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A 65802/65816 pre-boot 

This month we'regoing to take an in-depth look at the newest members of 
the 6502 family. the 65802 and 65816 microprocessors. The 6502 was at the 
heart of the earllestApple IIs. lI.pjuses. and lIes. An enhance<l version of this 
chip, known as the 6SC02, is at the heart of lies and enhance<l lIes. The 
65802 i~a direct replacement for these earlier chips-you can plug It Into 
the 6502 socket of current versions of the Apple II. Meanwhile. Apple oould 
do warne than to use the 65816 in future additions to the Apple II Une. 

Sinoe I dkln'tknowanythlng about these n""",r chips until justa fewweeks 
ago. I oommissloned Michael f1~r, author of 65816/65802 Assembly 
Language Programming. published I:rt Osbome/McGrnw-Hill to write an 
artide for Open'Applethat would inlroduce the new members of the 6502 
family to all of us. His artIde appears in this issue. Parts of it .... re taken 
directly from his book and appear with the pennlssion of the publisher. . 

Before I tum things over fD fischer. however. let me supply your human 
operatingsysremswith a IiWe pre-boot information to ease your inlroduction 

. to the new chips. Some of the stuffl1l Olver f1scheralso oovers In his article, 
but it will probably heip your understanding to hear the 'same stol)' twice 

.' from different people. 
Those of you who see nothing but obscure oomputer jargon in this 

month's issue sbould begin by going bad< and reading The Magic of Peek 
and Pokeln the february issue (pages 2.2-2.5). That article is an Inlroduction 
to microprocessors, memory, and how oomputers work. What it doesn·t teU 
you is that inside old Queen 6502 there are some vel)' spedal memOl)' 
locations called registers. in the 6502 most of these registers can hold any 
number betWeen zero and 2SS-they are one-byte. or &bit registers. The 
most special one of all is called the A Register. A stands for action-and this 
is where it aU tal<es place. 

Other registers In the 6502 are the Xand Ylndex Registers, which are used 
(or oounting passes through loops and for acresslng series of bytes in 
sequence; the Program Counter, which points to the byte that holds the 
machine language inslruction currently being ""ecuted; the Status Regis!er, 

'-- "WhlC!foofclS same l-bit ftags and switches; and·the Stad< Register, which 
points a crooked finger atourcurrent position In thestad<. 

......... 

The stack, at least in the 6502, is a 2.5&byte data storage area that Is kind 
of like a !'Diod"" flattened out and hung from the ceiling. The first number 
you push onto the stack goes on the card at the top. The n..t nll1ilber you 
push goes onto the next card down, and so on. When you pull a number olf 
the stad<, you always get the iast on.e pushed on. In other words, the last one 
on is the first one olf. The Stad< Register simply keeps Irack of the push/ pull 
position Inside this 25&byte stack. 

Bad< In february, we learned that the memol)' inside an Apple II is most 
easily thought of as 256 pages, each holding 256 bytes-this makes 256 
times 256 or 65,536 totall7ftes The 6502 gives the vel)' first of these pages, 
known as page zero. some special magical qualities. 

ConqueriDg intimidation. If microprocessor chips; their registers. 
slaw, and zero pages; their operation ODdes (lnslructions) and operands 
(the data to be used by the instruction) still intimidate you. if~ because the 
people who write theoriginai documentation for such chlpsdon'tconcenIrale 
hard enough on the words they use to describe things. 

Frankly; my own first brushes with the 656161efi me cold and scared. The 
chip seemed vastly more oompUcated than the 6502. But as Fischer will 
showyou later, ifs really just a 6502 at the oore, surrounded by eiegant ftesh 
that gives it musde. There are more registers in the 65616, yes, but the A 
register, and only theA register. is soli where all the action is. The slad< is still 

there. but ifs bigger and there are lots more ways to use it Likewise. page 
zero has become bank zero and Its magic is more po .... rfuI. 

After reading fische(s artIde i finally figured out that my (ear of this chip 
resulted from nothing but the words its designers used to describe it The 
words are fear provoking - the chip itself Is not 

The chip has what its designers call an emulation mode, in which it does 
what a 6502 can do just exactly like a 6502 does (although. even in this 
mode. it can also do lots morel. It also has what's called a native mode. in 
which it does the things only the 65816 can do. 

My problem is that the word "emulation" means a lesser thing acting like a 
greater thing. The 65816's designers, however, use the word to mean a 
greater thing (a 65816) acting like a lesser thing (a 6502). Thus, when I see 
the word. it tal<es my brain awhile to figure outwhat they really mean. 

This wouldn·t be so bad, ""cept the word "nalive". which the 65616's 
designers use to describe the chip's enhance<l mode, makes me think of a 
primitive state, not an advanced state. There are any number of word pairs 
(original-enhanced. front-bad<. outside-lnside, startujXlperational) that 
would have made better names for these modes than emulation·native. 

Not even the chip's designers can change these words nO\\\ however. 
without creating a Babel. These are the words the designers handed down to 
us and these are the words .... 11 have to use to oommunlcate with. They're 
the ones Fischer uses and other authors alter·him will use them, too. 

But if the designers had workedas hard on the words theyused to describe 
the chjp as they worked on the rest of the chip's design, It would be an easier 
device to learn how to use. Countless hours of oonfuslon and bug-hunting 
yet to oome would have been avoided. 

Ready (or more =ples? What does "reset" mean? If "set" means to 
make a bit equal to 1 shouldn't "reset" mean make equal to 1 a second 
time? But here "set" means make equal to 1 and :reser' means makeequa\ 
to O. This is an abomination. In the 6502 world .... already had a pelfectly 
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good word. "dear;' Utat meant make equal to zero, If eve!),one would use Ute 
word pair "clear-set;' raUter Utan "reset-set;' the world would go round a 
good deal faster than it does, 

Bringing this aU up now is like arguing with the umpire, I don't do it 
because I think we can ever get better words for the 65816, but betause I . 
hope those of you who design chips (and other things) in the future will give 
lois of thought to the words you use to desaibe them, 

The names of the 65816's two operational modes and our rebrush wiUt 
set incidentally, are just a little scare compared tD the hand-wet:ting fear 
you11 feel when I rell you the names of some of Ute new chip's addressing 
modes, fortunately there's a good solution to this problem, so don't let the 
following list frighten you away. Before I give you the solution,however, 
imagine eavesdropping on a discussion between two programmers who are 
deciding which of the following addressing modes to use: 

direct indirect 
direct inde)(ed ind irect 

d i rlic t indi rect i ndexed 
direct i nclirQCt long 
di rec t l nci1 rer:t l ong . inde)(ed 

Not even certified HeDaPs could keep these straight But by far the most 
confusing thing about Ute 65816's addressing modes Is their names, 
Hundreds, majbe thousands, of people will give up on 65816 assembly 
language becaUSe they can't make any sense out of them, But irs nowooder 
-Utese names are nearly ftatoutnonsensetobegin wiUt, Theyare ten times 
worse Utan no names atalL Don't even try to remember or understand them, 
Instead, just associate what a command looks like - LOA (d),Y for example 
-with where the data is going !Dcome from or go to, 

for those of you who are new around assembly language, I should explain 
Utat an "addressing mode" Is like a recipe used by a machine langUage 
instruction to find the data irs supposed to work on, for example, Ute 6502 
has an immediate mode, which means Ute data is right there insIde the 
program, LOA #3 tells the 6502 to load a 3 into the A Register, Then there's 
absolute mode. which means the data Is at a certain address. LOA 3 tells the 
6502 to load the A Register with Ute value in byte 3, And there's indirect 
mode. which means thedata Is atafinal address thars being pointed to by an 
intermediate address, for example, LOA (3) tells the 6502 to look In bytes 3 
and 4 for an address that points to another address, then to load whatever is 
at Utat other address into the A register, finally, there's ind_d mode, which 
means the data is at the given address plus the value in the X or Y Register. 
LOA 3,X. for example, gets the data at byte B if Ute X Register holds a 5, AU 
other addressing modes are nolhing but combinations of these fOur basic 
types, 

The 6502 family has a large variety of addressing modes compared to 
most other chips, These modes are what give the chip much ofits power. The 
toughest part oneaming assembly language is Ute week of nightmares you 
have to toss and tum Utrough to reconcile these silicon-based addressing 
modes wiUt your organic brain. Once you're past that however, assembly 
langua~ programming is a snap, 

256 3 = 65816_ The first change you notice when moving from the 6502 
to the 65816 is that where before you had 256 pages ofmemo!)'towork with, 
you now have 256 banksof memo!)" each with 256 pages. The 65816 can use 
three full bytes-24 bits-to specify a memo!), address. This gives it the 
ability to directly address 256 times 256 times 256 bytes of memo!),-
16,777,216 bytes (16'megabytes) in all, 

The magical powers of the 6502's page zero are extended to all of bank 
zero on Ute 65616, Ukewise, the 6502's 256-byte stack becomes a 65,53& 
byte stack, 

The A. X. and Y registers on the 65816 can be configured as either 6502-
like &bit registers (in which case a new, almost useless, B-bitregister cailed B 
appears) or as l&bit registers, The A register and the index registers can be 
configured independently, so that for example, X and Y can be B bits wide 
while A is 16 bits wide. When a register configured for l&bits accesses 
memo!)" it gets two memo!), bytes-a full l&bits-with one whack, for 
example, rNA pushes two bytes on the stack if A is configured for 16 bits, LOX 
$33 loads boUt byte $33 and byte $34 into X if Xis cOnfigured for 16 bits, 

The stack register is 16 bits wide on the 65816 - this is how the chip 
manages a 65,536 byte stack The stack always lives in bank zero, 

In order to directlyacoess the full 16 megabytes of memo!)" Ute 65816 has 
two new registers, One is called the Data Bank Register and the other Is 
cailed Ute Program Bank Register. The Program Bank Register always holds 
the bank number of the program that is currently executinG You can only 
change the Program Bank Registerwith certain new forms of the JMP andJSR 
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(and RfS and RTI) instructions, All branches, such as BOO and Bee, stay 
within the current bank, even if it means wrapping from byte $ffff to byte 
$0000 in that bank, Thus. the modules of a program can reside in several 
different banks. but any single module must-be wholly within a single bank, 

The Data Bank Register points to the bank that will be used by addressing 
modes that spe~ a tw<rbyte address, There ar.e also addressIng modes 
Utat specify Utree-byte addresses -these can be used to get Into any bank 
no matter what the contents of the Data Bank Register are, 

There are also s.omeaddressing modes that use a onE>jlyteaddress.ln Ute 
6502.these were called Zero page addressing modes, The one-byte address 

. was always assumed to be on 'page zero, On Ute 65816 these one-byte 
modes still exist but they are cailed direct modes rather than zero page 
because they use a newreglster called the Direct Register. This register is 1& 
bits wide and is capable of pointing at any byte within bank zero, The one­
byte address that follows the opcode is added to the Direct Register to 
caiculate a two-byte address within bank zero, If you are using &bit X and Y 
registers, you can effectively have multiple 256-byte zero-pages anywhere 
within bank zero by manipulating the Direct Register, With ,l&bit X and Y 
registers, on the other hand, you can access all of bank zero even if Ute Direct 
Register is left full of goose eggs, 

There are four one-byte .addressing modes on the 65816. The only 
memo!), bank that can be accessed with these modes is bank zero, lers let 
OPCstandJor an operation code that is valid with a given addressingmode.A 
capital Dis Ute l&bIt Direct Register, A small d stands for a one-byte address 
following the opcode, The four one-byte modes are: 

ope d O+d 

OPe d.X 0'" d ... X 
ope d,'!' O+d +Y 
OPC d,S 5 ... d 

Ndlrect N (01115 Nl.I!rD~page ModeN on 6502 ) 

-dI rect irw;lexed with X· 

"di r Olc t i.ndeICed with 'r 

The stack relafive mode is newand has all kinds of power, It makes it-quite 
easy to pass variables to a subroutine using the stack. because the 
subroutine can dig the variables out of the stack without resorting to 
pushing, pulling, or otherwise modifying the stack, For example, here's a way 
for a cailing routine to pass a value to a subroutine, and for the subroutine to 
pass a result back to the cailer, wiUtout using any registers or absolute . 
memo!), locations: 

p~ Push va lui on s t i.ck. 

JSR CALC 
PlA Pull t'esu l t pff stack. 

etc. 

CALC LDA 3, 5 LOR 1 ,5 wou ld get t hO! l as t ua lu .. pus h6ld 

e tc. 
sm 3 , 5 

on the s t ael<. Tho JSR put t wo bytes there, 
thuS "we use LOA 3,S. 

RTS STR 3,5 sends a resul t bad< t a thl! c. ller. · 

Multiple values could be placed on the stack as long as the subroutine 
knew where to look for them with instruclions such as LDA 5,S; LOA 7,S; and 
soon. 

There are seven two-byte addressing modes, These modes.can aocess-any 
of the 256 possible memo!), banks. However, they use the contents of the 
DataBank Register, also known as DBR. to spe~ the bank, Several of these 
modes are indirect In the indirect examples that fallow: the address in 
parantheses pOints to the two-byte address that is used for that mode, Note 
that in' Utese cases only one address byte actually follows the opcode. This 
single byte is used to caiculate the pointer, The pointer aims at the two-byte 
address the instruction actually uses. Where a stands for a two-byte address 
following an opcode, the seven two-byte addressing modes are: 

ope a DER t a Maboo lut iiN 

OPe a,X C& +a+ X "'abso lute Indeltoo wi tn X· 
ope a, Y 08R" .. ",.'1 - llbsolut s indexed .,1th Y-

ope (d l OER .. (0 -+ d) - dlrKt i ndirect '" 

[Fe (d ) ,Y DBRt !O tdltY -direct indi rect InclexQ.cf' 
ope (d,>q OER t (0 .. d .. XJ -direct l ndllx lid i nd! rect -

ope (d ,S) , '" DBR .. (5 ,, "od) ... If "suck r l!la tivl! i ndirect Indllxed-

The (d.5),Y mode allows a subroutine to use a pointer that has been 
passed to It within the stack Another possibility is to push pointers on the 
stack rather than using predetermined zero-bank locations, for example: 

LOY 110 elsar Y 
. l OA tabla.adr gRt addr l! o;s of t able 

PHA push on stack 

'-- , 
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lOA (1 ,5 ).'" 
PLV 

9'I t first value in table 
pull address back cff stack ard discaro 

There are four three-b)te address modes. Again, some of these modes 
actually have only one byte following the opcode. This single byte Is used to 
calculate a pointer. The pointer is aimed at a three-byte addre.ss. These 
modes are called Indirect long and use brad<ets rather than parantheses. 
Where aI stands for a three-byte address following an opcode, the four 
modes are: 
ope a l ai -absol ut e l~-

1Ft a l, X a1 ... X -absolu te long indexed 111 ttl X· 

1Ft (d) (D + d) -d l r8Ct indlrllCt long-

(PC [d l . V (0 t d ) ,. 'II - di rect indirect long Indl!lxlld -

There are several other addressing modes, but I better leave something 
for fischer to talk about On the next page there·s a massive chart I have 
constructed that shows all the 65816 opcodes and addressing modes, and 
the addressing modes that can be used with each opcode, The numbers 
(12.3.4) Indicate the total length of an inshuction. All 65816 opcodes are 
one byte long. The other bytes in an inshuction make up the operand. A 
single tick mark next to a number means that that opcode/addresslng 
mode combination first appe.ared on the 65C02; a double tid< mark 
indicates the combination is new on the 65816, 

Silldy the chart for awiille, then read fischer's artide, then study the chart 
some more. The Impressive thing Is how everything we've learned using the 
6502 can be leveraged into knowledge about the 65816. Knowing how to 
program the 6502 is the real pre-boot to the 65816. I'm sure we11 be talking 
about this chip much more in the future. I hope you Hnd itas fascinating as I 
do. 

Introduction to the 65802/65816 
Copyright 1986 by Midlael A. Flscber 

The 65816 (",sixly-five-eight-sixteen·') is a microprocessor that is an 
upwardiycompatlble member of the 65= family of microprocessors. It can 
run programs that were written to run on a 6502/65COl It Is not a 
downwardly compatible chip, however-programs written to take advantage 
of the full power of the 65816, by and large, will not run on a 6502 or 65C02. 

The 65816 was developed by the Western Design Center (2166 East Brown 
Road, Mesa AZ 85203). Their version of the chip is called a W655C816. It is 
also manufactured by General Telephone and Electronics under a license 
from the Western Design Center. The art version is called a G655C816. 

The chip is an internal 16-bit microprocessor. However, its external data 
line is only 8 bits wide. It transmits 16 bits of data byfirst sending the low 8 
bits of data (sometimes called the least significant byte) over the data line 
followed by the high 8 bits (sometimes called the most slgniHcant byte). This 
technique of sending different kinds of information over the same line at 
different times is called multiplexing. While the 65816 transmits data in two 
8-bitchunks, a programmer needs only to give it one command totransmita 
18-bltchunk of data. 

1Wo newchlps. There are actually two flavors of this newl6-bit processor. 
The 65802 C·sixly·five-eight-<>!Hwo··) is similar to the 65816 In thatit handles 
16-bit data. It has. however. a 16-bit address line. which means it can directly 
address only 65.536 bytes-the same as the 6502/65COl By contrast. the 
65816 can work with either 16-bit or 24-bil addresses. permitting It to 
address up to 16 megabytes. 

When using its 24-bit addressing capabilily. the 65816 multiplexes the 
upper 8 bits of the address on the data bus while it puts the lower 16 bits on 
the address bus. When using 16-bit addressing. the 65816 uses the address 
bus alone. 

At first glance It would seem that there is little reason for the existence of 
the 65802. since the 65816 can do everything it can do and address up to 16 
megabytes of memolY besides. The advantage of the 65802 is that It is ··pln 
compatible" with the 6502/65C02. This means that each pin on the 65802 
chip performs the same functiontas the similarly plaoed pin on the 6502/ 
65C02 - in other words. a 65802 can be placed in the same socket on an 
Apple lie as the 6502/65C02 al1P give you the advantage of the extended 
assembly language insbuction set This will only be an advantage to those 
who do assembly language programming. A 65816 will not work if plaoed in 
the 6502/65C02 slot on an Apple lie. 

from now on the term ··65816;' as used in this artlde. also Includes the 
65802 except in discussions of24-bitaddressing and other areas where the 
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context makes it dear that only the 65816 Is being discussed. 
IImulaUon mode. How does the 65816 accomplish its magic ofworking 

as a 6502. 65C02 and a 658167 The chip can run in either native mode or 
emulation mode. In emulation mode it responds 10 6502 commands nearly 
the same as a 650l The important operational dlfferenoes from a standard 
6502/65C02 are: 

L All 65816 operation code.s and addressing modes function. although 
the upper 8 bits of24-bit addresses are ignored Programs that use opcodes 
that were undefined on the 6502/65C02 will be sony on the 65816. 

2, There is a second accumulalor. known as the B register. The only way to 
use this register is to exchange its contents with the A register by means of 
the XM (eXchange B and A registers) command. The command is also 
known as the SWA (SWAp) command. 

3. The Stack Pointer in the 6502/ 65C02 is an 8·bIt register that 
permanently points to an address on page one of memory (from $0100 • 
$Olff). The value in the pointer is between $00 and $ff The 65816'5 stad< 
Pointer is a 16·bit register that can poinHo any address between $0000 and 
$ffff. While the 65816 Stack Pointer in emulation mode normally works 
with stad< value.s between $0100 and $01ff. several different operations can 
increment or decrement the Stack Pointer beyond this range when 
transferring more than one byte of data. All of the operations thatcan do this 
are new 10 the 65816 and would not normally be used in emulation mode. 
however. 

·4. The Direct Register is a 16-bit register that is new to the 65xxx family 
with the 6S8l6. As long as its value is $0000 it has no effect on emulation 
mode operation with 6502/65C02 commands. However. ifit is set to values 
other than zero it can have a profound effect on emulation mode because it 
effectively moves page zero elsewhere. It is extremely important that 
programs that modify the Direct Register dear ~ bad< to zero before Quitting. 

5. The TSC command. new with the 65816. transfers the contents of the 
Stack Pointer to the C register (a new namefortheAregisterwhen irs in 16-
bit mode). However. in emulation mode (as in native mode). TSC transfers 
not oniy the lower 8 bits of the Stad< Pointer to the accumulator. it also 
transfe", the upper 8 bits (permanentiy set to $01 in emulation mode) to the 
B register. This effect is only significant if you are storing a value in the B 
register. 

"atMl mode. Thars enough emulation. Now lers look at the architecture 
of the 65816 in native mode. first a general description. The 65816 contains 
the follOwing registers: 

L An accumulator that can be configured as either a 16-bit accumulator 
(known as C or AI or as two 8-bit accumulators (known as A and B). 
CDnfiguration takes place by placing a 1 (for 6-bit mode) or a 0 (for 16-bit 
mode) in a status bit (known as the M bit) in the 65816'5 processor Status 
Register. (More on that later.) 

2. Two index registe"" called X and Y. The registers can be configured as 
either 16- or 6-bit registers by placing a 1 (for 8-bit mode) or a 0 (for 18-bit 
mode) in the new X bitof the Status Register. 

3. A 18-bit Stad< Pointer that permits the setting of the stack anywhere in 
the first bank of memory (locations $O()()()OO.$OOffff). 

4. A I6-bit Program CDunter that holds the address of the next command 
5. A 16-bit Direct Register that permits the addressing of memolY 

anywhere in the first bank of memolY faster than addressing memory 
located eisewhere. 

6. A Status Register consisting of 9 bits. 8 of which are directly accessible. 
This register Is discussed in greater detail below 

7. There are two 6-bitregisters in the 6S8l6 that give it the capacily for full 
24-bitaddressing. These two registers are also presentin the 65802 but they 
have no effect on the actual address since that processor is restricted to 16-
bit addressing. The Data Bank Register. which can hold the upper 8 bits of a 
24-bit data address. is used only In certain long addressing modes 
discussed later in this artide. The Program Bank Register is used to hold the 
upper 8 bits of the address of the next program command. Setting the 

. Program Bank Register is restricted to a velY few commands. as discussed 
below 

'!be Slabls Keglster. As discussed earlier. the Status Register is a 
collection of various bits. These bits consist of some mode-select bits 
(which, for instance. determine whether mathematical operations take place 
in binary or decimal mode). and some status Hags that indicate what 

. OCCUlTed as the result of some recent operation. Some of these bits are 
unchanged from the 6502/65COl These indude: 

L The carry (e) bit a status Hag. which indicates whether the latest 
arithmetic or logical command resulted in a carry out of the eighth or 
sixteenth bit 
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65902/65816 OPERATIONS AND ~SSING PUlES 

Th" numbers 1 .2,3 ,,, i ndiciite the tDtil1 length of thll i n!ltructlon and ita oper;md I n bytes. Combinations lIla r kad fin;;t appeared em the 6SC02. ~ on the 65816 . 

bank aCCll8S notRS-- ) bank e only 
OBR net used 

a II banks all b;irl<s 

OOR + 2-byte adr J-byte adr 
all banks 

Dell + 2-byte IIdr 

all bilnks lIea 
]7byte adr blOj 

current bank only 
can't change PeR 

addrllssing !!lOdes 

A d d. '!. d.Y d ,S a,X a,V a1 aI,X (d) (d ) . V (d, X) (d,S),V (d] [el l. '" )(yc rl (a) (a,X) 

LM/FD:Jsec/CIfI 
RtfJ/OIlR/[(J1 

STA 
,IT 
ASLllSR 
n/llOR 
INC/OCC l ' 
TSUITIlB 

lOX 
LOY 
STX 
STY 
cpx/Cpy 

IN:</D£X/ IHV /DEV 

STZ 
MIJP/rMI 

Ti=lx/TAY/TXA/TVA 
TXS/TSX 
T'tt /T'iX 
Tcs/ TSC 
TC DITOC 

"'"' 
a..C/SEC 
~O/SED 
eU /SE I 
('-V 

REP/SEP 
xc[ 

PIf1/PLA 
PHPJRP 
PHX/PLx/ptf'(/ pLV 

PHo/PlD 
PJIJ/PLB 

"" ". 
PO 
PER 

BFLlsM I 
Bvc/evs 
eHE/8(Q 

oo:/ecs 

'" '" 
JSO 
JMP 
IllS/IHl 

JSl 
J"-
RTL 

""" 
... 
STP 

OJA' 
COP 

"'" 

1 
1" 
1" 
1" 
1" 

I" 

1 
1 ' 
l ' 

I" 

A1lITHMETHIC, l OGICAL, C01PFlIHSON, AND l'£JON AC(BS C0!1!1AN{)5 
2/Y 2 2 2"' ] 3 4'" <1 * 2' 2 

2 
2 

2 

2 
2 

2" 
2" 
2" 

2" 
2" 
2" 

2" 

2" 
2" 

2/]* 2 2 2 ' ]] ] 4' 4'" 2' 

Z' /3 H 

2/r 
2/r 

2/r 

2 
2 2' 
2 2 
2 2 
2 2 

" 
2 

2 2 
2 
2 

2~ 3 3 j ~~ ~ ~ 2' 

] 

, ] 

] 

]' 

] 

] 

] 

] 

] 

] ' 

] 

] 

] 

] 

] I mililidlatli -ode ~lUInd'il reQUire 2· Dr 3-byte Clpsrands di!pending on 
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CD~ANDS THAT TRFtISFER DATA FROM IlESISTER- TO-REGISTEIl 

C indicates th O! A RIl!!ister in 16-blt !lode. 
D ind icates tne new Di ~t RO!g l ster. 
B is t h .. hl \t1 B bi t& of thii 16-blt A Ilegist.r. R i ndicates th .. l ow B blts. XSA moves the content ii o f A to B and S to R. 

COI'1rlAl<lS THAT Q1~ THE STATUS IlESTST[R (011$0 I<no",n as P) 

6502 mode HVlBOIZC 

6Sae2/s5S16 lIIOde H V 1'1 X 0 I Z C 
1 is lXlused; B is breax .l=tNR 

PI i ; A- r lOg width, 1,,8 oits, 0=16 bits 

X is X ~ Y width. l=B bits , 8:16 b lts 

r REP clears. SEP sets the bits indicated- - II.g. REP leeeee001 is thlO salle as Cle o 
XC[ exchanges Carry Bit with [ /IIllIe.tl on Blt. E=l fo r 6502 .ad .. , E"0 for B02/ B16 mode. 
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1 ~ B is tho new Oa ta Bank Rlgist er 
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1; 8CO b1t l =true 
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2. The zero (Z) bit a status flag. I>i1ich indlcates if the result of the last 
operation of any kind was zero. 

3. The Interrupt dlsable (I) bit a mode-select bit which can enable or 
dlsable interrupt requests. 

4. The decimal (D) bit a mode-select bit which determInes if the 
mathematical operations will occur in biruny or binruy-coded-<1ecimal. 

5. The overtlaw (VI bit a status Hag. whIch Indlcates whether an overtlow 
resulted from the most recent mathematical operation. An overtlow is 
deHned as a canyfrom bit 14 to 15 (or from bit 6 to 71n 8-bit mode). 

6. The negative (N) bit a status Hag. which indkates whether there was a 
negative result from the most recent mathematical or logical operation. A 
negative result is defined as a value with the most significant bit (bit 15 in 16 
bit mode) set to one. 

One bit familiar to 6502/65C02 programmers that is not present in the 
65816 native mode Starus Register is the break (B) bit It is present however. 
when the 65816 is in emulation mode. This status Hag indicates whether the 
cause of an interrupt was hardware or soIlware. This bit is not really needed 
with the 65816. as ",,11 see later. in the discussion on interrupts. 

Three bits of the Starus Register are newwith the 65816. These are: 
1. The index register (X) bit a mode-select bit which determines whether 

the data width of the X and Y index registers is 8 (X;l) or 16 (X;O) bits. 
2. The mernoryselect (M) bit a mode-selectblt which determines whether 

the data width of the accumulator and commands such as STZ is 8 (M;l) or 
16IM;0) bits. 

3. The emulation IE) bit a mode-select bit which determines whether the 
65816 is in emulation (E;1) or native (E;O) mode. 

All of the 6502/65C02 mode-select bits and some of the 6502/65C02 
status Hags can be set and cleared by individual commands In either native 
or emulation mode. for example, the cany bit can be set by the SEC (for SEt 
Carry bit) command and the interrupt disable bit can be deared by the CLl 
(for Clear Interrupt disable) command. But there are some bits for which 
there are no set or dear commands. 

None of the new 65816 slarus bits have their awn set or dear commands. 
Instead there are two new commands, REP (for REset Processor status bits) 
and SEP (for SEt Processor status bits), which can dear or set any 
combination of the Status Registe(s bIts except the emulation bit 

The emulation bit is not actually one of the 8 bits that maIIe up the Status 
Register. Instead, It concepb.ially hides behind the canybit and can be setor 
deared by a single command, XCE (for eXchange Carry and Emulation bits). 
The XCEcommand swaps the values in the cany and emulation bits. Thus to 
set the emulation bit (and place the 65816 into emulation mode) you would 
give the two commands SEC (SEt Carry bit) and XCE, resulting in a set 
emulation bIt To dear the emulation bit (and place the 65816 into native 
mode) you would give the two commands CLC (Clear Carry bit) and XCE, 
resulting in a deared emulation bit 

Interrupts. An interrupt is a signal to the microprocessor that tells it to 
stop what ifs doing and attend to something else. The 6502/ 65C02 
supports four types of interrupts; the 65816 supports six. All six are 
supported in both emulation and native modes. for each type of interrupt 
thereis a fixed location in memory called an interrupt uector,which points to 
a routine for handling that type ofinterrupt 

Of the 6502's four interrupts, three (IRQ, interrupt request NMI. non­
maskable interrupt and Reset) are generated by electronic signals from 
other hardware and the fourth is caused by the BRK (break) command, BRK 
and IRQ share an interrupt vector-the 6502,(and the 65816 in emulation 
mode) dlfferentiates between them with the Status Registets B bit 

In 65816 native mode, on the other hand, BRK and IRQ are separated,so 
that a BRK bit is no longer necessruy. One of the two new interrupts is Abott 
which can be used by special types of hardware to fool the 65816 into 
thinking there is more RAM in the computer than is really there. The other is 
a soIlware interrupt called COP (ro-processor), which aHO\\ll a program to 
call special-purpose auxiliary processors. Here is a complete list of the 
interrupt vectors the 65816 supports: 

65816 interrupt vector B (all vec tors are in bank 0, palle Sf F) 

IRQ 
Res;lit 

ilmulatt on mode 
vectors 

f[-f 

FC-O 

native mom. 

VBc t OI"S 

EE -f 
reservild [us~ ~Ialion vect or) 

NnI 

""',' 
""" CO> 

FA-B 
FB-9 

r&l,"&lrv,d (U'!lI!'!I IRQ ) 

r4-S 

Open-Apple 2.53 

( A-8 
(B-9 for illpl&lm&lntlng virtual MaDry 
(6,' 
(4-5 for illplsentlng co-processIng 

The effect of a reset in the 65816 is to set the Direct Data Bank. Program 
Bank, X high and Y high Registers to zero; set the Stack PoInter high to $01; 
dear the D bit and set the M,X,I andEbitsin the Status Register. This puts the 
65816 in emulation mode - forthis reason there is no separate native mode 
reset vector. 

Lefs take a BRJI. The BRK instruction is considered a single byte 
instruction in the 6502/65C02. The 65816, by contrast, treats both the BRK 
and the COP instructions as twI>-b}1:e commands. The b}1:e following the 
command itself seJVes different purposes for Ille BRK and COP instructions: 

L When BRK is used in debugging, a common use, it is often inserted in 
place of a 2--byte instruction. The BRKcode itself($OO) is placed over the first 
byte and the second b}1:e is skipped. A return from Interrupt (RTl) instruction 
will pick up at the proper location following a twI>-byte BRK instruction. 

2. The 1-byte operand following the COP code is known as a Signature byte. 
This b}1:e can be used to pass parameters to Ille interrupt-handling routine 
and thus to the arprocessor. Signature b}1:e values $BO-$ff are reserved 
and $0047f are available for programmer use. 

There are two special-purpose sof\w.rre instructions that also work with 
interrupts. The STP (S'IOP the dock) and WAI (WAit for Interrupt) commands 
place the 65816 into a state of hibernation unlii a hardware interrupt 
resumes normal operation. The STY command's waltstatecan beterminated 
only by a reset The WAI command's wait state can be terminated by a reset 
NMI, or IRQ, 

AdcIre5slng modes. An assembly language program on most mlcroprI>­
cessors, indudlng all members of the 65= family, consists of commands 
and, in most cases, data upon which the commands operate. The data 
sometimes follo\\ll thecommand in the program; other times the information 
follOwing the command shO\\ll where in the computets memory the data is 
located. The various methods by which the microprocessor Hnds the 
information are referred to as addressing modes 

The 6502 has 14 addressing modes The 65C02 has all 14 of these modes 
plus two additional ones. All 16 of these modes are also found on the 65816, 
although live of them ~the zerI>-page addressing modes-are mortified. On 
the 6502/65C02, the zerI>-page addressing modes use a single-byte value 
that is the location of the data on page Zero ($OO00400ff). On the 65816, 
the zerI>-page addressing modes are called direct modes. Direct addressing 
consists of a single-byte value that follO\\ll the instruction. The value is added 
to the l&bitvalue in the Direct Register and the result is an address in bank 
zero ($O()(){)O(}-$()()ffff). 

In emulation mode, if the low b}1:e of the DirectRegisteris zero, direct page 
operations lake place on the page pointed to by the high byte of the Direct 
Register. This is knawn as a relocatable zero page. Operations that extend 
beyond the boundary of the page will Map around inside the page. for 
example, I1)A$fO,X, with X;$20 and D;$08OO, will acoess byte $0810. 

If the low byte of the Direct Register is a value other than zero (in other 
words, If the relocated zero page doesn't lie on a page boundary), on the 
other hand, operations that extend beyond the boundary of the page will 
NOTwrap. for example, LDA $fO,X, with X;$20 and D;$0880will access b}1:e 
'$0990. The maln cause of a non-zero directregister in emulation mode is a 
failure to dear it to zero before leaving native mode. 

The 65816 adds eight new forms of addressIng to the ones that already 
existed under the 65C02. Manyofthe added modes are simply long forms of 
existing 6502 modes. A long form of addressing is 3 bytes long, uliIizing the 
24-blt addressing capabilities of the 65816. The long forms of addressing 
indude: 

1. Absolute long 
2. Direct indirect long indexed 
3. Absolute long Indexed with X (there is no Absolute long indexed with y) 
4. Direct indirect long 
An additional special form of long addressing Is the program counter 

relative long mode. On the 6502/65C02 there are several branch instructions, 
using a one-byte displacement which can modify Ille location of program 
execution up to 129 bytesahead of the present location or 126 bytes behind. 
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\11th the program oounter relative long mode, there is a n..rI¥e displacement 
This results in a change in the execution address of as many as 32,770 bytes 
ahead or 32,765 bytes behind. Only one branch instruction (BRL) supports 
this addressing mode, however, and it branches always. 

lWo additional new addressing modes use the expanded l&bit stack 
pointer for part of the memory address used. The stack relative addressing 
mode takes the one-l¥e value following the Olmmand and adds it to the 
value in the stack pointer to obtain the actual memory location of the data, 
which is always In bank zero of memory: The stack relative indirect indexed 
addressing mode takes the one-byte value following the command and adds 
it to the value of the Stack Pointer to obtain an address In bank zero. That 
address Olntains a two-byte value that is the lower two l¥es of the actual 
data address. The Data Bank Register Olntains the value of the highest l¥e 
of the 24bit address. TheY Register is used as an index from that address. 

The final new addreSSing mode is used with the new block move 
command and is discussed with that Olmmand. 

Commanm. The various Instructions that can be given lDthe 65816 are 
known as opoodes or mnemonics. Each instruction consists of a three·letler 
abbreviation that somewhat explains the function of the Instruction. 

There is no universally-agreed upon method of categorizing instructions. 
The organization I will use here is loosely based on the Microprocessor 
Assembly Language Draft Standard of the lBEB. Differences In the Olmmand 
sets of the 65= family of microprocessors will be discussed within this 
organization. 

The 6502 has 56 commands and 14 addressing modes that can be 
combined inlD 151 dillerent legitimate instructions. The 65C02 adds 10 new 
commands, two new addressing modes, and 29 additional legitimate 
combinations. The 65816 adds 26 newOlmmands (for a lDtal of 92), eight 
new addressing modes (a total of 24), and 76 new legitimate combinations 
(alDtalof256). 

Arithmetic logic inswetions. These commands take a value found In a 
spedfied lor.ation and perfonn either an arithmetic (add, subtract. increment. 
or decrement), logical (and, or, or exdusive-or), or shift/rotate operation on 
it The 65816 adds no new instructions that were not already found on the 
65C02,althoughltaddsabout30newcommand/addressmodecombinations, 
resulting from either the new long or stack relative addressing modes. 

ARITHr.[TIC LOGlC INSTROCTIOHS 

"''' 65C02 65816 
ea.,,.., forms forms form!! f uncti on 

ROC B 6 ~~ M!«Iry to accumulator wi th car ry 
ANa B 6 Rtf) IIHIlry uah accumulator 

ASL 5 • • shift one bit left. milmory or a<:a.*Jlator 
OEC • decrilm,mt memory or accullUiator by one 
OCX • • d;CfEment X re~ lstllr by one 

OCV , • decreatent V r lig lste r by OI1i 

'''' 
, E)(ciusl.ve DR 1Il" ,,"ory with aCCUmulator 

'''' incraent m!l i:lo~y or accl.,Jlllulator by one 
INX , • Incre.ent X register by ona 
IH'l • • i ncreMn t V register by ona 

L50 5 , , shi ft onil bit ri'Olht. maillory or acc ...... lator 

ORA B , 00 mamary l.Iith accumula tor 

ROL 5 • , rotate one bit le ft, EIIOry or accumula~or 

ROR 5 , rotate one bi t r It1It. IIeIIOry o r accumulator 

sac , 6 subtract mamory frOll accumulator wlth borrow 

TOS 2 , test ami raset bit 

Tsa 2 • t !lilt and set bl t 

TOTAL " 11 JO 

Brandl/Jump inslnlction5. Nonnally the 65816 executes machine 
code in sequential order. The branch andjump instructions send the 65816 
to a new location In memo!), for the next instruction. The 65816 adds four of 
these program control instructions.lD those available on the 65C02-all of 
which result from long addressing modes. These are a 10ngJMPusing 24-bit 
addressing, a long JSR using 24-bit addressing, a long branch using l60bit 
displacement and a long return from subroutine using mit addressing, 

~/JUI\P INSTROCTIONS 

6502 G5C02 65816 
ea.,,.., Forms Forms For_s 

OCC • , branch i f carry clear 

Be5 • • branctJ i f carry set 

8[0 • , branch if equal 

8MI • • branch if minus 
,..: • • branch if not equal 
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'PI. • • branch if plus ... , branch always ... • , branch always. Long 
.ve 1 • br m c:h if over fl ow cha r 
. VI • branch if over fl ou se t 
JML • J..-p. long 
J", 2 , i "'P 
J5I. • Jump ~ g subroutine, long 
Jso • Jump to subroutine 

'" 1 • return trOll! i ntarM.llt 
RTL • • 1 return 'rOft III.broutlne, l ong 

RrS • , return frOll QbrouU ne 

TOT~L 13 2 6 

Data Iransrerinslnlctlons. Perhaps the most commonly used assembly 
language instructions are the data transfer Olmmands, which move a value 
from one location inside the computerlD another. These locations may be In 
the Olmputer's RAM, its ROM, or a 65816 register. The 65816 adds nine new 
data transfer instructions. These additional instructions are among the 
most significant of the new 65816.oommands. They indude: 

L The block move Olmmands (MVN and MVP),which move a blodlofup to 
65,536 bytes from any memo!), location to any other memory location. 
Before giving the command, the X Register must contain the lower 16 bits of 
the source address, the Y Register must contain the lower 16 bIts of the 
destination address, and the AccumulalDr must Olntain one .less than the 
number of bytes to be moved. The fonnat of the instruction consists of the 
opcode followed by the source bank number (8 bits) and the destination 
bank number (8 bits). 

2. New inter'register transfer Olmmands, wbich move data between the 
AccumulalDr and either the Stack Pointer or the Dired Register, and between 
the X and Y Registers. Some of these instructions, and the previous inter· 
register transfer commands, function differently depending on the setling of 
the M and Xbits.ln general, if the contents of an &bit register are transferred 
lD a l60bit register, a zero will be placed in the high byte of the l60bit register. 
If a l60bit register Is transferred to an 8-bit register, the high byte will be 
lopped oIf. However, transfers between the AccumulalDr and Stack Pointer 
and between the AccumuialDr and Direct Register are, with one exception, 
always l60bit transfers (the B register is used for the high byte if A is 
Olnfigured for 8 bits). The only exception is a trarisfer of the AccumuialDr lD 
the Stack Register In emulation mode, in which case the Olntents ofB will be 
disregarded and the high byte of the Stack Pointer will remain $01 

3. The Intra'registertransfer command,XBA, which exchanges thevalue In 
the A and B portions of the l60bit accumulalDr. Note that the other transfer 
Olmmands transfer data from one register lD another. At the end of the 
transfer both registeIS hold the same value. This command swaps the 
register values. At the end of the exchange the registers hold opposite 
values. 

~TA TRANSFER INSTRUCTI ONS 

G502 65002 6SB1G 
Cglllflland Forms forE rorms 

LOA • 6 load accumulator with IEIIOry 

LOx 5 , load X regIster with --.Jry 

LOY 5 , • load V register wI th memory 

'" 
, , movII block, negative 

",p • • -ave block. pas l t lv; 

STA , 1 , store accumulator in lIIemory 

STX 3 , • store X rsgister in _!;J!lary 

STY 3 • • s~ors V regIster in IlIsmo,\! 

STZ • , , stgre zero In I:l emory 

TAX • transfer accu:w lator to X regIste r 

TAY , • trllMfer aCcu.Jlator to Y regIster 

TCO • • t rans fa r C aCCUllUiator to direct regIs t 'i!r 

TeS • transf"r C accullluiator to stack r;ogl s ter 

TOC • • t ransfer d i rect regIster to C aCcu.Jlator 

TSC • • 1 transfer stack register to C accumulator 

TSX 1 • , transfer stack r igis ter to X rsgl s ter 

TXII I • trensfer X r Sl) ls tar to acclallator 

IXS 1 • , transfer X regis ter to s tack register 

TXV • , 1 transfer X register to V re'Ollster 

"" • t l'1lnSfe r V regi.ster to accumulator 

TV< • t ransfer Y register to X register 

xaA , • IIl(change B end A accumu l a tot'S 

TOTft .. " 6 21 
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Stack Instructions. Some commands either place data on the stad< 
(called pushing) or remove it from the stad< (called pulling). Two new 
insbuctions pull data from the stad< into the Data Bank Register (PLB) and 
the Direct Register (PLD). Three insbuctions push the value in registers onto 
the stack - PHB (Data Bank Register), PHD (Direct Register) and PHK 
(Program Bank Register). Note that there is no pull Program Bank Register 
command. The only commands that can change the value in the program 
bank register areJSLaI,JMLaI,JML(a), RTL. and RTI. 

Three additional stad< insbuctions push data that are notfound in 65816 
registers. The PEA (Push l'1fective Address or immediate data) insbuction 
places the H'>-bit value that follows the command onto the stad<. The PEl 
(Push l'1fective Indirect address) insbuction adds the value of the direct 
register to the one-byte value following the instruction to obtain an address. 
It then places the 1&bit value found at that address On the stad<. 

Potentially the most significant of the new 65816 insbuctions is the PER 
(Push Effective program counter Relative data) command. This insbuction 
adds the value of the two-byte operand thatfoliows to the currentvalue of the 
program counter and places the resuitIng value on the stack. This 
insbuction provides the potential of true position-independent code that 
doesn't require the tricks needed with the 6502/65C02. 

STAQ( INSTiO'IXTIIlG 
6502 6''''12 65B16 

COManO For.s ForlllS ForrllS 

PEA , • push effec tlvl2 abso l ute address on stack 

PEl , push effectlvil indirec t address on stack 

PER , , push effective PC rehotlve :idr 00 i tacl, 

"'" , push iltcumulator on ilU.d < 

PHS , • push data bilnk rllJ;listlilr on statk 

PIll , push direct ril~ ls t lir on »t ile!< 

PH' , • 1 push progru bank ragl stllr on itacl< 

PHP , , pUiih status rllg liiter on stack 

'"" 
, J • ~h X reg is te r on s t acK 

PH' i , push ~ register on statk 

PL' , • pull aCCUIlIuia t cr from stack 

Pl' , , pu ll dati bank register fro. st.ack 

PLD , , 11111 direc t regis tli' r fr om stick 

PlP , pull sta tus register fNlll . u.ck 

PC> , • pull X r !l!;ls t.r fro m s taci( 

PLY , , pull Y r-cgistor f~ suck 

TOTfl. 

Stal16lnstructions. Three new commands pennit modification of the 
processor status byte. These are REP, SEP and XCE. They were discussed 
earlier in this article. 

STATUS INST~UCT HlNS 

"02 65C02 65816 
Cc,.",and r orms ror,.s r orlIS 

cu: i , clelr ca r ry f1ig 
ClD 1 • clear decIma l ,.ada 
0.1 1 , , clear interrupt d i sab le bi t 
CLV 1 , , c lear overflow flllg 
REP • , 1 reset statU5 bits 
SEC , , ss t carry flag 
SED , , Slit dec imal moo. 
St! • , ss t Interrt4lt disllbh! status 
SEP • , !lot s tatus blls 
XCE , , eKchangll carry lind emulation :lits 

TOTAL , 3 

Test Instructions. No new commands are added to this category by the 
65816. However six new addressing mode/command combinations were 
added to the CMP command, resulting from the new long and stad< relative 
modes 

TEST INSTRLCTII)IS 

6502 65C02 65B16 

C_"" rorft rorllls rorms 
BIT 3 , bLl t sst 
!lIP , 1 6 compare .emory and IIcCUn!IJlator 
CPX , , cu.pare memory lind X register 
CPV , compar9 .emory imd II r egister 

TOTAL " 

Open-Apple 2.55 

IllisceUaneous instructions. Some commands defy categorization. The 
65816 adds two new insbuctions. It also includes two relatively unknown 
commands that appear only on the Western Design Center version of the 
65C02, WAI (wait for interrupt) and STf (stop until Reset). The new 
insbuctions are COP, which Is discussed in this article under interrupls, and 
WDM, which is a reserved insbuction thatwill be used in the future to provide 
32-bit Rooting point math and data operations on the 65832 processor, 
which·Westem Design Is now working on. This chip will support all features 
of, and will be pln<XJmpatible with, the 65816. 

HISCELLR.'l:DUS INSTIllCTIIJfS 

6S02 65C02 65816 
Command rorms ror,.s rorll5 

'" 1 , , forc li' brsa l( 
COP , , 1 coprocessor 

NOP 1 , , no operation 

5TP , J • s top the clock 

"I • 1 , wait fo r Inter r upt. 
WO, , J res llrved for 65fl32 

TOTfl. 2 2 

Assembl ..... There are three Apple II assemblers that can handle 65816 
code: 

L Merlin Pro is a macro assembler that runs on the Apple lie and lic.1Wo 
versions come in one pacl<age; one version runs under DOS 3,3 and the 
otherunder ProDOS. Other goodies with the package indudea disassembler 
to aid you in building source code files from objectcode, a linker to generate 

. relocatable code, and a commented, disassembled source code listing of 
the Applesolt interpreter. 

Merlin Pro is the easiest of the three assemblers to use and is the least 
esoteric in ils pseudo opcodes. lis major disadvantage is that it presently 
does not support 24-bit addressing directly, although)Ou can wtite a macro 
to accomplish the same thing. Glen Bredon, the author of Merlin, has added 
24-bitaddressing to a new version of the assembler presently in beta test 

The publisher of Merlin Pro Is Roger Wagner Publishing, Inc., 10761 
Woodside Avenue, Suite E, Santee, CA 92071 (619) 562-3670. It sells for 
$99.95. 

2. Orca/M (by reading it backward) is the most powelful of the 65816 
assemblers. It handles 24-bit addressing and includes a linker that creates 
relocatable code. It also has a disassembler and a macro library with 
routines for mathematics, input and output graphics, and other miscellaneous 
functions. Orca/l1 adheres most closely to the assembler spedfications of 
the Western Design Center, creators of the 65816. 

The power of Orca/M also resulls in ils complexity. lis use of pseudo 
opcodes, particularly for macros and conditional assembly, is the least like 
the assemblers common to the Apple world. Indeed, orca/M comes with an 
operating system, a shell around ProDOS, that allows the adding of functions 
to the assembly environment It is a sbuggle to get used to; whether ·it is 
worth the struggle depends on whether you need its power. 

The publisher of Orca/Mis The Byte Works, Inc., 8000 wagon Mound Drive 
Nw, Albuquerque. NM omo (505) 89&8183, It sells for $79.95. 

3. The s.c Macro Assembler comes with an assembler that can handle 
6502, 65C02, Sweet-16 and 65816 code with full 24-bit addressing. The 
editor is nearly as easy to use as the Merlin Proeditor.11s macro, conditional 
assembler, and other pseudo opcodes are easy to understand although a bit 
different than the Apple "standard:' It comes in either a DOS 3.30r a ProDOS 
version (or you can purchase both versions together at a substantial 
discount). 

A significant advantage to the s.c Macno Assembler is that it is part of a 
system, Various.add1Jn programs are available including a cross-reference 
utility, a full screen editor, a commented Applesolt disassembly, and even 
cross assemblers to create 6800, 6809, 68000, z.s0, and PDH1 code. You 
can also purchase the source code for the assembler itself. a commitment to 
open programming rarely seen. 

The biggest advantage of the system, though, is a monthly periodical 
distributed and largely wtitten by the assembler's creator. Bob Sander­
Cederlof. Apple Assembly Unes is the only publication today canying any 
significant 65816 assembly language artides. The assembler used for 
program listing in Apple Assembly Unes is the s.c Assembler. 

The publisher of the s.c Macro Assembler is S{; Software Corporation, 
2331 Gus Tbomasson, Suite 125, P.O. Box 280300, Dallas, TX 75228 (214) 
324-2050. It sells for $100 for either the DOS 3.3 or ProD OS version and $120 
for both versions. 
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U .. <hoare. There are several different pathsyou can [oUow to put either a 
65802 or a 65816 in your Apple. 

Voi. 1. 1'10. 8 

theApplied Engineering Ramfactor slandard slot memO!}' expansion board 
Prices: MuitiRarn EX. $189; MultiRam lIe, $159.95 (with 64K); Applied 
Engineering 65C816 16 Bit Card, $159; RarnWorks II. $179 (with 64K); 
Rarnfactot $239 (with 256K). 

1. The least expensive way is to remove the 6502/65C02 and replace it 
with a 65802 chip. ThIs method restricts you to l&bitaddressing. The chip is 
available from s.c SoIlware [or $50. 

1. Apple lie owners can use an Apple16 65816 Co-I'rocessor Board This 
board fits into any available slot o[ the Apple lie and has a 65816 chip with 
256K o[linearly addressable memo!),. or course you will have to create you 
own routines to v1ewthe contents o[ memO!}' above the first 64Kas the Apple 
lie Monitor only worlls on the first 64K bank. The board is available from the 
Com Log Corporation. 11056 N. 2Jrd Drive, #104. Phoenix, AZ 85029 (602) 
24&0769. It costs $395.00. 

4. Checkmate Technology also makes a card similar to the MuJliRAM ex 
that works with their CXboard. an Apple IIc memOl), expansion system. This 
Is the only method by which Apple IIc owners can put a 65816 in their 
computer. Prices: 65C816 upgrade [or ex. $119.95; CXboard, $199.95 (with 
256K). 

5. There is a "I&bit option" advertised [or the Applied Engineering 
Transwarp fast processor board [or the Apple lie. This l&bit option is a 
65802. not a 65816. Prices: l&bit 65802 upgrade. $89;Transwarp, $279. 

3. Apple lie ownerscan also purchasea card thatfits onto the motherlloard. 
not into an expansion slot Check.mate Technology, Inc., 509 50uth Rocl<ford 
Drive. Tempe. AZ 85281 (602) 96&5802, makes a MuJliRAM EX 65816 CO' 
ProoessorCard. A similar card is also made by Applied Engineering. P.O. Box 
798, Carrollton, TX 75006 (214) 24H;Q60. for both cards, installation 
consists o[ removing the 6502/65C02 and the MMU chips from your Apple 
lie motherboard, placing the MHO chip onto the 65816 card, and placing the 
pins On the 65816 card into the now empty 6502/65C02 and MMU sodlets. 
Each card can also be attached, via a supplied cable, to the respective 
expanded 60 column card (Multiram lie by Check.mate Technology and 
Rarnworks II by Applied Engineering) to pennit linear addressing or 256K 
and more or memory: The Applied Engineering board can also connect to 

Bool<s. There are [our books announced on assembly language program­
ming [or the 65816. They are listed here in alphabetical order. No attempt Is 
made at reviewing these books both because not all are currently available 
and because I might be considered somewhat biased on this subje.ct 

1. 65816/65802 Assembly Language Progromming by Michael fischer, 
published bYOsbome/McGraw{jili. Currently available. $19.95. 

1, Programming the 65816 bY David Eyes and Ron Lichty, to be published 
bY Brady Communialtions. Not currently available. $22.95. 

3. Programming Ute 65816 by William labial<. published by Sybex. 
Currently available. $22.95. 

4. The Handbook: 6502, 65C02 and65816byStephenHendrlx, published 
by Weber Systems. Availability unknown. $17.95. 

Ask 
(or tell) 

Uncle 
DOS 

Whoa, looks like l'lscIter and I got so long-winded 
there's almost no space left Utis monUt for lelters. 
Next month Uncle DOS wUI gel al least siK pages to 
make up for Ute shortage lhis month. however. so 
send him somelhing good today. 

Hardcopy 
I am vel)' interested in the hardware side or the 

Apple and""s wondering if there are anynewsletters 
or magazines devoted to Apple hardware? 

Robert T. Muir 
ferndale, Calif. 

I donl know of any newsleUers or magazines 
deooted oompletely to Apple hardware. I assume 
you have read Ute two books Understanding the 
Apple H and Understanding theApple He, by Jim 
Sather ($22.95 and $24.95 from Quality Software. 
21610 Lassen St #7, Chatsworth. CA 91311). These 
are to Apple hardware what Ute old and new testa­
ments are to Christian Uteology. 

AppfeWor1<s DIFficulties 
I recently attempted to move a lengthy V'lSiFtle data 

base to AppiellOrIIs, using the Dif conversion program 
provided by VisU'lIe. Apple's CONVEKf program. and 
the ApplellOrI<s "make a new Hie from a D1f Hie" 
option. Tills didn't work -AppleWorks aborted the 
read function immedialely after displaying the "Getting 
this Hie" message. 

I developed a really ugly work-around bY treating 
the D1f Hie as a text Hie and editing out all sorts of 
garbage (you wouldn'twant to know the details), but 

would appreciate any tips on why the prescribed 
procedure did not worll and how it might be fixed. 

DouglasJ. Sietsema 
Cuiver aty, Calif. 

I don't know anyUtlng about KsiMe, but I Utink I 
know enough abouf Dlf files and'aboutAppieJlbrlls 
to aILSwer your ques/JOrL Vlf files oonsisl of two 
major parts, a header section and a data secUOrL 
Eaclt item In the header section ls three lines long; 
each Item In Ute data section is two lines long. This is 
Ute garbage you saw when you loaded Ihe file Into 
IheAppleJlbrlls word processor as anASCII text f!le. 

The header section of a Dlf file looks someUting 
like this: 

TABLE 

'.1 
VECT[!Il:S 

'.2 
TUPLES 

'.2ii 
DATA 

'.' 
Thts ls the minimum amount of information you11 

find In aVlf f!le header. The protocol allows programs 
Uta! create VfF files, suclt as KsiFiIe. to iILSert 
·addUionai header Items between Ute ~-line TAllL~ 
item and UteS-line VATA Item. Theprotocol says Uta! 
programs reading Dlffiles should ignore Utese extra 
plow; of Informal Ion if they don't recognize Utem. 

AppleJlbrks, however. refuses to read VIF f!les Uta! 
have anyUting In Ute headeroUterUtan Ute minimum 
amount of InformaliorL Thts is a bug Utat should be 
Jjxed. 

In Ute meantime, Utesotution is 10 load UteVfffile 
intO' the word processor (leU the word processor it's 
a standard ASCII text /fie, not a Dlf r~e. jlLSI as you 
did before) and delete aU Ihe ~-iine Uems In Ute 
header except the four shown abooe. Then print Ute 
file back inlo an ASC/l lext file. This new text r~e 
really has Ute Internal format ofa Vff file, of course, 
and will load directly Into Ute spreartsheet or data 
base by way of Ute "make a new file (rom a DIFf!le" 
route. 

I wrote up a oomplete description of Ute Internal 

formal of VIF files, as well as Applesoft subroutines 
for reading and writing Utem, In Ute FebllJ.3l)J 1984 
SoflaIk, page 65, ifyou'd like to find out what all Utat 
garbage was. 

Open-Apple 
• IS written, IItliled, pubiW:ltd, and 

© Copyright 1986 by 
Tom Weishaar 

BuslneS8 Consultant 
Technical Consultant 
CirCulation Manager 

Richard Barger 
Dennis Doms 
Sally TalJy 

Mos! rights reserVild. All programs published In Open-Apple arll 
public domain and may be copied and cistrlblAed Withool charge 
(IIIOst ~tv available In the UAUG Ublaly on ~Sefve). Apple user 
groups and SI9.nlricant olllers may obt~1Il permissiOl'l Ie reprint artic les 
from Ume 10 ~me tJy specific "/Witten ~tJest Requests and oilier 
edlt()(lai material includillQ letters I) Uncle 00$, shook! be sent to: 

Open·Apple 
P.O. Box 7651 

Overland Park, Kansas 66207 U.S.A. 
ISSN 08S5-40t7. PUblished mon!l\Iy slrceJaOO2ly 1985. Workhide 
prices (In U.S. doKal'$; allmaK df!Ii~indt;ded at no adO!ional 

~~ar:;I~=atf:;::?~~oo,~~~d:n~~~uu: 
1 is $U.95. Index mailed with the February issue. Please send all 
sUbscription-related conespondence to: 

Open·Appie 
P.O. Box 6331 

Syracuse, N.Y. 13217 U.S.A. 
SLlbscdbers inAustra~a and New Zealand.sl"ll;Ud send subscriplion 

correspondeoce to OpetI-.4ppJe. c/o C.,c)emetic Research lid, 576 
Malvern Road, Prahran. VIC.31S1 , AUSl'RAUA. 
O~,4pp'e i3 ava~ableon d~k for speech synthesizer users rrom 

Speech Enlerpnses. P.O. Box 7966, Hoo..rron, Texas n270 (7 13-461-, .. " 
UnI"ke most commerical sonwarll. o,.cll·Appk is WId in an 

tnprolected fofmBllor yoIJ" col1'o'enillnce. YCN are encotrrgaged 10 
make back-up arctuval copies or easy-kl-read enlaroed copes lor 
your own use wrthout charge. Vou may abo copy Ope" . .yple klf 
dislriblilO.n 10 otners. The aistributiolllee is 15 cents per page per 

~~~~~o LlNITATION OF LIABILITY. I warrant thai mostol 
tile information In Open-,1ppIe is usefIj .and correct. aJhough drivel 
and mistakes ale includ(l(ffTom bme to time, usuallv unlntentionaDy. 
UllSalisifled subscribers may return ISSues within 160 days of deliVery 
lor a full refund. Please include a note tom ~ parents or cIlIdren 
confllllli~ thal al archlwalcopieshave beendestrOOjfld. The lJI'IfuRined 

rrA~~ t~ ~~~roon~~~~u~MrrE~¥tfJ~ 
PU81lCATION'S PURCHASE PRICE. In no case shal! , or m1 
COninbutQf3 be uable lor any incide~lal or CllflSeQIJentiaf oamage5, 
nor lor any damages in excess of lI"le lees paicl by a subScriber. 
Opelf-Apple is neilher allil!eled with nor responsible f~ Irte debts er 
Apple Computer, Inc.; "ijnaja questing" is a u-<ldemark of Don 
L.a1lWlter. 
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