% *
.75 =
.45 '
LR -
=015 B b b .
=045 M !
-0, 4 e -t
-1-0% " -
-1.3% el -
-1.65%
1.9
~2.24
=254
-2.84
3.4
RADIHZ |, . ..%. o e
100 iS50 2CC 300 400 J00

- -

“ - “ V
700 1000 1400 2000 IDOD 300 10000

Pu

-

*PyT FLl:POLE #2 i BA¥E THE FOLE LOCATION IH R DISK FTLE BACKUP

-

vt POLE 1 OINET4L oWk MERMGE YU ALSEARLY LODE FUR EHLS FlILIEW
B.=! 3398999%0C P2o-0 30341914

3129 AFN-O1386A
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SAMPLE SPAS20 FILTER DESIGN SESSION (Cont'd.)

CGPTIMIZED 2920 COOQE L[S Hdw CENERATED
aF THME BCREEM OUYPUT HAS BEEN DELETED

T0 FAVE SPRCE., SORE
HORAALLY #LL ATTERPTS

BY THE CONPTLER YO GEMERATE COPE ARE ECHOEH ON THE SCREEW )

IHaT=10

POLE

1 = 0 71089%432.0 J41L6779.2

SEST: PERFOR = J JPISG7&/10+%, 1 SRBAGI6T/ 10w}

i NOTE:

LA JUTZ. M 0UT1_#1.R0A0

GUT2_Fle] QOCOQ00CS0OUTLI_PI

LDA QUT1_P1-QuTO_PL.ROD

s¥E
L1434
L1J-3
1310}
3113
144

*
-,
LN

L
L
*
LN

.
sELET

SAMPLE SPAS

ONTLI_PL=1 ABGODO0G«OUTR_ P

OUTO_P1.OUT1I_F1,R0S
QUTO.Fle] AD0O0DOC=0UTO P10 03 125C000«DUTE P}
QUTO-P1.QUTO_P1.R0OD
- OUTO.Piwl 1Z500C00*QUTG.FL-0 CISIBE25090UTL.P]
JUTO_P1.GUTL_P1.RD2Z
QUTO_Plal 12900000+0UTD. FI+0 Z1484175+0UTL_F1
OUTO-P!-.OUTZ.P1.ROL
OUTC.Pi=l 12300000%Q0UTD_PI1+0 21484375#00T1_P1-0 IC00CCO0*0UTE P
OUTO-P1.QUTZ.PI.ROB
QUTG.#1al 1230000020079 F1+0 Z2)48437300UT1_F)-0 SO3I904Z3¢0UT2Z.PL
QUTO.FP!.OUTZ_P1.RE1
OUTE.Pl=1 12500000+ 0UTO P 1+d 21404373%0UTLI_F1-0 SOT#t79&«0UT2_ PRI
QUTY.PL, bUT2..P1.RDY
OUTD.P1=1 12500000 DUTA_PI+D 21484372%eQUTI_PL-0 50332109 0UT2. 01
ADC GUTO_PL.IWD_F1.R00
DUTO_P1=l 125Q0CQO00=0UTO_P1+0 214B4375+GuT) _FL-0 SO337109+00TZ Pi+3 (0000D0=INO_F]

i

THE Copé
A FRUCT LONE.

AAXE SURE SICHAL 1% <0 74633371

CORMAND APECIFIEDL THAT THE POLE FATR BE CGDED IH LESS TRAH 11
%0 10 INSYRUCTIONS UERE CENERATED, WITH COMNENTS

THE FIWAL ERROE TN RADPIUS AND RNLLE FOR THE FPOLE PAIR WAS OF THE

ORDER OF L/10ex] a5 IWRICATEL ABDYE [N FERROE

THIS OPTIRY2ED 2920 ASIEMBLY CADE CAN ROW AE AFFEHDER To A FILE
SHICH MeY CONTAlN OTHER CODEL FUHCTIOMAL BLOCKS DF A 29%20 PROCRANM

20 CURVE FITTING SESSION

AFHAYETRATEONR NF THE SPASEY CURVE-FITTTING PACKAGL

-GPAS2NLSFT

I1S18-1L 2920 SIGHAL PROCESSING APPLICATIONS SDFEWARE/COMPILER, ¥I.0

AFAFPATE 9920 OOMF TN CALCULATE
FOPITIN 0% THRE FAI0 CETR

AMDOTHE PaAF,  uavLveR BT

LT YCURFNLATE

s

£, THF MIRVY FTITTING COMMANDS TK STASIO VILL

Ry RANME FINMOTINY SNICH 45 Ve, ACEERLOTII Ny

Ry MTITH TUN CIELTIRLIFS USE90 ARAIT 1R [MSTRITT!

L Vgt T ot RaE e Tan 4adn, THE CADE ORrFRaTen 8y TIT ZIrune FITTIRG
£ POrTANAS NAFS ART IR THR RAR,

L]

AEARE FIT YEFIILEN{N) = YAk FuBnpd 05 sTREAR RAUYD AF 05
*

*COME J ITET TS THE SOnT o ORMruaTiqn,

[

na TTHR,

N BEAN]
R TS T T R

LA YPURT Y A0

Ann

Mt %

FCORC =0 5nnanennay
h
MOGET =0 R LRIy

AT TTURL Y RN

TP SNHNNANIE S PN OINAT IS

AT YOUYER TFOR, RNS

SHAR YruUuf

T TR
AN NCREN T

SR

Liva ¥

L

BRI

SR I H TR RS LA EE T S I TN DI TR L 1

VoMl 1 MOPARTTE S L =D T AT RN T
ADTT TR, Y, R

SRR L DN N AT R
"E,

AR S

REUGED TR, RN
el NRORINE AT n= S E0 T NATE

TG AP LAY

A U R N TR I L R TS RN R T

P =4 AN E s TR r = YA YT RN T

7T IT vIIPTINY RS Thnvn 7Y
100,

T yaue

THSTRITCET IS

3-130
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*ELanp O THF PARE ARPADYLIATCS YART ITITY THIS rennr;

ERREL = 1, N&hliT5nan -
*

*OATA () Tupn | SRV ITNE Rur BIECRUTSE LTMEAR FRUSTIAYS YRATTOLA,

AT NLAAARKAAN TIVAL ], AANANRAN = M, AARARMINA AT 0 _anananan g

MLOAGBSAZENLT AT A 4NONRANA % '

DL TASATINA AT NLARGBRARAD L

MRS 500 AT 1 NOndnnan

*

AT PATH(Y ) iTHE MATH A"EAY APPLOSTYATES TUF TUNCTINS AFD 3K W5 GRAPIUFM,

LR o R Taaeaa T e

a.9%
nLal . .
AT r
n,az . -
a1y .
0.7 .

N, hR -

0, e K

0,59 -

LTS .

a, 50 -

0,45 . .

Nl -

n,1% K

LA -

n,a7 -

n.71 T

noR -

.14 —

a,ng —

[

aLrn

.. t
n,2 n.m L) ta % n.h n.? n.g 0.7 1.9
ENSNAPID qway 3 TUE NIFFLRANCE RETUREN THE CODEN AN TYF ACTIAT, APPEARS A5 "4",

* LT

- 3

TUSETIOR  'eevene enes
n.ns +
fn,an +.
n,Rh *.
n.al bl
n.Th + -
n,7l i

nons 4,

none . -

n.5? 4T

n.sz .-

nLLR .

Alit +.

n, 18 +.

.13 .

n.1g -

N, ot

n,19 Al
n.14 ==
n.in PP :
n.ns Frtrhdk, -

n.non PN IR I
Demvan s s s R e e LT AN E R T R

L} [TV | B .2 s .4 ha M.k 07 0.8 n,.4 1.00
ALNA (XAX)-DATA(R) : TH® FRARN® WILYL RT GRAPHER,

PUNCTIOE 1 hianae Tt e T e Ceeanas Teraa Taranan Teeaaan 3
n.nat !
NNy '

M.nig

N TA

n,nye

n,n2a -

a.075% -

Nzl . N
n,n1¥

0,014 . - -

LUPE ) ’
n, itk - .

n,nas . L.

B . .

= 0NG - - . .

-, 0Nk " ro— ' . !

—.N1E - . R ot .

=0.01H L " RN -

~fronin - - -

-n.ngy —. - ‘ .

=0.n27 Tt N .

=0,n31 LT

Tesvars nuravana

* [EI L | n,2

*EXIT 3 THAT'R ALL FOLKSR

CerenarTrarsrsternrrTaanr e nand

n.h n,? Nk n.% 1.0

13N
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2920 ASSEMBLER

2920 program development on Intellec® Produces Assembly Listing, Object Code
Microcomputer Development Systems File, and Error Diagnostics

Cutput used for 2920 programming with -

Trﬁnslales symbolic assembly language the Intellec PROM Programmer or the

instructions into 2920 machine code

2920 Simulator for program debug

The 2920 Assembler translates symbolic 2920 Assembly Language instructions into the appropriate machine
operation codes. Through ihis facility, the programmer ig able to symbolicaily program 2920 hardware operations.
Compared to machine code, these symbolic referances provide faster programming, easler debugging, and greater

reliability.

The Assembler produces an object code file {executable machine code), 3 complete assembly listing, and error
dlagnostics. The- object code output from the Assembler may be loaded directly into the Inte! Universal PROM
Programmer for programming the 2820 EPROM. The cbject code may also be loaded to the 2920 Simulator for 2620
system design and debug.

The 2920 Assembler runs under the 15151 Operating System on the Intellec Microcomputer Development Systems.

Sample 2920 Assembly Listing

13[8-11 292C ASSEMBLER X192

ﬂﬁgiistil INVOKED BY! ASIY20 SAW RSN DEBUG

SAUTOOTH WaYE GEMERATOR

LIME LOC GWIECT SOURCE STATEMEKT

P A -k RN I PR ey

e
Fal
i
i3
it
25

Symedl !

¥

RSIEMELY
ERROPS
HARNIHGS
RANSTZE
RONS i ZE

W kO

O00QEF
QCO0EF
QeQ0EF
OOBRE®
GOBAgR
CO44EF
TRABRED
SOGOEF

TDE2EF .

4D#4EF
4000EF
4R00EF
400GEF
B000EF
BODOEF
BOGOEF
3000€F
800GEF
SOGIEF
EROOUEF

EOMPLETE
L]

]
1
20

PALE 1

$TITLE('SAMTODTH MAVE GEMERATOR' :

1HD i SAMPLE IHPUT CH‘HHEL 1]

180

180 ] .

SUB Y.KF1.l1HD ;O SIMULTRANEOUSLY CALTCULATE SAWTOOTH

SUR Y.EPL.RL.,IHD : BY SUBTRACTING Is16 FROM ¥

LoR DRE.Y.IHO ; ALSD CHEGEKE SIGW BIY GF T

AdD Y.KPT.CHDS : If ¥ NECATIVE START HEXT TOOTH

CYTS ; COMYERT SARPLEC IWPUT TO BIGCITAL {SIGH BIT)

LDPA Y.KPO.CHES ; SUPPRESYS SANTOOTH IF INWNPUT MAS < 0

LA BRE.Y ! PREPRARE TO OUTPUT SAMTODTH

HOP : RMAL DL LEVEL MUST SETTLE

HOP

HOP

ouTh ; QUTPUT S5adTOOTH

¢uTD

ouTo

EQP : PROGRAM #ILL EWD 1M THREE MDRE INSTRUCTIOMS

outo

ot

ouTa

END

YALUE:

3-132 AFN-O1388A
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2920 SIMULATOR

Speeds test and debug of 2920 programs
Simulates 2820 internal operation

Operates on Intellec® Microcomputer
Development Systems

Allows users to specify 2920 input
signals, and display or alter ROM, RAM,
and system variables

Output and internal data can be saved
on disk for further analysis.

Provides ability 1o set breakpoints and to
collect trace information

Easy-to-learmn commands

The 2920 Simulator is a software faciity that provides testing and symbgelic debugging of 2920 programs in an Intellec
Microcomputer Development Systems environment. The 2920 designers have the capability to specify the 2920 input
signals, to set breakpoints, to collect and display 2920 input, output, system variables, ang ROM and RAM data values
during simulation The 2920 Simulator accepts the hex format object files produced by the 2920 assembler. Cutput
values and internal trace data may be saved on ISIS-1l disk files for further analysis.

Functional Description
2920 input Signal Specification

The four analeg signal inputs to the 2920 processcr can
be specified as algebraic combinations of basic
functions of time. The basic functions are SIN, COS,
EXP, LOG, SQR, SAW, SQwW, ABS

2920 Simulation

The simulation of 2920 maching instructions is per-
formed in software Adl 2920 internal registers, memory,
inpul values, output values, and other sysiem variables
can be examined and modified. The interna! processing
of the 2920 is simulated. Time constants for the sample
and hold capacitators are assumed 1o be zero Calcula-
tion of input signals is performed in single precision
floating point. The speed of simulation varies with the
complexity of the input signal, breakpoint setting, and
trace condition. Exclusive of IfQ time requirements,
2820 instructions will be simulated at a rate of approxi-
mately several hundred instructions per second.

Breakpoint Capabllities

After sach instruction is simulated, the breakpoint is
svaiuated to determine whether {0 stop or continue
simulation. Conditional breakpolints are also provided
for debugging purposes. Simulation can be manuaily
slopped at any time by pressing the ESC key on the
intellec consale.

Trace Capabilities

Based cn the gualifier's condition, trace data records
can be collected during simulation. The trace data

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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records are stored in Inteltec resident memory and are
aptionally written to the canscle for display of to a disk
file for record.

Symbolic Debugging Capabilities

The 2920 Simulatar allows the user to refer to program
addresses symbuolically. The user can load or save the
symbols generated from 1he hex format object files or
created during the debugging session. 2920 program
memory in ROM can be disassembled, ot filled with
assembled instructions.

The 2920 Simulator is designed to provide users with

" powerful, easy-to-use commands. The user intertaces to

the Simulator by entering commands to the Intellec
conscle. The commands consist of one command line,
terminated by one of the two line terminators — carriage
relurn or line feed.

The 2920 Simulator offers two types of commands:

Simuiation and Control Commands

Command Qperation

Simuiale Starts simulation of the mpul signals
and the 2920 program in simulated
ROM  memory Imtial setting s
“FOREVER

Trace Controls the trace selection. Initial
setting 1s “TIME.™

Quairfier Sets qualifier condiwn during trace.
tnitial setting 15 " ALWAYS™

Breakpoint Sets breakpaint conditlon during simu-

lation. litial setting 15 "NEVER."

AFN-HI86M
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Interrogation and Utility Commands

Command Operation

Display Displays the values of symbois, RAM,
RGM, npul, output, registers  and
syslem vanables

Changa Altars the values of symbols, RAM,
ROM, inpul, register and system
variables.

Baza Establishes the mode of display for
outpul data. .

Sulfix Establishes the mode of display for
inpul data.

Load Fetches user symbol table and object
code fram inpul dewice.

Save Sends user symbol table and object
code to output device

Define Enters symbol name and vaiue lo user
symbol table

Console Controls the conscle on/off display

List Defines list device

Ewit Returns pragram control to 1S1S-)1

Evaluate Converls expression  to  eguivalent
valugs in tunary, decimal, and hex

Remove Dateles symbols from symbol tabie

Help frovides a brief summary of the synlax
for the command languages

Graphics - Switches cutput moge between hst and

CniOlf graphics.

X Size Enlars horizontal display size.

Keyword Relerences

The 2920 Simulator provides users with keyword refer-
ences to gain access o all of the numeric valued
systerm variables including simulated 2920's memaory,
register, status flags and input/output. These keyword
references can function as the evaluation command,
display command, and change command.

* 2820 Processor Keyword References

INC Analog input 0 in volts
N1 Analog input 1 in volts
IN2 Analog input 2 In volts
iN3 Analog input 3 in volts
Analog output O In volts (read only}
QUT1  Analog output 1 In volts {read only)

QUTZ  Analog qutput 2 in voits (read only)

OUT3 Analog output 3 in volts (read only}

QuUT4  Analog output 4 in volts (read only}

OUTS  Analog cutput 5 in volts (read anly)

OUT8  Analog cutput 6 in volts {read only)

CQUTY  Apalog cutput ¥ in volts {read only)

IN Sampled and held analog input sigpal in voits
DAR  Digital to analog register {RAM location 40}
PG Program counter {intager 1 to 192)

cy Carry (Integer 0 or 1}
OVF  Overflow {integer 0 or 1,.read only)
OVE  OQverflow enable {integer 0 or-1)

3134

» Soliware Simulator Kayword References

TIME Elapsed simulated time in seconds
{read only)
TAQUAL Time when the qualifier last matched in

seconds (read only)

COUNT Number of instructions simulated since
fast SIMULATE command {integer, read
only}

BUFFERSIZE Number of trace data records {integer,
read only)

TINST Time between successlve instructions
in seconds iread only)

SIZE Nurmbar of instructions in pregram dis-
regarding actual ECP placement

TPROG Time between successive program
passes in seconds

VREF Reference analog leve! voltage in volts

The above keyword refarences are designed to aid 2920
program debugging.

ISIS Compatibillties

The 2920 seoftware simulator runs under the ISIS
“submit” facility. The 2920 software simulator uses the
ISIS-Il line editing capabilities to correct srrors in an
input line on the Intellec console.

Sample 2920 Simuiation Session

=5M2920,5FT
I315-T1 292D SIMULATOR, ¥1.1
”

*;  THIS I8 THE STHULATION OF THE ‘SAUTDOTT GEREMATARS
N
FLIST SRG.LOE ; LISTS THE SIMULATION SESSINON TN AN ISLS FILF
*LOAD SRR LHEX ; LOAL THRE ORJEGCT CoDF [NTN O THE 79207 S1MUEM,TDR
*ROY QTN 5 3 DLRFLAY SRR PROGRAN
ROM NOO = LLA JK,KFS,ROD NOP
ROM fD1 = APT LK, KPI,RO5 KAF
ROM 0102 = LDA .K,.K, RN} _NOF
ROM B0% = SUR .0SC, X, ROD,NOP
ROM ANG = LOA DAR,.NSC,RO0,NOF
ROM 05 = ADD 0G0, KP4 ,LP1,CHDS
RTPROCG=L/§0ADY : SET THE SAIFLE RATFE
'TRA‘EC.R&H K i SET THE LTEMS T0 ME THACED
ABASE=R 3 DISPLAY THE RERULTS TN RINARY
ASIMULATE FROY 0 T1LL COUNT=Y ; SIMILATE THREE LNSTRUCTINYE
T0 OYERIFY CONSTANT

P RA™ i
SIMULATENY BREGUN

1. 0000000 B0AAI0A0DTNAH00BOMAL

2. 000N000E+D

3. A0UNO00FE+0
SIMULATINK TERMLYATED
AIALTFIRR=PO=] : TRATE EVERY PROLRAM PASS
*TRACE=T ,DAR RAM .NSC ; SET THF LTEMS Td RE TRACTR
REAIl LNACSNE : THTTTALIZE THE RAM LOCATLION
ERREARPOINT=TY.NA137 ; SIHULATY FOR TWD CYCLES
REASE~D : SET THE RASE TH RECTMAL
*SIMULATE FROAM N RAEGIN SI™MILATLIAN

T R Ralt ]

G LOLACAALA RN 0N RO GONOROTD
D IR INANRa L ANOL0F0aeaOnRnROnn
0RO 1A 1a000 L0 RRAnaraeann

. AFN-013664
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SEUULATIOM ®EAI*

NGILERL TN NOATHHL TS UPEESEFREE

AL A2 e M ARRY4aTS A.ARE9GARY

a.nnnInnan [ O T ) N.9IRIZNFA

G PG N.I6TIRIAN n.37100817n0

ML sanan Ny 2 LEGI740 N2 3IRETYA

IGENTRBLT BLSEERTAN NS EALNSA

T an - INTSAZ AN UL TTSETT

L ETERT N.7IRZALTS N, 74t IATes

rLnEnannng HLSAINTL2S ML GBS HAY

I BT . 435THL2S (U o 3]

n.nolinnan AL2RE53L75S d.21050778

n,AnE2nnan N, INe37 500 L1 LAZRLLY

n,anInnn i, FARAT SO0 0.95605459
SIMULATIOR TERMINATED
WLRAPIL 0N ;5 SHITCHFS T'U% M1SPLAY "0DE TN CRAPWICS
*TRACEaT, N, NAR R4 . 0SC —F,-1,1,1 ; SETS TTEMS T0 ®RE TRACER
AN NS =0ONF 3 INITIALIZE THE Ra LnCaTIon
=LIwILATE FRORM 1

T n TAR RAn 1 -1

-1 1 1
SIHNLATION BFCUN
—an
noe
Lo
i
i
n
L
n
n
a
a

LR N T A

ra
-

-

LN N NN AR

* 2
SIMULATINY TFRMIKATEDR
*EXIT

SPECIFICATIONS Optional Software
Operating Equipmenl FORTRAN-80 {Product Code MDS-301)

Required Hardware

Inteliec” Microcomputer Development System
RUNNING 1915 :

Documentation Package

2020 Assembly User's Guide (9800987)
. 2920 Simuiator User's Guide (3800988)
Required Software 2920 Signal Processing Application Compiler

User's Guide {121529)
ISIS-It Diskette Operating System

Optional Hardware
Line Printer Shipping Media

Universal PROM Programmer Flexible Diskettes

ORDERING INFORMATION

Product Code Description

MGCI-20-5PS 2920 Software Support Package
Ingludes 2920 Signal Processing
Application SoftwarefCompiler and 2920
AssemplerSimiator Software
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MCS® -48
DISKETTE-BASED SOFTWARE
SUPPORT PACKAGE

» Extends intellec microcomputer = Takes advantage of powerful ISIS-II file
development system to support MCS-48 handling and storage capabiiities

development
» Provides assembler output in standard

s MCS$S-48 assembler provides conditional Intel hex format
assembly and macro capability

The MCS-48 assembler translates symbolic 8048 assembly language instructions into the appropriate machine
operation codes, and provides both conditional and macroassembler programming. Output may be joaded
either to an ICE-48 module for debugging or into the iUP Universal PROM Programmer for 8748 PROM
programming. The MCS-48 assembler operates under the 1SIS-li operating system on Intel Development
systems.

otm

Ceany
FAE Ny lk’_ BEMNAIT Y

ENNTEL CORPORATION, 1983 - . MAY 1983
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MCS-48

FUNCTIONAL DESCRIPTION

The MCS5-48 assambler translates symbolic 8048
assembly language instructions into the appropriate
machine operation codes. The ability to refer to program
addresses with symbalic names sliminates the errors of
hand translation and makes it easier to modify programs
when adding or deleting instructions. Conditional
assembly permits the programmer to specify which por-
tions of the master source document shoutd be includ-
ed or deleted In variations on a basic system design,
such as the code required to handle optional external
devlces, Macro capability atlows the programmer use of
a single labai to define a routine. The MGS-48 assembler
will assembla the code required by the reserved routlne
whenever the macro label ig inserted in the text. Qutput
from the assembler is in standard Intel hex format. It
may be either loaded diractly to an in-circuit emulator
{(ICE-48} module for integrated hardware/software
debugging, or loaded into the iUP Universal PROM
Programmer for B748 PROM programming. A
sample assemnbly listing is shown in Table 1.

The MGS 48 assembler supports the 8048, 8049, 5050, 8020,
8021, 8022, 8041 and 8042. The MCS 48 assembler can aisc
support CMOS versions of the 8048 family.

Table 1. Sample MCS-48 Disketts-Based
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SPECIFICATIONS

Operating Environment

{Ail) Intel Microcomputer Development Systems
(Series Il, Seres Il/Series iV)
Intel Parsonal Development System

Documentation Package

Titles of:  User Guides
Operating Instructions
Reference Manuals

Ordering Information

Part Number Description

MDS-D48* MCS-48 Disk Based Assembler
Requires Software License

SUPPORT:

Hotline Telephone Support, Software Performance
Reports (SPR), Software Updates, Technical
Reports, Monthly Newsletters are available.

*MDS is an ordering code only and is not used as a product name or trademark. MDS is a ragistered trademark of

Mohawk Data Sciences Corporation.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

3.137 . AFN-00E18D



intal

' - 8051
SOFTWARE PACKAGES

PL/M51 Software Package Contains the 8051 Software Davelopment Packagé :

following: Contains the following:

m PL/M51 Compiler which is designed to ® 3051 Macro Assembier which gives
support all phases of software symbolic access to 8051 hardware
Implementation featuras

® RL51 Linker and Relocator which = RLS1 Linker and Relocator program
enables programmers to develop "~ which links modules generated by
software in a modular tashion the assembler

m LIB51 Librarian which Jets s CONVS51 which enables soltware
programmmers create and maintain written for the MCS® -48 family to he
libraries of software object modules up graded to run on the 8051

= LIB51 Librarian which lets
programmers create and maintain
libraries of software object modules

LOCA RALSY ABSOLUTE FACTORY oM
MODULES Ll;e":‘v:n MODULE AsKk
=l roGRAM: VERSION
OBJECT
UBRARIES | tneon
EMULATORS.
LEGEND .
INTEL DEVELOPMENT TOOLS
AND OTHER PRODUCTS. OBJHEX HEX a’S&’L
MCE-51 - CODE OBJECT DESIGN
- SOFTWARE TOOLS COMVERNION MoDuLE KIT
UBER-COOED
SOFTWARE
Figure 1. MCSY-51 Program Development Process
Intel Corparation Assumes No Responsibilily for the Use of Any Clrcu:try Other Than Circuitry Emnbodied In an Intel Product. No Other Clrouit
Patent Licenses are Implied. Information Contained Herein Sup y Published Speclficatlons On These Devices From Intel,
© INTEL CORPORATION, 1983 MARCH 1984
3-138 ORDER NUMBER: 182771-002

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



|ntel“’ 8051 SOFTWARE PACKAGES

PL/M 51 SOFTWARE PACKAGE

= High-level programming language for = Produces relocatable object code
the Intel MC5%-51 single-chip which is linkable to object modules
microcomputer family generated by all other 8051 translators

= Compatible with PL/M 80 assuring = Extends high-level language
MCS®-80/85 design portability programming advantages to

» Enhanced to support boolean microcontroller software development
processing = Improved reliability, lower maintenance

= Tallored to provide an optimum balance costs, increased programmer
among on-chip RAM usage, code size productivity and software poriability
and code execution time 8 Includes the linking and relocating

» Allows programmer to have complete utility and the library manager
control of microcomputer resources = Supports all members of the Intel

MCS®-51 architecture

PL/M 51 is a structured, high-tevel programming language for the Intel MCS-51 family of microcomputers. The
PL/M 51 language and compiler have been designed to support the unigue software development require-
ments of the single-chip microcomputer environment. The PL/M [anguage has been enhanced to support
Boolean progessing and efficient access to the microcomputer functions. New compiler controls allow the
pregrammer complete control over what microcomputer rescurces are used by PL/M programs.

PL/M 51 is largely compatible with PL/M 80 and PL/M 88. A significant proportion of existing PL/M software can
be ported to the MCS-51 with modifications to support the MCS-51 architecture. Existing Pi_L/M programmers
can start programming for the MCS-51 with a small relearning effort.

PL/M 51 is the high-level alternative to assembly language programming for the MCS-61. When code size and
code execution speed are not critical factors, PL/M 51 is the cost-effective approach to developing raliable,
mmaintainabie software.

The PL/M 51 compiler has been designed to support efficiently all phases of software implementation with
features fike a syntax checker, multiple ievels of optimization, cross-reference generation and debug record
generation.

FACTORY ROM
MASK VERSION
PROM PROM

VERSION

RAM
VERSION

3
jit

LEGEND

INTEL DEVELOPMENT TOOLS
AND OTHER PRODUCTS OBJHE: SDK-51

X HEX
S5t Lol “cooe OBJECT o
SOFTWARE TOOLS CONVERSION MODULE KIT

USER-CODED
SOFTWARE

Figure 2. PL/M51 Software Package

3-138 AFN-00047C
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8051 SOFTWARE PACKAGES

PLIM 51 Compiler

FEATURES

Major features of the Intel PL/M 51 compiler and
programming language include:

Structured Programming

PL/M source code is developed in a series of mod-
ules, procedures, and blocks. Encouraging prograim
modularity in this manner makes programs more
readable, and easier to maintain and debug. The
language becomes more flexible, by clearly defining
the scope of user variables {local to a private proce-
dure, for example).

Language Compatiblity

PL/M 51 object modules are compatible with object
modules generated by all other MCS-51 translators.
This means that PL/M programs may be linked io
programs written in any other MCS-51 language.

Object modules are compatible with In-Circuit
Emulators and Emulation Vehicles for MCS-51 pro-
cessors; the DEBUG compiler control provides these
tools with symbalic debugging capabilities.

Supports Three Data Types

PL/M makes use of three data types for various ap-
plications. These data types range from one to six-
teen bits and facilitate various arithmetic, Jogic, and
address functions:

-~Bit: a binary digit
—Byte: 8-bit unsigned nuymber or,
—Word: 16-bit unsigned numbear.

Another powerful facility allows the use of BASED
variables that map more than one variable to the
same memory location. This is especially useful for
passing parameters, relative and absolute address-
ing, and memory allocation.

Two Data Structuring Facilities

PL/M 51 supports two data structuring facilities.
These add flexibility to the referencing of data stored
in iarge groups.

—Array: Indexed list of same type data elements

—S&tructure: Named collection of same or different
type data elements

—~Combinations of Both: Arrays of structures or
structures of arrays.

3-140

interrupt Handling

A procedure may be defined with the INTERRUPT
attribute. The compiler will generate code to save
and restore the processor status, for execution of the
user-defined interrupt handler routines.

Compller Controls

The PL/M 51 compiler offers controls that facilitate
such features as:

—Including additional PL/M 51 source files from
disk

—Cross-reference

—~Corresponding assembly language code in the
listing file '

Program Addressing Control

The PL/M 5t compiler takes full advantage of
program addressing with the ROM (SMALL/
MEDIUM/LARGE) control. Programs with less than 2

KB ¢ode space ¢an use the SMALL or MEDIUM op-

tion 10 generate optimum addressing instructions.
Larger programs can address over the fult 64 KB
range.

Code Optimization

The PL/M 51 compiter offers four levels of optimiza-
tion for significantly reducing overall program size.

—Combination or “folding” of constant expressions;
“Strength reductions” (g shift left rather than mul-
tiply by 2)

—Machine code optimizations; elimination of super-
fluous branches

—Automatic overlaying of on-chip RAM variables

~Register history: an off-chip variable will not ba
reloaded if its value is available in a register.

Error Checking

The PL/M 51 compiler has a very powerful feature to
speed up compilations. If a syntax or program error is
detected, the compilar will skip the code generation
and optimization passes. This usually yislds a 2X
performance increase for compilation of programs
with errors.

A fully detailed set of programming and compilation

error messages is provided by the compiler and
user's guide.

AFN-00047C
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BENEFITS

PL{M 51 is designed to be an efficient, cost-effective
solution to the special requirements of MCS-51 Mi-
- crosystern Software Development, as illustrated by

Lower Development Cost

Increases in programmer productivity translate im-
mediately into lower software development costs be-
cause less programiming resources are requiredfora

the foftowing benefits of PL/M use:; given programmad function.

Low Learning Effort Increased Heliabilty

PL/M 51 is designed to aid in the development of
reliable software {PL/M programs are simple
statements of the program algorithm). This substan-
tially reduces the risk of costly correction of errors in
systems that have already reached full production
status, as the more simply stated the program is, the
mare likely it is to perform its intended function.

PL/M 51 is easy to learn and to use, even for the
novice programmer.

Earlier Project Completion

Critical projecis are completed much earlier than
otherwise possible because PL/M 51, a structured
high-level language, increases programmer Easier Enhancements and Maintenance
productivity.
Programs written in PL/M tend to be self-
documenting, thus easier to read and understand.
This means it is easier to enhance and maintain
PL/M programs as the system capabilities expand
and future products are developed.

RL51 Linker and Relocator

= Enables modular programming of
software-efficient program
development

® Modular programs are easy to
understand, maintainable and reliable

= Links modules generated by the
assembiler and the PL/M compiler

= Locates the linked object to absolute
memory locations

The MCS-51 linker and relocator {(RL51) is a utility which enables MCS-51 programmers to develop softwarein a
modular fashion. The utility resolves all refersnces between modules and assigns absoiute memory locations to
all the relocatable sagments, cembining relocatable partial segments with the same name.

With this utility, software can be developed more quickly because small functional modules are easier to
understand, design and test than large programs.

The total number of aitowed symbols in user-developed software is very large because the assem bler number of
symbols' limit agplies only per module, not to the entire program. Therefore programs can be more readable
and better documented.

Modules can be saved and used on different programs. Therefore the software investment of the customer is
maintained.

RL51 produces two files. The absclute object modulé file can be directly executed by the MCS-51 family. The
listing file shows the results of the fink/locate process.

3141 . AFN-00047C
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LIB51

The LIBS1 utility enables MCS-51 programmers to
create and maintain libraries of software obiect mod-
ules. With this utility, the customer can develop stan-
dard software modules and place them in libraries,
which programs can access through a standard in-
terface. When using object libraries, the linker will

Librarian

call only object modules that are required to satisfy
gxternal references.

Cansequently, the librarian enables the customer
to port and reuse software on different projects
—thereby maintaining the customer's software
investment.

SPECIFICATIONS
Operating Environment

Ail Intel Microcomputer Development Systems or
intel Personal Devetopment Systems

Documentation Package

PL/M 51 User's Guide
MCS-51 Utilities User’s Guide

ORDERING INFORMATION
Part Number Description

iMDX 352 PL/M 5t Software
Requires Software License Package

SUPPORT:

Hothne Tetephone Support, Software Performance Re-
port (SFR), Software Updates, Technical Reports, and
monthly Technical Mewsletters are avaiiable.

Artisan Technology Group - Quality Instrumentation
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8051 SOFTWARE DEVELOPMENT PACKAGE

m Symbolic relocatable assembly » Macro Assembler features conditional
language programming for 8051 assembly and macro capabilities
microcontrollers

Extends Inteliec® Microcomputer
. Development System to supgort 8051 » CONVS51 Converter for translation of

ram development 8048 assembly language source code

program developme to 8051 assembly language source
» Produces Relocatable Object Code code

which is linkable to other 8051 Object

Modules '

» Provides upward compatibllity from

m Encourage modular program design the MCS-48™ family of single-chip

for maintainability and reliability microcontrollers

Tha 8051 software development package provides development system support for the powerful 8051 famiiy of single
chip microcomputers. The package contains a symboelic macro assembler and MCS-48 source code converter.

The assembler produces relocatable object moduies from 8051 macro assembly language instructions. The object
cote modules can be linked and located to absolute memory locations. This absolute object code may be used ta pro-
gram the 8751 EPROM version of the chip. The assemblar cutput may also be debugged using the ICE-51™ in-circuit
emulator.

The converter translates 8048 assembly language instructions into 8051 source instructions to provide software com-
patibility between the two families of microcontrollers.
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8051 MACRO ASSEMBLER

a Supports 8051 family program develop- m Object files are linkable and locatable
ment on Intellec® Microcomputer

Devalopment Systems a Provides software support for many
' addressing and data allocation

m Gives symbolic access to powerful capabilities
8051 hardware features _ '
, » Symbollc Assembler supports symbol
m Produces object file, listing file and table, cross-referance, macro

error diagnostics capabilitles, and conditional assembly

The 8051 Macro Assambler (ASMS51) translates symbollc 8051 macro assembty language modules into linkable and
locatable object code modules. Assembiy language mnemonlcs are easier to program and are more readable than
binary or hexadecimal machine instructions. By allowing the programmer to give symbolic names to memory locations
rather than absoiute agdresses, software design and debug are performed more quickly and retiably. Furthermore,
since modules are linkable and relocatable, the programmer can do his software in modular fashion. This makes pro-
grams easy to understand, maintainable and rellabie. .

The assembler supports macro definitions and calls. This is a convenient way to program a frequently used code
sequence only once. The assembler also provides conditional assembly capabilities.

Cross referencing is provided in the symbol table lsting, showing the user the lines tn which each symboi was defined
and referenced.

ASME1 provides symbolic access to the many ussful addressing features of the 8051 architscture. These features include
referencing for bit and byte locations, and for providing 4-bit operations for BCD arithmetic. The assembier also provides symbolic
accaess to hardware ragisters, FO ports, control bits, and RAM addresses. ASME1 can support ali members of the 8061 tamity.

Math routines are enhanced by the MULtiply and DlVide instructions.

If an BOS1 program contains errors, the assembier provides a comprehensive set of error diagnostics, which are included in the
assembly listing or on another file, Program testing may be performed by using the IUP Universal Programmer and iUP F87/51
personality module to program the 8751 EPROM version of the chip.

ICE5S1 and EMV51 are available for program debugging.

RL51 LINKER AND RELOCATOR PROGRAM

m Links modules generated by the m Enabies modular programming of soft-
assembler ware for efficient program development
m Locates thé linked object to absolute m Modular programs are easy to
memory locations , understand, maintainable and reliable

The 8051 linker and relocator (RL51) is a utility which enables 8051 prograrnmers to develop software in & modular
fashion. The linker resolves all references between modules and the relocator assigns absolute memory locatlons to
all the relocatabie segments, combining relocatable partial segments with the same name.

With this utility, software can be developed more quickiy because small functional modules are easl;_zr to understand,
design and test than large programs. -

The number of symbels in the software is very large because the assemblar symbol limit appiies oniy per moduie not
the entire program. Therefore programs can be more readable and better documented.

Modutes can be saved and used on different programs. Therefore the software investment of the customar is rmaintained.

RL51 produces two files. The absolute object module fife can be directly executed by the 8051 family. The listing fite
shows the results of the linkflocate process.

3-144 . AFN-DOGATC
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CONV51
8048 TO 8051 ASSEMBLY LANGUAGE
CONVERTER UTILITY PROGRAM

s Enables software written for the s Preserves comments; transiates 8048
MCS-48™ family to be upgraded to run macro definitions and calls
on the 8051
a Provides diagnostic information and
= Maps sach 8048 Instruction to a corre- warning messages embedded In the
sponding 8051 instruction output listing

The BO48 to 8051 Assembly Language Converter is a utility to help users of the MCS-48 family of microcomputers
upgrade their deisgns wih the high performance 8051 architecturse. By converting 8048 source code to BOS1 source
code, the software investment developed for the 8043 is maintained when the system is upgraded.

The goal 61 the converter (CONVDS1) is to altain functional equivaience with the B048 code by mapping each 8048
instruction to a corresponding 8031 instruction. In some cases a different instruction is produced because of the
enhanced instruction set {e.q., bit CLR instead of ANL).

Although CONV51 tries to attain functional equivalence with @ach instruction, certain 8048 code sequences cannot be
automatically converted. For exampie, a delay routine which depends on 8048 execution speed would require manual
adjustment. A few instructions, in fact, have no 8051 equivalent {such as those involving P4-P7). Finally, there are a
few areas of possible intervention such as PSW manipulation and interrupt processing, which at least require the user
to confirm proper translation. The converter always warns the user when it cannot gquarantee complete canversion,

CONWV51 produces two files. The output file contains the ASMS1 source program produced from the 8048 instructions.
The listing file produces correlated listings of the input and output files, with warning messages in the output file to
point out areas that may require users' intervention in the conversian,

LiIB51 LIBRARIAN

The LIB51 utility enables MCS-51 programmers to create and maintain fibraries of software object modules. With
this utility, the customer can develop standard software modules and place them in libraries, which programs can
access through a standard interface. When using object libraries, the linker will call only object modules that are
required to satisfy external references.

Conseguently, the librarian enables the customer to pert and reuse software on different projects—thereby main-
taining the customer’s software investment.

3-145 AFN-00047C
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SPECIFICATIONS

OPERATING ENVIRONMENT ) Documentation Package:
MCS-51 Macro Assembiler User's Guide
Ali Intal Microcomputer Development Systems or Intel MCS-51 Utilities User's Guide for 8080/8085 Based De-

Personal Development System velopment System
© MCS-51 8048-t0-8051 Assembly Language Convertar

Oparating Instructions for t515-11 Users

ORDERING INFORMATION SUPPORT:
Pari Number Description Hetline Telaphona Support, Software Performance
Reporting (SPR}, Software Updates, Technical Reports,
MCI-51-ASM B051 Scftware Development Monthly Newsletter available.
Package

*Requires Software License

3-146 : AFN-0004TC
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IRMX™ 51 :
REAL-TIME MULTITASKING EXECUTIVE

m Software tool for family of 8051  Reliable
microcontroller based applications . \
= Simple user interface

s Real-time, multitasking executlve . . L
m Compatible with BITBUS™/Distributed
® Supports remote task communication Control Modules (iDCM) product line:

m Small — 2.2K Bytes iSBX™ 344 & iRCB 44/10 boards

The iBMX™ 51 Exscutive is a compact, easy to use, software tool for development and implementation
of applications built on the high performance 8-bit family of 8051 microcontrollers. A few members
of this expansive family are the 8051, 8044, and 8052 microcontrollers. Like the 8051 family, the iIRMX 51
Executive incorporates many features that make it exceptionally well suited for real-time control appli-
cations requiring manipulation and scheduling of more than one job, and fast response 1o external stimuki.

The 8051 microcontrolier family is the family of choice for applications such as: data acquisition and
menitoring, process control, robotics, and machine control. Using the iRMX 51 Executive for a founda-
tion can significantly reduce applications deveiopment time. Also, the iRMX 51 Executive fully supports
Intel’s BITBUS™ microcontrolier interconnect expressly designed for reliable high performance real-
time control.

Figure 1. Structure Diagram

3-147 ORDER NUMBER 2204T2-001
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iRMX™ 51

ARCHITECTURE
Real-time and Multitasking

Reai-time control applicaticns must be responsive
1o the external environment and typically involve
the execution of more than one function (task or
set of tasks) in response to different external
stimuli. Constrol of an industrial drying process is
- an exampie. This process could require monitoring
of multiple temperatures and humidity; controt of
fans, heaters, and motors that must respond ac-
cordingly to a variety of inputs. The iRMX 51
Executive fully supports applications requiring
response to stimuli as they occur ie. in real-time,
This reai-time response is supported for multiple
tasks often needed to implement a control appli-
cation.

Some of the facilities precisely tailored for devel-
opment and implementation of real-time control
application systems provided by the iIRMX 51 Ex-
ecutive are: task management, interrupt handling,
message passing, and when intergrated with
communications support, message passing with
different microcontroliers. Also, the iRMX 51 Ex-
ecutive is driven by events: interrupts, timers,
and messages ensuring the application system
always responds to the environmant appropriately.

Task Management

A task is a program defined by the user to ex-
ecute a particular controt function or functions.
Multiple programs or tasks may be required to
implement a particular function such as ‘control-

ling Heater 1! The iRMX 51 Executive recognizes

three different task states as one of the mech-

anisms 1o accomplish scheduling of up to eight
tasks. Figure 2 illustrates the different task states
and their relationship to one another.

The scheduling of tasks is priority based. The
user can prioritize tasks to reflect their relative
importance within the overall control scheme.
For instance, if Heater 1 must go off line prior to
Heater 2 then the task asscciated with Heater 1
shutdown could be assigned a higher pricrity en-
suring the correct shutdown sequence. The RQ
WAIT system call is also a scheduling tool. In this
example the task implementing Heater 2 shut-
down could include an instruction to wait for com-
pletion of the task that implements Heater 1
shutdown.

The iRMX 51 Executive allows for PREEMPTION
of a task that is currently being executed. This
means that if some external event occurs such
as a catastrophic failure of Heater 1, a higher
priarity task associated with the interrupt, mes-
sage, or timeout resulting from the failure will
preempt the running task. Preemption ensures
the emergency will be responded to immediately.
This is crucial for real-time control application
systems.

Interrupt Handling

The iRMX 51 executive supports sixteen inter-
fupt scurces as shown in Table 1. Four of these
interrupt sources, excluding timer 0, can be as-

Lower Priority
Than Aunning
Task

Aunning Task Executes RQWAIT or RGDELETE
READY RUNNING
Event Docurs Assoc. w/Asleep Task w/
[ Higher Priprity Than Running Task. T
Evant Occurs Assoc, |
w/Aslasp Task w/ i

Event Occurs Assoc. w/ Asleep Task w/
Higher Prigrity Than Running Task

ASLEEP

Running Task Executes AQWAIT

Figure 2. Task State Transition Diagram
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iIRMX™ 51

signed to a task. When one of the interrupts
occurs the task associated with it becomes a run-
ning task (if it were the highest priarity task in a
ready state). In this way, the iRMX 51 Executive
responds to a number of internal and external
stimuli including time intervals designated by the
user.

Tablae 1. iRMX™ 51 Interrupt Sources

INTERRUPT SOURCE | INTERRUPT NUMBER
External Request 0 o0H
Timer 0 O1H
External Request 1 02H
Timer 1 0aH
Internal Serial Port 1 04H
Reserved 05H
Reserved 0O6H
Reserved o7H
Reserved 084
Reserved 09H
Reserved 0AH
Reserved 08H
Reserved 0CH
Reserved 0DH
Reserved | OEH
Reserved OFH

Message Passing

The iRMX 51 Executive allows tasks to interface
with cne ancther via a simple message passing
facility. This message passing facility can be
extended to different processors when communi-
cations support is integrated within a BITBUS/
iDCM system, for exantple. This facility provides
the user with: the ability 1o link different functions
or tasks. Linkage between tasksffunctions is typ-
ically required to support development of complex
control applications with multiple sensors (inputs
variables} and drivers (output variables). For in-
stance, the industnial drying process might require
a dozen temperature inputs, six moisture readings,
and-control of: three fans, two conveyor motors,
a dryer motor, and a pneumatic conveyor, The
data gathered from both the temperature and
humidity sensors could be processed. Two tasks
might be required to gather the data and process
it. One task could perform a part of the analysis,
then include a pointer to the next task to complets
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the next part of the analysis . The tasks could
continue to move between one another.

REMOTE TASK COMMUNICATION

The iRMX 51 Executive system calls can support
communication to tasks on remote coniroliers,
This feature makes the iRMX 51 Executive ideal
for applications using distributed architectures.
Providing communication support saves signifi-
cant application development time and allows for
more effective use of this time. Intel's iDCM pro-
duct line combines hardware and software to
provide this function.

In an iDCM system, communication between
nodes occurs via the BITBUS microcontroller
interconnect. The BITBUS microcontroller inter-
connect is a high performance serial control bus
specifically intended for use in applications built
on distributed architectures. The iRMX 51 Ex-
ecutive provides BITBUS support.

BITBUS™/iDCM COMPATIBLE

A pre-configured version of the iRMX 51 Executive
implements the BITBUS message format and
provides all iIRMX 51 facilities mentioned previ-
ously: task management, interrupt handling, and
message passing. This version of the Executive
is supplied in firmware on the iDCM Controller
with the iDCM hardware products: the iSBX 344
BITBUS Controlier MULTIMODULE and the iIRCB
44/10 BITBUS Remote Controller boards. It is
also supplied on disketts as part of the iRMX 510
iDCM Support Package to ease development of
BITBUS systems. :

SIMPLE USER INTERFACE |

The iRMX 51 Executive's capabilities are utilized
through systemn calls. Thess interfaces have besn
defined for ease of use and simplicity. Table 2
includes a listing of these interfacas and their
functions. Note tasks may be created at system
initialization or run-time using the CREATE TASK
call,

Functions such as GET FUNCTION 1DS, ALLO-
CATE/DEALLOCATE BUFFER, and SEND MES-
SAGE (Messages in the iRMX 51 Executive have
a maximum size of 255 bytes.), support communi-
cation for distributed architectures. Architectures
that define multiple remote stations requiring intel-
ligent and dumb }QO manipulation. The remaining
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iRMX™ 51

Table 2. IRMX™ 51 System Intarfaces

COMMAND

DESCRIPTION

RQ SEND MESSAGE

Sends a message (a command from the BITBUS master, a response from
a slave, or a simple message between tasks on the same BITBUS compo-
nent) to another task.

RO WAIT

Waits for an interrupt, an event time-out, a message, or any combination
of the three.

RQ CREATE TASK

Causes a new sequence of code to be run as an iBMX 51 task with a specmc
function identification code and priority.

RQ DELETE TASK

Stops the specified task and removes it from all execution lists.

RCQ ALLOCATE

Allocates a fixed-langth buffer from the on-chip, scratch-pad RAM for gen-

eral use, or, in BITBUS applications, for a BITBUS message buffer.

RQ DEALLOCATE

Returns an on-chip.buffer to the system.

RQ SET INTERVAL

Set the time intarval 1o be used as a separate event-timer for the task.

RG ENABLE INTERRUPT

Allow external interrupts to signal the microcontroller,

RQ DISSABLE INTERRUPT

Stops all external interrupts from signaling the microcontroller.

RQ GET FUNCTION 1D

Provides a list of the 8 function identification codes representing the tasks
currently aperaling on the microcontrolter.

interfaces allow the user to specify the system’s
response to the external environment — a must
for real-time control.

Another feature that eases application develop-
ment is automatic register bank allocation. The
Executive will assign tasks to register banks
automatically unless a specific request is made.
The IRMX 51 Executive keeps track of the reg-
ister assignments aliowing the user to concentrate
on other activities.

The user configures an iIRMX 51 system simply
by: specifying the initial set of task descriptors
and configuration values, and linking the system
via the RL 51 Linker and Locator Program with
user programs. The nature of the task descriptors
-afows the userto develop programs, locate them
in oH-chip ROM, and access them without writing
additional code. Programs may be written in ASM
51 or PL/M &1. (Intel's 8051 Software Development
Package contains both ASM 51 and Rl 51. The

[IRMX 51 Executive supplies the configuration file
and macro defining initial task descriptors.) Figure
3 shows the relationships that exist in the system
generation process.

RELIABILE

Real-time control applications require reliability.
The nucleus reguires about 2K bytes of code
space, 40 bytes on-chip RAM, & 218 bytes exter-
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nal RAM. Streamlined code increases performance
and reliability, and flexibility is not sacrificed as
code may be added to either on-chip or external
memaory.

The iRMX 51 archltecture and simple user inter-
face further enhance reliablity and lower cost.

For example, the straightforward structure of the
user interfaces, and the transparent nature of the
scheduling process contribute to reliability of the
overall systern by minimizing programming ef-
fort. Also, modularity increases reliability of the

system and lowers cost by allowing user tasks to

be refined independent of the system. In this
way, errors are identified earlier and can be easily
carrected in each isolated maodule.

In addition, users can assign tasks & Function 1D
that allows tracking of the tasks associated with
a particular control/monitoring function. This
feature reduces maintenance and trouble shoot-
ing time thus increasing system run time and
decreasing cost.

OPERATING ENVIRONMENT

The iIRMX 51 Executive supports applications
development based on any member of the high
performance 8051 family of microcontroliers.
The Executive is available on disketta with user
linkable libraries or in the Distributed Control
Modules (iDCM) controller preconfigured in on-

230872001
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Figure 3. System Generation Process

chip ROM. (The iDCM controller is an 8044 com-
ponent that consists of an 8051 microcantroller

and SDLC controller on gne chip with integral

firrnware.)

When in the iDCM environment (Figure 4), the
iIRMX 51 Executive can communicate with iRMX
nased systems like the System 286/310 or ISIS
based systems like the Intel Portable Develop-
ment System (iPOS) by using the iRMX 510iIDCM
Support Package.
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DEVELOPMENT ENVIRONMENT

Intel provides a complete development environ-
rmant for the 8051 family of microcontrollers. This
environment encompasses iDCM systemn (BITBUS
based) applications aiso. Software development
support consists of: the 8051 Software Develop-
ment Package, and the iRMX 510 iDCM Support
Package. Hardware tools consist of a variety of
in Circuit Emulators (ICE), Intel’s Portable Devel-
opment System (iPDS) with EMV-51, and Intellec®
Series |l or Il Development Systems.

230672-001
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Figure 4. iDCM Cperating Environment

SPECIFICATIONS
Supported Hardware
Micracontrollers

8051  B0OCSH1
8052 - 8044
87561 8744
8031 BOC3t
8032 8344

tDCM Product Line

iISBX 344 MULTIMODULE Board
iRCB 44/10 Remote Controlier Board

Compatible Software

iRMX™ 510 IDCM Support Package
Development Tools

ICE™ 51 or ICE 44 Emulators

Inteilec Series Il or ill Development System
iPDS System w/EMV-51

iIRMX 510 iDCM Suppont Package

8051 Software Development Package

Reference Manual (Supplied)

146312-001 — Guide to Using the Distributed
Control Modules

Ordering Information
Part Number Description

IRMX 51BY  Executive for 8051 Family of
Microcontrollers with Reference
Manual. A, B, and F Media
Formats Supplied :
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MCS?®-96 SOFTWARE DEVELOPMENT PACKAGES

B MC8%-98 Software Support Package B PL/M-98 Software Package

MCS®-96 SOFTWARE SUPPORT PACKAGE

B Symbolic relocatable assembly 8 Extends Intellec® Microcomputer
language programming for the 8098 Development System to support MCS-
microcontroller family 96 program development

@ System Utllities for Program Linking H Encourages modular program design
and Relocatlon : for maintainabliity and rellabiiity

The MCS®-96 Software Support Package provides development system support for the MCS-96 family of 18-
bit single chip microcomputers. The support package includes a macro assembler and system utilities.

The assembier produces reiccatable object modules from MCS-96 macro assembly language instructions.
The object modules then are linked and located to absolute memory locations.

The assembier and utilities run on the Intellac® Series il or equivalent Microcomputer Development Systom.

Fr——————— -
i
AEDIT SOURCE 1 RELOCATABL AL-06 ABSOLUTE FACTORY
TEXT $ ASM-98 OSJECT LINKEN ORJECT
erext woouLes I Ty LOCATOR MODULE MASK
! [
i
PAOM
-] Pues PROGRAMMEN
LEQEND | ™
INTEL DEVELOPMENT L
TOOL AND OTHER
PRODUCTS
i ce-a0
L SOFTWARE SUPPORT PACKAGE
PLOATING 5O
N
USEA-CODED LIBRARY
O SOFTWARE .

230813-1
Figure 1. MCS%-88 Sofiware Davelopment Process

intel Cotporation asedmes no responsibillty 1or the uss of any clrouitry other than clroultry smibodied in wn intel produoct. No othar ciroult patent
flcecwes 08 Impiiedd, information ocntained hersin supersedes pravicusly publishad spectfications on thees devices from Intel. January 1984

®intel Corporation, 1964, 3-153 Order Number: 230813-003
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Ml mess-0e soFTwARE DEVELOPMENT PACKAGES

8096 MACRO ASSEMBLER
[ | gupplom 8098 famlprqomm' | B Object fllea are linkable and locatable
svelopment on o ‘ ] bolic Asssmbier
H Qives symbolic access to powerful table and conditional assembly
8096 hardware features

ASM-88 |8 the macro assembier for the MCS family of microcontroliers. ASM-88 translates symbolic assembly
language mnemenics Into relocatable objact code. Since the objact modules are linkable and locatable, AGM-
86 encourages modular programming practices.

Tha macro facliity in ASM-86 allows programmers to save davelopmént and maintenance time since common
code sequences only have to be done once. The assembier also provides conditional assembiy capabilities,

ASM-96 supports symbolic access to the many features of the 8086 architecturs. An “include” file is provided
with all of the 8096 hardware registers defined. Alternatively, the user can define any subset of the 8098
hardware register set.

Math routines are supported with mhamonlcs for 16 X 16-bit multiply or 32/18-blt divide instructions.

The assembler runs on a Series ll1/Series [V Intellec Development Systems for high performance.

RL96 LINKER AND RELOCATOR PROGRAM

® Links modules generated by 8 Encourages modular programming for
ASM-96 and PL/M-86 faster program development

# Locates the linked object madule to # Automated selaction of required
absolute memory locations modules from Libraries to satisty

symbolie rlfi_roncu

RLOE |a & utllity that performs two functiona useful In MCS-96 software development:
== Tha link function which combines a number of MCS-08. object modules Into a single program.,

~= The locate functions which assigns an abaolute address to all relocatable addrasses in the MCS-68 object
module.

RLS6 rasolves all external symbol references between modules and will select object modules from library
flles i necessary.

RL28 creates two files;

— f‘1‘heI Ismgram or absolute oblect module file that can be executed by the targeted member of the MCS. 98
am

~— The listing flia that shows the resulis of link/locate, Including a memery map symbol table and an optional
cross refarence listing.

The relccator allows programmers to concentrats on software functionalty and not worry about the absolute
addresses of the abject code. RLOS promotes modular programming. The application can be broken down into

geparate modules that are aasier to design, test and maintain. Standard modules can be developed and usad
in different applications thus saving software development time.
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FPALS6 FLOATING POINT ARITHMETIC LIBRARY

H Implements IEEE Floating Point B Supports Single Precision 32 Bit
Arithmetic Floating Point Varlables
H Basic Arithmetic Operations H Inciudes an Error Handler Library

+, =, X, /, Mod Plus Squars Root

FPALS® in a library of single precision 32-bit floating point arithmetic functions, All math adheres to the
proposed [EEE floating point standard for accuracy and religbility. An error handler to handle sxoeptions (for
sxample, divide by 2ers) s Included,

The following functions are included:

ADD NEGATE
SUBTRACT ABSOLUTE
MULTIPLY SQUARE ROOT
DIVIDE INTEGER
COMPARE REMAINDER

LIB 96

The LIB 98 utillty creates and maintains libraries of software object modules. The customer can develop
standard modules and place them in libraries. Appllcation programs can then call these modules using prede-
flnad interfaces. .

LIB 98 uses the following set of commands:

—LHEATE: Creates an empty library file,

—ADD: Adds object modules to a library file.
—DELETE: Delates object modules from a library file.
—LIST: Lists the modules in the library file.
—EXIT: Tesminates LIB 96

When using object libraries, RLY6 will include only those object modules that are required to satisfy extemal
references, thus saving memory spaca.

SPECIFICATIONS . ORDERING INFORMATION
Operating Environment Part Number
Required Hardware: iMDX-355
Intellac Microcomputar Devalopmaent Systern Requires Software License
— Seties |Il/Serieg IV
o tation Pack Description

ocumen on Fackage: .

9 MCS-86 Software Support Package

MCS-06 Macro Assembler Liser's Guide
MCS-98 Utlitles User's Gulde
MCS-96 Assembler and Utilities Pocket SUPPORT:
Reference Card
8098 Fioating Polnt Arithmstic Library Hotline Telaphone Support, Software Parformance

Report (SPR), Software Updates, Technical Re-
ports, and Monthly Technical Newsletters are avail-
able.
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PL/M-96 SOFTWARE PACKAGE

& High level programming language for ® Hesldent on iAPX-86 Intel -
the Intel MCS5®-95 microcontroller microcomputer development systoms
family for higher performance

§ Block structured Ianguage deslgn i includes a linking and relocating utiiity
encourages module programming and the library manager

8 Provides access to MC5%-96 on chip w )EEE Floating Point Library included for
resources numeric support

B Produces relocatable object code | Compatible with PL/M-86 assurlng
which Is linkabie to object moduies design portabiiity
generated by other MC5%-96

translators

PL/M-96 is a structured, high-level programming languege usseful for developing software for the Intel MCS-96
farnily of microcontrollers. PL/M-96 was designed to support the software requirements of advanced 16 bit
microcontrollers. Access to the on chip rescurces of the MCS-96 has been provided in PL/M-96.

PL/M-96 is compatible with PL/M-86. Programmers farniliar with PL/M will find they can program in PL/M-96
with little relearning effort.

The PL/M-26 compiler translates PL/M-98 high level language statements into MCS-96 machine instructions.
By programming in PL/M an engineer can be more productive in the Initial software development cycle of the
project. PL/M can also reduce future maintenance and support cost because PL/M programs are easier to
understand. PL/M-96 was designed to complement Intel’'s ASM-98.

AeDiT SOURCE RELOCATABLI ALOS .
TEXT ASMs oBJECT LINKER! OBJECT e
MODULES MODULES LOCATOR MODULE

— PLUM-S8 = . mﬂm o
LEGEND L ) LB

INTEL DEVELOPMENT

TOOL AND OTHER

PRODUCTS
5 puaeas
L _IM\I'AII PACKAGE

FPAL

o USEA-CODED - FLOATING POIT

BSOFTWARE

2300138
Figure 2. MCS%-98 Software Development Process
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PL/M-96 COMPILER

FEATURES

Major features of the PL/M:86 compiler and pro-
gramming language include:

simctured Programming

Programs written in PL/M-06 are developed as a
collection of procedures, modules and blocks. Struc-
tured programs are easier to understand, maintain
and debug. PL/M-96 programs can.bs made more
reliable by clearly defining the scope of usar vari-
ables (for example, local variables in a procadure).
REENTRANT procedures are also supported by
PL/M-86.

Language Compatibility

PL/M-96 object modulas are compatible with afl oth-
or object modules generated by Intel MCS-36 trans-
lators. Programmers may choose to link ASM-86
and PL/M-96 object modules together.

PL/M-96 object modules were designed to work
with other Intel support tools for the MCS-86, The
DEBUG compiler control provides these tools with
symbolic informatiodn.

Data Types Supported

PL/M-96 supports seven data types for programmer
flexibility in various logical, arithrmetic and address-
ing functions. The sevan data types include:

—BYTE: 8-bit unsigned number
~WORD: 18-bit uneigned numbear
~DOWORD: a2.bit uneignad number
~=8HORTINT: 8-bit slgned number
—INTEGER: 18-blt signad number
—LONGINT: 32-blt signad number
—REAL: 32-bit floating point number

3-187

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

Another powerful feature are BASED warlables.
BASED variables allow the user to map more than
one variable to the same memory location. This is
aspecially useful for passing parameters, relative
and absolute addressing, and memaory allocation.

Data Structures Supported

Two data structuring facilities are supported by
PL/M-96. The user can organize data into logical
groups. This adds flexibility in referencing data.

— Array: Indexed list of same type data elements

— Strnucture: Named collection of samea or different
type data elements

- Combingtions of Both: Arrays of structuras or

structures of arrays R

Interrupt Handling

Interrupts are supported in PL/M-86 by defining a
procedure with the INTERRUPT attribute. The com-
piler will generate code to save and restore the pro-
gram status word when handiing hardware interrupts
of the MCS-96.

Compller Controls

Compile time options increase the tiexibillty of the
PL/M-96 compiler. Thase controls incluge:

. — Optimization

— Conditional compllation

—The inclusion of common PL/M-86 source files
from disk

— Cross refarenca of symbols

— Optiona} assembly language code in the listing
file

230613003
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Code Optimizations

The PL/M-86 compilers has four levels of optimiza-
tion for reducing program size.

~ Combination of constant expressions; “Strength
reductions” (e.q.: a shift left rather than multiply
by two) '

- Machiné code optimizations; elimination of super-
fluous branches; reuse of duplicate code, remov-
al of unreachable code

— Overlaying of on chip RAM variables
— Optimization of based variable operations

— Use of shert jumps where possible

Bulit in Functions

An extensive list of built in functions has been sup-
plied as part of the PL/M-96 language. Besides
TYPE CONVERSION functions, thers are built in
functions for STRING manipulations, Functions are
provided for interrogating the MCS-86 hardware
flags such as CARRY and OVERFLOW.

Errpr Checking

It the PL/M-88 compiler detects a programming or
compllation error, a fully detailed error message s
provided by the compiler. If a syntax or program er-
ror [s detacted, the compiler wilt skip the code gen-
eration and . optimization passss. This powsriul
PL/M-68 featlre can yleld a two times Increase. In
throughput when. & user is in the initlal program de-
velopment cycle.

3-158

BENEFITS .

PLM-86 is designed to be an sfficient, cost-effective
solution to the. special requirements of MCS-96 Mi-
crocontroller Software Development, as fliustrated
by the following benefits of PL/M use:

Low Learning Effort

PL/M-98 is easy to learn and to use, even for the
novice programmer.

Earlier Project Completion

Critical projects are completed much earlier than
otherwige possible because PL/M-96, a structured
high-leval language, increases programimer produc-

Lower Development Cost

Increases in programmer productivity translate im-
madiately into lower software development costs
because less programming resources are required
for a given programmed function.

Increased Rellabllity

PL/M-86 is designed to aid in the development of
reliable software (PL/M programs are simple state-
ments of the program algorithm). This substantially
reducas the risk of costly correction of errors in sys-
tems that have alrsady reached full production
status. The more simply the program i atated, tha
more llkely it is to perform Its Intended function.

Easlsr Enhancements
and Maintenance

Programs written in PL/M tend to be sealf-document-
Ing, thus easier to read end understand, This means
It is easier to enhance and malnain PL/M programs
as the syetem capabilities expand and {uture prod.
ucts are developed.
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RL96 LINKER AND RELOCATOR PROGRAM

W Links modules gensrated by ASM-96 B Encourages modular programming for
and PL/M-96 faster program development
B Locates the linked object module to H Automated selection of required
absolute memory locations moduies from Librarles to satiafy
symbolic references

RLSE is a utility that parforma two functions useful in MCS software development:
— The link functicn which combines a number of MCS object modules Into a single program.

— The locate function which assigns an obsolute address to all relocatable addresses in the MCS-86 object
moduie.

RLS6 resolves all external symbol references batween modules and wiil select object modules from library
flles if necessary.

RL98 creates two files:

— The program or absolute object module file that can be executed by the targeted member of the MCS
family.

— The jisting fite that shows the results of link/locate, including & memory map symbol table and an optional
cross reference listing.

The relocator allows programmers to concentrate on software functionality and not worty about the absolute
addresses of the object code. RL96 promotes modular programming. The application can be broken down inte
separate madules that are easier to design, test and maintain. Standard modules can be developed and used
in different applications thus saving software development time.

FPALS6 FLOATING POINT ARITHMETIC LIBRARY

# Implemanis IEEE Floating Point N S8upports Single Preclslon 32 Bit
Arlthmetlc Floating Point Varlables
u Basic Arithmetic Operations H Includes an Error Handier Library

+, — X, /, Mod Plus 8quare Root

FPALOS is a library of singls precision 32.bi ficafing point arthmetic functions. Al math adherss to the
proposed |EEE floating point stancard for accuracy and rellabliity. An error handier to handle sxceptions (for
axample, divide by zero) ls inciuded,

The following functions are included:
ADD NEGATE
SUBTRACT ABSOLUTE
MULTIPLY  SQUARE ROOT

DIVIDE INTEGER
COMPARE  REMAINDER
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LIB 96

The LIB 96 utility creates and maintains libraﬁes of software object modules. The customer can de\éelop
standard modules and place them in libranies. Application programs can then call these modules using prede-

fined interfaces. '

LIB 96 uses the following set of commands

—CREATE:  Croates an emply library file

—ADD: Adds object modules to a library file
—DELETE: Deletes objoct madules from a library file
~LIST: Lists the modules in the library file
—EXIT: Terminatas LIB 36

When using objact libraries, RL96 will include only those object moduies that are required to satisfy external

raferances, thus saving memory space.

SPECIFICATIONS

Operating Environment

Required Hardware:
Intellec Microcomputer Devalopmem System
— Serigs lIl/Serios IV

Documentation Package:

PL/M-86 User's Guide

MCS-96 Utilities User's Guide

MCS-96 Assambler and Utilities Pocket
Reference Card

8096 Floating Point Arithmatic strary

Artisan Technology Group - Quality Instrumentation ..

ORDERING !{NFORMATION

Part Number
iMDIX-358

Requires Software License

Description
PL/M-88 Softwars Package

SUPPORT:

Hotline Telsphona Support, Software Performance
Aeport (SPR), Software Updates, Technical Re-
ports, and Monthly Technical Newslatters are avail-
able. . : .
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DEVELOPMENT PRODUCTIVITY TOOLS

INTRODUCTION

Improving an engineering team's productivity is a never ending task in today's competitive environments. Intel
offers software tools and communication systems that optimize the usage of expensive engineering personnel
and capital equipment. Software tools boost a programming team’s productivity, thereby lowering development
costs and shortening product developmant times. Communicatioh software provides further productivity gains
by linking muiti-computer engineering environments into highiy effective networks.

One software tool that substantially increases software productivity Is PSCOPE, a source level symbolic
debugger. The PSCOPE debugger allows the high-level language programmer to completely debug his code at
the same level at which it was written. Breakpointing, tracing, and patching are all done in a faster and less
error-prone manner than through obseclete machine-level debuggers. As software testing and maintenance
consume a greater portion of development life-cycle time and cost, PSCOPE debugging can significantly
improve programming efficiency.

Another set of valuable software tools are intel's Program Management Tools (PMTs), which provide the
essential ingredients to manage large software development projects. PMTs decrease the time spent on tracking
pragram changes and manually generating new systems, thereby giving engineers more time for software
design, dgevelopment, and testing. PMTs consist of a Software Version Control System (SVCS), and an
automated software generation facility (MAKE). Together these tools control, examine, and automate the
management of a software system that may contain many versions consisting of numerous modules.

Intel's software toclboxes are collections of utilities that perform a variety of productivity-oriented functions. The
1515-11 Software Toolbox offers conditional submit fife controi tools, source management tools, and other tools
that operate atthe I1S18-11 command level. The B086 Software Toolbox is a collection of 16-bit software tools that
are valuable for text formatting and preparation, software testing and performance analysis, 286/287 software
developmant, and a multitude of other applications.

Intel also offers AEDIT, an advanced editor that significantly improves programmer productivity. AEDIT was
designed with the programmer in mind, and offers full screen editing, the akility to edit two files at once, features
for manipulating large blocks of text, and dynamic macro command definition.

4-1
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PSCOPE |
HIGH-LEVEL PROGRAM DEBUGGER

= Source-Level Debugging for High s Compatible with Intel's FICE™
Productlvity integrated Instrumentation and In-
= Breakpoint, Single-Step and Execution Circuit Emutation System for Target
Trace by Statement Numbers, System Debugging
Pracedure Names and Labels = Native CPU Execution for iAPX 88 and
= High-Level Code Patching 86 Architectures
= Supports PL/M, Pascal, and FORTRAN
Program Debugging

PSCOPE is an interactive, symbolic debugger for high-level language programs. It allows users to scrutinize
program executicn at the source level, using high-levet statement numbers, procedure and variable names and
labels, This is typically a more productive way of debugging high-level language (HLL) programs than at the
machineg level.

Source-level debugging means that traditional functions, such as setting breakpoints or tracing execution flow,
are more powerful in PSCOPE. For example, tracing procedure entry {or exit) points conveys much more
information than tracing machine instructions. Single-step execution is more powerful, using statemants and
procedures, as well. )

The productivity improvement from debugging in a high-level language is analogous to programming in a
high-level language, when compared to assembly-tevel programming and debugging.

PSCOPE users may define high-level code patches, which are " compiied” and patched into the user's program.
Code patches may be stored on disk, so they may be later incorporatad into tha program source file.

PSCOPE is an integral pant of the advanced PICE Integrated Instrumentation and In-Circuit Emulation System.
This aflows a smooth migration from program debugging to target system debugging.

PSCOPE's symbol capacity is virtuaily unlimited. Symbols are paged to disk when necessary. -

PROGRAM SDURCEAEVEL
DEVELGPMENT DEAUGGING
PSCOPE;
ASSEMBLY CPU-LEVEL DEBUGGING TIRTEGRATION”
LANGUAGE REGISTERS .
MODULES i PSCOPE AND INSTRUMENTATION:
] A REAL-TIME EMULATION
HIGH-LEVEL PSCOPE: HHGH-LEVEL DEBUGGING.
MODULES: HHAH-LEYEL DEBUGGING ﬁ/ CPU-LEVEL DEBUGGING
PL/M-BE
BREAKPOINTS
TRACE POINTS
SINGLE STEP
PASCAL-BS EXAMINE! MODIFY
CODE PATCHING
FORTRAN-86

Figure 1. Debugging Methodology with PSCOPE
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PSCOPE
HIGH-LEVEL PROGRAM DEBUGGER

intel

SAMPLE DEBUGGER SESSION

SERIES-III Pascal-86, vi.l

sFZ:MAXAIN . PAS
iF2:MAKMIN. OBJ
UEBUG.

Source Files
fOpjece File:
Conttols Specified;

STMT LINE NESTING
L 1 2 a
2 2 @ @

SOURCE TEXAT: :F2:iMAXMIN.EAS
progran calc{inpuk,cucputl;
var a,b:integer:;

3 4 B @ Pracedure sum{x,y:integer};

4 5 1L @ war fiinteger;

5 G 1 @a° pegin

4 T o1 Zi=x¥y;

G B 1 writelo{'The susm 13 ",2);

7 4 1 1 end;

B 11 & & provedure aifferencel(x,y:inteqger);

El 12 1 @ var z:integer;

10 13 1L @ begin

1a 14 1 1 zZ:=abalx-y);

11 i5 11 writeln('The differance 18 ' ,2);

id is L1 end;

13 P provedure maxmin{x,y:intege);

14 v 1 4 pejin

i d 1 1 1f %<y then writeln('The maxioum 18 'y,
' The minlmum 15 *,x3;

16 4L L1 it y<x then writeln('The maxiaum 15 ',x,

The wminimum 18 ' ,¥};

14 22 0L 1 if 2=y then writeln {'The two lnputs are eyuivalent "};

2 291 1 end;

21 2% 4@ ¥ vegln

21 2 W repeat ("foreyes®)

2z 7o 2 writel'Input twoe 1ntegaers ');

id 24 4 2 readlnia,b);

23 o oW 2 sumf{a,ol;

24 3w 2 differencela,ol;

25 kW ] maxmit(a,n);

25 33 0w 2 until 1<@

27 3 8 ¢ end.

The program listing for the sample PSCOPE session
illustrates the high-ieve! nature of PSCOPE debug-
ging. The program consists of the moduie CALC, the
procedures SUM, MFFERENCE, and MAXMIN, plus
global and {ocal variables. Users exercise and ma-
nipulate the program using these symbols. Code
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patches, stepping, tracing, etc. are all done on line
numbers, procedures, labels, and symbolic names.
To debug a program, just PSCOPE and a listing are
required—no linkage magps, core dumps, locate
maps, etc. are hecessary. This is how high-level
debugging relates to high-level programming.
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PSCOPE :
HIGH-LEVEL PROGRAM DEBUGGER

FEATURES
Unlimited Breakpoints

Breakpoints may be set on staterment numbers, p'ro-
cedure names, or program labels. Any number of
breakpoint registers may be defined.

High-Level Trace Points

Execution trace points are defined the same way as
program breaks. Any number of trace points may be
defined. A trace message is disptayed when execu-
tion reaches a trace point.

Conditional Break and Trace

Any break or trace point may be defined to automati-
cally call a debugger procedure, which will execute
PSCOPE commands and/or evaluate predefined
conditions. The operaticns will be performed, ang
the condition will determine if the break or trace wilt
be done,

GO

The GO command initiates program execution from
any starting peint. A set of stopping peints may be
specified ("GO TIL"), and break/trace registers may
be used {“GO USING").

Source-Level Stepping

A program may be executed, one high-level state-
ment at a time, using the LSTEP command. Also,
entire procedures may be treated as single state-
ments during stepping (PSTEPY); the procedures will
be executed, but not stepped through.

Examine/Modify Data

PSCOPE allows users to symbolically examine (and
change the value of) program variables and data
structures. Al PL/M and Pascal types are supported,
including numerics, dynamic and stack variables,
arrays, and fields within structures.

Virtual Symbol Table

All user-program symbols are stored in a virtual sym-
bol iabie. This means symbols will be paged to disk, if
necessary.

Help File

Many PSCOPE commands, facilities, and errar mes-
sages have help information describing their use.
The HELP command is used for learning the

PSCOPE command language, for quick reference of
command syntax, and for learning the cause of com-
mand errors.

'Debugger Procedures

PSCOPE has the facitity for defining procedures in
its command language. This block-structured com-
mand language allows users to extend the capability
of the program under debug. Like macros with
parameters, these procedures may also be used for
generating compound and conditiona! debugger
commands.

Code Patching

Program patches may be written in the debugger
command language to augment or replace current
program statements. These high-level code patches
are much closer t0 actual program changes than
machine-level patches, and are easy to use.

Built-in Editor

A menu-driven, CRT-criented editor is built into
PSCOPE. This is used for creating and aditing pro-
gram patches, debugger procedures, and command
lines. One key is used te invoke the editor to alter the
last command entered, or any debugger definition
(literally, trace register,.patch, etc.) may be edited
selectively.

Debugger Command Language

GO/LSTEP/PSTEP—For controlling program
execution.

DEFINE/DISPLAY/MODIFY/REMOVE—For manipu-
lating debugger objects {such as break registers,
patches, and procedures), or program objects
(variables and data structures).

CALL/RETURN-—For executing debugger
proceduras.

WRITE/Ci—For console input and output.
DO/END-For defining command biocks.

REPEAT/COUNT—For repetition of commands or
blocks. ' .

IF{THEN/ELSE—For conditional execution of com-
mands or blacks.

INCLUDE/PUT/APPEND—For saving/restoring
commands and definitions to and from disk.
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PSCOPE
HIGH-LEVEL PROGRAM DEBUGGER

BENEFITS
Shortened Development Cycle

The ability to define debugger procedures and make
code patches is very useful. It actually allows users to
extend the capability of the program under debug.
After debug sessions, users typically make program
changes or enhancements. This invelves the use of
an editor, compiler and linkage tools that create a
“new” load modufe for debugging. Since PSCOPE
allows these changes and enhancements to be made
in the debugger, the number of Edit/Compile/Link
iterations is lowered. More confidence can be placed
on a pragram during debugging, because its capa-
bitities have bean more fully exercised.

In;lproved Debugging Productivity

PSCCOPE provides users with the same conceptual
interface to program debugging that was used in
program design. This includes the high-level lan-
guage constructs such as statements, procedures,
labsls and symbolic variables and data structures.
Functions such as pregram trace and single-step
exacution are more meaningful with statements and
procedures than machine instructions; therefore the
improvement in debugging proguctivity is anaio-
gous to the programming productivity using high-
level languages.

More Reliable Software

Debugger procedures may be used to automate the
software testing process. The procedure may
repeatedly generate test values, execute the pro-
gram with the input values, and record the results.
Running more comprehensive tests, plus being abig
to “bateh” the tasts, yields more reliable software.

Easy to Learn and Use

An extensive command language, which is similar to
block-structured languages such as PL/M and Pas-
cal, is very easy 10 use in an interactive debug ses-
sion. The HELP facility makes learning to use
PSCOPE extremely fast as well. The “Literally"
facility and debugger procedures also allow users to
extend and tailor the command language to suit indi-
vidual needs.

Improved Software Management

The use of debugger procedures allows parts of a
software system to be debugged independently. Pro-
cedures can be substituted for program stubs, allow-
ing programmers to debug different pieces of the
system separately. This results in improved project
management.

SPECIFICATIONS

Supports Intel's standard 86/88 languages:

—PL/M 85/88
—Pascal 86/88
—FORTRAN 86/88

PSCOPE runs on an Intellec™ Serigs |l or Series iV
Microcomputer Development System, either stand-
alone or in an NOS-1) network configuration. A 512K
application memory space is recommended for most
applications.

ORDERING INFORMATION

PSCOPE Program Debugger and FICE Base Software for Series Ill with 8” single density

PSCOPE Program Debugger and IFICE Base Software for Series IH with 8" double density

Order Code  Description
iMDX-333 PSCOPE Program Debugger {for Series Il and Series 1)
1I-951A
disk drive
H-9518
disk drive
IH-951C

disk drive

PSCOPE Program Debugger and I°ICE Base Software for Series |V with 514" double density
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PSCOPE , :
‘HIGH-LEVEL: PROGRAM DEBUGGER ‘ bR

=run :tEl:pscuope
SLrlen-10i PRUOPE-H6, vi.¢
*
® .
faetine literally o = ‘gepine’
*g literally 1 = 'literally’
*g | AT = 'Orkrey'
*G | tr = 'rrovey! —
*
" =]
*load stlsmaxaln.dé
*dir
01K of :CALLD
Pg_DUTEUT L., . . . . . TERT (file)
Py _IHPJT , o v« « . . . . . THAT (t1le)]
B . v 4 4 =« 1 ¢+ « 2 s+ + = lntegaer
A L. 4 =« r 4« « = - « lhteger
SUM . . . . - 4 v s - .+ . . prucedure
S 4 £ B T3
¥ 4 4 4 4 s 4 + s+ + . 4 intege-
2 4 4 s 4 a4 4 ow o e s s . s intayer
DIFFERENCE . + + + + - . . . procedure
A s 4 s 4 x4 x4 4 - - . . inteye-
T v o 4 = v = & -« 4 s 4 . intayger
I 4 4 - - v 4 - - - s a4+ iNtegar
MALMIN . L . . s s s s s 4 . procedure
A 4 4 s x = = 4 4 = 4w + a integer
T v 4w & r v x o o+ s s+ a & lOfeger
” —
* ———
*pstep
[Step &t :CALC#Z2L]
Mpstep
InPUT 1wWC INTEGEHS:
[Brep at 1IaLC#24]
*pstep
finput) 19 4
[Stwp at :CALUE23|
*psitep
THE sUmM Iz
{Step at :CALORZ4]
‘patep
THE UIFFERENCE IS
[Step at :CaLCp2S)
*pstep
THE MaxIMUd L5
THE MINIMUM IS
[Step at UALCHZL]
L
- \ %
*dufine patch #5 til #6 =  zax+y
L]
*a0 til F2l
IAPUT TWO INTEGERS:
[1nput) 19 4
THE SUM I5 23
THE DIFFRRENCE IS 15
THE maXImMUM LU 19
THE MINIMUM 15 4
[Hreak ap §#21] —_—
*
-
*define proc Pl = qo
SEwrite 'the numbe*s and product are: ',a,uL.avb
JFwrige Uslng ('@,3") 'break ¥
L*1f €I == ‘' then raturn Lrue
.. #lse return talse endaf
P *end

*

*dg ur B4 s 121 call PHL
*yo uslng bl .
IAPJT TWO INTEGERS:

{input) 24 24

THE ZU4 Is 47

THE OIFFEKRENCE L5 1
THE makImlm [35 49
THE MINIMUM 15 24

the nuubers and the product’are:
oresk 7oy

+23 +24 +552

[dreak at #él)

e
L

Fuxlt

FELUPL teRIWIaated

46

The Literally facility allows users to abbreviate,
redefine and extend the command language to suit
individual needs.

Any PL/M-BG, Pascal-86 or FORTRAN-86 program
may be loaded. All symbolic names may be dis-

‘played, in total or by type. Symbols defined at debug

time may be displayed as well. Al program types are
supported, including numerics, user-defined types,
and records. The symbols’ types are displayed by the
DIR command as well.

Several flavors of stepping are offered. This example
illustrates PSTEP, a line-by-line step whare pro-
cedures are exaculed as a single step. This program
contains five steps in the main body, with three being
procedure calls. :

There appears to be a bug in the program, as the sum
is displayed incorrectly. Looking at the program, we
notice that X and Y were multiplied instead of added,
at fine #5. A code patch is defined, and the program
executes correctly.

This iltustrates the facility where a debug procedure
{PR1} is called when reaching a breakpoint at line
#21. Here, some values are displayed, and a condi-
tion is evaluated (in this case, a query to the user}.
Had the condition been false, program execution
wouid continue with no break. The high-levei con-
structs in the command Janguage make this a very
powerful fagility.
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e PROGRAM MANAGEMENT TOOLS

u Increase Software Engiheering & SVCS Simplifies Administration of
Productivity Software Modules and Systems

m Decrease Software Administration B MAKE Automatically Generates New
Overhead Releases of Software Systems

a1 Allow Users to Control, Automate and = Both Tools Easily incorporated Into
Examine the Evolution of a Software Project Existing Software Development

m Enhance the Capability of Networked Methodologies
(NDS-Il) and Standalone Development
Systems

Intel’s Program Management Tools (PMTs) provide the essential ingredients 1o manages large software devel-
opment projects. PMTs decrease the time spent on tracking program changes and manually generating new
systems, thereby giving engineers more time for software design, development, and testing.

PMTs consist of a “Software Version Control System” (SVCS), and an automated software generation facility
(MAKE). Together these tools control, examine, and automate the management of a software system that may
contain many versions consisting of numerous modules.

SVCS controls and documents software changes for all file types. SYCS handles storage and. retrieval of
different versions of a given module, controls update privileges, prevents different users from making changes
independently, and requires ail changes be thoroughly documented by recording who made what changes,
when and why.

MAKE produces the specification of a “minimum-work™ job required to generate a new system. This job {i.e.
submit file) typically includes compiles and links of the latest versions of specified source and object modules. i
a newer source moduie exists for any specified object module, MAKE will specify a compite of this module,
replacing the older module in the completed program. Unnecessary links and compiles, however, are
eliminated. MAKE does the minimum work required to ensure consistent, up-to-date software, thus saving many
hours of compiles and links.

Incorporating PMTs into an existing project is easy. PMTs work with existing operating systems and software
tools (editors, compilers, utilities) and require very little releaming. New users can quickly gain expertise in using
PMTs by working through the examples contained in the PMT Tutorial Manual and Diskette, which are included
with every PMT software package. Program Management Tools are ideal in a networked (NDS-11} environment,

where multi-version software control is ¢ritical. PMTs are aiso extremely vatuable on standalone systems (with
Winchester disk) as well.

{
{
[

OPTIMAL CONTROL OF A SOFTWARE PROJECT.

SVCS Get the source module out of database.

AEDIT Make code changes using editor.

SVCS Put module back into database.

MAKE Automatically generate new version of system,

Intel Corporation Assumes No Fsponsibility for the Use cf J\rly Cucmtry Other Than Circuitry Embodiad tn an intel Proguct. No Other Cireuit

Patent Licenses are Implied. Information G d Hera P ly Published Specifications On Thase Devices Fram Intel.
@ INTEL CORPORATION, 1983 MARCH 1884
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H‘Itel PROGRAM MANAGEMENT TOOLS

SOFTWARE VERSION CONTROL SYSTEM (SVCS)

a Simplifies Administration of Software ® Prevents Users From Accidently
Modules and Systems . Deleting System Software or Making
m Maintains Change History Information Simultaneous Module Changes

on Every Module m Offers an Effectlve Softwaie Vergion
' Generation and Control Mechanism

Intel's Software Version Control System (SVCS) is a utility that greatly simplifies software system housekeep-
ing. SVCS automatically controls and documents software modules in a large project, eliminating costly manual
administration by a project leader or librarian.

SVCS maintains a system database of software moduies called units. Each unit is divided into four classes:
Source, which contains the unit's source code; Object, which contains the unit’s object code; History, which
contains the unit's history file; and Composition, which can be arbitrarily used by the user.

Users interact with the database by using SVCS administrative and access commands. Project managers use
administrative commands o create new system databases, add and delete database units, set unit access
rights, and create and name new system variants, Programmers use SVCS access commands to check out and
return database modules when making system changes. For every change made, SVCS records whaf
changed, who changed it, when it was changed, and why

SVCS variant generation and conirol enable project administrators to effectively create and identify new ver
sions of software systems. Stable versions may be write protected and placed in the public domain, working
versions may be identified and accessible only to programmmg personnal, and special versions may be created
for customized releases. In addition, version control can minimize software archival, maintenance, and support
administrative overhead.

AUTOMATED SOFTWARE GENERATION (MAKE)

1 Automatically Creates New Software - B Works Closely with SVCS for Generating

Systems, Using the Latest Versions of Complete, Up-To-Date Systems
Source Modules B Easlly Adopted into Existing
§ Automatically Determines Which Source Development Methodologles

Modules Need Recompiling

m Eliminates Unnecessary Complles and
Links

m Offers Many Powerful Macro Constructs

MAKE is a utility that greatly simplifies the generation of software systems. MAKE produces a “minimum-work”
submit file that can generate a complete, up-to-date system without any unnecessary compiles and links. MAKE
can reduce system generation times from hours to minutes while concurrently minimizing administrative
overhead.

4-8 210567-003
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PROGRAM MANAGEMENT TOOLS

MAKE accepts a text input file that instructs it how to generate a new software system. The input file specifies all
modules required to generate the new system and includes a description of system depandencies. It also
specifies specific system operations, such as compiles, links, SVCS operations, line-printer spoolings, and other
system commands. MAKE uzes this input file in conjunction with the lime and date stamps on each module to
determine the optimum system generation procedure that eliminates all unnecessary compiles and links.

Typically a MAKE input file is created once at the start of a project. Very occasionally during the life of the project
it may need modification. A powearful set of macros makes the creation and subsequent modification of a
generation procedure an easy task. QOverall, the management of the MAKE input file is negligibie compared to
maintaining numerous submit files for system generations.

The close relationship between SVCS and MAKE help simplify the overall job of software controi at all levels.
For example, the very latest version of a source module may not be stable enough to be included in a
generation. A less functional, but more reliable version may exist. Since SVCS keaps unigue versions distinct,

an SYCS-module containing the more reliable version may be specified in the MAKE input file.

BENEFITS: SVCS AND MAKE

Intel's Program Management Tools eliminate com-
mon problems such as:

“We've modified module FOO, which has introduced a
new set of problems. Now we can't restore it back to
the earlier version.” :

“Medule FOO2 has been modified; no one seems to
know who changed i, or why.”

“We often have several programmers making
changes to the same modules. Trying to avoid simul-
taneous changes is a lot of effort, and we waste time
synthesizing two sets of changes intc one module.”

“To ensure that we release up-to-date, correct soft-
ware, we periodically go into “release mode” for a
few days. Everyone stops work completsly while we
find the latest versions, and then start the generation
from the ground up. It literally takes days, when we
could be making productive changes.”

SVCS and MAKE together provide a service that fits
easily into your existing design methodology, and
solves administrative problems such as those
described above.
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SPECIFICATIONS

Networked, Multi-User Software Control

NDS-Il with at least one Intellec Microcomputer
Development System
iNDX, IS1S3-1II(N) System Scftware

Standalone Use

Intellec Series Il with Model 750 Winchester Disk or
Intellec Series IV

SVCS and MAKE wili not operate on ISIS-1l local
floppies or Model 740 Hard Disks.

SVCS and MAKE may be exported from any
workstation in an NDS-Il configuration.

Documentation

‘A User's Guide to Program Management Tools”
(121958)

SOFTWARE SUPPORT

This product includes a 90-day initial support consist-
ing of new software releases, updates, subscription
services (software performance reports and technical
reports), and telephone hotline support. Additional
software support services are available separately.

ORDERING INFORMATION

Part Number
iMDX-332

Description

Intel Program
Management Tools

' 210567-003



|Ilte| ~ ISIS-Il SOFTWARE. TOOLBOX

m Significantly Improves Programmer m Provides Source File Management,
Productivity Showing Source Changes, and
Performing Version Control
m Collection of Utilities that Speed Up

Software Design m Provides Conditional Control and
' “Structured Programming’’ to Submit
u Enhances Capabilities of 1SIS-H Files
Operating System
_ m Runs on Model 800, Series i, and
m Most Utilities will Operate on NDS-I Series U intellec® Development
Workstations, and Remote Hard Disks Systems

The i8IS-Il Software Toolbox 1s a collection of system utilities that perform a variety of “‘productivity-
oriented”” functions. There are two major subsets of Toolbox tools, in addition to numerous ad hoc
utitities, These subsets provide Conditional Submit Fiie Control and Source File Management.

The Conditional Submit File Contrel tools provide *‘structured programming’ at the ISIS-Il command level.
Jumps, Calis, Returns, etc. are supported, as well as conditional command execution, based on asser-
tions such as file existence, program errors, file matching, and string matching.

The Source Management Teols support version number tracking, and allow users to igentify which ver-
sions of each source module were used to create a load medule. There is alsc a tool which compares
source files and reports all differences.

The tools outside of the two major subsets assist the programmer in some very specific development and
debugging tasks. One tool manages a!l PUBLIC/EXTERNAL declarations in a system. Another merges the

locate maps into a program listing, giving absolute symbolic debugging information. There’s a directory
sorter, a tile compactor, and a too! to display just the last block of a file.

gQ
Ol

SOURCE FILE
MANAGEMENT
DEBUG/
connmomu. TEST
EX EC IITION
; \ MERQAS
O MERGAS
'F oap §°
MODULE

MANY TOOLS IN THE TOOLEDX ENHANCE SPECIFIC PHASES OF THE DEVELOPMENT
CYCLE. OTHERS IMPADVE PRODUCTIVITY IN ALL PHASES.

LATEST
COMPAR

ﬁ\}

GENPEX

CHKLOD
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Gold-standard solutions We buy equipment Learn more!

Extend the life of your critical industrial, Planning to,upgrade your/current Visit us at artisantg.com for more info
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