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1 - Inptrgductice

The use ¢f APL imn ccnmection uwith scme kind ¢f graphic
output device is leccming wvider and wider. The combinmaticn
of the interactivity cf APl and the ismmediateness of graghic
displays tuvrzs cut tc te véxy useful, especially in those
applicaticms where users have wneo fapiliarity with the
ccafputer. |
In this paper we @escxihé-how an iﬂ%égxaﬁ@dksystem has teen
iwplemented by using APL under CHS and an IBH 2250 display

unit.

The capabilities of interaction ‘df5the 2250 cannot te
explcited under APL, as %h@ APL systen does nct suprort that
device. In crdexr to disglaff an igag@/ built in APL, it is
necessary tc wriie a descrié%ié% of it cnto disk and then to
enter an emvixcﬁg@n% gh@se a graphic package can be used. 7o
further elabecrate, under EPI; the infecrmation acgwired by
interacting with the i&ag@g‘it' isyﬁ@@@ééary to repeat the
same precedure ip the cppcsite way.

Although such procedure can be ddmé without any interventicn
of the user, ir amy case it givés rise to a long response
tise mainly due to I/C ey@xatioﬂs ¢n disk and to the

suapping in semcriy tetween APL and a graphic environment.

In crder tc nake moxe practical the uwse cf the 2250, and
in order tc in;xcte the performance, an interface for APLCHS
has been vwritter, so that a graphic package can be used

directly frce within the AEL syster and the graphic data can
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e accessed directly is BeROTY.

With this interface am API user has at bis disposal a set of
trasic RAFL defined ﬁaﬁcﬁi@ﬁs that rperfcrm all the tasks
involved ir drivisg the 225C. These fusnctions perform their
tasks by invokipg <the rcutimes c¢f sose existing grarhic
package. In £he rresent iﬁpl@weﬁt@ti@ﬂ the graphic package
that we have use¢d vis the ‘?GE%KQD maabhic Suppcrt  {EGS)
package (ref. 7). FGS is a set of Assesbler written routines
that can be «called Ly P@K%gamo and. can be thought of as a
sech ginplified versico @f*&he Gxa@hic Subroutines Package

(GSP), the standard IBR package to drive the 2250.

Apncther way ct making the 2250vdix@@tly available under
AFI cculd e that of scdifying the APL supervisocr so as to
suppert the 22%5C and of modifying the interpreter ky adding
ccemands o¢r cperatcrs tc¢ use the new facility. The eaim -
disadvantage c¢f this agrroach 1is the necessity of deep
changes apé additioms tc the supémvis&xw nostly in  those
paits devcted tc iptexrzupts bandling.

By gsing the fé@ili%i@s already present in APLCHS, the
aprroach thkat has beer <chcosen leads to fhe same results
without any change tc¢ the APL system, apart that of
integrating the g¢raphic package with the APL syster into a

sirgle ezecutakle scdule.
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In +the design of the imterface, one of the =wmajer
ccgcerns hes teen  that cf»&WGidinq.m@dificatious to APLCHS
ané to FES. The kind cf sclmticﬁ-tc’the prchlens that have

been enccoatered is a ccunsequence of this approach.

e W o e ah sns Lom e iy A i T W B I D VLD A WD ALTD LD W W e Wi LD il S W13 O S i i D W A

" RPL apd ¥GS mﬁe.difﬁ@iemt ~conventions as tfar as data
xegx@sem%a%icn ip me@czy is~coa¢ernéd.
AREL data axe t@@ﬁeﬁem%ed in“memoxy by entities <called
"Heentries®. Fach H-entry is ’CO@FQS@G‘by a set of fields
prcviding a ccmﬁleﬁe aescxiptiCD of the data itself, that is
its type (integer, icélgang ’e&:’c)‘p its sizé, and sSC ¢n,
fcllcuwed Ty its -Waime;'FGS ~data’ representaticn, 0r more
ezactly FOSTBAN cbe, is comstituted omly by the value cf the
data itself. | o
Internally, AFL and FCBTREN  use the same cocnventions for
passing parapmeters from 2 calling‘tou&ine to the called one:
a list (ELIST) ctf the addresses of the parameters is created
and R1 register gcimtshtc that list. In APL such addresses
are vrelative tc the E-entries of the parameters, but in
FCETRRN tc their values.
The interface must bmild a new iist of addresses as PORTRAN

ccoventicns tequirxe, Lty using the infcrmaticn provided in
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the FLIST and in the NB-enlzies of the pavameters.

In additicn, all the variables containing characters must
ke ccnverted fres  the APL int@xnal" representaticn
(zasywbwﬁs) tc the BBCLIC ccde used by ¥eSs. |
The different i@&@ﬁmal ﬁ@yx@ﬁ@éﬁakiéﬁ ¢f boclean values and
the differemt crganizatios im storage of arrays have not
constituted a §x@bl@m‘b@@@m$@ sﬁ@h' kié@s of variables are
nct alloved to be ex@&@mg@@ k@%we@m‘ﬁgx amd‘FGS,

Upcen zeturn frecs an FGS S@bﬁ@wﬁiﬁ@y only the ccunversicn
of chaﬁa@&@x& fres EBCLIC tc Zmﬁymbcﬁs needg to be done, as
an PGS subroutine can moedify only the vwalue but pnot the tyre
of the parameters. |
If amp PGS fusction has been k@alled; the result of i%sk.
ezecuticn is left by @QS in BO é@@iﬁﬁ@mg as usuwal., Instead
am M-eatry is needed for every intermediate and fipal result
cf APl ccpputatices. The [jointers to those H-entries are
stered 3im a s&@@k; calié@' the "R{3-stack®, which is
disanically buile¢ wvhile %ﬁ@ @R@@mﬁién cf a statement is in
Fregress. Urcm return from an FGS fynction, therefore it is

}

ngcessary to build an B-entry for %hé‘z@Sm1t an@ tc properly

update thke Bi3-stack.
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&3
e

z - Updating cf relccated variakles addresses

In oxdexr tec disgplay an image with PGS, it is necessary to
build a gprogzam ef ¢rders and data into an area of main
pesory (called a gmaphic area) and subsequently this area
pust be moved inte %h@vzzﬁﬁ;b@fﬁ@m to display the image on
ibe scx@@ac Eeiome‘héing ﬁgéd, a graphic area (that is‘a
péevi@uslg dipepsioned @@ct@i) Brugst = be iﬁitialized by
calling the prcpexr PGS routine.

The initializaticm rovtiane aéﬁﬁaia%@s tc the graphic area a
ccm%x@l bleck which ig'écg@iﬂé@ £rop CHES free storage, and
vhich comtaias the address of the graphic atrea, ameong cther
iﬂﬁ@gﬁékﬁ@na EWQEy'FéS t@mtimebaétiﬁg gpon a graphic area,

identifies it cmly by the address of its ceatrol block.

AFL imé@rpteﬁer reutipes péif@xm a dymamic storage
Bapageaent saking a_qamﬁ@g@'e@llﬁﬁﬁi@m after the execution
cf every statements th@ &@@mm&‘fmf _sﬁétage occupied by
tesgcorary E-entries .ié x@tuxm@av to m©rk$pa¢e ffee storage
and permanent %o@@t&i@ﬁléie iél@@at@d fcer optimizing storage
OCCUPAtich. | | |
When uvsimg PGS frecw APL, :a giap&icf‘am@a must be a global
vazriable sc that the E@i@ﬁ@ﬁ 'ﬁaﬁm%ry is never released to
acxkspa@@ free @e&@myng@X@QW@xg because of the relocation
of B-eptries, it is m@gggﬁaxy to wupdate iﬁe contents of the
ccotrel bleck with the sev address cf ¢the graphic area. This
is dcme iam the isterface by means of a table contaiming an

entry for ecach grapblc area that has been initialized. The
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entry costains the printnsme k@f th@‘ graphic area and the
adiéress cf its cestzold bleck.

Every time a rcmii@é using a coptrol bleck address is
called, the im@@xﬁa@@ yiecms\ up the table to f£ind the
rrintname ¢f the iﬁ?@l@@@k‘gm@p&ig‘ag@a@ The printmame is
then uvsed to lcok up ﬁh@v:mcﬁkﬁéac@ SYHBOL TABLE tc f£ind the
actual address cf the @ami@bl@é The olﬂ'a&&mess is reglaced
bx the new cpe ig the c@ﬂﬁxé1 b1d@k‘a@d eventually the EGS

regtine is called.

S gieingih

The interface perferps as pany controls as possiltle to
awaid efrcrecus usage of FG5. Fer ezasple, a check is made
that a graphic axea is initialized b@ﬁ@re being used; the
nusber and the type cf raraneters axe ah@éked before calling
an PGS rcotine.

The detected errcrs are preperly ccded for an easy debugging
andé an evrrcr E@SS@Q@ is typed by tbe‘ interface. Contrel is
then given to the APL interpreter rcutinme which handles the
errors. This prevents frca further executing a functicn

ccptaining a lime with an erromeocus call tec an FGS routine.
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In additicn tc that, when entering inm the interface the
Prcgras Interrupt Handlexr of CHS is set to ©point to a
lccaticn ¢f the isterface.
This avcids the cccurrence of am  APL System Error and
sulseguent cléaxing of the workspace if a program check
arises whenm comtrc) is in the §Gs,x0mﬁimes,
In case cf fpregram 'ch&ckviﬁbe iu%@xface’.resetS‘the FGS
envircnment and goes back to the APL error handling routine.
In any case, reﬁcre’leé@iﬁg E£é intexfaceg the handling of

Prcgram Interrupts is restecred to its previous state.

T P S WGP W WL e, i Gl W Y M G e D D AL A S v e a0 A

3 - Ipplemeptaticn_vpnder ABLCHS

The interface desbgiked'in the pxeviqus section bas been
iaéi@@emt@é in Assemblers360 language so as to make use of
the pessikility @xis%igg“in' EPECES of jumping tc an
Assepbler srittew <rcutipe during. fbe executibn of an APL
statepent. The names cf the Assesblex rbmﬁines pust have
been previcusly “éeclaiedw“to thé system by inserting then
in a special tstle called QOTAB. This table contains the
nages of the emtmy«poiﬂf,cfbtbe routines and their addresses
at ezecuticn time. The addresses are filled in by the Loader
during the link-editing cf the QTAB, the routines, and the
‘REL system at systeﬂ‘ génexaticﬂ tige. ‘An APLCMS user can

jusgr tc. a toutine‘cdmtained in QTAR by using an extension cf
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the dyadic I-bear cperatcr. The rightrl?beam operand must te
a literal vector constituted by tﬁe nagse of the «called
routine and Ly tkcse Sf jts arguments. The left operand must
be ®1019 c¢r "102z"® de@@mdémg whether an explicit Tesult is

exgrected cr npct.

In ordéexr tc make the imt@mféce pregram kmncwm tc APL, the
intertace pase has been added to those in QTAB. The FGS
rcotines are kncum o th@:interface ty means of a tatle
ccrtaining their mam@s and éheirgaddx@sses.

The APL-EGE system is obteined with a systen generaticn ky
‘lipnk-editipg intc a single CHS module the APLCHS supervisor
and iptsrgpreter, the interface frogras, and the EGS

teotines.

Cnce the system has been generated, am FGS functicn c¢r
an PGS subrcutize can be called with the I-beaw operator
having 102 oxr 101 as left ép@xamdé’ respectively. The Tight
operand is ccpstituted bj the name of the interface followed
by the néme cf the graphic rcutine and by those‘of its

parameters.
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As previously stéted, in tﬁei‘APL~FGS system, all grarphic
revtines ¢f the PGS ;ackage.a;e:called by the APL I-bean
oferator. In crder fa simflifj {he ttdéédure of éa;ling the
graphic rcutines, a set'of-4APL  £uﬂ§£ions ‘exists  which
incorporates the use ci-the”‘I@Beaﬂ ¢pexator; For eveiy FGS
’fnactién énd sukrovtine, theie"'eﬁisgs al cbrrespondinq
AEL«EGS functicn which has fhe,same mé@@‘énd serves the same
pPurpcse. Clearly the $éguemce‘of thejcails to thekgraphic
rcvtines, referred to ‘as thel,?diséiay program', and its
logic, is the sane uhether‘usih§ §PL~§GS ot the FGS package.
A list of al1 APLwEGS%functions has'ieem included with their
calling argunehts,'_exgliaik-zésults,  and error repcrting.
Fecr complete infcréaticn cn the 'd@tailsvof these functions,
refer tc¢ 'chrtian4,Graphic Support Usér Manual', IEFH
Technical Eepqrt‘CSE01Q~513*3533.'fEeforeb cffering the list
of the A1 graphic_functicns, sScme remarks will be made c¢n

the 'display program'.

'

The tundamental structure aon which the APL-FGS systen

Opcrates is the disgplay Frcgram. It consists of a seguence
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cf calls tc the graphic functicns. These graphic functions
can te separated iptc three geaexal‘ax@as:

- driving tbhe d%splay upit
- mapaging data
- batdling comeupication :betwe@n‘the 2250 and the

usexr’s fprcgran
Drivimg the Cisplay Usit

1he display fregraas is ybuilt‘ﬁp in a‘teservea area cf
pain Eemcry called thg ’qxaghic  ateé5. The grarhic area is
initialized Yy a routine which at  the saée time sets uf a
ccirespoepdisg ccmtrol area where éligsysten informaticn on
the graghic area ﬁili bé stored. WCSt,important, this system
intoreatice includéslfh@ starting address of the graphic
area and the current 6isp1&cement fcxr the next available
gcsition in the graphic area.

Since mcre than ome graphic areag‘aith its correspcnding
ccotrcl arca, ®may exist ccncurteﬁtly ip main memory, the
user sust use the address ¢f . the ccatxcllarea in order to
access its graghic area. Therefore the address of the
centrol aréa is used as an argﬂﬁent in the functicms
operating én - graphic areas. The dse cf a graphic area is
tersinated by using the proeper fumction.

Once the disgplay pxogxaﬁ has been constructed 1in a
graphic area, the graphic area must be transferred frce the
‘pain memcry tc the buffer of the 2250 in grdér to chbtain a

display. 1This buffer mBust be jnitialized wvhen the sessicn
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with the 2250 begins. Bith dinitialization the buffer
becomes kncun as the *buffer atea;, and a ‘contrel Luffer
area’ is set.up.,in %éiﬁiéém@zyQ The»qcmkrol buffer area
. ccntains systesm /inﬁot&a%ign vhich is updated vwhenever
ogexatimms are Bpade cn lﬁhe buffér area. The use of the
buzfez area is tex@i@at@d ﬁfvmaimg th@}@xopex routine.

The 223C disglay mnit réads; decudesg and“-executes the
ihstrnc%icms'cf the diS§léy pmchﬁmcv Siﬁce'theviéage on the
screen f@&es ragidiy, it mﬁgt.be‘ é@m%iauqusly redrawn din
oxd@t to create a - steady im&geu 'This regeperaticn c¢f the
igage ig aQCCﬁEIﬁSh@d‘VbX E@Qeatiﬁg the @weéution of <the
display program xvialé«speciai” ¢hxamch9 f@aCti@n called at
the end o¢f the display‘ pm@gxaﬁo"ﬁcwewe:& @ short display
px@gram-m@§uiﬁs in a teco fast'lregém&xaﬁicﬂ cf the image and
can resglt in dmﬂag@“ﬁo th@‘;&ispiéylsexeen. Therefore a
call tc a px@p@xvfaﬁcﬁicm is inclvded im the display progranm
- to prevent the  regeneraticn cy@le‘fx@ﬁ»b@ing repeated more

than cnce in 2% gs. -
Banaging Lata

The 225¢ disglay‘nait is ab1é tc> display two types of
inzor@a&icm, foints and 5@gﬁentsg‘ and '¢haracters° The
;cints apd segments say be emtered  cnly vhen the 2250 is in
‘gxaphic'mcde°, ghile the ch@:aéteté musf ke entered when
the 2250 is in 'character mocde?. _A“set of functions exists
for setting the display unit to the desired nmode. Bhen in

either mecde, calls te aprropiate functiens are needed to
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define the data tc be displayed. A point is defined Ly its
cccrdinates, a segment by the coordinates of its end pcints,

ané a character sisply ty 2 character.

Handling Communicaticn Retween the 2250 and the User's

Frcgras

The display [frcgram cat inclode calls tc functioms to
cogmunicate with the 22%2C. three features are offered: the
licht ten, the alrhancmeric keykcard, the fprcgrammed
furcticn keyktcard. In many cases the capabilities <cf these
features cverlap and ‘the selecticr <¢f one feature over
ancther is degendent cn user preference.

The ligkt fen is a fiber-optic device which is applied
directly tc¢ thé screen for individualizing a specific poimt
fcy furtter sapigulaticn.

1he al;haauieric keybcard is a typewriter-1like keytoard
which is veed <fcx inputing data ontc the screen for use by
the display program. The area cn the screen where the data
will appear is :indicated~ry»a special character called the
*gyrscrt.

The ;rchémned functicn keytoard ccntains 32 keys and 32
light imdicatcrs shich are generally used as switches fer
ccptrolling cpticns which have been prcgrammed by the user

ip the display Frcgrabe.
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‘intc

the

fcllcwing grcuES'acdording te the cperaticns they perfcru:

1) Initializaticrk Fuscticns
IRER
IRGA

2) Terminaticn Fupctiors
THEA
THER

3) Crder Generaticr Pupcticns

Gragphic crder geperaticum functians
GEVH ‘
GEYH]
GEEN
GEENMI

Character crder geperaticn functicns
GECEE
GECEE
GECLE
GECLEF

Ccntrcl crder generaticn functicrs
GSBT
GIERD
GECSE

4) Lata Generaticor Fupcticas
- GTEXT
GXY
GIY:

5) Trapssissicr Functicns
HREAR
RKLER

6) Ccntrcl Functicns
GEXEC
GSTICE
IRCSS
EMCSE
SEFK

7) I1nput Data Functicns
RETC
ED33IE



) Maintenamce Functicns
S21LF
SCEE
RLCSE

9) Attenticp Hapdling Funmctions
RATE1
KATHR

1) Errcr Papagesept Funmcticas
KEBE
EBLSE

PAGE 16
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¥} Ipitializaticn Functicas

IRER

- initialize the tuffer area

Brgument: none

~ Explicit tesult: ncne

1EGA

2) Terpin

TEGR

THER

3) Crder

- Gra
1he
expli

GEVH
GEVEBI
GEEH
GEEBI

- initialize a ¢raghic area

Brgument: a scalar which specifies the length of
the grarphic area

Explicit result: address cf the graphic ccntrel
tlecck

aticr Fupcticons

~ terminate a graphic area

Argurent: a scalar which is the address of the
graphic ccontrel blcck corresponding to the graphic
area tc e terminated

Faplicit result: none

-~ terpinate the vse of the tuffer area
Argement: none

Explicit result: none

Generaticn Functicns

Fhic crder gemeraticn functions
fcllcuirg functicns have the same argument and
cit resuvlt.

- enter vectcr mcde absolute
enter vectcer mcde incremental
enter pocint mode absolute
€enter pcint mcde incremental

§

]

Argument: the address cf tbeygra;hic centrel block

Explicit result: noene
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- Character crder generation functions
The fcllcwirg fupcticns have the same argument and
explicit ressclt:

GECEP - enter charcter mode basic protected
GICEF - enter character mode basic unprotected
GECLE - enter character mode large gprotected
GECLF - enter character mode large unfprotected

Atgusent: the address of the graphic ccantrol block

Esgplicit result: none

- Centrecl créer cemeraticn functicns
The £cllcwitg functicns have the same argument and
explicit result:

GSBT - Start regeneraticn timer
GECS - erd ct crder sequence

Argument : the address of the graphic contrel tlcck

Explicit result: Dpcne

GTBU - unccnditicnal lianch

brgueents:

left - address of the graphic ccntrel blceck

right - a scalar specifing an address in the tutfer
ar€a

Explicit result: ncne

GTEX1 - used tc display characters

Arguments: , ‘ _
left - the adéress of the graghic ccntrel bleck
1ight - a character vector

Explicit result: nobe
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The fcllcuwirg functicns have the same arguments and
explicit resclt.

G¥1 -~ used tc disglay a pcint or a vector
GXYP - used tc pesiticn the electron beam without
displayirng

Argupents:

left - address of the grarhic centrcl block

right - a 2-element vectcr specifing the (x,y)
ccordinates cn the screen

Explicit result: ncne

Transmissicn Functions

The fcllcwirg functicns have the sampe argument and

€xplicit result:

WBEA - move the specified graphic area to the buffer

RLEA - mcve the tuffer area intc the specified graphic
area

Argusent: the address of the graphic contrel block

Explicit result: ncne

8) Ccntrcl Fupcticos

The fcllecwirg functicns have the same argument and
explicit resvlt:

GFYEC - start tuffer regeneraticen
GSTICE - stop tuffer regeneraticn

Argument: ncne

Explicit result: ncne

INCEE - insert curscr

Arguments: ;

left -~ an address in an unprotected graphic area
where the curscr is to be inserted

right - a scalar which epresents the gpositicn

vbhere the curscr is to appear

Exglicit result: ncne
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EMCSE - remove curscr function

Argument: ncae ‘ -
Explicit result: none

SEFK - set thte 1light keys of the programmed functicn
keytcard
Argusent: an integer vecter or a scalar between
C-32 representing the number{s) of the light key(s)
- the scalar °*0°' will turn cff all lightened keys

Explicit result: Dnone

%) Input L[ata Functiocns

RL1C - read tc curscer

Arguments:

left - an address in an unprotected grarhic area
where the curscr is to be inserted

right - the saximum number of characters tc be read

Explicit resuvlt: the character vector which has
teen read

BDXYP - gives the ccordinates (x,y) cf the last light
pen attenticno .

Argument: Dnchne

Explicit result: a vecter cof twc elements
ccntaining the (x,y) coordinates

8) Maintenance Fupctices

The. follcwirg functicms have the save arguments and
explicit resglt: ' :

SALR - set zdéress in a graphic azrea or in the tutfer
area
SLSP - set displacement

Argugzents: ‘ _
left - the address of a graphic ccntrol block if
the starting address is set in a grarhic area - the
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" argument is equal to 0 if the starting address is

set in tlke tuffer area
right - a8 scalar representing the address
Explicit result: oncne

KDSE - keep diSpiacement in the graphic area or in the
tvifter area
Arguments the address of a graphic «control block
if the starting address is set 1im a graphic area -
thte argument is equal to 0 if the starting address
is set in the buffer area

Explicit result: the scalar representing the
disglacement

9) Attenticn Bandling Fupctions
The fcllcuwirg functicns have the same argument and
explicit result.

KATHT - keer an attenticn
KRAIRE - keep an attenticn or wait

Arcugent: ncne

Explicit result:

K =0 ~- nc attenticn

E = 123z - the programmed functicrc keybcard key
1,32

kK = 33 - an "End c¢f order sequence?' crder has
Leen executed during tuffer regeneraticn

K = 34 - the end key of the alphanumeric keyboard
has Feen depressed

K = -bufadd - a light pen swuitch detection has been

dcne upcen a displayed irage

1() Errcr Pacagesent Functicns

KERR - keep error code in the specified graphic area cr
in the tuffer areca

Argurment: the address of a grarhic ccntraol bleck
if the starting address is set in a graphic area -
the argument is egqual to O if the starting address
is set in the buffer area

Explicit result: none
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ERCSP - errcr display and/cr print

Brgusent: an interger variable or constant whose
¢ccntent cap ke 0,1,2, cr 3

ccde = 0 uwpcn the occurrence of any errcr no
message is sent tc the user and the APL function
that caused the error is resumed

code = 1 the ruffer regemeraticn is stopred and the

errcr message is written on the screen - the user
may choocse tc ccntinue his prcgram ¢r not
ccde = 2 upcn the occurrence of any errcr the

related errcr ccde and message will be printed .
ccde = 3 upce the occurrence of any error, both the
operaticns descrited abecve for CODE =1 and CODR =
2 occur ccntempcranecusly

Explicit result: ncne
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fﬁe isplepeptatice cf the AEL-PGS system reguired é
recuced effecrt, thanks tc the chcosen agproach of not
mcdifying the AFl supervisor, and of using an existing
graphic package. Tte simple architecture of the FGS package
has cverridden the disadvantages due tc the fact that it was

designed tc be called frcs a FORTRAN environment.

Ap interesting result of this werk is the possibility cf
gereralizirg the use of this interface for dinamically
calling any preccuapiled rcutine. The routine is loaded into
the wcrkspace free stcrage and thepn it is executed. &ll
linkage-editing apd lcading operaticns are performed by the

use cf tke CHS lcader features.

This systen has demcnstrated in a practical and
effective way the ippact that can have o¢n the applications
the use cf a really interactive graphic systen. Expért users
have at their disgcsal a tcol ccnstituted by a set of tasic
functions Hitb which they cank easily  build prégréus
utilizing the grapbic and interactive capabilities cf the
systen. The dehugging and tuﬁing of these prcgrams is
greatly sifliiied by the facilities frcvided by BRPL tc¢ this
futpcse.

The same set cf tasic functicns is a powerful tcol alse fer
sytewm prcgrammers, for building programming packages to ke

used by @ncn professicpal and casuval users {ref. 2,3). The‘
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use cf displayed uenus tc ke selected bty means of the light
pet, and the [pcssibility cf issuing 'helpr'! requests at aby
scnent, sith an ipmediate and detailed response, are two
features very useful in this type of applications which can

te very €asily exrlcocited in the APL-FGS systen.
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