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wWher J.
Tramsactor 2. Yol. 1. the First pase of the ROM  max

Butter<tield s memore mser was published

ity
section

was somehow omitted. Therefore 1t has besn inc luded in this

Transactor along with Jim ' s most recent  memors  maes
urrsr-ade ROMs. z

Introducins: The MEDGE

(@i d e

The WEDGE. or- more commor b2 lhnows as the "sreater  than”
kew € > . is likely to kecome the standze-d contral  lew $or
addinz functions to BASIC. Theze extra functions. of course
i machinse lamsuasae. will be called bhe a precesdins "3, Thi=
wroaran following was wrelttern b2 B. Seiler in California.
Hote the simul=ted “"SAVEY i line=s 1868 to 26A,
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dealler torobtainFa s RREEEI 8Ex S22 fullt 'collour " PEMNEOSEEX.
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THE APPEND WEDGE (For 8Ks only) - By BarSeliler

The APPEND WEDGE is an excellent program to append one BASIC
pProgram to another. This special characteristic all?ws you to
have a set of general purpose subroutines ande  tack S them eontoe
any program. One draw-back though; the line numbers must be
Insorders

Because the edification of this listing is quite complete, you
may wish to read through the listing first, and then commence
to programming.

ENTERING THE "APPEND WEDGE"

1. First load the MACHINE LANGUAGE MONITOR Commodore Part No, 321000
2. Use the MONITOR to enter the machine code into the second
cassette buffer. Hex @g33A to @3FF

3. Use the "X" command to return te BASIC . Type “NEWS (xeturn).
4. Enter the BASIC PROGRAM. Lines 1@ thru 238 are all that are
necessary to LOAD, RUN, and SAVE "APPEND WEDGE".

5. Basic Lines 1@@@ thru 9988 are just the instructions.

6.  To SAVE the eriginal copy type RUN 1@0." SDhils-willSsave the
Machine Language along with the BASIC Program.

18 SYZ526  HEM
20 REM $##54 8308009449444 4%

28 REM % oy
40 REM % TO SAYE TYPE RUM {od ¥
5@ REM # ¥

68 FEM ¥FEF4HEEREFREERREERIEFN S

188 FOKEZ241.1

118 FOKEZ4y.58:POKEZ48., 3

128 E=FEEK{124)> FOKEZZ3.E

ISR b=FEERCIo -0 FulE=aa B

136 REN *£¥+ F INIE SHYE HHEME $$4¢
15ReHs=""

168 H¥E=STRF(FEEKC15@0+2Sc¥FEEEL 151 20
178 A=YAL (A%

188 H$="AFPEND WEDGE"

138 E=PEEK(R) :FOKEZ3S8: E

288 B=FEEK(A+1):FOKEZ49.E

218 B=FEEE{R+2>:FOKEZSA. B
S&H Shfetiliee

238 END



»

4 REM *#*$$*$$$$$$$$$$*$*$$$$$$$$*$

18 FEM ¥ ¥

328 REM % FOR INSTRUCTIONS RUM 1980 %

AZE3 REM # ¥

43 FEEM ¥3$#EEEE0ERnEEEakeer bk

aSEe FRIMT"O": ,
3 FRINTY # AFFEND MWEDGE  COMMAHWD "
3 FRIMT:FRINT:FRINT
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FRINT" THIS PROGRAM RDDS AN EXTRA COMMAND
FRIMT"TD FET ERSIC. THE EXTRAR COMMAND IS
FRIMT"IS CALLED AFFPENDS, RRFEND® ALLOWS THE
FRINT"UZER TO JOIN SEFERATE EBRSIC PROGRAMS.
FRINT" &GFFEND® COULD EE USED TO LINK TESTED
FEIMT"ZUEROUTINES TO A HEM MAIN FROGRAM.
FRINT" THE HFFEHD® COMMAND IS ADDED TO
FRIMT"ERSIC BY FLACING A WEDGE IN THE ZERQ-
FRINT"FAGE CODE USED TO SCAM ALL LIMES.
FRINT"THE MWEDGE IS FORCED EY LIME 1@ AND THE
FRIMT"FROGEAM ARER IS CLEARRED BY A NEM.
FRIMNT" THE MACHIKE CODE FOR SAFFEND® SITES
FRIMT"IM THE SECOND CRSSETTE BUFFER. THIS
FRINT"EUFFER IS FROM @33R HEX TO @408 HEX OR

1 PREIMT"JUST BEFURE THE ERSIC SOURCE. TO SAYE

T3 PRINT" s9FFEND® THE SECOHMD CRSSETTE EUFFER

23 PRIMNTYMUST BE SRYED WITH THE ERSIC SOURCE.

SO0 GOSUEIEaaa ’

3 FPRINT" Ialen THE EARZIC LINES 188 TO 233 FPERFORM
3 FREINT"THE TOTHL SRYE. LINWE 1@8 SETS THE
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FRIMT"FIRST RDDREESS FOR CRSSETTE #1. LIHE
FRIMT" 115 SETS THE LO RND HI EYTES FOR THE .
FRIMT"STARET HDDREESS OF THE SAYE TO 833R HEX.
FREIMNT"LIHES 126 AMD 120 SET THE END ADDRESS
FEIMT"FOF THE ZAYE TO YARTAE. YARTHE FOINTS
FRINT"TO THE EMD' OF ERSIC SOURCE.

FEINT" A SFECIAL TREICK IS USED TO MRKE THE
FEIMT"HARME FOFR THE SRYE. LIHES. 148 THRU 176
FEIMT"LOCHTE THE LENGTH AND ADDERZS FOINTER
FEINT"WZED E%Y BRZIC FOR STRIWG A$.

FEINT"LIME 128 MRKES R$ EQURL TO THE MAME FOR



2106
2110
2128
2130
214a
2158
2led
2178
2168
215a
2caa
2210
25a0
S666
2060
2618
202
5030
FERDY.

FRINT"THE SAYE. LINE 199 SETS THE LENGTH OF
PRINT"A$ FOR THE SAYE. LINES 208 AND 216 SET
PRINT"THE ADIRESS OF A%+ FOR THE SAYE NAME.
PRINT"FINALLY LINE 228 CALLS THE OFERATING
FPRINT"SYSTEM RUHTINE TO DO THE SHYE.

GOSUES0B06

PRINT" (Telal®) TO ACTIVATE THE AFFEND® COMMAND
PRINT"TYPE SRUNS,

PRINT"M T0 SAYE THE SMFPEND® COMMAND AND
PRINT"INSTRUCTIONS TYPE SRUN 1oom,

3 PRINT"RIREEIR WARMING *

PRINT"® THE tHRPPEND® COMMAND DOES NOT FIX
PRINT"LINE NUMBERS! HAFFENDING PROGRAMS WITH
FRINT"LINE NUMBERS OUT OF ORDER MWILL HAYE
PRINT"STRANGE RESULTS WHEN RUM. °

PRINT" USE FET RENUMBER TO FIX SEGMENTS
FRINT"EEFORE HAPFENDING.
GOSUESa0:H
FRINT"JSYHTAX FOR HFFEND® COMMAND
FRINT
B FRINT">AFFEND "CHR#(34)"FROGRAM NHNE"CHF$'o4)
FRINT"T 1 1
@ PRINT" | | Ir )
FRINT" 1 1 Y NAME OF FROGRAM ON TRFE |
1 FRINT" I | I #1 ¥OU WISH TO APFEND !
@ FRINT" I | I TG THE FRESENT FROGRAM |
FRINT" 1 | I IN FET HMEMORY !
FRINT"1 | | I
FRINT" 1 | I IF OMITTED THE HEX !
PRINT"1 | | FROGRAM ON TAFE #1 WILL |
PRINT" | | | BE APFENIDED !
FRINT" 1 | t —!
FRINT"1 |
FRINT" 1 I )
FRINT"1 YA COMMAND NAME - R FOR SHORT |
FRINT™ | : —
FRINT" I

FRINT" H FROMFT CHHRACTER MUST EBE
FRINT" | IN FIRST COLUMH OF LINE
FRINT" ¢
GOSUEZ6Ba

GOTCO1666

PRINT " SalelelelalnnlalnInlnTnInInIaT el IATRTAIRTNIN " ;

FRINT" J'HIT ANY KEY TQ CONTINUE B
GETA%*: IFA%=""THEN9QZ®6

RETURN

L — —
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AFFEND 120......FAGE 0001

LINE

0002
0003
0004
0005
Q006
Q007
0003
0007
0010
0011

0013
0014
0015
0014

00153
0019
QOZ0
Q0Z1

-

003
0Oz4
0OZS
OOz,
OOZ7
OOZs
0Oz
0030
0031
0032
0033
0034
0035

Q037
Q038
0037
0040
0041
0042
0043
0044
0045
0044
0047
0042

# LOC

0000
0000
0000
0000
0000
Q000
0000
0000
Q000

0000

0000
0000
0000
0000

OOO0

QOO0
OOO0
0OOO0

Q000
QOO0
OO0
QOO0
QOO0
[WIRIRIN]
QOO0

QOO0
0000
0000
0000
0000
QOO0

OO0Q0
0000
0000
galelele)
0000
QOO0
0000
QOO0
Q000
QO00
0000
0000

CODE

LINE

$ ekt deofe sk e bbbk o s e e ol o s e b fof b g bk ok

3

s#* APPEND BASIC FROGRAMS

sk

3k FOR LEVEL 1 BASIC

$ %
3% 3-29-7%
3%
3%

3 Aeofesdeioofoofs sk dbeofeobe e e ofs b b e b o o ool e ol o R ok

3 BASIC VARAELES
TXTFTR=$C?
BUF=$0A
VARTAB=$7C

:BASIC ROUTINES
CHRGET=%00C2
CHRGOT=$00CE&
FINI=$C430

:0P SYSTEM VARAELES
TEMF1=$50
EAL=$ES
EAH=$EA
FNLEN=$EE
FA=%$F1
STAL=%F7
STAH=$FS
FNADR=$F%
VERCK=$0Z0F
SATUS=$020C
TAPE1=%$027A
TAFPEZ=$033A

sOF SYSTEM ROUTINES
FAH=$FSAE
LDADZ=%$F&64D
SAVE=$F&EB1
FRT=$FFD2
LO410=%F42B
TRO=$F&CA
TWAIT=%F?13
LERR=$F3DE
LD210=$F3E%
2127=%F&&7
CSTE1=%F&3L

$INC TXTFTR AND GETS CHAR

sGETS LAST CHAR
$FIXES LINKS

sEND ADR FOR SAVE
sLENGTH QOF FILE NAME
$START ADR FOR SAVE

sADDRESS OF FILE NAME

sREAD ANY TAPE HEARDER
sCOPY PTRS FROM HEADER
sOP SYSTEM TAPE SAVE
sPRINT CHAR IN A
sPRINT * ING> MSG
sREAD DATA FROM TAPE
sWAIT FOR KEYERD IRQ
$FRT ERROR MSG

$sFRT READY,FIX VARTAE
$SETS TBUF PTR

s ISSUE TAPE M3G



AFFEND 120......FAGE 000Z

LINE # LOC CODE ~ LINE

0049 0000 LD3I00=$F 3FF :FRINTS FILE NAME

0050 0000 FAF=$F 475 : SEARCHS FOR FILE BY NAME
0051 0000 OP140=$F579 :FRT "FILE NOT FOUND ERROR’
0053 0000 +=TAPEZ

00S4 033A s SET WEDGE CMD IN Z-FASE CODE

0055 033A 3

0056 O33A A% 4C SETW  LDA #$4C $JIMF INSTRUCTION

0057 033C &S CB STA CHRGOT+3

0058 O33E A9 47 LDA #<WEDGE $SET LO

0059 0340 £5 CC STA CHRGOT+4

0060 0342 A9 03 LDA #>WEDGE $3ET HI

0061 0344 85 CD STA CHRGOT+S

006z 0346 &0 STRTS RTS :

00L4 0347 : AFFENDN WEDGE CMD

0065 0347 :

0066 0347 C©9 3E WEDGE CMF #° > :A WEDGE CMD7T

0067 0349 DO O ENE WGZ00 3 NO

0042 O34E 48 FHA :MAYEE

0069 034C AS C7 LDA TXTFTR tWAS 3T IN COLUMN
0070 O34E ©% OA CMF #<ELF

0071 0350 FO 08 EEG WCMD s YES-WEDGE CMD

0073 0352 4F W5100 FLA sFINISH CHRSOT

0074 0353 C9 3A WGZ00 CMF #°:

0075 0355 EO EF ECS STRTS

007¢& ©O3S7  4C CF 00 JMF CHRGOT+7

0078 O035A Z0 CZ 00 WCMD  JSR CHRGET AN AFFEND CMO™

0079 035D C9 41 CMF #°A

0080 O03S5F DO Fi ENE WG100 s NO

008z 0361 AZ 01 . LOX #1 s YES—SET FOR CASSETTE #1
0083 0363 && Fi - SZTX FA

0084 0345 CA DEX : X=%$00

0085 0366 &6 EE STX FNLEN :ZERD LENGTH OF FILE NAM
0086 0368 && FA STX FNADR+1 :FOINT INTO Z-FAGE

0087 036A &E OB 0Z STX VERCK :SET FOR A LUOALD




APFEND 120......FAGE 0003

LINE # LOC CODE  LINE

0083 036D 20 C2 00 WC100 JSR CHRGET $GET NEXT CHAR

0090 0370 AA TAX 3IS THIS THE END
0091 0371 FO 17 BEG WC210 3$ YES-LOAD ANYTHING
0092 0373 C9 22 CMP #$22 3A (")7?

0093 0375 DO Fé6 BNE WC100 $ NO-LOOF

0094 0377 A6 C9 LDX TXTPTR $START FILE NAME ONE+
0095 0379 ES8 INX

0096 O037A 86 F9 STX FNADR

0098 037C 20 C2z 00 WC200 JSR CHRGET sFIND END OF THE NAME
0099 O37F AA TAX $ THIS THE END?
0100 0380 FO 08 BEG WC210 $YES

0101 0382 C7 22 CMP #$22 $AN END DOUELE QUOTE?
0102 0384 FO 04 BEQ@ WC210 $YES

0103 0336 E&6 EE INC FNLEN 3 NO-KEEP CHARACTER
0104 0388 DO F2 BNE WG200 s BRANCH ALWAYS
0106 0Q38A 20 67 Fé6 WCc210 JSR Z1Z $SET TBUF FTRES

0107 038D 20 3B F3 JSR CSTE1 s ISSUE TAPE M:=G
0108 0390 20 FF F3 &R LD30O sFRT FILE NAME
0107 03793 AS EE LA FNLEN sLOADING ANY FILE
0110 039S FO 08 BEG WC2S0 3 YES

0111 0397 20 95 F4 JSR FAF $NO-SEARCH FOR IT
o011z 03YA DO 08 ) ENE WC270 $SKIFP IF FOUND
0113 03%C 4C 79 FS WCz220  JMP OP160O sFILE NOT FOUND MSG
0114 O39F 20 AE FS WC250 J=R FAH sREAD ANY FILE

0115 03AZ FO F8 BE® WC220 $ERROR IF NOT FOUND
0117 O03A4 s CALC NEW ADDRESS FOR APFEND SOURCE

0118 O03A4 H

0117 O3A4 AD 7D 02 WC270 LDA TAPE1+3 $GET LO END AR
0120 O3A7 38 SEC sCALC DELTA

0121 O03A& EID 7B O2 SEC TAPE1+1 3SUB BEGIN LO

0122 O03AE AA TAX $SAVE 1IN X

0123 O0O3AC AD 7E O2 LDA TAPE1+4 3GET END ADR HI
0124 O3AF ED 7C 02 SBEC TAPE1+2 $SUB BEGIN ADR HI
0125 03Bz A8 TAY . 3SAVE IN Y

0126 03B AS 7C LDA VARTAB sCALC AFPEND BEGIN
0127 O03BS 33 SEC

0128 O0O3B4 E?7 04 . SBC #4

0129 O03B8 2D 7B 0OZ STA TAPE1+1 3SET LOAD NEW START
0130 O3B AS 7D LDA VARTABR+1

0131 O3BD E9% 00 SEC #0

0132 O0O3BF 80 7C 02 5TA TAFE1+Z $NEW START HI

0133 03€C2 €A TXA sGET DELTA LO

0134 03C3 13 CLC $CALC NEW LOAD' END ADR
0135 03C4 6D 7B OZ N ALC TAPE1+1

0136 03C7 &D 7D 02 STA TAFE1+3

0137 03CA 95 TYA 3GET DELTA HI



AFFEND 120......FA3SE 0004 -

LINE # LOC
0138 O3CB 6D
0139 O03CE &D
0141 03D1 20
0142 03D4 AZ
0143 03Dé6 EE
0144 03D9 ERD
0145 03DC FO
0146 O3DE =20
0147 O3E1 ES8
01438 O3EZ DO
0150 SE4 20
0151 O3E7 20
0152 O3EA ZO0
0153 O3ED AD
0154 O3F0 FO
0155 O3Fz A4C
0157 O3FS 4cC
0158 O03F8 OD
0158 O0O3F7 41 !
0158 O3FF 00
01572 0400
01460 0400
ERRORS = 0000

SYMEBOL TAELE

SYMEOL

AARAA
CSTE1
FAF
FNLEN
LDAD2
PRT
STAH
TAPEZ2
TXTPTR
WC200
WC270
WCMD
1722

END OF ASSEMBLY

VALUE

0400
F83B
F493
OOEE
Fé64D
FFOZ
OOF &
033A
00CY
037C
03A4
035A
F&6&7

CODE

7C
7E

4D
00
OB
F&
06
Dz

FS

ZE
eA
13
ocC
03
DE

n
<

0z
0z

Fé6

0z
03

FF

EBUF
EAH
FAH
LDZ10
LERR
SATUS
STAL
TEMP1
VARTAR
WC210
WC300
WEDGE

LINE

w400

WZS00
3G1

AAAA

000A
OOE&
FSAE
F3ES
F3DE
0z20C
O0OF7
0050
007C
038A
0Z07
0347

ADC
STA

JER
LDX
STX
LDA
BEQ
JSR
INX
ENE

J3R
J5R
JSR
LDA
BEG
JMF

JMF

TAFE1+Z
TAFE1+4

LDADZ
#0
VERCK
MSG1, X
WC400
FRT

WC300

LD410+3
TRD
TWAIT
SATUS
WCS00
LERR

LDZ10

sCOFPY FOINTERS FOR LOAD
> AFFENDING®

sFRT

sCLEAR FOR A LOAD
sDONE WITH M:=G

sYES

:BRANCH ALWAYZ

sFRINT
s REALD

T ING?
DATA FROM TAFE

MZG

tWAIT FOR KEY IR®

s GOOD

2YES

s NO-LDALD

tGU FIX BAZIC LINEZ

.BYTE ¢D, *AFFEND’, 0

. END

CHRGET
EAL
FINI
L0300
MSG1
SAVE
STRTE
TRD
VERCK
WC220
WC400
WG100

0o0CZz
OOES
C430
F3FF
O3FR
F6E1
0346
FESA
0z0R
037C
0O3E4
0352

CHRGOT
FA
FNADR
L0410
OFP1&0
SETW
TAFE1
TWAIT
WC100
WCZS0
WCS00

wWG200

LOAD?

ERROR

0ocsE
OOF1
O00F 9
F4ZE
FS579
033A
0z7A
F713
Q3¢D
037F
O3FS

0353

156

o



FET “araak le Storase

Most FET wsers hawes, at one time or another, checked
FRECE®) immedizatelw after a LOAD and again afterr RUNning and
fowd the twe dont match. “The ditfererce can be minimal or
sometimes auite drastic...but why 7 The reason ( as vou have
probabhle alresds suessed » iz variable storagse.

In FPET EBARSIC there ave wsernerally three tures ot
var-iakles: string, Ffloatine woint and inteser ( arrag
vzr-iabhles are handled differently thazew these and will ke
discussed later ». HWhen PET executes statements such as:

A= 4.8 {direct)
18 LET ¥ = 17¥.G

2R RBE =1

36 BF = "RMNE"

ceolt stores these wvariables and their assisnments in
wzr-isbhle storase seace: RAM memory srpace determined bw
pointers in PET = orerating s2g9stem which are set we on cower
we o after a LOAD. as the case maw be. Thew are stored in
the order in which thea zve erncourntered.

Let” e 2 look 2t how eackh of these variakles e
“and led b ET. First wvou'1ll need the machire lansuase
mormitor. Sk uzers will hawe o LORD the motiitor vd  follow
these € rprelimins-y sters:

s +
- F

1. LI=T. 18 =Ys01823> shou ld aeeress. I¥+ not. record the
YENESY number.

2. FUH the monitor

3., Tare exactly ‘M OOFA.008377 ard hit RETURNH. The <ollowins
s=hou ld serese

g 1 £ =2 4 & & 7
. OavH &1 @4 €F @7 6B @7 €F @7
. aasz a8 e oC 2t 6o 28 gr aa
. oasH 95 BE eo G4 o4 62 @o 64
. gazz CC eC gt ER 24 CE &2 sa@

4. How talce the cursor ue and chanse the following butes (¢
it “FETUREH" =zfter each line >:

g 1 =2 3 4 S5 &€ 7
. GavTH 81 as a6z a8 6z as a3 as
. BREE L. th se es ee se e ea
EEZH 0. bh hh ee ee e e s
BE9 .. L. .. .. 84 B3 .. L.
5. Tors /M GS00, 8387 anc FRETLUEN. The followins should



2 2 4 = & 7
24 24 24 24 24 24

.
)
X
b
.o
¥
(X
Lo
i
Do

D]
—
e

4 5

.
[
o0
D]
1%
=
=
[
De(}
[
15
"y
oy}
1y
Ja
1]
LM
.3
&

PET has riow been +ooled into thimkins that BASIC  memors
space now starts at 8803 instesd of 64688, This wrotects  the
machirne lansusse monitor $rom  being  olobbered whern Xt
EBRSIC is entered. '

i

HOTE: OF cowr=se all thiz is wunnhecsesses For 16-32)
users as the M.L.M. is in ROM and ca’t be  trameled on by
anvthings. How. howsver., ang fur-ther insructions will reauire
one set of addresses for 8k’s aznd another for 18732k 2z the
results of this exercise will snd we in  different arezas  of
memoryg for the two machinses., Therefore. the 186-32k user w11l
use the addresses or parameters e laced in brackets.

oL

Exit the monitor aznd enter zod FUN the followirnms BRSIC:

e A = 2.5 <
36 BX = 3 Noe sraces
40 CE = "Ene 4

After EUNning. re—snter the monitor with SY51633 o SYE4

= T
for- 16732k 2. Thern oo the followins memora dise lag:

. M azon, 8340 RGO, Hde

. a1 =z =z 4 5

. G208 69 g 62 14 goa 41

. (5 <E 35 @8 14 9= 1E

. 8318 25 Bz S @0 21 63

. B312 43 24 B2 22 S3 O S5 22

. @3zZ0 a6 o 65 41 gn g2 2o o8

. G228 60 g8 C2 co a2 63 go ao

. G23d 8n 42 @ 62 10 83 9o 00

. 32 24 294 24 Z4 24000,

Fiowr= 1.

ser=z will of course sse "A47°2" prather  than  "@37°s"
and the "24°=" at the bottom will ke AR =" indicatinn "emrty

space”.

Hotice the first 4 rows iz oo BRZIC prowsram Followed by
three "80°=" indicatins “end of EBRSICT. Followmine thi=
the wariable takble which w11 9=t into riskht now.

is

Flozating Foint “ariables=s

Floatirns woint imelies = mumeric =
Someonent. I o case it will bhe A = 2.
stored alons with itz correskcondins varizole 10 the ¢ memors

1z lsive

1oz with Fraotional

N

. Thi=z vz lue is

locations following 6223




1

D]

RS2 41 oo

L

6 @B @

o
[ X

waraations of the above 7 locations is all that s
required to store any floating epoint number within the urrer
= lower limits of FPETs floating koint range.

The first two butes ae used to store the variable. 41
1s "A" in hexadecimal. “ The next kute is set aside for double
chapracter variakles ¢ e.a9. AAR=2.S5 >. Since ours is only &
singsle chaeacter, location @24 will be 88 as shown.

The remadining S botes are for the actual value itselt.
The &2 i=s the exeonent of the value. This is offset by 88 (
halt of FF > such that negative exponents can also be
obtained. In owr case 2 is added to indicate that the
decimal woint is & rlaces to the risht of the most
sisnifisant bit., As vou khnow, kbinargy 2 = ....60%¥4 + 1%¥2 +
O%l....°

. -5 -Q _3 ’2 ) .C‘ '..l :z 3 _.4 -5 :6
8 68 a 8 1 8. x » »x ®x »x =

That cowers the intexer epse-t. . nown the fractional ecset.

Me hawe 2 so far. He mheed to reepressrnt .5 more. Therefore

2 "1 iz reauired in the 2 columm. This is contairmed in the

rext bote £o0llowing the exerornsnt, 8826 contains 28 which. in
binzrg, 1S

el a aaa

D]

Thi= is "0OR“d” into the abowve suckh that the leftmost kit is

cenesth the most sisnifisant kit of the inteser rwart of the
rdmksr -
Y IS T S R 422 3 4 -5 -0
e e s = = = = e e & eae

L S T R B R S T " VO
OF“d with a @ 1 8 a a e @
= 5] 5} (5] bt 1 [ | a [ S [ S

n

e.wbiich 1= 1% + 1%.5 = 2.

Lastla i= the siwn of the walue. I+F wo studwe the thecorw
of this method of derivins numbers., sou' 1l notice that the
leftmost kit of the "OR'd with" rnumker rewver has tco ke a 1
For- determinims the mawnitude of the number. Therefore it is
used 25 the sisn bit and is set to 1 forr rnesative rnrumbers.
Exaume les of thiz ad more floatins roint rumkers a2t the end
of this zoticle.



Inteser “ar-iables

Intevers zre thoss with mo fractional comeonent zeed
stored bw FET in & much simsler fashion. In our case, EX

)

hd

. i.'
stored in the 7V buytes immediatels followins A . But bow dossz

FPET know that this variable is arng ditferent from  the la;t
Notice the first two kutez of BX as comezeed to A

agz3 41 aa
e32A C2 &9 @b 63 b oo oo

Since A i=s rerresented as 41 in hex, =wou misht sxepect that
is 42. Well wou’re right: B is 42 in hex but when B 0 or

e}

247y
other letter » is emeloved as zn inteser variable, kit & is
set to 1 such that PET can madce the distirnction. Looking st
the table on the last rage of the last Transactor,. 200711 =ce

that the letters stor at decimal 360 ard therefore newer
the &th bit. Excanding...

i
(]

"R =41 =B 1 B 68 6861
'R =42 =6 18606 0610
"BX" =C2=11686 Balao

Rit & of the second bute of zur integser varishle is
set even i+ a double vm-isble naune iz not used.

i
iy
1
0

The next two butes of the sewen are the only ones  usec
to reeresent the value. The remadinins three ste never used.
Intesers take no less srace thzn Floating roint  excert  in
arrags. This simelifies the sezrch process.

The F+irst bute used in representing the valus. ezzs o
@342C >, i=s the hioh order byte and the sscond 6320 ¢ @adzh >,

is the low order. The two z20e  of course the biex
representation of the value in decimal. Feczll that +the
maximium inteser value ewossikle iz ZIZFET or  §080  hex. The
remainins rossibilities zoe used for nesative inteasers.  Soms

examp les:

Br = 2 = @o @3
EX = =58 = @1 89
Bx = 257y = @1 o1
o | = @i o
Ex = -1 = FF FF
e = -256 = FE @i
BX = -327V6V = gB @l

String Variab les

For ewveryg string variable created. icother 7 kates are
used ur k=2 FET but of course the string itself is rnot stored
there. Our strine va-izkbhle., C¥, 1= stored begsinnming at 8331
¢ @431 >, FET distinsuiszhes strins variabkles ba settiny  bit

& ower the second kate onlu. "CMods 42 in bt
Bzl 42 26 @2 10 62 ea ga



Location @333 € 8433 ) holds the lensth of the strins  §

Fecall.., .48 0F = "HEEE" ) The Followimes two  bates  zre  the
low z0nd kiisk order bote of .the address of  the  strins.
Inotherwords. whis store the strinms asain when 1t alreacdy
exists in the text sres. Instesd s=imkle store = wointer
which coints a2t the first character of the string and call ue
¥ rumber of characters folloming where ¥ eaualzs the 7 lenath”’
bate { B3 in our case .

b *

+

This mrooedure is fine for strirss which are defined in
text, but what about those that z0-e rot. Take For examrele
the followins:

198 INFUT " YOUR NAME ":A$
=00 D¥ = RIGHT# ( A¥ . 1
88 CF = DF + "#" + AF .

s

In case=z like these. FET stores the
2rzd lable RAM movins down and o
variskle table to the begirmins of the

= at +the end of
2 eointer in the
-1

The Search Frocess

vl sk le

Each time i
variakle i=

tes of memory e
oo Uk, Wzt -

i o
led ke BASIC in lines  such

o

Li:

i
In

408 IF A =1 THEHM A = A + S
SEs PRINT EX . C#F .
sa8 OM A GOTO 1a2a ., 1628 .
RS N o= K - 3 .

we .FET start= 2t the besinmnins of  the waeizbkle table.
determined ba the pointer a2t 0670 & ! A, BBZE >, zod
sxamines the firzt wadr of bates, I+ am =xa match 1= not
nacde . PET dunees 7 locations to the rext wardizble. The sesech
= i I i

p—4

o

comtinues until the warizable 1= Found a6 i+ ot Foun =
sssumed to be zero o rll For =thrinos,

2 estaklished, PET loads the walue or string into &
worls arez and performs the desired operation. In a situation
such 2= 1i vEd. FET must find = 0 zero oy otherwise D 1oz
it imto * azoumd lator. Finc ¥ analin. subrtrzact 20 and
Fre—zsian 2. OF cowese 211 thiz takezs time and iF X resides
cdowry 2t the enrnd of the tabklz. FET must scaen theroush =21
varizblez ahead of ¥ kefore 1t Finds =, Therefore. i¥ 2
var-iakle iz known o bBe gsed more often thear others., time can
be =zzesed bz "settinn we” the varizabkle table a2t the besinnins
of the rosram:

-t
s
ﬁ; n

18 ¥ =@ : AF =" " B =@ : ¥ =@

Thi=z can sweed thinss e considerably eskpecis?
o2l led weon each wass of a2 loms FOR-NEXRT loore.

What Yo Carn Do

Assumirny 20w still khawe the monitor  rannins witk the
diswlag 2= in Fiosure 1. charnos the followine ¢ do ot exit
the monitor >



. BSED .. L. L. ch e ee es e
. B3OS .. . .. e s es s e
. BE1IE .. .. .. se se ae ae e
. as1s .. .. .. 22 3 53 o2 22
. BESE .. .. .. .. .. 83 20 ..
. BI22 .. .. . .. .. 8BF .. ..
. Qs .. .. .. B85 10 687 .. ..
. BEZE o, oo oo e s os sa ue
.

Now tuee "X" zovd RETURM +o exit the mornitor zowd execute
the followinz line directl=s orn the soreen:

TH . BX O, C¥

A is now S because the exporment of A was incremshted bo
1. This mearns that everwthins was shifted left ozg ro=ition
rutting the most sisnifisant bit 15502 i the 27 oo lumn zoad
Least sisnifisant kit ¢ LSE > in +h 27 oo lumm. 1#4 + 1#%1 =

s' -

Ex

charaed

15 nowm since the low order bote of BX was

Fly

al=
F

d-m
]

I+ wo’ue
imrossik e

il

e tr-ied prowmeazmminy this. o bpowm 1t

@ CFE o= rugnppnw

FET irterwrets thiz 2= rull strins o llowed b the wariazb le
ey fol lowed PB rall =trime. But pow OF 0 erdints out 2=
SN because the addreszs oFf the strins wss chaneed 2z owe 11

2= the 1»_—-n-_fth.

+

Flozatins Foint Exazme le=

The masmitude of 2 floating woint walus is alwaszs stored
in S kbates. The other two zre ressrwed fore the warizble name
a2 will be 1arnored heres

Fformat of the walus.

that we cazn concetntrate [all o] the

Floatinms woint iz harndled kb2 FET in thiz format 0 M7 =
E=F M1 Mz MZ M4 SIGH

The sian i= contairsd in M1 but is "extracted” on 1ts
waz 1nto the sccumu lator znd elaced in 2 “=i9n reasister.



£g L. EXF FlI Mz Mz M4
S5 22 49 a9 oa

o

Since the ExXP is &5, the decimal roint will ke
sositions to the risht of the MSE ( Most Sionifigsant Bit >:

oS
S0 fa- the masnitude is 1€,
Ml =22=8086106 a1 &

==48 =081 8 6 @ 006 0

1]
[xY]

M3 = M4
To come lete the oreration. Ml and M2 are concatenated...
Mli+M2=08166 06106 61060 60060a

ceod OR A with the EXF such that the leftmost kit of M1 +
M2 is under the MER of the valus:

EXF = I00OooO_ 0O

OR“d with: M1 + M2 = _ _ _Z2Z_ XX, L2100 VOO0V OCU
Ecauzals: ___191999199_‘9 _____

This is still the binara remreszentation. The decimal value

is row:

R S . - . oo 2 "3 o
1327 + O¥Z + 132 + O¥2 + O¥Z + 02 + 1%Z2 + O%Z + @z
+ 125 @z @y,

cobiich eaual=.. .

1#15 + 1%d + 1¥.25 + 1%.83125 = 20.28125

EXF M1 M2 M3 M4
85 ZZ 48 @8 oo

Therefore 8. 28121

o
D]
1

Es 2. EXF M1 M2 M M4
SH FF EV o a&

Since the EXFP i= 2R, the decimal weocint will be 16
rositions to the risht of the MSE.

wp=___10O000000000_ 00

sx 1 1= set. Therefore. the sian

Hotice that kit 2 of Mantis
ofF the walue will be nesative, Noaw M1, M2, M3 zond M4 must ke
concatensted:

MI = FF = 1111 1111

M = EV = 11168 6111

Mz = 28 = 18398 800G

Ml = o5



MEL1+2+2> = 1111 1411 1118 3111 1900 G000
co.znd OR7d with the EXF...
eve=__1000000000 . CO

oR: M= S T N 1001 I 1 1 0OO0COV

Eauzls = A T T Y I A oot | ! 10

.. which exual=s...:

q 2 ? ¢ 5 4 D 2 / 0 - -4 -s
2+ 2 42 +42 +42 +2 +2 +2 +2 +2 +2 +2 + 2
+ 204 277

In decimal:

S12 + 256 + 128 + &4 + 32 + 16 + & + 4 + 2 + 1 + .5 + ,06527 +
LB3125 + . BISE2S + 0873125 = 1823.6171875
Howewver, the =sion i= neasative...therefore:
EXF M1 M2 M3 M4 A
-1@23.61713V5 = €A FF E7Y o oa )

Ex =. EXF M1 MZ M3 M4
7E EO @O 66 @f

The E&SF i=s les =SS0
less thze 1. NHow the decimal woint will be 2 wositions  to
thes le¥t of the MSR becsz

= tharn 88 indiczatins the result will be

JU

i
use TE is 2 lesz than &8¢

EMF

=__.941to__ _ _ _ _

OF: : Mm=__._1tLt1Cco=00
Ecaals __. %91 t1 o0 _ _

I decimal = =% .25 + 125 + 8525 >

Nothins to it., rigoht? Trv these:

Es 4. EXP M1 M2 MG M4
&4 42 @6 06 @60 =

Es S. EXF M1 M2 M3 M4
YF Ce ea oo @a =

Ex &. EXF M1 M2 M3 M4
| em = z3 .5

Arras var-isbles next month)



IEEE BUS HANDSHAKE ROUTINE IN MACHINE LANGUAGE

To use the IEEE-488 bus on the PET at maximum speed it is necessary

to use machine language rather than BASIC 'INPUT' and 'PRINT'. The
routine given here has been used with an HP3437A systems voltmeter to
reach data transfer speeds of over 5000 bytes per second, corresponding
to 2500 voltage readings in 2-byte packed binary format or 625 readings
in 8-byte ASCII format. The best speed attained in BASIC is 75 readings

per second transferred as character strings.
The IEEE bus

Details of the IEEE-488 bus are given in the PET Users Handbook, but some
clarification of the register addresses on page 120 of the handbook is

-

helpful. These are: :

HEX DECIMAL BITS IEEE . DIRECTION
E820 59424 0-7 DIO 1-8 from bus
E822 59426 0-7 DIO 1-8 to bus; '"PET'controlled
E821 59425 3 NDAC 'PET’ controlled
E823 59427 3 DAV 'PET' controlled
EB840 59456 0 NDAC from bus
1 NRFD 'PET' controlled
2 ATN 'PET' controlled
6 NRFD from bus
7 DAV from bus

Note that on the IEEE bus, 'high' is logic false and 'low’ is logic true;
and that the data bus must be left with all bits 'high' when PET has
finished to avoid confusion of data put on to the bus by other devices.

’
-t
*****************************************************************************gggg*;***

‘I'd Like to Reason With Your
Computer.’

‘A Sudden Reduction of Personnel Is
Indicated.’



The program controls a given number: of data transfers, each of 8 bytes,
from the HP3437A éo the PET. Each one is preceded by a trigger (GET -
group execute trigger)-oﬁ the IEEE bus, and the HP3437A must be correctly
addressed as a "talker' or a 'listener' at all times by sending MTA

{(my talk address) or MLA (my listen address) before transfers as
appropriate. The sending of messages (GET, MTA, MLA, etc.) or data is

controlled by the ATN line; ATN is true when messages are being sent.

The program and returned data are held in the top 2K of memory; this

is hidden from BASIC using POKE 134,255 : POKE 135,23 as the first line
of the BASIC control program. The number of readings required is POKEd
into 640010,vthen control passed to the machine language program by
SYS(6144). The data bytes coming in on the IEEE bus are stored in

locations 6401, = onwards; these are PEEKed out on return to BASIC, and

10
converted into numbers using the function VAL. As the index register is
used for counting, only 256 bytes can be ‘transferred using this program,

but it would be easy to modify the program to perform more transfers.

Disassembled listings with comments and a separate listing (for ease of

copying into BASIC DATA statements!) are given.

This program was prepared using a machine language handler written by
the author, and the listings produced by this handler and by a modified
version of the 'disassemble' part of the PETSOFT(:)ASSEMBLER 'EXEC'

program.

IEEE bus handshake routine - main program
1800 A200 LDX #00 prepare index register
1802 A9FB LDA #FB set ATN low

1804 2D4OE8 AND EB840

1807 8D4OEB8 STA EB4O

180A A928 LDA #28 MLA (28 for this device)
180C 8501 STA 01

180E 208018 JSR 1880 handshake into bus

1811 A908 LDA #08 GET

1813 8501 STA 01

1815 208018 JSR 1880 handshake

1818 A948 LDA 448 MTA

181A 8501 STA 01

181C 208018 JSR 1880 ‘handshake

181F A9FD LDA #FD set NRFD low (ready to receive data)
1821 2D4OE8 AND EB840

1824 BD4OEB STA EB4O

1827 A9F7 LDA #F7 and NDAC low also

1829 2D21E8 AND EB821 :

182C 8D21E8 STA EB82].

182F A904 LDA p04 set ATN high

1831 OD4OES ORA EB840




1834 8D4OEB STA EB40

1837 AO08  LDY #08 ready to count 8 bytes
1839 2015018 JSR 18B0 - handshake data from bus
183C 'A502 LDA 02 result to A

183E 9D0119 STA 1901,X store in 1901+X
1841 EB8 INX

1842 88 " DEY
1843 DOF4  BNE 1839 jump if Y not zero
1845 A9FB  LDA #FB set ATN low

1847 2D4OE8 AND EB840

184A 8D4OE8 STA E840

184D A902 LDA #02 set NRFD high
184F OD4OEB ORA E840

1852 8D4OE8 STA EB840 _

1855 A908 LDA #08 set NDAC high
1857 OD21E8 ORA EB21

185A 8D21EB STA E821

185D A95F LDA #5F UNT

185F 8501 STA Ol

1861 208018 JSR 1880 handshake to bus
1864 A904  LDA #04 set ATN high
1866 OD4OE8 ORA EB40

1869 BD4OEB STA EB4O

186C CEO019 DEC 1900 decrease counter
186F D091  BNE 1802 jump if not zero
1871 60 RTS return to BASIC program

subroutine to handle handshake into bus

1880 AD4OESB LDA EB4O NRFD ?
1883 2940  AND #40
1885 FOF9  BEQ 1880 jump back if not ready

1887 A501 LDA O1 ready: get data byte
1889 49FF EOR #FF complement it

188B 8D22E8 STA EB822 send to bus

188E A9F7 LDA #F7 set DAV low

1890 2D23E8 AND EB823

1893 8D23E8 STA EB823

1896 AD4OE8 LDA EB840 NDAC ?

1899 2901 AND #01

189B FOF9 BEQ 1896 jump back if not accepted
189D A908 LDA #08 accepted; set DAV high
189F OD23E8 ORA EB823

18A2 8D23E8 STA EB823

18A5 ASFF LDA KFF 25510 into bus
18A7 8D22E8 STA E822
18AA 60 RTS return to main

subroutine to handle handshake from bus

18BO A902  LDA #02 set NRFD high

18B2 OD4OE8 ORA E840

1885 8D4OE8 STA EB840

18B8 AD4OES8 LDA E840 DAV ?

18BB 2980  AND #80

18BD DOF9 BNE 18B8 jump back if not valid
18BF AD20E8 LDA EB820 get data byte from bus
18C2 49FF EOR #FF complement

18C4 8502  STA 02 store in $ 0002



18C8 2D4OE8 AND EB840

18CB BD4OE8 STA EB4O

18CE A908 LDA #08 set NDAC high
18DO OD21E8 ORA EB821 .
18D3 8D21E8 STA E821 :

18D6 AD4LOES LDA EB40O DAV high ?
18D9 2980 AND 480 v
18DB FOF9 BEQ 18D6 jump back if not
18DD A9F7 LDA #F7 set NDAC low
18DF 2D21E8 AND ES821

18E2 8D21E8 STA EB821

18E5 A9FF LDA #FF 25510 into bus
18E7 8D22E8 STA E822
18EA 60 RTS return to main

~

IEEE bus handshake routine listing

1800 A2 00 A9 FB 2D 40 E8 8D
1808 40 E8 A9 28 85 01 20 80
1810 18 A9 08 85 01 20 80 18
1818 A9 48 85 01 20 80 18 A9
1820 FD 2D 40 E8 8D 40 E8 A9
1828 F7 2D 21 E8 8D 21 E8 A9
1830 04 OD 40 E8 8D 40 E8 AO
1838 08 20 BO 18 A5 02 9D Ol
1840 19 E8 88 DO F4 A9 FB 2D
1848 40 E8 8D 40 E8 A9 02 OD
1850 40 E8 8D 40 E8 A9 08 OD
1858 21 E8 8D 21 E8 A9 5F 85
1860 01 20 80 18 A9 04 OD 40
1868 E8 8D 40 E8 CE 00 19 DO
1870 91 60 EA EA EA EA EA EA
1878 EA EA EA EA EA EA EA Ea
1880 AD 40 E8 29 40 FO F9 AS
1888 01 49 FF 8D 22 E8 A9 F7
1890 2D 23 E8 8D 23 E8 AD 40
1898 E8 29 01 FO F9 A9 08 OD
18A0 23 E8 8D 23 E8 A9 FF €D
18A8 22 E8 60 EA EA EA EA EA
18BO A9 02 OD 40 E8 8D 40 E8
18B8 AD 40 E8 29 80 DO F9 AD
18CO 20 E8 49 FF 85 02 A9 FD
18C8 2D 40 E8 8D 40 E8 A9 08
18DO OD 21 E8 8D 21 E8 AD 40
18D8 E8 29 80 FO F9 A9 F7 2D
18E0 21 EB 8D 21 E8 A9 FF 8D
18E8 22 E8 60

0001 data to go into bus
0002 data from bus

1900 counter for number of data transfers

1901 start of results area

John A. Cooke

Department of Astronomy
University of .Edinburgh
Royal Observatory
Edinburgh EH9 3HJ
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4 few routines from PcT basic
(Original ROM)

C2A4C-C2D9 peeks at the stack for an active FOR loop

C2DA-C31C 'opens un' 2 space in Basic for insettion of a new linex.

C21D-C329 tests for stack-too-deep and aborts if found.

C32i4-C356 check available memory space

C357-C388 sends a canned error message from C190 area, then droos into:

€389-C391 Signals 'ready!

C39L4-C3A9 gets a line of input, analyzes it, execuvtes it

C3AC-Ch2E handles a new line of Pasic from kevboard: deletes old line, etc.

ch30-CL60 corrects the chaining between Basic lines after insert/delete

CLh62-Chi76 receives a line from the keybeard into the Basic buffer

ch79-CLBC pets each character from keyaboard

CLB8D-C521 looks uo the keywords in an inout lines and changes to "tokens"

€522-C550 searches for the losation of a Basic line from mumber in 8,9

C551-C599 imolements NEW command - clears everything (011/019 ROM change)

C59A-C5A7 sets the Basic pointer to start-of-orogram

C548-C6LT performs LIST command

C6L49- COH8F executes a F(R statement

C692-C6BL continues to build FOR vectors

COB5-COEF reads and executes the next Basic statement, finds next line, etc.

C6F2-C70A executes the Easic Command as a sSubroutine

C70D-C71B performs RESTORE

C71C-C742 handles STOP, END, and BREAK nrocedures.

C7L5-C75E performs CONT

C75F-C76D set pause after carriage return (never called)

C770-C772 performs CIR

C775-C77D performs RUN

Cormiled b» Jim Putterfield, Toronto

C780-C79A
C79D-C7C9
C7CA-CTFD
C7FE-CB1E
c820-c8L0
c&l3-c862
CE63-CB%A
C89D-C91B
C91C-C97E
C97F-C982
C985-C996
€999-CcA2L
CA27-CALl
CALL-CA76
CA77-CA9=
CA9r-CACS
CAC6-CADF
CAEO0-CB1L
Cb17-CB21
CB2L4-CC11
CC12-CC35
CC36-CC8F
CC92-CCB5
CCBB-CD38
CD3a-CD9C
CD9D-CDB9
CDBC-CLCO

performs
performs
performs

GOSUB
GOTO
RETURN

scans for start of next Basic line

performs
verforms

IF
ON

gets a fixed-point number from Basic and stores in 8,9

performs

IET

chzck numeric digit/move string pvointer

performs
verforms
performs
prints

orints a

PRINT#
cMD
PRINT
string from aAdress in Y,A
chzracter

haniles bad i-put data

performs
perfornms
performs

GET
INPUTH
INPUT

prompts and receives the input

performs

canned messages:

performs

READ
EXTRA IGNORED; REDO FROM START

NEXT

checks Basic format, data type, flags TYPE MISMATCH
inputs and evaluates any expression (rumeric or string)
pushes a partially-evaluated argument to the stack

evalues a numeric, variable, or pi, or identifies other symbol
value of pi in floating binary



Routines in Upgrade ROM , Jim Butterfield, Toronto

C000-COL45S Action addresses for primary keywords
C046-C073 Action addresses for functions

CO74-CO91 Hierarchy and action addresses for operators
C092-C192 Table of Basic keywords

C193-C2A9 Basic messages, mostly error messages.
C2AA-C2D7 Search stack for FOR or GOSUB activity
C2D8-C31A Open up space in memory

C31B-C327 Test: stack too deep?

€328-C354 Check availsble memory

c355 Send canned error message, then:

C389-C3AA Print READY,

C3AB-ChlLl Handle new Basic line from keyboard
CcLlh2-CLUL6E Rebuild chaining of Basic lines in memory.
CL6F-CL9 Receive line from keyboard

C495-C52B Change keywords to Basic tokens

C52C-C55A Search Basic for a given Basic line mmber
C55B Perform NEW, then:

C577-C5A6 Perform CIR -

CSA7-CS5BL Reset Basic execution to start-of-program
C5B5-C657 Perform LIST

C658-C6FF Perform FOR

C700-C72F Execute Basic statement

C730-C73E Perform RESTORE

C73F-C76A Perform STOP and END

C76B-C78L Perform CONT

C785-C78F Perform RUN

C790-CTAC Perform GOSUB

C7AD-C7TD9 Perform GOTO

C7DA Perform RETURN, and perhaps:

C7F3-C80D Perform DATA, i.e., skio rest of statement
C80E Scan for next Basic statement

C811-C82F Scan for next Basic line

€830 Perform IF, and perhavs:

C843-C852 Perform REM, i.e., skip rest of line
C853-C872 Perform ON

C873-CBAC Get fixed-point rumber from Basic
CBAD-C927 Perform IET

C928-C936 Add ASCII digit to accumulator #1
C937-C98A Contimue to perform IET

C98B-C990 Perform PRINTH

C991-C9AL Perform CMD

C9A5-CA1B Perform PRINT .

CA1C-CA38 Print string from memory

CA39-CALE Print single format character (space, cursor-right, ?)
CALF-CA7C Handle bad input data

CATD-CAA6 Perform GET

CAAT-CACO Perform INPUT#

CAC1-CA¥9 Perform INPUT

CAFA-CB0OS Prompt and receive input

CBO7-CBFB Perform READ; common routines used by INPUT and GET
CBFC-CC1F Messages: EXTRA IGNORED, REDO FROM START
CC20-CC78 Perform NEXT

CC79-CC9E Checks data type, prints TYPE MISMATCH
CCSF Inouts & evaluates any exoression (numeric or string)




CDEC Evaluate expression within parentheses ()
CDF2 Check right parenthesis )

CDFS Check left parenthesis (

CDF8-CE02 Check for comma

CE03-CEO7 Print SYNTAX ERROR and exit

CE08-CEOE Set up function for future evaluation
CEOF-CEB8 Search for variable name

CE89-CEC7 Identify and set up function references
CEC8 Perform OR

CECB-CEF7 Perform AND

CEF8-CFSF Perform comparisons, string or nmumeric
CF60-CF6C Perform DIM

CF6D-CFF6 Search for variable location in memory
CFF7-DO00 Check if ASCII character is alphabetic
D001-DO77 Create new Basic variable

D078-D088 Array pointer subroutine

D089-DOBC 32768 in floating binary

DOBD-DOAB Evaluate expression for positive integer
DOAC-D227 Find or create array

D228-D258 Compute array subscript size

D259 Perform FRE

D26D-D279 Converts fixed-point to floating-point
D27A-D27F Perform POS

D280-D28C Check if direct command, print ILIEGAL DIRECT
D28D-D2BA Perform DEF

D2BB-D2CD Check FNx syntax

D2CE-D33E Evaluate FNx

D33F-D3LE Perform STR$

D34F-D360 Calculate string vector

D361-D3CD Scan ard set up string

D3CE-D3FF Subroutine to build string vector

DL 00-D496 Garbage collection subroutine
D497-DLDF Check for most eligible string for collection
DLEO-D516 Collect a string

D517-D553 Perform string concatenation

D55L-D57C Build string into memory

D57D-D5Bl Discard unwanted string

DS5B5-D5C5 Clean the descriptor stack

D5C6-D5D9 Perform CHR$

DSDA-D605 Perform LEFT$

D606-D610 Perform RIGHTS

D611-D63A Perform MIDS$

D63B-D655 Pull string function parameters from stack
D656-D65B Perfera LEN

D65C-D66L Move from string-mode to mumeric-mode
D665-DETY Perform 23C

D675-D686 Irput byte parameter

D687-D6CS Perform VAL

DOC6-DED] Get two parameters. for POKE or WAIT
D6D2-DEE7 Convert floating-point to fixed-point
D6EB-D706 Perform PEEK

D707-D70F Perform POKE

D710-D72B Perform WAIT

D72C-D732 Add 0.5 to accumulator#l

D733-D7Lly Perform subtraction

D745-D76D Microsoft joke



D76E-D852 Perform addition
D853-D889 Complement accumulator#l

DB88A-DBSE
D8BF-DBCT
D8CB-D8FS
D8F6

D937-D9N

Print OVERFLOW and exit
Multiply-a-byte subroutine

Function constants. 1, SQr(.5), SQrR(2), -0.5, etc.
Perform 1LOG -

Perform mltiplication

D965-D997 Multiply-a-bit subroutine

D998-D9C2

Load accumilator #2 from memory

D9C3-DIDF Test and adjust accumulators #1 and #2
DY9EO-DJED Handle overflow and underflow

DYEE-DAOL
DAOS-DAO9
DAOA

DA13,

DA1E-DAAD
DAAE-DAD2
DAD3-DBO7
DBO8-DB17
DB18-DB26
DB27-DB36
DB37-DBLL
DBYS-DB63
DB6)L-DB66
DB67-DBAG
DBAT7-DBD7
DBD8-DBFE
DBFF-DC89
DCBA-DCBE
DCBF-DCCD
DCCE

DCD9-DCES8
DCE9-DE1C
DE1D-DESD
DESE

DEESB

DEA1-DEAB
DEAC-DED9
DEDA-DF2C
DF2D-DF76
DF77-DF7E
DF7F-DFD7
DFD8

DFDF-E027
E028-E053
EO5L-EOBB
EOBC-EOBB
EOBC-EOF8
EOF9-E110
E111-E115
E116-E1B6
E1B7-E1DD
EL1DE

E229

E257-E284

Multiply by 10

10 in floating binary

Divide by 10

Perform divide-into

Perform divide-by

Load Accumulator #1 from memory

Store accumlator #1 into memory

Copy accumlator #2 into accumulator #1
Copy accurmlator #1 into accurmlator #2
Round off accumilator #1 :
Compute SGN value of accumulator #1
Perform SGN

Perform ABS

Compare accumulator #l to memory
Convert floating-point to fixed-point
Perform INT

Convert string to ﬂoating-point

Get new ASCII digit

String conversion constants: 99999999, 999999999, 1E+9
Print IN, followed by:

Print Basic line number

Convert rmumber or TI$ to ASCII
Constants for mumeric comnversion
Perform SQR

Perform power function

Perform negation

Constants for string evaluation
Perform EXP

Function series evaluation subroutines
Manipulation constants for RND

Perform RND

Perform COS

Perform SIN

Perform TAN

Constants for trig evaluation: pi/2, 2#pi, .25, etc.
Perform ATN

Constants for ATN series evaluation
Subroutine to be moved to zero page ($70 to $87)
Initial RND seed

Initialize Basic system

Messages: BYTES FREE, ### COMMODORE BASIC ###
Initialize I/O registers, and:

Clear screen, and:

Home cursor



E285-E2F3 Input from screen or keyboard; wait for imput comnletion
E2F1-E33E Input from screen

E33F-E3UB Test for quotation mark and reverse quote-flag
E3LC-E38A Set up screen print parameters

E38B-E395 Prevent 80-character line from getting any longer
E396-E3B3 Extend 40-character line to 80 characters

E3B4-E3D7 Back into the previous line (via DEL or CURSOR LEFT key)
E3D8-E518 Handle ASCII character for screen output

E519-E53E Go to next line on screen

ES3F-ESB9 Scroll the screen

ESBA-E61A Open a 1line on the screen (via INSERT key)

E61B-E62D Main interrupt entry point

E62E-E6E9 Hardware interrupt: service clock, keyboard, cassettes
EGEA-ESF7 Print character on screen

E6FB-E769 Table: decoder for keyboard matrix

E76A-E796 MLM subroutine: output hex digits

E797-E7A6 MIM subroutine: swap TMPO and TMP2

E7AT-E7F6 MLM svbroutine: imput hex digits

E7F7-E7FF MIM subroutine: print ?

FOOO-FOBS Monitor messages, mostly for Input/Output

FOB6 Set uwo IEEE for Listen, Talk, etc.

FOEE-F127 Send character to IEEE-488 bus

F128-F135 Output character immediate mode to IEEE-}488

F136-F155 Send errors: WRITE TIMEOUT, DEVICE NOT PRESENT, etc.
F156-F163 Send canned I/0 message

F164-F16E Send immediate Iisten command, then secondary address
F16F-F17E Output character deferred mode to IEEE-}88

F17P-F18B Drop IEEE channel: send Unlisten or Untalk
F18C-F1DO Input character from IEEE-L88 bus

F1D1-F1EO GET a character

F1E1-F231 INPUT from any device

F232-F26D OUTPUT a character to any device

F26E Abort all files, and;

F284-F28C Restore normal I/0 devices

F28D-F2A8 Find file table entry; set parameters from file table
F2A9-F300 Perform CLOSE

F301-F305 Test stoo key

F30F-F31) Action stop key

F315-F31C Send message if direct mode

F31D-F321 Test if direct mode :

F322-F3C1 Perform program loading

F3C2-F409 Perform LOAD

Fi0A-Fi;3D Subroutines: Print SEARCHING... ; Print LOADING or VERIFYING
F43E-FUSF Get Load or Save parameters

FL60-FL;65 Get a byte parameter

FL66-FLi93 Send program name to IEEE-}88 bus

F494~-F4B6 Find a specific tape header

F;B7-FLCD Perform VERIFY

FUCE-F50D Get paramsters for OPEN, CLOSE

FSOE-F515 Abort calling subroutine if end-of-line (default parameters)
F516-F520 Confirm comma, else send SYNTAX ERROR:

F521-FSAS Perform OPEN

FSAG6-FSD9 Find any tape header

FSDA-F63B Write tape header





