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"60.il.ç

I Provide enough information about the overall architecture, intemrpts,
addressing modes, instruction set, and programming techniques to
enable you to write significant application and system programs in
6581 6 native mode assembly language.

. Provide the foundation for a future class on machine level details of the
Apple tt-16.

t Stimulate discussion about "good" and "bad" programming techniques
for the ó581 õ.

I
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.OMISSIONS

The course does not coyer any of the following:

t Emulation mode operation of the õ581õ (it works like a 6502, and I

assume eyeryone already knows how to program a 6502).

. Apple ll-lõ machine details such as soft switches¿ memory layout,
control registers, etc. (these will be the subject of a followon course
to be given when details are gg 44t100ñ firmed up).

t Hands-on programming (no time, not enough machines).

J
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Tim ing

Programm lng technlques
Unusual features/anomal les

J
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, ó 5¡0C{ FAIvIILY RELATIO¡{S}IIPS

1

Characteristic 6502 65C02 65C802 65C8 r 6

Year available
Technology

ALU wiclth (bits)
Address bus width (bits)
Data bus width (bits)
Maximum memory size (by)
Maximum stack size (by)

Number of def ined opcodes
Number of addressing modes
Relocatable zero page?

Software compatlþle w/ 6502?
Pln compatible w/ 6502?
Fast block move instructions?

I 975
1-S10S

I
t6
I

64K
256

r5t
t3

No

Yes
Yes

NO

r 983
CMOS

I
l6
I

64K
256

t7E
r5
No

Almost
Yes

No

r 985
$40s

t6
t6
I

64K
64K

256
24
Yes

Yes
Yes

Yes

r 985
cl,los

l6
24x
I

t6 11

64K

256
24

'T
Yes
No

Yes

x Note: Upper E bits of address bus are mulilplexecl on data bus.
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. 65O2t65f,O2ñ5Ar 6 REGTS-TERS

6502/65CO2
07

Accumulator

X lndex Register

Y lndex Register

Stack Pointer

-Direct Register

t5 E

Program Counter

Status Register

A

x

Y

s

PC
IPCþt PCL

P

r5
658r6

E7 0

I23

or
AHorB ALorA

YH
Y
I YL

tõ
DBR

SH
s
I SL

PBR,
PC

PCH PCL

PBR=Program Bank Register

X
XH XL

D

IDH DL

P

.--å l ggS 
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ó501 6 MEIvIORY ( Not to scale)

$OOFFFF

Stæk grotvs frorn high
dlræses toward low

aúlresses; mqy take up to
K in Bank

(Top of Stæk)

( Bæ of Zero Pæ)

000000

64 Kby

Bonk $00

$O I FFFF

s0 I 0000

64|(by

Bonk S0 I

$FFFFFF

64 Kby

aaa

Uniform
MH or ROM

Uniform
RAI1or R0l1

I

Direct(Zero) Pryand
Stæk æn rælde only ln

Benk $00

Note: one eycle penalS
when Direet Pqe is not
poge allgnerl ( l.e" DL*O

S Register

D Reglster

'-.,b t 985 Jernes Jatee/nski Consulting @ t 985 Apple Cornputer, lnc.
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,- REGISTER DESCRIPTTONS

ACCUIlULATOR-A

I Stores one operand and result of most arithmetic/logical operationsI I ô bits wide when e=0 and m=0. I bits wide when e= I or when e=0 and m= |I XBA (SWA) instruction eXchanges upper and lower halves of l6-bit
accumulator

INDEX REGISTERS-X, Y

I Generally provide index values for effective address calculatignt Hold operands for a restricted set of arithmetic/logical operaÍionsI I õ bits wide when e=0 and x=0I I bits wide when e= I or when e=0 and x= |

DATA BANK REGISTER-DBR

. Provides the upper E bits of effective address in addressing modes
that otherwise generate only the lower l6 bits-e.g. absolute

STACK POINTËR-S

c lndicates the next available location on the stack
o Pushes decrease the value in S; pops increase it. Used in formulation of effective address for stack-relative addressinq

modes! Used to store context for subroutine calls and intem.rpts

'-À I 985 Jarnes Jatea/nski Consulting @ I 985 Apple Cornputer, lnc.
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REO T s-[ER Ð{PI.^â.T{^A.TI ONS

DIRECT-D

I "Relocates" direct page (zero page) anywhere in Bank 100. ïhus, affects all addressing modes containing "direct" referencesr One cycle timing penalty on all direct references rhen direct page is
not aligned on a page boundary (i.e. DL+0)

-?RO6RAH BANK REGTSTER-PBR

I Normally serves as the upper I bits of the 24-bit address of the next
instruction. Used in conjunction with the PC to provide a lull24-bit instrucJion
addressI But, when the PC is incremented, there is no cany from the high bit of
the PC into the low bit of the PERI Also provides the high byte of the effective address for certain
addressing modes

- JÐR,OGR,AM COUNTER-PC

¡ Holds the low order I õ bits of the 24-bit address of the next
instn¡ction. Used in conjunction with the PBR to provide a îull24-bit instruction
adclressI Carry out of high bit is not propagated into the PBR

PR,OCESSOR, STATUS-P

. Contains status flags and mode select bits

-.å 1985 JamesJaterynski Oonsulting @ t98S AppleComputer, lnc"



,. p (sTArus Al¡D C0NTROL) REGISIER-ó5O2|65f,O2 EþIUI-A,TIoN MOÐE

Carry
=0 Carry did not occur-l Carry occurred

Tero
=0 Result not zero
= | Result zero
IRQ Disabler0 IRQ enabled
- | IRQ disablecl

Decimal llode
-0 Binary Mode
:r I Decimaì l"1ode

Breakr0 lnterrupt was not a Break
=l lnterrupt was a Break

Overflow
-0 Overflow did not occur'
=l Overflow occurred

Negative
-0 Result was not negative
r I Result was negative

J
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P (STAruS A}¡Ð COT{TROL) REGISTER-658I 6 HA,TIVE MODE

E=0

N V t1 x D I z c

0

Carryr0 Carry dicl not occurrl Carry occurred
Zero
-O Result not zero
r I Result zero
IRQ DisaÞle
-O IRQ enabled J
= | IRQ disabled

Decimal Mode
cQ Binary l"1ode
- | Decimal l'lode
lndex Register Select
-Q lndex registers are l6 bitsrl lndex registers are I bits

l1emory/Accumul ator 5e I ect
-O Memory/Accumulator references

are l6 bits
r I Memory/Accumulator referenees

are I þits
Overf low
-Q Overflow clid not occurrl Overflow occurred

Negative Result
=0 Flesult was not negative
- | Result was negative

.*lÐ I gSS,JamesJatcaynski Consulting @ 1985 Apple Computer, lnc.



i. ó56I ó PRæESSOR MODES

EI"IULATION HODE-(e= | )

. Executes all 6502 instructions exactly like a 6502, including
cycle-by-cycle bus contents. FROII THE SOFTï/ARE STANDPOINT, lT lS
A ô502 (with some additional instructions).

. Executes all additional 65C02 instructions exactly like a 65C02,
including cycle-by-cycle bus contents.

l

.,

. Executes new 65816 instn¡ctions, including new addressing modes and
24-bil addressing. l'lowever, many instructions don't make sense (e.9.
HVN, MVP).

I

\ATIVE HODE AND VARIANTS-(e=0)

ü lmplements the full 6581 6 architecture including I 6 llby address space
and full set of registers (4, X, Y, DBR, S, D, PBR, PC, P).

t "Full native mode"-(e=O, ffi=0, x=0): Accumulator, index register':s, and
memory references are all I ô bits.

. "llixed native modes"-(e=0 but m= I or x= | or both): restricts
accumulator/memory and/or index register/memory references to
I bits"

-ô 1985 JamesJatcaynski Consulting @ I 985 Apple Computer, lnc.



rTTggf OF m AT\TD x BIT CH.A,ilGES O}T REOISTERS

I Switch m bit from I to lõ bits orfrom lõ to I bits:

No effect on AH (B) or AL (A)

ln I bit mode, AH (B) is accessible via XBA

Even in E bit mode, instructions that transfer A register-e.9. TCS-always
move I õ bits

Jr Switch x bit from I õ to E bits

XH and YH set to zero-old contents lost

I Switch x bit from I to lô bits

XH=00, XL unchanged, YH=00, YL unchanged

I

¡
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I

DANGER-PRæESSOR MODES

OBSERVATIONS

. Some instructions perform exactly the same operation no matter how the
Ê, ffi, and x control bits are set. For example, PEI always pushes two bytes
from zero page onto the stack.

I Some instructions operate sensibly only in native mode. For example,
l"lVN and ltlVP use the t õ bit A, X, and Y registers to specify operands, so
they don't wor* in other than full native mode.

. Some instructions change their native mode operation depending on the
values of the m and/or x bits. For example, LDX t loads a I -byte value if
x= I and a 2-byte value if x=0. LDA s loads a I -byte value if m= I and a
2-byte value if m=0. J

t Some instructions that you nould expect to be affected by the m and x
bit settings are not. For example, TCS and TSC always transfer I õ bits.

SUGGESTIONS

, I Mixed native modes (m= I or x= I or both) may be dangerous to your
sanity and the sanity of those who call the procedures you write. Try to
use either emulation mode or full native mode. Try to restrict use of
m= I or x= I to short code sequences. Assume that ffi=0, x=0 are the
standard native mode settings, and always restore these values if you
change them.

I There are few neasons for setting m= I andlor x= I in native mode. Almost
any algorithm will be faster if it manipulates words rather than bytes.

*i 1985 James Jatcqynski Consulting @ 1985 Apple Computer, lnc.



CI.ASSIFICATIO}¡ OF TNTERRUPTS

Software lntem¡pts-lnstructions in the normal instruction stream
BRK-BReaK
COP-"COProcessol'' intemrpt

Hardware lntern¡pts-External signals
IR0-lntemrpt ReQuest
Nlll-Non-llaskabl e I ntemrpt
ABORT-ABORT instruction such that it can be restarted
RESET-RESET the processor into its initial state

I
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TIìMERRT.TPT PRffiSS I }¡G

START

PuSh PBR
onto Stack Both Modes

Push PCH
onto Stack

Push PCL
onto Stack

Push P
onto Stack

Push P
onto Stack

Set d=0
Set i= |

Read
lnterrupt
vector
VVVV

Flesume
execution

at $OOvvvv

Natlve l'lode

T lm lng:
Ëmulatlon mode: 7 cycles
Natlve mode: E eycles

Emulatlon llode

)
For BRK, P[4]=
For lR0, P[4J=C

Binary mode
Dlsable IRQ

Note: AtsORT pushes address of
aþorted lnstructlon onto
stack rather than address
of next instruction.

.-Ð I 985 JamesJatcaynski eonsulting @ l985Apple Computer, lnc.



ITìTTERRUPT VE TOR I.æI\.TIOHS

INTERRUPT VECTOR, LOCATIONS

Location lnterrupt

OOFFFE,F
OOFFFC,D
OOFFFA,E
OOFFF6,9
OOFFF6,7
OOFFF4,5
OOFFF2,3
OOFFFO, I
OOFFEE,F
OOFFEC,D
OOFFEA,B
OOFFE8,9
OOFFE6,7
00FFE4s

BRK and IRQ (emulation)
RESET (emulation and native)
Nlll (emulation)
ABORT (emulation)

COP (emulation)

IRQ (native)

NMI (native)
ABORT (native)
BRK (native)
COP (native)

I
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. PR,æESSR STATE AITTER RESET

lf the -FIES pin is helcl low for at least two clock cycles after VDD reaches operating
voltage, the processor performs an initialization sequence which sets the registers,
status bits, and control bits as follows:

Register lnitial
Value

XH
YH
DB
D

5H
PB

$00
$00
$00

$0000
$ol
$00

Control
Bit

lnitial
Value

lleaning

e
m

b,x
d
i

I

I

I

0
I

Emulation mode
Always true for e= I
Break command
Binary mode
lR0 disablecl

The remaining registers, status, and control bits are undefined on reset.

J
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INTR,.¡{ItAtvf ILY COMPAïIBILITY ISSUES

lssue 65802/658 r 6 65C02 6502

Status and control
bits in P register

n, v, z f lags valid
in decimal mode

rì, v, z f lags valid
in decimal mode

tì, v, z f lags invalid
in decimal mode
reset: d undefined
intemupt: d unchg

0->d on reset or
interrupt

0->d on reset or
intemupt

Read/Modify/Write
a,x no page cross
Write
l'lemory Lock

7 cycles
last 2 cycles
last 3 cycles [rmw

6 cycles
last cycle
last 2 cycles [mwJ

7 cycles
last two cycles
not avallable

Jump indirect
Cycles
Operand=XXFF

5 cycles
Comect

6 cycles
Correct

5 cycles
lnvalid page cross

tsranch or index
across page bound
Execution time for
such a branch

Read last program
byte
4 cycles (e- | )
3 cycles (e-0)

Read last program
byte
4 rycles

Reacl lnvalld
address
4 cycles

)

Decimal mocle ADC
and SBC

No added cycles Add I cycle No added cycles

Unused opcodes Only one, WDll,
is a no-op

All are no-ops Undef ined-some
hang processor

,ji@ I 985 Jomæ Jatcqynski Oonsulting @ I 985 Apple Computer, lnc.



'l
.'- ADDRESSIIì¡G MODE DESCRIPTION

t I ] IHMEDIATE-'

opcode data

opcode clatal datah

e= I Of e=0 and m/X= |

e=0 and m/x=0

The E-bit or I 6-bit operand is taken from the instruction.

Examples:

LDA '$E I
LDX *$FFFE

J

J
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'l I

ADDRESSIHG MODE DESCRIPTION

\

Í21 AESOLUTE-a

Examples:

LDA LOCA
LDA ILOCB
JMP IDEST

lnstructlon

opcode âddrl addrh

Operand Address (data reference)

(DBR) addrh addrl

Operand Address (JMP or JSR)

( PBR) addrh addrl

J

j
-,j
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1)
,"*j' AÐDRESSING MODE DESCRIPTION

t5l ABSOLUTE LONG-al

AND LOC
AND >LOC

lnstrucilon

opcode acldrl addrh badclr

Operand Address

baclclr addrh addrl

)

,f
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. ADDR,ESSINO MOT]E DESCR,IPTION

t.fl DIRECT-d

lnstruction

opcode offset

Openand Address

+

00 eaddrh eaddrl

)

f
Examples:

EOR LOC
EOR (LOC

D REGISTER

offset

Jt t 965 JamæJatce/nski Consulting @ I gESAppleComputer, läc.
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åDDRESSING MODE DESCR,IPTION

T51 ACCUHULATOR-A

lnstruction

opcode

The operand is the accumulator.

^) Examples:

ASL A
INC A

T6] IMPLIED-i

lnstruction

0pcocle

The operand is implied by the instruction.

Examples:

DEY
INX
SEC
TAY

J

,l

ì
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AI}DRESSIIì¡O MOÐE DESCR,IPTION

T7I DIRECT INDIRECT INDEXED-(d),Y

lnstructlon
opcode offset

Operand Address
I

D RE6ISTER
I J

+ offset

then:

-

-

00
I

DIRECT ADDRESS
I

(DtsR)
I

(DIRECT ADDRESS)
I

+(24

eacldrb eaddrh eaddrl

Examples:

LDA (LOC),Y
LDA ( (LOC),Y

l

Y INDEX RE6ISTER

@ 1965 James Jatcrynski Consulting @ I 985 Apple Computer, lnc"



ADDR,ESSING MODE DESCR,IPTION

tS] DIRECT INDIRECT LONT INDEXED-IdI,Y

lnstructlon

opcode offset

Operand Address
I

D RE6ISTER
I )

+ offset

then:

Examples:

LDA ILOCJ,Y
LDA [<LCICJ,Y

00
I

DIRECT ADDRESS
I

tt
(DIRECT ADDRESS)tl

+(24

eadclrþ eaddrh eadclrl

Y INDEX REGISTER

té I 985 JamesJatcq¡nski Consulting @ l ge5 AppleCornputer, lnc"
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AI}DRESSING MODE ÐESCR,IPTION

tgl DIRECT INDEXED INDIRECT-(d,x)

lnstructlon

opcode offset

Operand Address
I

D REOISTER
I

offset

)

+

+
I

X RE6ISTER
I

l 00
I

ADDRESS
I

(DBR)
I

(ADDRESS)
I

then:

Examples:

LDA (LOC,X)
LDA ( (LOC,X)

*-å l g8s.JamesJatcaynski Consulting @ 1985 Apple Computer, lnc.



ADDRESSTI{G MODE DESCRIPTION

t I O] DIRECT INDEXED HITH X-d,X
T I I ] I}IRECT INBEXED WITH Y-d,Y

lnsructlon
opcode offset

Operand Address
I

D RE6ISTER
I )

+ offset

+
I

X REGISTER
I

Note:
llode l0 uses X REGISïER
llode ll USeSYREGISTER

00
I

ADDRESS
I

Examples:

LDA LOC,X
LDA (LOC,X
LDA LOC,V
LDA (LOC,V

'*,ó l gES JsmesJatcqynski Consulting @ 1985 Apple Computer, tnc.
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å.DDRF,SSII{O MODE DEæRIPTION

llzJ ABSOLUTE INDEXED WITH X-a,x
t l4l AESOLUTE INDEXED HITH Y-a,y

I nstruction

opcode addrl addrh

Operand Address

adclrh aclclrl

+
I

X REGISTER
I

(DBR) eaddrh eaddrl

)
Note:

Mode I2 uses X REGISTER
llode l4 uses Y REGISTER

Examples:

LDA IOC,X
LDA ILOC,X
LDA LOC,Y
LDA ILOC,Y

..*jÐ I 985 JamesJatcqynski Consulting @ I 985 AppleComputer, lnc"
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AÐDR,ESSINO MODE DESCRIPTION

t I 3l ABSOLUTE LONG INDEXED HITH X-al,x

lnstruction

opcode addrl addrh baddr

Operand Address

baddr adclrh adclrl

*(24) X RE6ISTER

baddr eaddrh eaddrl

J

Examples:

LDA LCIC,X
LDA )I.OC,X

.; I 985 James Jeteqynski Consulting @ I 985 Apple Computer, tnc.
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ADDRESSINO MODE DESCRIPTION

t l5l PROGRAH C0UNTER RELATIVE-r

lnstruction

opcode offset

Operancl Aclclress

+ offset

( PBR ) eaddrh eaddrl

?ffset ls a two's complement number whlch ls adcled to the contents of the PC, whlch--have been updated to polnt to the opcode of the next lnstrucilon.

Examples:

BCC tsLAH
BRA START

I
I

PC
I

j 1985 JamesJateA/nski Consulting @ l gSSAppleComþuter, lnc.
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AI}DRESSIÌ-TO MODE ÐESCR,IPTION

t l6l PROGRAH C0UNTER RELATIVE LONG-rl

lnstruction

opcode offsetl offseth

Operand Address

+ offseth offsetl

(PBR) eaddrh eaddrl

"ffset ls a two's complement number whlch ls adclecl to the contents of the PC, which
nave been updated to point to the opcode of the next lnstruction.

Examples:

BRL DEST
PER ENTRY

)
I

PC
I

..-r 1985 JomæJatcaynski Consulting @ 1965 Apple Computer, lnc.



AI}DRESSING MODE DESCRIPTION

t I 7l ABS0LUTE INDIRECT-(a)

lndinect Address =

lnstruction

opcode addrl addrh

00 addrh addrl

Then: I

for JllP (a) (PBR)
I(lndirect Address)
I

for JllL (a):
tt(lndirect Adclress)tt

llode l7 really constltutes two addresslng modes, one usecl only by the instruction
Jl'lP (a) and one used only by the lnstructlon Jî"1L (a). ln the former case, the contents
of the tndlrectly addressecl locatlon contaln two bytes, ancl the PBR value remains
unchangecl. ln the latter case, the lndlrectly addressecl locatlon contalns all three
bytes of the destlnatlon address.

Exampìes:

JmP (r0c)
JmL fltOÇ)

,@ 1985 JomesJatcaynski Consulting @ 1985 Apple Cornputer, tnc.



I
A.I}DRESSINT MODE DESCRIPTION

tI S] DIRECT INDIRECT-(d)

lnstruction

opcode offset

Operand Address
I

DIRECT REGISTER
I

+ offset

00
I

direct address
I

(DBR)
I(direct address)
I

I

Then:

Examples:

tDA (LOe )
LDA ((LCIC)

I

'*é t 985 James Jatcaynski Consulting @ I 985 Apple Computer, lnc.



rl
^ADÐRESSI}IO MODE DESCRIPTION

tl gl DIRECT INDIRECT LONG-[dl

lnstruction

opcode offset

Operand Address

offset

00
I

direct address
I

tt(clirect address)tt

J

J
Then

Examples

't-DA [LoC]
LDA [<LOC]

DIRECT REGISTER

r,.à l gES JemesJatc¡ynski Consulting @ I 985 Apple Computer, lnc.



-ì
ADDRESSINO MODE DESCRIPTION

t20l ABSOLUTE INDEXED INDIRECT-(a,X)

lnstruction

opcode addrl addrh

Effective Address

addrh adclrl

)
+

I

X INDEX REGISTER

lndirect address = ( PBR)
I

address
I

l
(PBR)

I(lndirect acldress)
I

Then:

Examples:

JI'1P (DEST,X)
JSR (IDEST,X)

-; t ggS James Jatc4ynski Consulting @ 1985 Apple Computer, lnc.
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AI}DRESSING MOÐE DESCR,TPTION

I

t2l I STACK-s

Stack addressing actually refers to a number of distinct addressing modes, each of
which uses the stack somehow.

lnstruction(s) Operation

Hardware
interrupts lRQ,
NI1I, ABORT,
RE5

lnterrupts push PBR, PCH, PCL, and P onto the stack

Software
lnterrupts
tsRK, COP

These lnterrupts push PBR, PCH, PCL, and P onto the stacF

RTI Pulls P, PCL, PCH, and PBR from the stack

RTS Pulls PCL ancl PCH from the stack
RTL Pulls PCL, PCH, and PBR from the stack

Reglster push
and pull
lnstructions

Push reglster contents onto the stack or pull top of stack
element(s) lnto reglster

PEI Push a word of direct (zero) page onto the stack

PEA Push thtrd and seconcl bytes of lnstruction onto the stack.
Thls ls really a "push lmmecllate" lnstrucHon.

PER Push onto the stack the value obtained by adding the PC to
the contents of bytes 3 and 2 of the lnstruction

'i
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AI}DRESSINO MOÐE DESCRIPTION

')

I22I STACK RELATIVE-d,S

Examples:

EOR $ I O,S
LDA <LOC,s

lnstruction

opcode offset

Operand Address

S REGISTER

+

00 eaddrh eaddrl

I

-

offset

-rb f 985 JamesJatcaynski Consulting O 1985 Apple Computer, lnc.
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. AÐDRESSII,.TO MODE DESCR,IPTION

Í231 STACK RELATIVE INDIRECT INDEXED-(d,s),y

lnstruction

opcode offset

Operand Address
I

S REGISTER
I

00
I

S+offset
I

(DBR)
I(S*offset)
I

I
+

Then:

I

Y INDEX RE6ISTER
I

eaddrb eaddrh eaddrl

+

Examples;

ORA (LOC,5),Y
ORA ( (LOE,S),Y

offset

JO 1985 James Jetcaynski Consulting @ 1985 Apple Computer, lnc.



\
. ADDRESSI}IT MODE DESCRIPTION

I

1241 BLOCK IlOVE-xyc

Source:

Destlnatlon

lnstruction

opcode dstÞnk srcbnk

dstbnk -> DBR

srcbnk
I

X INDEX REoISTER
I

DER
I

Y INDEX RE6ISTER
I

I

Count:
¡

Accumulator
I
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: SUM!.'ÍARY OF TII,IE AND SIORAOE tÐR EACI{ ADDR$SING MODE

)

Address llode
Time (cycles) Program llemory (by)

6502 65C8 I 6 6502 65C8 r 6

I . lmmedlate
2. Absolute
3. Absolute Long
4. Dlrect
5. Accumulator
6. lmpllect
7. Dlrect lndlrecl lndexecl
E. Dlnect lndlrect lndexecl Long
9. Dlrect lndexed lndîrect
10. Dlrect lndexed with X
I l. Dlrect lndexed wlth Y
12. Absolute lnclexed with X
15. Aþsolute Long lndexecl X
14. Aþsolute lndexecl wlth Y
15. Relatlve
16. Relatlve Long
17. Absolute lncllrect
lE. Direct lncllrect
19. Dlrect lndlrect Long
20, Absolute lndexecl lncllrect
21. Stack
22. Stack Relatlve
23. Stack Rel lndlrect lndexecl
24. tslock l"1ove

2
4 (s)

5 (s)
2
25il)
6

4 (5)
4

4 ( 1,5)

5

4U)
2 u,2)

3-7

2ß)
4 (5,5)
5 (3)

3 (5,4,5)
2
2

5 ( 1,5,4)
6 (3,4)
6 (3,4)

4 (3,4,5)
4 (3,4)

4 ( 1,3,5)
5 (3)

4 ( 1,3)
2Q)
3Q)

5
5 (5,4)
6 (5,4)

6
3-8

4 (3)
7 (3)

7

2

:
2
I
I

?
2
2
2

:
3

?

:

r-3

(3)
3
4
2
I

I

2
2
2

?
3
4
5
2
5
3
2
2
3
l-4
2
2
5

2

l

l. Page boundary: add I cycle if page Þoundary is crossed when forming address
2" Branch taken: acld I cycle if branch is taken
3. m=0 or x=0, l6-bit operation: acld I cycle, add I byte for immediate
4. DL*O: add I cycle
5" Read-l"lodity-Write: add 2 cycles for m= I and 3 cycles for m=0
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I
. RECOMMEIìIÐED 659I 6 ^ASSB{BLY I.å¡iIOUAGE STA¡¡ÐARDS

'$0 I 020304
*<$01020504
*>$01020304
r^ $0 I 020304

04 (one byte)
o4

03
02

0304 (two bytes)
0304
0203
0t02

. Refer to Western Design Center Data Sheet, pp. l7-18

. Byte selection of one or two bytes in immediate operands:

. Forcing a specif ic address mode in an ambiguous siluation:

< expression
I expression
> expression

forces direct ( I byte) addressing
forces absolute (2 byte) addressing
forces long absolute (5 byte) addressing

)o When the mode is not forced and the context is ambiguous, the assembler will assume
absolute (2 byte) addressing

'r Long indirect addresses are indicated by square brackets-e.9. [dl,y

I For llVN and mVP, the f irst operand is the source bank, and the second operand is the
destination bank (contrary to the order of the object code bytes)

-..o There is a list of acceptable address mode formats on WDC p. l8IJ . There are several recommended mnemonic aliases. ln each case, the
leftmost mnemonic is considered standard:

BCC = BLT
BCS = BGE
Cl'lP - CMA
DEC A = DEA
INC A - INA
JSL= JSR
JllL = JÎ1P

TGD = TAD
TCS = TAS
TDC . TDA
ïSC = TSA
XBA - SWA
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,

Ê I O ET G}TT DATA MANIPULAil OI-¡ I }TSTR,UCTIOHS

ì

INSTRUCTION
CLA55

HNEIl-
oNr c FUNCT I ON FUNCT I ON

DATA
MOVEMENT

LDA
STA

w->A
A-)W

LoaD Accumulator
STore Accumulator

AR I THI,IET IC ADC
SBC

A+W+c -> A
A-W--c -) A

ADd with Carry
SuBtract with Carry

ARI THHET I C
COIIPARISON

cMp A-W(setCCs) CollPare

LOG I CAL AND
EOR
ORA

A&W -> A
AXORW->A
AIW->A

Logical AND
Exclusive 0R
Logical OR (accumulalor)

Each of these instructlons has the I'ollowlng l5 address modes, except STA,
whlch omlts the lmmedlate mode (t). Thls ylelcls I l9 dlstlnct opcodes.

t
a
al
C'

(d),y
Icll,y
(d,x)
d,X
?,X
al,x
arY
(d)
tdl
d,s

(d,s),y

lmmediate
Absolute
Absolute Long
Direct
Direct lndirect lndexed
Direct lndirect lndexed Long
Direct lndexed lndirect
Direct lndexed with X
Absolute lndexed with X
Absolute Long lndexed with X
Absolute lndexed with Y
Direct lndirect
Direct lndirect Long
Stack Flelative
Stack Flelative lndirect lndexed
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ST{IFTS AND RTTATES

ASL mc 15 0
Arithmetic Shift Left

LSR
c

Logical Shift Right

ROL

c m ROtate Left

ROR
c

ROtate Right I

Each of these instructions has the following 5 address modes, yielding 20
distinct opcodes.

A
d

d,x
a

ârx

Accumulator
Direct
Direct lndexed with X
Absolute
Absolute lndexed with X
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I INCREþíEI{T A}ID DECREùÍEI{T ACCUMULA,TOR

-)

tNc
DEC

lNCrement accumulator
DECrement accumulator

Each of these instructions has the followlng 5 addresslng mocles, yielding l0
dlstlnct opcocles.

a
d
A

d,x
?,X

Absoìute
Dlrect
Accumulator
DIrect lndexecl wlth X
Absolute lndexed wlth X

)

J
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TN¡DE{ REG IS'TER MANIPULATIO}¡

INSTRUCTION
CLA55

MNEI1-
oNr c FUNCT I ON FUNCT I ON ADDRESS I1ODES

DAÏA
IlOVEIIENT

LDX
LDY
STX
STY

w->x
w->Y
x->w
Y->W

LoaD X
LoaD Y
STore X
STore Y

*add,y
*add,X
add,y
add,x

a,Y
?,X

ARITHI'1ET I C
COMPARI SON

CPX
CPY

X-W(setCC)
Y-W(setCC)

ComPare X
ComPare Y

a
a

d
CI

*
*

INCREI"IENT/
DECREIIENT

DEX
DEY
INX
tNv

x- l-)x
Y- I ->Y
N+ l->X
Y+ l->Y

DEcremenl X
DEcrement Y
lNcrement X
lNcrement Y

I

I
I

These lnsructlons, ln comþlnatlon wltn thelr addresslng modes, yleld 26 dlsilnct
opcodes.
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1

BIT TEST INSTRU TION AND STORE ZERO INSTRUSTION

BIT TEST-BIT

Function: l) A&W
Ð W bit 15 -> n3) Wbit l4->v
4 z set according to result of A & W

Note: When immediate address mode is used, n and v are not set as
shown above.

Addressmodes: * a d d,x ?,x

STORE ZER,O-STZ

Function: Store zero at the addressed location.

Address modes: a d d,x â,X

I
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RETISTER PUSI{ES /PULLS A.T{D REGIS,TER-REGISTER TRANSFERS

REGISTER PUSHES AND PULLS

Reglster Push
(cycles)

Pul I
(cycles)

A
X
Y

DB
S
D

PE
PC
P

PHA (4)
PHX (4)
PHY (4)
PHB (3)

PHD (4)
PHK (5)

PHP (3)

PLA (5)
PLX (5)
PLY (5)
PLB (4)

PLD (5)

PLP (4)

I

R,EG I STER,-R,EG I STER, TRANSFER,S

x Swaps the upper and lower bytes of the accumulator

Source
Register

Destination Register

A X Y 5 D

A
X
Y
S
D

XBA)(
TXA
TYA

TSC (TSA)
TDC (TDA)

TAX

TYX
TSX

TAY
TXY

TCS (TAS)
TXS

TCD (TAD)

All register-register transfers take 2 cycles, except XBA, which
takes 3 cycles..
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SPECIAL PUS[{ INSTRUÛIIONS: PEA, PEI, PER

PEA-Push Effective Absolute Address onto Stack
(Should be called "Push lmmediate Data onto Stack")

opcode I oatat clatah

1 ) Push thirct byte of instruction (datah) onto stack
Ð Push second byte of instruction (clatal) onto stack

Time: 5 cycles

PEI-Push Effective lndirect Addness onto Stack
(Should be called "Push Zero Page Word onto Stact<")

opcode offset
I ) eaddr = (D Register) * offset
Ð push contents of location eaddr+ I onto stack
3) push contents of location eaddn onto stack

Time: 6 cycles (DL'O)
7 cycles (DL*O)

PER-Push Effectlve Program Counter Reìatlve Address onto Stack
opcode offsetl offseth

I ) Let offset = offseth concatenated with offsetl
2) value = (Program Counter) + offset
3) push high orcler byte of value onto stack4 push low order Þyte of value onto stack

Time: 6 cycles

J
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. "TRB, TSB

llnemonic Function Function

ÏRB Test and Reset Bit -A&W -) W; set z on result of A&W

T5E Test ancl Set Blt, AIW -) W; set z on result of A&W

Note: the l1emory Lock (l1L) signal ls active during the entire read-
moclify-write phase of these instructions.

)

Addressing modes: d a

Example:

TRts LOC
T5B <LOC

J

!
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. S-f AruS REO I gtER }-{AN IPUI.å,T T ON I NS-IRUSf I ONS

INDIVIDUAL BIT SETS AND CLEARS

SET AND RESET STATUS EITS INSTRUCTIONS

XCE-EXCHANGE CARRY AND STATUS BITS

This instruction is used to switch the processor between native mode and emulation
mode" To switch into native mode, set c to 0 ancl execute XCE. To switch to
emulation mode, set c to I and execute XCE. Whenever e is set to l, certain register:
and status bits are set to the indicatect states:

XH=Q YH=Q SH= I m= I x= I

)

Carry Decimal rRo
Disable 0verf low

Set SEC SED SEI

Clear cLc CLD cLr cLv

All of these instructions take 2 cycles.

Plnemonic Function Function

REP Reset processor status þlts P&-B->P

SEP Set processor status bits PvB->P

These lnstructlons t7l(e 5 cycles.
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BLæK MOVES: ÙfV¡¡ AIID MVP

I"IVN

ource

Destination

¡,- Source
Address

TlVP

I i

Hlgh Hlgh

+
Low Low

Arrows indicate order in which bytes are copied

lnstruction format opcode &stination
bank

glurce
bank

lnstructlon setup

X Reglster-Low order l6 blts of source address
Y Reglster-Low order l6 þlts of desunaUon address
C Reglster-Numþer of Þytes to move less I

,' Restrictions

Nelther source nor clestinatlon Þlock may stractclle þank bounclary
llaxlmum block slZe: 65,556 bytes

Side effects

Prevlous contents of DBR are replaced by destlnatlon bank number

Timlng: 7 cycles per byte

Approximate time to move 64Kby in //-16: 164 ms

Destination
Address

I

I
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BRAIì¡CH INS'TRUCTIONS

I

j

llnemonic Function Condition
Code

BCC
BCS
BEO
Bl.1l
BNE
BPL
BVC
BVS

BRA

BRL

Branch Carry Clear
Branch Carry Set
Branch EQual (zero)
Branch lllnus
Branch Not Equal (zero)
Branch PLus
Branch oVerflow Clear
Branch oVerflow Set

BRanch Always

BRanch (always) Long

C=0
C=l
z=l
n=l
z=0
n=0
v=0
v=l

(unconditional)

(unconditional)

Timing:
2 cycles-branch not taken
3 cycles-branch taken (most cases)
4 cycles-in emulation mode (e= | ), branch taken

across page boundary

All lnstructlons except tsRL conslst of an opcode followed by a one-byte
offset that nepresents a two's complement number ln the range -128...127
lf the branch ls taken, thls value ls adcled to lhe Program Counter, which
by thls tlme, polnts to the opcode of the next sequenilal lnsrucilon.

BRL conslsts 0f 'the opcode followed by a two-byte offset that represents
a two's complement numþer ln the range -32,76a...32767. As for the other
lnstructlons, thls value ls added to the program Counter.

I

L
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JUMp, StJBROttTIt{E IUMP, AI.ID RETURN INSTRU',gilONS

llnemonic Function Time
(cycles)

Size
(bytes)

Jl"lP a
JMP aI
JllP (a)
JllL (a)

JllP (a,x)

JUP1P
JUMP
JUMP
Jul'lp Long
JullP

3
4
5
6
6

3
4
3
3
3

JSR a
JSL AI

JSR (a,x)

Jump to SubRoutine
Jump to SubRoutine Long
Jump to SubRoutine

6
I
6

3
4
3

RlS
RTL

ReTurn from Subroutine
ReTurn from subroutine Long

6
6

I

I

Note:
JSR a and JSR (a,x) push PC onto the stack.
RTS should þe used to return from JSR a ancl JSR (a,x).
JSL al pushes PE and PC onto the stack.
RTL should be used to return from JSL al.
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B t'l L

a

)

Ail AL Jl"lL

Another BrnkBank $00 PB pC--

Figure 1. tffective Address Formotion for Jt'tL (a)

PB
urctnlqed

Bank $00 PB FC--

J

l

)

AH AT CIP

Figure 2. Effective Address Formation for Jl'lP a and JSR o

Another Benk



H L AH AL JHF

I
PB

unchsnged

PB
ufËhtr@

BEnk $00 PB PC-_

Figure 3. Effective Address Forrnation for JHP (a)

X ltdex Register

Another Bank

I

Bank $00 FB pC---

:

AH AL OF

H L

Figure 4. Effective Address tormstion for Jl"lP (a,x) and JSR (e,x)

Another Eank



n

Eank $00

Figure 5. tffective Address Formation for Jl-'tP al and JSL ol

Another Bank

F
I

il

B lt L OP



tsREA.K A}TD COPRæESSOR TNTERRUPTS

tsRK and COP are software interrupts. The instruction format for both is

opcode signature

Each instruction initiates a standard interrupt sequence with the vaiue of the
signature byte placed on the data bus during cycle 2. Each software interrupt
instruction has its own interrupt vector at the top of bank $00.

The state information saved on the stack, in the order that bytes are pushed,
consists of PBR, PCH, PCL, and P.

The P register is modif ied so that d=0 and i= I

Time: I cycles )
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1)
REÍIJRN FROM INTERRUPT

RTI-RETURN FROI'4 INTERRUPT

I ) Pull P from stack
Ð Pull PCL from stack
3) Pull PCH from stack
4\ Pull PtsR from stack (only in natlve mocle)

Tlme: 7 cycles

f

)

-
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SPECIAL AND WEIRD INSTRUCTIONS

STP-STOP THE PROCESSOR

Stop the processor clock to reduce power consumptîon.
Requlres a RESET lntemupt to contlnue execuHon.

WAI-WAIT FOR INTER,RPUT

Wait for intemupt fn a state that reduces power consumption and minimizes
interrupt latency.

RDY line held ìow until interrupt occurs.

NOP-NO OPERATION

Don't do anythlng, but take I byte and2 cycles not to do it

IÚDI1-YILLIAII D. I'IENSCH RESERVED OPCOI}E

RESERVED FOR FUTURE EXPANSION OF OPCODE SET

I
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a
EASIC II'IS'TRUSTTON ÏIMIIITG

t | ] lnstruction execution times are expressed in machine cycles.

t2l The duration of a cycle depends on several factors:. System clock speed (e.g. I llHz vs high speed)I Operations that cause cycle stretching (e.9. references to îCXXX space,

tSl Phoenix Apple // simulation mode:| - t¡ts/cycle. - I llHz cycle rate
)

l4l Phoenix high speed mode:r - 385 ns/cycle| - 2.õ l"lHz cycle rate
)

T5] EUICK AND DIRTY ESTIIIATION OF INSTRUCTION EXECUTION TIIIE. Count I cycle for each byte in the instruction. Count I cycle for each byte of data fetched from memory. Count I cycle for each byte of data written to memoryI For any addressing mode involving the direct register, count I cycle
if DL*Ot For most stack operations, add a cycle (used to adjust value of stack

i pointer)¡ NOTE THE IIINIIIUI'I EXECUTION TII'1E OF 2 CYCLESt For exact timing, use the charts in the GTE and IVDC dala sheets
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tI

TIMING WALKI}IROUGH

,

CYCLE-BY-CYCLE T IHI NG-{ d),Y

NOTE DETAILED TIHING SPECIFICTIONS

t lfDC Data Sheet, pages 15, l5-16, 19, especially footnotes, page lõt GTE Data Sheet, pages I 3- | õ, expecially footnotes, page I 5 .

NOTE WELL:

. ALL OF THE TIIIING SPECIFICATIONS IN THE DATA SHEETS ARE
INCOI"IPLETE OR INCORRECT IN SOI"IE WAY. THE IIOST COR.RECT
SPECIFICATION SEEI"IS TO BE THAT ON PA6ES I 5- I õ IN THE HDC
DATA SHEET.

Cycle VDA VPA Address
Bus

Data
Bus Comment

I
2

2a l2l
3
4

aa 14)
5

sa It]

I
0
0
1

1

0
I

I

I

I

0
0
0
0
0
0

PBR,PC
PBR,PC+ I
PER,PC+ I

0,D+DO
0,D+DO+ I
O,D+DO+ I
DBR,AA+Y

DBR,AA+Y+ I

opcode
DO
to

AAL
AAH

to
Data Low
Data Hlgh

Fetch opcode
Fetch direct offset (DO)
Computer D*00
Get LSE of indirect addr,
6et 1"158 of indirect addr.
Add index to indirect addr.
Fetch LSB of data
Fetch l15E of data

)
t tl Cycìe executed only f or l6-bit operancl fetch.
ÍA Cycle executed only for DL-O.
l4l Cycle executed for indexing across page boundary or x=0
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POSITION I¡IDEPE}¡DN\IT IUMPS

Unconditional Jumps

The aþsolute jump (JllP a) is obsolete because there is a long relative branch
(BRL rl) that can be used to pass control unconditionally to any location in the
current program bank.

The advantage of using tsRL is that it is "position independent," that is, it still
worf<s properly even if the program is moved.

BRL occupies 3 bytes and takes 3 cycles, just likeJllP a

Conditional Jumps

Short conditional jumps simply use the condltional þranch instructiorls, e.g
I

tsEO BLAH

Formore clistant targels, reverse the branch condition and follow the reversed
bnanch with a BRL to the destinatlon. To get the same effect as above with a
dlstant branch target, use:

tsNE AROUND
ERL BLAH

AROUND
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POSITION II{DEPE}¡DE}IT SI.IBROUTINE CALL

We can synthesize a position independent subroutine call to any location in the
cument program bank. Consider the call-return sequence:

JSR SUBR
RETURN

aoa

SUtsR RTS

The position independent version is as follows:

PER RETURN. I -i(
PER SUBR- I -|É
RTS

;push return address- I

;push address of subroutine- t

;jump to the subroutine )
RETURN

aoa

SUBR RTS

P€R,FORIIANCE COI'1PAR I SON

Version
Size

(bytes)
Time

(cycles)

Standard 4 t2

Positlon lndepenclent 6 24
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?æITION I¡¡DEPFIOE}¡T' DATA RETERN¡CES

)

r Unnecessar), to change code when dala area is moved from one memory
location to another.

. Only a pointer to the base of the data area needs to be updated.

I Technique used in machine code produced by most high level languages.

DATAPTR
XOFFSET
YOFFSET
ZOFFSET

DS4
EOU O
EOU 2
EOU 4

;pointer (on zero page) to data area
;offset of X in data area
;offset of Y in data aîea
;offset of 7 in data area

;set up data area pointer in DATAAREA
;typically done by the co'de that handles a procedure call

I

LDA 'PTRLOWSTA DATAPTR
LDA 

'PTRHIGI.ISTA DATAPTR+2

;add X to Y and put result in Z (16-bit integeraddition)
;use direct indirect indexed long addressing

LDY 
'XOFFSETLDA IDATAPTR],Y

cLc
LDY 'YOFFSETADC IDATAPTR,],Y
LDY SZOFFSET
STA IDATAPTR],Z

;get x

;add Y

;store in Z

-1
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I

STACK OVERFTOS/ ru}¡DER,FI.OTT DETE TION
(

I Stack overflow/underflow detection must be done by sottware since there
are no hardware facilities to detect, these conditions.

. Checking on every stack operation is too expensive.

I Therefore, periodically check the value of S and integrity of stack end
markers

l1emory

TOPLIHIT

llarker Words

BOTLI14IT

S

I

PATTERN EOtJ $ACAC

INITIALIZE LDA
STA
STA
LDX
TX5

o
CHECK LDA

ctlP
BNE
CMP
BNE
TSC
cllp
BC5
cllP
BCC

;high probability

*PATTERN ;initialize pattern in marker words
ïoPL n4 t T
BOÏLIMlT
TOPLllllT- | ;initialize stack pointer

oaTPATTERN ;check top and bottom marker words
TOPLIMIT ;for integrity
STACKUNDERFLOW
BOTLIMIT
STACKOVERFLOW

;check stack pointer between TOPLllllT- |tTcpLlMlT ;and BOTLl14lT+2 inclusive
STACKUNDERFLOW
*BOTLll"llT +2
STACKOVERFLOW

that stack is 0K if we get to this point
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PU${ AND PULL T}IREE-tsYTE POIT{TERS

LOC DS 3

PEI
PHB
LDA
STA

LOC+ I

;assume a zero page location

;push two high order bytes
;dummy push of DBR to decrement 5 by 1

;get lwo low order bytes
;store two low order bytes on slack

L0c
1,5

PUSH A THREE-BYTE POINTER FROI4 ZERO PAGE ONTO THE STACK

Note: Weird as it may be, the middle byte of LOC is saved twice
J

T ime:
Space

l8 cycles ( l9 cycles if DL-O)
7 bytes

I
DULL A THREE-BYTE POINTER FROII THE STACK INTO A ZERO PAGE LOCATION

LOC D5 J ;assume a zerc page locatlon

;push DER in orcler to add I more byte to stack
;pull dummy Þyte ancl low order byte
;put low orcler byte in low order slde of A
;low order byte now ln rlght place
;get lwo hlgh order bytes
;store at two high orcler bytes of LOC

PHE
PLA
XBA
5ïA
PLA
5TA

L0c

LOC+ I

Tlme: 24 cycles (26 eycles tf DL*O)
Space: I bytes
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PUSTI AND PULL T'OUR-BYTE POIT{TERS
¡

PUSH A FOUR-BYTE POINTER FROII ZERO PAGE ONTO THE SÏACK

Time: l2 cycles ( l4 cycles if DL*O)
' Space: 4 bytes

)ULL A FOUR.BYTE POINTER FROH THE STACK INTO A ZERO PAGE LOCATION

LOC DS 4 ;assume a zero page locatlon

PLA
5TA
PLA
5TA

LOC

LOC+2

;pull two low orcler bytes
;store them
;puìl two hlgh order bytes
;store them, too

Time: lE cycles (20 cycles lf DL*0)
Space: 6 bytes

I

Loc D5 4 ;assume a zero page location

PEI
PEI

LOC+2
L0c

;push two high order byles
;push two low order bytes
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