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THE SHARP PC-1500 AND RADIO SHACK PC-2 MACHINE
LANGUAGE

The information contained in this document is the result of a trufy
monumental undertaking by Norlin Raber, 407 North 1st Avenue,
Marshalltown, |A 50158, /t /s the culmination of months of dedicated
fabor. In honor of his efforts, PCN prapaoses to refer to the mnemonics
he has devised to describe the instruction set as the Rober Mnemonics,

ft must be realized by alf who might utifize the resuits of the work
described here, that alf of the information was derived entirely through
experimental procedures, No worrantee dgs to the gocuragcy or appli-
cgtion of the information is made by the author or publisher. Persans
not experfenced in machine language procedures are probablfy best
devised not to attempt fearning it from the information contained
hereim. Ail praspective users are further warned thet the incorrect
application of machine language directives might damage peripheral
devices connected to the PC. In other wards, whatever use you care to
make of the enclosed information is entirefy at your own risk,

Here is a description of the CPU Registers and flags, the use of the BASIC
“CALL" instruction, and a list of the mnemonics | have devised for the
machine-language instructions used by the PC-1500 and PC-2.

A list of the codes for each instruction follows.

| wish to thank Nat Wadsworth and Brian Petersan for their sugges-
tions, encouragement, and assistance in this rather lengthy project.

CPU Registers

A Accumulator {8 bits)

E Flag status Register (8 bits). Flac C {Carry) is bit 0; Flag | {Interrupt) is bit 1;
Flag Z (Zero) is bit 2; Flag V (Overflow), bit 3; Flag H (Half-carry}, bit 4.

X Index Register (16 bits). Contains a memaory address; the data stored at
that address will be designated as (X).

The high and low bytes of X are addressed separately as XH and XL,

Y Index Register, similar to X.

U Index Register, similar to X.

S Stack pointer {16 bits). Contains the RAM address of the next available
position in the stack. Initizlized at &784F by ROM instructions; it is
decremented by 1 for each byte pushed onto the stack.

P Program counter (16 bits). Contains the address of the next machine-
language instruction to be executed.

Uses of Flags

{1} Flags are used in conditional tests for branching and subroutine
calls.

{2) The C flag is used in addition and subtraction as follows:

Addition: If Flag C is set, an extra 1 is added.

Subtraction: If Flag C is NOT set, an extra 1 is subtracted.

{3) In Rotate through Carry operations, the C flag is used,

Changes in Flag Status

The instructions affecting flags will clear or set them, as follows:

Flag C. In addition, the flag is set or cleared according to whether or
net the resulting sum exceeds &FF. In subtraction, it is set if no borrow is
required, and cleared if a borrow is required. The increments and
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decrements affecting this flag are treated as additions and subtractions.
Bit rotation instructions also affect Flag C. Separate instructions exist to
set or clear the flag.

Flag Z. When affected, Z is set when a result is zero, cleared otherwise.

Flag V. The operation of the V flag is based on twos—complement
arithmetic in which a number from &00 to &7F is regarded as positive, and
one from &B0 to &FF as negative. In addition, V is set if the signs of the
operands are alike and the sign of the resulting sum is opposite to that. In
subtraction, it is set if the signs of the operands are opposite, and the sign of
the resulting difference is opposite to that of the operand subtracted.
Flag V is also affected by bit rotation instructions.

Flag H. This flag operates like a carry flag, except that it applies to carry
and borrow between the two hex digits. Bit rotation also affects Flag H.

Calling a Machine Language Program

The instruction (in BASIC}) CAlL addr initiates execution of the machine
language program at the memory address specified by the instruction,

The instruction (in BASIC) CALL addr, var has the same effect as the
above, except for the following:

{1) The contents of the specified variable {a number from -32768 to
32767) will be placed intg CPU register X.

{2} whenever a machine-language subroutine retumn is executed while
Flag C is set, the contents of CPU Register X will be transferred to the
variable specified in the CALL statement, permitting the return of data
directly to BASIC,

Two-Operand Instructions

Each of the following is completed by a specification of the data to be used
as a second operand or the register or address containing that data.

5TA Store contents of A into the register or address specified.
SUBA Data subtracted from A, result placed into A

ADDA Data added to A, result placed into A

LDA Load data into A.

CPA Compare data to A. Flags are set the same as if the data had

been subtracted from A, but A remains unchanged; flag C ig-
nored in subtraction,
ANDA Logical AND, result placed into A,

ORA Logical OR, result placed into A.

EORA Exclusive OR, result placed into A.

BITA Bit test. Flags are set the same as if an AND had been per-
formed, but A remains unchanged.

DSBA Decimal subtraction from A (Binary-coded)

DADA Decimal addition to A (Binary-coded)
In each of the above instructions, the second operand to be used is
specified in one of the four ways illustrated by the examples below:
ADDA #nn The hex digit pair nn, used as an operand, is part of the instruc-
tion,

ADDA XL The operand is the contents of XL. (Note XH, YH, YL, UH, UL
also used.}

ADDA (X} The operand is the contents of the memory address pointed to
by X; (Y or (U} also used.

ADDAnnnnThe operand is the contents of memory address nnnn.
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NOTE: There are other instructions similar to the above, in which A is
replaced by some other CPU register or by a specified memory
address.

Single-Operand Instructions.

INA Contents of A incremented by 1, (Nate INXL, etc,, also used.)
DEA Contents of A decremented by 1. {Note DEXL, efc. also used.)
PSHA Contents of A pushed onto stack.

POPA Contents of stack popped into A,

16-Bit Register Instructions
STX Y Contents of X stored intc Y. (Note STZ, U, STX S, and STZ P

also used.)

LDX Y X loaded with contents of Y. {Note LDX, U, LDX S, and LDX P
also used.)

ADDX A Contents of A added to X., (Note ADDY A and ADDL! A also
used.)

INX X incremented by 1. (Note INY and INU also used.)

DEX X decremented by 1. {(Naote DEY and DEU also used.)

PSHX Contents of X pushed onto stack. (Note PSHY and PSHU also
used.)

POPX Contents of stack popped into X., {(Note POPY and POPU also
used.)

Flag Instructions

CLRC - Carry flag cleared.
SETC Carry flag set.

Two-Operation {nstructions

STAI(X) A combination of STA (X) and INX, in that order.
STAD (X] A combination of STA (X{ and DEX, in that order.
LDAIl (X} A combination of LDA (X) and INX.

LDAD (X) A combination of LDA (X} and DEX.

Imstructions also exist, similar to the above, using Index Registers Y and L.
CPAI (X) A combination of CPA (X} and INX.
INXY A combination of INX and INY,

Bit Rotation Instructions

In each, Flag Z will be set if the resulting number in A is zero. The effects
on the accumulator and on flags C, V, and H are as follows:

RLA {Rotate Left.) V set if first bit of A changed,

RRA {Rotate Right). V set if last bit of A changed. .

RLCA (Rotate Left through Carry). V set if first bit of A changed.

RRCA (Rotate Right th augh Carry). V set if last bit of A changed.

Figure Bit Rotation [nstructions

RLA HRA
c E Ic £18
i—(—)—(—)—(—)—(—i—(—)—&tkﬂ ‘-G_“H-H—&(-C(-H-Hﬁ
RLCA RRCA
c (1a
14L£<+(-HE:+(-H+$

Figure 8BCD Digit Rotation [nstructions
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RDL (X} RDE (X}
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BCD Rotate instructions
The first and second digits of A are denoted by A1 and A2; of (X}, X1 and
X2. Flags are not affected.

RDA {Rotate Digits of A).
RDL {X) {Rotate Digits Left}.
RDR (X} {(Rotate Digits Right).

Jumps and Branches

JMP nnnn - A Jump to the address nnnn. (Program Counter is loaded
with nnnn.}

F8 #nn A relative Branch Forward by nn bytes, counting beginning
at the address immediately following the FB #nn instruction.
{Program counter is incremented by nn, in addition to the
automatic increment following each instruction.)

RB #nn A relative Branch in Reverse, by nn bytes, counted as above.

The status of the flag tested determines whether a relative branch oc-
curs in the following conditional branching instructions:
FBNC #nn Branchif C is not set. Note: Following {for example} CPA XL,
this instruction may be interpreted as “Forward Branch if A is
less than XL.”
Branch if C is set. Following CPA XL, this instruction is
equivalent to “Forward Branch is A is greater than or equal to
XL."
FBNH #nn Branch if H is nat set.
FBH #nn  Branch if H is set.
FBNZ #nn Branch if Z is not set. Note: Following a CP. this may be inter-
preted as “Forward Branch if not equal.”
Branch if Z is set. Following a CP, equivalent to “Forward
Branch if equal.”
FENY #nn Branch if ¥V not set.
FBV #nn  Branch if V is set.

The correspending conditional Reverse Branches are also used.
BNZD #nn A special instruction to perform a relative Reverse Branch if

UL is Not Zero and to decrement UL, The size of the relative
branch is specified by nn.

FBC #nn

FBZ #nn

Instructions for Subroutine Calls

JSR nnnn Jump to subroutine at memory address nnnn. (Return ad-
dress Is pushed onto stack, and program counter is loaded
with nnnn.)

RTS Return from subroutine. (Return address is popped from
stack into program counter.)

Base-Page Subroutine Calls

Page FF {addresses FFOO to FFFF in ROM} is used as a Base Page. It con-
tains the beginning addresses of certain subroutines, which may be called
as follows:
CALL #nn The 4-digit address of the subroutine called is listed on the
base page, starting at FFnn,
Conditional calls of base-page subroutines, like conditional branches,
use the status of a flag to determine whether the subroutine is called.
The following are included:
CANC #nn Call if C not set.
CAC #nn Call if C set.
CANH #nn Call if H not set.
CAG #nn  Call if H set.
CANZ #nn Call if Z not set.
CAZ #nn Call if Z set.
CAV #nn Call if V set.
One-byte unconditional base page subroutine calls are also used.
Fxample: The op code F2, by itself, is equivalent to the instruction
CALL #F2.
Note: Some of the base-page subroutines used in the ROM of the
PC1500 pass paramenters to the subroutine, using the bytes that im-
mediately follow the CALL instruction.
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Additional information:
SETI sets the interrupt flag
CLRI clears the interrupt flag

There are nine unnamed opcodes used in ROM, whose function |
haven' yet determined. Infermation on these will be provided as soon as
| have them figured out. (I hope.}

Here is what they are, with what | do know about them.

{13 Code BA, in ROM at E22A only. Crashes in test program. (Could it
be “Return from Interrupt”?)

(2,3) BB and AB codes are apparently related to each other; they oc-
cur in ROM in pairs, with B8 first, then {depending on a flag test, usually
on Carry flag after a Bit Rotate] AB may follow.

They are used in these lacations in ROM:

B8: E1A0, £20A, E234, E2BE, E387, E4AA, ED71, EEA3, FAGY

A8: E1CB, E20D, E23B, E2C1, E384, E4C5, ED7B, EEGH, FAGC

(4} FD B1 code is used E2A8 only. In test program, stops everything

dead; i paper feed key pressed, computer resumes, seemingly unaf-
fected. (Could it be “Wait for Interrupt™?y
{5} FD BA is used at E427 only. (Possibly loading accumulator with
code generated by pressing key on keyboard — untested guess.)
{6) FD 4C is used at CD81; and, beginning £359, used 3 times in suc-
cession!
In test program, switches computer off; when turned back on,
“NEWO0:CHECK” appears. It is a relatively “harmless” crash,
7,89 FD CE Used EGO4, £230, E2A4
FD C1 Used EGOc, E12A, E313
FO Co Used EQO6R, E012, E30D
In a test program, this code FD CO will totally blank out the display (in-
cluding BUSY, DEG. RUN, etc.) for about 5 seconds. Then the computer
continues business as usual. | am baffled! While it's all blanked out, you
can use the keyboard; what was typed in won't appear in the display until
the computer has had 5 seconds following the last use of the keyboard.

Table Rober Mnemonics and Hexadecimal Machine Codes for the PC-1500{PC-2,

Inatructions for tutlons Un: Accuwula

Operand Taed with & Flaga
Iamtr o Address | Regletery Indexnd Affected

annm M _xL| TN W¥L] 0w TL| LX) (¥ 0

STA AEnmon |08 oa| 18 1] 28 2| X 13 22 | Mone
54 |Blon |Mlmom §80 ool 90 w]a 2o|lm n A |czyE
Y20 Bion|A>omen 82 02| 92 12) a2 22|05 135 23 |cz2.0E
(LD BS om |AS nm s [ 34 Ok | vh 16| A 24)] os 1% 25 |E only
CPA HRoanjA7razn (86 o6] 96 16| a8 2} @ 17 27 |e.sv.2
NI E9 npn ! A% on on % 19 29 |2 only
ORA BB nn | AR ma nm OB 13 2B |3 only
ECRA | BD za | AD np nn @ 10 22 |Zonly
[BTTA BF nn | AF oA nn aFr  Ir 2F |2 only
fsEA oc 1C 2 | O,ZV,E
DADA B o ac foEvE

Instructicnn Uming Other Registers
{Immedinte dpta only--second operand is part of inatruction.)

Inmtr | XB IL TH TL TH UL Flage
1 Wan bAon| S3en SAng| 68 pm GA on| None
P 4o Enn] 5Coa SEmn] S5Cam 6K maf O,Z,V,8

Instructions Using Mewory Addresses
{Immediate data only--second operand im part of inatruction.)

Inatr | Address Tredexed Flage
aznon (x) (n (T} | Affected

AMD |E9 nono pa f b9nw 59 nn 59 oo | X only
oR Bownne | 4Ban S5Bnon R on | 2 only
BIT | nooopn | Don S0 nn 6D an | 2 ooly
ADD EFanna oo | WFoun SFen &F m | G,Z,V.8

Instyuctions Addresmiag tha Altermate Memery Buffer

When preceded by the code FD, any of the above instructiona involving

oo, (X}, (¥}, er {) will apply to the alternate 64K of wewory sadircased
by tha CPU,

Two=Operation Imstruction Codas

BEAL (X} LS V-S4 9] 51 [STAL (M) 6L oy s
STAD (X} 43 |amD (V) 53  {5TAD (D) €3 [CPAI (X} F?
LDAT {X} 45 |LDAT {F) 55 JLDAT {0) 65

LOAD (X} ¥  |1oap {T) 57 |imap {(U) &7

Jump Inatruction Codes Ro-Operatian Coda
=

JER nann EE nnom

RTE b

Introwents and Decrements of Bagistupy

ffnatr zi Ragister Finge

A i} o I8 jid R oL Affected
b Do Fo LD w0 s %0 FD 60 60 C,B,V,E
i oF Fb b2 ba s 5 D 62 &2 GaE W, E

Mote: The pravious status of the carry flag ia ignored in the above,

Miacellanwous Instructicn Coden

foatz | Cp Coda| Flags AfT Tostr | Op Code | Flags AfH
A E O IC nona [RLA m C,2,¥, 8
s E| D oAk Z only R D5 C,2,¥,H
™ ch nona [ELCA DB £,2,V,H
', ™ & Z only RRCA Dl C\5.V.E
TR C only iz 8 nona
LRC 9 C anly {0 o7 zone
R (x]] B3 nona

Hote: When preceded by node FI, the godes for BOL {A) mnd BOA {X) will
apply to the alternate 64K ssmory buffer.

Sixtean-bit Ipatruction {p Codea

The Tlaga wre not affected or used by mny of thamse inmtructions.

5T 8 D 4E S§TXP  FD SE STXY  FD SA ST T FD GA
ipx 3 D 48 LT ®#  FD 58 LYY FDB XY Fb 28
INX ey INT 54 vy Sk,_‘

DEX L] OEY % DED &6

aDDX & FT Ca ADDT & FD DA ADDT & FD EA

[PSHX FD B8 PSHY Fo 98 PSHT FI 48

latiz 4 FD QA POPY D 1A PCFD Fb 2a

DG foran AA dAnn

Belative Branchea ard Rage Page Calls

Revarss Brunchas Base-page Calle

A fou 8% an RS #na 9E mn CALL #nn b m
FONC Jam 81 nn RBNC dun 91 nn CANG jam [ 90 ™Y
FBC fmm 8% nn RBC oo 93 an CAC  fan C¥ on
FiNH fon 85 on RENE #oo 95 nm CANH #am 5 om
B fom 7 m REH #nn 97 o CAH jom C7 na
FENZ #an 89 m RENZ #an % o CANZ #nn 09 nm
B3 fun 88 on RBZ Jna 9B ns CAE CB ma
FENY fon BD mn RENY #an 0 m

FEY o 8 on RBY fun 9F an CAV CF nn

Bpacial Conditional Revarss Brmnch:

Oue-Eyte inatructions for bmes—pege subroutine cally wre sxecuted by

CO 2 ch CE O o CC Cx
W R oI ISR E

00O B2 Db D6 DB DA DC IE
FOF2 Fe P P8 M FC IR
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A DISASSEMBLER PROGRAM

This program decodes sequences of machine language instructions and
converts them to assembly language using Rober Mnemonics, |t may be
used to print listings of hand-assembiled machine language programs
written by the user. Or, it may be used to list the instructions stored in
ROM in the Sharp PC-1500 or Radio Shack PC-2.

You need at least a 4K RAM madule in your PC in order to utilize
this disassembler pragram.

Introductary MNates

To begin using the disassembler, execute RUN apd respond to the
initial prompts by entering the beginning and ending addresses of the
code that is to be disassembled.

The disassembler uscs the printer to produce a list of the assembly
language instructions. As provided, output uses CSIZE 2 characters.
It will, however, work with CS1ZE 1 printing if desired.

Relative branches arc calculated and the branch address is printed
alongside the instruction.

As an option, a sequence of stored codes {machine codes) may be
printed {using hexadecimal notation) by selecting DEF A, Enter the
beginning and ending addresses when prompted.

Disassembling ROM

Before you can successfully disassemble ROM, you need to know
where the instruction code sequences are located! Remember, not
all' of ROM contains instructions, Some of it holds various locokup
tables. Attempting to disassemble these areas will simply yield non-
sense. The following is a rudimentary map of ROM in the PC-1500,
showing major instruction code and non-code areas:
C001 —CO1C  Code
C01D — C3FF  Non-cade [mostly tables}
C40C — DBAC Code
DEAD — DEBE Short inokup table
B58F — DCAD Ceode
DCAE — DCBBE Non-code in PC—1500, however, in the PC-2

addresses DCAE — DCBZ contain code.
DCB6 — E167  Code

E168 — E170  Short lookup table
E171 — F8B0 Code
F951 — F956 Non-code (?7?)

F957 — FBDF Code
FBEO — FFFF Non-code {tables)
A simijlar map of ROM in the CE-150 printerfcassette interface is
provided next:
ACDO — A28A Non-<code {table used in printing)
AZBE —AFF9 Code
AFFA — BOO9 Non-code
BOOA —-BD16 2?77?77
BO16 — BOEA Non-code
"BOEB - B7FF  Code

BE00 — BB0Y  Non-code

BB0A — B81C Code {some questionable areas!
BB1C —~ BBE7 Non-code

B888 — BBES Code

BB56 — BB6Y  Short lookup table

BB6A — BFFC Code

The disassembler does not print the addresses of base-page calls. | did
have it do so in an earlier version of the program, but it proved to be
more of a hindrance than 2 help in attempting to follow the operation
of a ROM routine. The accompanying table provides the addresses of
the routines referred te by base-page calls. {The base page is FF.)

It must be noted that some routines in the ROM pass parameters to
subroutines. Typically, one or more of the bytes immediately following
a |5R or CALL instructien are used for that purpose. {When this
occurs then the called subroutine modifies the return address to skip
over these bytes,)

The disassembler program takes care of parameter-passing for base-
page subroutine calls. However, some of the subroutines called by
J5R instructions also pass paramecters. When a JSR to a subroutine

4 POCKET COMPUTER NEWSLETTER Special Edition

PC-1800/PC-2 Machine Language 8 Disassemnbler

that may pass parameters is encountered, the PC will stop and display
the prompt:

PASS?

The user must then enter the number of bytes to be passed. [ am
including a lst of subroutines that are known to pass 1 byte. When
the program requests "PASS?" information, check this list. If the
subroutine {whosc address will have just been printed} is in this list,
enter the digit 1. If it is not, enter the digit O or just press the ENTER
key.

List Addresses of Subroutines Passing 1 Byte

CCcs6 D2EC DAB4
CCBB D407 DB9S
ccac D40D DBB3
D14c D52A DD2F
D14F De0n3 DFSB
D2E0 DiCcA DFAD
D2EA DAB2 DFA1

Tips an Interpreting Disassembled ROM
A subroutine may end with the CALL codes 48, 4A, 4C or 4E. If so, it
is a subroutine that passes a parameter.

In many c¢ases, a passed parameter is used to /ncrerment the return
address, depending on the results of tests made within the subroutine.
In the base-page calls having the base-page addresses: 00, 02, 04, 08,
OE, 1A, 28, 2C, 2E, C2, C4, C8, CE, DO, D2 and DE, the last byte
passed may [or may not) be added to the return address.

The base-page subroutine called through base-page address 34 may
select one of several passed values to modify the return address.

Additionally, each of the byte-passing subroutines other than the
base-page cnes, may ot rmay not used the passed byie to increment the
return address. | know of one exception: The subroutine at DD2F will
nof do this.

PC-1500/PC-2 Comparison

it is Interesting to note that the ROM in the Radie Shack PC-2 is
practically the same as that in the Sharp PC-1500. The Tew differences
that do exist are probably minor revisions,

Table Address of Subroutines Accessible through Base-Page FF,

CALL ADDRESS :
<1} Oce? 418 Caa] 88 Frg? et} Doag
az DCBE 12 CASE a2 L] Lz orha
a4 DCCe 44 CAZa a4 EFpR Ca4 0L£0s
=13 oees a5 Crea a6 EB4p <6 on13
ag Qo039 43 OCF2 3323 EOF8 CH OCCs
1] DESE a4k OCFD 2a EDSE oA caal
ac DED? 4C OcE9 ac EELF CC poca
BE 0451 4E OCED HE EDB] CE 0450
18 0ozo 38 nA?) a8 EDRB g DsF3
12 OF 93 32 F&63 a2 E0ea nz2 oala
14 OFFfH 34 FZBR 34 ECSC 4 DEE3
18 DFF35 3k F230 9E ER?3 ng DEQ)
18 DF B8 L] F8a4 I8 EC?a ne DF 3R
1A DZES SR ES73 =] ECEB A CRRE
1C FAEs =ie FB1B ac ECB? il OEBC
1E FB2A pary F7e2 2E E4Ra DE O&0F
28 DF72 B2 FBE4 A8 F734 ER £DBH
22 BF63 62 FERE Az EEIS E2 {4p8
24 DERE B4 F2B5 A BEES £4 COBg
26 Jul=ic g &6 F783 213 E451 a1} Fran
28 DBE1 &8 F715 A BHEB EB F&EI
26 DA3E &R FEBEF AR BHBE Ef F78C
2C OCAG 6C FOBFE 219 EBEC EC F257
2E [aliin: ] BE Fase AE BAS) £E F2CC
an DC16 ’8 Fraz B8 B34 FE EFBRA
32 sl: | 2z F2CE B2 BES? F2 EEZ)
24 DF23 74 F2723 B4 BAgA F4 Julz]=] g
6 DF BF 76 F23F BE BA30 Fh DOB3S
38 CEIF 78 F?2F B8 BanA Fd ELZ]
3a CFFB 2h F70p BA FrE3 FA E22C
ac FR74 2 ERER BC Eapp? FC E22B
3E FRSD 7E Faia BE Eang FE EBas




32

o8

i@:
P INPUT
12:

14:

16+

28:

22:
24

26:

30:

34:
36:

INPUT "STARTIN
G ADDRESS? ";a
"ENDING
AODDRESS? "B
CLS :0ON ERROR
GOTO 88
C=R:G0SURB Z20:
TAR 5:GOSUB 18
B+PEEK A:A=A+]
tLPRINT :IF A<
=BGROTO 14

END

D=INT (Cr256):
GOSUB 24:D=C-2
S6%0: 6070 24
A=p+1:0=PEEK N
E=INT ¢(D-s165:F
=DpND 15:
LPRINT CHR$ (E
+48+%(E>D) ),
CHR$ (F+48+./7%(
F»3)); :RETURN
GOSUB 22:4560T0
]

TAE 19:LPRINT
“HY 1 GOTO 22
TEE 15:LPRINT
"#";:GOTO 22
TR 18:650T0 28
TaB 18:G0OSUB 2
6: 6070 32

:G0SUB 34:C=84:F

=PEEK (A-1):1F
F>Z2B8AND F<224
OR F=284INPUT

"PASS? ";C
:CLS :IF C=8
RETURN
(LPEINT :TAB 35:
LPRINT "PASS";
:FOR 1=1T70 C:
LPRINT " "2
GOSUB 22:NEXT
1:RETURN
fLPRINT "CALL "

228
o4:

25:

oB:

; : B=PEEK A:
GOSUEB 24:G0TO
24

GOSUB 34
C=2:1F DL4YLET
C=ualL MID$ ("3
318100821808601 1
ppva1121i1", 072
+1, 13

IF D=3Z2LET C=3
+2%PEEK (A+1)
IF D=1340R D=

37

7N

21%H

82:

g8«

tg1:
182:
183:
184:
195
1A6:
187:
123
183:

l118:

EINFLT

tCLS

PLPRINT

GBLET C=2+¢
FEEK (A+132223
3

tF O>1939LET C=
UAaL MI0s (i1}
2221183213300
S AR 20887, D)
g L

G004,
tC=1:6G0T0 64
|

1 GOSUB 3B:

LPRINT ", ";:C=
A+1+Cx0: GOTO 2
5]

LPRINT "ALT BU
FFER:":TAB 35:

GOTO 188+PEEK

A

IF PEEK (A-1)=
233LPRINT "FD

3
D=PEEK A:GOSUB
Z24:LPRINT "22"
PR=A+1:G0TO 14
TOP NPT "SToR
TING NLIRCSS?

TN
CENRTDING
N GRESS? Y58
FLPRINT 7B
FRINNING "5:C=
6:505U8 24:
LERINT "::in=Q
~]1:C=3-A:6050L8
Af: L PRINT ENI
"suga X
L' s RETURN
LPRINT "SUBAa (
K"y sRETURN
LPRINT "alin X
L"; :RETURM
LFRINT "Adan
XY IRETURYN
LPRINT "LON %
L' i RETURN
LPRINT L Oa (
®IY I sRETURN
LPRINT *CPA X
Ly tRETURMN
LPRINT "CPA (
XM RETURN
LPRINT "S5TA X
H'; t RETURN
LPRINT "anNDda ¢
xJ"3 tRETURN
LPRINT "STa X

1153:
lla:
117:
113:

119z

123:
124:
125
126
1271
123:
123:
133:
131:
132:
133:
134:
135:
136
137:

138:

FLPRINT

TLPRINT

PLPRINT

:LPRINT
ILPRINT

ZILPRINT

L"; i RETURN
“ORN
®J'"; tRETURN
"DS30
X" tRETURN
LPRINT "EORA
X33 i RETURK
“sTA
X' tRETURN
LERINT "31TA
RI"; iRETURN
LPRINT "SUBA
L"; i RETURN
LPRINT "SUBA
Yt i RETURN
LERINT "AadlAa
LY; :RETURN
LPRINT "AIDN
Yo' tRETURKN
LA
L"; tRETURM
"Lia
Yo' tRETURKN
"CHa
L3 s RETLIRM
LPRINT “CFA
Ya'; iRETURM
LPRINT "STn
H"; tRETURMN
LPRINT "AnNUn
Yo' tRETURN
LIRINT "STa
L'"; s RETURN
LPRINT "“ORri
YOU; tRETURN
LPRINT "0S545
YIU T IRETURN
LPRINT "EQRAG
YOU; iRETURN
LPRINT =8TA
Yo"; tRETUREN
LPRINT "BITh
Y)'; s RETURN
LFREINT
L' :RETURN
LFRINT "SiUBn
U tRETURN
LPRINT "ADDA
L"i tRETURN
LPRINT "@ODAa
Uy"; :RETURN
LPRINT "LDnO
L"; tRETURN
LERINT "LDA
U>x"; tRETURN
LPRINT "CPA
L"; t RETURN
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138:LPRINT "CPA  (
UX"; tRETURH

148:LPRINT "STh U
H"; tRETURN

141:LPRINT "aNDA ¢

U3 :RETURN
142:LPRINT "STa U
L"; tRETURN
143:LPRINT "CORA (¢
U)"; :RETURN
144: LPRINT "DS3A (
Uy"; :RETURN
1453: LFRINT "FORA <
Uiy"; :RETURN
146 LPRINT "STha (
Ux"; tRETURN
142:LPRINT "BITa (
el i T,
PSR ERINT My

FE TN
o4 LERINT Y INKL T
 RETURN
165:LPRINT *STAl <
X)) tRETURN
tg6: LPRINT "DEXL";
sRETURN
167:LPRINT "STRD <
Xa"; tRETURN
168 LPRINT "INXY;:
RETURN
19 LPRINT "LDOI ¢
%313 tRETURN
178 LPRINT "DEX";:
RETURN
171:LPRINT "L3AD ¢
M3 CRETURMN
1720 LPRINT "LOXH";
(HOTO 34
173:LPRINT "aNb ¢
X35 15070 32
174: LPRINT " DXL";
00T0O 36
175:LFRINT "“OR C
X)";:G0OT0 32
1Z268:LPRINT "CPXH";
+GOTO 38
127:LPRINT "BIT (
X)U"::GOTO 32
178:L.PRINT "CPXL";
:GOTO 39
179: LPRINT "aDO <«
X)";:6B0T0 32
188:LPRINT "INYL™;
tRETURN
181:LPRINT "S5TAal <«
Y"1 iRETURN
182:LPRINT "DEYL";

183:

184:

186:
187
188:
g9z

138:

131

192:

183:

184:

TLPRINT "pD0D

TRETURN

LPRINT "s7Aab <
Yo', tRETURN
LPRINT "INY";:
RETURN

SILPRIMNT "LGAal ¢

Y2 tRETURN
LPFRINT "DEY";:
RETURN

LPRINT "LDAD <
Y2'; tRETUEN
LPRINT "LOYH";
:GOT0 34
LFRINT "AND ¢
Yy :60TO 32
LPRINT "L3YL";
:GOTO 34

(LPRINT "OR ¢

Yo" 106070 32
LPRINT "CPYH";
:6GATO 38
LPRINT "BIT (
Ya";:607T0 32
LPRINT “CPYL";
GOTO 38

~~

Yo";:GRTO 32

PLPRINT "INUL™;

TRETURN

ILPRINT "STal <

Ux"; iRETURN

PLPRINT "DEULY;

TRETURN

SLPRINT "STAD <

UY"; :RETURN

PLPRINT "ING";:

RETURN

:LPRINT "LDOAl (

UD™ ;i RETURN

202: _PRINT "DEU";:
RETURN
283:LPRINT "LiAD ¢

284:

203:

288:
283:

2i8:

U)"; s RETURN
LPRINT "LDUH";
:G0TO 38
LPRINT "aND <«
ury"; <6010 32

TLERINT "LDUL'™;

TGOTO 38

PLPRINT "OR ¢

U3 i GOTO 32
LPRINT "CPUH";
FGOTO 38
LPRINT "BIT C
uX"; 06070 32
LPRINT "CPUL";
FGOTO 38

211:
228:
229:
238:.
231:
232:

Z33:

LPRINT Y"aDD ¢
U)";:G070 32
LPRINT "SUBA X
H'; : RETURN
LPRINT "FBNC";
:00TO 6@
LFRINT "@aDDA X
H"; : RETURN
LPRINT "FBC®;:
GOT0 64

LPRINT "LDOA X
H"; : RETLURN
LPRINT "FBNH";
1G0T0 66

234:LPRINT "CFA X
H"; : RETURN
23353:LPRINT "FBH";:

GCTO 68
236:LPRINT "BNZD";
G070 62
237 LPRINT "FBRZY,
GOTO 88
238:LFRINT "RTI";:

RETURN

ILPRINT "FBZ";:

GOTO 68

LPRINT "DADA <

X'y tRETURN

PLPRINT "FBNU";

G070 62

CLPRINT "FB";:

GOTO &8

:LPRINT "FBU";:

GAOTD 64

SLPRINT "sUBA Y

H"; :RETURN

(LPRINT YRBHNC";

GOTO &2

(LPRINT "AB34a Y

RS LRETURN

PILPRINT "R3C";:

GOTC 82

PLPRINT "LOA Y

H'"; t RETLEN

TLPRINT “REBNH";

2G0TO B2

(LPRINT "CPe Y

H"; :RETURN

PLPRINT Y"RgH";

oOTD 62

PLPRINT "RENZY;

:60T0 B2

:LPRINT "RTS";:

RETURN

:LPRINT "RBZ";:

GOTO 862

5:LPRINT "DAaba (

6
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s
il

CLPREINT

;L PRINT

Y3 s tRETURN

TLPRINT "RE3NJ";

G070 B2

(LPRINT "RB";:

G740 62

3:LFRINT "R2U" ;¢

oCoTe 52

SLEPRINT "SUiza U

H"; i RETURN

SLFRINT MSUZBA™;

GO0TR 24

PLPRINT "oO5n U

HYy t RETURN

PLFRINT "pIOa;

'GOTE 24

SLPRINT L0 L

H" 3t RETURN

SLERINT #Loa%e

COTo 34

ILPRINT “Cha U

H" 3 I RETURN

ILPRINT "CPAv;

GOTC 34
"(aBY";
‘RETURN
"ANDA™
LGCT0 34

i LPRINT LS #

L EEITE 2

BLERET ARG

GOTC 24

TLPRINT "Dabo ¢

U5 tRETURN

sLPRINT "ECRA™;

1GO0T0 34

LPRINT "STa";:

Goto 34

5 LPRINT *21TA";

LGOTO 34

SLPRINT *SsU3a";

CGaTo 38

SLFRINT "AdDot;

TGOTO 38

SLPRINT "LBAY;:

GaOTO 38

DLPRINT "CP&";;

GCTO 38

(LPRINT "(B8)*™;

TRETURN

TLPRINT "ANDAOY;

6070 38

PLPRINT “JMF;

GOTO 34

(LPRINT "OR&";:

GAOTO 38

(LPRINT "EQRaA™;

:60TC 39

294:
235:

296:
PAE R

298:
233:
342:
i LFRINT "CANg™;

34

352:
383

384:
33

386:
3B7:

388:
389:

318:
311:

212:
313:

214:
315:

322
323

3z24:
326G:
328:
334:
332:

DLPRINT "JSRY; ¢

GOTC 48

cLPRINT "BITA"Y;

GOTO 38

:GOTO 54
LPRINT "CANCY;

TGOTOD 52

GOTC 28

LERINT "CaC";:
COTC 32

COTEC 58
LPRINT "CANH";
SGOTO 52

CaTa 2@
LERINT "Cadr; .
GOTC 352

GAOTO 52

:GOTO 52

GOTO 59

LPRINT WCaztys
GOTO 52

60TO0 50

LPRINT "CALL";
:6OTO 52

GOTO 5@

LPRLHT Wty
GOTO 52

GOTC 59

LPRINT "RRCA™;
:RETLRN

60TO 59

LPRINT "ROR
X)"; : RETURN
COTO SO

LPRINT "RRQ"; !
RETLRN

GOTO 59

LPRINT "ROL ¢
X35 s RETURN

:GOTO 353
SLPRINT "RipY;:

RETURN

:GOTO 53
SLPRINT "RLCAY;

FRETL=N

G010 3o
DLPRINT Y Isn™ s

RETURN
L0700 bha
LFRINT
RETLURN
GOTC 28
GaTO 34
GOTC 2@
GATC 58
CATO 5S¢

!JDE‘F}H ; :

233:

334:
335:

3361
337:

a2y
395

354:
491
43¢
AP5;
ARg:
alp:

al1:
a}z:
413:
afaq
415:
41/
a4139:
421!
423:
aze:

4251
428

a2/
474
aad
433
431:

LPRINT
GOTD 3B
GOTO 38
LFRINT
GOTO 36
GOTC 2B
LERINT
GOTE 36

1GOTO 5
91 LPRINT

GOTO 36

1LOTO S8
SLPRINT

RETURN

0T 53
GETO Ga
PLPRINT

'RETURN

$60TO 39
SILFRINT

X" i RE

(6OTH Le
PLPRINT

CRETLRN

PG0OTO 50
LR INT

L RETURN
50TC 58

"AND" 5 3

HOR Y 2

PBITY

RLISHEEE

"ROA™; :

t JNXYU;

"crnal o«

TURN

sl R 4

"SETCY

G=A+1.00T0 438

HPEEK 6
LOTG DY
Goio cg
ooTo fa
GLTO 44

:GOTO 23

GOTD 74
LPRINT

L RETLRN
GOTO 78
GATO 20
GOTO /4
GOTO 72
GGTO /8
GOTO 79
GOTD 73
GOTO 73
GOTO 78
LPRINT

Db

"LDX Y

"3 TRETURN

aGT0 24
LR INT

TRETURN
SoTn /2

COOTO 29

01O 28

a0TG 28
aCTa 23

HROPYY
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433:6CTO 22

4353:450T0 74

437:60T0 23

4354070 728

A4drLPRINT "X U
T IRETURN

"5 1 RETURN
431:G0T0 78
433:GOTQ 79
494:LPRINT "STX P
'3 2 RETURN
455:00T0 70

441: L5070 23 490 LPRINT "INUH";
4420 LPRINT "POFU"; tRETURN
:RETURN AUBILPRINT "DEUHTS
A43:G0T0O 29 PRETURN
444:G0T0 78 SH5:COTC 28
445: 0070 29 T2CILPRINT "STY U
A46:GOTO 28 TS IRETURN
447:60T0 249 LASLLOTO PE
404 L PRINT "INXIY; TAZGOT0 8
TRETURN 511:6G0TC 7B
456: LPRINT "OEXHY; Q23 LPFRINT "SETLYS
RECTURN T RETURN
A2 LPRINT "Ldx 5§ 936:LPRINT "FSEX'";
Y3 PRETURN CRETURKN
473: 6070 20 933 LPEINT "PORPA";
45:0.07TC 22 TRETURN
4780 LPRINT "(FO af D4 LNTH Z9
YN IRETURN DL LERINT URGHYY
4az7:00T0 29 TR TURM
423 LFRINT "STX 5 i il 28
T RETURN A
4/9:;0T0 73 74
Adgr iR INT " INYHY; 2
CRETULRN 260 G0T0 728
A5 CFRINT UOEYHY; Q03I LPRINT "PSHUY;
TRETLRMN RETURN
Tadr CPRINT “L3G% 20Y:G0T0 A
T IRLTLURN SAUCLFRINT "LIa  F
dgnjr T g YA RETURN
A0 CPRINT "STX Y 221:G0TOD 24

572: G010 /8
5/3:60710 /8
374:16GT0O /8
3/73:6CTO 78

572t LPRINT “"WAl";:
RETURN
586:LPRINT "LDA K

B'; i RETURN

538: LPRINT "CLRI";
PRETURN
S32: LPRINT "(FO CB

Y tRETURN
533 LPRINT "(FD C1
I IRETURN
SEDILPRINT "PSHA";
LRETURN
ZrLPRINT "addx N0
Yy P RETURN
GRE:LFRINT ®(FO CE
YL IRETURN
1:06CTD 78
P50 aGTO 22
SILFRINT *pllYy A
LI RETLREN
333:60T0 /0
B634: LFRINT "AODU N
Y3 i RETURN
B835:60TH 24
B36:LPRINY "STn E
S IRETURN
63/:050T1T0 74
633: 5070 73

STRTUS i
2943
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LATEST FINDINGS

As this Special Edition of PCN went to press, Norlin reported that he
had ascertained the coding for several more instructions. They are
associated with the processing of interrupts and lnput/Output opera-
tions as described here, The instructions with the mnemonics RTI,
WAl and LDA KB have been incorporated into the disassembler
listing provided on the preceeding pages.

Rober
Mnemonic

SETI

CLRI

RTI

Wwa)

LDA KB

Machine

Code
FD 81
FD BE
8A
FD B1
FD BA

Description
Filag } set, interrupt enabled.
Fiag i cleared, interrupt disabled.
Return from interrupt.
Wait for interrupt.
Load accumulator with input from keyboard.

The final instruction in the Jist, LDA KB, results in a byte being
placed in the accumulator. The byte loaded is determined by the row
of the key matrix in which a key is depressed. The bit in the position
corresponding to that row is G, the other bits are 7.

What is Left?

Norlin reports that the following machine codes, which appear related
to J/O operations, have not yet been fully defined, These codes do,
however, appear in the PC-1500’s ROM: A8, B8, FD 4C, FD C0,
FD C1 and FD CE. Any ideas? Letl Norlin know!
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