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0 Introcduction

The Grephice Language Assembler, Linker snd Eimulstor are
used to create Graphicse Languege programs and to test them. The
bdesesembler 1s used to tranclate GPL source code into & mechine
executeple object code and to produce & listing for the
FTogTammer. The Graphice Language Linker is used to concatenzte
two or more Graphics Language (GPL) object modules together.

The limked object module or & sincle obyject module can be tested
with the GPL simulator on the 990/10 to detect errors.

After the scoftware hes been prepared with the GPLASM or
EASERIOM command, the SPL debugger is used to lbaed., execute, and
debug the software on & GROM simulator. The BASGROM commang 1is
used to prepsre & EASIC program to erxecute in & GROM simulator.

PAGE 1







Home Computer Software Development System

2.0 4oplicable Documents

Graphics Programming Language
Programmer ‘s Guide

Graphics Programming Language
Debugger Operation Guide

O&NQV

79

b







~ome Computer Scftwsre Develecpment System OHNDYV 79

2.0 The GPL Accembler

fdssembler ilg writvten in a mixture of FORTRAN and
vage, and 1s aveilable for use on the P20/10. The
z2esembleT anslates & GPL source program into an executable
obyect ctode ond also produces & listing Ffile. The eacscsempler is
gxecutegd wvie the GPLASM command. The prompts for the GPLASM
command &are described in the following section. A CTOoSS
reference program is alsc available to provide a listing of all
symbole defined in & &PL essembly &nd all references <o those
symbols. The GPFL tross reference fprogram is inveoked by the
GPLXREF command and is also described in & later section.

The &
a

PL
ezsembly lang
T

N

2.1 GRLASM Command

The GPLASM command, when entered, will display the
following prompts:

GRAPHICE LANGUAGE ASSEMBLER
SOURCE FILE: UNITZ1
OBJECT FILE: UNIT20
LIST FILE: UNITR22
PAST/CURRENT/FUTURE (P, C,F): C

The SOURCE FILE should be the Graphics Language source file
created wuvsing the ©990/10 text editor. The OBJECT FILE is the
file which is to receive the object code from <the assembler.
The LIST FILE 1is the +file which is to receive the listing
genereted by the assembler. If the object and/or listing Ffiles
¢o not exist, they are created by the assembler. If either file

exists, it ie¢ replaced by the new file generated by the
assembler. :

UNIT20C, UNITZ21, and UNIT2Z are synonyms supplied by the
GPLASEM procedure file and will be changed when the source,
obyect and listing files are specified. :

3.2 GPLXREF Comman

The GPLXREF command is used to produce & cross Teference
listing of the symbols vused in a GPL program. When the GPLXREF
command is entered into the 9R0/10 the +following prompt is
displayed:

GRAPHICS LANGUAGE CROSS REFERENCE
LIST FILE: UNIT27 ‘

The LIST FILE specified is <the #file to which the cross
reference is to be written. The cross reference produced is for
the GFL program mest recently assembled on the user‘s particular
terminal. Therefore, if a ctross reference is desired. it must

be done before any other GPL assembly is done. It must also be
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done before the station is signed off the system.

UNIT27 is a synonym supplied by the GPLXREF oprocedure and
is changed when the cross reference listing file is specified.
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£ . C Gmephics Lenouvspe Linker

2 linker e&tcepts & ligt of containing Graphics
¢ oojett modules and concetenate se modules together
m one. linked object module. Thie makes it posegible to
ssemble and, debug & program in small or moderate sized
parts, and thern combine the parts afiterward. éleo, & program
mugt be linked tc the mormitor before it can be run on the 220/10
cmulator.

Qo «

Spevration

The lict of files to be concatenated ie conteined on &
contrel file which is created with the text editor. Each record
©f the control file contains the name of one obgject file. The
obyect file name starte in column 1 of the record and cannot use
SYNonumMs. ¢ sample control file follows:

. HCDEV. CONSOL10

HC2. DEMO. OBJ. SPOTLOOP
HCZ. DEMO. OBJ. SALESMSE
HC2. DEMO. OBJ. QUIKDEMD
HC2. DEMD. OBJ. SUBDATA

The linker is executed with the LINKGPL command.  This
commend asks for the name of the control file and the name of an
cutput obgyect file.

LINK GRAPHICE LANGUAGE PROGRAMS
' CONTROL FILE:
OBJECT FILE:
the output Ffile need not be created before the linker ie run.
I# it slready exists, it will be replaced with the new output.
Synonyms may be used in the names of these two files @s in other
SCI commands.

The GPL 1linker rums in the background mode to allow other
terminal activity cduring proctessing. Succeesful execution 1is
indiceted with the message “GPL LINKER NORMaL COMPLETION". When
completed the output object file may be vsed by the simulator.

4.2 Error Indicstions

Error conditions are reported with the termination message
"XXXX ERROR ENCOUNTERED". A description of the cause of the

error - code "XXXX" can be found in Volume VI, Chapter & of the
DX10 manuals.
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cepts & ligt of leg containing Graphics
ies and concatenates those modules together
m one linked obyect module. Thies mekes 1t poesible %o
ssemble and, debug & pregram in smaell or moderate si:zed
/ eand then combine the parts afieruwerd. Alep, & program
be limked tc the moritor before it can be Tun on the 990/10
t

i
s

2.1 Qperetion

The licst of Files ¢to be concatenated is conteined on &
contrel file which is created with the text editor. Each record
¥ the control file conteins the name of one obgject file. The
object file name starte in column § of the Tecord and cannot use
synonyme. ¢ sample control file follows:

. HEDEV. CONBOL 10

HC2. DEMO. OBJ. SPOTLOOP
HC2. DEMD. OB J. SALESMSE
HC2. DEMD. OBJ. QUIKDEMD
HCZ2. DEMO. OEJ. SUBDATA

The linker is executed with the LINKGPL command. This
commend asks for the name of the control file and the name of éen
cutput object file

LINK GRAPHICE LANGUALE PROGRAMS
CONTROL FILE:
OBJECT FILE:
the output Ffile need not be created before the linker is run.
I+ it alreedy exists, it will be replaced with the new output
Synonyms may be used in the names of these two files as in other
SCI commands. :

The GPL 1linker runs in the background mode to allow other
terminal activity during processing. Succeesful execution is
indiceted with the message "GPL LINKER NORMAL COMPLETION". UWhen
completed the output object file may be used by the simulator.

4.2 Error _Indicastions

Error conditions are reported with the termination message
"XXXX ERROR ENCOUNTERED". A description of the cause o0f the

error - code "XXXX" can be found in Volume VI, Chapter & of the
DX10 manuals.
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S. 0 F30/10 Graphics Lanaguage Emulator

The GPL Emulator allows for the interactive debug of GPL

programs on the $90/1C computer. Befare & program can be run on
the emulator. it must be linked with the file . HCDEV. CONSOL1O
containing the consaole sofftware. This file should be the first

oneg listed inm the conmtrol file.

5.1 Qperstion

The Grapnhics Language Emulator is executed with the GPLIO
zemmand. This command will request the name of the #file
containing the linked object cogde

GRAPHICS LANGUAGE EMULATOR
CEJVECT FILE:

When execution begins, the first record of the object
module is displayed on tha bottom line of the screen. When the
module i1s loaded:, the screen will be formatted to simulate the
TV gcrean. Two columns of twelve lines are wused on the @13
te2rminals, and one column of 24 lines on the P11 fterminals. In

2ither case the right side of the screen is wused for debug
display.

The execution o0f GPL instructions is done &s on the home
computer with the following exceptians:

1) MOVEs to the VDP registers are ignored.

2) The defined character set consists of both
the upper and lower case ASCII character
set and cannot be changed (an attempt will
change VDP RAM but not the display),
although characters can be moved from one
portion of the character set to another.
See Table 5.1 for a list of corresponding
heradecimal values and ASCII characters
Note that the lower case characters are
available anly on the 990/10 emulator
and cannct be used on the 99/4

3) The SCAN instruction does not return with
a neo—key-down indication unless the debug
mcde is entered. This means that ftimer
loops, etc. will not work.
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HZx CHAR  ASCII HEX CHaR  A8CI1I HEXY CmaR &8CI1
00 &0 4AQ @ 20 B0 EO spece 60 CO '
01 41 A1 A 21 81 E!l ! 61 C1 &
02 42 &2 B 2= 82 E2 u &2 C2 b
C3 42 A C =2 B2 EC $ 62 C3 ¢
04 44 AL D 24 B4 E4 - &4 C4 ¢
S 45 AD £ 25 85 ES % &5 CO &
0s &8 As F =& Bé E6 b bé Cé ¥
CT 47 a7 < 27 87 €7 ’ 67 C7 g
O 48 AP H =2 B8 EB ( 68 C8 h
09 49 4© I 29 B9 E9 ) 69 C9 i
Ol &b Mh J 24 BA E& * 64 CA J
OE 4B Al K =2E BB EB + &B CR k
OC 4C Al L 2C BC EC ) &C CC 1
0D 4D &l M =D 8D ED - &D CD m
E 4E aE N 2E 8E EE . &E CE n
OF &4F aF O 2F B8F EF / &F CF o
10 50 EO F 30 90 FO 0 70 DO p
11 51 E1 G 21 21 F1 1 71 D1 g
= 52 B2 R 32 92 F2 2 72 b2 T
12 S5S3 B3 S 33 93 F3 3 723 D3 s
14 54 k4 T 34 94 F4 4 74 D4 t
15 55 BS U 35 95 F5 5 7% DS U
14 54 Bé Vv 36 %& F& b 76 Db v
17 7 BY W 37 97 F7 7 77 D7 w
1€ 58 BE X 38 98 FB B 78 De X
19 59 B9 Y 2% %% F& S 79 D9 y
1A SA Ba pA 3A FA FA : 74 DA bd
1P SB BB L 3B 9B FB i 7B DB {
iC SC BC \ 3C 9C FC < 7C DC !
iD SD BD 3 3D 9D FD = 7D DD >
1E SE BE 3E 9E FE > 7E DE ~
iF BF BF _ 3F 9F FF 7 7F DF space
Table 5.1
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3.2 Leouyn Feagturss

The area on the right side of the CRT screen is used for
debug infteraction, The screen lines and their use is listed
telow.

LINE USE
GPL program counter
program status
breakpoint address
step mode indication
second keyboard function inmdication
10 debug command interaction
where cursor s positiomed when
input is needed

O~ O

[ |

The GPL program counter (on line O) is wupdated every 100
L instructions, whenever a scan is done, when a breakpoint is
ken, or when a program arror is detected. line 1 indicates
& program status with the following messages:

PAUSED waiting for input of debug key
BREAKPOINT breakpoint has been taken
# ERR ADDR # GPL address error at the

: instruction identified by the PC
*# 0P ERROR =# undefined GPL inmstruction at the

address identified by the PC

# END VECT # undetected GPL error - see 3.4
(blank) program is running (if the cursor

is at the lower tight corner
of 3 913 or cenfter right edge
of & F11, a SCAN instruction
is executing) :

Certain keyboard keys aré used for debug purposes. These

keys are tested every 100 GPL instructions, whenever a SCAN

instruction is executed, and when the debug mode is executing
The debug mode is ex2cuting whenaver line { of the debug column
is mnot. blank. The debug mode may be entered before program
execution begins by pressing one of the following debug keys
while <¢the GPL program is being loaded (as evidenced by the
hesder record being displayed on the bottom line). The debug
kays and their use are:

213 211 |
FO CTRL 1 Quit simulation
F1 Fi Resume simulation
2 Fa2 Second keyboard function
F3 F3 Madify program counter
Fa Fa Set breakpoint
FS FS Step one GPL instruyction
Fé& Fé Inspect and modify memory

PAGE 8

L
PN
@






VN

P

-=ome Compute- Scfiware Development Sustem Q&6NDYV 785

When hexzdecimsl numbers &re rTequested, the user enters &
TTmimg oF hesscefims. ChaTsasctlerTs tTerminegted by & non—-hexasdecimal
character (uvsvelly & space or new-line). The last 2 or 4
chzTscTerTs enteres =Te USEC Odepencing on whetner one byte er two
aTe needec. Thus 14 an error 1§ made entering & number, more
characters =2Te entered to effectively throw asway the previous
ones

The FO key (CONTROL-1 on the @Q11) terminates the GPL
simuletoT whizh ¢ incdiceted by the message “GPL SIMULATOR -
NORMAL TERMINATION®

key is used to resume the simuletion when line 1 of
splay shows the "PAUSED" messapge. '

The FE2 key sets the keyboard in the second function mode
This mode allows @& character set extension for control
cthatrecters and applies only to SCAN insgtructions to keuboard O.
The <c¢efined control cheracters are listed below (see 5. 3). The
second function mode is turned o#f when & cheracter is entered
on keyboard O or when the F2 key is entered again. Since the
second funciiorm key cavses GPL simulation to resume immecdiately.
care should be taken that this key is used only when & SCAN is
teing cone.

The FZ key prompts for & wvalue for the GPL Program
Counter. If no value is entered the PC is not changed. after
changing the PC the emulator displays the "PAUSED" message and
waite for another function key..

The F4 key prompts the user for & breakpoint addreses. When
entered, the breakpoint address will be displayed on the
screen. I# no wvalue 1is entered. the breakpoint is set to
location Q0000 which is indicated by & blank breskpoint address
(line 2. After breakpoint entry the debugger will display the
"PAUSED" message and wait Ffor another function key. The
brezakpoint address (line 2) is compared to the GPL PC at each
instruction execution. When &2 metch is found, @ breakpoint 1is
taken and indicaeted in line 1, The match must be on the address

of the first byute of an instruction.

The F5 key will cause immediate execution of one Graphics
Language instruction after which & breakpoint will be taken
independent of the current breakpoint address. The execution in
step mode is indiceted by & "STEP MODE" message on line 3 of the
debug. display. I4 <this mecssage does not immediately go away.
the progrem is executing @ SCAN instruction, and a key must be
entered to the SCAN before the step mode will complete

The Fé& key will first ask +the wuser whether (1)CPU,

(processor RAM), (2)VDP  (RAM), or (3)GROM (ROM) is ¢to be

tieplayed. The user enters & 1, 2, or 3 accordingly. The user

is then prompted for the address to be displayed. I+ an invalid
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address is enteraed fthe wusar is re-prompted Ffor the address
khen the address is entered the data for that location is

dizplayed. The user may change the data by entering new data.
may procead to fthe next locaticon (+ key) or %he previous
iocation (= keyl. Entry of any other key will cause the

debuggesr to enter the “"PAUSE" mode.

-

3.3 Keuboard Codes

When keayboard ©C is SCANned, the ASCIT characters on the
farminal keydoard (including lower case on the 911} may be
znterszd. When keyboards 1 or & are SCANned, only certain
characters are used. These characters and the codes produced by
them are listed im ta2ble 5.3 below.

When the second function flag is set (as indicated by line

4 of the debug display):, certain keys on the keyboard are used
e provide special key codes. The second function characters on
kegboard O SCAN are as follows:
SECOND
KEY FUNCTION caDE

A Aid To User »C1

C BEASIC BREAK/Clear x02

o] Forward Space pile

=3 Up Arrow >QB

F dalete Character >Q3

G Insert Character :Q4

R Redo Screen 04

s Back Space 08

T Clear Line =07

vV Program Definable 0C

W Restart GROM Prog 0E

X Down Arrow »0aA

Zz Previous Screen ~OF

Table $. 2

To simulate the handheld keyboards, certain keys are wused

PAGE 10

—

v







=mome Jomputer EcftwsTe Davelopment Syustem O6NOV 7S
2r tne terminel heyboere For & BCAN instructiorn or c¢ther then
FeLpoaTC o these hegs Used ang the equivalensz rencheld
fumIticns 8Te!
S1Z or F1i HANDHELD KEY
KEY KEY CODE
O;q O=9 Q=<
/ civide 10 (=089
= multiply 11 (=0B)
- - 12 (=00
“+ + 13 (>0D)
= = 14 (=0E)
1% (HOF)
N next 16 (X10)
S set, 17 (x11)
G go 18 (»12)
c clear 16 (312

Table 5.3

I¢# any other key 1is &entered when the handheld is being
SCaANed, & neo~key—down indication is returned and the key is
ignored.

S.4 Error Messages

GPL execution error messadges are described in 5. 2. Some
undetected GPL errors cause abnormal termination of the
simulator and the displaying of <the "# END VECT *" message.
When this occure, &ll of the debug features are still sveilable;
however, if the program is restarted by modifying the Program
Counter and the error occurs agaein, the task will be aborted and
control will be returned to the SCI of the 990/10.

Dther error messages c¢an be displayed if &n error is
encountered while the GPL program ie being loaded intoc memory.
The message "XXXX ERROR ENCOUNTERED" indicetes & supervisor call

error, The cause can be determined by reference to Volume VI,
Chapter 5 of the DX10 manuals. The message "BAD DaATaA FORMAT"
refers to an error reading the GPL obgject. This erroT pccurs

when the load file doees nct contain GPL object code.
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2.0 250

~.

‘10 Sraphics tangusgs Debugager

-
[

'@ GPL debugger provides the human interface necessary to
LD, EXECUTE., and DEBUG GPL software in a GROM simulator. When
the software has been prepared with the GPLASM (Section 3.1) or
CASGROM (Secticn 7.0) command, the programmer is ready to start
ths d2pug session. To begin debug., the command DEBUG is entered.
This provides the user with the following prompt screen:

GPL DEBUGGER
USER MEMORY (K): 8
COMMAND LIBRARY: .HCDEV. COMLIB

The default memory of 8K bytes is wusually sufficient so  that
snly the ENTER key is necessary. The Command Library Module file
name 1is provided by default se¢ you only need to press the ENTER
kzy The Command Library file is a source file of debugger PROCs
designed to aid the programmer {n the debug process. Each
srogrammer may compose his own set of PROCs and enter that file
name after the COMMAND LIBRARY prompt. It is not necessary ¢to
ioad a Command Library, but it is helpful to be able to use the
PROCs i1t provicdes. If a Command Library +file name 1is given,
there will be a pause before exacution of the debugger begins.

The cdebugger then starts execution and the user is prompted
fwith 7)) for commands to:

o Connect the debugger to a particular
systam simulator.

o Load programs into simulatead GROM.

5 Debug programs with HALT, RUN, BREAK,
UNBREAK, and inspect/modify memory.

More detailsd instructions can be found in "Graphics Programming
lLanguage Debugger Operation Guide. "
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o ‘ f omamt, o - .
O Lonvers:on of BASIC Frocrams for GROM

Thie section descTibes the capabilities oFf &and procecures
‘e prepererion of & DBASIC progrem to execute in & GROM
zimulator on & Softuwsere Development System. This protcedure
appliess to prograem development with & 99C/10 computer and & Home
Computer Eimulator (which may consist of & Home Computer &nd &
GRAM eimuletor. This section 1is specifically +for use by &
reTson teveloping e BAESIC preogram for & solid setate Command
Mocdule (GROM).

T.1 Eynctionel DescTipticon

These procedures alliow & programmer to enter & BASIC
program onto &8 990/10 disk file and convert it intc & form which
can te loaded inte and executed from & GROM simulator. When
testing ie complete, the rvesulting code can be pleaced in GROM
thips for mess distribution as & sclid state Command Module

Section 7.2 describes the use of the DBASGROM command and
n provided to customize ¢the rTesultinmg GROM <code and

topies of duplicete lines. Programs &are stored most
ly i short wverieble names aere wused. The BASGRDOM
i1l tonvert veriatle names inte short names zo that the
T can write readable code (see Section 7.2.2. 6)

The BASGROM command produces four segments of code:

GROM header

BASIC text

BASIC line number table
Start-up code

0000

The GROM header is always placed in GROM 3. The programmer
hat some contreol over the contents of the GROM header (Sections
7.2.2. 4, 7.2. 2. %)

The BASIC text consists of the converted 1lines of BASIC
code prepared for the GROM. More detail of the contents of this
text is given in Section 7.32. This BASIC text normally sterts
immecietely &after ¢the GROM header but the placement in memory

tean be altered with the “REM +" statement described in Section
7.2.2. 2.

The BASIC line number table follows the program text. This
consists of four bytes for each BASIC program line and contaeins
the 1line number and & pointer to the text for that line. The
line number %table must be contiguous and must not cross a GROM
boundary.

When & GROM BASIC program is selected on the Home Computer

menu, GPL code is executed before the BASIC Interpreter takes
control. A default version of this start-up code is provided by
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“he BASGROM oprogram wunless an option is selected (Section
7.2.2.4).

7.2 Use
The wuse of the DBASGROM utility program is described and

various options are discussed in detail.

7.2.1 General Operstion

The conversion of & BASIC program into GROM code 1is
accomplished with the DBASGROM command on the 990/10 computer
This command initiates @ two phase process. The first phase i1s a
conversion of the BASIC source into a form which c¢an be
assembled by the GPL assembler. The second phase is a GFL
assembly which produces an object module which can be loaded
into & simulator. This process is illustrated in Figure 7.2.1.

The BASGROM command prompts are as follows:

CONVERT BASIC FOR GROM
BASIC SOURCE FILE:
GPL SOURCE (QUTPUT):
CBJECT (QUTPUT):
GPL LISTING (QUTPUT):

The BASIC SOURCE file must include line numbers starting in
column 1 and must be ordered in ascending line number order.

This is as a program listing would be. The END statement is not -

required. REM statements cannot be referenced in other
statements such as GCTO, etc

The GPL SOURCE +file is a temporary file used to pass data
from phase one to phase two.

The GPL OBJECT file 1s the data that can be logaded into a
simulator for execuftion

The GPL LISTING file containms & listing result of phase
two. It is wuseful {f any errors were encountered during phase

After entering all of the requivted file names, phase one of
the crunch will sxecute in the foreground mode. The GPL assembly
which follows executes in the background mode. The WAIT command
is convenient to wait for phase two completion. When the GPL
ass2mbly is complete, a message is displayed on the CRT to
indicate if any errors have been encountered.
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Aztiron of BASGROM Commaend
Figure 7. 2. 1

7.2.2 Extended Features

Certain features are provided in BASGROM through the use of
REM statements. Certain types of REM statements control progrem
name, duplicete lines, placement of code. start—-up code. and
vaTiable name Treplacement. Each of these REM statements hes &
speciel character as the first character following the REM.
IMPDRTANT NOTE: The ampersand (&) should never be used as the first
symbol in & REM statement.

7.2.2. 1 Brogram Name

in REM *name (ln = line number)

The asterisk indicates that the next 22 charascters are ¢to
be used a@as the program name for the Home Computer menu.

7.2 2. & Duplicate Linec of Basic

In REM/1In2

This statement specifies that the statement immediateluy
following the REM/ stetement is identicel to the statement at
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iln2. The DBASGROM oprogram will noet produce text for <the
succe2eding statement. The 1line number table entry for ¢the
succaeding line will point to the text faor ln2. Refer to section
7.2 #for & description of the memory representation of a GROM
BEASIC program.

7.2.2.3 Large Programs

in REM +

The BASGRCM command produces a GROM header in GROM 3. The
BASIC program will follow that GROM header. The REM + statement
will cause subsequent lines of the BAEIC prcgram to be placed in
the next sequential GROM (the first REM + will start at GROM 4,
ORG Q). The BASIC line number table (4 bytes for each BASIC
ztatement) is produced at the end of the BASIC program.

7.2.2.4 Custom Start-Up Code

in REM ~ address

The address i1s a five—character hex number (e.g.. >8C20).
BASIC programs in GROM are initiated by a short segment of GPL
code. Control returns ¢to the GPL code after the program
completes either normally or by an error. I# an error has
accurred, the condiftion bit will be set on return from BASIC. If
the abocve statement is not included, BASGROM will include the
foliowing start—-up code with the BASIC program.

TART! BR STARTZ
LOOPL SCAN
BR LCOP1
EXIT

STARTZ MOVE 1 FROM ROM(#H20) TO VDP (1)
MOVE 21 FROM ROM (#0OMPMES) TO RAM(183)

B START3
OMPMES DaTA : ONE MOMENT PLEASE. . . :
H20 DaTa 20

a
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REM ™ stetement s inciuded. orily the following is
ec:

ETARTI EQU sodrecss

Thnen the programmer must supply start—up code of the form:

ETART: BR ETARTZ ENTRY FOR START UP

* ENTRY FOR END OF PROGRAaM
BR ENDZ2 TEST PGM ERROR FLAG

LOOr SCAN IF EROR., WAIT
BR ~O0F

ENDZ EXIT

ETARTEZ (ETART UP CODE)
E +6010 G0 TO CaAlLL BASIC

Execution will be at START! before BaSIC program execution
and =2t ETARTi+2 &t BASIC program termination. Therefore, the BR
instruction at ETART! is required. The sctual code lozated at
ETARTZ depends on the individual program requirtements

7.2 a2 ¢ Diseble Yeriable Name Rerlescement

in REM -

The REM - statement will disable <the substitution of
minimal lengtn veriable names for the user’s variable names.
This i1s wvaluable when wusing +the program traeansfer +Feature
described in Section 7.2. 2.  This statement must be entered
previous to0 anmy use of & variable name in the BASIC program. If
variablee have been used before this statement occurs, an error
will be produced and the statement will be ignored.
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&

Factars of Program Size

The following items give an overview o0f the space necessary
varicus iftems of BASIC syntax. This is to assist in keeping

BASIC programs as short as possible

Each BASIC program line has 4 bytes of overhead in the line

number table. Each program line which is not a duplicate of
another has a text string representing the program line. This

text
line.

string has one byte of overhead to represent the end of
The lengths of other items are: '
Key words - 1 byte (GC TO are two key words but GOTO
is one).

Yariables - 1 byte for each letter in the variable name.
The BASGROM command will convert ucer variable
names into short names.

Numeric constants — & bytes pglus the number of characters
in the constant. Because o this, it
can be more efficient to use variables
for often-used constants.

String Constants - 1 byte for each character including
quotes.
Line numbers in GOSUB, GOTQO, etc. = 3 bytes for each

line number
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