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AC’s publications have always been innovative and comipléte, With the Premiere issue of Amazing
Computing in February 1986, we introduced the first monthly magazine dedicated to the Amiga. AC's
commitment to deliver solid information and valuable insight'for the Amiga continues today. AC remuins
the first in news coverage—often providing complete stories and/pietures of fast-breaking Amiga events in
the next issue, AC is a forerunner in providing a well balanced mix of reviews, tutorials, tips, programming
tasks, hardware projects, and more. Each issue of Amazing Computing For The Commodore Amiga is
packed with the best of the Amiga.

AC’s TECH For The Commodore AMIGA is the first and largest publication dedicated to the technical
promise of the Amiga. Each quarerly issue provides new frontiers for the Amiga user eager 1o do more.
ACs TECH not only atempts 1o define what the Amiga can do, but expands those boundaries.

AC’s GUIDE To The Commodore AMIGA is the first and only complete guide 1o the Commodore Amiga,
ACs GUIDE is the one resource used by the entire Amiga industry for Amiga product information, Yet ACs
GUIDE also offers a listing of freely redistributable software and a growing registry of Amiga user's groups,
ACs GUIDE is the complete resource to the expanding platform of Amiga products and services.

If you are not an AC subscriber, vou don't know what you're missing. AC's publications are produced o
give you more choices and resources. AC makes sure that whatever is happening in the Amiga market,
yvou'll know about it
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printf (“Hello”) ;
print “Hello”
JSR printMsg
“Hello”

say

writeln (“Hello”)

Whatever language you speak. ACs TECH
provides a platform for both gaining insight
and sharing information en s most
innovaiive implementation for the Amiga.
Why not see il your latest programming
endeavor ean help a fellow Amiga nser
expand upon his or her vocabulary? To be
considered for publication in AC's TECH.
submit your technically oriented article
(both hard copy & disk) to:

ALs TECH Submissions
PiM Publicanions, Inc.
Cine Currant Flace

Fall River, Ma 02722
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Knowledge is Power

Macro Disassembler

Regource s an ineiligant ntaracive Ssassamiber for the Arega programmer,  Full usa = mada of the Amiga windawirg onvireamant and oves
TOO flunclions 1o make deassembling code aaséar than ils ever been. ReSource wil enable you to sxplode e Amiga. Find ouf how your
favarile program works. Fix bugs in exensnbles. Examins your own compiled coda,

ReGource will lond/save amy lile, read disk tracks. or disassembie direclly from memory. Virually all Amiga symbol bases are avaliable a1 the
touch of @ key, In addilion. you may create your own gymbol beses. Base-ralative sddressing is supponad lor disassambling C programs
Al Arniga hunk Typas are suppored lor code scan. Display i incredibly fasl

ReSource now has & tig brolher. Like the onginal program, AsSource’030 will foar apan your code ke no other pragram. And it will 30 o
evar fastar now, becauss ReSowrce'030 is wiitten in nalive MCBB030 code. AeSource'030 ales undarstands SB0E0 |slructions.

ReSource’030 suppans the new MEBI00 Famiy assambly language syntas specfied by Molonola 1o suppon The new addressing modes usad |
o the BB020-030 processors. ReSource’030 and Macroba are among the few Amiga programs now svalabia that provide this suppon.

Due 50 popular demand, we now alfer ReSource'068. Funclionally identical o ReSource’030, this program wil run on 4 BBODO cpu
ReSource 068 s moludad whan you purchase ReSource’ 030

“If you'me sorious abowl dizsassemibing code, look no furthor)®

ReSource oulputs old-syntax source. and will rn on aiy. B8k femily cou. ReSource D30 autputs new-symiis sounce, and fequines 4 BBO2O0A0 cpuy,
ReSource'DB8 cufpuls new-syniax source, snd will run on anpEBH family cpu. Both versions of ReSource require &t leas! 1 meg al am

Suggestad retall prices: Onignal ReSouree. USS5S. ReSoures’ @30, LISS150

Macro Assembler

Macrobl iz a poweriul new assamblar o the antira line of Amiga personnl computars.

Macro§8 suppors the enlire Molorot MSS000 Farmily Including the MCEB030 and MEBED4D CPUs, MGEBEES FPU and MOBSE51 MKMLL
The Amiga Coppsr I8 suppanied also

This 1asl. mulli-pass assembler supporis the new Molorols MBEIO0 Famiy assambly iangdBges@ntas, and comes with & ulifity ta conver
okd-styls syniay source code painksssly. The new synlar was developod by Motoroks spacifically o Suppon ihe oddressing copabilies of the
now ganarakon of CPUs, Old-atyéa synkay & also supporied, at shghily reduced assambly spasds

Wosd features of MacroBB ane limised only by available mamory. 1L 8lso boasis mocn powsr unparalisisd in producis of ihis cliss, There B
many e and irnovalie assamixer dreclives. For instance. & specisl siructes offsat drective assires maximurm compatBility with fha Amga‘s
inferface conveniiors. Lisling canbrol including cross-relerencing is induded, A usar-accassibia file prondides. the abiity o customize directives
and nmn-lima messagas from the pssemblar

Macro6a is fully re-entranl. and may be made resicerd. An AREXX(km) nterface provides "reet-time” communication with the adéar of your choles.
A numbar of direclives enabie Machob fo communacata win AmigaDos(im), Exterral programs may be iwoked on sithar pass, and the resalts
intarpretod.  Possibly the most uniquo feature of Macro6l is e use of n shared-lbrary, which alows resident preassembled inciude files for
increchbdy 1asl aasemblies.

Macro68 i compatibie with the duectives used by mos! popular assemblem  Ouiput file formats nclude exendabls object. finkabio object,
Binary image, and Malonle 5 ecords. MagroSB reguires &1 least 1 meg ol memaory,

Sugpestad remil prioe: LIS3150

The Puzzle Factory, Inc.

AP anD Anesel0d dnd Daerare
&l Carrrodere-Semige,

P.0. Box 986, Yeneta, OR 97487 me
"‘Quality software tools for the Amiga”
For more information, call today! Dealer inquires invited, ~ V1SA/ MasterCard
Orders: (800) 828-9952 > M=
Customar Servics: {503) 835-1708 Chwck oF monay crier scoapind
ma GO0

Carcle 188 on Rsader Sarvice Carm.



Startup-Sequence

Opportunity Knocking
ACE TECH 1s desdpned 1o educide!, promsde naw

technobagies, and encourage the exchange of ideas in Amiga
computing. As such, it s a rallying point for Amiga divelop-
ment. Professional Amiga developers and weekind programe-
mers alike have experienced the thrill of a completed project.
We know what it means to create a program or build a piece of
hardweare. On this basts, | would like our readiers to consider
focusing their talents an creating Amiga products,

If wou have ever had the desine o program & new
product or create a plece of hardware for the Amiga, now |
thir time. There has never been such an opportunily o escel in
the marketplace. Mot only is Commodore faore commyitted
than ever to secing that the Amiga is acfpledas a professional
machine. but there is now an entirely new mdrket in COTV

Yes, Commodore Is Marketing

Commaodore's eifors in marketing have rfvog
received great pratse from Amiga users. Many of us bilieys
that Commodore could have done more o pesition the Amigs
in the U5, market. However, CBM has made a new commit-
ment o carry the Amibga and COTVY into mainstroam use.

CommodoreExpriss is CHM's year-old program for
Amiga 500 users. I your ASD0 fails and a call te CAM does not
provide a remiedy to the problem, Federal Express will pick up
the machine at your home or office, 1t will be repatred and
returned within thres days (just remember (o Keep your
original packing material). This program will also be available
to COTV users,

Also available under CommodoreExpress is the Gold
Card Service program for Amiga 2000 and Amigas S0
owners. Commodore will provide a one year warranty with
on-site service for these professional Amiga systems. There is
also an option to purchase an additional one fo two years of
pn-sitie service. Thie additional confidence these progriims can
provide for anyone on a tight schedule is priceless.

In addition, CHM has initiated a lsasing prigram for
the Amiga. Through Commesdore's lease arrangemint, mnsd
businesses will find it easy to incorporate Amigas info thel
facilities.

I order to use the service and customes satisfaction
programs, Commodore must attract the customer . Commio-
dore will concentrate on print media with specially focused

4 AC"s TECH

Armign and COTY advertisements to run in six national
magazines, such as People and MNensaeek, this fall. There wall
also be spol elevision advertisements,

Included inoa brochure supplied by Commodore ane a
few examplis of the proposed advertisements. Commodore
appears to be aggnessively pushing the Amiga into the home
edugation market, with partioular emphasis belng placed on
the use of computers by children.

What does it all mean? Commodaore is going o do
what we have alwavs asked them to do. They are going to sell
Amigas. And, although there is & wide sssortment of softwane
and hardware currently available for the machine, there is
murre o e dome

Enter COTV

Mot excited vel? Think about COTV. COTV is a brand
new markot based an the Amiga technology. Almost all the
tonls available to program and create on the Amiga will work
for COTV, It also offers software developers a world of options
frorm sound 1o graphics

_ We always knew wie could tap the CD in COTV for
Bremt sound quality. Now Commodore has released COXL,
wehich allows a sodtware developer to pull full-moticn video
from(thelCD into a sereen one-thind the size of tw normal
dizplay’ tn rién] ime. This is now accessible to COTV devilop-
ers for "'Ft";m'“' educdationil saftware; or any area whene
full-motonvideigan be an asset.

A L'bf'l'\f matires and sales increase, there will be a
large block of comsumers hungry for good soltwiare and
hardwane. The people who have a responsibility in securing
this market are the Amiga product designers, With 540
miegabyvies of storage and an entire world of ideas o explore,
COTV affers an opportunity that has never beven seen befone
Add to this Commodore’s commitment to make CUTV a
standard and the possibilities are endless,

Yo, ACS TECH 18 supposed to excile you into the
possibilities of creating on the Amiga. But with all of this
currenily avallable, our job is extremely sy

Simcerely,

=rrest 1. Viveiros, Jr



Collectible Disks!
The Fred Fish Collection

Choose from the entire Fred Fish collection and get your disks
quickly and easily by using our toll free number: 1-800-345-3360.

Our collection is updated constantly so that we may offer you the
best and most complete selection of Fred Fish disks anywhere.

Now Almost 500 Disks!

Disk prices for AC’s TECH subscribers:
1 to 9 disks -'$6.00 each
10 to 49 disks <$5.00 each
50 to 99 disks - $4.00 each
100 disks or more - $3.00 each

(Disks are §7.00 each for non-subscribiérs)

You are protected by our no-hassle,
defective disk return policy*

To get FAST SERVICE on Fred Fish disks, use your Visa or MasterCard and

call 1-800-345-3360.

Or, just fill out the order form on inside back cover.

* ACs TECHwaranies all gisas lorB0deys. Noadditionad charge lor postageand handing ondiskaiders AC s TECHssues b Fiad Fisha
neyaltyonal deksales inencourage i isading Amiga program anihokgesito confinue s sotsianding itk



AC's TECH

MessagePort

SOME WORDS OF PRAISE FOR BASIC AND THE AMIGA

Dhainr AC"s TECH:

The April 199] issue of BYTE magazine has given some
noteworthy recognition o bath the Amiga and BASIC as an
environment for kesening and experdimenting in computer
sciince, The article * A Fast. Easy Sort™, by Stephen Lacey and
Richard Box, presents a sorting technique called “Combsort”,
an alternabive fo the much known, intuitive, but incredibly
slow, bubble sort, The authors did thelr work on an Amiga
200 Their sorting algorithm ls very well dty.'ﬂh'd amd 1
recommend the article to programming esfisiasts of all
levels. Example code is given as a single subrootipe in both C
and True BASIC. To experiment with it | had to design my
own driver program. .

True BASIC {s an integrated eoyvironment frofgKemeny
amd Kurte, the original inventors of BASIC at Dartmaoutf)
College in New Hampshine, 1 s a fully structured high leesl”
language (like C and [ascal) that i both powerful and sasy @
uset. True BASIC programs are completely transportablie
(including graphics!) to four different microcomputirs, as well
as a pumber of pthers in the mini and mainirame class. |
routinely develop programs on my [BM and evecute them on
my Amiga, and visa versa.

O the magazine diskette (this issue] yvou will find
programs that demonstrate the above mentioned Combsort
subrouting, as well as its Bubble Sort equivalent, in three
different languages: AmigaBASIC, True BASIC, and finally
BASSC, (Mot that both AmignBASIC and Troe BASIC do maot
vl execule properly on a 12 bit machine, although [ hear that
Truie BASIC will be uwpgrading ti do that very sooan) MMy
programs take thie BYTE magagine article one step furfher and
grnerale & graphic repressntation of thit program's execufion
Initiadly, a low resalution screen b filled with dobs representing
320 randomiby chosen numbers (312 n AmigaBASIC, craxy
eh?). Then the program arranges them n ascending order,
restilting, b & eising graph of sorted values. I iz instructional o
waatich the computer alowly sort ul e nuambers befone vour
eves. For the C and True BASIC verséons | have included the
corresponding stand alone (compiled and finked) programs,
allowing vou o execute them even if you do not own either
Famguae,

Thase programs provide an excellent examiple of he
comparative advaninges of the three development environ-
ments for doing investigative work in computer scienoe on the
Amiga. Although the C version is faster than both versions of
BASIC, it requires that the programmer be familiar with many
system dependant details, and is perhaps beyond the level of
the averase compater hobbviss, Check out thee code yoursell.

& AC's TECH

The AmibgaBASIC version shovees o big reduction in complexity,
but it has structural limitations due 1o the fact that external
subroutines cannot be called by other external subroutines
This Fimifs hosw swell vou can structure programes, affecting
their readibility. Also, AmigaBASIC does not sapport screen
staling, Vertical pixel numbers ane upside down, incresing
from top to bottom, rather than the normal bottom o top of
Cartesian Coordinates (or world coordinates, as we say in
computer science). | compensale for this by including a user
defined, vertical screen scaling function. Horizontal scaling is
nol required in this particular exarple, but fo be fair | shinbd
point out that most graphic programs would requine it

All three programs were designed using the maost simitas
hlerarchical structure possibbe in each language. External
subroubines (separaie Irngments having their own local
variablis) were used o both versdons of BASIT [ order that
thary miore closely nesemble their C counterpart, which treats all
functions as external. True BASKC demonstrates ibalf as thi
mist readable [pseudoctde-like), shows no structural Hmita-
fions: and is reanonably fast,

LANGUAGE BUBBLE SORT COMBSORT
AmigaBASIC  2min, Hsec  Imin 10sec
Trug BASIC i1 min, 37 sex 0 min, 30 sex
L (1 mmin, 45 sec Ormin. 2 s

Mote that theseprorams do not represent a 1XF. accurate
comparison bevattse of the fime required for the system o
write pixels every lime a swap occurs. If you want to make
ViuE own accurale measurements of this sorting method you
should use the straight sorting code from the original article
Still, these graphic versions ane sccurate enough for instruc-
thonal purposes, and thiey ane fun o ook at

I was happy to see such an articke. A certain numbser of us
have purchased our Amigas in order to learn and experimeant
with programming, and BASIC does indeed play a large role in
that. | encourage similar articles here in AC™s TECH S AMIGA
—Piaed Caslomginy

Sevd yminr qurshioon amd comuimeerrds foc

AC's TECH MessingePar
PO, By W
Fall River, MA 7520865

Rstabiorn ol Tetiors e pradiisheedd ronll peorre frow praddic dlosuniie divds fre of
lirge. { AN Ietter became L gooperty of UM, Puddlcmions, fur. The AC
TECH adilprs resersye tlie ripht livandif ol fetlers S femnahle o olbirby.)
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The Complete Amazing Computing library
which now includes Volume 5
is available at incredible savings of 50% off!
¢ Volume 1 is now available for just $19.95*! &

(A B45.00 cover price value, the first year ol AC Includes 8 inlo-packed lssuas. )

+ Volumes 2, 3, 4, & 5 are now priced at just $29.95* each!

{Wolumes 2.3, & 4 include 12 issugs adch, and are cover priced at $60.00 per volume set.)

Subscribers can purchase freely redistributable disks** at

This unbeatable offer includes all Fred Fish, AMICUS, and
AC disks

Pricing for subscribers is as follows:
+ 1 to 9 disks: $6.00 each
+ 10 to 49 disks: $5.00 each
¢ 50 to 99 disks: $4.00 each

+ 100 disks or more: $3.00 each
(Dvisks are priced at 57.00 each and are nof discounted for non-subscribers)

To get FAST SERVICE on volume set orders, freely
redistributable disks,

call 1-800-345-3360

* Postoge & handing for sach wolermes is 5400 » #e WS §7 50 ion surfece in Canoda and Mesico, and S10.00 fee il sihar laneign purines

** AQ wartantips all diska for B0 deyn. Mo adcibons Chags e poplags &nd handing on disk ordes AT ssues M Fred Fish o roaily &n ol disk sabes iy B i
ha inafing Amige pragmm andslagel e continue Me oulstedrg won



GARN. .....

Press the right mouse button—u menu pops up. Select an action com-
mand from the menu, move the mowse cyrsor over an object and press the
left mouse button—the object changes color. Move the mouse again—the
object moves, chmnges size, or rotates as the mouse moves. Press the left

miotse buttonasecond Hnw—fhehigﬂg

iphted object is erased and redrazon

at its wew location, size, or orientation oWhat was just described is a

“point, click, and drag” metaphor used ﬁi‘ modern CAD systems for
translating, scaling, and rotating geomet ri;ﬂﬁﬁrh This segment of the
series shows how to implement the point, click \andl drag " metaphor when

designing Amiga CAD applications

Introduction

How does a CALD program fell
which object a user picked when a mouse
button is pressed? How ane miuse mdvi-
marits i pisel conrdinates comverted info
world eoordinate translations, scale val-
pes, or rotation angles? In this arbiche,
we'll see how CAD programs do all these
things and more, and develop procedures
to implemient the metaphor just described.
W'l also develop procedines for “pane-
ning” a drawing which ks boo large o fitin
a window, and “zoom in” o reveat small
drawing details or “2oom out” to show a
bigger view of the drawing, The proce-
dures will then be put to work inan event-
driven program which will ket us move,
resize, and rotate objects, or pan and Loom
ooty moedie] wiorld wesing just the mouwse,

& AC"s TECH

Actions, Objects, and Modifiers
When we are interadfifg with a
program, wie are telling the progfama hat
is to be done and which objectgare fn ad
of be acted upon. We are giving ﬁgrﬁr—
gram. or objects in the program,” cof-

mands. Since natural language sententes’

are constructed from nouns and verbs, an
effective way io allow @ user to inpul
programcommands is with sentence frag-
menks containing mowns and verbs, The
verbs describe program actions, and the
ncwns describe thi objects which are bo be
manipulated, The ssnience fragmenis can
take one of bwo formss either “action-ob-
ject™ sendences, or "object-action” wsen-
tences. Commands can also combain object
modifiers, action modifiers, orboth. A5 an
example, a typical command for deleting

all lines in o drawing program might be
clther " Delete-all-lines,” or “line-debete -
all.” The action s “delets,” the objects are
“Hres" and the modifier is ~all.” Many
covmmancds den’| reguine that an object be
specified: theobject is assumed tobewhat-
wver object has already been selected, or
assumied to be the next object which will
be selected. These tvpes of commands
require teen dser actions, The user selects
an pbject and then an action (pre-scliect
mode), or selects an actlon and then an
obprct (post-select mode), Many com-
maiids don't require any object specifiers
at all, “Quit,” “Save,” and “Debete-All"
are examples. These are "immediate
mede” commands. and reduire. anly &
strigle user action,

Intuition and other graphical in-
terfaces provide onls which can be used
torelicit user commands, The primary tools

) e mens, gacgets requesters, and poini-

ing devices. When we write Interactive
programs, wi have b dedde what com-
mands our programs will recogniee, then
miatch the commiands o the graphical in-
terface tools which are available to us.
Sometimes, dn entire command can be
mapped toa single tool (a window “close”
gadget, for example), but many times, we
have to break & command inko parts and
match the parts todifferent inberface lools.
When we break a command into paris,
our program has fo pul the parts back
together before it can make sense of the
command,
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generated by a program eser with the
mouse or the kevboard. They can also be
generated by other applications, or by
devices such as the trackdisk device or
timer device, Programs which receive in-
put through the IDCMP “wait” until noti-
fied that an evimt message has arrived,

read the message, whatever ac-
ten is approprate, and reply to the mes-
sage. Programs which wait for an event to
oceur before "dolng something.” and
which only do something when an event
occurs, are called event-driven programs

The process of just responding
bo Enpuit evenis seems simple. Many times
itis, baat mast of the time it not, There are
bwo reasons why event-driven programs

eveni-driven programs can be reduced
throwgh the wse of "event handlers” and
"statevectors. " Stale veclors arcdata strue-
tures used to keep up with the current
state of a program and i data. Evimt
handlers are procedures which are called
when o specific event or class of svenls

R e e A e e R AU A S e S Pt e L P L P

® Call the event handler,
sending it the data it needs

tyrecal sriuct _LngsiExEetodan
i
el Prae t ENT = E T
waid *darmi
| IntulDemnalon Ui

typedal M (“eveRiFroc f] (etruct IntuiMesgage 7. wold ")

* polinter to evens handler uy
/% mrg for avent hanclles b
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handlers and thelr data with input events. The simplest way o do
this s with a structure contalning pointers, We'll defineg an
“Intuition cxtension”™ structure to hold both a funchon ]'l||i.|11c_'r 1]
an event handler and a pointer o the handler's data. Our exten-
shon structure will then be attached 1o whatever Intuition object
which generates evenis that the handler is responsible for pro-
ccﬁ.ing. The definition of the extension structune we'll use (we
also define a tvpe for event handler function pointers to make
l.'.r.l:i1'||_.; the p-::-in.l.i.'n s ) 18 Sl Om page o

When an event arnives, the i1'|p||l: handles retrieves thie
exfension structure, gels the palnler to the event handler and ihe
pointer to the handler's data, and calls theevent handler using the

Table One

Cremonstral

CHTHMIArc [Ty [ T [
Ot project Action Immedials
Seiact an abjact Action - object immediste
Drag an object Action « ohjest Immedisis
Move zn objscs Action - object ‘Post-soles
Size an objocy Action - phjec Faoat-salecl
Fotate =n objact Aotion - ohjsci Pasl-salec
Wiew = All Citjaet - Beikon immeciats
Wiew - Zoam - in Cibjmct - action Immedists
View - Zoom - Oud Oibpact - melisn Immedsiea
View - Zoom - Box Oact - actian Prast-snalssl
Pan {Wharid) Action - Cojaci Immadaio
Ciosa Window Acfan - objea Immadats
Rasiza Window AcBon - oibjed Immadiain

i Redrmawe Wirkdow Actan - object Immasata
Itais Wiy Action - ohjmcl Immadiale

Table Two

Command interface Object Evant

funchion pointer Thas process coniinues urnitil an event handler
returns a “failure” code, ora “siop the program” code. But how
do we attach the extession struchire o an Inbuition sisect and
refrieve it in the mpuot handler?

Almost all Imtuition input events ocour in windows,
gadpets, menus, or meng ibems, Intuition's Window steucture
and Gadget structure contain generic pointer members named
“UiserData.” For windows and gadgets, we can use the UserData
member o hold a Fu_1ir|l|_~:r tor crur exbension siructure. LDnbortu-
nately. Menu and Menuliem structures donm't have “UserDaia™
poimbers. §oattach our extension poinber bo menus o md ibems
without using smne Kind of look-up fable, we have o “overload”
Infuition’s structures. We do this by defining our eoan mes ihem
structure which has Intuition’s structhure as its first member, Fene
is the typedef for a structure we can use o overload Intultion's
Menultem struschome:

Since Intuition’s Menultem structure is the first member
of myMenultem_t structures, myhMenulbem_t structures can ba
safely cast fo Menultem structures, I{and anby 82 all ol ourmeno
items are crealed as myMenuliemtstructures, Menulter struc-
bures can also be sately cast to myMemuliem_t structunes.

To retrleve our extension structure pabnter inslde an
input handler, we examine the event message to determine whiat
input object the méssage applies to. 11 it applies toa menu item,
e et the address of the mena item, cast it o “mybenullern 7,
and thenget the pointer foour extendsion, K ilapplies ba gadget,
we gl the poinder o the gadget by casting the “TAddress”
member of thi IntuiMessage structure to “Gadgoet *“, then get the
pointer iodr estension by casting the gndget UserDiata member
to Imtei Exbension_1*°, The ex-
tension pointer is retrieved from
a window pointer in the same
way. You can look at the proce-
dure handlelnput | in the dem-
onstration program o see how
these pointers ane cast, retrieved,

Eveant Handler

Chuii Manutiem MEMUPICK Gl and vsed, You can also s how
Salec Ealact bution MOUSSEBLITTONS windowEvent | | simple the code for the input
Ciag KMouse MOUSEMOVE muliipla handler i

Mcren Menultem MERUPICE miSatActian| § |

Siza T — MENUPICK miSetAction( } Commands and Evenis
RAotmls Menullam MENUPRICH meSetactian] § Event=driven programs re
‘i all Menilism MENUPECH i ailew] celve commands through
2o in ftemuibam MENUPICK mFocem| | events, 8o the commands a pro-
Zooem oul Ptenilbam MEMLUIPKH i oo | gram recognizes have o be
Zoom Bax Menultam MEMLIPECH mitsetAction ) mapped o events and bo inber-
Fan Prap Gadgal GADGETUP pariiead | face objects which generafe
Close Systam Gadgat CLOSEWINDOW windowESyeni] | events. Simple commands can
Rasize Syatam Gadpgat WEWSIZE windowEvent| | be mapped to s single interface
Aadraw Insuition REFRESHWINDOW windowEvent( | object, and recelved as a single
Kave Window Syatem Gadgs! aulGmats event, Complex commands
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asually need to be broken up, the picces mapped to
two o maore interface objects, and then recemved as
multiple events. Inside the program, ibe events

Tvpedefs for 'oction

"and "‘miaalo

5 epadal int |"actieaProc Bl etrdct  Window® Loog, vold®|
have o be inferpreted as commands, or pleced
fogether intoa comipletecommand. Event handlers bypdel strdot _mihets
are the program procedures which interpret and f
implement commands by performing an action, or sctionProc_t BCLioni  ¢° actlmm procedrs pointer *
by piecing commands together from information leray i Flery /® ot londeb]ect aodl fFfer .
i a program's stale vector, Wi sduta; * peeion procedure dacs =/

Let's look al the commands in our demor- T

stration program to see how they are implemonited
through events. The commands, their syntas, and
their modes are shown in Table O

Which Intuition interface objects do we map our com-
muncds w0 The “Close,” “Resize,” and "Dirag ™ system godgets ane
clear choices for the “Close Window,” “Restee Window,” and
“Move Window"” commands, The mouse select butbon is used to
select objects, and the mouse cursor is used for dragging objects.
Cadgets, menu items, and menu subliems are good interfacoe
olijects to use lor specifying objects, actions, osmodifiers. | prefir
usiryg gadgets for simple, immedinte comn et s
and subitemns for complex commands, umnrml.r.:ln:m
program's commands and their correspond ing Eﬁlerhr.- objects,
events; and event handlers are shown in Table Tway,

Let's ik it fook: of tohard acle bandler in the demortgPrefian
prograns does, ind where éach geds Hie data if ineels:

WindowEventi ) processes all MOUSEBUTTONS, NEWSIZE.
REFRESHWINDOW, and CLOSEWINDOW svents. For
MOUSEBUTTONS events, windowEvent| | converts window
coordinatis ke world coordinates and calculates the world coor-
dimate distance cormesponding to three pixels in x or v, whichever
iz largest. These values are saved in the state vector, The stale
vector is examined tosee if an objoct has already been selected. 1§
not, window Event{ ) calls findObject] ) o search for an object
located within three pixels of the mouss “pick” point. If an obgect
is found, its pointer is placed in the state vector. Finally, if an
"action” procedure palnter is in the state vector, windowEvent(
i ealls the procedure, When CLOSEWINDOW events ane e-
ceivied, windowEvent{ | just refurmis a non-zero value to
handlelnputi ), which causes it 0 stop processing nput and
return to maing ). This is one of the ways the demonstration
program is stopped. For REFRESHWINDOW evenis,
window Event] | calls drniv AL ) bo redrmw the model workd. If a
MNEWSLZEeventis receivisd, windowEvent] jcalls setPanCnd gots(
) o adfust the size of the pan gadigets. Note that resdxing a “smart
refresh™ window will generate a NEWSEEE event, but won't
generate a REFRESHWINDOW eventunless the window is made
larger. WindowEvent] | gets all of the data |t needs from this
program’sstate vector, the window pointer, and the Intuiviessage
event structune.

The demonstration program has only two gadgets. One
i horizontal “scrolfbar” used to pan theworld view keft or rght.
The pther is a vertical scrollbar used 1o pan the view up or down,
The event handler for both gadgets is panView( |, which iscalled

when a GADGETUT event is generated. When panView( ) is
called, it updates the window’s view transform and redisplavs
the model world, The data needed in pan View( ) is obtained from
the program’s state vector, the Inbulbessage ovent struchong, and
the gadyet pointer,

MENUPICK events are handled by several differeni
event handlers, Which one is called depends onowhich meno ifem
issetected, Asmentioned above, menusand menu ilems are good
interface objects for setting up complex commands. Combina-
Homns of achions, objects, and modifiers can be attached o menu
Items, and then senil o event handlers when the mena iboms ane
selected. To send all of this information to a menu item event
handler, we define an "miData™ strocture to-#tore all the data i
one place. The typedef’s for the “action” procedure and the
“millata" strocture are shown above

A poinier to the miData_i structure for o mesi fbem is
me thie intulExtension § structure sttached to the men
# the “data” pointer which is sent to a menu

m.-mm dlur wihien it is called from the svent inpuf proce-
dure. Thl? i itemn event handbers in the demonstration pro-
Bram an: iy miFull View( |, miZoomi ), and miSetAction]

1

MFQLIHﬂEﬂIvd whin the “quit” menu item s picked.
MOk Y returns a¥Gn-zero value tor handlelnputt ), causing it to
stop processing tnput and end the program. MiQuit{ ) doesn't
require any data at sl bo dao fis job,

The “Vigw'-al™ meni item command misans “shine e
a full view of the workd”, This is an immediabe mode command
and it is implemented i miPullVise § MiFallView] § calls
Rl Display | to find thieextent of the world coordinates, caleulabe
a new view transform which will ft the entire model world
eertered in the Intuition window, and redisplay the world data,
The only data miFullView( ) needs is o pointer to the stxte vector
and a poinfer bo the [nfuition window,

The menu item handler for both the "Foom-in" and
“Loom-oul” menu lems is miZoom| | “Zoom-in" and “Foom-
out”™ are rood examples of commands with action modifiers, The
action part ol thecommands s * Hoom * and the modifiers are “in"
and “out” Zooming is accomplished by rescaling the window's
virw fransforny, then redisplaving the model world. In the dem-
anstration program, when the 2oom-in menu tbem ts picked, the
virw siale factor s mullipiied by fwo. This cavses the mode]
world o be redisploved a twice i previous siee, Likewise, o

-
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zoom out, the view scale factor is multiplied by one-half, which
causes the model world to be redisplaved at half its proviows sixe.
Sinee miFooam( | scalled forboth this " zoom=in" and = soom-out”
menw items, a ZOOMIN or Z00OMOUT modifier i plaoced in the
milata_i modifier Oeld so that miZoom{ | can determine which
way (o poom the view. The onby other data miZoomi ) meeds ks an
Intuition window pointer, which it gets from the IntuiMessage
structure,

MiSetAction] ) is called when the “move,” “size.” "ro-
babie,” or “soom-box” meni tems ane picked. MiSetActiong )
places a function pointer to the action procedure which will
process the action part of the command in the program’s state
vector, Italso places modifiers and pointess to the dala the getion
procedure will need into the state vector, Basically, miSet AR
} is placing part of a command into the state vector fop later use.

When an object ks selected (in windowEvent] §), the command

will be complete and the action procedure will becalled. The data
which miSetAction]{ ) needs is an action ure function
pointer, an acthon or object modifier, and anybther data theaction
procedure will require to do ity works information is ob-

tained from the miData_tstructure poifber st (o the mieny item
event handler. The action procedyfis fSetAction ) ane
dragAndMove{ ), dragAndSife( ), dra fof b, and

dragfoomBox| ). The corresponding Milaka_t
moveData, sizeData, rotgieData, and zoom
Ik at thee program by 5o o these =
initialized, placed iy Meni_tstractore foreach
and then placed in the state vector by miSetAction] |
A5 you can see, ing event handlers and
Intuttion input objects simplifies event processing and makes
logic in our event handlers pretty simple! We've seen how the the
event handlers communicate information o each other using the
program’s state vector and declde whattp do from information in
thie state vector. Now bet's see what the stite vector books like, and
see which procedures set and use its memben, In the demonsira-
thon program, the state vector is called "h'nrld.*l.d it is a global
instance of the following structure:

s
. You can

ined,

typadaf stroct world
L

Aoobhle mins, mify: 4 e ld opetent lower lalt h‘x
el i maon, meoey’ ' ol eNTent JppEr rignc */
actimnfror b actliong ' setion procsdurs polrcer *
gbieci t "mselscted) * pElacthl oblect L4
void At i* action procedutre data .
long =odifier) i geblen-ceiaet muitfier .
lopg pdckX, plaxi; * polect pick oodrdinaran
dpuhle wrldy, wrld¥) b ot etordirate pliek pr
double st * warld sesrch diETAnDe -
arjedt b *oblects; * ligt of world Sbiecti
cranaformd_r *viewTE) /¥ curranh view Crensterm
douhle Aspect: & window appoit ratic

] waridit:

Tha “acticn,” “data,” and “modifier” members ane setin
miSetAction] | whenan * Action”™ menu tem or the * Zoom- box™
menu kem is pickied. Theaction member imuzed i svind oy Eventy
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o determine if the action part of a commmd has been specified,
and if 5o, fo call the scion procedure, The data and modifer
mimbers e generil-purpose members used either by menu
ilem event handlers or by “action” procedures.

The “selected,” “plckX,” “plekY,” “weldX," “weldY."
and “eps."members are set in windowEvent( ) and ane used in
find et | and the "drag” sction procedures. "Selecied ™ points
fo whatever model object is within a distance of “eps” of the
miguse pick coordinates, "pickX” and " pickY.” The pick distance,
Peps,” I caleulated epch tmie window Event] b is calked. Since the
world distance corresponding toour pixel pick distance (3 pixela)
weill change when the view transform changes, “eps” newds to be
recalculated each Hme we search for an object, “Weld®™ and
“wrld¥™ are the world coordinates which ¢ nd o the
mouse plek coordinates, Theseane caloulated by transforming the
plek pixel coordinates,

; Tha "objecis” and "view T members are used by any
procedure which needs to access the linked st of world objects
or v iransform coordinates. The world coordinate extent mem-
brers {fina “miny,” “maxx,” “maxy”) and the view transform
mermber (% ew T are set in fullDisplav] | when it is calbed by

miFullView(), The extent membess are also updated whenever
obiects are . restzed, or rotated. The extent af the world is
alwavs the smallest rectangle which completely contains all the

workd objecis. Az uh]'acpin the masdel workd are moved, rotated,
o resized, the size of theworld changes. This method of dynami-
cally siring our “draw ing area” is different from the method used
in many CAD systems, Usually, the size of the drawing area for
a model world must be set up itradvance, and can not be easily
f kater on. Dynamically sizing the world removesartificial
gram limits on the size of o drawing,
Although the demonstration § m accepts enly a
ds, the techniques it uses ™ inferpret events as
and process the events can be wsed in any ovent-
m, no matter how complex. Event-driven pro-
Guoldbery? machines: a simple little event
seis off o while giwain of actions that state changes, which even-
bualby resudt lnﬁm m doing what the user wanted it to do,
The trick in e Fivy miming ks to bulld the chain by
linking simple parts-fogether with event handlers and a state
vector, After voudevelop a “feel” for visualizing hew simple
actions can be-thained together using the above techniques,

F i

vl b abale by easily write event-driven programs which can

handle almaost any command,
Hm*r P wrfer podibs o represher abond the declunqe:

1 Prograns commmimds wre plaoad {n “active-alject” or
“iviect-artion” sentenice fragmnts,

2 Compinied acions, ofgects, aad modifiers e miipad (o
graprical frkerfage fools thich sencrate events. Complex

goirprriviids ave mapped i muliple berfree boals,
3. Event hamdler procediires wiich foglement commnmed

actios or mindify o pragrnm s stae woe attachal 1o
grupvival fieferface toods, ard colled ustng fumnckion
paimlers whien Hie fools are picknd.



4. The stirte informartion aond dodie for eoent-droem U
i3 ke dot @ stade pevior, Everl farudlers coomiomicaly data
o coarfr imformaitfon f0 anch oblier wsimg e st
vector, and mee firformmklon o the shede sechor i e
dopetln caomiplie comnmnads

Drag Imteraction
Lip i this point, we have seen how thie lop-level control
Aow for our program = implemented with event-driven pro-
pramming technigques. The real work in our program is done by
ithe procedures which enable us bo miove, scale, or rotate wirld
obpects with the mouse, and o pan and zoom the view windog
The action procedunes used to tranaform world objects by drag-
ging them with the mouse are dragAndMovel ), dragAndSised ),
and dragAndRotate] | These are the procedures whoss poinlers
are placed in the state vector by miSetAction( ), and called by
witdiowEvent] | when an object Is picked with the mouse select
button, The action procedure for the “oom-box” men iben b
deagAndZoomi ), All four of these procedures use “drag” inter-
action (alsoe called “ rubber-banding ™} o obiadn ransiorm values
Thie basic {]:r.'l.g |n‘!1.niqml =ty nmtir\.u.-nl.l_-l].' vrasae and
redraw a copy of an objct as the cursor méres, When the drog
“ond™ event occurs, the overall change in thip clisdsr'a prsdtion is
used i calculate the change in the object's positight, size, or
nn.:r:l;ﬂri.,m.'l'lriﬂ'lh_\-ln_-n]wn prasied froam |h|.1a'l;|.;l1'|.'r['pt"1|l.l|.|h_.:|th
new position is calculated, and it is redrawn. To avold oEiking
anything which is under the object as i is being dragged, slldirg
drawing is done in COMPLEMENT (exclusivesor) msdi,
Complement mode inverts bits in a screen or window’s bie
planes: any bit that 517 becomes “07, and vice versa, If a line is
drawn in complement mods, then drawn again at exactly tha
same location, the priginal bit pattern s restored. Efectively, the
object s erased withoui
erasing anvihing under it
Since all drag
procedures work the samie
way, we cam write a singhe,
general-purpose “drag
handler” procedure and
use it for any drag interac-
tion, The drag handler in
the. demonstration pro-
gram 18 handleDragl ). 1t
processas MOLUSEMOVE

Table Three

OUTPUT:

win « pointer o IDCKP sndas,

pdjes! - poeniar o obsct baing dragesd,

slar X slarly - skarling mouse posilion,

mweEns - amount by which mouss mausi mowe belone dragDrrs procedune 8 called
I.Iluﬁﬂ}lll’ll - penlar 1o draglDraw procadirs,

e,y - Owornl changs in mousa poadian,

The algorithm ks protty simple, but there are a few
dietails we nised bo take care of to make it work correctly. First, If
i MENUVERIFY cvent is received (ment button pressed) while
an object s being dragged, we need 10 sel the inpul message
"Code” member to MENUCANCEL bofore replving o the mes-
sagee. This lets Entuition know wedon’ want a menu o be popped
up while an object is being dragged. Second, after the input loop
ends, we need to make sure the object has been erased and
redrawn at its final position before we call dragDraw to end the
itrag. Cherwise, since the object is being erased by being drawn
in COMPLEMENT miods, the draw and erass will get oul of sync
and theobject won't actually be erased. Finally, for the procedure
to work, wee have to bet [ntubtion know the window is o receive
MOUSEMOVE evenls. Wi do this by setting the FOLLOWMOLUSE
flag in the NewWindow structure’s "Flags™ member when thie
window ks created

Let's Inok at the demonstration program's "deagDraw ™
procedures to see how they interact with handleDrag( ). The
procedures are moveDrag, sigeDragl ). rotateDragl ), and
eoomDrag( ), They all perform the same sleps:

Erase tha-drag object by demeng i in COMPLEMENT mode,
if tha drag code is BEGINDRAG or ENDDRAG,
nEdLirn
Elam
Uisa mowa dela vales 10 calculale obpc’s ey posion, Sire.
o fatation
Draw 1he drag object in COMPLEMEMNT moda.

input events and uses a
function pointer to call a
drawing procedure o
oo, move, and  redra
the obpect being dragged. 11
I called froem th four "ac-
tipn™ prosedures. The al-
gorithm for handleDirag] §
i= showen in tabbe threw,

End do

Call draplvaw procadura to enasa object inom s final position
Ragiong window's initial pan colee, drasng mede; gnd IDCMF liags

Save winoiow's fofegmund pen color, drémsng miode, and IDEMP fags.
Sed loraground color 1o window background colar
Sepd drawing mode to COMPLEMEMT.
Moddy |IDCMP so window recebsas only MOUSEMOVE, MOUSEBUTTONS, and MENUVERIFY @venis
Call dragleaw procedurs 1o draw abpact 8l 18 sulis position
Do winté SELECTDOAWMN avend s recenwed
Calmilate ower@Ed mauss move l:ﬂl!.ﬂﬁl:l valeas
Calculate curmand mousa Moye VaLiEs,
|} VBN MoESS Move VEES IN K ar Yy are preater han or agual o maye epailon valug,
Call dragDiraw procediong 10 erase object
haove absact, and redraw o0jec
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Dbjec: Coniaining
Rectangia

(AX1, %

AX3, AYS)

i

I
Dirag Aeciangls —————p= :
1

(%3, ¥3
DX = Mouse X - Slax
0¥ = Mouse ¥ - Siany
¥ = FET o« DM Y1 =
X2 = BN « DX, Y2 =
13 = AS = DX, ¥3 =
Xl = AXd « DX, ¥ =

The object being dragged is not the actual worl dobjses
which was selected. Instead, it s the smallest rectangle which
confains fhe selected object. Ther rectangle data is set wp by
dmg acticn procedure which calls handleDeag{ 1. In the corse of
roomDragl ), there b no selected object, Instead, a rectangle is

being created which diefines a mew view

MloveDirag] | moves the rectangle by adding the changg

in coordinate values to lis previows coor-
dinate values: SoreDragl ) nterprets the
deltacoordinate values a= changes in the
width and helght of the drag reclangle,
The delta values are subtracted from,
and added o, the rectangle’s cormer co-
ordinabes to change Hs e ?:x:mlkn;{
}isvery similar tosizelrrag( §, except the
TI_"-.'L11'IHII.' i re=reed relatiee o bs start-
ing comer instead of its center. Figune
One shows how the della coordinate
values are used te drag a rectangle, and
Flgure Tweo shows how e values are
s 1o restisee a rn:r;ln}:h'.

The code for relateDivag ) ks
somneivhat complicated becauseithas to
calculate angles and use a rotation ma-
frin ko rotale the rectanghe as it s being
drageed, RotaleDrag] | uses the delis
comrchinmate values iocaloulibe the charge
in the rotation angle tor the rectangle.
The mouse cursor % and ¥ coordinmes
are interpreted s the horizontal and
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Drag Stank, Skar'y

{AXZ, A2}

R DY
AY2 + D
RY3 = OF
HYd = D%

winidowe,

vortical distances from the center of the rectangle
The rotation angle corresponcing to thess distances
ts found by ealling the library function alanli )
Figure 3 illusirates how a redation anghe is found
using drag delta coondinate values. The previpus
rotation anghe i subtracted from e new rotabion
anghe to And the change in the rotation angle. This
wvitlue is them used W incrementally otate the rect-
anghe around s cenber. To simplify the rotation
code, the rectangle is creabed a5 a polvgon using
world coordinates. Incidentally, the Lattice docu-
meenitation for the angle returmed by atan( ) is dnoor-
rect, The procedure returns anangle fn the rangs -Fl
< angle <= PL not -M/2 < angle <= P1/2 as the
documentation states

Mo thaik we ko b handleDragy ) and the
“dragDraw” procedures work, let's see how the
drag “sction” procedures set up the data for the call
ter hanedleDragt ), and then use the drag retuen val-
wir: Again, they all perform baslcally the same op-
eratbons. First, the selected obgect ks highlighied by
drawing it in @ “highlight” color. Next, the coordi-
naies of the mindmum contalning rectangle (MCR)
arguind the object are placed into an array. The arravy

of nictanghe coordinates is then sent to handleDrag) ),
along with the rest of the data handlelvag] | meeds, Afer
hancleDragl | returny, the highlighted object is erased and the

overall change in the position of the maouse |5 used o find the
“mave” translation value, the “size” scale value, or the "rotare”
fotation anpgle. The object is iransformed, s mintmum contain-
i, rectangle values are updated, and it 15 redrawn by redrawing
thé emtire window (this can be optimized so that only the object

I=drasven]. DragZopomBes] | isalihily different, sinoe s used to

creafe a fectangle whose position and dimensions define a mew

view window for the view transform,

Figure Two

(%1,

e oo
'

L S —"

(%3,
Orag Heclangle

Cibject Containing

Rectangle \

Y1}

Y3 :

Contas Aec
Ceanter (CX, CY)

DaltaX = ABSIMouse X - CX)

DellaY = ABS(Mousa Y - CY)

X1 = CX 4+ DaltaX, ¥1 = CY - Detia¥

X2 = CX 4 DaltaX, ¥2 = CY - Dela¥

X3 = C¥ + DelaX, ¥3 = CY - Delta¥

X4 = CX + DellaX, ¥4 = CY - Delia¥



The main differences in the "sclion” proce-
dures are the way the drag rectangles are set up and how
the changes in the mouse position are used to calculate
tran=iorm values, DiragAand Move| ) and drag AndSizel )
construct thi drag reclanglie as an array of pixel coordi-

F|-:='||_|ri:r Thiea

nates. This s done by translorming the selected object™s  Object Containing o Fo
minimum containing rectangle world coordinates to Rectangle ” 5
view coordinates. Drag AndRotatel | constructs the rect- - TR i

angle as a polvgon array inworld coordinates, and also
waved the indtial rotation angle in ihe polygon armay,
Bath dragAndSize| | and dragAndBotate] ) construct
the drag rectangle by finding the center conrdinates of
the selected obect’s contalning rectanglbe, then subtmct-
ing and adding half the rectangle’s width and height to
the center coordinats. This makes the center of the
rectangle Hs drag point, which simiplifies the sizing and
rofation calculations. Drag@eomBos] jconstructs 8 plel
coirdinate rectangle whose left, fop and rght, boltom
coordinates are the same. As the monse cursor moves,
the rectangle “grows” in the direction the mouse s
MENINE.

After handleDragi ) returns, deagAndblove] |
finds % and ¥ tramslation values in world unfisdTafind the
imanslation values, the change in pixel coordinate @alues are
added bo the pixel coordinates corresponding o the workd genter
coordinates, The resulling view coordinatesare then transformed
b workd coordinabies, which yields the directed world distances
along the xand v axes DragAndMove| | sends-the translation
vialues o moveObject] ), which adds the values to the object's
coordinates,

For sigeAndDrag{ | and rofateAndDrag{ ), the data
nestided fo And the scale and motation transform values ane ob=
tnined by comparing the rectangle’s initial values with its final
vitlues. SizeAnd Dragl | finds x and v scale values for resizing the
object by simply calculating the ratio bebween the original width
and] height of the rectangle and i widih and beight after the drag
is complete, Mxel values are adequate for finding scale values,
The obisect is resized in restzeObject{ |, which creates a transform
ptbrin, then seales the object by transforming each of ifs coordi-
nates. RototeAndDragl | computes the change in the object’s
redation angle by subtracting the drag start angli from the final
rofation angle. The change in the object’s rotation angle is then
sl o rotaleCgect] b Like resineCixect| |, rotateCibject( j crentes
a transform mairix and rofates the object by transforming each of
it conedinates,

Adter handleDragl ) returns to dagZoomBosy |, the
coordinaies of the newly-created rectanghe are used bo find view
transform values which will fit the world area contained in the
rectangle ko the Intuithen windosw, This is done by converting
the pisel rectangle coordinates ioworld coordinabes, then calling
worldWindowToViewWindowi | to find the tmanslabion and
scale values for the new view transform,

Although abtaining values through “pick and drag®
intersction imvodves quite a bib of detailed code, the resulting
programs are elegant and casy o use. Further, all drag interac-
tions use the same basic lechniques as those just discussed and
presented in the demonstration program. If you understand how

; oY Y
: 8.
| P
H v
& .
s
s
"
M
~ Canfaining Rectangle
Drag Reclangle L Centar (CX, CY)

o

DX = Mousa X - CX
DY = Mousa Y - CY
Rotation Angle = atan2 {-DY, DX)

handleDragt | works, and how it interacts with its caller and with
its "dragDraw"” procedures, you should be able to easily modify
the procedures and implement various types of drag interaction
0 ygiur own prograns.

Selecting Objects

Before an object can be dragged, it has to be selected.
When a select button "pick” event ocours, how' do we defermine
if an object was selected ™ What we have to do s find the object
which is closestin thepick coordinates, then decide i it is "close
enough” to the coordimates o qualify as being selected. In the
demonstration pregram, “pick events” are handled in
windowEvent{ }, which calis findCbject{ ) to delermine which
world object is closest to the pick coordinates. IF the nearesd object
iswithin three pisels of the pick coordinates, thit object isselected,
Before calling findChaject( §, window Event| ) transforms the pick
coordinates to world coordinates, and fnds world coordinate
distances along the x and y axes corresponding to three pixels,
The larger of these distances is used as the “close enough™ pick
vialue. FindObjecti } iterates on the list of world objects and calls
pomtPolyi § to actually caleulate the distance from the pick
coordinates to each object. IF an object within the pick distance is
found, findObject] ) retumns the pointer to the object, Point2Poly(
) fnds the minimum distance from 4 poind 1o & polygon by
calculating the minimum distance from the point to each of the
line segments in the polygon.

The demonstration program doesn't “scroen” objects
before caleulating the distance from the pick point o each sbject.
[t just examines every object undil it finds one which is within the
pick distance of the pick poink. In actual CAD programs where

-
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hundreds or thousands of objects are present, a varsety of tech-
migues are used to avodd caleulating distances. An effective and
simple technique is to screen out objects whose minimum con-
taining rectangle is farther from the pick point than the pick
distance. Thiscan be done using only additions, subtractions, and
comparisons. More complex techniques minimize the number of
objects which have to be searched by partitioning the data using
tree structures, or by keeping the objects sorted,

Panning with Proportional Gadgets

Wesaw above by our demonstration program © sooms
a view with menu items and, in the case of "2pom-box,” throwgh
drag interaction. Now let's see how “panning” a view can be
implemented using Intuition proportional gadgets

Look at a Workbench windowe, A vertical scrollbar s
focated on the right side of the window and a horizontal serollbar
ks located at the bottom of the window. Workbench windows also
have up, down, left, and right arrows attached to the scrollbars.
The solid, filled region inside the serollbars is called 8 “knob™ or
a “slider." The rectangle the slider is insicbe is called a “container,
When a scrallbar's slider B moved, the data i the window
containing thie scrollbar is “panned” (movedap, down, left, o
right. Selecting a scrollbar’s arrows also pans the window.

If a Workbench window is resized, the scrallbar’s slider
changes size. If the window is made so small thatsome of the
icons are no longer visible, the slider becomes smalléeSimilarly,
if the window is resized so that all of its icons are visible, theslides
becomes larger and completely fills its container. Scrollbacs’are
designed to provide a visual indication of the amount of date'in
awindow which is vistble, and also indicate where the “hidden®

I'-:r='| ure Four
iH

data 5 located with respect 1o the window, The size of the slider
reflects the percenfage of the window's data which is visible. The
slzeof the unfilled reglons inside the shider’s container represents
the peraemtage of the window's data which i to the left, right,
above, or below the window,

Let's see hiow to creale scrollbars for our drawing win-
dionw and hook them up o our view transform procedures. We'll
use Intuition’s proportional gadget and let Intuition take care of
monrng the slidir when & user drags il or clicks the select button
in the slider’s container, To keep life stmple, we'll omil the
scrollbar arrows. To create a proportional gadget, we need bo s
up three data stroctures. They are a Gadget structure, a Proplnio
structure, and an Image structure. The fmage structure contains
the “imagery” for the slider. We can eréale our own slider image,
or ket Intwition creabe one for us, We'll take the easy path and lel
Intuition create our shider. We still have to provide Intuition with
an Image srocture i con use for the shder, bul we don't have iy
initinlize it

The Proplnfo structurs contuins all the interesting infor-
mation about proportional gadgets, This structure is used o et
up the [nitial size and location of the slider. Later, when the slider
is mowed, Inbuition updates the values in the Proplnfo structure
and our PrOgram can book at the values o bell how much o pan
our view window. If the program’s Intuithon window is resized
ar if the size of our model world changes, our program can also
update the values in the structure sothe slider's position and size
reflects the new window or world sz, The Proplnfo structure
matmbers we are interested inoare the "Flags" member, the
"HorizPot™ and “VeriPot™ members, and the *HorteBody™ and
“WertBody™ members. Intuition uses the rest of the Propinfo
members and we dom't nesd b oworry abssul
thizm,

The Flags member containg the bit valwes which
let Intuition know whisther we wand it 1o auio-
migtically take care of creating and moving the

View Window
255, of

window
hidden 50% of woekd window
width visiblo
i e v
wincow

Rightmast
Eﬁa ol
world
window
migdden

slider, and know the direction inwhich the alider
cambe moved. For the vertlcal scrollbar, we set
Flags'tn AUTOKNOB | FREEVERT. The Flags
value for the horizontal scrollbar is set o
ALUTOKNDE | FREEEHORLE, AUTOEMOB tells
Intuition to take cane of the slider. FREEVERT
and FREEHORIZ specify the direcHon the slider
can be moved: FREEVERT for the vertical slider,
and FREEHORIZ for the horizontal alkder.

The Pot variables and Body variables repre-
sent ihe percentage of the data ina window which
i= hidden [(Pot] and visible iHl:u:l_'. Y, The EI'I:':I.'
variables are used by Infuition o determine the
wige of the slider-and how muoch b muve it whaen

l— E:::\nt.ainer—I
I @2 e

& '
s | | Slider ——

in ety

Scrollbar

slidar width = 50% of containar width
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the select button is clicked In an empty part of the
slider’s container. Both the Pot and Body vari-
ables are "unsigned shoet” and range in value
from () fo 65537, Intuition defines macros called
MAXPOT and MAXBODY which can be used for
the largest Mot and Body values. To wse the Pol
and Body values, we have Io inlerprel them as
percentages: (1 i3 interpreted as % (none), and
MAXPOT and MAXBODY are interpreted as (al-

Righamest 255

i5 Empty



mosth 1005 fall), When Pot s 8 all of sor model world is visible
in the drowing window, and when it is MANXPOT, none of our
micsde] world B visible. Likiwise, when Body s MAXBODY, all of
ourmodel world is visibleand the slider fills the entine container
The Body value inour program can never be 0, sknce some of ogr
model wordd will alwavs be visible, The Pot value is used by
Intuition to determine where o bocate the beft skide of 8 horizontal
slider and the top of a vertical slider.

To sew how the Mot and Body values are related to cach
other and o the data which is displayed in an Intuilion window,
stipposi 30% of our model world ks visible and 50% of itis hidden,
The size of the slider will then be 5% of the stze of its container,
and 3G of the container will be empty. 1 25% af the model world
i to the left of our Intuition window, the leftmost 25% and the
rightmost 25% of the contalner will be empiy. Flgune & shaows how
the Potand Body values are related to the visibbe and hidden parts
of oir misde] workd.

Let's develop the formulas we'll need to set the ["ot and
Body valoes and to detirmine what the values mean when our
program receives "pan” events. We'll only look at the horlzontal
scroilbar, smee thecabéulations aresimilar for the vertical scroflbar,

Twvset the Body value, we need to detefmine the peroent-

age of the model world which is visible in Ihil an window,
and to sot the Pot value, we need to determine t tage of
the model world which is hldden 1o the left of the v &nw The
First afep is fo find the left and fght coordinates o gmodel

world in view coordinates. To do this, we transform ﬂt‘ld
mibrs and mass values, using point2dFPorward( |, We ”“""‘*“?

the beft and right coordinates of our view window. After we hiite
these values, wecan caloulate the percentages, [fwland wrans the

left and right coordinates of the world (in view coordinates); and
vl am weare the left and right soordinates of the view windiw,
e the formuilas are

il WRAEE: o BI—E -
dexzn Biddes oo ths lafts Fd ¥ BAE fa |
it ildides s Lhe riglin s

cotal biddsn detas ey = L0

pakwsnl af wwrlid viaihiai Tar -ar iilE s S wtwg i
pezommit uf werld Elfdwn n tiw LefR) (&1 Fasrer i WA DR, D i
By vadies - " AR

Pk walum aftharmant * ELEECE

Why do we use MAX to find the hidden data valoes?
Because, if the view is soomiad out far enough, the left and right
sidies of the world will be inside the view window and the values
will be negative. In this case, the hidden percentage should be 0.
Using the MAX macro tnkes care of this situathon,

The above formulss are used insetParCadgetal ] 10 s
the Body and Pot values, After the Body and Pot values are found,
MowModifyPropd } is called tolet Intuition know that the scrolibars
are bo be updated. SetPanCadgers] ) is called any time the size of
the world or the size of the view window changes.

When a scrollbar slider is mioved, our progrom receives
a GADGETUP event, and the input handler calls panView( § o
handle the event. To pan our view window, we need 1o find now
translation valwes, opdate our view transform, and erase and

nu-ance’, n.
a delicate degree

of difference.

Typesetiing quality is in the details—detnils oo omitted {or long
lisis of feaiures. Dwinile such as separate yphane (- ), te-dushes [},
and em-dnsles (—). Details such as ligntures and kermm.  Details
wurh ss vertioal jmstification and a full range of diatrical marks, But
thers is no lmger any s 16 coampromlsse—von can have all of the
femtnrss and all of the guality with

AmigdlEX

Muny peroducin allow v Lo import PostSoript graphios from ey
aoisree, AmigalEX nllows vosi to preview those graphics on s sceeen
and print them 1o any printer, even dot-matrix printers. Soams peo-
grams allow jeal bo use PostSerli foimts,  AmigdlpX lsls yvou use
busth Ty 4 amed hinted Type 1 oatline fonts, on the screen and 1o
mnry printer, Some packnges allow importbeg IFF TLBM imoges—buat
nein provide ibe warisdy of dithering and flioring optioos pvailohle
with AnuigalEX.

Mislti-thonmsanid page doecwsnents present oo difllcuities, sven on & one
insjalyie Amiga, Matbematics amd tables are typeset with unparal-
leled queality. If you sre serious about putting words o paper, weits
for your free demn disk, Mo up b the gty of ﬂnﬂn"l'p_ﬁ_

- Radical Eye
! Software

le # Stanford, CA 94300 = BIX: radical.eye
Eircis 135 o Mengar Sanvce cand,

fﬂdrﬁ*g'. model world, We can find the x fronslation valug
which willl pin the view from two values: the number of world
coordinaté unils which are actually hidden to the ledt of the
window, a wnbnfufunl!swhldiwlilbehlddmnm the
view is p ber of unbls which arie to be hidden «
subtracted from ber of units currently hidden, the result
will be Ihm:hange dhe current translation value which will pan
the view. We saw above bow to find the number of hidden units
to the left of the window. To find how many units will be hidden
after the view is panned, we multiply the total number of hidden
iinits Hmes the percentage represented by the Poi value. The firsi
stp in the calculations is o transform the world extent 1o view
coordinates. We then use the following formulas:

imks hidfSen oo che Isft) h0f - HEE W
s hbddsn wn Ehe FlesEa ohied o NAT e .
tukdl Elddws dnta
sarcant =f daca to Blds o chs l&fos |elofeices) - Fut
wur kil uniys 00 hide on Bhw Smfi; Bide o

AT
Lty Fureens. + R lAlss
= traralasion brcremsst, CeTr0 = 1004 - fiam
o LS e iei valoei ta rut it w riani bt i wilie o« Fwlii

The value calculated for txine is an incremental tranala-
tioe value. By adding the increment to the current translation
value, we arrive at the actual translation valse for our new view
iransiorm.

-
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There is one case where these translation formulas
won't work: if the entire world Is completely inskde the view
windimw. As noted above, this happens if we 2oom the view way
out. We can detect this situation by locking at the Body value: if
it i equal b0 MAXBODY, the entire worbd i inside the view
window. Even if this is the case, we may still be able to pan our
view to cenber the world in the view sindow. To do this, we find
the translation increment by subtracting the center coordinate of
the world window from the center coordinale of the view win-
diwe. The forminlas are:

world oefitar =1 we = (Wl = w13

vigw canter x: w & (vl & vr] 3

x trandlation lnomesant: CHINC = WO - WO

xcranalation waluer tx = curcent ® Erane]lat 1o valus « Calng

After we havee our translation values, we erase every-
thing,. update the view transform, and then redisplay the model
world. Before callimg it quits, there is one more deétail we need o
take care of: panning may bring the entire model world into view.
This happenswhen the view is first soomed oul and then panned.
When this occurs, we need to call NewModifyT'rop( | to reset ot
to (and Body to MAXBODY. '

Mow, for the easy part. When we create gur scrollbars,
we use relative positioning and relative sizing for them. This Is
done by using negative values for the scrollbar location and
width (or height), and by sétting the "GREL" flags in
structure’s Flags member, For our horizontal scrollbar, wié

GRELWIDTH and GRELBOTTOM to specify that the width of
the scrollbar s relative to the width of the window, and ¢
location i relative to the bottom of the window, GRE.LHI-::GHT'

and GRELRIGHT are used for the vertical scrollbar. By using
relative positioning and sizing, we let Intuition do all the work of
keeping the scrolibars the right size and in the right place.

Finally, to connectour panevent handber code, pan¥iew(
I, to the scrollbar gadgets, we create an infulExtension_t strocture
containing 4 pointer to panView( ). We then place the structure
pointer in the UserData member of the scrollbar gadget stric-
tures, and set the RELVERIFY bit in the IDCMPFlags member.
RELVERIFY tells Intuition to send us a CADGETUT event when
the scrollbar is selected. When handlelnput( ) receives a
GADGETUP event, it retrieves the pointer to our event handler
and calls it

Creating and Running the Demonstration Program

To build an executable copy of the demonstration pro-
gram, vou will need to compile and link the demonstration
program with the transform procedures. The source code for the
demonstration program Is in the file named panzoom.c, and the
transform procedures are in the source file named transhorm.c.
The Lattice (SAS) command to compile and fink the program s

le -l panaocm. o transform.c

1A AC'aTECH

The executable program can also be compiled and linked using
the "miake” file nomed panzoom.make, The command is

imk -f panzoom,maks

Either command will produce an executable program calked
"panzoom.”

Thiz program displays two palygons (a tigngle amd a
rectangle) cenbered inan Intultkon window, You can move, resbae,
or rotate the polygons by selecting an action from the * Action™
mieni, picking the polvgon, then dragging it with the mouss, To
complete the action and transform the polvgon, click the seloect
button. If the polygons are moved or resized so that they no
lesnger fit in the Intudton window, selecting the = Yiew-All” menu
item will cakculate a new transform to fit the model world in the
window and redisplay the polvgons, The view canbe sodamed in
or out by a factor of 2 by picking either "View-Zoom-In" or
"Wiew-Foom-Chat ™. You can also zoom in on a region by frst
picking the “View-foom-Box™ menu item, then drawing a soom
rectangle in the Intuition window, The zoom box is drawn by first
sidectng a cornierof the 2oom box, then dragaing the mouse bo the
appositecorner, The rectangle cormirs are selected by clicking the
sefect bution while the cursor is over the desined location. The
model world can be panned by picking the scroilbars in the
bottom or the right side of the window, The program is endied by
picking the window’s “close” gadget ar by selecting the ™ progoect-
quikt™ maenu item.

Summary and Preview
In this article, we've looked at event-driven program-
techndgues and “drag” interaction. ¥e've seen hiow these

technigues can be combined with coordinate transforms in vec-

torsiased CAD programs to modify graphical ohjects and pan
and Zoom drawings. We've now developed most of the basic

I:lnll:lmip bingks of a vector-based CAD program: transforms and
-gﬂlpﬂ»hﬁpul e d:t-ag handlers. The building blocks

thal are miss) objecks wi can use bo miode wirkd
: lines, . rectangles, etc. Next time, we'll conclude
this series by uing object-criented programming techniques
{honest!) to create and manage geometric objects. Lintil then, if
v wand bo experiment with the techniques presented in this
article, add an "Insert-rectangle” menu ifem and code o create
rectangles. Hink: Took at how “room-box”™ waorks. You can akso
add a grid o the program bo experiment with transforms.

We want to ml‘“ﬁ:‘ﬂ ‘lr'ﬂ"m tha you want!
Sead you comments, suggestions, or criisms io:
AC's TECH MessugePart

PO Box 869
Full River, MA 12720
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C MACROS

for ARexx?

by David Blackwell

ARexx

Since its release, ARoexx has become incrvasing]y pog@tilar
and the number of commrcial programs supporting AT
contimues o grow. In fact, Commaodore has licensed AR Top
inclusion with the AmigalO5 20 operating system, Abbexs @
hatro o stay, and it will have a continued impact on all types of
software developed for the Amiliga. This can be attribabed o
the wway ARexx macros ane wsed b extend the applicability of
an existing program or bo comivine several programs into a
user-customized environment,

ARewy macros can be catled by a host program to periorm
a specific sk the program b slther wnable bo pecfort ikself or
porforms inefficiently. This is the way an AR macro can
exiend & program’s utility. This capability of ARes males it
poszible for programmers (o highly specialize the host
program’s operation, Mrogrammiers can optimize their code for
speed of execution and reduce its size. Users can then add the
frille or features they want or need throwgh the addition of
ARexs macros, All the programmer nevds to do s include the
capability in the host program to call ARexx macros and
process their responses: in other words, an ARexx intorface. An
ARexx interface is relatively simple to include in the host
program and usually increases the code giee by about 2-3K
{most likely less than the size saved by optimizing tha
program’s operations),

The mest advanced ARexx macros are wrillen io oombine
several application programs into a totatly customized
environment. Ong macro—or perhaps a group of macrs—
direci® the efforts of several programs I::..uJ1:|.' Way thiz u=er can
imagine. This capability of ARexx macros staggers the imagi-
nation and has yet 1o be fully realized. As the numbser of
programs supporting ARec increases, and as wsers become
better acquainted with ARexx, these macres will become more
commonplace. The rebease of AmigaDX5 2.0 should greatly
accelerale this cventuality

ARexx and C

Although ARexx b= powerful and gasy-to-bearn, some of us
don’t hinve the time or the desire 1o leam a new programiming
language, We are quile happy with the programming [anguage
whe currently use. Fortunately, if vour favorite linguage 18 C,
pou can still have acoess to the power ARexx provides (Modula
2 and assembly language interfaces are akso possible), As a
miafteref fact, the ARexs mterpreter 1s.a shared Library (also
ks o o rissiclent or system library)l This library allows
access to@l e essential AR functions. There are Bwo ways
to acoess thsctnctions using C: ghae routines and pragmas.

Giue Routines

By uzing the glug®outines provided on the ARexs
comrumercinl disk, 1065 a simple matter to call these lunctions,
When you call any AReox system library funciion, you ane
sctually calling a small assembiv language routine. This
rostine is calbed a glee routine. The glue routine pulls the
arguments off the stack, puls the arguments info the appropri-
ate registers, puts the library base polnter into the at addnsss
register, and then calls the library routine with the proper
litbrary vector offset. As you can imagine, thise glue routines
add a little overhead to your program in terms of sz and
spieied. If you have an ANSI C compiler, vou have another
option: use pragmas

Pragmas

[ prefer 1o use pragmas since they neither ncrease the size
of the program, nor slow it dowwn. The ARSI standand allows
for extensions to the C language in a controlled mannor using
pragmas. By using a peagma, the C compiler will generate
code to call the library function directly without pushing any
arguments onto the stack or using a gle routine. All argu-

i i . i and the
mamits are loaded directly into the proper registers a i
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library’s base address is placed in the a6 address register, Then
the function is called using the proper library vector offset
i Axtec C-style pragmas for the ARexx functions | used in my
example programs are included in the Graphicsh file).
Whether vou use ghue routines or pragmas, you still have
the same access o the ARexx functions using C, The only
difference will b in code size and speed of execution, There
are, however, disadvantages and advantages to using C rather
than ARexx itseld

Disadvantages
Programming a macro-in C will require more code than
using AReo:

isirnRy Boatmaoe”

in ARexx, for example, does the same thing as,

Feghldii:
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Also, the ARexx interpreter automatically -ﬂ-llﬂfill.'l-‘:l;-#~. ).

message ports your macro requires. This operation is b 11k
transparent to the ARexx macro programmer. On the otiver

hand, in C you are required to set up your own message porisl

keep track of any message port activity and dispose of the
massage ports when you no longer need them, This difference
alone can generate 4 1ot of code, At s minimum, you will need
fiour functions o manage your message ports; one function to
open ihe message port, one function to get messages from the
mesnage port, ong function o send messages to another port
and one function o release the message port when vou're done
with it. There is & way to tum this particular disadvantage into
an advantage; however, we'll discuss that later.

Perhaps one of the biggest disadvantages of C is the lack
of a built-in tracing facility. With ARexx you have eight
distinct tracing options, and vou can even selectively debug a
section of your program while all other sections execute
without tracing. Perhaps the most missed feature is the
interactive tracing offered by the ARexx interpreter.

With these apparent disadvantages one may question the
use of C in the first place. Well, in my opinion, the advantages
of using C far oubweigh the disadvantages.

Advantages

Perhaps the most noticeable advantage is the execution
speed of a macro written in C. For small macros this might nat
be too apparent, but when you start writing sizeable, mature
macros you will begin to notice a marked difference in their
performance. To be fair, no interpreted language can match the
speed of a compiled language. When you start expecting a lot
from your macros, you will really appreciate the increase in
speed,

S0 AC's TECH

Alsi, the more vou begin to expect from a macro, the more
vou will want the power and control that C affords you. Mot
only do vou have all the acoess to the high-level Intuition, Exec
and AmigalDOS rontines that ARexx provides bt i vou meed
L you have acoess o the low-level Graphics and AmigaDCS
routines as well, You decide just how much control over the
Amiga you can handle. Sometimes, too much power in the
wrong hands is a dangerous thing. However, an experienced
programmer can really take control of the Amiga and do some
amazing things with an ARexx macro written in O Besides
speed and power, code integrity i a real concern for some
Programmirs.

If vou are really proud of what you have accomplished
weith your macro, and program code integrity is a high priority
of yours, you will really appreciate the fact that C macros ans
extremedy difficult to amper with. In fact, the only way your
work can be tampered with §s if you release the source code
with the executable program. After vou have spent days,
weeks or perhaps even months working on a macro and
getting it just as vou want it, the last thing vou wani bo do is
reliease it into the public domain and instantly have in excess of
100 different versions of it out there, with a multitede of
various users requesting help from vou or blaming vou for a
problem you didn't even know existed, With code integrity, all
the improvements and additions to your macro must go
through vou. And that's how it should be for any program that
the original programmyer intends 1o fully suppart. But
withi this discussion on the disadvantages and advanbages of C,
Let's move on o actual macro development in C.

Macro Development
4 Noww for the hands-on stuff. Let's get started actually
sarfiining a macrd written in C. This macro {actually two
maciis Were prepared for you) will be designed o work with a
i thiif has a message port and can process ARexx

recietvid the Premiere issue of AC's TECH,
e by Dan Sugalski concerning imferprocess
th ARexx, 1 have converted Mr. Sogalski's
as & comiparisen of the two languages: [f
you didn’t get the Premiere ssue but have the disk far the
second Esue, thise programs can be found on that disk in the
archive directory under the nome “TPC.Lh"™. You will want to
look at the Exampled rexx and Exampledrexs programs, (If
youl don't have gither the Premiere issue or the disk to the
second issue, and are extremely interested in seeing the
differenoe between the two linguages I'm sure there are back
issues available.)

One of the first things you need to do in a C macro that

will access the AReo system library i w déclare o Global
variable to hold a pointer to the base address to that library.

mcneT Exslibk "Ry Bae

That should do very nicely. The name mist be exactly as
shewn, When you make the call to the OpenLibrary() routine,
you must cast the return value to the correct structure or your
compiler will complain,



A figee imtruct Aexlid ) Openlibrasy{EESHANE, QL

Thae above example is the proper way o acocomplish that
tnsk. This library must be opened before you attempt to call
any of the ARexs functions, unless vou enjoy visits from the
Guru

I eall a function fo open all the libraries | will use in my
program similar to the function described by Paul Castonguay
in his article, “Programming the Amiga’s GUT in C, Part 1.™ in
the second issue of ACs TECH. This i a good structured
approach o programming reusable functions which only
require slight modifications o be used in any program you
write. This approach will be very important in writing C
macros since many of the routines required to get set up and
communicate with amother prograom can be written onoe and
used repeatedly bo save programming time. In fact, | wsed tha
very approach on the bwo macros | converted as vou will see
when you examine the code, After opening the ARewox system,
vou are reasdy o open a message port,

Mow o major design decision must be made. Do you want
tor allow multiple copies of your macre 6 run @l the same time,
or dio you just want one copy runntng at a time? How you
open your message port will determine this. For mvexample
projgeram | chose single execution. In that design methadology,
vou first check for the existence of a message port by the name
vou want vours 1o be. If one exists, you rebun n ernod
condition and terminate execution of the macro, Linder the
multiple-copy methodology, vou would simply add a unique
suffix bo each now message port name so each could be easily
distinguished.

Because of the importance of a message port bo the
succensful operation of an ARexx macro, your routine that
OpenE Your message port must inform the main program
whether it was ssccessful. I it was successful, then execution
continues & narmal, [f it wes unsuocessful, then the macro
should exit gracefully. Alse, here i3 where using C can be an
dvantage to AResx opening 4 message port for you. With
ARexx, vou can only communicate through one message port
at & time. Using C, vou can communicate through as many
miessage poris as vou like all at once, and you will be able bo
pull it all off much quicker than ARexic

Opening the ARexx gystem library and opening a message
port are the misst basic setup requirements. Your particular
macen may requine 4 more elaborate setup; however, that isup
to each individual programmer. After setup, thowgh, macno
cperations must commence.

Macro Communications

Macro operations consist of communications between
your macro program and the host program with which it was
designed io operate. Here another major design decision muist
b made. This fime it i o chadce bebween either synchronous or
asynchronous communications, Simply pat, it is a chiice
betwenn sending a message and then waiting for o response
before doing anything els: (swnchronous), or sending a
massage and continuing with other processing, occasionally
checking vour message port for a response or wailing on a
signal from your message port after all other processing vou

Try bartpaw wou byl Try belone vou byt Try belore you eyl Ery babone you bey!

=z
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can do Is completed. Also, you need a respanse before you can
continue {asgnchronous). [ chose asymichronous communica-
tions for my e pr 1 just don't like waiting
around for a respanse when there are other things | could be
doing, Here is wheré you have another advantage over a
macro written in ARexi, ARexx uses synchronous communica-
tions whether you want it or not; © gives you a choioe, Onge
the decision is made concerning which bvpe of communica-
tions you will use you can start designing your message-send
Function. Again, a falrly standard funetion can be designed
here so that, with a little modification, it can be used in any
you write in the future,

Here are the destgn considerations 1 used when develop-

ing my message-send funchon:

1. The function should receive as few
arguments as possible.

1. The existence of the receive port should
be checked,

3. In case of error, all memory allocated
shvould be released.

4 I all goes well, send miessage to receive port.

Andd here s the code | used to satisfy my design consider-
tioms:

Valusme 1, Mupgez 3 an
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The CreateRexxMag() function does just what it implies: it
creakes an ARexx messape strocture fo communicate with
oiher ARexx-compatible programs. The first argument is a
pointer o the message port structure bo use as a reply port for
the message, and the last two arguments are to nuall-
terminated strings. The first siring is the default file extension
i be used when regquesting ARexx (o load and executbe a
macro, and the second string the initial host address. This
function allocates all the memory necessary (o creile the
message structire, The CreateArgstring() function creates an
ARexs argument string using the supplied string. The first
argument is a pointer o the null-terminated string to use, and
the second t is the length of the string. This functbon
also allocates all the memory that it needs 1o create the
argument string structure.

You may have noticed that | disable tesk-switching amnd
check for the existence of the sond port before | attempt to
actually send the message. This is very important on a
miultiasking computer where programs can terminnte as
quickly as they began. By disabling task switching and
ensuring that the program is actually there before sending the
miessge, vou avaid a lod of problems and even a possible Guru
visit or two, If the receive port has closed, [ release the

I just allocated by using the DeleteRexsMag() and

o AC's TECH

DeleteArgsiring() functions which use the poinlers refucned by
the earlier functions and réturn bo the calling program.

Finally, if all goes well the message is sent on its way o
reswive prompt attention. The Last thing | do before returming is
enable task-switching again.

A =mall task for vou: if | had decided on synchronous
communications, how would T have to modify this functon o
achieve that? You could even have two send TuncHons—ane
synchronous and one asynchronows—in the same macro, and
use thee ong best suited for each particular command. Also,
how would you madify this function so that it refurms an error
status to indicate whether it was successiul of not®

In vy small examples 1 don't really care aboul any retum
values; in fact, I don’t even check for any, much less set any
return values, On the other hand, in an important macm you
winld always check the retum values. You wionld check the
rmi_Result] field of the Rexxbsg structure o see if vour
commiand or request was successiully executed. I vou

& return string from the host, vou wiould copy it toa
safe place using the string pointer in the Tm_Argsi0] field.
After you copy the string to a safe place, you can release the
argument string and message structure memory. You would
then ixke appropriale action o the valiue you
extracted from the rm_Resultl field. These are the absolute
basics to macro operabions. Mo matter how elaborate your
macros become; these are the basic building blocks of all
macros, When your macro (8 finkshed with is task, what do
vou do then?

o | acro Shutdown

This should answer your question—you close up shop
b esperations. That ks as casy as doleting all
located during macro operations, closing down
port, closing any windows opened and then
system library. It is always a good idea

when ry and closing your message port to
disable g andd avold the possibility of other
programs fryi you messages while you are attempt-

ing to cose - Just don't forget bo enable thsk-switching
again before you terminate exécution of your macro. My
Release_Port(} function demonstrates one way to do this:
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Running the Macro

ARexx macros ane normally executed from the CLE by
typing the command “rx” fallowed by the program name an«d
any arguments. C macros do not need 1o be preceded by the
*rx* command. They can be executed directly from the CL1
prompt, This raises a small problem if you are writing the
macro 1o be executed by a host program directly rather than
exccuting the macro from the CLI prompt. Hest programs rn
macros by sending a message to the ARexx-resident process
requesting that the macro be executed. All ARexx macros are
basically ASCH files that are interpreted and execated by the
ARexx interpreter. On the ofher hand the » nee
comptled, is an executable program. x inberpreler
cannat execule a compiled C macro, If yo wiriting your
macro o be executed by a host program, yoo a small
ARexx boot program to start your compiled C is
not much trouble, and vou can use the same 3
program to start other C macros you write. The fol
is all vou need to have an ARexx boot program:

* jhsey tocs progrem T T complled Srapidesd ©secoe
FHrnm commm “Urapilee)t

That's all it takes to have your C macto executed by
ARexx, To use the same code with other C macros, simply
change the program name in quotation marks to the name of
the program vou want executed. I your macro requires
arguments, include them in the quotatien marks. Perhaps if the
use of compiled languages to write ARexx macros increases,
commercial programmers will start including the option to
execute ARexx macros directly without using the ARexx

interpreter,

A

Conclusion

As stated at the onset of this article, ARexx's popularity
continues to grow. By becoming familiar with it, you can mone
vasily customize those programs you purchase
which have ARexx fnterfaces. You will get a better end product
by adapting the feel of the program to your perionality.

You can use the ARexx interpreted language to write your
macros, or you can use C when you need the advantages of
spoed. powor, and code integrity. The capability to open
several message ports and choose asynchronous communica-
tions, if needed, cannot be overlonked.

Although psing C requires you o wrile more code, the
positive side to that s if you mse struciured programming
techniques, vou can reuse the functions repeatedly with just
slight modifications. This will save yvou time in the long run
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and results in making programming in C almost as oasy as
programming in ARexx. Also, if you are already lamiliar with
€, you save the time of learning a new language.

(ther Notes

These example programs were not meant o show you all
the ins and outs of C macro programming for ARexx, but to
get you started and then let you learn the finer points yoursell.
Thene programs have no value other than as instructional
examiples.

I realize that some may be confused with my encourage-
ment of structured programming while at the same Hme | use
the abhorred goto statement throughout my programs. This is
simple to explain. | believe highly in structured programming,
but | also believe that as intelligent beings, we should not be
stifled by stringent inanimate principles. | also disdain the
undisciplined use of the goto statement, and [ believe that | use
it in & very structured manner. | altempt to use i programming
style that is easy to use and understand. | will show some
alternatives to my use of the goio's as a comparison and
contrast and let vou decide which you think is better:

Alterrirtize 1 = The Il=Then-Flse ad infinitum

il ipo erToel
T AR prooenisg
i i oerewr)
COEEjrue procEsnicy
it ino mrrsc)
cont L proseniag
ad indihdtas
i
et actor el

Lea
srmor cmnditinn

cin so0om indent themselves right off the
mess when you try to print them,

s
Alternative 2 - The multiple exit points from a routine

1§ errer)

displey armr

it prograw fusctjon
L
i {seToE)

dimpiey arror

it pesrastunctlon

oLy
CEfLLitue (i eaalhg

This is similar fo my use of the goto statement but, in my
opinion, it is a violation of the basic structured programming
prémise that each program or routine should have only ong
entry point and one exit point. However, ach programmer
eventually decides for himself or herself which style they feel
maore comfortable with,
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Assembly Language Monitor
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offen on the Amigal) our dig
grab controd, In practice, thi
see 1 both meouse buttons are press . .
machine language monitor 1 enable thi teamnason of the Requirements
currently running programis). iFnot.isimplvjumpstothe  First of all, VBRA
corresponding “real” vector, logated in low memory. Thus, itis  surprise there! Ho
almost totally transparent to the host software. vEﬂI[I nuu‘lnln.ﬂ.. It s

';*Fl".l“h

l1.\l' u-.. l.I. ':, _._- i
wnh IMB nfD'lJ.'p- RAM availdble. Nurl:rm.ll} 1.‘h|.- program code,
its data, and the screen display are kept in the upper 512K of
Chip BAM, leaving all the lower 512K available for the use of

exception “wedge” routine, which will be executed whenever iR
an exception (or an interrupt, which is a class of excepton) e hﬂnppﬂ:lﬂtm (B B At M e A e
Surveval

occurs: It iz a simplified verson of the one in VERMon. Baotbe -

Typical Exception "I'Frdge"

To illustrate the concept, the following is a typical

Vouwae 1, Mupesr 3 a5



How To Start It :
VEREMon may be starbed by 4
..|_|-|-.F1|-I typlng “vbrmaon” at the CLI :

prompt or by clicking on it icon-—yws, ;

it supporis Workbench! You will then E.-

b asked b0 enter addresses for the 10

program code, data area, and screen 11

memaory, If you have 16B of chip :E v

miemaory, the defaulis shonild o 14-23

acoepinble, 1 is also possible o specily g;:”

the dissired options as command linge 77

paramiebers, like som -’E"E*:_"
fl- 355

80 RESET indiicl 55P {supedisor siock poniar [

54 RESET Initipl PL (prognam courilad)
58 L e [
5C Buridroe oo

510 Hegod inatnicfion

114 Ly By 2840

Ea L HE rwiracfiarn

L - TRAPY et ion

520 Piivieges wiakahion

T2l Troce

Lwl ] Line 1060 pmmuicice

BT Linas 1717 esmudaic

§30-338 Unossignod {fossved]

53 Ui gec inbgngpt v 1ol
Sd0-a50 Undssigneas] (HBiarvedl)

§60 Councis irheeupd

5&A-57C Lievwatl 0= 1 putowaohor inledruim
SE-56F Trean D15 vacion

SCO-SRC Urrossigress] (redennad)

5 102500 Usiar b it wesc i (o usad)

The addresses showld be entersd in bex, without 4 precediog 2
If all goes wall, vou will be congratulated with the message
“YHREMon initalized successfully, Press both mouse buitons fo
ke T you have only @ plain 68000, yvou will neeive 4

snmiewwhal less satisiyving message.

Using It

Assuming that you have o 68000 oF highor, vou may mow
invioke VBRMon by pressing baoth mouse bistkons al any Hms
The vector that was rapped will be displaved (e.g., "VBEMon
invioked |_1:. viector SHCTT along with a :':-_._'.i-|1|.'r I.||.|'|r|'1-|. inciindeng
the current program counter, and INTENAR and DRACTNE
Yo ane now incontrol of o powerful machine language
maonitor with which vou may examine and alter the state of the
machine. Use the control key to pause scroen outpul, Delete
places the cursor at the bop of the sereen; shift-delete clears the
crien, Bscape will abort most commands, Lise shift-cursor-up
anid shiff-cursor-dinwn ko access pees iously entered lines, Mot
that YV ERMon is fully independent of the operating system. 1

it on vour favorile takeover-the-syvslom game!

] AC"s TECH

Command Rundown
Precs the HELPF kev for a command overviesw while in
YR Mon. Here's a brlef |_-'-.|1'|.!r|.1-|:i.-|1 oo the comrnrmanicds

- Aparshle
A dmtarcing skireess

Thi= id o mini-assembler for constructing small (o
usilul] routifesand code patching on-the-fy. [t sccepin
I |

standdard ASNN ingdrections in the usual {old) symitax

Chisss &f view massric basa

B aipymen

ks functon dunges the defaull numeric base ws=ad in
X presslons { Akl command= acoept expressaons in addibion to
simple numbers; s the ? command deseription for a Izt of

operiatiors.) The inpul is always in decimal, which allows you o

Figure Two




back out of the otherwise catastrophic state of being in base 3
or another useless numeTic base: Base 16 i hixadecimal (the
default], base 10 ks decimal, and base 2 is binary,

Tlin: (Cempirw swsegy, Llrciog @100 eresoes
C ettt amdl starcd

gkl

The compare command compares the corresponding
bytes i two blocks of memory, listing the address of sach
different byhe in the first block, Note that the addresses are ot
stared in the hunt buffer (see the L command),

Vs lonn smsaeshle @300 retrostions
] D smtarss sands

Sqead 1 3]

The disassemble command disassembles standard G800

inatructions info thelr mnemonic equivalnt, using the usaal
(ol synta. 3
o

$

Thier Fix RewchBaps and pedsatall Ypilsn
it K

This command is typically used after executing some
program (e.g. & ake-over-the-system game) that smashes
ExecBase, It will restore the original ExecBase (sovied when
WVBRMon was first invoked on the command ling] and also
reinstall VBRMaon inbis ihe KickTagPir/ KickMemPir Belds,
This can bo an extremely convenlent feature!

Fecsiere ML sesary with pattam
F weert and byte Byter chytes ...

AFTIZEN|

The memory range indicaled by the start and end
addresses will be fillod with the byte string supplied. Use
single quotes to indicate & text string.

Loy Dotk sstofies
tor|  FIRE apTts

The feature is providid for your gaming amusement. [t
provides o steady stream of "fire” by toggling the prvstick
mowse fire bit in the CIA, which this function configures as an
cruibpuat, I is okay b press the bution while this function 1=
active; no hardware domage will aocar.

The <port> parameter 15 the porl rumber, either Oar 1,
Invoking FIRE with no parameters turns all autofire off.

v
S

Fies=st Lirm
i .2 E

Ezable guru Trappleg
[ry

This function patches vectors 3,4, 5, 10, and 11 to
immediately invoke VERMon without checking the mouse
buttons. This i extremely valuable for debugging purposes.
Guru trapping may be disabled by a second invocation of this
function.

Notw that a different kind of gura trapping is always
available, If you reboot (control-amiga-amiga) after receiving a
guru meditation alert, VBEMon will automatically be invaked,
and the pegister set (stored by Exec at S1800 will be available
for viewng. This is a more passive approach than the GURL

Thet hunt command searches a memory range for any
and all occurrences of the specified byte string. printing the
addresses of any matches. In addition, the first few match
addrisses are stored in the hunt buffer, which may be viewed
using the L command. The syntax is the same as for the fill

oemnnw:d-

: 19 Infa whout this yrogres

e programming credits for VBRMaon,

This function causes VBEMon 1o perform a SR to somis
subroutme: The subroutine s execoied withim VERMon's
contest, but the subroutine inberits (and modifies) the current
registers (D0- D7/ Al-Ab) as displayed by the B command. The
vestor base register i st to 0 before jumping o the subroutine,
amid restored afterwards [ the routine returns.

Puretle=i Lt Sunt- bulfes
L

Whien thae bunt (1) or offset hunt (0] commansd finds a
mialch, b stores the address inoa 36-entry hunt buffer, which
may bo displayed with this command. This avodds the need o
repedt lengthy searchiss simply because the addresses have
scrolled off the scrisen,

Vouwme 1, Nusmaer 3 a7



Pt oni B sesewry (hew and ABTTT)
TS B aptarts dands

The M command presents a simple hex and ASCH dump
of memaory. Note that the hex part @ stored in the form of the
memory modify command () so that you may edit the hex
dump by simply moving the cursor to the byte you wish to
madify, making the desired change, and hitting return.

Futct ey Togyle WESCTRAL

Eran1 B

This furction switches Agnus (the 1MB or ZMB variety)
from PAL o WTSC or vice versa. Note that VBEMon remem-
bers vour selection and forces either NTSC or PAL upon a
warm boat, £o it can do the job of the many "NTSC/TAL boot™
programs in the public domaln—and quite a bit mone!

Smorion Best for sffsst [MC-relssive o Mdﬂ'
G mfdrame &

Ciften one wishes 1o search memory for a ref a
corlain memory location (either code or data). Absolu
references are gasy to find; simply search for the destina
address using the hunt command. However, PC (program

e

connter] relative references (such as lea destipe),ati) and branch

references (all of which are PC-rilative) are more difficult to
finl. PC-relative references can be up to 326 away from e
destination in either directon, so searching manually is out of
the question. This command dies it autcmatically, displaying
the sddriss of the instructionis) that refer to the address given
in the O commiand, The addresses ane also stored in the hunt
buffer (see the L commnd),

FPorz.en Togale prister cotpet endnff
tmtae:

Enabling printer output sends all screen output fo the
internal parallel port (while still displaying it on the screen as
wsuall, [Eworks fine with my inespensive Epson LX-80 prinder.
but is certainly not guaranteed to work with all printers. This
function is extremily useful when necded,

3B AC's TECH

Pt i Bhow ar modify registacs
mrren Misigevilade

R by itself displavs the current register set {usunlly Hae
register set of the inferrupled program) as well as INTENAR/
DMACONK. The registers may alsa be modified. [ke soc

FlalE)
THi=ETE

The modified regsters will be passed o routines
executed with the | command. In addition, your changes will
affect the currently running program if vou use the XMOD
command bo exil

Femrrion: Besbore teghabed dat Foom Sary
fpntds-  WEEETORE sddvess

Thie restone command retrieves a register sel proyiously
saved with SAVE and makes it the current register set.

Fyr= Lony EREp |find cerrant trecki
Tntan; B delversshar

The step command reports on what track tactually
lindir) the specified floppy drive i currently on, This i=
ted by stepping the drive toward track 2oro, while
g the “track zero” inpul from the drave, The rumber
af fr pod before reaching track zero indicates the
currem The state and position of the drive is resioned
aferwa number ranges from O o 3,

Fures iy Bave replatacs Do sesory
Sprieny BEVE addreas

The SAVE function stores the current reglstor set (plus
program counter and INTENAR DMACOMNR] at the indicated
memory location. The layout is as fallows:

¥ e
i |hong)
FHTENRE [l
EETEE wotdl

Altogether 78 bytes are used. The RESTORE command
may b used to refricve the registers.



=il Tressfer sswcey
Melam Ftart and destPontisn

The transfer command moves the memory region
indicated by start and end [Inclusive) i the destination
address. A typical use is transferring the lower 512K to fas
mumory, as in T 0 S0000 300000,

Fociie Trlpls cospars
FTanl TG sSarti endl starcd stared

This i a special compare function that is typically used
tor finding magic locations in games. It compares correspond-
Ing bytes in three memory regions. IF the first two memory
rigions have the same value, but the third memaory region does
neasl, then the change in valoe from the fest two o the thicd i
displayed in the following converient form:

v

An example is hefpful in understanding why thisd
useful. Suppose vou want to find the memory location
containing the curnemt number of lives in a game (Blood
Money, let's say). The procedure is as fullows, First, start the
pame and enter VERMon. Copy the lower 512K to some free
location. Then, do as much as possible in the game (move your
ship arounsd, shoot somie enemies, etc.) without being killed.
Apain save thet lower 512K to a free memory reghon. Now
permit your ship to be destroved., Assuming vou hiave chosen
to store the copies of the lower 512K in the first megabyte of
autocomnfig space, the appropriate triple compare command is
s follows:

Tlrd Ragiarioeidrmm & = 1Y

In practice vou will wish to perform the compare in
stages, 80 as nob 1o be swamped with information (if this
happens, hit the escape key to abort). If you see something Hke
“OO0RCIEN -2 027, vou've found the magic location!

Fortion: Dopper umiasebls
B 0 ety damlde

This command implemenis o nice coppaer disassembler,
Mote that the disassembly process always halts when it
encoufiters 4 CEND [SFFFFAFFFE]. a useful property,

funrtion: Exdk
Synian: i

The exit command restores the system state as much as
pirksible and resumes execution, If the host application (e,
game) reinitializes all the display registers in the copper list,
the exdl will be "clean.” Otherwise the display will be mangled
bt varying degrees. There are bwa lkily sclutions (o this
problem (assuming you view it as problom):

1. Take advantage of an MMU to keep track of CP'U writes to
write-only custom chip registers. | only have a 68010;
itherwise | would have done this.

2. Make a version of VBRMon that works aver the serial port,
much like RomWack, | may implement this in the fubure,

Fiset o Exit with sodlflel replsters
W=y E i

Sama as exit above, but uses the modified register sot
tincluding 55F, USP, SR, and PC). See the R and | commangd
decriptions for additional information.

tin simply places the specified sories of bytes
address. Strings are supporied here as

This command evaluates the glven expressiom and
displavs the numersc mesult in hex, decimal, and binary. The
available operators ane as fallows:

e T ait, msktrwct, miotiply, divide
il

e iunive o

-
§ = ham e
_ = daciza] swverride
b = hlnary override
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Multiple nestings of parenthests are supported. The
following precedence is maintained {fnom high to low:

i M= inp pEremiege
£ %
L o=

B Baly e

Please note that all commanids support complex expres-
sioms of this form wherever o numbor is roquired. Text strings
may be specified using single quotes.

Adding Your Own Commands

1t Is very easy 1o add your own commands. and | hops
many of you will do so. To Miustrate. ket's examine one of the
simpler commansds aloeady in VERMon, the calculator:

= BELARTL IR o]

jiring hae ghd deciea] ewtabse

L k. = cagl
e, | A, = Leg

e e e Q/
=3 rimisy &
- 12, }
pielm iy swrminn
W, | dan gt
=t -
{10 ol
[T R}
aulif [ A
= m 2 akijpl
won_bi FrL e
ERSRAT - 3 Frinthas
nw il. ke
i | MR, o A8
] Frine

TR ST TS =]

[ = Ary

== ¢k
K= ha

4.8 |
CrbEfE

K.E Ty AR, B
el

- = o (14718

.k a1

i |

FrEL

Mate that this routine s not responsible for the grunt
work of evaluating the given expression; rather, that is
bandled by the GetArg subroutine, GitAng will parse the
command line starting with the current kocation and retiorm a
single number in DL indicating the final result of the
expression, If the carry flag is set after calling GetArg, no
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)

argument was available (end of command Ll Strings ane
autseriatically handled. The calling program receives each
charactir o the string as & separale argument, To retrieye a
single raw character, call GetChar or _GetChar (the latter
provides for register saving and other miceties).

Several poutines are available for printing (o the screen
{and the printer if that option is enabled ). Print takes a pointer
to i slmphe text string in AL PrintChar prints the charscter in
[ B Mrimt Losvg s a PeintC-like roastivie that accepis s angu-
mends on the stack: see the above code excerpt for a usage
exammple

The prefermed method of data storage is to allocate spave
im the global data section, which is always (by convention)
pointed to by A5 Simply add the appropriate label and 50
istructur offset) directive (o reserve space, then refesence it in
vour code as vy Dataa5).

Pt thint VR Mon was designed to be sssemblod with
an assembler supporting the new Motorola syntax, such as
Macrobs, Mease do nol consider corverting 1t by haned to the
ol syt it wonld just be an incredible waste of time,

The Credits

101 bk had to werite all of VBEMon from seratch 1 wolld
it have even atempied it Fortunately, the Amiga has
eveloped a large software base from which to draw, | offer
aincere thanks to the following fine people: Dan
sky, for his expression evaluator, great late-night
g se=slans, ool development, and other contributions;
crimemis] for e mini-assembler; John Vabdithuds for
ppier disassembler; Dave Campbell for his nicely
n of RomWack; and Swiss Cracking Associa-
Aprranm.

A Call to Hack

I hopre v cam appreciale U power VBEMon gives vou
by esplore the Arniga, 1t has becoms a vital part of my pro-
gramming and hacking toalkit For the future, I'd like o add
mare debugging support (1o further support the debogzing of
user-wiritten games and demos), more commands, sedal port
support, MMLU support, virtual 68000, etc. [ can't do it alone,
however, Take YBRMon as o starting point and then create

FOUT 0w Inasterpicoe!

About the Author |

~ Don Babcock ks an electrical engineering mujor at
Prennsy |vania State University and an avid assembly language
pragrammir. Contact him on People/Link as DANBABCOCK
ot on the Intermed as dob@ec] psuodu.




“ | way (o automatically
change the current
directory based on a
wildeard name, **

The Development of an

AmigaD0OS§ 2.0 Command Line
Utility

by Brunwo-Costa

"To" provides the user a way b sutomatically chivge
the current directory based on s wildeard name, ¢, " bo anim#7~
maghik « h.mw_' |.1II'I."|.'||'!|'. Frevim anmy nther L1|r|.'|'||lr:|'_ I & |Iirn'|||r3.
named “:Projects MSoulpt ! Logo S Animation ™. & smart. reader
might be asking what reason wias sirong encugh o make a
programmer wall for AmigalDdOS 20 o develop such a program
Elementary, my dear reader, although it was possible bo wrike
swch a program under 1.3, it was necessary to fiddle with some
Arrlaal ]IS spructunes divectly amd this made things mone com-
plicated than desirable. Ao, the excellent wildoard routines that
are available undier -'Lmiz*_.!l.l'l. P 2400 womld bavwve b Be writhen
under Amigalds 1.3, and that wouald make things much more
complicatid. As Lesamined the 20 include files, especially the
pattern matching and process ¢ontrol msubines, the dea of ne-
|ur|1i|1;1_ 1o that old progoct came o mind. and the resall s miow
very sl bt still simple enduigh,

This article has thees main purposes, and theee corre-
sponding audiences: tosomesne who imply wanis o install and
us the wtility, it will explain how the utilily works from the vser
point of view; o programmers in general, itwill explaim how the
ubiliey is implemented, what are the algonthms and idisas behind
it; and, last but defindtely nob least, o Amigs system prograom-
mers, it il ex pt.nuh.,m' ||:'|I.I'd"ulI:I1|'|I!1|'||_'1'||"I|'|']'||I'|'|'|"r!'.l.| I ks
of Amigaliis 20

User Perspective

Hn” & obviously g command e oriented wblity - i
should not B ogn from WorkBench since nothing useful will
happen. Also, Nopgy disk gsers will nol benefil from it use as
mitich a5 hard diskaers will, since this program saves mdine
Ivping as the size of the directory inss grows — bul, of course,
nothing prevents floppy owners from using it The program can
b used at the same Hme i moltiple hard disks; molfiple parti-
tiors and mulbple lopples,

This program is tormally used with just one argumint,
awildeard name that will be tested sgainst all directories on disk.
Thee current directory will be changed o the first directory which
mame malches with the wildcard. MNobe that just the directory
i b considered for the search, e, if you have a directory
called “Utilities:Comm A VTI00® just “YTI00" will be usisd. I
there are multiple malches of a wildeard in the table, repeatedly
calling "To"™ with the same wildcard will change 1o each mateh in
furn, cveling back to the fiest when they are over. Asan exampla,
{f o have just three directories thal match with the wildeard
“tH?7, mamed “BAM:test™, “"RAMA" and “RAM:clip/timing”
and you type ~ bo BT four tirmes, vou would chiamge o “RAM:best™
then ko “EAMA" then to "RAM=lip/ timing" and finally back to
“RAM:bess™
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“To" works based on a table that is writhen to the file
“dir.table”™ at the root of every disk itis used in, If this table does
ot exisk o 15 unreadable for some reason, " To™ will try to rebuild
it This procvss will lake some time on big disks, but cam be safely
interrupted al any time by pressdng Cirl-C. "To" has anly ooe
command line option, “-b”, that forces the p m o build the
directory table for the disk from which it has been run. This option
i to be used after creating or deleting some directories in the disk,
and vou want the mew direchary stroctiee o be correctly handled
by "To"

Technical Overview

Essentially, “To" docs just twis things: one s fo gather
data and build a table and the other is fo read fhat fable and wse
the data. Thesearch is implemiented by consulting a pre-computed
table to obtain maximum efficiency, since it takes a considerable
armowent of Hmae to read all directories in o disk - even the faster
DS

The table building part is based on a procedure that
reads each directory, starting from the root, and calls itself re-

cursively 1o nead the sub-directories. For directory it finds,
this routine writes an ontry in the table & the full path
name of this directory and some binary in informatian.

Effickency Is the single reason for a binary table filewo be used,
instead of a simple ASCH one. In fact, if the tabl wis Phain
ASCI it coubd be built by the DOS command LIST, siap

“LIST »odirtable lormat %e%s ALL". The pmbln'm )
program Is used to build the table ance (or twice) but n
huindreds of times, 50t i5 & Better programming practice

thi: reading process faster, even if this implies amore :‘r:lmplhmteﬂ
or slower writing proces.

Adter all dirvctories have been rowd, the program writes
af the start of the table file the number of directories that wiere
found. This is done to simplify the reading process even turther,
sdrnce (i allivws the use of 8 fixsed size structure (an arrayh instead
oof a variable stse structione (a st ), becavse even before reading the
table, the program will know hiow many entries it will have to
store, Mobe that this permits us to allocate all the memory at once
- one big chunk - instead of many small allocations, and atso
avoids the memaory and thne overhesd of list nodes.

The table reading part simply loads the table file in
mamory, and sets up two tables of the directorie: one containing
the full path name of cach directory and the other containing just
the name of each directory. The table with the names iz wsed
during the search, and the table with the full path names is used
o change boa certain directory.

When a pattern maiches with multiple entries in the
table, the behavior described above is very convenient to the user,
permilting him to cycle between the options using ihe same
arguments 1o the commandd. To mplement this, the program
must have a way to know which one is the next option to be
selected. An environment variahle could be used here to indicate
which was the last option selected, and from the valus of that
variable the program would determine the next one, This is nota
bad idea in itself, but in this particular case there is already a
“variable” indicaling for us the last option chosen: the current

U XS AT FAST X TG G
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directory name. This string, easily oblained from the system, will
help the program io decide which s the “nest” option in the user
pirint of view, This is implemented by searching first for the
current directory in the table and, after i place is found, the
program searches from there on for a match with the pattern. The
search continues in a cyclic fashion, going hack to the start of the
table when it reaches the end, until it finds a match o comes back
bor thercurrent directory. I any match s found, “To" changes to the
new direciory.

Yous should notice at this point that the tablis ks seanched
linearly, Le., the program sequentially tests sach entry in the table
tos e B it malches the pattern — if it does not, the program tries
the next, It should be fairly obvious that this i not an efficient
solution, since the program will have to test many entries until it
finds the righl one (of quits searching)h, There are at least two
simiple, efficient and well-known algorithms o search for names
in fables: binary search and hashing, Both of these rely on a tabbe
previously ordered based on a particular eriteria, and then start
searching directly at a place that is usually very near to the rget.
This place is quickly calculabed based on some properties of the
siring we are brying ko find, and, becouse of this, both of the
algarithms are inadequate for our use. Linlike these algorithms,
described in many computer science textbooks, we ane nod
searching for an exact match of b strings of plain charactors —
wir are gearching for 4 wildoard maich. This makes the lask of
calculating an approximale guess based on the search siring
completely nonsense {(at least using the traditional methods for
the two algorithms mentioned b, and binds us imemediably to the
linear search. Since our main concern is-execution speed, i the

ol search is “fast enough™ we won't have any reason to
gomplain, Casual tests haveshown that it hasa good performance
ljlq&d. even with almnst three hundmed directories in a hard

digk. 0" executes i a (sometimes lethargic) blink of the eyes,
trgraksluable from (e e laken toeseeute "0, orinstance
iously much faster, but the difference i= not really

@ human being).

Anngaﬂﬁ'ﬂ' 'REO Usage

Mast obdthe code described up 1o now is relatively
independent of AmigalOS. IF fact, the same ideas can be sue-
cessfully used to implement a similar utitity under other operating
systems, such as MS-DOS and UNIX, if the system dependent
functions are provided

Soms features of previous versions of AmigaDOS wene
uzsed where there was no need for new functions, Some of the file
managing routines, such as Open( }, Close( ), Read( ), Writef |,
Lock ), UnLocki | and Seeki{ ) were used to handle the bl fle,
IoErr| } wias used o handle Amigald¥s erroes, Examing( | and
ExMext ) were wused to read direciones and Currentllsf ) was
used to change the current directory. To better wnderstand the
usage of these functions, please refor to “AmigaDOS for Pro-
grammers” {AC's TECH premiere fssue).

Twoteatures of AmigaDOS2 Owenespecially impaortant:
thet SetCurrentDirMame] § function and the patiern matching
functions Parselatternd ) and MatchPattemi ).




The SetCormentiirName(name) function |s used afier
vou use Correntilr ) to change the directory, since the latter
function does not change the directory mame in the pricess
controd shructure = just the current directory el (odd, 't @2,
Previeusiy, io achieve the same effect, vou would have tochange
a field in the process siruchune by hand, and this involved freving
a memaory atea and allocating a new one using some memory
managing conventions internal to Amiga05, Alse, the current
directory nami is stored in the process structure asa BCPL string,
which is nob really practical ino C programmers. There is abso its
counterpart function, GetCurrentDirNameibuffer.length) that
fills the string buffer with up to length characters of the current
directory name. The addition of these two functions was very
convenient to the development of “To™.

The patiern matching facilitles of AmigalX05 2iare a
key feature fo make this program possible. Although the ARP
{Amlza 305 Resource Project) Hbrary provided almost thi sams
functionality as Amigal205 patterns, there was at least one minoe
bug rélated to patterns, snd ARP was nol in such a wide use fo
amsure that everyone would be able o wse programs developed
for it (1 shoudd point out that ARF wes a remarkable effort,

apparently with substantial influence in’ theldevelopment of
AmigalS 200 There ane two basic sleps towse pitterns under
AmigaDOS 20 “compile” an ASCI pattern it & more

efficient representation, and test a pattern represen
an arbitrary string for a match., The former step is
by ParsePattern{pattern, buffer, size), where pattiern |s
string that may include all wildcard constructions supported I#
AmigaDOs Lk

against

e ‘matches with charocter ¢ I
[chvors) matchas with ony chamocied inside 1he I:Iul:.lun .

ko) maichas with any charoctes not ingdds the
brockat !

(siriisd2 | ...} mofches with any of the sitings sirl sh2....

! miatches with zem or more inifonces of p

=g matchae with anything fhat does not match
wilh

7 migfchas with any single chamocier:

3 rmaicihes with 2am or moe charocherns of
oy kind (Fee tha “WilaStar® orficis.
glsawmans in fhis lsss of A0 TECH)

Parselatternd ) fills the buffer (up o siee bytes) with a
compiled representation of the pattern, and returns TRUE if the
siring effectively contalned wildcard characters, If it returns
FALSE it means thal you can safely use strempl ) or similar
routines instead of MatchPattern ), although the latter will still
wiork, The length of the compiled repreésentation i wsually less
than the original pattern, so you can safely use a buffer with the
aamie size as the patbern stnng. I the bufler i smaller than
needed, the roufineg will retum -1,

Toitestacompiled pattem againstan arbitrary string use
the MatchPatternipattern, string) call, that will piturn TRUE if the
compiled pattern matches the given string under the rules de-
aribed above, Mote that this is what is ealled an "anchored”

match: each character of the string must match oo part of the
pattern. This kind of pattern matching is very convenbent o Ale
names, but “free” matches are abso useful in the context of text
editors or lext search utilities like the Amigald08 search com-
miand, I this case, if any subset of the line matches the pattern, the
whaobe line matches the pattern. This behavior can be simulated,
with a tolerable performance, by calling MatchPatberni | sequen-
tally for each subsiring of the line, as in the following piece of
code:

fnt- Froslatcd (UMETE *mifesn;, char *Diss|
1
Lisk
for 1Z & O3 &« strlen (liegdy [fea)
if (Mercrifatters dpeererr, Glims[i])
reun THIEY

feturn FALER

It showld be mentioned that there |5 & different set of
patiern malkching functions specifically designed for wildeard
filename expanston {as m dir *.c), which should be used for that
case. The MatchFirst] ), MatchNext{ ) and MatchEnd( | functions
automatically compile a pattern, read all the required directories
and return the proper path names of the matching files, if any,
However, a complite description of their usage is out of the scopie
of this text

Amigal0S provided a simphe but efficient set of file

Write{ ). These roubines im what b called un-
ed files, e, each Hme Bead{ | or Wreite( | is called the

p ﬁtﬂg functions, basically formed by Opend ), Close{ ), Read(

phy ice is scoessed fo get the information, When using
buffi however, theinformation tobeexschanged with the
phys s kept in a buffer managed by the system. This

kind of 1,/0) s mestly useful when the fike is accessed in multiple
smiallreads Alfter multiple wrile operations, for instance,
only after smes full a real write access to the
physical device ""“' r, writing all the information in a singe

gh buffered files are almost a must in these
cases, the additionof this capability to AmigaDOS 2.0 will notbe
vasily noticeable o most C programmers: the standard C 1/0
library provides this funcionality {using fepeni |, fclose] |, Faribe]
), fprintfi ), fputef ), fread| } and so on)in a portable fashion, very
castly implemenited in the Amiga using Beadi §, Writed ) and abit
of C oode,

“To" uses some of these new buffered file handling
functions, that are complelely analogous o their standard 1,0
library lowercase counterparts, Most of these should be clearly
described in your © compiler manuals or any © reference book,
but some AmigaDOS details should be explained. The buffered
files are opened exactly the same way as the unbuffered files
wheres using Dpent ) and Close| |, To indicate that o particular file
i inbe buffered, you simply call SetVBuf (file, bufmode, bulsize).

-
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The size in bybes of the buffer to be used (allocated internally by necessiary o check the comect versions of the libraries required.
Amigald05) iz given by bufsie, and bufmode is used to ndbcate This is done in "Tor” by the the pair of functioms TOSopend_iX )
which buffering mode i to be used: either BLF_FULL BUF_LINE and DOSclose2 0F ) You should not underrate this warning.
or BUF_MONE. BUF_FULL indicates that the buffer should be since this time, unlike the previous upgrades, the older version
flushied only when it is absalutely necessary, BUF_LINE forces. wis not made oheolete — both ane active and in use

tha buffier fo be fushed whenever an end-of-line ("n™) is found

and BUF_NONE disables any kind of buffvring,. A Digression on File S‘_?.HIEHI Links

Asin the buffered file case, this new version of Amiga- AmigaDOS 2.0 brings t the Asiga the cancept of file

DS atso tried to offer W the programmer some more useful . .
Ty system links, already known by UMNIX users, Simply pul, a link is
functions that bad bo be fmplemented over other basic primitives  way o have twid ov e ke, each withits e ysive, path snd

o the cpmating sy, S of e, spclly e SIS st elrring i on o . This s
ifullpathname} returns a pointer o the file name part of i'.J“mﬂnwlﬂm"' EEI::WIJI betakingup W‘.“"""*""* brut to most
fuflpathname excluding the patl, ¢.g. FilePart ("ramut/ test™) {if not all) P"“i'-’-““"" i welll seeem that each Tink I? FHEH"IE]P i
rmprnn mtost=, AdddPast {fullname, objnanse, folinamesize) con.  dilterent file. Conceptually, thee ane wo types of link: soft and
eatemalies cbjrame (uviaily.a dircctory ot file same) o fullname Tuard, l'l.l.l'l!:l:illl'Lk!ﬂlE El.*lun]i!ylmllu-ﬁ_lmui:hﬂbhﬁmﬂ n-f;_llm-hl_n,
{usually a pathname) adding a slash between them if needed. The since they are built by making two fike header blocks on disk point
rr.'-.lulrl-.t; o e il et irkont: fo i e Gt o to thee same set of data hlml-c.-i-Ti‘dscmur.rum:lms_ nk pmen'hlu:ll
{-uII:mmE pa e . the files are in different file systems (different partitions of a hard

. diskor different devices), Soft links are simply a named refesence

(lock, locknamiz, numnmnm;dfﬁmu:zrﬂ::ml;:imlﬁrfﬁm a another file: a special file header block says somuthing like "if

. : this file s referenced by any means, wse DHO:dir/ file instead
ottt e ios Mg st b AT

2 ; J option of the 2.0 ASSIGN command). Note that the file is refer-
ﬁml i mtﬁﬁ;:hmﬁuﬁﬂuﬁhrubnﬂm for 2 file enced by its path name, so files may be linked across devices and,

while you bave 3¢ bockood: Adso. if the user riname M ini fmct, thi target file might not even exist, Both kinds of link are

. : supposed [0 be' implemented in Amlgal5 L0, but as the
ot 'm,] in an1irh ?::tﬂ;g;-mh:.m :!::: ::L’:ﬂ documentation warns, "soft links are not fully supported yet”

Lockl jrefurnsa lock when given a file name, and N .
§ returns a file name when given a lock. Please ot that Sample Use of Links
Q T uses links st for tutordal purposes — ey were

mapping is nit pecessarily one-fo-one, since thene are many pa

names by whicha particular file may be referonced {(using relative ifher necessary, nor even specially useful, in this simple ap-
paths, assigned names and so on). To bethir understand n, Caenerally speaking links can be used 1o create aliases
MameFromLockl jvoumight wish ioesamine animplementation for example, a fink can be usad (o create an aliss for a
of & similar funchon, given In "AmigalOS for Programmers” g the ALLAS commuand does:
with the namw fullpathi }, 4 ,

Aniew call has been providesd in AmigalX05 2 0o check LT ,
for a break request (either byping CielC, T B or F, or issaimg the aliss La @
shell command BREAK): CheckSignal isigmisk]). It is essentially
calls this exee functbion SetSignall }and checks if onie of the signals The lires above produce essentlally the same result,

insigmask has been received; it was added just to conveniencethe  althoughusing completely dissimilar lechnigues. In this particular
AmigaDOS programmers. In the same sense, ExamineFH (fle, fib)  cose the ALIAS salution should be used, since it is much mone
is exactly like Examine( ) but instead of giving the file by a lock,  efficlent and does not use any space on disk. There are sltuations,

it b5 given by a file handle. Bonwever, when ALLAS cannot be used and MAKELINK can: o
create alinses for data files. I, for instance, a certain program
What if’ dont have Workbench 2.0°7 requeires a daty file fo be present in the curnent dinsctory, instead

of copying that fike o rvery directory where vou ran that program
From, Id make links o a sl r ol thie dhada,
upgrade o Workbench 2.0 & not a trivial sk o most Amigs }"l'“':"i-::':g h:::in h._,:.ll umdihurlg.?r':l??;::lml-m ]:nl:h SR

owners, and some of them may prefer o p-nstpm'u. this upgrade even is command aliases, and there (5. 8 resmon for thut: The
tna lates date. Speclally in this conversion Fh“"'.“ becomes very ALIAS command i & reﬂtumniﬂhrjhnlfl::d it converts the alias
imporiant to Iy to support both systems, but i Workbench e o the roal program name befone executing it— the program
2.0 is much more powerful, it will be probably difficult, most 4y nover knaw that it was called by its alias. With links however,
ohen impossible, to do so. IF you mun 4 program carelessly g0 the standard © startup, argv]0] will contain the name by
I-’I'Fﬂ!lm’ for 'l"l'hi'l'-h‘l' weh 20 uysiems wncer 1.3, if will l.l'il.-l-l'-l"-:"' h'h]r]"lll'll.":'l!’l.'l_“rajﬂ‘-vﬂltalhd. This % pselul i the [rOEE W?I.T‘I&
crash the machine immediately. Also, i you wanttosupportboth g pevume o alightly different behavior when it is called by

systems, it will be important to detect when Workbench 20 b gimerent alinses, offectivel aaries to bet. chisiiviet
svallable tobe able tosafely wse its features. So it s now absolubely ) ek i 5 picad i 3

OCODLSOLDLFSLUDOOFOUODOSFODNOSO™
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Thiz i5 a very imporiant question. It seems that the



As an example, both the CHR and LIST comminands could be links
o the same execiitable. since both do the same thing (read
direcbories) bub pring their resules ina somewhat diffesent format
aniid syrpport different optisins,

Since “To" has twa distinet behaviors (building a able
amel using itk 8 &5 o valid candidate to use this command alias
featune: if if is called by the norme “mbioibsl” (for “make the To
Laksle™ § iE willl behave &5 the mble builder. To check which was the
raiie by which it was called (elther “To™ or “mktokbi™ ) it uses the
AmigalXS 20 GelProgramMame (prognome, namesize] call,
that fill= the string prosmame withat most namestze charactiers of
the program mams. It would be obviously possible o wse argv|0]
instiead (in fact the startup code uses something sbmilas to
GetProgramMamie] § o Gl argy |3 MNete that in this partioular
casg, the following fine would have approscimately the same
effodt as the link.

As D mentioned before, this feature was addisd just as an
instruscinoe experienoo.

Source Code Guide

Apart from theerror handling ditails, “To" will load the
table, search for the current directory in the table Sséarch from
there on for & pattern match and if a match s found, chifige ifyhe
s directory. IF the program was invoked with the = b"ggfon
o by the “mkiotb]” mame, it will instead build thee tabile, i

Thar table construction is implemented by scandir] ), @
recursive funclion that reads the contents of a-given directory,
adds pach sub-directory to thie table using addiotablel band calls
itself recursively = non-dinectory entries are ignored,

The takble saving process is compesed by opentablei |,
closetable| ) and addiotable 1 opentabie] | opens the (il and
writes the header; closetable] | writes the directory count and
close the file; addtotable ) writes the given directory to the file
and ineremsents the directory count. These three fumctions and the
scandir] § Function are called through the front end budldaislaf 1,
that implements the proper calling segquence and paramebess 40
effectively build the table.

Most of the reading table procedure is contaimied in
Ioadtablisf § This fusction swill try b open the tabke file, cafl
readheader] )t mead the header and allociables) ) o allocaie
memory for the tables with the size specified in the header. The
table itself 15 read and stored in filebui by a single Roead | — if
conimiie kind of error occors, loadtakbslel ¥willcall frestables] ) to free
the memory. After that, two indexes for the table are budlt in
merrary, i sasch a way that there is an entry in each of them for
sasch directory in the table: nametbl|n| points o the name and
pathtblin] points 1o the full path name of the nth directory

Thisre are also the suppart fenctions, each one relatively
simple and self-contained: fullname( ), used to get the full path
name of a directory givien by its name and a parent directory lock:
ol . that chasges thecarrent dinschory fo snether directiry given
by mami; and Aliesize] ), that returns the stee in brytes of an opened
filo

Esamine the source code in the lating below cansfully,
as it is bully commented and explains some details that eould not
be mamtioned here. You are also encouraged o muodify iF es you
wish — az long as vou do not redistribute the modified program
— and use parts of the code anywhene you wani. 1t should be
mientlaned that this small wtility has been in use for a significant
amount of fime, and it is most unlikely thal any serbous probdenms
may arise. Anyway, besides bring a useful program, [ hope that
“To® will gorve as an enjoyable leaming fool

Listing One
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UPDATE

Some readers have shown some concern about A windoe will appear, asking you for a destination path.
the unlharc'ing of the files on the AC's TECH disks. It
seem that they get confused with the operation of Tupe your destimation path (eg. RAM: or dhid) ond @ new
Iharc—especially if they are new to programming the draner with the contents of the archive, will be created in the
Amiga destinabion pabl,

Paunl Castonguay has taken the initiative to write
an extract program which will allow thare file to be Many thanks to Paul Castonguay for this fine addition to
gxtracted from the WorkBench. We have implemented the AC's TECH Disk!

Extract starting with this diskette!
If you have any suggestion for AC's TECH, please send

To extract an lhare file from the workbench: themn o

Lhurre files will lave a0 'lock” fcon— ACs TECH Suggestions
Doplle-ctick the feenr, whirel wslll rus e PO, Box B9

Extract application Fall River, MA 02722-0869

WE INTERRUPT THIS HIGHLY INFORMATIVE ARTICLE
FOR A VERY SPECIAL PROGRAM ANNOUNCEMENT!

We want to publish your very special program in an upcoming issue of AC,
Or, your highly informative article on any topic of dnterest to Amiga users of all skill levels!

The fact is, Amazing Computing has always published the most unique, most detailed Amiga
progrumming articles and tutorials found anywhere! AC pays competitive per-page rates 1o
its authors, but publishes more and longer programming articles per isswe than any other
Amiga monthly, That's great news not only for our readers, but also for those of you who
are thinking about achieving fame and fortune as freelance writers! And now, the more
complex works of high-level programmers are considered for publication in AC's TECH.
The fact is, AC's TECH is the #1 all-technical, disk-based Amiga journal,

Whatever your areas of greatest interest or proficiency on the Amiga, there are l:rnbahl:.r any

number of tips, IEL‘IhIL'[%lIEﬁ and tricks you can communicate to Amiga users worldwide, in
the pages of Amazing Computing.

Even if you have never been published before, you should consider writing for AC. Our
knowledgeable, experienced editors are the most helpful in the business,

Call our editorial offices during normal business hours at 1-800-345-3360 to have
the Amazing Computing Author’s Guide information packet sent to you TODAY!
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AC’s TECH Disk

Volume 1, Number 3

A few notes before you dive into the disk!

* Yo nesedd @ working knowledpe of the AmigalX3S CLI as most of the files on the
AC"s TECH disk ase only accessibie from the CL1

# In oeder io 11 26 musch informiion os possable on the AC™s TECH Disk. we archived
musry of the files, wsing the freely redisoabuinble srchive nilily ‘e’ (which i
prinvided in Bhe - directony ), thare aschive fiks have the filename eviemsion Jeh.

T umarchive a file fioe [, type fipre 1 foo
For belp with Thive, tvpe B !

Liwe UPDATES for miovye refrmuamnn hour ssirchiving)
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Confused with programming or accessing basic
AmigaDOS funetions from C?

Read AmigaDOS for Programmers, by Bruno Costa

in AC'’s TECH Premiere Issue.

AC's TECH Back Issues are just $14.95 each

For Back Issues, call 1-800-345-3360
(credit card erders enly, please)
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Programming the Amiga’s GUI in C

PART H—MODULAR PROGRAMMING & AN INTRODUCTION TO WINDOWS

by Paw! Castonguay

This is the second i a series of irtteles that wil] Jefy wou take advantage of many of the custom
fotures of youir Asrige using the C Programmring Langwage. In this ssoe you sl fimd:

o A discussion of modular programming using the SAS/T, version 5.10A.

1
1 A presmtation of how windoes ane opened
s 5

b e Intultion

ing enyiromment,

- Some background material {on disk & page 74} for understanding how 1o best

confgure your syslom.,

4 Adetalled discusshon (on disk) of the installation programs that appeared in the last issue

of AC= TECH.,

Structured Programming, Modules o ®

Cine of the most important conoepls n structufd program-
ming is the idea that a project should be broken %\m pro-
compiled modules. There ane two nsasons for this. ks
the solutivn of a compliess programming task easier tod ¥
treating it as 4 combination of several, more fundament

vasier o understand sub-tasks. Second, it saves timeby rcmm@

tiche ThEaly it Lok R
=l =il e

q.. {armr i rdi il E

wisd O - 2§

LB -1

i

the requirement that an entire project be ne-compiled every ti

o modification is made o only ane small part of it or that a
particular module be re-compiled every time it s imported into
a different progect.

Lastarticle we saw the developrment of a program {Libs.ch i
open various "Run Time™ librares that we will use inomost of ouwr
projects. We saw that it imvolved many issaus, far too many to
dieal with every Hme we start a new profect. We therefore wan o
devielop a general aolution that will be ressable in any now

Chne woy vou coneld wese the abnoe mentiomed: progeram is to
join (o merge) the somroe code of the Crpen._ Libsdhand Close_Liba(l
functions intp that of other projects, Althoagh that would bre
zasker than rewriting those functions from scratch, i weould syl
revpuire that they be compiled along with the ather project,
Compiling isa fime consuming prooess and we should naot waste
valtuable development time doing it over and over again to the
same functions every tHme we wand bo use them ina differen
prigect For that reason every development package (like SAS,/C)
allws for the creatiom of compabed versions ol functions {or
collections of related functos) that can be jolned b other pro-
gramming projects nat at the source codie level, but at the obiect
codie level, by the linker. 1aall these compiled functions modules.

Brelonw T givne tha listing of Libs.c with the exception that this
time there 15 no malnd) luncton. Becall from Stamdard © that
every © program requinesa functson calbed madnd ) (page & o “ Tha:
CProgrammung Language ™, by Brion Kernighan & Dinnis Ritchie,
Seceend Edition, Prentice Hall 1988, referred 1o in this aricle as
Ké&R). Thus il does not represent a complete program. 1t is only

&2 AC's TECH

a module 1t 18 also avallable on the disk that comes with this
midga i, s yvou dan’l have o actually typse it in Note that the
veersion on disk contains extra comment Hnes fiod shown below
that act as documentation,

1 [FE-
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We now want to compile this module, but not link it {see

background material on compiling and linking lasd issue. 1 will
b this first from the SHELL windose, the thasd vl follow
shorily

Copy the Libsc Hle from the maga.r.imQJQr!E bo yomar
current working directory, ether RAM:, .
S5AS_Headers: depending on thesize of your system
like to work. What follows does not take wp much
don't be afraid to ue BAM: ona 512K sysiem,

Sogoon Dol e Tewign B, Yersiotibe.g to

you
0
- r o
Mentice the use of double quotes ** with nothing in between
to copy a file into a curnent directory, This s a feature of version
1.3 AmigaDOS, Mext enter the following commaand:

This produwces & file called Libs.o, representing the object code of
ther abenves listing. 1t s now a eompibed module,

Check Out the Size

Lize the AmigalS Listcommand tosee the size of the Libsao
fike. On my system | et 684 byles, That's srnall, semaller i
fact than the original source code (Libs.c) that produced L Mo
i heelp vou gain a better understanding of what & going on here
take a look at the siee of the compiled and linked program that
vou produced last issue. On my system it was 7240 bytes. The
reason for this large difference in size between a progeam and a
module is the fact that the program has been linked. It has had
added to it the routines frequined to mun it on the system.

Jussst fowr the Fum of it try running the above compiled module by
entering the following command into a SHELL window:

£ H

(¢ o

My computer reports: “Unable to load Libs.o: file is not an object
module”, You see, a module does not represent a complete
program. I is however in a compiled form, ready fo be wsed in
other programming projects. Bul before seving how that is done
I meed tosay a few words about compiler options.

Compiler Options
B0 flr;:ﬁl have been merrtly compiling and linking by
entering the LC command in a SHELL window, or by double
clicking the “Build" icon on the Workbench, without ghving too
much thought as o exactly how that job got done, 1t just so
happens that the LC program has a series of default settings
{oplions) that it uses in the absence of any given by you. But
default options do not satisfy every programming situation. |
therefore recommend that you learn a fow important ones.

From the SHELL window vou specify compiler options by
entering thim on the cosmsmand Hie alter the LC or LU comenansd
and before the name of the program you want to compile. You
must also precede them with a hyphen, like thisc

L& =L sypreras

Spe the background material in the last fssue of AC's TECH/
AMIGA. Remember that options ane case sensitive, -Lm isnot the
sami as -LM ar -lm.

LC's -¢ Option

The -c option is called the compatibility option and it is used
I activate certaln features having to do with ANSI compliance,
ascompatibility withearlier compilers. This option is used
o with one or more other letters, each representing
tfeatune. Below | desceibe thae ones that Twill s,

=L

/ I"'m stire v have noticed thee extra effort that Lhave taken (o
wrile my in the style recommended by the new ANSI
standard [k 2h], This makes it possible for the compiler
to pick up ermo to do with the number and type of
arguments used ction calls. It does that by comparing

function calls against thetr prototype definitions, and to work
propecly every funchon in your program must have o protolype
definition. The <f option forces the compller to verify the pres-
ence of a profotype definition forevery tunction in your program
and warn vou if one is missing,
=ci Option

In & complex project the number of header files can be guite
large, making it highly Hkely that you will accidentally #include
a particular one more than once, The -ci options protects vou
agrainst that by making the compiler suppress multiple inclasions
of the sama header file, using only the first one.

¥ (ipfion
You should remember from Standard C that whenever you
user & string constant in one of your programs the compiler must

store iF somewhere in memory,. The statement:

Verume 1, Mumpes 3



causes the allocation of 14 contiguous (adjacent) bytes in memory
containing the above string, complete with a 0" bo signal the end
of the string. YWhen the printfi] function is executed it recvives as
input not the string iself, but the address i memony where it is
lowcated.

String constants ane used often in programs and occasionally
the same one is used more than once in the same program.
Perhaps there are several printfi) statements containing the same
message, Hke this one:

i ot f § T peogTan amertedl | e
The -cs option causes the compiler o take advantage of this and
create only one string in memory to serve the several printi()
statements that use it, giving tovach theaddress of the same place
in memory. It makes your program mone compact.

-ef Option

A tact of life that vou must deal with when programming in
the Amiga’s Intuition environment is the heavy wse of structures
(EE&R, page 128 and polnters o structures. Yoo have already
seen that something as simple as a pointer taa library is actually
apoinfer boastructure, specifically of i IntuitionBase”,
Tt turns out that the accidental wse of Structures can
occur pfben in vour programs a5 & risull of e tng a
necessary hiader fle, or by making a ilmplrw y Mk
entering “Intuitionbase” instead of “fnhlll‘imﬂﬂﬁu‘;-w ciEe
b instead of upper case W) The <ot oplion causes m@a
to wikrt you I your progrem attempts to use a structure
is defined.

4

e

A-common practice when debugging programs & o com-
ment out cerlain parts, thus compiling the program with that part
removed. [t hielps locate the exact location of bugs in yvour source
code. However the compiler will get mised up  the section of
code you comment out has some comments within it, The -cc
option allows the use of nestod comments, comments within
comments. [k allows you i commant out any section of your
program and not have tooworry about whether or net there ane
comments within that section.

To wseall the above features ogether you comirine them in
& singhi option field with the cas the first choracter and ihe restin
any order, like this:

s e

-bi Option, Relative Addressing

This option has o do with the way the MOS68000 micropro-
cessor (the central processing unit inside the Amiga) spocifies
addresses in memory, It can do so elther absolutely using a 32 bit
rumiber (ULONG), which can represent any address in memory,
ar ridatively using a 16 bit number (WORLY, which can represent
addresses only as an offset from some other address. Relative
acddressing requires less machine code instroctions, resulting in
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Faster execubing programs. However, it has the disadvantage rhat
it is not able to reach sections of memory outside a single 64K
segment. We will use the faster exocuting relative addressing
miode (option 1) and in the event that our programs become oo
large, the compiler will warmn us that |t canmot reach all parts of i,
At that point wewill have to use the compiler option thal spocilies
absolute addressing, which ts -biL

Combining all the above aptions together for our Libs.c example
we have:

or, calling the first and second pass compiler programs directly
e have

Try the above commands from the SHELL window on the Libs.c
mindile and confirm that the compiler produces i more efficlen
version occupying 656 bytes instead of the 684 produced earfier.

-0 Option, LCI, LC2, And the QUAD: Device

The LT controlling program writes and reads the quad file
{intermediate file produced by LC1) o amd from the QUAD:
device. However, the LCL and LC2 programs, whien called di-
rctly, do ol the QUAD: device, You may not want
that. To foree the LC1 and LC2 programs o recognize the LA D:
e [perhaps o conservid mismaory, for smoother
ration) you must use another option, the <0 option

Thita [ ds cavise the quad Al fobe writhen foand read
from m-gftwmm the abject code (eampiled module)
o b placed i directory, Later in this arfiche viou will
ot thint there ks y way B denl with such lmg option fields,

¥
A
=1
[}
&
B
T
i

Compiling a Module from Icons

1§ you have .Itmnd}".::d to compile Libe.c by dragging it inko
a new project drawer (one created using SASCSetup) and double
elicking the “Build” on, you sow the sysbem by in viin o link it
as wiell. On o two Boppy sysiem |t probably complained that it
could not locate the fle “amigalib”. On a hard drive system the
BLink program reported that_main was anundefined symbol. Be
careful! Any attempt o run such 8 program will crash voor
imichine,

Mothing s wrong here. What vou are sesing is a result ol the
fact that the icon method of compiling, lacking instructions to do
otherwise, tries to link all programs that it compiles. But since
Libs.¢ does not represent a complete program (it has no main()
remiember?) the BLink program experiences difficultios with it



The Lattice Make Facility

Please try the following little experiment. Single select the
"Build"” con in&ny project deawer and then pick “Info” from the
Workbench pull-down menu, The default ool 5 LOLME, naol
LCLC as you might have expected, Thus double-clicking the
“Hiuild” icon imvokes not the LC program but another ome called
“LME®. This program s usually referred toas * Lattice Make™. Its
purpose is to supervise the compiling and linking of your project.
Let's try a short demnonstration.

A Short Working Example, Using leony

Cipy the entire Source_Code/ Libs/ ICON_ Vershm drawer
from the magazine diskette to your current working directory,
open it up, and double-click its “Build” loon. Libs.c compiles but
this i mo attermpt b made o link G Clese the window and re-
open it and you will see a new icon called Libao, vour new

ol uille.

How Come it Worked?
The 100N _Veesion of Libs has a new file nside called
"LMEFile". Double<click iis lcon and the 15E edibor will showe

you its confenis:
.

=ewpt LT
why 0§ =ELLIF L4
Oy LT el _pei. il 1% Libea. lnfi
S0 it hurns out that o compile a program you don’t
irverke the LC program directly. Instead you put instructi
dosoin a file called LMEFe Then the LME program (iny
by double-clicking the “Build" jcon) sees to it that those instroc-
tiomns get executed. Notice that within the [LMKFile | specified the
full setof compiler options that we discussed onrdier, [will discuss
the exact syntax rulis for the LMEFile nstructions later in this
article, ¥ou may now quit thie LSE editar.

The Power of LMK

Drouble-click the “Build” keon agaim, This time Libs.c does
not get compilod. Instead LME reports that yvour project is up to
date. Here lies the real power of LME. [t does more than just
execule instructions to compile vour modules, it also determines
whether or not those modiles need o be compilled in the first
phace, In this case it determined that Lib=c did not need o be re-
compiled. Mow double-click the Libs.c joon, re-save it [JRIGHT-
AMIGALS), and then doubde click the “Build® icon again. This
time LMK decides that re-compilation is nequinsd.

LMK from the Shell

The LME program is not justa trick b allow vou to compile
maodubes using beons, 11 s usedul from the SHELL s well. Let's go
back 1o the SHELL version and compile the misdule again, this
Hme using the LME program.

Drelete the Liba.o module that you compiled from the SHELL
earlier, then copy into that same directory all files from
Source_Code/Libs/ Design /SHELL_Version on the magazine
diskisiie,

opy S Code LD T g ETHLE, Yerelim s *f

Mow gnfer:

1K

nd themadule gets compiled, Heneis the cormesponding LMK File:

iid.a o Lidm.c
LCL =Bl =efinte =o{UisDy Eiw
LER =wilellon . QUAD: L1 bw

Motice that in the above script [ called the Arst and second pass
compiler programs directly rather than through the LC control-
ling program. | did that in the interest of memory efficiency, for
ovrmers 0fF 512K systems, Enter the LME command & second time
and it will report to you that vour project §8 up to date.

It Isn't Mugic

The LMK program relies on the date/ time stamp of vour fles
for its operation. You should now begin to appreciate why in the
512K installation instructions (last issue) lemphasized the impor-
tance of entering the cormect dale and time every time vou use
your computer. In the above example the LMK program com-
pared the time stamp of Libs.c with that of Libs.o i determine
whether or not Libs.c had been modified since the lnst compila-
tiosiy wis performied.

LMK Helps You Organize Your Projects

A project can consist of many modules, each one dependent
i somie way on ane of maose of the others, A modificafion boone
t riuire that certain ones be re-compiled, while others
unaffectid. Cnly yoo will know for sure because it is vou
igning the project. But as your project gets larger and
mindules in it increases, even you will begin to loose
tiv how they depend on each other. The LMVE

program p vou maintain control over such issues by
fnllowin o that you specily in the LMEFile, You
wwrite these ins for cach modulbe at the same time that you
design it, when miost familiar with how B aflects and
interacts with odules in the project.

Onee the instructions for a particular modle are wrtien you
can essenlially forget about them, the LMK program will executbe
them as requined whenever vou omier the LMK command, ar
diuble-chick the "Build™ fcon I vou design more modules you
simply add more instructions o the LVIKFile. Each time you
irvoske the LMK program (t will compile only those modules
which are rnew or have been modified. Maturally there are some
svntax rules that you miest learm in ondor to write instrocbons in
the LMEFile, but first let's finish our module example,

Texting Our Modnule
You must alwavs test a module before using 18 in other

projecis: To do that you write a driver program, a shoed maio),
that calls the functions in the module. This is very similar to the

exarmple last issue excopl tat fhis time the lest program is-in a
different fibi than the functions, and the functions are bn a oom-

prilesd form,

YVorwsme 1, Musmesr 3 E5



Recall from standard C that if one part of yoar program
wants to usr a variabbe or function that i defined in another file
you miest use an “extern” declaration for it (K&, page 80). Our
miodule contains two functions. Open_Libsl) and Close_Libs(), as
well as three pointer variables that must be global in scope, Any
project that wants to use this module must therefore make extern
declarations to those hancHors and poimnters. But wait o minote,
tsm't that a ot of work? After all, the whole idea of bailding the _
module in the first place was fo profect us from exactly these
kinds of ternal dietails,

A common way of handling this complexity is o make a
header file for the module, ¥hen yow want to bmport the moduke
into & new project you make all its required declarations by
putting into vour source code one simple #include statement lo
the module’s header file. This is another example of the formal

incipie called "Information Hiding™. Below | give yvou the
FIL"EE’E.J:’.#., tist program, and the E_".mmu th.:ll-l:-.lf.t.'t-hur link  Youcan find these files on the magazine diskette in the
and test the Libs.o module, Note that the version of Libs hondisk  directory:
contains comments mit shown below, These are detailed descrip- _
Hons on how to use the functhons In Libs o, making it easier for &
youl b divso at a later date, T have more bo say about this nisd
pLLTICLE

i

depending which miethod you choose for using vour compiler
Double-chick the “Build " lcon, or enter LMK in a SHELL window
. - LR and witniss the compiling and linking of the progect. Vou will see
that the Fle Liba.c is it re-comnpiled. In fact, il i\n't even present
im that directory. Instead, the Libao module b lnked disecty Inko
tha project by the Blink rl:l||;r.1'n|..L'ungr.'l11:||.11|||w-.:|.-:1|.| s e pust
SRS tisEann * il your first pre-compiled modube and Hoked i into a project,
; s adbelba very small one

Wi might be wondering about a few things o the aboyve
progran Eirst of all | have Ch.l.l'l?'“‘-.| the typis for the fum tioi
rrain| | rdnrprevious examples. T am now following the form
LEmAr WOUL Bpes L1 sugpested e HOM KERN AL manunl, as well as the new ANSI
1A standard, Thefintion main] s defined as tepe VOID, meaning
that it will rétumy mitsalse To erminate the [elaina filag] | use thae

syatem and passes io i an integer value. To rermain compatibbe

. ik Ll . with other AmigaDOS programs, | return the values didined o
! 5 themacros RETUEN_OK, RETURN_WARN, EETURN_ERROE,
oM ¥ -l and RETURN_FAIL. These contain values of 0, 5, 10, and 200 as
Fjaciade cupis T defined in the <libraries/ dodc b header e, Another change o
L " f L main(] s the wse of the varables argc it argy for acceplbing
i ssammriaiin command line arguments, even though my program doesn'y

actually make wse of them. This & becoming the new aocepied
Standard C form for the madn() function of any program

Tha: above L'h.J.nEw- n~|,'|11rn'1'h.1l ladda |11'||!n|1l.5|'-|'|1|'|_l.1 ration

for main(). “¥Why not do that ina header fle?”, yvoo ask, Well, of

e ! vl book i <sidlib b (lime 79 vou will see that there = ome there,

bt 1t hias bpen commented out, If vou remove the comments and

| e ro-iriadall WiILr header files von won't have o pul @ prototypse

declarabon for maindd in your programs, assuming that vy

#include the <s1dlib,he header e of course. But be warmed that
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vour coanpiler may new complain if you try o compile programs
that use the older mteger type maind) or that don’t pse the arge
and argy arguments. Most C eatbooks examples ane still using
the old form

Each #include staterment in the Test_Libs.c program is macde
for a differant reazon: =stdbo, h> contains the protobype definition
of thar printi{} function. <sidbib b contains the prototy pe defind-
tron ek thie et b funcbion <Pk dhos s combains the prototype
definition of the Delay() functon. And finally "Libsh" contains
the profotvpe definltions and global variabbe declaratsons for the
Lity o masdube. Motice that angle brackets <2 are used 1o indicate
haader files that are stored in the INCLLUDE: device, whirne
svatem header files are located, and quotation marks “* ane used
i inedicate header {iles that are stored in the curmment dicectory,
whare project header files are locabisd,

The above example requined that the Libs.o and Libs b files
bt i1 thee current directory. | put hem there for o Uhis tme, but
irv the next example you will have to do that yourself.

You must now be caneful 1o not leose the module Lils.o and
115 related header file Libe.h. Togethier these bwo fles represent an
pasy 1o use, sireamlined solution (in the form of a pre-compiled
mielule) foor espeening thee Amiga’s “Run Time™ libraries. You have
worked hard to produoe that module and vou don’twant bowaste
valuable time doing it again. In the fulure you will use it by
copying the Libs.o and Libs.h fles dnbis the dravoer (directory) of
ather projects. In the meantime voo need a safe place to archive

t, I necommend that vouo start a special Tibrary diskette tohold all
yimir pre-compiled modoles, as well as their related files

Suggesied File Structure

TEnidebast issue that programming in C was largely a matter
of organizimg your work Inosuch a way that [ becomss usable in
mosd programming situations. YWith fhat in mind the way vou
archive yousfwofk iz vory tmportant, If you archive Liba.ao and
Lib=h alongside pifver files, like Libs.c and LMKFile, vou may
forgel exactly which(files vou're supposed (o copy into other
profects in order (002 tha module. At the samie me you most
archive all files that were used in ks design in the event that you
weant for mocd b it at some laber date.

FigureUne shows asuggested hilestrocture lora rchiving the
sbove module, Notice that the only Fles visible in the Libs
directory are Libs.oand Libs,c, the ones you need tocopy toother
projects in order 1o use the module. Design and Test are directo-
ries. At the same Hme all suppon files needed for its design and
verification are safely tucked away in their own respective direc-
tories, available for future program malntenance.

Making an LMKfile

Mow that vouw have seen the LVE program in operation, and
convinoed yourself of the need to use 1t you need o learm the
synitan rubes for writing instructions inbo the LMEFe, The main
icdesa behingd these Instructions is to tell the LMK program what
files to produsce, when, and how. This is done by giving it o series
of target files, dependent [Tes, and actons.
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TARGET FILES: Files that you wani LMK to produce

DEPENDENT FILES: Files that vou want 1o affect the
generation of thie target files.

ACTIONS: Specific instructions for producing target
files from their dependents.

Target files are specified as a name followed by a space, then a
colan. They mustbewritten starting in the first column {along left
edge of editor window). In the Test_Libs example the files
Test_Libs and Test_Libs.oareentered as target files, They are files
that you want the LMK program to produce.

Texs_Llbe | Tees_LHmd L0
HLiAk TR LT er e Tpat_Lilw. neLibe. o 0 Tews Lite TTESaFT LIRLTC.LI
Test, Libe.& & Teor [Ata, ¢ Laben

i =k =ctimtn Twet_Libw

Dependent les are listed after the colon on the saome line as the
target file that vou want them to affect and are arparabed by

spaces. Thus we have the formn: 0
[ J
sroet Tilla = depederr file Iler &
In the above example Test_Libs.c and Libs.h ane fites
of the target file Test_Libs.o. They are wsed o produc I~

larly, Test_Litw.o and Libs.o are dependent files of Test_

Actions are specified on the line or lines immediately
ing the “frget ; dependent list” and are Indented one tab. The
contaln specific instructions on how o produce a tasget from its
dependent files. In the above example the fine “LC -b1 ~cfistc
Tiest_Libs™ tells LMK how to produce Test_Libs.o from Tiest_Libs.c
and Libe.h, MNote that the target file Test_Lib=o is ilseif o depen-
dent file of Test_Libs and appears as such in the first instruction.

Thir order of appearance of each targed ke in the LMEFile is
I reverse to how it is produced., The rule to remember i that no
targetshould appear carlier in the file than another for which it is
alsoa . In our above example the first entry, Test_Libs,
is not a dependent file of any other target and theretore ap
before all others in the file. However Test_Libso s a dependent
of Test_Libs Thenefore the target Test_Libsomust appear Bater in
the file than the target Test_Libs.

A blank line & use to separate cach group of tangets, depen-
dents, and actions,

Date/Time

If a target file does ol yet exist (as is the case when you are
compiling a fili for the first time) the LME program esecules jis
action lnis, On the other hand i the farge file already exists the
LMK program checks the date /time starmp of all its dependents.
If any dopendent fili: has a date./ time stamp later than that of the
target (as would be the caso if you made a modification to one of
them since the last Hme the peoject was compiled) the LMK
program will evecule the action Hnes. But (f the date / ime stamps
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of all dependent fles are earfier than tat of the target imcaning
that no medifications were done since the last compilation] the
LMK program will decide that the last compilation is still valid
arvd 1t will not execule the action Hie.

Look at the following “target © dependent” relationship
iagain Frivim the above examplel

Tent [ika,o 1 Teg _Libw.g Elnadh

L0 =& sgfisee Tesr Likw

Thefile Libs. hislisted asa dependoen file of Test_Libs.o, 1 did
that because the Test_Libs.c file containg an #include statement
for Libs . Thies any modification to Libs.h could affect the target
in some way. But Libsh is not part of the action line. That's
because it is #included in the Test_Libsc file, getting processed
automatically when Test_Libs ¢ s compiled. This example dem-
orktrates how a project consisting of several modules, each with
its o headier file, can asily get out of control if modifications
are made o certain files without p ¥ re-compiting certain
others. A change to Libs ) sequines Test_Libsc be recom-
piled and forgetting to do so would cause that change to not gt
incorparated into your proect. As the number of modules in your
project iniresses you may begin to koose track of such psues, The
LMEK program in conjunction with the instructions that vou write
in the LMEFile allows vou o work on your project with a
minimum of compiling and without having o think out the
dependency of cach modube every time you make a modification
ter ome of them.

Warning About Dragging Modules

Mote that copying a prigect by dragging it= drwer icon (on
Workbench screen) changes the date /time stamp of all ifs files
misw lscation. Thus a profect that is up to date in vour BAM
v no bonger be so when vou archive it toa disketbe. 1 vou
at project back inte EAM: and double-click its " Build ™
m may dicide to re-compibe the whole thing
‘en though it i=nt really necessary. But even more
have wanbed o Erep an accorate record of
e last performed on each module file in

Keeping a Date

Tor eopy files without desteoying thelr odginal dabe/mde
stamps you must use the Copy command from a SHELL window
with the “clone” opticos, Male that Commodore has delined the
seopy commiand (as an alias name) (o be equivalent 1o copy with
the clone option.

sy AR ROrrreet MR b0 Weliles:Libw/Mhidgn clae
or
Ty RS Current_dnek 1o Eadoles: Lite Sesign
Father above commiand copies all files in the EAMAC urront,_ Work

directory o the Modules:Libs /Design directory preserving all
dlatee/ time stamps.



Windows In Intuition

The most important aspect of any programming ey iron-
menl ks how it inberdcts with the display soreen. Y ou can't ereate
much of a program withoul showing something on the screen. [n
the case of thi Amiga this is especially important since its graphic
processing capability is far superior o any otbaer computer in ity
class. Many people purchase the Amiga specifically to write
programs that couse things o occur on its display screen. To meet
that need Intutthon privvides & wide range of functions, each
invalving a rather lange number of details: The key to dealing
with the complesity of all this i to break vach Intuition function
down into its most clementary operational steps, By doing so vou
will discover that many of them work sceording to the same
generl upera tioeal theme, thus facilitating the learning of all of
them. Here is the theme wsed by most functions that créate
graphic objects!

I. Dheclare astructune in which to store o discription of the graphic
object vou wish b create. This will not be the graphic object
itself, but only a description of it,

2 Declare a pointer that will eventually hobd ¢he address of the
graphic object vou wish o create. Nol@Whatihis is nol an
instance of the graphic object, anly a pointer et ks usually
imitalized o NULL

3 Upen "intuition Jibrary™ if you have not done so alteidys

4. Asafien to each member of the description structure whateur
characteristics you want your graphic object to have. This i
usually done with a serles of assigriment statemieniz

5. Call the Intuition function that creates the object using as an
argumient the address of the description structure declared in
step one and assign the value returned by the function o the
pointer declared in step two. Note that itis.a common theme for
Inituition functions to returm the rddresses of the graphic
objects that they create. Often a cast (KR, page 45) bs reguined
when assigning the address returmed by a function,

. Test the value neturmed by the function to determing if the
object was properly created. Lhsually wou will wanb foosee b it
b5 8 legal address or MULL. Nullsignifies that the graphicobjoct
wias not created and you must take comechive action

7. Use the pointer b the object (as well a5 other palnbers declved
from H) throughout your program fo acoess its featornes o to
control it in different ways,

£ Close the object before vour prograrm lecmlnabes, removiog it
from the screen and returning memory back to the system

This eight point operational therme will take yvou a long way
1 YL h!mh of intuition. OF cowrse whal yvoo actually do with a
hrﬂphl: object may Vary ’_.I'l;‘l.ﬂﬂ'l' fresm program li prosrsm, lsuat
the above theme offen forms a background plan arownd which
your program works, The Intuition function that = ased to open
A window follows the absnee theme very closely,

Arcivien Disbirts
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Thé OpenWindow( ) Function

Wour knowledge of the Amign so farshoold be encugh that
| el nadieed b el vou that a window' is a rectangolar anca on the
screvtythanis wsed by your programs to dizplay the pesults of
varous Eiand graphic processing. But vou should keow a bit
more than that Before attempting (o open o window in C. Win-
dows can el diffierent siees and located at dilfferent locations
within their paferg@erecn. They have the ability to display colors
using o concept @alléd “color indirection”, in which a large
number of possiblé colors are accessied indirectly through o
smaller numbser of hardware pen registers, The total number of
different colors that they can display simultanecusly diependson
a property of the window’s parent screen called depth. Windows
can #lso have attached 1o them gadgets that allow them o be
positoned and re-sized by the tser independent of vour pro-
Bram

This long list of characteristios and moch more can and
shinld be studied initially i BASIC rather than C. I vou are
unfamifiar with any ol them | recommenad that yvou do that
Matwrally | will demonstrate how each s implemented in C, but
| eanniot spend tme heoe explaining the features themselves, |
recommend the text * Advanced AmigaBASICT, by Halfhill and
Brannomn, Compute Pablications, 1984,
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Figure Two

The u

af OpeanWindo

Witkin the context of Intultion a window is a graphic object
creabed by the OpenWindow () tuncton. This function accepis as
an argument the address of & structune thatk contalns a description
il thewindow vouwant, and it returns the address of the window
thiat it creates foryou, or a NULL if for some reason it canswot ful 1l
voruif request, Your program will interact with this window object
primarily by knowing tis address. MNaturally O belng a high leved
language, provides thi conceptaf palnters {K&R, page 93} o deal
with such bssues and as a resuli aperating mvelving windows
rely heavily on the use of variows pointecs. But hets start af the
beginning.

Here are the operational steps required to create and use a
windom':

1. Declare and imitialize o structure of type “MewWindow" o
hild & description of the window you want lo create. The
definition (templale) of the NowWindow struchine appears in
the header fle <intuiton S intuition_ ks

Fod

Dieclare a pointer io "struct Window ™ tohald the address of the
wimdow thak will be ereated by the OpenWindow(} function,
Pdosber thund this nok an instance of a Window structure, But only
a pointer to one, Initialize this painter to NULL. The definition
{templatel of the Window structure appears in the header file
<Intuition, intulHom.h

& AC'S TECH

1. Open “intwition library™ if vou have not already dome =0

4. Using a séries of assignment statements store i each member
of thie New Window structure the characteristios of the windins
that you wanlk

5 Call the OpenWindow() function using as an argament the
address of the description structure and assign the valus re-
turned by the function (address of the window created | o the
pointer declared in step two. Cast the assignment to the correct

by,

f. Test the value that was retumed by the CrpendVindow () func-
Hixrr. 1t will be either a legal address for a properly created
wrindinw, or a WULL I for somae reason one could not beerented
Take corrective action 6f i is AULL Any attempt (o ose a
window through a NULL pomier will crash vour machine

7. Use the polnter to the Window (as well as other pointers
derived from 1) throwghoul your program as an argument in
varios functions that display text and graphic imapges

. Close the Window before vour program termibnales, renuning
it from the screen and returning memory to the system.

Sew Figure Two for a graphis representation of the operation of
opening a window,

NewWindow Structure

This is the structire in which vou stare all the charcbertstics
od the window you want the Cpon Wind ow{) function b create foe
winid. | call ik the description structure, Like allstructures it eonsisis
o o Jist of members of different vpes (KR, page 127, View itas
o Kind ol shopping list, Below §list it members a3 defined in
<intuition fintuition. hz header file, with theescoption that | have
remoy e all the comments,

& o

Some of them are self-explanatory, while others seem a Gittle
odmcure, Let's go throogh them all guickly, just to oet o general
idva of what they do.
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Thar LeftEdge and TopEdge members of this structune refer
to the position of those sdges of the window from the op Leit
corner of its parent soreen, measured in plsels. Widthsnd Helgli
are its sixe, alsomeasisred in pivels. The DetallPep member npfiers
b thie hardware colos reglster used for ming dexd that vou weant o
appear i the window's bithe bar. BlockPen i the regaster used for
the background of the ttle bar and bBorders (if any]. Most win-
diowes use register U (biue) for DetallPemand 1 (whdie) for BlockD e,
bul vou may use whatever registers yvou like, The IDCMPFlags
b refers to g special message system that i wsed o commag-
nicabo with the winddow via the kevboard or mowse. Tha Flags
mesmitsr rehers to several features. such as whethor the window
will have system gadgets, whether it will be sctive when L opens,
oo o [t will deal with remembering its conlents after being ne-
sied or lemporarily coversd up by other windows. Somie of these
teatures affect the previous IDCMP message svstem as well, The
Caadpets and CheckMark members are used i vou wanl the
window to have Em.'lE,t'Lh of & meny checkmark o vilur awn
dn.-n.'ign. Tha Title membeér I."I_1i.T‘||.'!1 fo a r.l:l.'il.'l.,uI comstnnk that ¥
wanl o appear in the window’s title bar, The Screen membser
poinis bo fhe screen in which vou want your window tobe placed
The Bithlap member points o an area of display memory re-
qured  If you wank ko ouse 8 concepl called SUPER_BITMAR,
which iz another approach io having your window remember its
contents after being me-sized by the wser. MinWidih through

MaxPgghteeder to the dimension extriemes beyond which vou
oy nod wankdheuser b adjust the side of the window, And finally,
by e specifivs whether VO WATIE YOET v imcleviar to 2 appear in the
Workbene Wagirad e in one that vou create voomself - maone about
thit maxk issuned

| understandthathe above overview al the New'Window
structun was very stiperficial. Dont worry, D will come back to i
nest issue, 11 is more important now that vou leam the general
wperation of the OpenWindow() unction and not get bogred
down by delails. Besides. as the foblowing examiple will demon-
sirabe, those members that controel unfamilior, advanced features
can skmply be st o NULL

First Windaw Example

Crenle a project drawer and copy inbo it thee Frst_ Window.c
and its corresponding LMEFle file from the magazine dishetie,
Then copy il that dame drawer the Libs module [(Libs.g and
Libshj Do you understand why Libs.c s not needed?
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¢ ey Sbap b e Librarles 15t 280t e 4 Let's start with the subject at hand, the opening of the
PP o window. Step 1 creatis an instance of a MewWindow structure in
g - which we will store a description of the window we want. |
priml{"Traikin mpeming 1imarianiati; named it Window _Description. You are free to use any name you
iy s ETOY e want. Step 2 declares a pointer of type “struct Window”, names
. ) O it MyWindow [vou can use any mamae] and initializes it SNULL
° This is the painter to which you will assign the address of the

b osrn BLE) 41 Leebpn desiriptleh Fiiotiuse Sesherl., me '&

e [aanyLie Lisi, Tisbige - &l
Wiadow Dmactip=bon. Width « $30i

window whm it is returned by the OpenWindow() function. Step
3 opens “inftuition.library”. Step 4 stores a description of the

ment statements. [ have ardanged them in the Tsting info relatel

Wimdoe [macrip i Leftidn o I35 y& window nio the description structure, using o secies of ascign-

imiow_Descrips ton. keigin v 188 O E’““F!'m puiticnla "
Wisdny fuprrioefion. DotaiThn = & icular interest are MULLs at IDCMPFlags,
:m$ S - ﬂu bR dget, CheckMark, and BitMap, which mean that 1 do not
ity Tme=riye ton. Flags s MCTINRTL | WA NEWNITH, T H.'lm features, Nuﬂ:: the NULL at the Scroen
" i B #Mmmﬁgﬁﬁﬂuf I!_hr Type mlmhum'lflz
g s o e e Work The macro “WBENCHSCREEN is defined
Winkon gt gt on UL o WL in the <inbuition fscreens o The MinWidth through
e it s e MaxHei are all set to gero because the window |
Tiads fmssriptlen Bizheg  ® Wiy want o cres have any ne-sizing capability. Now look at
:lm.ﬂu rr'-mttmihﬂﬂdth - :' the Detaillfen members. The values | have chosen
v i« b should demansir3fe beyond any doubt what sach o does. The
Wik Pevsriptlon Malelgtt = 0y result will be an orange tithe (color 3 in DetailPen) in a black

boeder (color 2 in BlockPMen),
U ogrr BUER By :...“ Dy ezl | !'-_d-l_:ﬁ-l et H.:I.'n fikljEh s Ty , Th lﬁll‘m:bﬂ'rlh'ﬂnltHMIMﬁPlllﬂ. ] I‘HH‘!MEIH]
P sdtremn by Wiadw poamter, wu it the value "ACTIVATE". This is a macro defined bn the header
e i file <intuition /intultion b=, As you know, windows can be acti-
e R S 'I vated or de-sctivabed using the mouse. De-activated windows
B0 Ty o [t rurt W e 1 Ep] mn | DR Pigiep(ise T | | have a hazed wm@wﬂmhﬂ‘ﬂrﬁﬂﬂbﬂ. I asked for
e (Bl oy AR the window to be automatically activated to improve the appear-
oLy (1001 s ' ance of its title bar. Step 5 and 6 of the general operational theme
Clmeiibal ar¢ accomplished together in one tight “if block”, The window
L IREREL I pointer ks assigned, logically inverted, and finally tested for
success all in one line using the popular functional calling stvle
M g B T e s e ¥ ﬂ"ﬂt lmlﬂ 1I.B.I_IEILE_

R PR . thi In the event that o window cannot be created, the NULL
Ry Wyl o slPert, 11, b1 returned by the OpenWindow () function gets inverted to | (TRUE)
St | W Lo i Pprt, "Help me, I stuck in beww im®, 770 l:-ll.tlhlﬁ, thae “!n sktatement 1o succeed and the corrective action
sy LA inside the block to execute, safiely terminating the program.

Otherwise, the window sddress 15 considered valid and the
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program pushes onward. Step 7 involves actually using the
window. To do that you wsually have to specify the window
pointer, or anaddress derived from it asanargument ina graphic
function. | demanstrobe this with three Hines that together position
andl display a message inside the window, Never mind exactly
how these functions work, vou will learn that soon enough. Foe
now simply view them as the part of the program that accom-
plishes step 7 of the operational theme. Finally, and with no
surprise, comes the last step which closes the window, To do that
ot must call the Intuition function CloseWindow() using as an
argument the pointer to the window that was assigned in step 5,

Notice thesimilarity to the closing of libraries last issue. Although
it i= not necessary in this program it is best (o lest the poinger
before closing the window, otherwise the computer could crash,

Initializing Structures

There is another way in Standard C to initialize members of
asiructure. The method conslsts of nitializing the entine stroc-
ture {all members) automatically when it is declared, like this:

| I ikl 4,

. &5 |'\-|._ ¥OL, HL

i Virer milies®, WL ‘
1. 4, e

The above instruction causes the compiléetl initialize each
meamber of the MewWindow structore mrlse'cuﬂtr:ﬁ"ismg the
values appearing in the list. This method is preferred by some

programmers over a long series of assignmernt hltleﬂu.pt']:-m
cause it is both faster to type inand faster o execute. But there afie

problems with this method. If cne number in your data is olif ol
place then all members following it may end up receiving wrorg _

values. But more importantly, this quick method does not use e
struchure’s descriptive member names, You need those names in
orider 1o understand the exact purpose of each piece of data in the
ProgTam.

I you want o verify the purpose of one number in the above
list you will have to search through the header file system for the
structure’s lemplate and then count down its list of member
names unhil you et i the one vou want, Chances are you weill
miake o mistake kn contrast initializing that samae structhure using
individual assignment statements puls those member names
right within the Block of codewlere they are used, where they can
hizlg basth yoou and others understand the program's operation. In
addition, individual asslgmment statements can be armanged in
any order, Grouping related ones together, as | did earlier, helps
ko better undersiand their collective operation.

Oine e rensomn for not waing the above quick inthalization
miethod for a description structure is that you will almost cer-
linly want fo write a module that contains a
function capable of opening windows having a range of charc-
teristics, This Is in accordance with the philosophy of struchured
programming and infaemation hiding, and we will be doing that
next izsue, You will see then that part of the design of such a
function s the interpretation of arguments to it and the
assignment of values o ing members of the descrip-
ton structure. In such situations the above quick Initialization
rinethodd will be of littde value.

LMKfile Macro Substitutions

The LMEFile for this laste UEES 3 AW COMCepE, Macro
substitutions, Two macros are defined at the top of the file for
suhatitubion at different locations within it The frst of these Is the
lene
PR « Flrst_Windos
This line defines the word “PROGRAM” to be equivalent to the
text string “First_Window", The dollarsign operator with paren-
theses causes the macro to be substituted at different locations
within the file. Thus the Instruction:

2\ FROGRAN = §FROGRAUG .o Libe.o

SLink FOM LIRC.0e 0 TROCHANI (o< Like .o 70 | {PROCRAH) LIBRAAY LiRsle 1ih
I8 equivalent fo
LEt] o 28— ] PRI s, 5 L6

FLUSS PREN LIHE s=Piad Weoe salibs g T Fire St LIEERNY LlRakE, | b

The target file First_ Window is produced by linking
First_Window.o, Libs.o and the system startup code LiBc.o.

Similarly the eecond macro:
RS & =h)

Hime

gets substituted st the proper place as an option field for the LC
commumand.

Macro substitutions allow you to use the same LMKFile for

% projects. Youl just change the macro definition of PFRO-

and it will compile whatever new project vou want,
asstiming of course that you want it to be compiled and linked in

exactly [M'im‘-rw AN,

Emnpkfrw an Disk

g s more practice than theory. Tohelp
p'nuﬂmgwi ineludied on disk bwo example projects
that you can ¢ rself. They are called Ball_Anim and

Line_Anim and represent an example that | will be present-
ing next issue. They will help vou gain valusble experience
compiling projecis consiating of pre-compiled modules, Noke
that vou will have fo copy the Libs module {the Libso and Libsh
files) into vach project drawer. I'm expecting vou o do that
yourself. Once you have done that you can go ahead and double-
click the "Build” icon, or enter LME inte a SHELL window,
Observant readers will notice the of asecond module
called Dizplay.o, installed in each project drawer. Don’t worry
that you do not yet understand the purpose of this module. [will
be presenting it next issue. Your main goal here is to go through
the motions of compiling the profect, and that won't change
whether you understand theexact purpose of the modules ar not.
Motice also that the source code for Display.o is not present. It
isn’t necessary. Like Libs.o it is a pre-compiled module that gets
added to your program by the BLink program, The only pro-
grams that schually get compiled are Ball_Anim.c, Line_Anim.c,
and the various header files.

Veousne 1, Musees 3 &3



I have eniered the proper instructions into the EMEFile for
gach project. Make sure you leok &b i and ey o understand its
instructions

For those readers who do net own SAS/C 1 provide com-
piled versions of both projects in the draiwver called
"Compiled_rograms”. Simply double-click their icons. Perhaps
after sewing them you will want o learn more aboul hans they
work, and even try vour own hand at writing similar programs
vourself, An Amigs witha Ceompiler is an exciting combination.
Mote however that these programs ane not intended to be com-
petitive snimations in their own right. Rather, they are instroc-
tional examplies that will be used next {ssue to help me presint
some fundamental programming concepts,

Muore (hn Disk

Before leaving this artiche remimber. that the diskeiie that
eomies with this magaeine contains some valuable background
material to help you better understand the configuration pro-
Erams given in the last issue of ACs TECH AMIGA. You will
also find that material helpful if you want to make modifications
tr those installations yourself,

Next fssue!

Today | barely introduced the concepbol Opening windows
by Intuition, Mext issoe | will present some pifE@mone intrcabe
dieballs, a5 wiell as & streamlined verdion i the férm of & pre-
compiled module, called Display o (voo knew thst was coming
didn’t vou). | will include in its design the ability“todisplay
different resolutions and number of colors, In additien’] Wil
present o subject that is almost always ignored in programming
articles but which ks very important, screen scaling. 1F you have
ever programmed in AmigaBASIC vou probably know that the

dimensions and position of graphic images arg measured wuing
pixel numbers, measured from the top left corner of & window.
Many af the Amiga’s graphlc commands accept these plvel
numbers directly, Unfortunately mist graphic images depend on
some sort of mathematical equation which cannot be expressed
directly in terms of pixel numbers, | have therefore designed info
the Display.omodule twio scaling functions that will allow veu fo
papress equations in thelr conventional form, while at the same
time pass to the Amiga's graphic functions their corresponding
pixel pumbers, In fact, many of our programs will be weeitien in
such o way that they work regardbess of the actual number of
pixels in a window. Hard to believe? Try the following short
experiment in the Line_Anim.e program. Modify line 46 from

That = change the resolubion from LACEHIGHY o
LOWH (high resalution interlace to low resolution non-inberbace,
minre aboul this next Bsue). Compile the program again arsd
execiie it Motice that even though the text characters ane now a
different giwr (langer) they still appear properly centered in the
window, Also, the animation itself remalng well behaved, pri-
serving its original physical size despite of the fact that the
number of pixels on the screen, both harizontally and vertically,
i now only half of what it originally was. This kind of resolution
independence does not happen automatically But is a result of the
wiry we write our programs, | hope to see you nest f=sue,

Now We Are Also The Service Bureau

The same company that Amiga users
everywhere depend on for all their
informational needs now also provides a
full range of imagesetting services to Amiga
desktop publishers, and anyore requiring
“high-resolution output of their Amiga text
or graphics files to film or RC paper at up
to 2400 dpi!

 Users Everywhere Can Depend On For
1y, Professional Imagesetting!

We are the publishers of Amuazing
Computing, AC's GUIDE, and AC’s TECH.
Sowe know the Amiga - and we know what
vou need in a service bureau!

The Service Bureau of PiM Publications
offers the entire Amiga community fast,
efficient, professional imagesetting services

at reasonable prices,

Call toll free 1-800-345-3360 today for more information!
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Recentl}f, we were ordered by
U.S. military officials to explain to
their complete satisfaction just
what a SuperSub is (as we all
know, it's the best subscription
deal around for Amiga users,
since it includes both Amazing
Computing and AC’s GUIDE).

Hdedededr
Thtn, a prominent Congressman
wired to ask us if we would testify
before a top-secret subcommittee
as to whether or not we can pro-
duce a single prototype SuperSub
for less than $500 million (is this
guy kidding? — a one-year
SuperSub costs just $36 — and we
can produce one for anybody!).

4 = gt g |
Finaﬂy, a gentleman called us
from Kennebunkport and told us
to read his lips, but we told him
we couldn't, because we don’t
have a picturephone.

And then he ordered a SuperSub.

AC’s SuperSub -
It's t For You!

call 1-800-345-3360

List of Advertisers

Plzosa use o Reader sanvice cord fo contact those
acverisers who hove sporked your infaras), Adved-
fisers want fo hear from youw. This iz the bast way
they hove of determining the Amigo commiunihy’s
Interests and neeaeds, Taoke o mament now fo con-
tact the companlas with products you want 1o lean |
more about. And, if you declde fo comtocta
acvertser diractly, plecasa tell tham you sow fhem in
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bry Ben Williums, Black Belt Syxtems

About the HAM-E The Library Interface

The HAM-E is an external “display enhancer” for all Omeof the quickest ways to provide HAM-E support in
Amiga models, NTSC and PAL. The term "HAM-E” stands for  your application is bouse one or both of the libraries we provide.
“Hold-And-Modify-Expander”. The HAM-E actually provides  There is a low-level library called hame.Hbrary, and a higher-
twonew display modes. One is 256 simultaneouscolors froma24  level library called renderhame library.
bit palette. The other i 262144 simultaneous colors using an 8 bit The low bevel library provides a great deal of function-
per pixel extended HAM mode. The extended HAM mode has ality, at very little cost in memaory, It is a standard Amiga library,
been designed such that it is much less p “Iringing” than  youstmply open it and then you can call the routines contained
the HAM mode that is standard with the The 256 calar there.
mode En't HAM, and as such has no draw T,

The HAM-E provides the Amiga with modes,  Library Interface, continued...
ind passes through the graphics modes that are the The routines called out in the hamelibrary function
Amiga. The two new modes, which we call HAME { and  table are extremely versatile, and can form the hasis for almost
REG mode, appear on standard Amiga screens that any imaginable low level manipulation of a HAME or REG moda
duwn, go front to back, and overlay or underlay other SCren.
a 100% compatible manner. The facilities are here for building a game from scratch,
Developers wishing to make their applications com- plete with “BOB- like™ routines that allow yvou to use the
patibile with the HAM-E receive the utmost in support from Black (with complete masking) to move game objects around the
Belt's technical personnel. Most applications can be supported odor cvcling of any number of reiisters allows a number
with a minimum of effort on the part of the developer. Applica-  of techniques without any actual data movement on

fiﬂlﬁﬂiltﬂlﬂ&l!l&![}'m the HAM-E will of course require maore the di
E[Fmtﬁln!’dﬂpkmtputﬂhm{m;rhuamhmm]w bauffersi
wintto dao), vet the new display modesarveasy touse and wecan  aseffic

into HAM-E mode screensin large chunks,
I 5 thiat you can handle vour objects in fast

hadp you all through the process. ram;, and library to move the abject b the soreen
quickly. Onee v can elip it with the blitter routines
Wiat's the point? provided, and you have a complete BOB.

The odsjective of this article is threefold. First, we want If your desite is 1 read HAM-E mode screens, that's all
vout Lo know that you can work with the HAM-E display system  here toe. all you have to do bs use the GetRGBPixel{) routine for
easily, Next, we'd like to give you an overview of what methods  each pixel n the image, and vou'll have a full 24-bit readout of the
are available, and how we might get involved with you, If you  mage,
require assistance. Finally, we'd like to help you to understand fhthszmrhnnd,ﬂywnqmlunﬁngﬁrmlputmm
how the HAM-E works. We'd like you to understand the HAM-  of the HAM-E modes, for example youmight be writing
E device to the extent that you may effectively consider pro-  code for a ray-tracer, or some other application that needs to take
gramamdag for it in relation to projects you may be involved with.  it's internal RGB buffers and tumn them into 2 HAME mode

hisi Emajie, I!;mnmdm-lum-_lﬂ:mry is the tool you would use, This
approac recpuires alsi the hamelibrary, however you won't

Programming for the HAM-Edevicecanbeapproached  be using any f:“uu h..“’i':;“g muu—um:?.dnmﬁrmm
atthree different levels, You canuse our libraries, whicharefreely  thuse toals, which is why you need to open the hame library for
avallable to developers. You can use our C language sourcecode s type of operation. )
a= a basis for your own code. Finally, you can program to our
specifications, which are clearty set out for you,
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Table of Library functions for "hame.library”
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The C Code n{gmm-h

Black Belt has made available a great deal of C language
source code which can be used as 0 model for many types of
HAM-E operations, Forinstance, the entire sourco code lo version
LA of our register miode paint program is on our BES (at 406-367-
ABBS/2227), In there, you can find routines to do almost any-
thing, from pixel level access to blitter handling.

C coding for the HAM-E is relatively stralghtforward,
Wesuggest that vou use our “canned ™ low-level routines az much
as possible. bo save yoursell a great deal of coding effort. Or, if you
leel that yeu eould write hgher performance code, you can use
them as examples. In cither case, the path o support via custom
C code i well covered.

Frngmmnd.-}zlg “to the specification”

The HAM-E device = fairly casy o wriite software for, in
any language that allows vou fast access 0 the Amiga’s chip
FETTHITY,

Thie HAM-E tses “pairs” of four-bit, high resolution
piveds fo encode the output pixels. The Amiga maintains a high-
resolution, four bitplane display, The HAM-E devies takes pairs
of these pinels at four bits each, and essentiglly turms them into
single pivels that are ¢ight bits each. are then used to
Inad color registers, select pixel values, ¢ an. The Amiga
doesn’t know what's going om “behind it's back™ prak, and
st handles the screen as it normally would. wy

REG Mode
For REC mode, these 8 bitcombination pixels are

used to create an 8- bit pixel, which chooes a color T

tumber from zero to 255,

HAME Mode

For HAME mode, the 8 bil combination pisols ang used
b specify a hold-and- modify command to the display adaptor.
We use the top bwo bits in the B bit word as ‘control” bits, and the
bottom six bits as data bits, I the top two bits are not e, then
the bottom six data bits are Inaded into either the red, groen or
blue gun output, while the other twoof the theee output colors are
*held” at the value privided by the previows pluel

I thie tweo most significant bits are zero, then the bottom
six bits are used to spociiy one of sixty color registers, or, toswitch
to one of three other banks of sty color registers. If a new color
register is chosen, then all three of the red, green and blue guns
change to the 24-bit value that is in that color register, providing
a “sharp edge” color change. As mentioned before, there are 60
available, [fa new bank is chosen, thisn all three of the red, green
and blue guns are held through the pived that cavses the bank
switch. This allows the image fo contain wp o 240, 24-bit colar
registers which can be used to change colors quite sharply,

without fringing.

Interlace

Whem the Amiga operates in Interlace mode, it's not
really sending out a 400 Tine image. Instead, 1's sending two
comjpletoly separate 200 Hne images, which are simply placed on
the monifor sceven so that they “intesleave”, or interlace, with
each other

fals) AC's TECH

The HAM-E hardware & not aware ol this. [t treats vach
of the 200 line images as completely sepamte objects, each with
it's own seb of up o 256 {or 240, in the HAME maodi) enlor
regisiers.

As a result, you can actually have up to 512 cobor
registers in a REG mode image, and up 10480 color register in a
HAME mosde image, These are divided into two sets of registers,
one for theodd lines in the image, and one for the even Hnes in the
image.

For normal images, this really deesn't tum out 10 be a
large advantage, although it can help somewhat. But there 1s a
special class of bmages whene this is really, really nice to have.
That is, the 3-d images used by the X- Specs glasses, manuface
tured by Haites,

These glasses operate by wsing a Ligued Crystal Display
technology bo create o “shutter” over the entire lons on each
evepiece of the glasses. Then, the Amiga is made o present the
image for eneeye n thieven field of the interlace image, while the
left v s shuttered, or blocked off. Newt. the image for the other
eye s presented in the other interlace field, while the right eve is
shuttered. The resull is that a siereo pairofimages is presented o
e user, and the HAM-E (remember the HAM-ET) can tender
these images with completely independent color registers, and
thétefore complete independence between the subject matter of
the imiages,

Conclusion

Amiga developers who wish to join the those who are
already supporting the HAM-E device [ASDG, Holosofl, Pro-

¥, many more) have many possible kevels of approach avail-
e o them. The HAM-E provides a great deal of functiomality at
ble cost to the end user, and a large number arein user's

ﬁ“i“! Peripherals, Vifual Reality Laboratories, Oxxil, amd
n

i have thoughis for library functionality that wie've
ease contact us and we'll be extremely plepsed to
I your ideas seem reasonable, we'll put them
ickly as possibbe.

stems lechnleal support is alwave available
during mountain ime business hours o provide additional
support, and we consider helping developers with theirefforts in
this matter our top technical priority. If vou have questions aboat
thet HAM-E and developing software for i, please call our toch
support line at {306) 367-55M and ask for Barmy or Ben. We'll be

plad bo falk ko vou!

Let U Know!
WH'I:N.".
AC's TECH Suggestiony

PO BBy
FAl River, MA 027220859
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wasting time dnd code rolling vour own routines and read on,

Although the Exec library is rich in prémr—

accessible functions, there i3 one

function that Is very much under-represented i
bly language programs, particularly those wri
beginners. This is probably because the docu

i confusing. If you have a need to print formatted

sirings, stop wasting time and code rolling your mn%

routines and read on.

RawDoFmi(), pronounced “raw do format”, s
wsed in a number of Exec's higher functions including
KPrintf(), found in the debug lib, DPrintf{}, found in the
dddebug lib, and of course ROMWack, the system
debugger. It is capable of handling most standard ‘'C’

type formatting with the exception of flnating paint.
RawDoFmi() packs an amazing amount of functionalily
into bess than 600 bytes. All of the following 'C type

formatting is supported:

PrHes 0 s

HEITL b e -

BRIDT & UmEcges] lesailEvined oo
PRl b EEFLEg

(F

Additionally, the following modifiers are supported:

Joatifieatim: b/ prik =n friwemer Ledt-lustifisd
Lasd chir smlasts 000 FERT beaipy Eare wTEny Daetesd w0l
Flakd widihi Wil piste W bl Le @ Tladd B oo wids
Flald tnmeweay W00 - oy print e 4 cheen wf dfbege

in @ fEeid 4 spmces uide.

Tats wiams A ETAAL & Ly 1ATEEE

Integers are used here a5 examples, but these modifiers
work with other data types as well, With the exception
of thie modifiers for size and for leading zeros/blanks,
they also work with strings.

by Jeff Lavin

The register usage for RawDoFmi() is:

BamtEfnt RRssai Sty Damalvemgw, Putihives. MilCete
L3 L& L2 LT

Tl T

FormatSir = Pointer to *C' language type null-termi-
formal string.

resnt = A stream of data that is interpreted

acco the format string, Defaults to WORD sizv.
BYTE = is mof supported. Pointers to strings are
always Also note that the data must match the
sizes call FormatStr.

bl presdeory meiled witS meaeh e wSRILE.

PutChData = An address register passed through to
PutChProc(). This is generally used as a pointer to a
character buffer, which must be big envugh to hold any
possible formatted string.

If you find this confusing, you're in good company!

Basically, to use RawDoFmit(), vou need to do the
following:

Wousne 1, Mumser 3 ol
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The data could be passed on the stack instead, like so:
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Remember that data pushed on the stack is accessed in
resverse order!

Then, when you mmmﬁnmRawD@ !
i

o | bl iFir roash

There are a number of things you can do
PutChProc() function. In this example we are
each character o stdout as we get it

)
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The problem with this example is that single character 1/
O takes a remendous amount of overhead for each
character. Here's a better way:

RieTeFree  mmmE e il
it

When you return from RawDoFmit(), find the length of
the buffer and write it all out at once. Output from
RawDoFmii) is always null terminated,

Several more points, and on to the real code. D7 is the
only register besides A3 that RawDoFmi() doesn't save,
and also passes on to PutChProc(). If you want a count of
the characters PutChProc() puts into vour buffer, with-
out doing a strlen{) when it returns, you nead to do the
following:

7 AC" TECH
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Whemn this subroutine returns, the character count will
be in DO If there were no characters output, X will
contain -1. You can test both of these by checking the
flags:
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As stated belore, just as with C's printf{), you canmot pass

bytes to RawDoFmt(). In order to print a byte size or
character data, you must pass it as a word:
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ot being able to pass characters as bytes,
t sign (%) in a farmal string at
ule’ here to get a single %, the way

you can in - 50 how do you print a single percent

sign? Easy:
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Finally, because RawDoFmt() is only capable of printing
m%md integers, you might think there would be a
problem if you needed (o print signed numbers. Here's
One way:
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Because the sign bit is the MSB in our data, separate

routines must be written to handle BYTES, WORDS, or

LONGS. This example above only warks on WORDS.

Following is an entire library of 'C”" type formatting
routines for assembly language programmers;
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Mote: All code used in this article s written in new

MBS000 family syntax. The new syntax was developed

by Motorola specifically to support the addressing
capabilities of the new generation of CPUs.
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WildStar

Discovering an AmigaDOS 2.0 Hidden Feature

by Bruno Costa

If you are 4 part-time MS-DOS or UNIX user, vou have
certainly typed 2 * instead of the AmigaDOS#? wildoard in your
Amiga shell. Unless vou were an ARP (Amigal}Os Resource
Project) user vou would have been prompted with something
like “*.c object not found ™, If vou, like me, upgraded to W ork-
bench 210, you were forced o drop ARP usage to benefit froam the
new and really improved operating syslem, This time there was
no way oot vou would really need 10 leam using the “#"
wildcard. And that is what you did — or at least what you tried
todo. But {here s the but you were waiting for!) there isa solutbon,
& solution already implemented by Commodone programmens
that is hiding quietly, deep into AmigalXO5 20

Thee solution to this wildcard compatibilify probliem was so
simple, | wis not surprised to see it working™in 18 than five
minutes (it was meant fo be either a compiete stctess or a
complete failure). It involved simply the change of e sifighe bit
i the AmigaDO0S root node—a global structure that holdssgme
AmigaldOS sysfem-wide variables. Studyving the new inelude
files provided for Workbench 2.0 programming, | noticed thabtha
RootNode structure had, among others, anew field called m_Flags
which had only one bit with a defined meaning. This bit was
defined by thesymbolic name RNB_WILDST AR—it surely meant
eithir what 1 wanted it 1o be, or something really wild! 1 wrate a
simple program to toggle this biton, and after compiling, quickly
typed a “dir*.c” to see thata new ern inmy Amiga Workbench 2.0
usage had begun,

Note that this feature was, o my knowledge. completely
undocumented. 1t was not mentioned inmy early version Work-
tench 2.0 “Using the System Software” manual or in any of the
other manuals that came with my Amiga 3000. Even further, the
bit definitions present in the include Gles didn't have any ac-
companying comments. Under such circumstances | don’t have
any explamations why this feature is not teoned on by default
imaybe a persisting bug, 7). or why there isn't something like an

iy

ervironment variabde that could beset b 1or e tum the feature
ian oF eif. | have been ustng this little command inomy startup-
sequence since the moment [ discovered it worked. There ks only
ome minor nuisance! when used alone in o pattern, such as in
“copy * to ram:”, the star will not mean what you would expect
(copy all files in current directory to ram: ), instead el moan the
cuerresik shell window (a8 it did when used under WB 1.3 or a
default WB 2.05. Apart from that, [ think this iz a very welcome
compatibility enhancement that works with all the AmigaDOS
1.0 commands that accept patterns
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SYSTEM CONFIGURATION TIPS
FOR SAS/C—ON DISK!

by Paul Castorguay

Last issue you saw three different installations of SAS/C for a
twio floppy Amiga, each one differing in how it used system
resources o give you an environment in which you could
write, compile, and execute programs written in C. Evena
512K system proved to be a very powerful C development
workstation. In this document [ will discuss those installatons
in detall.

BACKGROUND MATERIAL (Skip if you like)

DEVICE NAMES
A devior name i Amiga X5 s any legal name whisse lnst
character is a colon. The name dil: is a device namsagid it
represents a physical acoessory connected bo your compler,
the external floppy drive. Thus dfl: is an example of & PHYSI-
CAL DEVICE MAME, o
But the Amiga also has the ability to recognise other
things through the use of device namies, The gasiest to under-
stand Is the volume name of a diskethe. Suppose vou have a
diskette whose volume name is My_Work and it ks mounded in
dfl: To see what is on that diskette you could enter:

ofr
1

The second way refers to the diskette not by the physical
devioe in which it is mounted, but by its volume name. That is
an example of 8 LOGICAL DEVICE NAME.

Perhaps vou are thinking that My_Work: should be called
a physical device name because a Hoppy disketie is something
physical, something that you can touch, Yes you can touch a
diskette, but you can’t physically touch its volume nams. In
fact, that name can easily be changed by using the "Raname”
item on the “Workbench” menu. Benaming o diskeite = an
operation performed by the Workbench program, and a
program at its most basic level is nothing more than o series of
logical operations inslde the compuler's central processing
unit. Thus the volume name of a diskette is a logical property,
mok & physical one, and since adding a colon on the end makes
ik also o divice name, we get 3 “logical device name”, If vou
use the volume name withouwt the colon the compuler does ot
recognise it 4 a device but looks instead for a file or directory
of that name within vour current working directory.

74 AC's TECH

Amigald5 siretches the concept of divices even further
by allowing you to define a logieal device name for any
directory in your disk filing system. To do that you use the
Assign command, Suppose in my previous example the
diskette My_Work had two directories on it, C_Programs and
BASIC_Programs. You could assign device names to each, like
thi=

ARELgn My O+ Wy Work C_Frogoass
AR ¥y B My RnpeEUIE ProgT s

Mow you can refer to these directories conveniently by their
device names rather than their langer path names, The
comrmand:

oLy my.Cr

firndiuces a report of the files stored in the directory
My Woek-C_Programs. Again, the last character of a logical
devicd name must always be a colon,

The Assfigndommand uses the following format:
AnnigW alalow fuwes sdirectory s

To see a report of the logical devices (as well as the physical
onies) that are currently defined on vour system enter the
Azzign command with no argument. Here is that report on my
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The report is divided into three sections: Volumes, Directorles,
and Devices, “Volumes™ represent the names of the diskettes
that are presently recognieed by the system. They correspond
tiov the disk icons appearing on the Workbench screen, “Directo-
e represent the logical device names that have been
asstgned to various directories in the disk filing system. You
can see My_C: and My_B: at the top of the list. “Devices”
represent physical devices attached to the system, printers,
disk drives, and stuff like that,

TWO KINDS OF LOGICAL DEVICES

There are two different kinds of logical devices in thegroup
called "Directories”. The first Is called “User LogicAlDevice".
My_C: and My_B: are examples of that. They were :

e, the user, for my pwn purposes, The other is called

Logtcal Device™. These are special reserved device namaes thal™
have specific meaning to the computer, They are assigned
avtomatically during boot-up. To be able to configure youar
Amidga younsell you must understand the purpose of at least
fiovar o thisse System Logical Devices.

C: DEVICE - COMMAND DIRECTORY

This is the System Logical Device in which all Amigal}08
commands are stored. On a generic Workbench diskette it s
assigned fo the Workbenchee directory. Whenever you enter an
ArmigaDOS command the systern looks for itin the C: deviee,
also called the command divectory. [ there Is no program of
the name you entered the computer responds with “Unknown
Command".

8: DEVICE - SCRIPT DIRECTORY

This is the System Logical Device in which all scripdt fes are
stored. Script files arg text filés containing AmigaDOS com-
mands: The most important of these are the Startup-Sequence,
Startupll, and Shell-Starfup files that pet executed automati-
cally at bool-up Hme.

FONTS: DEVICE - FONTS INRECTORY

This is the System Logical Device in which the Amiga’s disk
based fonts (fancy looking letters) are located. They have
names ke Diamond, Emerald, Sapphire, ... #lc. They can be
used b give your programs a mone professional appearance, In
this series of articles we will study how o acors these Tonts
from our C language programs.

SYS: DEVICE - THE SYSTEM INRECTORY

This System Logical Device serves the same purpose as the
volume name on your boot-up disk, The computer needs to
refer to the boot-up diskette often for its general operation, but
that volume name can be changed by vou. It therefore uses its
own name, the logical device name S5:, which s assigned
automatically at boot-up ime.

There are other System Logical Devices that are important
for the computer’s operation but | will not be doing anything
with them in my discussion of system configuration. You can
learn about them by reading any AmigaDOS reference book,

RE-ASSIGNING SYSTEM DEVICES

The most powerful feature of system devices is their ability to
b re-assignad by the user. You can try this oul yourself from a
SHELL window, Enter the commansd:

IaEkgn FErma; BRI
Then enter:
T H

You pow see that the Fonts: device points to the RAM disk
That means that software wanthig to use the Amiga's disk
based fonts will look for them at that Iocathon. But there is one
problem, there are no fonts in the RAM disk. IF you try now o
rum such software it won't be able to find them, You had better

change it back.

LT 1

i

Exciin ETRIFESLS

MAKING ROOM ON A WORKBENCH DISKETTE

T am ofte by beginners how to make ¢xtra room ona
boot-up (Workbench) dislette. The usual reason for wanting to
do that is 08¢ all to riun certaln software without having o
perform a muftitudfe 8 disk swaps, In our case we want fo use
the SAS/C com el we do not want o have 1o flip
diskettes every time we compile a program, At the same time
wo do ot wank to loose any imporlant features that come on'a
standard Commodiore Workbench diskette.

You should mever just blindly dilebe things off vour
Workbench disketee, Often what you delobe is important for
the operation of your computer. Davs ar weeks later you may
fimd that certain programs, or indeed certain features of certain
programs, no longer work properly, By that time you will have
forgotien what filiss you have deleled, What a mess!

SYSTEM RESOURCES ON TWO DISKETTES

A better approach = to diztrbute vour Amiga's resources over
two diskettes in such a way that the most frequently used ones
are convenienily located on the boot-up one, while the rest are
transferred to the other. You might call this second disketh:
"Waorkbench_2". But that's not all yvou should do, Yoo shoubd
also make sure that the system knows where o find those
transferred resources when il needs to use them.

Viaruse 1, Museee 3 i



For example, you might think that the fonts directory is
nid important enough o keep on yvour bool-up diskette, |
agree. But if you blindly delete all the fonts they will no longer
be available for sodtwitre that needs o use them. Worse, vou
yourself will not be able o access them from within your C
programs. A better approach would be to transfer your fonts o
a second diskette and to inform the system where it can find
them by assigning the FONTS: device 1o that location. By
doing that vou will both save room on your boot-up diskette,
i still be able o use the Amiga’s disk based fonts. When you
run a program that needs to use them the svstem will ask you
ti;

3% 1y ay delias

Alter your program reads whitever font it needs, you will be
able o remove Workbench 2 and re-insert another diskette for
the remainder of time that you use thie program. Often the font
will remain on the system after your program has berminated,
allowing you to fun the program again without having to ne-
insert the Workbench_2 diskette.

STEP BY STEP PROCEDURE e

TO MOVE FONT DIRECTORY o

To make sune vou understand exactly what [ am Tith
let’s work together and modify a stanadand (generic &
bench diskette to wse a font directory kcated on a se
diskette. To perform this experiment you will need one

dizkette and one unmodified copy of Commodore's Wi
bench

Step 1
Hesosb-up using a generic Commodon: Workbench in dith and a
blank dizkette im dil:

Step 2
Format (lnitinlize) the diskette in d1: calting it Workbench_2

Shpe 3
Open a SHELL window and enter the following commands:

Maalr) - 0T rFanea
iy Fotii to dHliToats il

rleme POiRa) dl

Step 4
Enter the following commansd:

B! B ORrbip-Sagaance

This opens the ED editor with the Startup-Sequence file.

il ACs TECH

)

Stepr 5

Using the [DOWN-ARROW] key move the cursor towards the
end of the file and invert the following new Hoe immediately
before the Load WB command:

Aaaigh MRS Borkbencs TiFoae

Slep i
Preas the [ESC key followed by X and [RETURN]. This saves
the filie. Wait for all disk activity 1o stop.

Step 7
Re-boot and confirm that the system font device is now
pointing to the Fonts directoey on WorkBench_2 fuse Assign
command in the SHELL window ). Also verify that your
workbench diskette is now only 85% full (use the Info com-
mand in the SHELL window), Try using the fonts by executing
the Notel'ad program and confirm that they are lnaded from
the Workbench_2 diskette.

Thus vou have created room an your boot-up disketle
without lovsing the ability to wse the Amiga’s disk bisid fonts,
When you boot up with this modified workbench the system
will ask you to insert the Workbench_2 diskette in order that it
can assign the FONTS: device to the correct directory. Insert it
in dfl: After boot up you can remove it. You will not need i1
until you rum a program that eses the FONTS: device.

That completes the experiment.

is an added advantage 1o transferring the disk baged
to @ second diskette, You now have enough room Lo
m with them the extra fonts that come on the “Extras
. Courier, Helvetica, and Times. That will give vou

ten elr fomits o use in your programs.

MANDS FROM C: DEVICE

miake room on a boot-up disketie o
3 from the command directory.
careful you can get vourselt into trouble,
especially if you have little knowledge about what it is vou are
removing. Instead of fust deleting commands viou shoubd
transfer them bo a second diskette and inform the svsiem
whare It can find them in the event that they are necded, just
like vou did for the fonts, But in this case you will ot be able
o re-assign the C; device 1w Workbench_2. Tt must remain
assigned 10 5Y5:e where your most frequently used
AmignDO5 commands are kept. Therefore, in order Lo inlorm
the system of the location of transferred Amigald0S com-
manics, vou will need ioouse a new oncepk.

SHELL ALIAS

Allas is o SHELL feature that allows vou to redefline the names
of comimands and programi on your svstem. For example,
suppasg you are an experienced THV-PC aser and you want to
use the word “Erase™ in place of the Amigal305 Delete
command for removing files from your disks. You could



simply rename thee Delete program in the commansd direciory
from Delete to Erase, but | don't suggest vou do that. Someone
else using yvour computer would not be able 1o figure it out,
Besides. as vou use your Amiga more and more, and your [HM
less and bess, vou may find yoursell wanting o uwse Deleti
instead of Erase. Another supgestion might be to make an exira
copy of the Delete program in the command directory and call
t Erase. That would work but it would alse waste valuabie
disk space. What you really need here s a way to make both
commands work on the samo program and that is where the
Adlas feature comes in. I allows you b wse 4 new name for an
already existing command. Enter into a SHELL window:

The above Alias allows you to enter the command Erase and
the computier will substitute in its place the command Delete.
At the same time the command Delete still works normally,
¥ou can get a report of the alias definitions that are in effect on
vour systemn by entering the command Alias with no argu-
ment

Uinfortunately, the above Alias definition is nﬂt‘d‘i%ﬁi'ﬂ in
vour current SHELL window. If vou open up amthr'l;?
doubbe clicking on the SHELL jcom vou will find that ,
command is unknown in that window. But there ks a simple ¢
solution. You put your alias definitions in the file called “Shetl
Startup”, By doing thal they will get established automatically
at boot-up time and will be effective in every now SHELL
window that vou open,

ALIAS NAMES FOR COMMANDS

ON WORKBENCH _2 DNSKETTE

It s possible to transter coertain commands from your com-
mand directory b the Workbench_2 diskette and to infoom the
synbem of their new location by giving them alias names. Using
thie same dizhettes from oor earlier fonl experiment, onder nio
the SHELL window:

et ey 1t
Wit AbneR_de

Mol £
gl Lk &

tmlute Cil6

That copies the Ed editor to Workbench_2 and deletes it from
ther commuand dirdctory. If you now By o use it by entering:

b vam.

it will not work. But, if you enter the following commanad:
Alias Ed Workbench_Zw/Ed

And try again:
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The systemn picks up the program from the Workbench 2
diskethe.

Press [ESC], then 4, then [RETURM] to leave the edifor, Mole
f thee Workbench_2 diskette is not phy=ically mounted
whep vesu enter the above command the system will ask you

y

vour can bransler commiands from your

riothier disketie amd Aot loose th
Yiou do that by defining aliss names that
ath at the new bocation.

ability bo wse i
specify their enti

SMALL PROBLEMS WITH ALIAS
An alias works fine when you enter commands from a SHELL
window, bul not when you use the older CLL You see, Aliasis
st @n AmigaDOS command but a feature of the SHELL
window, available only on version 1.3 of the Workbench. Ths
to use this lechnigue you will have to upgrade 1o AmigaDOS
13

In addition alias names will not be recognieed by the
leonX, program (running & script from an icon), although they
will wiork fime if you execute that same script from a SHELL
window, It turns out that this Is a minor restriction because
someone who runs scripts from icons usually has enough
system memaory to make those commands memory resident
anyway, remaving the probliem. | will present the concept of
making commands memory resident in o few minotes.
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PRACTICE USING ALIAS NAMES

Since there ix lots of room an the Workbench_2 diskette and
since you will want to experiment a bit deleting different
commands, why den’t vou copy your entire commarnd
dimectory to Waorkbench_2. Enter the following command:

Orew O oo Seribeech 2z

That way you won't have to bother making sure that you have
previously copied commands o Workbench_2ie before
deleting them from the command disectory. They will all be
there already.

Thers are two commanids that you can safely delete from
your command directory and transfer to Workbench_2, Ed and
Edit. You can alse transfer DiskChange and Lock if vou do not
havea 5 1/4 inch disk drive unit or a hard drive on your
svetem. Simply add an alias definition in each case to the Shell-
Startup fibe.

Llian B Wrribesas foeid

Allan EE Merkbeeach Jio0/IERE

Kl imn [ siTramgs Merkisnch T/l ::&e
-

11 lew Loow Weribweci e loek )

You can do the same with o number of other co nits macept
that you may also have to modify the Startup-Seq a5
wll (the fike in the S: device that gets executed when vé

up). Note that the Startup-Sequence file executes from a ™

version 1.2 CLI command windaw, not a SHELL window 2

as a result it does not cecognize alins names, The solution is o
maodify the Startup-Sequonce file to inciudi the entire path
nami of any commands that have been transferred o the
Waorkbench_2 diskette.

A good example of this is the SetPatch command. This
command is used only once, during boot wp. Thus there is litthe
reason to leave it on yvour boot-up diskette. Defets it from your
command directory and change the first e of your Stachup-
Sequence from:

BFRzch alil: i pateh myelam [uhZtlew

{3

e ilemes 2 0 I PRI SIS rpateh men fanct L

For fubure refecence you should also define an alias for itin the
Shell-Startup file.

Alles Sarfutch Moribenel] e/ SecBgtcs
Thus you have deleted a command from the command
directory, transferred it to Workbench_2, and told the system
whene it can be located o necded in the future, Incidentally, if

you have 1 Megabyte of chip ram on your system you should
use the “r* argument in the above SetPatch command.
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You can do the same thing with the AddBuffers com-
mand. Again you must change vour Startup-Sequence from:

rratiars 2o
cicmif fora cf1e 39

Eorihenesy Yoo rkdifreey AFG A0
worisench, Too/AEl feew AL 30

Then add an alias definition in the Shell-Startup file.
Al Adthof$ers Boridwnch Jqe) S50 fery

A vou gotting the idea?

ONE MORE WAY TO SAVE DISKSPACE FROM C: DEVICE
Yes, | still have another trick up my sleeve. However this one
iz only for owners of 1Meg or larger Amiga’s becatse it uses
up viluable sysiem memory,

A vous kvow Amigal )OS commands are stosed in the C:
device on the Workbench disk. Every time vou use ane the
system must firsl boad iis eorresponding program from the C:
device an the floppy diskette in order that it can be executed.
This makes the Amiga seem slow and sluggish compared to
other computors. But that's not the way the Amiga was
intended to be used. Instead, depending on how much

you have available, you should teansfer your most
uently used commands to system memory where they will
¢ instantly, Enter:

R
) TTHEE
4 &

From M whenever you enter the Dir command the
svaiem wlllw on in system memory, not the one on
the Workbench fact, the Workbench diskette no longer
needs bo be v maiounted dn diflk for thie Dir command to
work,

To see a report of the commands curnently resident in memary
on ¥our system enter the Resident command with mao argu-
mienk:

Famidant

Here are the ones currently defined on my 2Meg system:

HE =] [ T
Ramigm i}
S i}
S e 1
[eletn !}
1. '}
Echo i}
Plem i



As o can se, | use quite a few,

To automatically muke AmigaDiOS commands memory
risident at boot- up time vou must place instrections in the
Startupll fike, net the Startup-Sequence.

If vou make a command memaory resident it maks®ense that
you o longer need to keep a copy of it in your C: déviee.
Remember however that if a command is deloted fren G0 the
resident command in the Startupl] file must refer (o it ks
complete path mame, tike this:

Thus the Dhr command gt loaded into executable memory
directly from the Waorkbench_3 diskette a1 book-up time and no
lenger needs o be kept in the C: device.

in addition you must realize that during boot-up the Martup-
Soquience file knows nothing about these resident commands:
Thi= k= a similar problem to the one deseribed above where the
Startup-Sequence did not recognize aliss names, The solution
s the same, modify the Startup-Sequence ke to inclede the
complete path name of any command that it uses from the
Workbench_2 disk.

A good example is the Eoho command. Suppose you delete it
fream your command directory. The resident command in the
"-La.rlup-”. file must speciiy:

and the Sartup-Sequence file which wses the Echo commanid
st wset its full path narme:

v ks e fiche CREige won BRsncl Lk, R sl | L2, PRGN )M "
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1 have presended thres ways of making exira room on your
boot-up diskette without lv.-n-::n;.rh any of the features normially
available ona'Cammodorn: Workbench diskette:

1. Transier nsysten fogical device to a second diskethe and
re-assign thal @evice (o let the system know its new
oncation,

2 Transfer AmlgaldS commands to a second disketie and

use alias  namaes 10 let the system know their new
location,

3. Transfer AmigaD0S commiands bo a second diskette and
make them memory resident by loading them directly
fromm thelr  new bocation

Muor dnforunebion ov the dnsfallntion af SAS/C G contacied an the
errctnse disk.

]
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Hash for the Masses

h Tables

An Introduction to Ha

by Peter Dill

Micholas Wirth, creator of the computer languages
Mascal and Muodula-2, tithed one his books on programming
Dlata Strichires + Algorithms = Programs. Sunely this title is ome
of tantalizing simplicity for someone trying to decompose a
programming problem inko these manageable units, There is a
definite interplay between algorlthims and data structures—
soamat algorithms place heavy emphasis ongapid data inser-
tions and queries, whihe for others it is mofe important o
guickly find data items that are related lexigraphically. With
enough work by a programomer, any data stoucturesill alloe
mecesk bo its data in whatever manner is desired Showover
every structure has cortain patierns of access inowltlely fexcels.
The Damocles’ Sword that hangs ovier all embsryonic programs
is the fear that the need to manipulate data in non-optimai
ways will crop up and results will be ugly and waorse, slow

Chovedrg o data strscture which performs poorly fof
the demands that are made upon il &= to risk a program that
rurs oo slowly o be uselul. To avold thes result, one must
gither modiiy the algorithm or change the data structure, In
most chses compuler programming invalves negotiating the
incompatibilities betvween thie most obwious ?|1FI'I1'i.|‘|'IITI and the
mixsd natural data structure. With this in mind, it is imporiant
to have a range of data storage methods available and to know
thelr strengths and weaknesses

A hash table iz a storage scheme which excels in guick
deletions, inserfions, and queries, and is a good match for
programs that make heavy use of these functions. This artiche
|_r.i=.'|_'g:- am overview of the concepts behind hns-hing_ rramines
the situations were it performs well and those wherne it does
nod, and gives code for o standard Hbracy which will allow any
user program o incorparabe this dota stracture with just a few
function calls.

An Easy Example

The chodoe of a data structure tor a program is
influenced primanlyby the nature of the data beirg stored and
the way it will be accessed. Consider the following vencrable
computer science pedagogical problerm:

Wil a program fetters.c wiich delermines B mimber of
gccmrreances af cach alfphwbetron! leffer in the mprt.
Oyl shonld be a letfer paired wibth B freqirenoy of ifs
presvvice i Hee deigrand dihe
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L course ong way solve Ui problem B io hive a
lot of statemnerds Do if (impir_oh == “A') Nom_A++;. Intu-
itively, there must be variables which will keep track of the
number of each letfer observed 2o far, but o have 26 varables
and 26 F statemients makes for an Lmnmrily ||_'-n|;1]13. and
cluttered program

Oine obvious uptimization facHo = By wse an ATy
with 26 elements to hold the information about each letter—
perhaps something Hke:

But which leter abwadd go im tnbdef 017 Efthier we could
puteagifetter in the order it first occurs in the input, or we
could asstgmithe letters bo the array indiexes using the ordinary
ordering: A o (1, B 1o 1 and =0 on, 1 we opt for the first
method, thengo update the information for a particular letter
we would start@t Imblef (] and loop through all the elemonts
unt] we got to'see that is storing the letter we wre inleresied
im, This method. s similar to the method with many (f state-
mamits in that we rummage around to find the storage spol we
need. The advantage |= that no we need ondy ane armay and a
short loop to accomplish the same thing

The idea of using the normal alphabetcal ordering i
position the letters in the array is more inferesting sl 1)
almpst seems redundant to store intdel 0L lshier = A" because we
know that the first letter will always be the first item, Even
worse i the kea of looging through the array o find the
information for ‘1Y whien we knosy that it will be in the fourth
slof. What we need s a way bo turn this association inbo
something that the compiler can understand

T do this, we use the fact that letiers are given a
numerte ordering in C by ihiele ASCH codes, These codes anen't
going to be in the same range as the armay indexes, but by
converting thoem, we can move freely between the tdea of an
alphabetical character and its posttion in the data structire.
Figure | shows an implementation of letlers.c thal uses (his



idesa o reduce the whole program to a few lines. Notice that
the program goes right to the array element il wants without

searching to find it

Variation on an Easy Example
A slight variation on [ettere just considered is the
following problem:

Write a program mordac which keeps trick of Iome many
times irtigrdual worads in the npat fle occwr. The
program shorld also keep a list of Hie pages i Hie file an
mwlricht @ sword appears,

The algorithm for this program is as simple as the one
far fetfers. Take the current word in the inpat file to see if it i=
already being stored. If it sn't, then tell the data structure o
add it with accurremes = 1. 1F it is already present, then just add
one to the frequency count. The current page number ks
determined by the current line of the input file.

For each word we will have to have a structure that
kavwps track of a number of things. We need matring to store the
word itself. This field is knewn as the h::ra' s what thi:
data structure will be organized by, The data re will be
geared to performing actions using the key field a record
with a given kev; insert a rocord with this key; a rpcwrd
with this key. Notice that we will never be doing i
like looking for all the words that sppear on page 48
that we will be accessing data by only one key field will be
important in choosing a data structure.

Also we will peed an integer to represent the number :

af times the word has occurned, and a list of integers that
represents the pages that contaln aceurrences of the wond,
Some words might be in the file only once and so will have
anly one page in their list. Comman words, however, probably
appear on every page and consequently would have a long list
Because this number of pages will vary =0 widely, it makes
periae ko store the pages in a linked list 50 as to use only as
much gpace & necessary.

Likewise, becatse the number of {ems to be stored
can't be determined until the program is actually run, it is
necessary for the program’s main data structure to be dynamic
as well. A dynamic structure, such as a linked list, has its
maximum number of elements limited only by the amount of
memory available and can add new items while the program is
expcuting, This contrasts with static struclures such as arrys
where the maximum storage space is fised when the program
ts compiled, Notice that in [etters.c a fixed array size wasn't an
obstacle bevawse we had prior information about how many
items wonld have 1o be stored.

In most cases it is not possible to find ilems in a
dvnamic data structure by selection so a traversal sistem st
b used. Selection is a method of data access where we
compute the subscript af the armay element we are interested in
and hence are able to go directly to il By contrast, in traversal
the structure elements are considered one at 4 Hime until the
appropriate ilem 13 found. In the final version of leffene , we
were able to use sebection o locate array elements. In order o

determine if a given word is in the strocture in a linked list that
is prdered & Iy, we follow a traversal procedure that
searches from the beginning of the izt until it finds the key (a
hit) or & word that is lexigraphically greater, in which case it is
known that il key wond lsn't present and the search can be
aborted (a miss),

Considering that almaost all of the execution time of
cpords.c will be thee result of the time taken by operations on thie
program’s-main dat structure; it is important to examing how
a linked Hist will perform for an average guery operation.

For a given key word, it is possibie that we might find
It at the beginning of the list, we might have tosearch all the
way to the end, or we might be able to stop the search some-
whiere part way into the fist, Over a large number of words, 1t
can be expected, that we will be able to discontinae the query
after checking hall the list. So if we cail the time taken o check
a single recard of, and bt 5 be thee length of the list {one record
for every different word in the input file), then time taken by
words to process a file with & many strings will be roughly 1
{1 X /20 OF eourse, as the program loops through the input,
it will be expanding the Hst size s 5o this is anly an approsima-
tion; nevertheless, we can make some wseful generalizations, IF
worits were run on an on-line book that had a half-million
words, 107 of which form the vocabulary for the book, then
the program would perform something on the order of 125
billion key chiscks; even assuming that o 15 samall this could
takir 4 long time o execute, Since we can't change i, obviously,
by reduce the runming time we need o reduce the Hme laken to
query the data structure to as small a number a2 possible.

Query time, then, is the principle concern in chossing

structare to implement the algorithm for this program.
¢ o method of interpreting the index of the array was
u allowed the data to be pccessend with no searching
at dl.hﬂw th of Lime taken to access the appropriate record
Wak v the kmgth nécessary to convert the key info an

array inchigx; racteristic 18 known as “constant tme’" s
the queries alwnys some constant length of Hme regard-
bess of by s being stored, A constant time query
data structure is Idportant because no penalty ks paid as the

data st Increases—in contrast to a lnked list implementation
ool ords discussed above, a hypothetical constant Hme version
would need only half-e-million key comparisons. So if ¢2 is the
time taken by a single constant time query, and i ] = c2, then
this new program would be approximately 25000 times faster.
Apparenitly, a linked list woulbd not be a good choice
for the main data structure for pords., Unfortunately. it is not
abvious how to turn an array into a constant Hme query data
structure which will fit this program. The first problem is how
to tarn @ key word inte an array indes. The instance whire the
key is just a single ketter is almost trivial: when the key & a
string of characters things become more challenging.
Secondly, assuming that we take the first 12 charac-
ters of the key (o be significant, there are over 85212 possible
koywords, Matce in [eltirac there wis a one-to-one cormispon-
dence between the number of permutations of the key and the
size of the arrey, Now, however, it would clearly be absurd to
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Figure (ne

Hashing Functions

The tertn hash function is used to refer 1o
both the function that converts & key into an integer
and the function that coinverts that a key inio a
inbeger in the range of the array index, For the sake
af clarity | will refer to the first function as ) and
the second as v ), Obyviousdy ikl = gik} s size where
star 15 the number of indices for the array and % has
i#s usual meaning as the modulus division aperatar
in i, O cosurse the plan is o store the record with
kow bl daoddef kIS

A hash function should satisfy the fallowing
criteria:

* Should spread values over the full range

# Should be possible for short string o hash o

ilkocate $5212 array elements, especially considering that our
knowledge of the inpul data bells ws that wéslll maost Hkely
s bor st ) few ten-thousand records :

There s a theorem of combinatoricSdown as the
Pigeonhole Principle, which states that in trving to Putn+1
object into o pigeonhobes that some pigeonhole is gaingto get
mre Ehan one abject. Knowing that in dealing with o thedeeti-
eally huge data set of English weords and the moch smaller
array ke that can physically be allocated for data storage i
will be necessary 1o assign some of the possible key permiita-
tismd B0 i singhe array index; the second challenge is what to do
when bwo such wards actually occurin the input file,

When we have methods for converting a string into a
valicl armay index and for handHng sttuations whene more than
o wisted ke bs assigned the same indox, the resulting areay
known asa lash table. Lising this modified arcay, wie willl be
able to nsert, debete, and query itlems in constant time. 1 will
o ol that some hash tables are alsa dyvnamic and henee a
prefect fit s data stroctones

Figure Twor

Cluster 1

Cluster 2

Cluster 3

large values
* Should be relatively quick 1o compute.

s Should the preserve distinet nabure of permutiations
alphabetical keys—"file" should hash to a difierent value
than “life”

* Shouldnt have a range with a disproportion of miultiphes
o any numbser

* Shouldn't give alphabetically similar kevs similar hash
yialues ilemize

Lising the fact that characters are given a numeric
vialtie by their ASC codas, we can sentially deal with a key
atring a8 alist of up io 12 numbers. The challenige is to turn this
group ofnumbers into a single number in a way thal meets the
peutls Hstéd aboye, MNotice that multiplying them iogether isn't
a good idea aganagrams will get the same value, and it will
riod b possible @ hagh to a prime. The following s a modifica-
tioa of the methoddpresented in Stncovec and Wiener's Diata
Structures Using Modula-2:

Treating each letter as a T-bit integer, break the
ks wand up from the left into three clusters of
[our letiers each (see Agure 2}

Shifk all the bits in Cluster 2 g e left,
RE SpACE,

Shift all the bits i Cluster 3 to the left,
barda Spaces,

MO clusters 1, 2 and 3 together.
Thee result is gkl

ASCI s & seven-bit code which allowws us
ireat the letters as seven-bit integen without
fosing any information. dotice that the clusters are
all less that 32 bits long and hence they fil inko one
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BHOI series register. Because all the manipulations take place
tn CPU registers, the hash value can be computed quickly.
Using this hashing function, | have found that in practice,
regardless of the number of items stored, the average length af
a non-empty list ks about 1.5 for a table with 1-to-1 ratic
betwesn its sizie and the number of clements in L This constant
time performance insures that queries will be quick.

Collision Resolution

Tovimsert & record into the hash table, we determine
the hash value of the record’s key. If this array element already
contains a record, the situation is known as a collision and the
muthod of determining where to stone the new record is
known as the “collision resolution policy.” Essentially there are
fwe fundamental methods of procceding—open addressing
where the record is placed at some other index in the array,
and separate chaining, the most generally useful scheme,
where additional records are placed outside of the array,

In separate chaining each array element represents a
linked Hst of records which have the same hash values, Note,
however, that these records don't have the same key, In

orming a query on a given key, frst thediash value is
f:;puted and then the linked list at that table ingles s
searched in linear order until cither a record with thedesired
key field bs found of th end of the list is reached. Iihe end of
the list i reached without finding a record with the sugitkey
fielcl, them it ks knowen thist record cannot be stored a 1
in the bl '

The dispersion of keys created by hikl is critical tothe
performance of the hash data structure, The absolute worst
case is il every kev hashes to the same value—the access time
will bie sbmdlar to that of a finked st Conversely, In the best
case there is only one record stored at each indiex and so
finding an elemant in the table will only take as lonyg as it takes
to compute fifkl, If the hashing function gives an even distribu-
tion, and given a table of size size containing s records, then we
would expect cach table glof to have s elements, 50, given a
judicious choice of the array size, acoess Hime will depend
entirely on Wk, and consequenily hashing will give the
constant fime querics that we desire,

In an array, the entine data structure is stored in
contiguous memory, which in effect means that the absalute
miemory location of any element can ey be determined by
knasiwving the indtial array Wcatlon and the size of the objects
stored {remember all elements are allocated the same ameount
of storage space), The memory Wseation of element 12 simply
Elmble{0] + i X sizeoffable]0]). The dowrskde of this easy access
ts that thie maximum size of the array must be specified at the
timie the program |s complled. As was seen above, while a hash
tabler is sever really full, i s advantageous to have the size of
the table in & one-fo-one ratio with the mumber of elements
being stored. To help acoomplish ths, hasilih dynamically
allocabis the hash table wsing the oo | foncton mther than
statically allocating it at compile fime, And while it s stll the
case thal the size ol the table must be chosen before any ilems
are stored in il in practice it is often possible to determine
during execution {perhaps through the use of a command line
switch) the maximum number of elements to be stored.

Obwviously, the time taken by a query will depend
wpon the length of the finked list that is followed after comput-
ing Wk and hence the hash table size will have an effect on

nce. However, the numeric nature of the size will also
hive an effort on performance, Suppose that a certain table has
an even number of entries, and suppose that gkl produces all
even values either because of a defect in the function or
because the input data just happens coincidentally to be
skewed with words that hash to even numbers. Then the
valies of hikl will consequently be even and all the odd table
indexes will never be wsed so the average length of a linked list
will be doubled and therefore acceas time will be increased. In

iff 1 is the size of o hash table which has prime factors
al,..ak and if for some key k gk has aj,...a| among its prime
factors, then k) will be a multiple of 2§ X . X ati Soif there 52
numeric artifact in the range of gikl, then ik} will not distrib-
ute all indeves equally and there will be a corresponding
denlgratinon in access time. In practice this means that prime
tables sizes that are optimal.

Standard Libraries

Unfortunately the complexity of a program does not
increase linearly in relation 1o the code size—rather it is the
case that bwice the code is likely to be an order of magnitude
harder 1o understand. To combal this, a programmer must be
rigorous in planning a project and in using proven methods to
help control program complexity. The use of high-level
languages, modular code, careful documentation, and stan-

) dard libraries and inkerfaces can be of great help in keeping
seamplicated code understandable.

Standard libraries offer a number of benefits to the
pogimmer, They aid debugging by removing large sections.
mmbly proven code from cluttering the new, task-
specificiode. They also help by substituting a one-line,
hopetul self-descriptive function call for an inline alternative;
consequentlyytsen functions are succinct and their purpose
can be grasped mares easily, Furthermaore, a standard Hbrary
encourages the vse of sophisticated and efficient data
structures by makify; their ease of use comparable with that of
siructures with built-in language support like arrays. This
eliminatis "quick and dirty” attempits to try out an algorithm
which latter requires a rewrite for a different data storage
method b make them practical.

The hashlib Library

Huashiib.c is an implementation of a hash table and the
scoes: functions associated with it that [ have desaribed in this
article. It s an abstract version of a hash table in the since: that
it doesnt need fo know about thee kind of information the user
ks storing. 5o whether the routines are used with a program
that stores pavroll information or one that manipulates
publishing data, the code in lashlib.c doesn’t have to be aliered.
To sccomplizh this the Hbrary usis bvo header files and
requines the user to provide three simple functicons.

The structure that the user program wants to organize
in a hash table may be simple and consist of only a key field, or
it might be very complex. However, for the purposes of
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huskelifc, there are only a few things about the structiore that
are important. First there must be a way to refer to the strue-
ture. The library expects the structure to be called by the
typedef clement. This definition Is then put in a header fike
iesetribefily and is read ot compile time.

The library has no idea which field in an elemint the
usisr has picked 10 be the key field and this is desirable because
for somae applications it might be employee_nmme and for others,
BonkTitle—to hard code a name would be too restrictive. To
allow hashlil.c to acoess this field without having to know its
name, the user writes a short function retbeyi) which takes as
Input a pointer to an element and simply returns the value of
whatever field the user has decided to organize the table by,
Stmilarly, copying the contents of one dlrmien? to another is
done by another user-supplied function, copyelomenty ). Both of
thesse Functions can be placed in any source fle as long as they
are linked with the library code. )

Sometimes it is useful to have dynamic data structure,
prehaps a linked list. perhaps a gadget, as part of an clemet.
(M course, this structure must returm its memory when the
element is deleted. This ks done by the function deleteelomomiol
which the wser writes and places in m:ﬁwm::m If an
element contains no dynamic memory, OfL ik
simply be a stub,

It has been my experience that it is l.'!l:h'&.r ifficult
to remember the correct interface required for a

library function call (for instance, what i the order of
mients for gearif)), & | have tred to make the call formmat
functions as simple as possible. To this end, I have eftm
the need for the user to keep track of a variable for the hash
table by making it a global variable, Consequently, most of the
calls involve only one variable and hence the danger of
confusing call syntax is vastly reduced. On the downside, this
prevents the use of more than one hash table in a program but
this shouldn't present a difficulty for most applications.
The following are the call syiitax is for the hash table

funclioms:

shirrt smakehas T

The input value is the size 1o make the newly created
hash table, The return vilee = FALSE if memory isn't avail-
able.

clemmerit® imseriusiielpmen )

The input value is a pointer to a dlement to copy into
thi table. If the new {tem is successfully inserted, a potnter to it
i returned, In the event of an insertion failure, NULL is
returned,

efenrend® finuthashl | [}

The input value i a the key siring o check the hash
table for. If a record with a matching kev field is present, a
pointer o it is returned. A NULL pointer stgnifies that the ifem
i mat din the labike

B4  AC's TECH

shiorf deleteliastel sl |}

The input value is the key string for a record to delote
from the table. If the record isn't present, then FALSE is
returned. It calls delcteciement(“iement ), which is defined in the
user's program, to delete the dynamic memory, If any, that is
associated with an element.

element* dunmphshicharf )

This function is used to get sequential acoess 1o all the
revodds in the table. The return vahie ks a painter 1o the record
stared after the one with the key field that is passed 1o the
function. An input value of NULL causes dusrpiashi | to return
a pointer tn the first record and is used to start looping through
the datn. A return value of NULL means that all values in the
tabbe have been returmed.

oo fri i fefafled )

Because the memory for the hash 1able is dynamically
allocated, it is nevessary bo use freel | o return it o the system
when it i no longer needed. This function frees all the linked
lists that are created when new items ane inserted.

T summarize the following need to be done by the

user when accessing the library-

1. Create the file "userdets h” contalns the definition typedef
clement which is user data structure. f

2. Write a function copuelemmmit) which copies arg2 to argl,
whens ﬂr;:- arguments are of type “elemert and place it ina
LIrCe [he,

a functhon retkey() which reterns the key field
; with the argament “element and place it in a

4. Write deleteeterenti) which uses freel) to deallocate
any d associated with an elemeit and place
I i & o prutisa pointer booan element,

3 Include * hashdefah” and “weerdefs h™ in all code (Hes that
acvess the hash library.

6. In the main program call makefush( with an argument
specifying how many records are expected. Before the
program exits call frecfaslniabief ).

7. Comipile hasbiifr and the user program waith long mfegers,
8. Link the object files together,

You might notice when examining feshilib.c that the
function o compute the hash value of a key is split up inbo fwo
macros. Thee tese of a macro avoids the overhead of a function
call and consequently rans about 60% faster. However, some
vompilers have a lmit of 256 characters in macros, so | have
split comipifeliabi ) up info two fdefines to provide compatibil-

ity with various compilers.



Divaw Backs of Hashing

The value of a data structuse depends on how well it
fulfills the demands made on it in a program. As we have seen
a hash table is a method ol data storage that has constant time
gueries, insertions and deletions. There are spimeee Actions which
hash mbles don't support well though. Because hashing docs
not preserve the lexigraphical ordering of the input keys, it s
not possible tov do wildcand searches and the s ful relations
that exist between contiguous elements in trees aren't there in
the table. Hashing is not used 1o sort—its value is in programs
welth abgporithms that make heavy use of queries on largpe data
Erls

There is also memory overhead associated with using
a hash table. For every slot in the table there 15 a four-byte
pointer b the next value, And for additional ilems in the Jist
thiere are more painters. The memaory efficiency of the data
structure depends on a good hashing function to disperse the
kisys and keep the callision lists short.

& W oW
T E b5

il TN

Twists on Hashing
There are collision resolution schemey quite different
irom the one described here where only slogsin’the original
array are wsed o store elements. In some methods' the new
ltem is placed in the next available spot and there argoathers in
which a second hashing function is used to pick angther space.
Using this kind collision scheme complicates finding fnd
dideting, items, but it can be useful in siiuations where it @
disirable to aveid allecating memory dynamically, I
Angiher interesting use of hashing is as a space-
saving compression scheme. The main ides here isn'ttostore & Mg v 1o s
iterns in the array by a numeric index, but rather to use the .o,
hash value as a shorthand for the actual key, To da this, we u
compute gik}, for a key k and then store it instead of the actual
key, Bacause gkl s a long integer which ks only four bytes and

kis a 12-byte string, there is an eight-byte savings for every 5 _ ﬂ; * M
key, OF course now it 8 impossible tell which key we are really 2 e el P
sturing because wo only have the hash vishue, but for some V & ey,

applications this is acceptable

Algorithms and Data Structures

MAlmmost any data structure can be used with a given
alporithm. Arrays, dynamic linked Hsts, AVL trees, heaps and
hash ables all cssentially do the same thing: store data and
give: 1t back again, However just like thumbtacks and staples
they have certain jobs they do best. Picking the wrong tool, fike
 thurnbtack 1o hold wogether a report or a hash table b sor a
list oof records, can have awkward if nol painiul resultz. Thore .
are many situations where a hash fable will not be lexible e e G
et be of wese—but in those instances where it is appro- EEi
priaie, it i usually the best ool for the b,
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FORWARD

Amiga BASIC is a powerful vession of the language,
with hundreds of commands. It was well matched to the
original Amiga 1000, making virtually all the Amiga features
available to comtrnl

Unfortunately, there is one area where the sponsors of

the version and the maching have not the
language up to kater moddel machine capability. This is the case
for the expanded machines with the cal co-
processor installed, and for the accelerator of the apme

class, Amiga BASIC ignores the existence of the ,
s amy performance gain is only the resull of

changes. This is in contrast to some of the Amiga L.

routines which are provided, which check for the

the co-processor chip, and utilize it if present.

Amipga BASIC does provide a way of using such a
library, but the process is rather involved. The correct library
must be opened, in this case the mathieeedoubbas library or
the mathizeedoubtrans library. This requires the presence of a
bmap file, unfortunately not provided for these libraries; it
it be generated.

The functions are then made available with
the DECLARE FUNCTIONID LIBRARY command, Thereatter,
operation is straightforward, the defined function being used
the same way as other BASIC functions.

A method of avoiding these steps has been described.
Essentially, a "WEDGE" is Installed in BASIC, fo intercept
commands, examine these for new functions, and route them
correctly. This technique was viery common in the days of the
Commaodore C-64. It does have a drawback in that speed s
reduced by the added steps of command examination.
Unfortunately, the program to make this wedge has not been
published by its originator.

O way by ovoid the roundabout steps is to program
in machine language. Again unfortunately, the available public
domain assemblers do not incliede the routines fo assemble co-
processor instructions. They are in several of the large “com-
mercial duty” assemblers, but these can be expensive. Several
of the C language compilers also allow use of the brary
functions. These technicques have been well covered in a series
of Amazing Computing articles by Predmore, starting in issue
V4.3 19489,

#0  ACSTECH
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R. F. Haviland

In my case, | was not willing convert to C programs-

ming, or to completely rewrile a number of BASIC programs in
regular use, In fact, | consider C to be a poor language for
problem solving programs, because of the excessive detail
revquired, detail which detracts from problem consideration.
What I wanted was the ability to use the the math coprocessor
within the structure and format of Amiga BASIC.

THE CO-PROCESSOR from BASIC
Amiga Basic does provide a toal t do this. This is the
CALL command, which has theee forms

CALL subroutine
LL library function

machine language routine

'MH‘nQ' anguvering, either can be used to give access to

the o= r. However the machine language routine is
fastor, s ey 10 use as the others,

ine does expect the larget routine m be
at a known e this is contrary to general Amiga
programming rules. BASIC does provide a command,

VARPTR({varisblename) which can do the location operation.
By far the rasiest use is to set up an integer array whoss values
are the machine language code. The code must end with a
return from subroutine code, RTS or &H4ETS,

Care must be taken with this, however. Amiga BASIC
changes the location of arrays as new variables sre ynooun-
tered, [t is necessary b be absolutely certain that the VARPTR
command is not followed by @ new vartable. If this happima,
an error in value can result, but more commonly there is a total
crash, with a visit from the GURU. Check carefully before the
program B run, of play safe, and place the proper VARFTR
command just before the CALL It s easther but more Hme
consuming o reset all array pointers each time a CALL is
e

The CALL does have a powerful feature. It can be
writhen in the form CALL roufineaddress (I paramater,
Zparamater—) where 1parameter is the address of the firse



parameter (a named variable), etc. These add resses are passed
to the routine on the stack, which allows reading input values
b thee routine, and returning resulis, There is enormous
flexibility hene.

THE CO-PROCESSOR

Turning to the 68881 co-processor, It is designed for
high accuracy floating point operation. Whereas normal or
single preciston foating point is 32 digits, and double precision
is 64, the co-processor alway's uses 80 digits for infernal
operations. Paramaler passing can be single or double preci-
sion, with automatic conversion, and can also be a special form
with 9 bits, 80 usable. Short 16 bit and long 32 bit integers can
be used, as well as a special form for decimal digits,

Thi: co-provessor has enormous capability. It includes:
& frtpronrl S0 it regisiers

Thie arithmelic operafions, + -1/

A faltie of consfants e

A set of funchions o:’\
Regisler-regtster operations O/Q
Hisgialer-mirmisry operations Q

Tirst mond decivle papabilify,

These are implemented by adding a number of
nstructions o the mormal ones of the 88000 family. All of thess
are of the hex form Fxxx, followesd by one or more additional
wirds. Becouse of the struciure, these are uswally called the F-
instructions,

USE OF RPN ARITHMETIC

After several practice nuns, it was decided that
reasonable compromise between speed and programming
complexity could be had by structuring a set of co-processor
sccessing maching language routines to emulate a RN
scientific ealeulator. This is the type introduced by Hewlete-
Packard just before computers started their popularity laap.
This usi his the advantage of previous acquaintance. It is
familiar to maost users of Roating potnk arithmetic, and in any
event is not difficult to leam. For the unintiate, in RN the
common process of addition s written as X Y+, rather than
KoY. This requires a stack to hold “pending operations”, but
eliminates the need for parenthesis. Internal computer arith-
metic is often in RPS format, even though the programming
uses the commaon form.

In keeping with KN usage, the first four of the 68881
registers are used as o stack, designated as X2, 1. Since the
registers are independent, FMOVE instructions are used as
needed. with an extra register used for emporary storage.
Operations are set to follow these rules:

The inpit operation FSET coples the specified
varlable to the X register, the original value being lost;

The FENTER operation coples X to Y, ¥ to Zand £ to T: the
irrtginal value in T s lost;

The FEX operation exchanges X and Y
The FUP operation coples X to ¥, Y o, Zto Tand T to X;
The FDOWN operation copies T to £, £ to Y, Y o X and X o T;

The four arithmetic operations, FADD, FSUB, FMUL
and FIDNV combine X and Y appropriately, and place the result
in X: Z ls moved to ¥ and T is copied to Z: The original T
remains: nobe that arithmetic operations in BASIC are un-

changed;

The comstant operations read the selected constant
into X: the orfginal value is lost;

The function operations replece the value in X by the
selectied function of X. An excoption if FSINCOS, which places
the cosine in X and the sine in ¥: orlginal values of both are
lotz

The output operation FGET copies X into the spect-

: fied variable, and nothing more

The selected constants were FPL FZERD (usaed o
I, and FBMNL {or e, the base of natural logs). Other
are avadlable.

wnclions wore

a2 3 i!; rAE
FREIN FRTEN OO
1

FECEH PR, [0 L]
FLOGID  FlOm FLEEN FLOEIFL
e THis PRk T
FTAE FTERTTH  PTWROAON

There is no provision for test and decision, or for such
steps as divide-by-zero protection. These must be done in
BASIC,

Input and output is double precision flaating paint. I
anather farmat is needed, the converson must be done by
BASIC.
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THE MACHINE LANGUAGE ROUTINES

The machine language routines ane held in armays, one
for each operation. These aré named for the operation. Using
FADD as the example, lts array is first dimensioned, by DIM
FADD{E), The 9 array clements are then directly read into the
array by a serbis of ket statements. The address of FADD is set
by FAD M=V ARFTRIFADDNU0D), As nited above, this step
must be repeated 10 avoid crashes induced by BASIC moving
arrays,

For convenience, the ensumble of machine code is
written ax a block with BASIC labels in the 64000s. Similarly,
the address assignments are a block at 65000, See listings | and
=

The reason numaeric labels are wsed 8 that the ON
ERROR routine of BASIC will only tabulate errors by the
nearest preveding label. The sparse label configuration so
popular in “Structured Programming” may leave vou search-
ing through many lines of code for the error. The simple
routines of listing 4 can be added to any program to simplify
errar finding. (1f vou are addicted o prettified code with block
labets, indenting, ete, just add the line numbers. Onee you
debuig and ensure the accuracy of 2000 or sy Jines of scientific
code, youn will appreciate the reason).

1 you wish, a set of instructions ¢
thi program. Listing 4 is an example.

11 is worthwhile to spend a litle me .
familiar with RPN usage, Listing 5 is 2 core progra s 1t
first loads the value of Pl in X then replaces it with :
Hemal value of 2 to the Pl power, The answer i copied tolibe
variahle Al o

Lise variatbons of the 500 block o exercise other
osperations. For example., insert 505 CALL FENTRE&, and 515
CALL FATIDM: bo see the result of P2 to the PLpower. In
RPN notaion, this sequence is FI'TL FENTER, FTWOTDN,

FADD, FGETIA#),

BENCHMARK TESTS

Thie Saviage benchmark bs especlally sidted bo a test of
co-proces=or pertormance. Listing 6 shows a form of this in
BASIC, to give s reference of performance without the co-
Prosoessor,
Listing 7 shows the same program In KPS form. Hese,
the unused elements of listngs 1 and 2 have been deleted, to
give as short a program as possible in this form. This step is
not necessary, but saves program space and a little run time,

Fimally, listing & shows an extension of program 7 to
increase execution speed. Instead of calling separate machine
langoage routings for each of the successive operations, they
are combined inlo a single special routing, and given a special
name, For example, thie block from 410 fo 280 in listing 7 is
replace by the array SAVAGEY. The elements of this array are
generated from the individual operations by deleting the BTS
Enatruction &H4ETS fromoali but the very last operation. The
resulting array has a dimension of 19, The advantage of this
combimation is that the computing overhead associated with
switching between BASIC and assembly Is greatly reduced.

»included in
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Running these last four listed programs will give a
good picture of the improvement in accuracy and speed
provided by the co-processor,

Tha follonwing was foumnd n a series of fests, All ane
for 10000 iteratoms, except the first, which-is shown as 10 Henes
the duration for 1000 ierations. The compilier used was AC-
BASIC.

Asmgar 508
Listing 6, 434.8 seconds
Listing 6, comipiled, 30,5 seconds

Auiga 1000 plus Sappline ceprocessor@cieenttor
Listing 6, 387.1 seconds
Liating 7, 30.2 secomids
Listing &, 1.8 seconds
Listing 6, compiled, 30.3 seconds
Listing 7, compiled, 5,72 seconds
Listing &, compiled. 1.94 seconds

Amarigr 2500, erclardes po-processor
Listing &, 88.4 seconds
Listing 7, 7.40 seconds
Listing &, complled 57.3 seconds
Lizting 7, compiled, 168 secomnds.

For some neason, the 2500 showed the poorost
accuracy in BASIC, the average error being TD-5 per operation
compilied and 2049 nod compiled. For the 500 the comresponad-

values were 90-9 and 20-11. The enhanced 1000 gave zerp
compiled (less than double precision resolution) and 20-
compiled. With the co-processor in use, errors for all
=14,
benefits of both the compilier and the co-processor
. And, of course, the benefits of the faster clock
Sapphire board also shows,

THE TECHNIQUE

nuimber of possible extensions o this

technigue. One is 10 use the other three co-processor registers
to hold temporary values. Another is o use either main or co-
pricessor registens o indes form (o control loop execution,
Thiere are additional forms of many commands, for g e,
direct load and add. And the test provisions could be acti-
vated. to eliminate the need for this in BASIC,

In applving these techniques, remember the rube that
20 percent of the code uses S0 percent of the time, Use the
simplest form initally, then, i more spevd [s needed, use the
form of listing 8 for the time consuming long loops.

Timie reductions of 10:1 are easily possible, and about
11 can be reached by best use of capability, [n summary, a
co-processor plus a litthe offort can be very worthw hile.




LISTING ONE

LISTING TWO
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LINTING SIX

LISTING THREE

LISTING SEVEN

LISTING FOUR

LISTING FIVE
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% Do you want to

write a specific article

for
AC’s TECH?

| @ Call the Editor at
(508) 678-4200.
He will be glad to

| hear from you!

LISTING EIGHT
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SAVE! SAVE! SAVE!

It AC's TECH is just what you've
been looking for in an Amiga
publication, don’t just sit there —

SUBSCRIBE!

Also consider two more greai
reasons to be a subscriber - AC
and AC's GUIDE! Just fill out, clip
and mail this card along with yvour

payment to pick up on the

SAVINGS!

. . S S T T T S S S — — e i . . . [ | [ — —

YES! The Amazing AC publications give me 3 GREAT reasons o sava!
Plaasa begin the subscriphionys) indicated baicw immediaialy!

Martes

- €2
Cihy ™~ 5 Stars N S -

Charge my [4ea | _IMC @ ——— e — |lj"'flﬂ.
=nac=—_l
Signalira

Expitnlion Dalw

Plodpn cicn B mghcyte Thin W & Rider Bunﬂ:pnun.ul Fainewal

I 1 AL's TECH uUssanes |
4 big lssaes o L's ':.: 1
Wiy 'L"II::L'ﬂ Time Chariar Dfler CanndaMexico $43.95 (|
= E Farnign Surfoce §47.95
IS, - U5 524,00
7 i |amuss of Amazing Compiting i
1 yaae of AC Firve ::"" ,__','.,._ ':T,Il;inJTff:lf"." CanadniMarico §34.00 |___J
e o g - Forelgn Surfoce $44.00 [ ]
T = " Us 53600 [ |
&C « AC's GLRDE — 14 insuss kolall —
| yuar SuperSib L P I Canadamdesico $54.00 [
TP T 2tk dirbnaals _Forelgn Surface 554.00
i e o olac BUBS! e e SR LS or '. U5 $30.00

L e ———

Creaciy oo mwmrﬂmnllmuﬂhhuﬁw digmh &n ILISI-HI.-IPEII-B applleabir nales i,
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Please return to:

AC* TECH fAmiGA

P.i.M. Publications, Inc.
P.O. Box 869
Fall River, MA 02722-0869

Please place this order form In an envelopea
with your check or money order.



ACH TEG‘WI&&

Mamea

COMPLITIMNG

Amazing fimica

e e AP Y Baens

AC* GUIDE fAmiGa

Address

City

State

Chargemy [ Visa T MC #
Expiration Date

Signatura

Please circle 1o indicale this is a New Subscription or @ Renewal

(81 - M

FiSA.

SO

PROPER ADDRESS REQUIRED m oeow (2 eebsdng
afd pulileire e wan, Gl ege Pl Doman
Bttt 00 08 wel ma mand Bace died oM, IR
Wpped by Wrsied Perent Setves UFS Teperes Bal od
DECRAJEE ba arkbwemed &1 @ SR adovea for ol

iy
FAYRERTS BY CHECE Ak 0
Fscray Ol s B 4 U Fnds devwm on i i B B

T
Chie Yedr
af Amacing! |

SAVE OVER 49%

teses of the number-one resource o the Commodane Amiga ~
Amizing Compruting — 51 2 savings of $23.30 ofl e

12 monthly

pewsstand price!

O sza00 U5,
O 54400 Fomeign Surface
[0 534,00 Canads and Mexio

{hie-Yenr |
AL Huprr'.'-ir:h !

SAVE OVER 46%
12 momshly issues of Amazing Confan
| -2 Prosduct Guides Save $31.50 ¢

AC CUIDEAnica

gy PLLS

il the newsstand prce!

O s36.00 115,
O 56400 Foneign Surface
O s84.00 Canuda and Megicn

Twwr Years
il Armazing.

SAVE OVER 5%%

24 monthly ssues of the

psmber-ane fesource fo the Comumodore Amig,

Amzing Competing o i savings of $50.80 oll the pewsataned price! !

O 55800 L%,
fsorry o foreign orders
availalibe at this freguency)

L

B EASE CIRCLE TD OARER ANY OF THE ChLALITY A cRoOUBT RBEL W,
Bach Issues; 500 aacn LS, 8800 sach Cannda s Haxico, 5700 @ach
14

i1
45

TweeYenr

\C SuperSub! |

SAVE OVER 36%

24 monthly issues of Anazing

CUIDE fstica

ing PLUS AL

— 4 Product Gujdes! Save §73,.60 60 e newsstnd price!

O ss0.00 LS.
[ wiry ned foreign onders
pvailliabile gt this fregquency)

1 12 13
- | R B
4 47 43
& &2 83

* Al viume piery muslinchide pastage

el §10. 00 eaich sarl St 16edgn gagrimce tedars. A mak anat svarabie

{Pkaieatiee e Feivedgn aie il rotes avadlehle an réguest]

Surface. 5
(LT R IR T R L A & SR e’ 26 27 @R B EI
y4- 34 3% XE AT &R A4 QMO %’:’1 gnie Ay AE A 41 ;_rr.;
Ad A4y Wi Bl O5R ER 54 5% B A% 313 58 &N
[ L]

1989 Wolumo 2, 3, 4, or 5—-526.55° sach
_smi rpafisig charges: $4 00 eachwal LS, &7 50 aach wet Canatie md Maaica

M s e e T
Freety Distributable Software Subscriber

37.00 aach for non suhacribers
Amarieg on Dish: ACE

hGa
ISt mlaninn sk M8

¢ Doyt " ! PR IR R SR R e R
Specials (yes, even brand-new subscribersl)
1 1o @ disks $8.00 gach
10 1o 43 disks 56,00 nnch
56 1o 00 disks £4.00 vach
100 or mors disks 53.00 cach

Boircn & Listings V1B & 38
ACHE) ... Source & Liatings VA5 & 4.6
ACES ___ Source B Listirgs Va0
ACHT . Sowrce & Listings V4,12 4 5.1
ACED. . Bowrga B Lislings V5.4 K 5.5
AC#t] . Sooecn B Listings V5.0, 58 & 510
1. Sonte & Linings VB2 B ED
Wiais prolection

{three disk ménimum on all foreign orders)

ACEZ... Soyice & Lisings V43 A 44
ACH . Eoums & Leinge VAT A LE
ACKS .. Source & Linings va, 10 & 408

o LT WEZASA
ACEID.. Boume & Lsings VEA & 5.7
ACH12 . Sogre & Lislings V5.11, 5.12 £ 6.1
ACHTd ... Sourcs & Lislings VB L & G5

Please list your Freely Redistributable Software selections below:

AC Disks

(wuenlers ! thiraugh 14

AMICUS

(mumbers I tbhrough 26)

Fred Fish Disks

{nenlvers ! ol 380 FETDS is corvently mmoeailolbe, Please rewnemilos
Fred Fish Disks 57, 80, & 87 bave been removed feom the collection )

COMPLETE TODAY - OR TELEPHONE 1-800-345-3360 NOW!

Please photocopy this page!

Subsgenption(s): &

Biack lssues; 5
Acs TECH: &
POS Dishs:
TOTAL: . Fre—
istilajert to dgtpalicantile safes baxd

Plepsa complabe this loim and

mail with check, manay onder ar

cradit card inlormation o
P.LM. Publications, Inc.
P.0. Box B2

Fall River, MA 02722-0869
Pleae aflow 4 ko & weeks lor daleery ol
mutacnptions in 125



High quality RGE output for your Amiga

Thess images aev enmpletely mnretonched photos taken (b a stock 184s RGE meniter
'|'_|1-l 1he hasic HAM-E JIIILTlIr:-'uI'r Piife HGE, wol smeary (eI e

The persi FAM-ET/lus iv ameven e ol emt vl viriual iranspareni anil-a 1= englne
whirh sfiers near phitogrghic quality imsgs o standard HED monlbon

Mt heer graphies expinsbon devies offirs so mmueh porformano and costs s ([
all the eoftware te run it isfiree, Fven upgradies)

Theepe's ot enongh reom o cover = (e feaziipes of this AR, e Brre's isT g i

* Palnl, reedet, cimmert and e = Wheks with Digvew ™
Em-:l----!ni.l safilamre = Completoty hligier-compai il
= JHE it e malos » NTHE #i r o e

= 456512 color reglsber moides + SNUE mmcoder cospatible

» Bl puass 1heough + PAL & NTRE e omguil itde

| = ‘l ek funil erkis & Vg wiidy RIGH |.'.r:
wSererms Pl wgedion & gefroed ) ack & FUC Class B (L Liste
‘h'.u' with any Gk Viewer » Wik bl Amiga moniieg
= runtimie WIS M or Mage Flipping + [hees dpsd e Amiiga ey

» Custom teyshies use hjias = Laads, showes GEF ™ ermetly
= N, FISY, HSL CMY palenn » 50 i pren eeabe avndlalibe Tees
& FHIY aasd ANV S % [ Hige

= Extaninive Al ™ ST & Cidor or T g pakeding

# 10 Caolos Cyriv' Glow runses = 5 el oo sl e s

* Range poiiy, reverse, o P = Slante eulorami-allis A ele drew
# Srith B, e of sl = I'rints via printer device

o hrea e, il Bl e iRl * Auin eithande sd |FF paleiias

= [ bl 24 i Sl1 piving “Writes IFF, GIE™ HAMLE

+ Anilaks with any il of bk

il ' Ty
{ =24 bt IFE 24 bt [FF with CLUT ehanks = SHASLARFIOANTL, AR
& 2 1o 250 eodor standwrd IFF hall bright 18 it Seandab™

= [LAM, DED asd QRT imice « [P b

":'E'HHI-"-.II"| RGEEXN = AR il thie 12 different BASE E

= Tmrga fosmmial image Hiv fypes

+GlF™ = lmunpges may B s iiled &

* [hnamic HiBes™ o rtad 10 20 bit IFF files
HAME " 288.95 HAN-E PLUS ™~ 929.95

4 = 480 Pivnl Dupet [ NTSC) I R} el Otput (NTH0)
A 50 Piae] Oagput (PAL) THA o7 R P Ohatgeat | PAL D

(il mitwa markn wilh iy mi)
NEW IMAGE PROFESSIONAL

= Dipsenyw an 24 bar, 1Y i, 25960 eoder
|

1 vimwing ¥ 4T EE
|minggns biiMers = [lemded Merge and HubThro in

+ Loy JIKS imagt: proacessing speralions
+ B4 bit [FF inpal, duatyr

= Ay

+ [ e mipes 1o SITET X 51567 pliels many ways Cidor-kremd. minimiim,

= 34 byt hlenlngd, clipping snd compasiiong uRAEFEL sl )

= Spply any Manctbn edng palit-like ools = 24 hif warpung, shadeng, rotmion
Freehand, Beciangle, Ellipae, Pahrgon, weiirer i oy i fn scabing

Yl smr « Fouk ey imuiEbve, vl e e
= Pl 24 bk umadn, rede snd bilabe inperiscs

“ALL SOFTMERE INCINOED AT B8 EXTRA COST WITH EVERY UWIT
EYSTEMS

Cull 40N I 0= BSUEE Mmoo diformeiion. 10 Jihr
BALER: |BDDj TH-AMIGA [abernatlomal S
NBE 0| SET-4INBE  FAN, | 466 56T

B ™ e i S Ly B ek Braniab R Taga ™ b §
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