







































































































































































































































































































































































































































































































































































































































































































































































































































































The MC68020 269
Table 8-2a Initial Program Instructions
Address Hex
001000F4 aaaa
001000F6 bbbb
001000F8 cccc
001000FA dddd
001000FC eeee
001000FE ffff
00100100 8g8g
00100102 hhhh
Table 8-2b Contents of Instruction Cache at Start of
Program
Index Valid FC2 Tag Data
00 0
04-F4 0
F4 0
F8 0
FC 0

The cache index is a number from O to 63, and defines which of the 64
cache positions to look up. The other four quantities are stored at that position
in the cache.

CACHE EXAMPLE

When the MC68020 first powers up, all of the valid bits are cleared to zero.
Table 8-2a shows a sample program at startup, and Table 8-2b shows the initial
state of the instruction cache. Note that the actual instructions stored at the
locations shown in Table 8-2a are represented figuratively by the hex numbers
“aaaa” through “hhhh”.
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Table 8-3a Program Instructions After Six Instructions
Have Been Executed

Address Hex

001000F4 aaaa
001000F6 bbbb
001000F8 ccce
001000FA dddd
001000FC eeee
001000FE fff

00100100 g8es
00100102 hhhh

Table 8-3b Contents of Instruction Cache After Six
Program Instructions Have Been Executed

Index Valid FC2 Tag Data

00 1 0 001001 gggghhhh
04-F4 0

F4 1 0 001000 aaaabbbb
F8 1 0 001000 ccccdddd
FC 1 0 001000 eeeeffff

The first instructions executed by the MC68020 are all cache ‘‘misses”,
that is, they are not in the cache, and have to be fetched from external memory.
For each cache miss, the appropriate cache tag, cache FC2, and cache data are
stored in the cache, and the valid bit is set to 1 to indicate that valid data is now
present at that cache position.

In Table 8-3a the instructions at hex locations 001000F6 through 60100100
have been executed, as indicated by boldface type. Table 8-3b shows that the
instruction cache has also been suitably updated, that is, the valid bits for all
affected cache positions have been set to 1, and the appropriate cache FC2,
cache tag, and cache data values have been stored. Note that the cache picked
up the entire longword at hex location 001000F4, even though only the lower
order word was needed. This is because the cache only reads longwords on
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longword boundaries. Similiarly, the cache picked up the entire longword at hex
location 00100100, even though only the higher order word was needed. Note
also that when the last two hex digits of the program address went from FE to
00, the cache index wrapped around from the end of the cache to the beginning.

If a cached instruction is executed again while it is still in the cache, a hit
is made. When a hit occurs, the instruction is fetched directly from the cache,
and no external bus cycles are required. For example, in Figure 8-2, if the
instruction represented by hex digits ‘‘gggg”’ happens to be a branch to instruc-
tion “aaaa’’ at hex location 001000F4, then a hit will occur because instruction
“aaaa’ is already stored in the cache. Note that instruction ‘‘aaaa’” was never
actually executed, but was previously fetched along with instruction ‘‘bbbb”’
because these two instructions are part of the same longword. Rigorously speak-
ing, a cache hit occurs whenever the cache index, cache tag, and cache FC2 for
an instruction fetch matches a cache entry from a previous “‘miss”.

CACHE REGISTERS

In support of the cache system, two new control registers have been added to
the MC68020, namely, the CAche Control Register (CACR) and the CAche
Address Register (CAAR). Both are 32-bit registers, although only 4 bits of the
CACR and 6 bits of the CAAR are currently used. In addition, the MOVEC
instruction has been revised to allow access to these registers.

The CACR contains four bits that allow the user some control over the
cache. Except for these four operations, the cache is automatic and inaccessible.
The four bits are:

1 bit — Enable cache (E)

2 bit — Freeze cache (F)

4 bit — Clear Cache Entry (CE); uses CAAR
8 bit — Clear cache (C)

If the E bit is 0, no caching occurs; all instructions will be fetched from
external memory. If the E bit is 1, caching occurs. On power-up, the E bit is O,
so it must be set before caching can begin. This can be done via the following
instructions:

MOVE.L #1,DO0 Set up an E bit
MOVEC DO, CACR Move into CACR

If the F bit is 0, caching goes on as described above. If it is 1, then the
cache becomes read only; hits are processed as before, but misses do not create
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new cache entries. This could be of use during emulations when the programmer
wishes the emulation routine not to change the cache. It can also be used in
certain cases to get better cache results. One such case is discussed below under
“Cache Limitations”. The F bit can be set as follows:

MOVE.L #3,D0 Set up an F bit and an E bit
MOVEC DO, CACR Move into CACR

Or, alternately,

MOVEC CACR,DO Read current CACR
ORI #2,D0 Set F bit, don't change other bits
MOVEC DO, CACR Write new CACR

If the C bit is read, it will always be found to be zero. If the C bit is set,
however, it causes the entire cache to be cleared. The C bit can be set as follows:

MOVE.L #5,D0 Set up a C bit and an E bit
MOVEC DO, CACR Move into CACR

The CE bit is similiar to the C bit, except that it only clears one cache entry.
If the CE bit is read, it will always be zero. If the CE bit is set, the cache entry
designated by CAAR is cleared. This entry is given by the cache index (bits
[7:2]) of CAAR.

CACHE LIMITATIONS

The cache system is simple in execution, and is modestly sized. Hence, there
are situations where the programmer should be aware of the limitations of the
cache. Keep in mind that in all the situations described below an active cache
is always as fast or faster than an inactive cache. Thus, enabling the cache can
only improve execution speed.

First, the instruction cache may fail to improve the execution of large
program loops. The cache is limited to 256 bytes. If a loop is greater than 256
bytes and is executed many times, the cache will not have enough room to store
all of the instructions. Some instructions will have to be repeatedly refetched to
replace others.

Second, routines used in both user and supervisor modes may be refetched,
even if they are already in the instruction cache. The cache considers user and
supervisor memory accesses to be distinct. In a typical hardware situation (as
explained in Chapter 7) all four address spaces actually end up referencing the
same hardware memory. In another environment, there could be four entirely
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separate address banks. Because this is all determined outside of the MC68020
chip, the MC68020 itself has no way of knowing what is actually happening.
Therefore, it has to assume the worst case, namely, that supervisor and user
instruction (program) references are accessing distinct memory banks.

If an instruction is accessed while in supervisor mode (function code 110),
then immediately accessed again while in user mode (function code 010) the
MC68020 has no way of knowing if supervisor instruction addresses and user
instruction addresses are actually in separate hardware memory, and the MC68020
is forced to refetch the instruction.

Third, data accesses are not cached. For example, say that the following
instructions are executed:

MOVE.L #3, (AO)
MOVE.L (A1), (A2)

Both MOVE instructions, including the immediate field, are cached. The
memory data areas, however, are not cached. Thus, if these instructions are
executed again, the data area (AO) will be refetched. There are good reasons
for not caching data areas. One reason is that to do so would require the cache
to allow for four address spaces, versus two. Another reason is that since data
areas are subject to be changed, proper caching of data areas would require
caching of both inputs and outputs.

Fourth, the cache may have to be cleared at certain critical times. For
example, if a program is loaded into memory, and if the previous contents of
that area of memory are still in the cache, then the cache has to be cleared (or
at least disabled). Otherwise, false hits will occur, leading to disastrous results.

Fifth, two or more very short program loops may be unimproved by caching.
Consider an uncommon but possible situation where part A of a program resides
at hex memory locations xxxxxx00 through xxxxxx7F, and part B of it resides
at yyyyyy00 through yyyyyy7F. Note that each segment occupies 32 longwords,
that is, half of the cache, but both will unfortunately be stored in the same half
of the cache, due to the way that the cache stores and addresses its data. If it
turns out that A and B alternate back and forth, then the cache will never make
a single hit because each segment keeps replacing the previous segment in the
cache. At this point, the freeze bit comes to the rescue. If the F bit in the CACR
is set to 1 after one execution of A, then part B will not make any hits, but part
A always will. Is not half a cache better than none?

Sixth, if a self-modifying program is cached, wrong results may occur. Self-
modifying programs are totally at odds with the 68000 design philosophy, so
this particular problem should come as no surprise. If a 68000 instruction is
cached, then modified, it is left unchanged in cache memory. In the event of a
subsequent hit, the old version of the instruction (in cache memory) will be used
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in place of the new one (in external memory). The problem here is that the user
is treating his or her program as data output, and the cache is not designed to

cache data or output.

For example, the following program finds the first condition code that tests
positive in the comparison of DO and D1. It modifies itself, and then loops

through the modified instruction.
LOOP  CMP.L  DO,D1

TEST BHI FINISH
LEA TEST, A0

ADD.W #8100, (AO)

BR LOOP
FINISH MOVE.W (A0),D2
ASR #$8,D2

AND #$F, D2

These two registers stay the
same

This is changed to LS, CC,CS, etc

Pick up address of test
instruction

Change the 4-bit condition code
above 4

Do another compare & test

Pick up the Bce instruction
Isolate the condition code

Mask off all but the last 4

bits

If caching is active, the Bcc instructions will all execute as BHI. If caching
is not active, all is okay. The best solution is to avoid self-modifying programs.
The wisest solution to the above problem is to substitute code that checks each
of the 16 condition codes in 16 separate instructions. A few extra words of
program will avoid a very sticky problem. The next best solution is to disable
caching and lock out all other users during the self-modifying routine. After the
routine is done, the code should be returned to its original state, the cache
enabled, and the other users unlocked.

NEW ADDRESSING MODES

The MC68020 introduces several additional addressing modes that allow for
more displacements, larger displacements, a scaling factor, and an additional
level of indirection. The beginning programmer will probably encounter few (if
any) situations where these new addressing modes are useful. He may conclude
that they simply save an extra instruction here and there. As more complex
programming situations arise, however, the programmer will find increasing
usefulness in these new (and more complex) addressing modes. It is hoped that
the examples described in this section will help this process along.

The new MC68020 addressing modes consist of six variants to two of the
12 basic 68000 addressing modes. Three variants are variants of mode 110,
whose original form is called address register indirect with index and 8-bit
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displacement; the other three variants are variants to mode 110 011, whose
original form is called program counter indirect with index and 8-bit displace-
ment. These two sets of variants are implemented in a parallel fashion. Because
of this parallelism, we need only to discuss one of the two sets in detail; the
other set follows by simple analogy.

Because of the complexity of these addressing modes, two points should
be clarified before proceeding.

First, the new addressing modes add together several numbers, including
signed, unsigned, 32-bit, 16-bit, and 8-bit numbers. Throughout this section it
is assumed that whenever numbers are added together in address calculations
all 8-bit and 16-bit numbers are first sign-extended to 32-bits, then added. This
applies to all fields: immediate fields, shortened register values, and memory
references.

Second, assemblers on various computers may use slightly different syn-
taxes to represent the 68000 addressing modes. This is especially true of the
variants discussed below, since so many parameters and operations are involved.
These syntactical differences, however, should be obvious and easily translatable.

In the next five sections, we describe the original form of one addressing
mode on the MC68000, the ‘“‘address register indirect with index and 8-bit
displacement’’ mode, and its three variants available on the MC68020. For the
original addressing form and its variants, we give sample effective addresses, all
built around the use of an ASCII-to-EBCDIC conversion table. As the variants
become more complex, so do the examples.

ADDRESS REGISTER AND MEMORY
INDIRECT WITH INDEX

This addressing mode has bit pattern 110 rrr, where rr is the 3-bit number of
an address register (AO to A7). The title address register and memory indirect
with index applies to all five forms of this addressing mode available on the
MC68020, including the original MC68000 form and three MC68020 variants.

As previously mentioned, the original form of this addressing mode, avail-
able on all 68000 processors, is called address register indirect with index and
8-bit displacement. 1t is represented by (d8,An,Rn.SIZE), where:

d8 is any 8-bit signed displacement (values from —128 to +127)
An is any address register

Rn is any address or data register

SIZE is either W (for word) or L (for longword)

The effective address is equal to the sum of d8, An, and Rn.SIZE. Note
that d8 and Rn.SIZE are both sign-extended before being added to An.
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A useful example of this original form is given by (0,A0,D0.W). If A0
contains the base of an ASCII-to-EBCDIC conversion table, and if DO contains
an ASCII byte, then (0,A0,D0.W) is the effective address of the corresponding
EBCDIC byte.

SCALE FACTOR

The MC68020 allows the inclusion of a scale factor in the effective address,
represented by (d8,An,Rn.SIZE*SCALE), where SCALE has the value 1, 2, 4,
or 8.

Evaluation is similiar to the evaluation of the original form. The effective
address is equal to the sum of d8, An, and Rn.SIZE*SCALE. Note that d8 and
Rn.SIZE*SCALE are both sign extended before being added to An.

An example using the scale factor is given by (0,A0,D0.W*2). As in the
example given above for the original form, AQ contains the base of an ASCII-
to-EBCDIC conversion table. This time, however, the conversion table contains
two bytes per entry; the first byte indicates if the ASCII byte can be converted
to EBCDIC, and the second byte gives the actual EBCDIC byte. Thus, if DO
contains an ASCII byte, then (0,A0,D0.W*2) is the effective address of the
conversion indicator, and (1,A0,D0.W*2) is the effective address of the EBCDIC
byte.

In the original MC68000 form and in this MC68020 scaled form, d8 can
have a zero value, but d8, An, and Rn must all be present. This is in contrast
to the three variants described below, where all registers and displacements are
optional.

ADDRESSING MODE VARIANT #1

This variant is called address register indirect with index and base displacement,
and is represented by (bd,An,Rn.SIZE*SCALE), where bd is a base displace-
ment of 0, 16, or 32 bits.

All three of the parameters bd,An,Rn are optional. This optional usage is
convenient whenever any of these registers is not needed, and a dummy (zero-
value) register is not immediately available for calculating the effective address.

Evaluation of variant #1 is similar to the evaluation of the original form. If
any of the three parameters are not present, they are evaluated as zero. The
effective address is evaluated as the sum of bd, An, and Rn.SIZE*SCALE.
Rn.SIZE*SCALE is sign-extended.

An example using this form is given by (displacel,A0,D0.W*2). This time,
let AO be the base of a general data area, which contains several tables, one of
which is our familiar ASCII-to-EBCDIC conversion table. If displacel is the
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displacement of our conversion table from the base of the general data area,
and DO contains an ASCII byte, then (displacel,A0,D0.W*2) and
(displacel + 1,A0,D0.W*2) are the effective addresses of the conversion indi-
cator and the EBCDIC byte (explained above in the example for the scale
factor).

Note that a data indirect addressing mode, represented by (Dn), can be
generated using variant #1. This is accomplished by opting not to use bd and
An, and using a data register for Rn.

ADDRESSING MODE VARIANT #2

This variant is called memory indirect post-indexed, and is represented by
([bd,An],Rn.SIZE*SCALE,od), where od is an outer displacement of 0, 16, or
32 bits.

Evaluation of variant #2 is similiar to the evaluation of variant #1, except
that one extra level of indirection occurs midway in the effective address calcu-
lation. All four of the parameters bd,An,Rn,od are optional. Any parameters not
present are evaluated as zero. The effective address is evaluated by first taking
the sum of bd and An, then fetching the contents of the longword at this memory
address, and finally taking the sum of this memory longword, Rn.SIZE*SCALE,
and od.

An example using this form is given by ([displacel,A0],D0.W*2). This
time, suppose that the data tables are not in one place, but are scattered all
over. The starting address of each table is known, however, and all these
addresses are gathered together into a master address table, whose base is given
by AQ. The quantity displacel is now a displacement in this master address
table, pointing to a number which in turn points to our conversion table. The
expression [displacel,AQ] itself represents the base of our conversion table, and
([displace1l,A0],D0.W*2) is the effective address of the two-byte entry for the
conversion of an ASCII byte in DO to EBCDIC.

ADDRESSING MODE VARIANT #3

This variant is called memory indirect pre-indexed, and is represented by
([bd,An,Rn.SIZE*SCALE],od).

Evaluation of variant #3 is similiar to the evaluation of variant #2, except
that the extra level of indirection occurs at a different point in the effective
address calculation. All four of the parameters bd,An,Rn,od are optional. Any
parameters not present are evaluated as zero. The effective address is evaluated
by first taking the sum of bd, An, and Rn.SIZE*SCALE, then fetching the
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contents of the longword at this memory address, and finally taking the sum of
this memory longword and od.

Note that variant #2 and variant #3 differ only in whether the index is
added before (variant #3) or after (variant #2) the memory reference is made.

PROGRAM COUNTER AND MEMORY
INDIRECT WITH INDEX

This addressing mode has bit pattern 111 011. The title program counter and
memory indirect with index applies to all five forms of this addressing mode
available on the MC68020, including the original MC68000 form and three
MC68020 variants.

The entire preceding discussion regarding the address and memory indi-
rect with index addressing mode and its three MC68020 variants, applies anal-
ogously to the program-counter-and-memory-indirect-with-index addressing mode.
The only difference between these two sets of addressing modes is that the
program counter (PC) is used in place of an address register (An). Thus,
wherever ‘‘address register’’ appears in the preceding discussions, substitute the
words ‘‘program counter’’, wherever “‘An”’ appears, substitute “PC”, and wher-
ever “memory indirect”’ appears, substitute “PC memory indirect”.

Note that in each of the effective address examples presented earlier, the
ASCII-to-EBCDIC conversion table can be located anywhere in memory. If the
table is located within the program itself, however, then the “‘program counter
and memory indirect with index’’ addressing modes should be used, because
they do not require the use of an address register (An).

For example, consider the effective address example presented above for
variant #1. In the original example, the ASCII-to-EBCDIC conversion table
could be located anywhere in memory. If the table is actually located within the
program itself, then it is better to use the PC-relative addressing mode
(label,PC,D0.W*2), rather than addressing mode (displacel,A0,D0.W*2). Us-
ing the latter mode, AQ is unnecessarily tied up, and has to be pre-loaded with
data area base address via an ‘“LEA label, AQ” instruction.

Tables 8-4 and 8-5 summarize the new addressing modes, and their effec-
tive address syntaxes.

TRACE BITS TO AND T1

The trace bits allow the monitoring of one program by another program. For
example, it is possible for a master program P-1 to monitor a slave program P-
2 on an instruction-by-instruction basis. This is done using the trace bit T1,
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Table 8-4 Address Register and Memory Indirect with
Index: Mode 110 rrr

Format CPU Effective Address Syntax Parameters
Original 68000 (d8,An,Rn.SIZE) Required
Original " 68020 (d8,An,Rn.SIZE*SCALE) Required
Variant #1 68020 (bd,An,Rn.SIZE*SCALE) Optional
Variant #2 68020 ([bd,An],Rn.SIZE*SCALE,od) Optional
Variant #3 68020 ([bd,An,Rn.SIZE*SCALE],od) Optional

Table 8-5 Program Counter and Memory Indirect with
Index: Mode 111 011

Format CpPU Effective Address Syntax Parameters
Original 68000 (d8,PC,Rn.SIZE) Required
Original 68020 (d8,PC,Rn.SIZE*SCALE) Required
Variant #1 68020 (bd,PC,Rn.SIZE*SCALE) Optional
Variant #2 68020 ([bd,PC],Rn.SIZE*SCALE,od) Optional
Variant #3 68020 ([bd,PC,Rn.SIZE*SCALE],od) Optional

which is bit 15 in the status register When this bit is set to 1, a trace exception
occurs at the end of each instruction. Thus, P-1 must set the T1 bit using the
privileged instruction and begin executing the P-2 program. After each instruc-
tion of the P-2 program, a trace exception is generated by the 68000. Control
is returned to P-1, P-1 analyzes what happened, then does an RTE. The whole
process repeats until P-1 decides to stop.

Tracing allows for the creation of programs which must be able to monitor
the results of individual instructions. Such programs include assembler debug-
ging utilities, and programs to analyze how often each instruction gets executed.

When the other trace bit TO (bit 14 in the status register) is set to 1, a trace
exception occurs only when a change in program flow occurs, such as after a
BRA or JMP instruction.

In the MC68000, trace bit TO is not used, and is always zero; furthermore,
trace bit T1 is the only trace bit, and is called the T bit. The function of the trace
bits is thus upward compatible, that is, MC68000 programs using the trace
function will run correctly on the MC68020. The exception is: if some adven-
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Table 8-6 Trace Bits

T1 T0 Trace Function

0 0 No trace

0 1 Trace on Flow Change (Bcc,JMP,DBcc)
1 0 Trace on each instruction

1 1 [Reserved by Motorola]

turous programmer has been fiddling with the TO bit on the MC68000, then
such programs may fail to execute correctly on the MC68020.

COPROCESSOR SUPPORT

The MC68020 has 7 additional instructions which support communications
between the MC68020 and coprocessors. Coprocessors are processors that
satisfy certain hardware interface requirements established by Motorola. One of
the main requirements is that the coprocessor must have certain interface reg-
isters that are necessary for communications with the host processor.

A complete discussion of coprocessors would include details of the functions
of each 68000 coprocessor instruction, a description of Motorola’s hardware
interface requirements, and the specific functions of each available coprocessor.
In this section we will limit our discussion to an overview of the 68000 copro-
cessor instructions, and how the 68000 actually communicates with the copro-
cessor hardware. The goal of this section is to clarify, from the 68000 programmer’s
point of view at least, how instructions and data get from the 68000 to the
coprocessor. We will also consider what happens when a coprocessor is not yet
physically present in a computer system, and is being emulated in software until
some future installation date.

If the immediately following paragraphs are confusing, you should review
the section on function codes in Chapter 7.

COPROCESSOR HARDWARE COMMUNICATION

First, we look at what is happening on the hardware level. In order to properly
communicate with the MC68020 coprocessor instructions, a coprocessor is
required to have a standard set of 13 interface registers (control register, com-
mand register, condition register, etc.) totaling 32 bytes in all. We will be using
one of these registers, the coprocessor command register, in succeeding exam-
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ples. It is always located at address position 10 (decimal) within the 32 bytes.
When the 68000 chip actually communicates with a coprocessor, it either reads
from or writes to one or more of the coprocessor registers. In order to do this,
the 3 function code lines of the 68000 send out bits 111, indicating a special
CPU space access; the 32 address lines of the 68000 send out 32 bits in the
following format:

xxxx XxxxX xxxx 0010 ccex XXXx XXXr rrr

and the 32 data lines of the 68000 may send out 32 bits of data.

When the function code is 111, the 32 bits on the address line are not
interpreted as a full 32-bit address (as with the other four function codes), but
are broken down into smaller bit fields of information used to determine the
final location of the special CPU space I/O. Thus, the 0010 bits above indicate
that this is a coprocessor communication (as opposed to some other kind of
CPU space transfer), ccc is the coprocessor code (0 to 7) that indicates which
coprocessor is being accessed, and rrr is the coprocessor register address (0
to 31 decimal). The bit fields represented by x are not currently used.

The coprocessor codes are currently allocated as follows:

000 MC68851 paged memory management unit
001 MC68881 floating point coprocessor
010-101 [Reserved for Motorola]

110-111 [Reserved for users]

As part of the coprocessor interface, it is necessary for either the coprocessor
or some intermediary hardware to detect when the above signals have been
sent out from the 68000, to recognize them as coprocessor communications,
and to respond accordingly.

If the 68000 is trying to write to the coprocessor, then the proper response
for the coprocessor is to take the data being sent to it (via the 32 data lines from
the 68000), and store it in coprocessor ccc at register location rrrrr. If the 68000
is trying to read from the coprocessor, then coprocessor ccc should send the
contents of register location rrrrr to the 68000 over the data lines.

That covers the hardware end of the coprocessor interface. Next we will
see how the programmer actually sends out the function codes and address bits
which access the desired coprocessor.

COPROCESSOR SOFTWARE COMMUNICATION

How does the average programmer communicate with the coprocessor? In
general, you will use an assembler that supports your coprocessor. You will
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include various coprocessor instructions in your programs to communicate with
the coprocessor, as explained in the documentation for your coprocessor. And
finally, the assembler will create object code with the correct parameters for that
coprocessor. Note that the same kind of communication with different copro-
cessors will result in different object code, due to different coprocessor ID codes,
and different coprocessor command languages.

For example, suppose that a hypothetical coprocessor exists, called the
MC99999, which monitors power consumption by polling hundreds of meters.
The MC68020 communicates once to the MC99999 to get it started, and the
coprocessor then spends several seconds or minutes doing the actual polling,
thus relieving the 68000 of this burdensome task. The MC99999 leaves the
numerical results of the polling in memory, and informs the MC68020 when it
is done.

One of the MC68020 coprocessor instructions, the cpGEN instruction,
sends a GENeral 16-bit command to the command register of a coprocessor.
Suppose that the MC99999 has a coprocessor code of 2, that the receipt of a
single 16-bit POLL instruction in its command register causes the MC99999 to
begin its poll cycle, and that, in MC99999 language, a POLL instruction is hex
$1234. A hypothetical assembler which supports the MC99999 would accept
this instruction: '

CpGEN  METER, POLL

Our hypothetical assembler would associate the symbol “METER” with
the MC99999’s coprocessor code (namely, 2), and would assemble the POLL
command into its proper MC99999 bit pattern (hex $1234). A cpGEN instruc-
tion assembles into two words that are generally represented as follows:

1 1 1 1 C ¢ ¢ 0 0 0 X x x X x X
r i i i i i i i i i i i i i i i

where Ccc is the coprocessor code, Xxxxxx is an optional effective address (not
used by the MC99999), and the second word is the actual instruction sent to
the coprocessor. Thus, our particular cpGEN instruction assembles as:

11 1 1 0 1 0 O O O O O O O O O
o o o 1.0 061 0 O O1 1 01 0 o0

Now that we have looked at how the coprocessor interface functions, both
in hardware and in software, let’s look at what happens when one or more parts
of that interface are missing.
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EMULATION OF THE MC68020 COPROCESSOR
INSTRUCTIONS

Is the MC68020 itself indispensable for coprocessor communications? No. It is
simply easier, faster, and uses fewer registers than the MC68010.

The MC99999 cpGEN instruction discussed in the previous section is
equivalent to the following MC68010 instructions:

MOVE.L #1,D0 CPU space function code

MOVEC DO, DFC Move to destination function code
register

MOVE.L #3$0002400A, A0 Set up bits for ccc=2, rrrrr=10
(decimal)

MOVE.L #$1234,D1 Set up data to move

MOVES D1, (A0) Move D1 to coprocessor 2 register
10 (dec)

Note that the MC68020 accomplishes all this in only one instruction, and
without using registers D0,D1,A0.

Since all of the above instructions exist on the MC68010, the coprocessor
software instructions can be emulated on the MC68010. Since the MOVES and
MOVEC instructions do not exist on the MC68000, however, the coprocessor
software instructions can not be emulated on the MC68000. We will now discuss
the coprocessor capabilities available to the MC68000 and MC68010.

COPROCESSORS ON THE MC68010

If an MC99999 is connected to an MC68010, it is necessary to emulate the
MC68020 software coprocessor instructions using MC68010 instructions.

A more elegant solution, however, would be as follows. Include the copro-
cessor instructions (for example, cpGEN) in the MC68010 program, even
though these instructions are not part of the MC68010 instruction set. Change
the MC68010 assembler so that it assembles the coprocessor instructions into
the same bit patterns as the MC68020 assembler, or use an MC68020 assem-
bler. Finally, change the unimplemented 1111 instruction exception routine to
check for these bit patterns and emulate them in software.

Later on, if the computer is upgraded to an MC68020, the coprocessor
interface will function fully, without any changes in the software.

COPROCESSORS ON THE MC68000

Unfortunately, the MC68000 is not capable of communicating with coprocessors
at all, because it lacks not only the MC68020 coprocessor instructions, but also



284 68000, 68010, and 68020 Primer

the MC68010 instructions, MOVEC and MOVES. The best the MC68000 can
do is emulate the MC99999 hardware in software.

Software emulation of coprocessor hardware is not always possible. For a
coprocessor with specialized hardware functions like the MC99999, emulation
may be impossible. For some coprocessors, emulation can be accomplished
using another piece of hardware. And for some coprocessors, such as the
MC68881 floating point coprocessor, software emulation is completely possible.
Indeed, there are probably many 68000 systems right now that are running
MC68881 software emulations.

The advantages of emulating hardware features in software are manifold.
First, it allows the MC99999 manufacturer to model the chip’s behavior in
software, before having to invest in actual hardware development. Second, it
allows the manufacturer to implement the MC99999 in software at customer
sites before the MC99999 is actually available. The emulation will probably be
several times slower than the actual MC99999, but in the computer world, a
slow routine is better than no routine at all.

Third, when the MC99999 or MC68881 is finally available, it only has to
be plugged in, along with an MC68010 or MC68020, and the coprocessor
interface will function with no software changes necessary.

MISSING COPROCESSORS ON THE MC68020

If there is no actual MC99999 present, and the MC68020 attempts to com-
municate with it, the MC68020 will be notified of this fact after one bus cycle,
and will execute an unimplemented 1111 instruction exception. All this occurs
automatically.

The unimplemented 1111 instruction exception routine is free to either
report that the MC99999 is missing, or to emulate the MC99999 hardware in
software and then return. As discussed in the previous section, if the MC99999
is emulated in software, and the MC99999 is later plugged into the computer,
then no software changes are necessary.

NONSTANDARD COPROCESSOR HARDWARE

What happens in the situation where an MC68020 is connected to a coprocessor
having a nonstandard coprocessor interface? The MC68020 coprocessor in-
structions will not be able to communicate correctly with the coprocessor, and
hence cannot be used. They must be replaced by routines which explicitly use
MOVEC, MOVES, and MOVE to communicate to the proper addresses within
the coprocessor. These routines will be similar, but not identical to the MC68010
routines which emulate the MC68020 coprocessor instructions.
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Table 8-7 Summary of Coprocessor Commands

Mnemonic Description of Operation

cpGEN Sends a general instruction to the coprocessor
cpScc Like Scc, but uses coprocessor condition codes
cpDBcc Like DBcc, but uses coprocessor condition codes
cpTRAPcc Like TRAPcc, but uses coprocessor condition codes
cpBcc Like Bcc, but uses coprocessor condition codes
CcpSAVE Saves status of coprocessor [privileged]

cpRESTORE Restore status of coprocessor [privileged]

SUMMARY OF MC68020 COPROCESSOR COMMANDS

The seven coprocessor instructions on the MC68020 all have the following bit
patterns for the primary instruction word:

1111CcclnsXxxxxx

where Ccc is the 3-bit coprocessor code, Ins indicates the instruction, and
Xxxxxx is dependent upon the instruction. Note that the first four bits of each
instruction are 1111. As with other 68000 instructions, some of the coprocessor
instructions are followed by additional words which are displacements, data, or
condition codes.

THE MASTER BIT

The Master (M) bit is used to support environments where multiple operating
systems (privileged jobs) are running concurrently. The M bit distinguishes the
master operating system from all the others. It should be noted that, except for
deep operating systems programming, the average 68000 programmer will
probably never have to be concerned with the M bit.

USER AND SUPERVISOR MODES

The M bit is an extension of the S bit, and the S bit is the basic mechanism
used by the 68000 to control privileged operations. In order to clarify the function
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of the S bit and M bit, we first explain the primary motivation for having both
of them.

Certain processor functions are considered so important that they are
accessible only to privileged users, or privileged programs (for example, an
operating system). In the 68000, these functions include

® An irrevocable abort of all current processing (RESET,STOP)

® FErrors of all kinds (bus error, address error, instruction error, zero divisor,
coprocessor error)

® User traps
e External hardware interrupts

The 68000 simplifies the concept of privilege to the simplest possible
mechanism, namely, at any given time the 68000 is either in a privileged
(supervisor) mode, or in an unprivileged (user) mode. Whenever any of the
conditions listed above occurs, control is yanked away from the current program
(whether supervisor or user), the privileged (Supervisor) mode is entered, and
one of several special routine decides what to do about what just happened. In
some of these routines, the decision of how to proceed will critically depend on
whether the original program was in the supervisor or user mode.

Once the privilege mechanism has been set up in this way, two more
privileged functions suddenly surface, namely:

® Changing between supervisor and user mode
® Querying the current mode (MC68010)

Requesting the supervisor mode is a privileged function, and requires a
privileged routine to decide whether or not to grant it. Even querying the current
mode (“Am I now in supervisor mode?”) is a privileged function. This privilege
is necessary in order to allow for situations where the main operating system
emulates another operating system. The emulated operating system actually
runs in user mode, but thinks it is in supervisor mode. It must be kept in user
mode so that the main operating system can intercept any queries that the
emulated system may make regarding his mode and set up a counterfeit re-
sponse to keep him fooled.

There are only two privilege levels inherent in the 68000 privilege system,
but more can be artificially implemented in software. Simply keep everyone at
user mode (that is, with no actual privileges), and assign each one a privilege
level (for example, O to 255). Anytime someone executes a privileged function,
control will be taken away and the controlling routine will check the assigned
privilege level and will emulate what should actually be allowed.
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IMPLEMENTATION OF USER, SUPERVISOR, AND
MASTER MODES

In the MC68000, bit 13 in the status register is called the S bit, or supervisor
bit. It is used to indicate whether the processor is currently in user mode (S bit
0) or supervisor mode (S bit 1). Certain instructions are considered privileged,
and are only allowed when the processor is in supervisor mode. These instruc-
tions are: instructions that change the S bit, instructions that read the S bit
(MC68010), and the MOVE USP, MOVEC, MOVES, RESET, STOP, and RTE
instructions.

If a privileged operation is attempted in user mode, a privilege violation
exception is generated. All other exceptions occur in the same way, whether they
occurred while in user mode or supervisor mode.

There are two stacks, each having their own stack pointer. The User Stack
Pointer (USP) is in effect during user mode, and the Supervisor Stack Pointer
(SSP) is in effect during supervisor mode. The stack pointer currently in use is
always referenced by A7, whether it is USP or SSP. When any exception occurs,
a block of information (called a stack frame) is pushed onto the supervisor
stack, the supervisor mode is set, and the exception routine is entered. When
the routine is done, the stack frame is cleared from the supervisor stack, and
control usually returns to the place where the exception occurred (unless it is
irrecoverable).

In the MC68020, a second bit is assigned for use, in conjunction with the
S bit. It is bit 12 in the status register, and is called the M bit, or master bit. In
user mode (S=0), things run just like on the MC68000. In supervisor mode
(5=1), however, two possible submodes are possible. When the master bit is
clear (M=0), the interrupt mode is in effect, and A7 references the Interrupt
Stack Pointer (ISP), which points to the interrupt stack. When the master bit is
set (M=1), the master mode is in effect, and A7 references the Master Stack
Pointer (MSP), which points to the master stack. The stack pointer currently in
use is always referenced by A7, whether it is USP, ISP, or MSP.

When the M bit is cleared to 0, all of the mode and stack changes happen
just like on the MC68000, with the understanding that the supervisor stack
being used is always the interrupt stack. When M is set to 1, however, the
treatment of exceptions changes in two ways. First, exceptions now create stack
frames on the master stack, instead of the interrupt stack. Second, during an
external hardware interrupt exception, the usual stack frame is created on the
master stack, but then the same stack frame is also created on the interrupt
stack, and the master bit is cleared, causing a change to the interrupt mode.

Thus, a user who is normally in master mode operates off of the master
stack, but during the processing of external hardware interrupt exceptions, the
user operates off of the interrupt stack, just as with other jobs.
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Each exception processing usually ends with an RTE instruction, which
returns to the previous mode and stack. In the case of the double stack frame
situation described above, RTE clears both stack frames, and returns through
both modes.

NEW INSTRUCTIONS ON THE MC68020

Several categories of changes were made to the MC68020 instruction set. Many
old instructions were extended in their operations, and many new instructions
were added. The final section in this chapter covers all instructions that are either
new or extended on the MC68020.

BRANCH INSTRUCTIONS SUPPORT 32-BIT
DISPLACEMENTS

The Bee, BRA, and BSR instructions now support 32-bit displacements. The
original single-word instruction formats contain an 8-bit op code and an 8-bit
displacement. If the 8-bit displacement is zero, then the following word is used
as a 16-bit displacement.

In the MC68020, if the 8-bit displacement is 255 (decimal), then the
following two words are used as a 32-bit displacement. The assembly program-
mer generally does not need to know these particulars. The assembler auto-
matically decides the best format to use.

LINK INSTRUCTION SUPPORTS 32-BIT
DISPLACEMENTS

The LINK instruction originally allowed only a 16-bit displacement, but now
supports both 16-bit and 32-bit displacements.

EXTEND BYTE TO LONGWORD

The EXTB.L instruction sign extends a byte to a longword in a data register.
The original MC68000 instructions are EXT.W, which sign-extends a byte to a
word, and EXT.L, which sign-extends a word to a longword. On older 68000
processors, it is necessary to do both an EXT.W and EXT.L in order to get the
equivalent of one EXTB.L instruction.



The MC68020 289

CHK SUPPORTS LONGWORD UPPER BOUNDS

The MC68000 CHK instruction checks a data register against a word upper
bound. The MC68020 CHK instruction checks a data register against either a
word or longword upper bound. There is no apparent change in the instruction
syntax, but the assembler will allow bounds greater than 16 bits, and will
automatically decide which format is best to assemble.

CHK2 (NEW INSTRUCTION)

This is a further generalization of the CHK instruction. A new CHK2 (check
two bounds) instruction allows either a data or address register to be checked
against a lower and upper bound, both of which are byte, word, or longword.
All combinations of the above are allowed. The syntax is CHK2 <cea>,Rn
where ea is the location of the lower bound, and the upper bound must imme-
diately follow the lower bound in memory, either 1, 2, or 4 bytes away,
depending on the operand length.

CMP2 (NEW INSTRUCTION)

A new CMP2 (compare two bounds) instruction operates just like the CHK2
instruction, except that, instead of a trap occurring on an out-of-bounds condi-
tion, the condition codes are set, leaving the user to subsequently branch as
desired. The syntax is CMP2 <cea>,Rn and the condition codes are set as
follows:

Undefined

Set if Rn is equal to either bound, cleared otherwise
Undefined

Set if Rn is out of bounds, cleared otherwise

Not affected

XO<NZ

CAS AND CAS2 (NEW INSTRUCTIONS)

CAS and CAS2 are compare and swap instructions, and both guard against
multiuser accesses to the same areas. They can be viewed as extensions of the
original MC68000 TAS instruction. In a multiuser environment the simplest
method of guarding against the problem of simultaneous updates to the same
data is to set up a flag somewhere that (by mutual agreement) can only be set
(or “owned’’) by one user at a time. The TAS instruction allows the user to test
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if a flag is set and if it isn’t, sets it. Most important, TAS guarantees that no one
else will have access to this flag during the entire read-modify-write process.

Thus, TAS satisfies the minimum requirements for implementing multiuser
safeguards. The user is then free to execute the update routine, because he or
she knows that no one else will gain access until he or she clears the flag. The
other jobs must cooperate by not executing the update routine until they have
possession of this flag. In addition the lucky possessor of the flag should coop-
erate by keeping the flag set for as short a time as possible. If this is done, then
whenever a program fails to get ownership of the flag via a TAS, it can safely
loop forever until it finally gets the flag, because the understanding is that this
will not take very long.

Even in a single-user environment, TAS is needed because there are still
multiusers in the form of external interrupts, all of which can occur at any time
and at varying frequencies. The ability to temporarily lock out certain resources
becomes critical in order to process these requests.

CAS goes one step further than TAS, and CAS2 goes two steps further.
They have the following instruction formats:

CAS Dc,Du,ea
CAS2 Dcl:Dc2,Dul:Du2, (Rnl): (Rn2)

CAS compares Dc and ea; if they are the same, then Du replaces ea. In
the simplest application, ea is a counter that is subject to be incremented by
more than one user. The procedure is to read ea into Dc (the old or compare
value), create the new value in Du (the new or update value), then execute the
CAS instruction. If it fails, simply try again. Caution: If the Dc counter undergoes
constant and rapid updating, then it is probably safer to use TAS; otherwise,
several users may get hopelessly locked up retrying their updates.

CAS2 is similiar to CAS, except that it does two comparisons. If either
compare fails, the update is not made. Note that whereas CAS allows any
alterable memory-effective address mode, CAS2 only allows (address or data)
register indirect modes. The caution above regarding the use of CAS also applies
here.

DIV AND MUL SUPPORT NEW FORMATS

Several additional multiply and divide formats have been added to the MC68020.
All formats use one or two data registers and one data-effective address as
source operands, and leave the results in one or more data registers. Following
are all of the formats available on the MC68020, including the previous formats.
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Table 8-8 Divide and Multiply Formats

Instruction Operation of Instruction Processor

DIVU.W  dea,Dn Dn(32) / dea(16)
DIVU.L dea,Dq Dq(32) / dea(32)
DIVU.L dea,Dr:Dq Dr:Dq(64) /dea(32)
DIVUL.L  dea,Dr:Dg Dq(32) / dea(32)
DIVS.W dea,Dn Dn(32) / dea(16)
DIVS.L dea,Dq Dq(32) / dea(32)
DIVS.L dea,Dr:Dq Dr:Dq(64) /dea(32)
DIVSL.L  dea,Dr:Dg Dq(32) / dea(32)

Dn(16r:16q) 68000
Dq(32) 68020
Dr(32), Dq(32) 68020
Dr(32), Dq(32) 68020
Dn(16r:16q) 68000
Dq(32) 68020
Dr(32) , Dq(32) 68020
Dr(32), Dg(32) 68020

T e  { ( { ( (  (

MULU.W dea,Dn dea(16) x Dn(16) Dn(32) 68000
MULU.L  dea,DI dea(32) x DI(32) DI(32) 68020
MULU.L  dea,Dh:DI dea(32) x DI(32) Dh:Dl(64) 68020
MULS.W  dea,Dn dea(16) x Dn(16) Dn(32) 68000
MULS.L dea,DI dea(32) x DI(32) DI(32) 68020
MULS.L dea,Dh:DlI  dea(32) x DI (32) Dh:DlI(64) 68020

The various subscripts used with the data registers are n for any register, r for a
remainder, q for a quotient, h for a high order longword, and | for a low order
longword. The numbers 16, 32, and 64 indicate word, longword, and quadword
respectively.

PACK AND UNPK (NEW INSTRUCTIONS)

PACK simplifies the conversion of ASCII and EBCDIC numbers to BCD, and
UNPK simplifies the conversion from BCD back to ASCII and EBCDIC. In a
likely situation, a sequence of ASCII or EBCDIC digits is obtained from an input
device (for example, a terminal, tape, or disk file); they are converted to internal
BCD format using the PACK instruction; and BCD computations are done on
them using the ABCD, SBCD, and NBCD instructions. Afterwards, they are
converted back to ASCII or EBCDIC using the UNPK instruction; finally, they
are sent to an output device. The formats available are:

PACK —(Ax),—(Ay), #adjustment
PACK Dx,Dy, #adjustment
UNPK —(Ax),—(Ay), #adjustment
UNPK Dx,Dy, #adjustment
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PACK takes a word from the source operand, adds the adjustment word to
it, then writes the second and fourth hex digits (bits [11:8] and [3:0]) of the
result to the destination byte. For ASCII conversions, the adjustment is —3030
(hex) = CFDO (hex). For EBCDIC conversions, the adjustment is —<FOFO (hex)
= QOF10 (hex). A string of digits of any length can be converted using a two-
instruction loop consisting of a pre-decrement PACK command and a DBcc
command. Thus, a string of digits of any length can be converted as follows:

MOVE. L #<size-1>,D0 set up digit count
MOVEA.L #<packend>, A0 ending of packed digits
MOVEA. L #<unpackend>, Al ending of unpacked
digits
LOOP PACK - (A0), - (A1), #3CFDO convert from ASCII
DBF DO, LOOP stop when count is —1

UNPK takes a byte from the source operand, creates a word from it whose
second and fourth hex digits are the two hex digits from the source byte and
whose first and third hex digits are zero, adds the adjustment to it, then writes
the word to the destination address. For ASCII conversions, the adjustment is
+ 3030 (hex). For EBCDIC conversions, the adjustment is +FOFO (hex).

TST AND CMPI SUPPORT ALL ADDRESSING MODES

On the MC68000, TST (TeST) and CMPI (CoMPare Immediate) only allow
alterable data effective addresses (adea). On the MC68020, TST.B and CMPI.B
remain restricted to adea, but TST.W, CMPLW, TST.L, and CMPLL may
operate on any effective address. The net effect of this change is to include the
PC addressing modes, and the address register direct mode.

TRAPcc (NEW INSTRUCTION)

TRAPcc is a new instruction on the MC68020 which generates a trap if a given
condition code is true. All 16 conditions are allowed, including the ‘‘always
trap”’ (TRAPT) and “‘never trap”’ (TRAPF) cases. Optionally, a word or longword
may follow the TRAPcc instruction; it is not used by the processor, but is available
to the user’s trap routine. Forms available are as follows:

TRAPcc
TRAPcc. W #d16
TRAPcc. L #d32
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Table 8-9 Summary of Bit Field Instructions

Mnemonic Operands Description of Operation

BFEXTS ea{offset:width},Dn Extract signed bit field (extend)

BFEXTU ea{offset:width},Dn Extract unsigned bit field (zero fill)

BFFFO ea{offset:width},Dn Find first one bit in bit field

BFINS DN, ea{offset:width} Insert (low order) bits into field

BFCLR ea{offset:width} Test BF, set CCR, then clear all bits
to zeros

BFSET ea{offset:width} Test BF, set CCR, then set all bits to
ones

BFCHG ea{offset:width} Test bit field, then complement

BFTST ea{offset:width} Test bit field

COPROCESSOR INSTRUCTIONS (NEW)

See the section on coprocessors, elsewhere in this chapter.

MOVEC SUPPORTS NEW CONTROL REGISTERS

MOVEC now reads and writes to the cache registers CAAR and CACR. See
Chapter 7 for details on the MOVEC instruction.

BIT FIELD INSTRUCTIONS (NEW)

There are eight bit-manipulation instructions on the MC68020. In each, the
main operand is a bit field of 1 to 32 bits. This bit field is referenced off of either
a data register or a byte in memory, either of whose leftmost (highest order) bits
is considered bit number zero. The actual bit field is designated by a bit offset
from bit number zero, and the bit width (1 to 32). If a second operand is present,
it is a data register.

In Table 8-9:
® ca is an effective address.

e Offset is the bit offset, either an immediate value of 0 to 31 or a data
register value from —2,147,483,647 to +2,147,483,648.

o Width is the bit field width, either an immediate value of O to 31, or a
data register value from 0 to 31 (taken modulo 32). Zero represents a
value of 32.

® Dn is a data register.



294 68000, 68010, and 68020 Primer

Below are examples of bit field instructions:

BFEXTU D0 {8: 15}, D1 move 2nd byte of DO to D1

BFCLR  (A0) {2:5} clear middle 4 bits of memory
byte (A0)

BFFFO  (A0) {D0:32}, D1 find first 1 bit starting at

DO-th bit of memory byte (A0);
search 32 bits.

CONCLUSION

Whereas the MC68010 concentrated on one critical function (emulation), the
MC68020 introduced a variety of new features. Compared to the MC68010,
the MC68020 has 256 times as much address range, faster execution due to
the on-board cache, and faster communication with co-processors. Six addi-
tional addressing modes, enhanced instructions, and new instructions save
programming time, program room, and execution time. Branch instructions
were revised to allow for full 32-bit branches. Multiply and divide now fully
support 64-bit products and dividends. Finally, the new bit field operations
significantly increase the speed and power of instructions that change individual
bits; this aids in the updating of disk directory bitmaps, and is critically important
in the handling of real-time graphics displays.



A

M68000 Instructions—
Number of Operands

No Operand:

NOP

ILLEGAL
RESET*
RTE*/RTR/RTS
TRAPV

Single Operand:

ASL/ASR~
Bcc/BRA/BSR
CLR

EXT
JMP/JSR
NBCD
NEG/NEGX
NOT

PEA

RTD

Scc

STOP*
SWAP

TAS

TRAP

TST

UNLK
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Two Operands:

ABCD
ADD/ADDA/ADDI/ADDQ/ADDX
AND/ANDI/ANDI-CCR/ANDI-SR*
ASL/ASR~
BCHG/BCLR/BSET/BTST

CHK

CMP/CMPA/CMPI/CMPM

DBcc

DIVS/DIVU
EOR/EORI/EORI-CCR/EORI-SR*
EXG

LEA

LINK

LSL/LSR~

MOVE/MOVE-from-CCR/MOVE-to-CCR/MOVE-to-SR*/MOVE-from-SR**
MOVE-USP*/MOVEA/MOVEC**/MOVEM/MOVEP/MOVEQ/MOVES**

MULS/MULU
OR/ORI/ORI-CCR/ORI-SR*
ROL/ROR/ROXL/ROXR~
SBCD
SUB/SUBA/SUBI/'SUBQ/SUBX

Legend: ~ = can have one or two operands
* = privileged MC68000
** = privileged MC68010
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M68000 Addressing Mode
Types

<ea> = Any Effective Address

<rea> = Register Effective Address

<dea> = Data Effective Address

<mea> = Memory Effective Address

<cea> = Control Effective Address

<aea> = Alterable Effective Address (data or memory)
<adea> = Alterable Data Effective Address

<amea> = Alterable Memory Effective Address

<acea> = Alterable Control Effective Address

Mode ea rea dea mea cea aea adea amea acea
Dn * % * * *

An * * *

(An) * * * * * * * %
(An) + * * * * * *

—(An) * * * * * *

d(An) * * % * * * % *
d(An,Xi) * * ¥ 0 % * * * *
Abs.W * * % % * % * *
Abs.L % * % * * % * *
d(PC) * % * *

d(PC,Xi) * * * *

297
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Mode

Immed
bd(An,Xi)
bd(PC,Xi)
[bd,An],Xi,od
[bd,An,Xi],od
[bd,PC],Xi,od
[bd,PC,Xi],od

ea rea dea mea cea aea adea amea acea

* * %

* x % * % % * * 68020
* * % * 68020
* * % *x % % * * 68020
* x % x % % * * 68020
* *ok * 68020
* x % * 68020

Addressing Mode Description
Common to All M68000 Family:

Dn
An

(An)
(An) +
—(An)

d16(An)

d8(An,Xi.Z)

Abs.W
Abs.L

d16(PC)
d8(PC,Xi.Z)

Immed

Data register direct

Address register direct }]ointly called register direct

Address register indirect
Address register indirect with postincrement
Address register indirect with predecrement

Address register indirect with offset—also written as d(An) or
<label>(An)

Address register indirect with offset and index—also written as
d(An,Xi) or <label>(An,Xi)

Absolute short address—also written as xxx.W or <label>
Absolute long address—also written as xxx.L or <label>

Program counter with offset (relative mode)— also written as
d(PC) or <label>(PC) or <label>

Program counter with offset and index (relative mode)—also
written as d(PC,Xi) or <label>(PC,Xi) or <label>(Xi)

Immediate data operand—also written as # <data>

MC68020 Variations and Additions:

bd(An,Xi.Z*s)

bd(PC,Xi.Z*s)

Address register indirect with base displacement and
index [similar to d(An,Xi) but bd can be d16 or d32]

Program counter with base displacement and index
[similar to d(PC,Xi) but bd can be d16 or d32]

[bd,An],Xi.Z*s,od = Memory indirect post-indexed
[bd,An,Xi.Z*s]l,od = Memory indirect pre-indexed
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[bd,PC],Xi.Z*s,od PC memory indirect post-indexed
[bd,PC,Xi.Z*s],od PC memory indirect pre-indexed

(NOTE: Some books use ‘‘displacement’’ in place of “offset.”’)

<label> Is a user-supplied symbol indicating the location of an

instruction or data field. Some instructions treat
<label> as a d8 or d16 relative offset; others,
depending on assembler directives available to the
programmer, are treated as Abs.L, Abs.W or d(PC)

modes.
Abbreviations:
Dn  Any data register, DO - D7
An  Any address register, AO - A7
Xi Any Dn or An used as an index register
z Data size code (L, W or B)
Z Data size code (L or W)
S Scale factor (1, 2, 4 or 8)
PC  Program counter (20, 24 or 32 bits)
d A 2’s complement or sign-extended offset, or displacement (d16, d8,
d3 etc indicates the number of bits)
bd A 2’s complement base displacement (16 or 32 bits)
od A 2’s complement outer displacement (16 or 32 bits)
xxx  Any valid absolute address
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Modes

(See Appendix B for register and mode definitions. )

Mnemonic

ABCD
ADD

ADDA
ADDI

ADDQ
ADDX

AND

ANDI
ANDI->CCR
ANDI->SR*
ASL/ASR

~ ASL/ASR
Bec
Bcc.S
BCHG

BCHG

Function

Add Decimal
Add Binary

Add Address
Add Immediate
Add Quick
Add Extended

AND Logical

AND Immediate
AND Immediate CCR
AND Immediate SR
Arithmetic Shift

Arithmetic Shift
Branch Condition
Branch Cond. Short
Bit Test/Change

Legal Modes

Dm,Dn or
-(Am),-(An)
<ea>,Dn or
Dn,<amea>
<ea>,An
#<data>,<adea>
#<d3>,<aea>
Dm,Dn or
-(Am),-(An)
<dea>,Dn or
Dn,<amea>
#<data>,<adea>
#<d8>,CCR
#<d16>,SR
Dm,Dn or
#<d3>,Dn
<amea>

<label>

<label>

Dm,Dn or
#<d5>,Dn
Dm,<amea> or
#<d3>,<amea>

300

Data Size(s)
or Attribute

B
LWB

LW
LWB
L,W/{B}
LWB

LWB

LWB

B

W

L,W.B (Dm mod 64)

W (shift count=1)
16 bit disp.

8 bit disp.

L (Dm mod 32)

B (Dm mod 8)



Mnemonic

BCLR
BRA
BSET
BSR
BTST

BTST

CHK

CLR

CMP

CMPA

CMPI

CMPM

DBcc
DIVS/DIVU
EOR

EORI
EORI->CCR
EORI->SR*
EXG

EXT
ILLEGAL
JMP/JSR
LEA

LINK
LSL/LSR
MOVE
MOVE<-CCR
MOVE->CCR
MOVE<-SR
MOVE<-SR" " *
MOVE->SR*
MOVE-USP*
MOVEA
MOVEC" " *
MOVEM

MOVEP

MOVEQ
MOVES" " *

MULS/MULU
NBCD
NEG/NEGX
NOP

Function

Bit Test/Clear
Branch Always

Bit Test/Set
Branch Subroutine
Bit Test

Check Reg Bounds
Clear Operand
Compare

Compare Address
Compare Immediate
Compare Memory
Dec. Branch Cond.
Divide Sign/Unsign.
Exclusive OR
Exclusive OR Immed.
EORI Cond. Codes
EORI Status Reg.
Exchange Registers
Extend sign

Illegal

Jump/JMP Subroutine
Load Effective Add
Link/Allocate
Logical Shift

Move data

Move from CCR
Move to CCR

Move from SR

Move to SR
Move USP

Move Address
Move Contrl. Reg
Move Multi Reg.

Move Periph. Data

Move Quick
Move Address Space

Multiply Sign/Unsign
Negate Decimal
Negate/Negate Ext.
No operation

M68000 Instructions/Legal Modes

Legal Modes

same as BCHG
<label>

same as BCHG
same as BRA
Dm,Dn or
#<d5>,Dn
Dm,<mea> or
#<d3>,<mea>
<dea>,Dn
<adea>

<ea>,Dn
<ea>,An
#<data>,<adea>
(Am) +,(An) +

Dm, <label>
<dea>,Dn
Dn,<adea>
#<data>,<adea>
#<d8>,CCR
#<d16>,SR
Rm,Rn

Dn

no operand

<cea>

<cea>,An
An,#<d16>

same as ASL/ASR
<ea>,<adea>
CCR,<adea>
<dea>,CCR
SR,<adea>
SR,<adea>
<dea>,SR
USPAn or An,USP
<ea>,An

Rc,Rn or Rn,Rc
<reg list>,<acea> +
<cea> +,<reg.list>
Dn,d(An) or
d(An),Dn
#<d8>,Dn
Rn,DFC<amea> or
SFC<amea>,Rn
<dea>,Dn
<adea>

<adea>

no operand
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Data Size(s)
or Attribute

8 or 16 bit disp.

L (Dm mod 32)
B (Dm mod 8)

w
LWB
L,W{B}
LW
LWB
LWB
16 bit disp.
W
LWB
LWB
B

W
L
LW

unsized
L
unsized

LW{B}

W (lower B only)

W (lower B only)

W

W (* for 68010 only)
W (* all models)

L

LW

L

LW (+ plus -(An))
LW (+ plus +(An))

L (sign ext 32)
LWB

w

B
LWB
unsized
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Mnemonic

NOT

OR

ORI
ORI->CCR
ORI->SR*
PEA
RESET*
ROL/ROR
ROXL/ROXR
RTD" "
RTE*
RTE" " *
RTR

RTS
SBCD

Scc
STOP*
SUB
SUBA
SUBI
SUBQ
SUBX
SWAP
TAS
TRAP
TRAPV
TST
UNLK

Function

Logical Complement
Inclusive OR Logical
Inclusive OR Immed.
ORI Cond. Codes
ORI Status Reg.
Push Effective Addr.
Reset External Dev.
Rotate Left/Right
Rotate with Extend
Return/Deallocate
Return from Exception

Return Restore CCR
Return from Subroutine
Subtract Decimal

Set Conditionally
Load SR/Stop
Subtract Binary
Subtract Address
Subtract Immediate
Subtract Quick
Subtract with Extend
Swap Register Halves
Test and Set operand
Trap

Trap on Overflow
Test operand

Unlink

Legal Modes

<adea>

same as AND
same as ANDI
same as ANDI->CCR
same as ANDI->SR
<cea>

no operand

same as ASL/ASR
same as ASL/ASR
#<dl6>

no operand

no operand

no operand

no operand

same as ABCD
<adea>
#<dl6>

same as ADD
same as ADDA
same as ADDI
same as ADDQ
same as ADDX
Dn

<adea>

#<d4>

no operand
<adea>

An

{B} reminds you that Byte data size not allowed for An operands.

#<data> = up to 32 bits of immediate data.

#<dn> = n bits of immediate data.

* = M68000 privileged instruction.
ok = MC68010 privileged instruction.
.t = MC68010 only.

Rc = control register (SFC,DFC,USP or VBR).

Data Size(s)
or Attribute

LWB

L
unsized

unsized (sign ext 32)
unsized
unsized
unsized
unsized

B
unsized

unsized
unsized
LWB

unsized



D

M68000 Instruction
Summary

This appendix is a reference for all of the instructions implemented thus far in
the 68000 processor family, that is, all of the instructions on the MC68000, the
MC68010, and the MC68020. Included are the instruction bit patterns, ad-
dressing mode bit patterns, and allowable addressing modes for each instruction.
This appendix does not describe the actual execution of these instructions; that
material constitutes the first 8 chapters of this primer. We will be looking at the
68000 instruction set in very general terms, and will hopefully impart to you
some tips that will help you to memorize the complete instruction set.

68000 ADDRESSING MODES

The 68000 processor family uses a rich set of addressing modes. There are 12
basic addressing modes, and some additional implied addressing modes for
certain instructions. The MC68020 further enlarges the functions of two of the
basic addressing modes, giving it a total of 18 variations on the basic 12
addressing modes. See Chapter 8 for further details on these addressing mode
variations.

Table D-1 contains information on these 18 addressing modes. The first
column contains the full name/description of each addressing mode. Note that
some of these descriptions are somewhat long.

The “CPU” column indicates which members of the 68000 family have
this addressing mode available; a blank refers to all 68000 processors, a “20”
refers to the MC68020 only.
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The “Mod Reg”’ column contains the actual 6-bit codes for each address
mode. Actual binary register numbers are represented by “rrr”’, which can be
“000” to “111”.

The next four columns define four categories of addressing modes. These
categories are very helpful for summarizing the legal addressing modes of each
68000 instruction.

Register
(REA)

Data
(DEA)

Memory
(MEA)

Control
(CEA)

Alterable
(AxEA)

These addressing modes refer to registers. This includes address
register direct and data register direct.

These addressing modes refer to data operands. This includes
all modes except address register direct. Many 68000 instruc-
tions that operate on data are prevented from altering the ad-
dress registers. This is part of the 68000 philosophy that the
benefits obtained from preventing erroneous operations to the
address registers (which can waste lots of development time),
far outweigh the extra programming steps necessary to do le-
gitimate operations to the address registers.

These addressing modes refer to memory operands. This in-
cludes all modes except the two register direct modes. Two
instructions are restricted to MEA because they are truly mem-
ory based operations, namely, TAS and MOVES. OR, AND,
ADD, and the 4 shift instructions also impose the MEA restriction
on some of their instruction formats, in order to avoid duplication
of functions. For example, ADD DOQ,D1 is allowed in the format
ADD ea,D1, but not allowed in the format ADD D0, ea (to avoid
duplication). Thus, the format ADD DO0,ea only allows MEA as
destination, whereas the format ADD ea,D1 allows any EA as
source.

These addressing modes refer to memory locations, without
specifying if they are byte, word, or longword in size. This applies
to the destinations of jump commands (Jxx), and to indefinite-
sized destinations (LEA,PEA MOVEM, BFxxxx).

These refer to operands which may be changed. This excludes
the PC relative and immediate modes. Motorola is inferring that
programs may not alter themselves. In actuality, 68000 pro-
grams can change themselves, but an extra instruction (usually
an LEA) must be used to do this. This is part of the 68000
philosophy that the benefits obtained from preventing erroneous
program self-changes (which can waste lots of development
time), far outweigh the extra programming steps necessary to



Table D-1 Effective Addressing Modes

Address Mode Name CPU  Mod Reg  Register  Data  Memory  Control  Alterable ~ Assembler Extension
. (R) (D) M) (C) (A) Syntax Words

Data register direct 000 e X X - - X Dn 0
Address register direct 001 rrr X - - - X An 0
Address register indirect 010 I - X X X X (An) 0
Address register indirect 011 e - X X - X (An)+ 0
with postincrement
Address register indirect 100 rre - X X - X —(An) 0
with predecrement
Adderess register indirect 101 e - X X X X (d16,An) 1
with displacement
Address register indirect 110 e - X X X X (d8,An,Rn) 1

- with index and 8-bit
displacement
Address register indirect 20 110 rr - X X X X (bd,An,Rn) 13
with index and base
displacement
Memory indirect 20 110 rrr - X X X X ([bd,An],Rn,o0d) 15
post-indexed
Memory indirect 20 110 rrr - X X X X ({bd,An,Rn),od) 15
pre-indexed
Absolute short 111 000 - X X X X addr W 1
Absolute long 111 001 - X X X X addr.L 2
Program counter indirect 111 010 - X X X - (d16,PC) 1
with displacement

Arewwng uonannsuj 00099W

S0€



Address Mode Name CPU  Mod Reg Register Data Memory Control Alterable  Assembler Extension
(R) (D) (M) (C) (A) Syntax Words

Program counter indirect 111 011 - X X X - (d8,PC,Rn) 1

with index and 8-bit

displacement

Program counter indirect 20 111 011 - X X X - (bd,PC,Rn) 1-3

with index and base

displacement

PC memory indirect 20 111 011 - X X X - ([bd,PC],Rn,od) 1-5

post-indexed

PC memory indirect 20 111 011 - X X X - ({bd,PC,Rn},0d) 1-5

pre-indexed

Immediate 111 100 - X X - - #n 12

[Reserved by Motorola] ? 111 101

[Reserved by Motorola] ? 111 110

[Reserved by Motorola] ? 111 111

90¢

lawlid 07089 PUe ‘01089 ‘00089
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do legitimate changes. If you plan to make many self-references
within a program, simply do a ‘“LEA labell,An” at the very
beginning, then do all self-references using “label2-labell(An)”.

By combining the above categories, other categories can be created, namely,
the alterable data, alterable memory, and alterable control categories. For ex-
ample, alterable data addresses are those addresses which are both alterable
addresses and data addresses.

The “Assembler Syntax’ column contains a figurative representation of
the actual characters used to code each address mode in a 68000 program.
The actual assembler you use on a particular computer may have slightly
different syntax. The symbol An represents any register from AO to A7, Dn
represents DO through D7, Rn represents An or Dn. d8 represents any unsigned
number 0 to 255 or any signed number —128 to + 127, d16 represents unsigned
0 to 65536 or signed 32768 to +32767, d32 represents unsigned O to
4294967295 or signed —2147483648 to +2147483647. #n represents d8,
d16, or d32 in byte, word, or longword instructions respectively.

ADDRESSING MODE ORTHOGONALITY AND
LEGALITY

An important design feature of the 68000 instruction set is the orthogonality
between its instructions and addressing modes. Complete addressing orthogo-
nality would mean that every instruction is able to use every addressing mode
in all of its operands (source, destination, counter, etc.), thereby promoting
convenience and flexibility in assembly programming. Few processors, however,
have been designed with complete orthogonality because there are disadvan-
tages. High orthogonality often comes at the expense of instruction set power;
typically, many unimportant instruction/addressing combinations occupy bit
patterns that could be better used by more powerful instructions. The 68000
instruction set is a state of the art optimization, both highly orthogonal and very
powerful.

Each 68000 instruction consists of an operator and O or more operands.
For example, some instructions with various numbers of operands are

RTN 0 operands
BR LABEL 1 operand
OR.W DO0,4(A0) 2 operands

CAS2.W D0:D1,D2:D3,4(A0) 5 operands
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In most instructions, each operand is either allowed to be only one of the
12 addressing modes, or is allowed to be any of the 12 addressing modes which
is “legal”. An important goal for all 68000 programmers is to fully understand
Motorola’s criteria for ‘‘legal” addressing modes. These criteria are consistently
applied throughout the 68000 instruction set. Without an understanding of these
criteria, the 68000 instruction set will appear to lack much of its actual orthog-
onality. Armed with such understanding, complete memorization of the 68000
instruction set is possible.

An example should clarify all of this. The OR instruction given above is
one of a group of OR instructions, all having the general form

OR.size Dn,<destination>

and the 16-bit patterns represented by
1000Sdr1SzDestin

Explanations of the abbreviations Sdr, Sz, and Destin are not necessary
for this discussion, but may be found below. There are two operands in this
instruction. The second operand must always be data register direct mode, but
the first may be any ‘‘legal’’ addressing mode. In this group of OR instructions,
fully 5 of the 12 addressing modes are illegal. Furthermore, the 5 illegal modes
violate three general rules of legality. The illegal modes, with their associated
rule violations are:

1. PC relative or immediate: These may never be altered.

2. An: Data operations are not usually allowed to An.
3. Dn: This duplicates the function of another group of instructions.

Rule 1 is rigorously true for all 68000 instructions which alter the destination
operand. Rule 2 is mostly true, but a few necessary operations are allowed to
An, namely, MOVE, ADD, SUB, ADDQ, and SUBQ. Some assemblers allow
you to use these “‘loophole’” instructions without complaint. Some, however,
require you to substitute MOVEA, ADDA, and SUBA for MOVE, ADD, and
SUB when the destination is an address register. The net result is the same, but
inadvertent program errors are reduced. To understand Rule 3, we need to
know that there is a second group of OR instructions, all having the form:

OR.size <source>,Dn
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and the 16-bit patterns represented by
1000Ddr0SzSource
If both of these OR groups allowed for the case

OR.size Dnl,Dn2

then there would be more orthogonality in the instruction set, but less power,
because fewer bit patterns would be available for other instructions. Indeed,
some of the bit patterns made available by Rule 3, above, are used to code the
NBCD instruction. As a programmer, you need not worry about Rule 3, because
any 68000 assembler will automatically assemble an OR.size Dn1,Dn2 instruc-
tion as the correct bit pattern. If you are coding an assembler (or dis-assembler),
however, Rule 3 is of critical importance.

The above example will hopefully make more palatable the following rig-
orous list of rules (and their exceptions) governing 68000 illegal addressing
modes:

1. PC relative modes or immediate mode are illegal destinations if altered. This
is the reason for the ‘‘alterable” address modes category (AEA). Note that
“test” instructions do not alter their destinations, even though they ‘‘simu-
late” a subtraction from the destination. Exceptions: TST and CMPI with
these address modes are illegal, even though they do not alter their desti-
nations. On the MC68020, TST.W, TST.L, CMPLW, and CMPI.L are legal
in all modes, but TST.B and CMPIB are not.

2. Duplicate functions are handled by only one of the instructions. For example,
in all shift instructions, ‘““‘op #1,Dn” is legal while “‘op Dn’’ isn’t. Exceptions:
CMP #¢,Dn and CMPI #c,Dn are equivalent in function, but are assembled
as different instructions (both with 2 words). The same is true for the corre-
sponding cases involving ADD/ADDI, SUB/SUBI, AND/ANDI, and OR/ORI.
Note: if 1 <= ¢ <= 8, then ADDQ #c,Dn and SUBQ #c,Dn are also
possible, and are a third equivalent to the ADD/ADDI and SUB/SUBI cases
considered above, but take one less word. Hence, ADDQ and SUBQ are
not considered to be duplicated (or triplicated) functions.

3. Many data operations are not allowed with An (address registers). This is
the reason for the “‘data’” address categories. The following sub-rules cover
all cases, and are in cumulative order, that is, later rules override earlier rules
in the sequence.
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a. An never participates in any byte operations.

b. An does not interact with special data registers. Exception: the MOVES
command may move any special register to or from any data or address
register.

c. An may participate in straight moves. Thus, EXG, and MOVE are OK.
MOVE.B is excluded by Rule 3a. Note that An may be moved from/to
special address registers (USP, for example) but not from/to special data
registers (CCR,SR), by Rule 3b.

d. An may be tested (not permanently changed). Thus, CMP (except CMPB),
CMPA, and TST (except TST.B) are OK.

e. An is allowed a few addition and subtraction calculations, namely ADD
An1,Dn2 and SUB An1,Dn2 (except byte size); ADDA, SUBA, ADDQ),
SUBQ (except byte size). The following are not allowed: ADD Dn1,An2
and SUB Dn1,An2. Note that ADDI #c,An and SUBI #c,An are excluded
by Rule 2.

4. LEA, PEA, MOVEM, Jxx, and BFxxxx use only control address operands.
Exceptions: MOVEM also allows (An) + as source and —(An) as destination;
BFxxxx also allows Dn as a bit field operand.

5. Completely pointless calculations are illegal. Exception: BTST #a, #b should
be replaced by ANDI or ORI to CCR.

THE 68000 INSTRUCTION SUMMARY TABLE
— PRELIMINARIES

Table D-2 summarizes the instruction sets of all five CPU processors in the
68000 family, namely, the MC68008, MC68000, MC68010, MC68012, and
MC68020. The MC68008 and MC68000 instruction sets are identical, as are
the MC68010 and MC68012 instruction sets. Hence, in the table, we only need
to distinguish MC68000, MC68010, and MC68020 instructions. In addition,
strict upward compatibility has been designed into the 68000 CPU family. That
is, any instruction that is legal on any CPU in the 68000 family is also a legal
instruction on all later CPUs. Thus, MC68000 instructions execute the same
on all five processors, MC68010 instructions execute the same on the MC68010,
MC68012, and the MC68020, and MC68020 instructions execute only on the
MC68020.

By design, Table D-2 is compact, uses lots of abbreviations, and does not
include exhaustive details of how each instruction functions. For details and
examples of each instruction, see Chapter 4. The following sections explain the
symbols used in each column of Table D-2.
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INSTRUCTION COLUMN

The first column in Table D-2 gives the standard Motorola mnemonic for each
instruction. Other assemblers may use minor variants of these mnemonics. The
following abbreviations are used:

Code Represents

.S .B, .W, .L for byte, word, and longword instructions, respectively

.s2 .W and .L for word and longword instructions, respectively

.s3 [blank], .W, and .L for none, word, and longword operands
(TRAPcc and cpTRAPcc only)

cc A condition code (CC,CS,EQ,GE,GT,HI,LE,LS,LT MI,
NE,PL,VC,VS)

CPU.COLUMN

This column indicates whether an instruction is a MC68000 instruction (blank),
MC68010 instruction (‘“10”’), or MC68020 instruction (“20’’). See the notes
above about upward compatibility in the 68000 family.

SYNTAX COLUMN

This column gives the general syntax of the instruction as it appears in actual
programs. In cases where a source and destination operand appear, the source
operand is first. Thus, if ever in doubt, remember that 68000 instructions “ADD
first operand to second operand”’, ‘‘SUBtract first from second”’, ‘“MULtiply first
into second”’, “‘DIVide first into second’’.

For a few instructions, two syntaxes are given. In these instructions, there
is always a D bit or a Q bit in the instruction code map (explained below). The
first syntax corresponds to a D or Q bit of 0, and the second corresponds to a
D or Q bit of 1.

Abbreviations used in the syntax column are:

Code Represents

Dn,Dnl1,Dn2 Any data register (DO to D7)
An,Anl,An2 Any address register (AQ to A7)
Rn,Rnl1,Rn2 Any An or Dn

PC Program counter (longword)
SR Status register (word)

CCR Condition code register (byte)



312 68000, 68010, and 68020 Primer

SSP
USP
SP
Rc
d3

d4
d5
ds
d16
d32

#n

Dc,Dc1,Dc2
Du,Dul,Du2
reglist

label

Supervisor stack pointer (longword)

User stack pointer (longword)

Active stack pointer (longword, synonymous with A7)

Any control register (USPMSPISP,VBR,SFC,DFC,CACR,CAAR)
An unsigned 3-bit number from O to 7 (except for the BKPT
instruction, O represents a value of 8)

An unsigned 4-bit number from 0 to 15 (a trap vector)

An unsigned 5-bit number from O to 31 (a bit position number)
An unsigned 8-bit number 0 to 255, or signed 8-bit number
-128 to +127

An unsigned 16-bit number 0 to 65536, or 16-bit signed num-
ber 32768 to +32767

An unsigned 32-bit number 0 to 4294967295, or 32-bit signed
number —2147483648 to +2147483647

#d8 for byte instructions, #d16 for word instructions, and #d32
for longword instructions ea,eal,eaZ an effective address (see
Table D-1 for the 12 modes). In most instructions, not all of the
12 modes are legal; the SRC and DAT columns in Table D-2
indicate which modes are legal (see explanation of SRC and
DAT columns below).

Any Dn, used for comparisons.

Any Dn, used for updates.

A list of O to 16 registers (all An or Dn), separated by commas.
Source code: a label found elsewhere in the program. Object
code: a d8, d16, or d32 offset from the current position.

Any expression contained within braces (eg, {#n}) is optional; it may either
be present or omitted (left blank). Any commas, parentheses, colons, or hyphens
correspond to actual program code.

INSTRUCTION CODE MAP COLUMN

This column contains bit-by-bit descriptions of the assembled instructions. Each
bit is given as a O bit, a 1 bit, or as part of a bit “field”’. Each bit field begins
with a capital letter, and may be 1 to 32 bits in length. The bit fields used are
described below.

Sz
S

A 2-bit size indicator (00=byte, 01 =word,
10 =longword).

A 1-bit size indicator (0 =word, 1=Ilongword). Excep-
tion: CHK reverses the bit (see note a to Table D-2).



Siz
Q

Source
Destin
Tindes
Sar
Dar

Sdr,Ddr
Sdar,Ddar

Fefadr
Tefadr
Fdr
Tdr
Far
Tar
Fdar
Tdar

Udr
Cdr
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A 3-bit operand size indicator (010 =word,
011 =longword, 100 =none).

A 1-bit size indicator for MULx and DIVx (0 = longword,
1=quadword).

A full 6-bit source effective address. 12 possible address
modes can be encoded in these 6 bits. See Table D-1
for a summary of all 12 modes.

A 6-bit destination effective address (see Table D-1).
Same as Destin, except the first and last 3 bits are
swapped. Occurs only in the MOVE instruction.

A 3-bit source address register.

A 3-bit destination address register.

3-bit data registers (source, destination).

4-bit data or address registers (source, destination). An
address register is indicated by a 0 bit, followed by the
3-bit address register number. A data register is indicated
by a 1 bit, followed by the 3-bit data register number.
A 1-bit direction indicator, which determines whether
various fields are source or destination. In general, when
an instruction contains a D bit all “from” fields are
source, and “to” fields are destination. When the D bit
is 1, all “from” fields are destinations, and all “‘to” fields
are sources. All fields affected by the D bit are included
in the next eight entries.

A 6-bit “from” effective address. It is source when D bit
is 0, destination when D bit is 1.

A 6-bit “to” effective address. It is destination if D bit is
0, source if D bit is 1.

A 3-bit “from” data register. It is source when D bit is
0, destination when D bit is 1.

A 3-bit “‘to” data register. It is destination when D bit is
0, source when D bit is 1.

A 3-bit “from’ address register. It is source when D bit
is 0, destination when D bit is 1.

A 3-bit “to”’ address register. It is destination when D
bit is 0, source when D bit is 1.

A 4-bit ““from” data or address register. It is source when
D bit is 0, destination when D bit is 1.

A 4-bit “to” data or address register. It is destination
when D bit is 0, source when D bit is 1.

A 3-bit update data register (for CAS,CAS2).

A 3-bit compare data register (for CAS,CAS2).
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Hdr

Imm
Immediat
Displace

Cnt
Argcount
Bitno

Vec

Vect
Registerlistmask

T

R

Bitoff

Bitwid
Coprocessorcommd
Cpi

Cpcond
Controlregis

Cond
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A 3-bit high order word data register (for MULx and
DIVx).

Immediate data field (3-bit).

Immediate data field (8-bit, 16-bit, 32- bit).

Immediate address displacement field (8- bit, 16-bit, 32-
bit).

A 3-bit shift count.

8-bit argument byte count (for CALLM).

A 5-bit or 3-bit bit position number (for
BTST,BCHG,BCLR,BSET).

A 3-bit vector (for BKPT).

A 4-bit vector (for TRAP).

A 16-bit field selecting O to 16 registers (for MOVEM).
The order is DO at bit O through A7 at bit 15, except for
pre-decrement address mode, when it is reversed.

A 1-bit sign indicator for MULx and DIVx (0 = unsigned,
1 =signed).

A 1-bit rotation direction indicator (0 =right, 0 =left).
A 6-bit field specifying a bit offset, either O n n n n n,
indicating a 5-bit immediate value, or 1 0 O n n n,
indicating data register Dn.

A 6-bit field specifying a bit width (same format as
Bitoff).

A 16-bit co-processor instruction.

A 3-bit co-processor id code.

A 6-bit co-processor condition code.

A 12-bit control register code. Codes defined are:

0000 0000 0000 = SFC (68010)
(0000 0000 0001 = DFC (68010)
0000 0000 0010 = CACR (68020)
1000 0000 0000 = USP  (68010)
1000 0000 0001 = VBR (68010)
1000 0000 0010 = CAAR (68020)
1000 0000 0011 = MSP  (68020)
1000 0000 0100 = ISP  (68020)

A 4-bit condition code. Codes defined are:

0000 = True 0001 = False
0010 = High 0011 = Low/Same
0100 = Carry Clear 0101 = Carry Set
0110 = Not Equal 0111 = Equal
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1000 = Overflow Clear 1001 = Owverflow Set
1010 = Plus 1011 = Minus

1100 = Greater/Equal 1101 = Less Than
1110 = Greater Than 1111 = Less/Equal

Each 68000 instruction is 1 to 11 words in length, and consists of 1 to 3
words for the basic instruction followed by 0 to 10 address extension words.
Table D-1 lists only the basic instruction words. Any 16-bit word patterns
surrounded by parentheses are optional, e.g., whenever an immediate field can
have 16 or 32 bits, the second 16 bits will always be shown surrounded by
parentheses. For each of the 12 addressing modes, the address extension word(s)
always have the same format. Table D-1 lists the number of address extension
words possible for each addressing mode. Because of their regularity, address
extension words are not included in Table D-2.

SRC AND DST COLUMNS

The SRC and DST columns summarize the legal addressing modes for source
and destination operands in a few symbols. The symbols are consistent, concise,
and conducive to memorization.

If only one of the 12 basic addressing modes is legal in an operand, it is
represented by one of the following symbols: Dn, An, (An), (An)+, —(An),
d(An), SP, (SP) +, —(SP), I, where all of the symbols should be self-explanatory,
except for I, which represents an immediate field.

A “Q” code indicates that the operand is a 3-bit immediate value.

If several addressing modes are legal in an operand, then they are repre-
sented by one of the following category codes: EA, REA, DEA, MEA, CEA,
AEA, ADEA, AMEA, ACEA. These categories are explained earlier in this
appendix. EA represents all addressing modes.

Special registers are represented by the symbols CCR, SR, PC, USP, which
should also be self-explanatory. A “cr” symbol represents any of the control
registers USP, MSP, ISP, VBR, SFC, DFC, CACR, CAAR.

A few cases require additional notation:

(Dn) Represents data indirect addressing

& Used to join groups, for example “CEA&Dn” means “‘any control
address or Data Direct addressing”

~ Used to subtract parts of one group from another, for example,

“DEA~I" means any DEA except immediate mode addresses
, Used to indicate two operands: “Dn,An” means one Dn operand
and one An operand; ‘“Dn,Dn” means two Dn operands
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Observant assembler programmers may notice that in operands where only
one addresssing mode is allowed, that addressing mode’s code often matches
the last 6 bits in the instruction. For example, the SWAP command implicitly
uses only data register direct addressing, which corresponds to a 6-bit code of
000rt. The last 6 bits of SWAP are, indeed, these same 6 bits. But, beware,
this agreement occurs only about half of the time.

CONDITION CODES COLUMN

This column indicates which condition codes are affected by each instruction.
Symbols used are

Code is unchanged by instruction

0 Code is setto O

1 Codeissetto 1

* Code is changed

U Code is left with undefined value
PRIV COLUMN

This column indicates which instructions are privileged. Privileged instructions
may only be executed when the system bit is set to 1. Otherwise, an exception
is generated.

NOTES COLUMN

Letters in this column refer to footnotes at the end of the table.



Table D-2 68000 Instruction Summary

Condition
Instruction CPU Syntax Instruction Code Map SRC DST Codes  Priv Notes
FEDCBA9876543210 XNZVC
ORLs #n,ea 00000000SzDestin] ADEA -%%00
Immediatxxxxxxxx
XXXXXXXXXXXXXXXX)
ORLB #n,CCR 0000000000111100 I CCR * kKKK
(to CCR) 00000000Immediat
ORLW - #n,SR 0000000001111100 1 SR *akkk X
(to SR) ImmediatxxXXXXXX
CMP2s 20 eaRn 00000Sz011Source CEA REA -UxU*
Ddar000000000000O0
CHK2.s 20 eaRn 00000Sz011Source CEA REA -U*U*
Ddar100000000000
BTST Dn,ea 0000Sdr100Destin Dn DEA -kl
BCHG Dn,ea 0000Sdr101Destin Dn ADEA .
BCLR Dn,ea 0000Sdr110Destin Dn ADEA e
BSET Dn,ea 0000Sdr111Destin Dn ADEA R
MOVEPs2 d16(An1),Dn2 0000Tdr1DSO001Far dAn) 5] ——
Dn1,d16(An2) Displacexxxxxxxx Dn d(An)
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Condition
Instruction CPU Syntax Instruction Code Map SRC DST Codes  Priv Notes
ANDLs #n,ea 00000010SzDestin I ADEA -**00
Immediatxxxxxxxx
XXXXXXXXXXXXXXXX)
ANDLB #d8,CCR 00000010001 1100 1 CCR kKKK
{to CCR) 00000000Immediat
ANDLW #d16,SR 0000001001111100 1 SR *kkkk
(to SR) ImmediatxXxxxxXxX
SUBLs #n,ea 00000100SzDestinI ADEA *ok koo
Immediatxxxxxxxx
XXXXXXXXXXXXXXXX)
ADDLs #n,ea 00000110SzDestin ADEA *kkkx
ImmediatxxxxXxXXxX
XXXXXXXXXXXXXXXX)
RT™M 20 Rn 000001101100Sdar REA KRk
CALLM 20 #d8ea 00000110118Source CGA  —-em-
00000000ATrgcount
CASs 20 Dc,Du,ea 00001S8Sz011Destin Dn AMEA —kdokk
0000000Udrooocdr
CAS2.s 20 Dcl:Dc2Dul:Du2,(Rnl:Rn2) 0 0001 Sz011111100 Dn (An) & (Dn)  —#*x*x* [m]
DdarooouUdrooocCdr
DdarooouUudrooocCdr

81¢
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BTST

BCHG

BCLR

BSET

EORLs

EORLB
(to CCR)

EORLW
(to SR)

CMPlLs

MOVES.s

MOVEB
MOVEAL
MOVE.L
MOVEAW

[e]

10

#d5,ea

#d5,ea

#db,ea

#d5,ea

#n,ea

#d8,CCR

#d16,SR

#n,ea

ea,Rn
Rn,ea

eal ea?
ea,An
eal,ea2
ea,An
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= O H XM MO ©H OKFH MK OO OO0 OO oo

(= O

[

o H$ O O o o X O o o oo oo (=]
wn MK W»» X o =] [ ] (=2 (=T o o (=N

S QA ©O Q o
(=T ¢ ] (=2 (-] o
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n
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5o
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S QMo e
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[= ] =]

DEA~I
ADEA
ADEA
ADEA

ADEA

CCR
SR

ADEA

AMEA [q]
ADEA

An

ADEA

An

g, S

g, S

——ko

g

-*%(0

kK kok

%k %k ok k

—Fkkk
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Condition
Instruction CPU Syntax Instruction Code Map SRC DST Codes  Priv Notes
MOVE.W eal ea2 0011TindesSource EA ADEA -**(0
NEGX.s ea 01000000SzDestin ADEA Kok ok ok
MOVEW SR,ea 0100000011Destin CCR ADEA - [p]
(from SR)
CHK.s2 [e] eaDn 0100Ddr1so0Source DEA Dn -*UUU [a]
LEA ea,An 0100Darl111Source CEA An e
CLRs ea 01000010SzDestin ADEA -0100
MOVEW' 10 CCRea 0100001011Destin CCR ADEA  ----- (i]
(from CCR)
NEG.s ea 01000100S8SzDestin ADEA *ok ook %
MOVE.W ea,CCR 0100010011Source DEA CCR  ----- [i]
{to CCR)
NOTs ea 01000110SzDestin ADEA -*x(0
MOVE.W ea,CR 0100011011Source DEA CCR - X
(to SR)
NBCD ea 0100100000Destin ADEA *JRU*
LINKL 20 An,#d32 0010100000001Dar I AnPc = -----

DisplacexxXxXXXXX
XXXXXXXXXXXXXXXX
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SWAP
BKPT
PEA
EXT.s2
EXTB.L
MOVEM.s2

TSTs
TSTWITSTL

TAS
ILLEGAL
MULS.LLMULU.L

DIVS.L/DIVU.L

DIVSL.L/DIVULLL
TRAP

LINKW

UNLK

MOVE
(USP)

RESET

10

20

20
20

20
20
20

Dn
#d3
ea
Dn
Dn

reglist,ea
ea, reglist

ea
ea

ea

ea,Dn
€a,Dnl:Dn2

ea,Dn
ea,Dn1:Dn2
ea,Dnl:Dn2

#d4
An,#d16
An

An,USP
USPAn
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Dn
CEA —(SP)
Dn
Dn
all REA
CEA & (An)+ all REA
ADEA
EA
ADEA
DEA Dn,Dn
DEA Dn,Dn
[t] [t]
I An,Pc
An,(SP)+ SPAn
An USP
USP An

ACEA & —(An)

a]

[e]

[b]

[v]
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Condition
Instruction CPU Syntax Instruction Code Map SRC DST Codes  Priv Notes
NOP 01001110011120001  —-m--
STOP 0100111001110010 SR *dok ok
RTE 0100111001110011 (SP)+ SR,PC ok ok [s]
RTD 10 0100111001110100 (SP)+1r] PC -
RTS 0100111001110101 (SP)+ PC -
TRAPV 0100111001110110 [t 1]
RTR 0100111001110111 (SP)+ CCR,PC *okkokk
MOVEC 10 RcRn 010011100111101D cr REA ----- (h]
Rn,Rc TdarControlregis
JSR ea 0100111010Destin CEA PC -
JMP ea 0100111011Destin CEA PC  —-e-
ADDQ.s #d3,ea 0101ImmO0OSzDestin Q AEA (k] *xkkk ]
Scc ea 0101Condl1Destin ADEA -
DBcc Dn,label 0101Cond11001Ddr Dnl PC - (d]
DisplacexxxXXXXxX
TRAPcc.s3 20 {#n} 0101Cond11111Siz [i 11 [b] [d]
XXXXXXXXXXXXXXXX)
XXXXXXXXXXXXXXXX)
SUBQ.s #d3,ea 0101Imml1SzDestin Q AEA [k] kK

(A4
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BRA

BSR

MOVEQ (L)

ORs

DIVU.W/DIVS.W
SBCD
SBCD
PACK

PACK

UNPK

UNPK

[fl

[fl

fl

20

20

20

20

label

label

label

#d8,Dn

ea,Dn
Dn,ea

ea,Dn
Dn1,Dn2
—(An1),~An2)
Dn1,Dn2,#d16

~(An1),~(An2), #d16

Dn1,Dn2,#d16

—(An1),~(An2), #d16

e S S e

S M e Mo = M e
© M Ml X nHE XN
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Ddr
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~(An)
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PC

PC

Dn

Dn
AMEA
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Dn
~(An)
Dn

—(An)

Dn

~(An)

_%%00
-%%0(
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*JRU*
*URU*
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[e]
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Condition

Instruction CPU Syntax Instruction Code Map SRC DST Codes  Priv Notes
SUB.s ea,Dn 1001TdrDSzFefadr EALK Dn *rkkk

Dn,ea Dn AMEA
SUBA.s2 ea,An 1001DarS11Source EA An e
SUBX.s Dn1,Dn2 1001Ddr18Sz000Sdr Dn Dn ok koK
SUBX.s —(Anl1),~(An2) 1001Dar1Sz001Sar —(An) —(An) * ko k
User—defined 1010. ... .. ... ... [w]
CMPs ea,Dn 1011DdroSzSource EALK Dn —¥kkk
CMPA s2 ea,An 1011DarS11Source EA An —EERK
EOR:s Dn,ea 1011Sdr1SzDestin Dn ADEA -*%00
CMPM.s (Anl)+,(An2) + 1011Dar1S8Sz001Sar (An)+ (An) + —kkkk
AND.s ea,Dn 1100TdrDSzFefadr DEA Dn -*%(0

Dn,ea Dn AMEA
MULU.W/MULS.W ea,Dn 1100DdrT11Source DEA Dn —*x%()
ABCD (.B) Dn1,Dn2 1100Ddr100000Sdr Dn Dn *¥J*U*
ABCD (.B) —(An1),~(An2) 1100Dar100001Sar —(An) —(An) *UHU*
EXG (L) Dn1,Dn2 11008dr1010008dr DaDn  a-eeo
(Dn)
EXG (L) Anl,An2 1100Sar101001Sar AnAn  —-ee-

(An)

| LAY
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EXG (L)
(Dn,An)

ADD.s

ADDA.s2
ADDX.s
ADDXs

ASR s/ASL.s
ASR.s/ASL.s
LSRs/LSL.s
LSR.s/LSL.s
ROXR.s/ROXL.s
ROXR.s/ROXL.s
RORs/ROL.s
ROR.s/ROL.s
ASR/ASL (W)
LSR/LSL (W)
ROXR/ROXL (W)
ROR/ROL (W)
BFTST

Dnl,An2

ea,Dn
Dn,ea

ea,An
Dn1,Dn2
—(Anl),~(An2)
#d3,Dn
Dn1,Dn2
#d3,Dn
Dn1,Dn2
#d3,Dn
Dn1,Dn2
#d3,Dn
Dn1,Dn2

ea
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Condition
Instruction CPU Syntax Instruction Code Map SRC DST Codes  Priv Notes
BFEXTU 20 ea {offset:width},Dn 11101001118Source CEA&Dn Dn -¥%00
0DdrBitoffBitwid
BFCHG 20 ea {offset:width} 1110101011Destin ACEA&Dn -**00
0000BitoffBitwid
BFEXTS 20 ea {offsetwidth},Dn 1110101111Source CEA&Dn Dn -¥%00
0DdrBitoffBitwid
BFCLR 20 ea{offsetwidth} 1110110011Destin ACEA&Dn -*%00
0000BitoffBitwid
BFFFO 20 ea {offsetwidth},Dn 1110110111Source CEA&Dn Dn -%%00
0DdrBitoffBitwid
BFSET 20 ea {offset:width} 1110111011Destin ACEA&Dn  -**00
0000BitoffBitwid
BFINS 20 Dn,ea {offset:width} 1110111111Destin Dn ACEA&Dn -#x00
0SdrBitoffBitwid
cpGEN 20  [cp parameters] 1111Cpio000Destin  —mee- [n]
Coprocessorcommd
cpScc(.B) 20 ea 1111Cpi0O01Destin ADEA -
0000000000Cpcond
cpDBec(.W) 20 Dn,label 1111Cpi001001Ddr Dnl PC -
0000000000CpPpcond
DisplacexxXxXXXXXX
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cpTRAPcc.s3 20 {#n} 1111¢cpioo11118iz  aeaa-
0000000000CpPpcond
FXXXXXXXXXXXXXXX)
XXXXXXXXXXXXXXZXZX)

cpBec.s2 20 Dn,label 1111Cpio01SCpcond I PC =
DisplacexxxxxXXxXxX
XXXXXXXXXXXXXXXX)

¢pSAVE 20 ea 1111Cpilo0o0ODestin ACEA & —(An) ----- X

cpRESTORE 20 ea 1111Cpilo01Source CEA&(A)+ --—-- X

[a] The S bit field in CHK is reversed from other instructions (0=longword, 1=word). This is because the longword format is an MC68020 feature (not
originally designed).

[b] ILLEGAL is the only instruction pattern guaranteed to always be an illegal instruction. All other patterns are reserved for future expansion by Motorola.
TRAPF has no effect in an MC68020 program (like a NOP), but in a MC68010 program will cause an illegal instruction exception. Hence, Motorola
recommends putting a TRAPF instruction at the beginning of any MC68020 program that is not backwards compatible with the MC68010. If the program is
ever run on the MC68010, it will not cause serious trouble.

[c] An immediate value of 0 is interpreted as 8 in ADDQ, SUBQ, and the shift instructions.

[d] Condition codes 0000 (T) and 0001 (F) are not available in Bcc and cpBcc. Note that BRA has a bit pattern corresponding to “BRT”, and BSR has a bit
pattern corresponding to “BRF”. DBcc, cpDBcc, Scc, cpScc, and TRAPcc allow all condition codes.

[e] Certain instructions have extended functions in the MC68020. Bcc, BRA, BSR allow 32-bit displacements; CHK allows 32—bit extensions (CHK.W legal
on MC68000, CHK.L legal on MC68020); CMPI, TST support PC relative addressing modes.

[fl Bcc, BRA, BSR allow 8—bit, 16-bit, and 32—bit displacements as follows:
MC68000—If the 8-bit displacement is 0, then a 16—bit displacement follows.
MC68020—If the 8—bit displacement is hex FF, then a 32—bit displacement follows.

[g] BKPT has evolved as follows:
MC68000—Not implemented.
MC68010—Generates a breakpoint bus cycle with address space bits 111 and 32—bit address 0.
MC68020—Generates a breakpoint bus cycle with the breakpoint vector on address lines A2, A3, A4, and zero on addressed lines AO, A1; a response
is also generated, either a 16—bit instruction, or an illegal instruction exception.

[h] MOVEC supports more control registers on the MC68020 (see list). For a list of the control registers, see the explanation of the instruction code map
columns preceding Table D-2.
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[il MOVE from CCR and MOVE to CCR are technically word operations. Both require word (even) addresses, but only move the CCR byte. In addition, MOVE
from CCR clears the upper byte of the destination.

[kl Address registers are illegal in byte operations.

[m] Note that CAS2 allows data indirect addressing, that is, (Dn).

[n] cpGEN: the legal addressing modes and condition code changes are dependent on the coprocessor.

[p] MOVE from SR is not privileged in MC68000, but is in MC68010/MC68020. This is necessary in order for the MC68010 to support system emulations. If
an emulating operating system is actually running in user state, it must not be aware that is not in supervisor mode. By trapping any MOVE from SR instructions,
this can be accomplished.

[g] MOVES moves across different address spaces, so its addressing modes are correspondingly limited.

[r] Displacement also added to SP (RTD instruction).

[s] RTE properly returns from any exception. RTE pops 4 to 44 words from the SSP or ISP, restores the PC and SR, and (when appropriate) restores other
internal processing registers. Note: bus and address errors on the MC68000/MC68008 generate a stack format which does not fit into the general RTE return
scheme. In these cases, 4 words must be popped from the stack before doing an RTE.

[t} TRAP, TRAPcc, TRAPV generate exceptions, and affect several registers.

[v] The division commands formats are:

DIVx.W ea,Dn DN(long) /ea(word) — Dn(word quot , word rem)
DIVx.L ea,Dn Dn(long) / ea(long) — Dn(long quot)

DIVx.L ea,Dn1:Dn2 Dn1:Dn2(quad) /ea(long) — Dnl(long rem) , Dn2(long quot)
DIVxL.L ea,Dn1:Dn2  Dn1(long) / ea(long) — Dni(long rem) , Dn2(long quot)

[w] Instructions starting with bits 1010 are reserved for user definition. They generate interrupts, and are variously called emulate, user—defined, illegal, and
undefined instructions. On the MC68000 and MC68010, instructions starting with bits 1111 generate interrupts similar to the 1010 instructions, but on the
MC68020 they are used for the co—processor instructions.
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M68000 Resources

The following symbols to the right of a listing indicate the categories of items
available from a supplier (note that many of the systems mentioned in this list
are now becoming available in 68020 versions):

K Kits
SBC  Single board computers
Sys Complete systems

S Software
X Cross compilers
U Unix (or Unix-related)

Chip  Second source manufacturer

Allen Systems K/SBC/X
2151 Fairfax Road

Columbus, OH 43221

(614) 488-7122

FX-688 SBC inc MC68008/6551 USART @ $350 inc 8K EPROM/2K RAM
Cross assemblers for Apple [I/John B. Allen

Alpha Microsystems Sys/S/U
PO Box 18347
Irvine, CA 92714

AM-100L/AM-1000/ Work Stations and Multiuser Systems MC68000 under
AMOS, PC-DOS and UNIMOS. $5,000 to $100,000 +
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Alycon Corporation S/Sys/SBC/U
8716 Production Avenue

San Diego, CA 92121

(714) 578-0860

REGULUS OS (Unix + )/A68KPM SBC with LSI-11 bus compatiblity
256K basic model @ $2900; APX extended proc @ $29,900
I/0 processor @ $2,345

Apple Computers Sys/S
20525 Mariani Avenue
Cupertino, CA 95014

Macintosh/Big Mac/XL/Lisa
Laser printer uses 10MHz MC68010 + 1 Mb RAM + .5 Mb ROM

Arete Systems Corp. Sys/S/U
San Jose, CA
(408) 263-9711

Dual 68000/Unix engine: Model 1124/under Unix V or RM/COS

Atari Sys/S
1196 Borregas Ave.
Sunnyvale, CA 94086

MC68000-based 520ST personal computer @ $800. Built-in color, sound,
512K RAM, 8 MHZ CPU. Runs TOS™, GEM™ (Digital Research Inc.).

AT&T Sys/S/U
PO Box 967

Madison Square Station

New York, NY 10159

PC7300 uses 68010/512K-1 floppy/10Mb hard/built by Convergent Technol-
ogy/built in 1200 baud modem @ $4,000-7,000

Boston Systems Office S/U/X
469 Moody Street

Waltham, MA 02154

(617) 894-0760

Software development for most micros/DEC//UMDS-10 OS/UMDS-30
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CCA Uniworks S/U
Four Cambridge Center

Cambridge, MA 02142

(617) 492-8860

CCA EMACS = Full screen text editor under UNIX
Elisp = extension language

Charles River Data Systems, Inc. Sys/S/U
983 Concord Street

Framingham, MA 01701

(617) 655-1800

Universe 68/05 32bit versabus/12.5 mh/MC68000 i/o proc
Universe 2203 VME/UNOS = realtime ext of UNIX V

Chromatics Sys/S
2558 Mountain Industrial Boulevard
Tucker, GA 30084

CGC 7900 Color Graphics Computer/under IDRIS OS

Codata Systems, Inc. Sys/S/U
(CONTEL CODATA)

285 N. Wolfe Road

Sunnyvale, CA 94086

UniSoft UniPlus + /CTS-300/Intel Multibus/MERLIN OS/ Model 3300 = multi-
user 84Mb @ $13,500/ 33 Mb @ $9,600/ 12Mb @ $7,600/

Commodore International Sys/S
1200 Wilson Drive

Westchester, PA 19380

(215) 431-9100

AMIGA MC68000-based business’home computer @ $1295
Built-in Graphics/Sound/Amiga DOS

Compupro, Inc. Sys/S
3506 Breakwater Court
Hayward, CA 94545

Wide range of CP/M-68K single/multi-user systems
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Control Systems, Inc. S
1317 Central Avenue
Kansas City, KS 66102

UCSD 2.0 Pascal compiler/interpreter for M68000

Convergent Technologies Sys/S/U
Data Systems Division

3055 Patrick Henry Drive

Santa Clara, CA 95050

(408) 980-0850

$20,000 16-user MegaFrame with 68010 10MHz
MiniFrame starter at $5,000

Unix V/ cobol;fortran-77;basic; pascal;C

See also AT&T PC7300

Cromemco, Inc. Sys/S/U
280 Bernardo Avenue

PO Box 7400

Mountain View, CA 94039

(415) 969-4710

UNIX V/ System 100 with 4 Mb up to System 300 with 16 Mb

CYPHER SBC/K/S
Motel Computers, Ltd.

174 Betty Ann Drive

Willowdale, Ontario

M2N 1X6, Canada

(416) 221-2340

MC68000/Z80 SBC, kit or assembled/under CP/M88

Digital Research, Inc. S/J
PO Box DRI
Monterey, CA 93941

CP/M 68K = version of CP/M for M68000

DUAL Systems Corporation Sys/S/U
720 Channing Way

Berkeley, CA 94710

(415) 549-3854



M68000 Resources 333

Instrumentation/process control
Model 83/80 UNIX// 68KS-7;68KS-8 UNIX V7
UniSoft UniPlus + on S-100

Educational Microcomputer Systems SBC/K/X/S
PO Box 16115

Irvine, CA 92713

(714) 854-8545

M68000 macro cros ass for IBM PC @ $199
SBC @ $695 16K EPROM/20K RAM/2xRS-232C/debug monitor

EFCIS Chip
(Thomson-CSF & French Atomic

Energy Commission)

45 ave de I'Europe

78140 Velizy-Villacoublay

France

M68000 second source

Emulogic, Inc. X/S
362 University Avenue
Westwood, MA 02090

ECL-3211 OS/ assm/basic/C/fortran/pascal

Enertec, Inc. S
19 Jenkins Avenue

Lansdale, PA 19446

(215) 362-0966

Micro concurrent Pascal for M68000/interpreter-kernel 3.2K

farbware S/X
1329 Gregory

Wilmette, IL 60091

(312) 251-5310

Xassmblr A68K/linker L68K/ + LIB68K for CP/M and PC-DOS @ $200- 250
C source @ $700

Forward Technology Sys/S/U
2175 Martin Avenue

Santa Clara, CA 95050

(408) 988-2378
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FT-68X has Xenix/10Mhz Multibus Grafics cntlr

Genrad/Futuredata S/X
5730 Buckingham Parkway
Culver City, CA 90230

Pascal cross compiler

Hemenway Associates, Inc. S
101 Tremont Street, Suite 208
Boston, MA 02108

Floating Point package/Pascal compiler

Heurikon Corporation SBC/U/S
3201 Latham Drive

Madison, WI 53713

(800) 356-9602

(608) 271-8700

Minibox = UniSoft UniPlus +/ HK68 = SBC with DR CP/M 68K
PolyForth/Regulus/6-slot Multibus

Hewlett-Packard Sys/S/U
19447 Pruneridge Avenue
Cupertino, CA 95014

HP 9826A/HP 9000/200/ HP-UX OS
Portable UNIX on HP Integral PC @ $4990 inc HP-UX PAM,HP Windows

Hitachi America Ltd Chip
1800 Bering Drive
San Jose, CA 95112

Licensed second source M6800/68000
CMOS version expected soon/=HD68000 available in normal 64pin
DIP PLUS new flat-pack for low-power/low-space portables

Honeywell, Inc. Sys/S/U
Billerica, MA
(617) 671-2744

M68000-based Unisoft UniPlus + port
Workstation = MicroSystem NX @ $8,895-9,500



M68000 Resources 335

IBC Sys/S/U
Integrated Business Computers

21621 Nordhoff Street

Chatsworth, CA 91311

(818) 882-9007

IBC Ensign = UniSoft UniPlus + port/32 station multi-user/8Mb

IBM Sys/S
Instruments Division

Orchard Park

PO Box 332

Danbury, CT 06810

Model 9000 @ $5,695 basic = 128K RAM/128K ROM/VERSABUS compatible
[EEE-488 interface/ Optional 4x5mb or 4x10mb hard disk

ICL, Ltd. Sys/S
Putney Bridge House
London, England

Version of Sinclair QL/MC68008 with telephone/modem

Inner Access Corporation Sys/K/SBC/S
517K Marine View

Belmont CA 94002

(415) 591-8295

MultiUser-16 @ $9,995 OEM = 8 user/500K/40 Mb/Mirage OS/S-100
MC68000 processor board @ $695/MC68010 version @ $795
Matching I/O board @ $695

Interleaf, Inc. Sys/S
Tech Publishing System TPS-2000 on MC68010 @ $37,500 +

Intermetrics, Inc. S/X/U
733 Concord Avenue

Cambridge, MA 02138

(617) 661-0072

Cross asm/pascal/c - for all M68000s
Runs on VAX/VMS/UNIX also Apollo/Sun
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IP1

Industrial Programming, Inc.
100 Jericho Quadrangle
dJericho, NY 11753

MTOS-68K//assm/C/pascal//8K single-user
MTOS-68KF - ROM for Omnibyte/Microbar MC68000 SBC

Lattice, Inc.
Lattice C compiler for all M68000s

Lexidata Corporation
755 Middlesex Turnpike
Bilerica, MA

Graphics system 8000/UniSoft UniPlus + port

Manx Software Systems
PO Box 55

Shrewsbury, NJ 07701
(800) 221-0440

C compilers/cross compilers all M68000-based UNIX systems

Mark Williams Company
1430 West Wrightwood Road
Chicago, IL 60614

(312) 472-6659

Unix compatible multi-user, multi-tasking COHERENT OS (tm)

C-compilers cross/native for M68000/PDP-11/Z28000/8086

MDB Systems, Inc.
1995 N. Batavia Street
PO Box 5508

Orange, CA 92667-0508
(714) 998-6900

Micro/32 runs under Regulus OS

Metacomco
Monterey, CA

LISP 68000 for creating expert systems

Sys/SBC/S

S/J

Sys/S/U

S/X/U

S/X/U

Sys/S/U
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MicroDaSys, Inc. Sys/S/U
1541 S. Manhattan Place

Los Angeles, CA 90019

(213) 731-1475

68K Miniframe runs XENIX /uses MC6809 MMU. Plans for VENIX (VM version)

Microfocus, Inc. Sys/S
2465 E. Bayshore Road

Suite 400

Palo Alto, CA 94303

(415) 856-4161

Animator Visual Programming/ COBOL debugging aids

Microsoft S/U/X
10800 NE 8th Street

Bellevue, WA 98004

(206) 426-9400

XENIX = version of UNIX v7/assm/basic/C/fortran 77/Cobol-74 for M68000
and 8086/8088

Microware Systems Corporation S/U
1866 NW 114th Street

Des Moines, 1A 50322

(515) 224-1929

0S-9 = UNIX-like OS; runs on most M6809/68000s from ROM-based control
systems up to medium-scale time-sharing systems. 16K ROMable written in
M68000 assm. C/pascal/basic/cobol

Morrow Designs, Inc. Sys/S/U
600 McCormick Street
San Leandro, CA 4

TRICEP = $2,500 per user/4-8 users/UniSoft UniPlus + port/UNIX v/
512K +4CRTs+ 16Mb disk @ $10,495// with 32Mb disk @ $12,495

Mostek Corporation Chip
1215 West Crosby Road
Carrollton, TX 75006

Licensed second source
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Motorola Microsystems Sys/K/S
3102 North 56th Street
Phoenix, AZ 85018

VERSAdos/structured Macro assm/pascal/fortran-77
Wide range of Software Development aids

Motorola Semiconductor Products, Inc.
Literature Department

PO Box 20924

Phoenix, AZ 85036

Books/tech lit

Motorola Semiconductors, Inc. Chip/S/X/K/U
3501 Ed Bluestein Boulevard

Austin, TX 78721

(512) 440-2122

EXORcisor- MEX68KDM Design module-MACSbug 8K monitor
VERSAbus/VMM-Versamodule monoboard micro
VME bus/subset of versabus

Multi Solutions, Inc. S/X
123 Franklin Corner Road, Suite 207

Lawrenceville, NJ 08648

(609) 896-4100

S1 OS on M68000 for DataMedia 932/IBM 9000/ NCR Tower/Compupro 68K/
Dual CPU/ IBC Ensign/ Stride/ SORD 68/ Pertec 3200/ FORCE
Wide range of Cross assemblers/compilers for M68000 and most micros

Network Research Corporation S
1101 Colorado Avenue

Santa Monica, CA 90401

(213) 394-9508

LAN software-interconnects M68000/DEC-VAXen/IBM-PC; more
OASYS Inc. S/X
60 Aberdeen Ave.

Cambridge, MA 02138
(617) 491-4180

Cross development tools/C and macro assemblers
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Omnibyte Corporation SBC/K
245 W. Roosevelt Road
West Chicago, IL 60185

Multibus OB68K1 SBC

Oregon Software S/X
6915 S.W. Macadam Avenue

Portland, OR 97021

1(800) 874-8501

(503) 226-7760

Pascal-2 native/cross all M68000-based UNIX systems

Perkin-Elmer Sys/S/U
Oceanport, NJ

Wide range single/multi-user systems (UniSoft UniPlus + port)

Pertec Computer Corporation Sys/S/U
Irvine, CA
(714) 660-0488

Model 3220 multiproc/5 stations/53 Mb @ $14,000

Phase One Sys/S
Suite 830, 7700 Edgewater Drive

Oakland, CA 94621

(415) 562-8085

OASIS OS on Intel 8086/8 and M68000/ 32-users

Phase Zero, Ltd. S/X
2509 N. Campbell Ave.

Suite 130

Tucson, AZ 85719

ASSEM68K Apple I/I + (32K) to MC68000 cross assm. @ $95
MINOS 1.0 OS for Apple II( +/E) and dtack grounded 68000AP board gives
direct m/c language control of MC68000

PIXEL Computers, Inc. ‘ Sys/S/U
260 Fordham Road
Wilmington, MA 01887

Pixel 80/10 MHz M68000 with UniSoft UniPlus + port
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Plexus Sys/S/U
Model P/35 and wide range UNIX workstations

Pyramid Sys/S
PO Box 7295

Mountain View, CA 94039

Wide range multiuser business/scientific systems

Radio Shack Computers Sys/S/U
A Division of Tandy Corporation

300 One Tandy Center

Fort Worth, TX 76102

Model TRS-16 Professional & Business PC

RDS S/U
Relational Database Systems, Inc.

2471 East Bayshore Road, Suite 600

Palo Alto, CA 94303

INFORMAX/File-it!/C-ISAM on most M68000-based UNIX systems

Relational Technology, Inc. S
2855 Telegraph Avenue

Berkeley, CA 94705

(415) 845-1700

INGRES - Relational Database Management for M68000-based UNIX systems

RELMS XIS
Relational Memory Systems, Inc.

1650-B Berryessa Road

San Jose, CA 95133

(408) 729-3011

ICEBOX/SPICE software development systems
Wide range of Assemblers/Cross Assemblers for Intellec and iPDS

Rockwell International Chip
Electronic Devices Division

PO Box 3669, RC55

Anaheim, CA 92803

Licensed second source
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Ryan McFarland Corporation S
609 Deep Valley Drive

Rolling Hills Estates, CA 90274

(213) 541-4828

RMCOBOL compiler for M68000-based UNIX systems

SBE, Inc. Sys/SBC/S/X
4700 San Pablo Avenue

Emeryville, CA 94608

(415) 652-1805

SBE350/300/250 multiuser systems run Regulus OS (see Alycon)/LEX68
Wide range of M68000-based SBCs and software

PROBUG for M68K10 or M68K12 or M68CPU (tm)

IEEE796 multibus SBC’s/1Mb on board RAM

Signetics/Phillips Chip
811 East Arques Avenue
Sunnyvale, CA 94086

Licensed second source

Silicon Graphics Sys/S/U
Mountain View, CA

Graphics Workstation - M68000-based UNIX

Sinclair Electronics Sys/S
Cambridge, England

QL (Quantum Leap) MC68008 home computer under $1,000

Smoke Signal Sys/S/U
Westlake Village, CA
(818) 889-9340

'UNIX desktop family = VAR/68K (MC68008 + Regulus os) $7,900- 25,000
Southwind Software, Inc. S
4520 E. 47th St. So.

Wichita, KS 67210
(316) 788-5537

IPT (Integrated Productivity Tools) for NCR Tower, 1632 and Plexus P/35
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SRITEK, Inc. K/SBC/S/U
10230 Brecksville Road

Cleveland, OH 44141

(216) 526-9433

MC68000 Versabus/microcard to run XENIX on IBM XT @ $1995-$2995
including software

Stride Micro Sys/S/U
(formerly Sage Computers)

4905 Energy Way

Reno, NV 89502

(702) 322-6868

Stride 400 series/ multi-user/multi-OS/VMEbus @ $2,900-$60,000

Sun Microsystems, Inc. Sys/S/U
2550 Garcia Avenue

Mountain View, CA 94043

(415) 960-1300

Model 2/250 UNIX Workstation under $10,000 (10MHz 68010)

Range of multiuser VM systems eg Model 2/120 = 1Mb, Model 2/170 = 2
Mb

Graphics/10 Mb per sec Ethernet

Swift Computers, Ltd. S
England

Mirage OS for M68000-based multiuser systems

Symbiont Systems, Inc. Sys/S
PO Box 44652

Lafayette, LA 70504-4652

(318) 984-6545

Series 70/400 = multiuser 12MHz M68000 under MIRAGE OS
System Kontakt S/X

6 Preston Court
Bedford, MA 11730

Cross assm/pascal compiler - M68000 and DEC PDP-11
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Technical Systems Consultants, Inc. S/X
1200 Kent Avenue
West Lafayette, IN 47906

UniFLEX/macro and cross assm/basic/C/pascal

Tecmar, Inc. K/S

M68000-based hard disc - links to Apple ImageWriter and modem
Daisy chains on AppleTalk LAN

TeleSoft S/X
10639 Roselle Street
San Diego, CA 92121

Pascal/ADA software development tools for M68000

Texas Instruments, Inc. Sys/S/K/U
PO Box 402430

Dallas, TX 75240

1(800) 527-3500

The Nu Machine = MC68010 10MHz UNIX
32 bit data/address 37.5 Mb per sec bandwith NuBus
with Multibus converter/ under Motorola System V/68 OS

UniPress Software, Inc. S/X/U
2025 Lincoln Highway

Edison, NJ 08817

(201) 985-8000

EMACS/MINIMACS full screen/multi-window editors for M68000 systems. AM-
STERDAM compiler kit = C; Pascal compilers/cross compilers for M68000 and
Intel 8086/8 running under UNIX

UNISOFT Systems S/X/U
739 Allston Way

Berkeley, CA 94710

(415) 644-1230

UNIX porting for over 90 microcomputers from 60 manufacturers
UniSoft UniPlus + available on most M68000-based systems
ASM68 assemblers and cross assemblers for VAXen, etc.

IP/TCP networking/record and file locking
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Victory Computer Systems, Inc. SBC/S/U
1610 Berryessa Road

San Jose, CA 95133

(408) 295-7370

UniSoft UniPlus +/VME bus SBC has M68000 + 256K dual-ported RAM/
OS=VRTX

Whitesmiths, Ltd. S/X/U
PO Box 1132

Ansonia Station
New York, NY 10023

C/pascal compilers for M68000-based UNIX and versados systems

Wicat Systems Sys/S/U
Orem, UT

UNIX workstations/multiuser systems under UniSoft UniPlus + /MCS OS/150WS
Xidak, Inc. S/X
530 Oak Grove Ave., Suite 101

Menlo Park, CA 94025
(415) 324-8745

MAINSAIL = applications software development language for M68000-based
UNIX systems (and others)
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ASCII Table —
Numerical Conversions

DEC | HEX | OCT Binary ASCII

X1 X6 X3 X,
0 00 00 000 0000 NUL
1 01 01 000 0001 SOH
2 02 02 000 0010 STX
3 03 03 0000011 ETX
4 04 04 0000100 EOT
5 05 05 000 0101 ENQ
6 06 06 0000110 ACK
7 07 07 0000111 BEL
8 08 10 000 1000 BS
9 09 11 000 1001 HT
10 0A 12 000 1010 LF
11 0B 13 000 1011 VT
12 oC 14 000 1100 FF
13 0D 15 000 1101 CR
14 OE 16 0001110 SO
15 OF 17 000 1111 SI
16 10 20 001 0000 DLE
17 11 21 001 0001 DCI
18 12 22 001 0010 DC2
19 13 23 001 0011 DC3
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DEC | HEX | OCT Binary ASCII

X | X Xs X,

20 14 24 001 0100 DC4
21 15 25 001 0101 NAK
22 16 26 0010110 SYN
23 17 27 001 0111 ETB
24 18 30 001 1000 CAN
25 19 31 001 1001 EM
26 1A 32 001 1010 SUB
27 1B 33 001 1011 ESC
28 1C 34 001 1100 FS
29 1D 35 001 1101 GS
30 1E 36 001 1110 RS
31 IF 37 001 1111 UsS
32 20 40 010 0000 Sp
33 21 41 010 0001 !

34 22 42 0100010 ”

35 23 43 0100011 #

36 24 44 0100100 $

37 25 45 0100101 %

38 26 46 0100110 &
39 27 47 0100111 ¢

40 28 50 010 1000 (

41 29 51 010 1001 )

42 2A 52 010 1010 *

43 2B 53 010 1011 +
44 2C 54 010 1100 ’

45 2D 55 0101101 -

46 2E 56 0101110 .

47 2F 57 0101111 /

48 30 60 011 0000 0

49 31 61 011 0001 1

50 32 62 011 0010 2

51 33 63 011 0011 3

52 34 64 011 0100 4

33 35 65 0110101 5

54 36 66 0110110 6

55 37 67 0110111 7

56 38 70 011 1000 8

57 39 71 011 1001 9

58 3A 72 011 1010 :

59 3B 73 0111011 H

60 3C 74 011 1100 <

61 3D 75 011 1101



ASCIl Table — Numerical Conversions

DEC | HEX | OCT Binary ASCII
Xio | Xie Xs X,
62 3E 76 0111110 >
63 3F 77 0111111 ?
64 40 100 100 0000 @
65 41 101 100 0001 A
66 42 102 100 0010 B
67 43 103 100 0011 C
68 44 104 100 0100 D
69 45 105 1000101 E
70 46 106 1000110 F
71 47 107 1000111 G
72 48 110 100 1000 H
73 49 111 100 1001 I
74 4A 112 100 1010 J
75 4B 113 100 1011 K
76 4C 114 100 1100 L
77 4D 115 100 1161 M
78 4E 116 100 1110 N
79 4F 117 100 1111 (0]
80 50 120 101 0000 P
81 51 121 101 0001 Q
82 52 122 101 0010 R
83 53 123 101 0011 S
84 53 124 101 0100 T
85 55 125 101 0101 U
86 56 126 101 0110 \’
87 57 127 101 0111 w
88 58 130 101 1000 X
89 59 131 101 1001 Y
90 5A 132 101 1010 Z
91 5B 133 101 1011 [
92 5C 134 101 1100 N\
93 5D 135 101 1101 ]
94 SE 136 101 1110 A
95 SF 137 101 1111 -
96 60 140 110 0000 ’
97 61 141 110 0001 a
98 62 142 110 0010 b
99 63 143 110 0011 c
100 64 144 1100100 d
101 65 145 1100101 e
102 66 146 1100110 f
103 67 147 1100111 g
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DEC | HEX | OCT Binary ASCII

X | X Xs X,

104 68 150 1101000 h
105 69 151 110 1001 i
106  6A 152 1101010  j
107 6B 153 110 1011 k
108 6C 154 1101100 1
109 6D 155 110 1101 m
110 6E 156 1101110 n
111  6F 157 110 1111 0
112 70 160 1110000 p
113 7 161 111 0001 q
114 72 162 1110010 r
115 73 163 111 0011 s
116 74 164 1110100 ¢
117 75 165 111 0101 u
118 76 166 1110110 v
119 77 167 1110111 w
120 78 170 1111000  x
121 79 171 111 1001 y
122 7A 172 1111010 z
123 7B 173 111 1011 {
124 7C 174 111 1100 |
125 7D 175 111 1101 }
126 7E 176 1111110 ~
127 7F 177 1111111 DEL
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ABCD, 229, 291
Absolute address
long, 117
short, 117
ACEA, 166
ADD, 94, 98, 127-128
ADDA, 127
Adder, 18
ADDI, 113
ADDQ, 110-112
Address, 30
byte, 30
linear, 62
width, 22
Addressing mode(s), 53, 106-109
68020 variants, 274-280
absolute, 116-119
address register and memory indirect with
index, 275-279
address register direct, 107
address register indirect, 124-126
address register indirect post-increment,
128
address register indirect pre-decrement,
133
address register indirect with offset, 147
address register indirect with offset and
index, 149
classification, 166
data register direct, 107
immediate, 109-116
memory, 107
memory indirect post-indexed, 277

memory indirect pre-indexed, 277

. program counter addressing with offset,

349

159

program counter and memory indirect with

index, 278-279

program counter with offset and index, 163

register direct, 107
relative, 158
ADDX, 225
ADEA, 166, 168
AEA, 166, 168
ALU, see Arithmetic/logic unit
AMEA, 166, 168
AND, 14, 173-176
AND], 181, 183
Applications software, 37
Arithmetic/logic unit (ALU), 22, 28
ASCII, 10, 186, 193, 215, 276, 291; see
also, Appendix F
ASL, 156, 194
ASR, 157, 194
Assembler, 58
Assembly language, 58

Base displacement, 276

Bcc, 103, 209, 288

BCD, see Binary coded decimal
BCHG, 206-208

BCLR, 206-208

BCS, 105

BEQ, 98, 103

BE, see Bit field

BFCHG, 293
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BFCLR, 293 CHK, 249, 289
BFEXTS, 293 CHK2, 289
BFEXTU, 293 CLR, 109-110
BFFFO, 293 CMP, 210, 214
BFFINS, 293 CMP2, 289
BFSET, 293 CMPA, 214, 216-217
BFTST, 293 CMP], 214, 292
Binary arithmetic, 6-8 CMPM, 214, 216
Binary coded decimal (BCD), 10, 229-233, Code, 36
291 Comments, 97
Binary digits, 4-6 Compatibility, 36
Binary search, 197, 199 Compiler, 56
Bit field (BF), 293 Concurrency, 28
Bits, 4-6 Condition code register (CCR), 27, 70, 73,
BMI, 105, 152 81, 89-90, 98
BNE, 105 Context, 145-146
Boole, George, 14 Coprocessor, 28
Boolean algebra, 14-16 code, 282
BPL, 105 command languages, 282
BRA, 98, 288 command register, 282
Branch displacement, 100 commands, 285
Branching, 27, 98-106 emulation, 283
BSET, 206-208 hardware communication, 280-281
BSR, 142, 239, 288 nonstandard, 284
BTST, 204 on the MC68000, 283
Buffer, 121 on the MC68010, 283
Bus software communication, 281
address, 21 support, 280
contention, 27 cpBcc, 285
control, 21 cpDBcc, 285
data, 21, 66 cpGEN, 282, 285
sizes, 62 cpRESTORE, 285
system, 20 cpSAVE, 285
VME, 43 cpScc, 285
BVS, 98, 103 cpTRAPcc, 285
Byte, 8-9, 74 CPU, see Central processing unit
CAAR, see Cache address register Data
Cache, 266-274 size codes, 94
address register (CAAR), 271 size-code, 79
control register (CACR), 271 size letter, 66
data, 268 structures, 109
limitations, 272-274 fetch, 26
tag, 268 » DBcc, 209, 217-222
CACR, see Cache control register DC, see Define constant
CALLM, 263 DEA, 166, 168
Carry, 81-83 Decimal, 7
CAS, 289-290 Decompilers, 60
CAS2, 289-290 Define constant (DC), 120-122, 161
CCR, see Condition code register Define storage (DS), 120-122, 161
CEA, 166, 168 Destination function code register (DFC),
Central processing unit (CPU), 1 262 :
address space, 268 DFC, see Destination function code register

space function code, 262 DIP, see Dual inline package
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DC, 120-122
DS, 120-122
ORG, 119-122
Direct memory access (DMA), 34, 36
Disassemblers, 60
Division, 153-155
DIVS, 153, 291
DIVSL, 291
DIVU, 153, 291
DIVUL, 291
DMA, see Direct memory access
DMAC, 36
DS, see Define storage
Dual inline package (DIP), 51
Dynamic bus sizing, 266

EA, see Effective address

EBCDIC, 276, 291

EDSAC, 53

Effective address (EA), 70, 108, 147, 166
Emulation, 65, 252

EOR, 15, 176, 182

EORI, 181, 184

Exception vector table, 249-250, 259
Exceptions, 248

Execute cycle, 27

EXG, 233-235

EXT, 224, 288

EXTB.L, 288

FC, see Function control
FIFO, see First in first out
Firmware, 38
First in first out (FIFO), 138
Flag, 70

C, 81-83, 89

carry, 73

CCR, 81, 89

extend, 73

N, 89

negative, 73

overflow, 73

SS, 88

V, 81-83, 89

X, 82, 89

Z, 89

zero, 73
Flip-flop, 19
Floating-point coprocessor (FPCP), 40
FP, see Frame pointer
FPCP, see Floating-point coprocessor
Frame pointer (FP), 240
Frames, 239-245

Index 351

Function code, 262-264
Function control (FC), 34, 88

Gates, 16-18

HCMOS, see High-density complementary
metal oxide semiconductor

Hexadecimal, 13

High-density complementary metal oxide
semiconductor (HCMOS), 41

Housekeeping, 135

/O, see Input/Output
Index, 73
Indivisible, 212
Information theory, 3
Input/Output (I/O), 21
Instruction(s), 91-93
decoder, 61
decoding, 26
fetch, 25
formats, 92-94
MC68020 additions, 288-294
MC68020 extensions, 288-294
syntax, 93
unimplemented, 283
Interrupt
mask, 87
priority levels, 71, 87
Inverter, 16

JMP, 160-161
JSR, 160, 239

K, 6

Label, 98-106, 118
Language(s)

assembly, 58

machine, 56

high-level, 56
Last in first out (LIFO), 89, 138
LEA, 161
Least significant bit (LSB), 8, 74
LIFO, see Last in first out
LINK, 233, 237-245, 288
Logical operators, 14-16
Longword, 8-9, 74
Loop counter, 218, 222
Loop mode, 264-265
LSB, see Least significant bit
LSL, 187-194
LSR, 187-194
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M6800, 235
Machine language, 56

MACSS, see Motorola’s advanced computer .

system on silicon

Mass memory, 34
Master bit, 285
MC6800, 48, 53
MC68008, 22, 40, 49, 62, 71
MC68012, 40, 49, 62, 265
MC68851, 281
MC68881, 40, 266, 281
MEA, 166, 168
Memory, 21

linear, 32-23

model, 62-66

segmentation, 32-23

size, 31

speed, 31
Memory management unit (MMU), 34
Memory-mapped 1/O, 235
Metal oxide semiconductors (MOS), 41
Microcode, 53, 58
Microprocessing unit (MPU), 1-2
Microprogram, 25, 54
Microsequencer, 54
Million instructions per second (MIPS), 27
MIPS, see Million instructions per second
MMU, see Memory management unit
Mnemonic, 58
Mode(s)

1’s complement, 11

2's complement, 11, 79

addressing, see Addressing mode(s)

master, 287

supervisor, 34, 88, 285, 287

trace, 73, 88

unsigned, 11

user, 34, 88, 285, 287
Monitor calls, 251
MOS, see Metal oxide semiconductors
Most significant bit (MSB), 8, 74
Motorola’s advanced computer system on

silicon (MACSS), 47-49
MOVE, 98

from CCR, 247

from SR, 247

to SR, 247
MOVE.B, 78, 94
MOVELL, 76
MOVE.W, 77
MOVEA, 126
MOVEC, 259, 261, 271, 283, 293
MOVEM, 136-138

MOVEP, 233, 235-237

MOVEQ, 114

MOVES, 261, 283

MPU, see Microprocessing unit

MSB, see Most significant bit

MULS, 151

Multi-precision, 225-229

Multiplexing, 22

Multiplication, 151-152
multi-precision, 228

Multiprocessing, 29

Multitasking, 31

MULU, 151

NAND, 15

Nanocode, 54, 58
Nanosecond, 20
NBCD, 230, 232, 291
NEG, 222-223
NEGX, 226

Nesting, 89, 146
Nibble, 8-9

NOP, 172

NOT, 14, 173-174

Octal, 13

Op code, 93

Operand, 93
destination, 94
source, 94

Operating system (OS), 31, 37-38

OR, 14, 176, 179

ORG, 119, 160

ORI, 181

OS, see Operating system

Outer displacement, 277

Overflow, 82-83

Overlays, 31

PACK, 291
Package, 36
Page(s), 34, 253
fault, 34
Parity, 193
PC, see Program counter
PEA, 161
Pinouts, 51-52
Pins, number of, 51
Pipelining, 28
Portability, 36
Prefetch, 28
Privilege, 88, 245-248, 261
Processor state word (PSW), 70



Program(s)
position independent, 158
relocatable, 158
security, 60
self-modifying, 165

Program counter (PC), 25, 70-71, 100, 158

Programming

levels, 55-61

structured, 211, 219
Pseudo-op codes, 119
PSW, see Processor state word

RAM, see Random access memory
Random access memory (RAM), 21, 29
disk, 35
volatility, 34
Random logic, 53
Range, 96
REA, 166
Read cycle, 22
Read-modify-write, 212
Register(s), 29
ACR, 271
address, 70-75, 83-84
arithmetic, 79
CAAR, 271
cache, 271
data, 70-75
destination, 77
DFC, 262
index, 149
model, 68-75
number, 51
range, 11-12, 79-81
segmentation, 32
SFC, 262
size-codes, 76
source, 77
status, 84, 87
symmetry, 74
type, 51
width, 22
RESET, 286
Resource, 212
ROL, 200
ROM, 21
ROR, 200
RORG, 160-161
Rotates, 200-204
ROXL, 201
ROXR, 201
RTE, 249, 256
RTM, 263
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RTR, 146
RTS, 143, 239

.S modifier, 194
SBCD, 230, 233, 291
SCALE, 276
Scc, 208-211
Semaphores, 29, 212
Service calls, 251
SFC, see Source function code register
Shift count, 188
Shifts
arithmetic, 156-157, 194-197
logical, 187-194
Sign-bit, 12, 79
extension, 84-86
Software engineering, 38
Source function code register (SFC), 262
SP, see Stack pointer
SR, see Status register
SSP, see Supervisor stack pointer
Stack(s), 70, 89, 138-141
popping, 138
pulling, 138
pushing, 138
user, 246
Stack pointer (SP), 70-71, 89, 140
supervisor, 146
user, 73
Status register (SR), 70, 73, 84, 185, 247
STOP, 286
String manipulation, 130
SUB, 115
SUBA, 128, 216
SUBI, 115
SUBQ, 115
Subroutine, 141-145
SUBX, 226
Supervisor data space, 263, 268
Supervisor program space, 263, 268
Supervisor stack pointer (SSP), 146
SWAP, 153, 203, 233
Swapping, 31, 255
System(s)
byte, 84
clock, 20
pointer, 89
software, 37
stacks, 89

TAS, 212-214, 289
Trace bits, 278-280
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Tracing, 278-280
TRAP, 246, 249
overflow, 154
zero divide, 154
TRAPcc, 292
Traps, 88
TRAPV, 154, 249
TST, 131, 292
Turing, Alan M., 14

UNLK, 233, 237-245

UNPK, 291

User data space, 263, 268
User program space, 263, 268

User stack pointer, 73
USP, see User stack pointer

VBR, see Vector base register

Vector base register (VBR), 258-261
Very large-scale integration (VLSI), 40-41
Virtual machine, 252, 256-258

Virtual memory (VM), 34-35, 253-256
VLS], see Very large-scale integration
VM, see Virtual memory

Wilkes, Maurice, 53
Word, 8-9, 74
Write cycle, 22
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CALLM

Returns:

RTD "
RTR
RTS
RTM

Call Module

Return/Deallocate
Return/Restore CCR
Return from Subroutine
Return from Module

#<dB>,<cea>

#<d16>
no operand
no operand
Rn

unsized

disp sign ext 32
unsized
unsized
unsized

)  FLIP THIS END UP TO CONTINUE

Mouule State — Stack Frame
<cea> — Module State

(SP) + — PC; SP + disp — SP
(SP) + = CCR; (SP) + — PC
(SP) + = PC

Stack Frame — Module State
Module Data — (Rn)

8]



SYSTEMS CONTROL OPERATIONS

Privileged:
ANDI—-SR* AND Immediate SR #<d16>,SR W IF S=1 Srce A SR — SR ELSE TRAP
EORI-SR* EORI Status Reg. #<d16>,SR W IF S=1 Srce <exclusive OR> SR — SR
ELSE TRAP
MOVE<SR** FROM SR SR,<adea> W (** for 68010 only) S=1 SR — Dest ELSE TRAP
MOVE—-SR*  Mowve TO SR <dea>,SR W (* all models) IF S=1 Srce — SR ELSE TRAP
MOVE -USP* Move USP USPAnR or An,USP L IF S=1 Srce — Dest ELSE TRAP
MOVEC" " * Move Control Reg Rc,Rn or Rn,Re L IF S=1 Srce — Dest ELSE TRAP
MOVES" " * Move Address Space Rn,DFC<amea> or SFC<amea>,Rn L WB IF S=1 Srce — Dest ELSE TRAP
ORI->SR* ORI Status Reg. #<d16>,SR w IF S=1 Srce <OR> SR — SR ELSE TRAP
RESET* Reset External Dev. no operand unsized IF S=1 assert RESET line ELSE TRAP

RTE* Return from Exception  no operand unsized IFS= l _(Sli) + — SR; (SP)+ — PC



ROL/ROR Rotate Left/Right Dm,Dn or #<d3>,Dn L,W,B (Dm mode 64)  Dest rotated <count> times — Dest
ROL/ROR Rotate Left/Right <amea> W (shift count=1) Dest rotated once — Dest
ROXL/ROXR  Rotate with Extend Dm,Dn or #<d3>,Dn L,W,B (Dm mod 64) Dest rotated <count> times — Dest
ROXL/ROXR  Rotate with Extend <amea> W (shift count=1) Dest rotated once — Dest
BIT MANIPULATION
BCHG Bit Test/Change Dm,Dn or #<d5>,Dn L (Dm mod 32) ~Dest[bit] — Z flag
~Dest[bit] — Dest[bit]
BCHG Dm,<amea> or #<d3>,<amea> B (Dm mod 8) same
BCLR Bit Test/Clear Dm,Dn or #<d5>,Dn L (Dm mod 32) ~Dest[bit] — Z flag;0 — Dest[bit]
BCLR Dm,<amea> or #<d3>,<amea> B (Dm mod 8) same
BSET Bit Test/Set Dm,Dn or #<d5>,Pn L (Dm mod 32) ~Dest[bit] — Z flag;1 — Dest[bit]
BSET Dm,<amea> or #<d3>,<amea> B (Dm mod 8) same
BTST Bit Test Dm,Dn or #<d5>,Dn L (Dm mod 32) ~Dest[bit] — Z flag
Dm,<mea> or #<d3>,<mea> B (Dm mod 8) same
BINARY CODED DECIMAL OPERATIONS
ABCD Add Decimal Dm,Dn or — (Am), — (An) B Src(10) + Dest(10) + X — Dest(10)
NBCD Negate Decimal <adea> B 0 — Dest(10) — X = Dest(10)
SBCD Subtract Decimal Dm,Dn or — (Am), — (An) B Src(10) — Dest(10) — X — Dest(10)
PACK " Pack BCD - (Am), — (An),#<d16> unsized Src[0:4],(8:11] + #<d16> — Dest.B
Dm,Dn,#<d16>
UNPK ™" Unpack BCD - (Am), — (An) #<d16> unsized SrceB. — Dest.W[0:4],[8:11) + d16
Dm,Dn,#<d16>
PROGRAM CONTROL OPERATIONS
Conditional:
Bcc Branch cc Condition <label> 16 bit disp IF cc true PC + disp — PC
Bcc.S Branch cc (Short) <label> 8 bit disp same
DBcc Dec. Branch Cond. Dm,<label> 16 bit disp IF cc false THEN Dm — 1 — Dm
IF Dm <> —1 THEN PC + disp — PC
ELSE PC + 2 — PC (next instruction)
Scc Set Conditionally <adea> B IF cc true $FF — Dest
ELSE $00 — Dest
Unconditional:
BRA Branch Always <label> 8 or 16 bit disp PC + disp —» PC
BSR Branch Subroutine <label> 8 or 16 bit disp PC — —(SP); PC + disp — PC
JMP Jump Always <cea> unsized Dest —» PC
JSR Jump Subroutine <cea> unsized PC — —(SP); Dest — PC



LOL 1 nAr

RTE" " * {68010 variation} no operand unsized IFS=1(SP)+ — SR; (SP)+ — PC
IF (SP) + = long then full restore
ELSE TRAP

STOP* Load SR/Stop #<dl16> unsized I[FS=1d16 — SR; PC + 4 — PC;
pause until exception event.
ELSE TRAP

TRAP Generators:

CHK Check Reg Bounds <dea>,Dn W IF Dn<0 or Dn>Dest THEN TRAP

CHK2 lllegal <cea>,Rn L.W,B

ILLEGAL lllegal no operand unsized - PC - — (SSP); SR = — (SSP);
Exception Vector #4 — PC

TRAP Trap #<dd> unsized PC - — (SSP); SR = — (SSP);
Vector #d4 — PC

TRAPV Trap on Overflow no operand unsized IFV = 1 THEN TRAP

TRAPcc Trap on cc #<d32> W,L IF cc THEN TRAP

Condition Code Register:

ANDI->CCR  AND Immediate CCR  #<d8>,CCR B d8 A CCR— CCR

EORI-CCR  EORI Cond. Codes #<d8>,CCR B d8 <exclusive OR> CCR — CCR

MOVE—~CCR Move FROM CCR CCR,<adea> W (lower B only) CCR — Dest

MOVE—CCR Move TO CCR <dea>,CCR W (lower B only) Srce - CCR

MOVE<SR** FROM SR SR,<adea> W SR — Dest

ORI-CCR ORI Cond. Code #<d8>,CCR B d8 <OR> CCR — CCR

MISCELLANEOUS
NOP No operation no operand unsized PC + 2—-PC

BKPT Breakpoint #<d3> unsized



CMPA Compare Address <ea>,An LW Dest — Src; set CCR
CMPI Compare Immediate #<data>,<adea> LWB Dest — data; set CCR
CMPM Compare Memory (Am) +,(An) + LWB Dest — Src; set CCR
DIVS/DIVU Divide Sign/Unsign. <dea>,Dn W Dest 32/Src 16 — Dest 16r:16q
DIVS.L/
DIVU.L <dea>,Dq L Dest 32/Src 32 — Dest 32q
DIVS.L/
DIVU.L <dea>,Dr:Dq L Dest 64/Src 32 — Dest 32r:32q
DIVSL.L/
DIVUL.L <dea>,Dr:Dq L Dest 32/Src 32 — Dest 32r:32q
EXT | Extend sign Dn LW Dn,W or L/sign-ext = Dn.L or W
EXTB Extend sign Dn L Dn.B/sign-ext = Dn.L
MULS.MULU  Multiply Sign/Unsign <dea>,Dn W Src 16 x Dest 16 — Dest 32
MULS.L/
MULU.L <dea>,DI L Src 32 x Dest 32 — Dest 32
MULS.L/
MULU.L <dea>,DI:Dh L Src 32 x Dest 32 — Dest 32:32
NEG Negate <adea> LWB 0 — Dest = Dest
NEGX Negate Ext. <adea> LW.B 0 — Dest — X — Dest
SUB Subtract Binary <ea>,Dn or Dn,<amea> LW.B Dest — Src = Dest
SUBA Subtract Address <ea>,An LW Dest — Src — Dest
SUBI Subtract Immediate #<data>,<adea> LWB Dest — data — Dest
SUBQ Subtract Quick #<d3>,<aea> L,W,{B} Dest — d3 — Dest
SUBX Subtract with Extend Dm,Dn or — (Am), — (An) LW,B Dest — Src — X — Dest
TAS Test and Set operand <adea> B ° Test Dest — CCR; 1 — Dest(bit 7]
CAS | Compare & Swap Dc,Du, <amea> LWB IF Dest = Dc Du—Dest ELSE Dest—Dc
CAS2 Compare & Swap 2 Dc1:Dc2,Dul:Du2, (Rnl):(Rn2) LWB IF (Rn1) =Dcl & (Rn2) =Dc2 Dul—(Rnl)
and Du2—(Rn2) ELSE (Rn1)—Dcl1 and
(Rn2)—Dc2
TST Test operand <adea> LW.B Test Dest = CCR
LOGICAL OPERATIONS
AND AND Logical <dea>,Dn or Dn,<amea> LWB Src A Dest — Dest
ANDI AND Immediate #<data>,<adea> LWB data A Dest — Dest
EOR Exclusive OR Dn,<adea> LWB Src <exclusive OR> Dest — Dest
EORI Exclusive OR Immed.  #<data>,<adea> LWB data <exclusive OR> Dest — Dest
NOT Logical Complement <adea> LWB ~Dest — Dest
OR Inclusive OR Logical <dea>,Dn or Dn,<amea> LWB Src <OR> Dest — Dest
ORI Inclusive OR Immed. #<data>,<adea> LWB data <OR> Dest — Dest
SHIFTS AND ROTATES
ASL/ASR Arithmetic Shift Dm,Dn or #<d3>,Dn L,W,B (Dm mod 64) Dest Arith shift <count> — Dest
ASL/ASR Arithmetic Shift <amea> W (shift count=1) Dest Arith shift by 1 — Dest
LSL/LSR Logical Shift Dm,Dn or #<d3>,Dn L,WB (Dm mod 64) Dest Logic shift <count> — Dest
LSL/LSR Logical Shift <amea> W (shift count=1) Dest Logic shift by 1 — Dest
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M68000 Instructions

Key to symbols:

{B} Byte data size not allowed for An operands Srce Source operand

#<data> Up to 32 bits of Immediate data Dest Destination Operand

#<dn> n bits of Inmediate data <> Not equal

. Privileged Instruction A Logical AND

' MC68010/20 Privileged Instruction all models ~ Logical NOT

Privileged Instruction MC68010/20/30 only — Replaces

Rc Control Register (SFC,DFC,USP or VBR) o Interchanges with

Dh:DI High/low pair of Data Registers

Dr:Dq Remainder/quotient pair of Data Registers

Dc:Du Compare/update pair of Data Registers

USP User Stack Pointer, A7

SP Stack Pointer (A7) [m:n]) Range of bits

SSP Supervisor Stack Pointer (A7’)

DATA MOVEMENT
Mnemonic  Description Legal Modes Data Size(s) Function
EXG Exchange Registers Rm,Rn L Rm < Rn
LEA Load Effective Add <cea>,An L <ea>— An
LINK Link/Allocate An,#<d16> unsized An — —(SP); SP— An; SP + d16 — SP
MOVE Move data <ea>,<adea> L W,{B} Src — Dest
MOVEA Move Address <ea> An LW Src — Dest
MOVEM Move Multi Reg. <reg list>,<acea>+ LW (+ plus — (An)) Reglist - Dest
<cea> +,<reg list> LW (+ plus + (An))  Src — Reglist
MOVEP Move Periph. Data Dn,d(An) or d(An),Dn LW Src — Dest
MOVEQ Move Quick #<d8>,Dn L (sign ext 32) d8 — Dest
PEA Push Effective Addr. <cea> L <ea>— —(SP)
SWAP Swap Register Halves  Dn w Dn([31:16] <> Dn[15:0]
UNLK Unlink An unsized An — SP; (SP)+ — An
INTEGER ARITHMETIC

ADD Add Binary <ea>,Dn or Dn,<amea> L,W{B} Src + Dest — Dest
ADDA Add Address <ea>,An LW Src + Dest — Dest
ADDI Add Immediate #<data>,<adea> LWB data + Dest — Dest
ADDQ Add Quick #<d3>,<aea> L, W{B} d3 + Dest — Dest
ADDX Add Extended Dm,Dn or —(Am), —(An) LWB Src + Dest + X — Dest
CLR Clear Operand <adea> LWB 0 — Dest
CMP Compare <ea>,Dn L W/{B} Dest — Src; set CCR



M68000 Addressing Mode Legends

<ea> = Any Effective Address
<rea> = Register Effective Address
<dea> = Data Effective Address
<mea> = Memory Effective Address
<cea> = Control Effective Address
<aea> = Alterable Effective Address (data or memory)
<adea> = Alterable Data Effective Address
<amea> = Alterable Memory Effective Address
<acea> = Alterable Control Effective Address
Mode ea rea dea mea cea aea adea amea acea
Dn * * % *® *
An * * *
( An) * % * * * * * *
(An) + * * * * * *
— ( An) * * * * * *
d( An) * * % * * * * *
d( An1Xi) * * * * * * * *
Abs.W * * * * * * * *
Abs.L * * * * * * * *
d(PC,Xi) * * * *
Immed * * *
bd(An,Xi) * *ox 2 e * % 68020
bd(PC,Xi) * oox 68020
[bd,An]Xiod ~ * £k x * % 68020
[bd,AnXilod  * *ox e * * 68020
[bdPC]Xiod  * ¢ e 68020
[bd,PC,Xi],od * * * * 68020
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will learn to master the C programming
language. Anyone who knows the basics of C
will learn practical C tips never before published.
ISBN: 0-672-22486-0, $23.95

C Primer Plus, Revised Edition

Waite, Prata, and Martin, The Waite Group
The perfect tutorial for beginning C programmers
and students, this book includes key additions
about the C language and object-oriented
programming using C+ +.

ISBN: 0-672-22582-4, $23.95

Microsoft® C on the IBM® PC

Robert Lafore, The Waite Group

A tutorial for the beginning programmer with
enough information to write useful an
marketable programs for the IBM PC family,
featuring hands-on interaction with the C
compiler and the PC.

ISBN: 0-672-22515-8, $24.95

Inside XENIX®

Christopher L. Morgan, The Waite Group
Through easily-read-and-understood XENIX
references and tutorials, this comprehensive text
examines in detail its unique internal structure
including its shells and utilities.

ISBN: 0-672-22445-3, $21.95

Advanced UNIX® — A Programmer’s
Guide
Stephen Prata, The Waite Group

An advanced guidebook beyond the basics of
UNIX and with details of the system’s key
comﬁonents and vanous programming

anisms. It shows how to use simple and
complex commands, including the Bourne Shell,
shellpscnpts. loops, and system calls.
_ISBN: 0-672-22403-8, $21.95
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Tricks of the UNIX® Masters
Russell G. Sage, The Waite Group

This book contains the shortcuts, tips, tricks,
and secrets programmers want, using a
“cookbook” approach ranging from I/O functions
and file operations to porting UNIX to a
different computer.

ISBN: 0-672-22449-6, $22.95

UNIX® Primer Plus
Waite, Martin, and Prata, The Waite Group

Learn about the amazing UNIX operating system
as this book presents UNIX in a clear, simple,
and easy-to-understand style. It is fully illustrated
and includes two summary cards for quick
reference.

ISBN: 0-672-22028-8, $19.95

UNIX® System V Primer, Revised Edition
Waite, Martin, and Prata, The Waite Group
This edition provides a comprehensive overview
and introduction to the UNIX System V

operating system for the beginner, including a
new chapter on the extended electronic mail
program and the use of the new shell layer
manager.

ISBN: 0-672-22570-0, $22.95

UNIX® Communications
Bryan Costales, The Waite Group

This book will clarify the complexities of the
IX communication facilities. It gathers the
knowledge and techniques needed to use,
administer, and program UNIX-to-UNIX
communication and UNIX mail.

ISBN: 0-672-22511-5, $26.95

UNIX® SystemV Bible
Prata and Martin, The Waite Group

This is a comprehensive reference for
programmers working with the UNIX operating
system documentation, covering intermediate to
advanced level programming for professionals
who have prior experience programming in C or
using

 ISBN: 0-672-2562-X, $24.95

HOWARD W. SAMS & COMPANY

 ISBN: 0-672-27067-6, $16.95

UNIX® Papers
Edited by The Waite Group

Collection of learning tutorials, issue papers, and
case histories that provide insightful information
on the UNIX operating system and X
business market, revealing the more hidden and
obscure truths about UNIX

ISBN: 0-672-22578-6, $26.95

Discovering MS-DOS®

Kate O’Day, The Waite Group

This comprehensive study of MS-DOS
commands begins with information about
operating systems then shows how to produce
letters and documents; create, name, an
manipulate files; use the keyboard and function
keys to perform jobs faster; and direct, sort, and
find data quickly.

ISBN: 0-672-22407-0, $15.95

MS-DOS® Bible
Steven Simrin, The Waite Group

This book helps intermediate users explore this
operating system’s capabilities from system start-
up to creating, editing, and managing files,
handling data, and customizing the keyboard. It
includes detailed coverage of the tree-structured
directories and DOS filters.

ISBN: 0-672-22408-9, $18.95

MS-DOS® Developer’s Guide
Angermeyer and Jaeger, The Waite Group
This is a guide for programmers with a working
knowledge of 8088 ALC, who want to learn
tricks for getting their software running in the

-DOS environment. Included are assembly
coding tips, explanations, MS-DOS versions,
and higher-level language debuggers and aids.
ISBN: 0-672-22409-7, $24.95

Understanding MS-DOS®

O’Day and Angermeyer, The Waite Group

This introduction to the use and operation of the
MS-DOS operating system includes fundamentals
and advanced features of the operating system.
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Tricks of the MS-DOS® Masters
Angermeyer, Jaeger, Fahringer, and Shafer, The
Waite Group .

This reference provides the personal user with
advanced tips and tricks about the operating
system, including advanced tips on using popular
software packages such as dBASE 111%, Lotus
1-2-38, and WordStar®

ISBN: 0-672-22525-5, $24.95

Soul of CP/M®: How to Use the Hidden
Power of Your CP/M System
Waite and Lafore, The Waite Group

Recommended for those who have read the
CP/M Primer or who are otherwise familiar with
CP/M’s outer layer utilities. It teaches how to
use and modify CP/M’s internal features,
including how to modify BIOS and use CP/M
system calls in your own programs.

ISBN: 0-672-22030-X, $19.95

CP/M® Bible: The Authoritative
Reference Guide to CP/M
Waite and Angermeyer, The Waite Group

Already a classic, this highly detailed manual
puts CP/M’s commands and syntax at your
fingertips. Instant one-stop access to all CP/M
keywords, commands, utilities, and conventions
are found in this easy-to-use format.

ISBN: 0-672-22015-6, $19.95

CP/M® Primer, Second Edition
Waite and Murtha, The Waite Group

This companion to the CP/M Bible is widely used
by novices and advanced programmers. It
includes the details of CP/M terminology,
operation, capabilities, and internal structure,
plus a convenient tear-out reference card with
CP/M commands.

ISBN: 0-672-22170-5, $16.95

Desktop Publishing Bible
The Waite Group

A collection of essays by experts in their subject
areas, these are the nuts and bolts of desktop
publishing. Concentrating primarily on the
technical aspects of the hardware and software,
this book will be useful to anyone planning to
buy a personal publishing system.

ISBN: 0-672-22524-7, $22.95

PC LAN Primer
Kleeman, Anderson, Angermeyer, Fisher,
McCoy, The Waite Group

PC LAN Primer explores the Token Ring —
IBM’s grand strategy to tie together IBM micros,
minis, and mainframes with Local Area
Networks providing the communication feature.
ISBN: 0-672-22448-8, $22.95

68000, 68010, 68020 Primer
Kelly-Bootle and Fowler, The Waite Group

Beginning with an introduction to the 68000
chips, this book is written to introduce novice or
experienced programmers to the instruction set
and addressing modes common to the 68000
family.

ISBN: 0-672-22405-4, $21.95

Pascal Primer
Waite and Fox, The Waite Group

This primer will swiftly guide you through Pascal
program structure, procedures, variables,
decision-making statements, and numeric
functions.

ISBN: 0-672-21793-7, $17.95

Printer Connections Bible
Marble and House, The Waite Group

This book contains all the information necessary
to make the proper connections to get a printer
printing. It focuses on the hardware side of
connecting, particularly the main interface —
the cable itself.

ISBN: 0-672-22406-2, $16.95

Modem Connections Bible
Curtis and Majhor, The Waite Group

This book describes modems, how they work,
and how to hook ten well-known modems to
nine name-brand microcomputers. It also features
a “Jump Table” and an overview of
communications software, the RS-232c interface,
and a section on troubleshooting.

ISBN: 0-672-22446-1, $16.95

Inside the Amiga™ With C
John T. Berry, The Waite Group

This book is written for the experienced
computer user who wants to put the powerful
programming features of the Amiga to work
using the C language.

ISBN: 0-672-22468-2, $22.95

Artificial Intelligence Programming on
the Macintosh™

Dan Shafer, The Waite Group

Those with a basic understanding of computers
and %rogramming will be fascinated by the
possibilities of music generation, robotics, and
problem-solving available on microcomputers,
and this book will show you how.

ISBN: 0-672-22447-X, $24.95

BASIC Programming Primer, Second
Edition
Waite and Pardee, The Waite Group

A cornerstone of the Sams/Waite Primer series,
this classic text contains a complete explanation
of the fundamentals of the language, program
control, and organization.

ISBN: 0-672-22014-8, $17.95

The Official Book for the Commodore
128® Personal Computer
Waite, Lafore, and Volpe, The Waite Group

This book examines Commodore’s powerful
computer with its three different operating
modes, details how to create graphics and
animation, and how to use the 64 mode to run
thousands of existing Commodore 64 programs.
ISBN: 0-672-22456-9, $12.95

These and other Sams books are
available from your local
bookstore, computer store, or
electronics distributor. If there are
books you are interested in that
are unavailable in your area, order
directly from Sams by calling toll-
free 800-428-SAMS (in Alaska,
Hawaii, or Indiana, call

317-298-5699).
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68000, 68010,
68020 Primer

They’re powerful. They're found in some of the most popular computers on the market
today. They’re the Motorola Mé8000 family of 16/32-bit microprocessors. And this is the
book that’ll tell you all about them.

You’ll acquire an understanding of

® Microprocessor chips and how to untilize the 68000 processor to its fullest
e Assembly language documentation and how to use various instructions and registers

You’ll learn to

® Program in Assembly Language and gain a proficiency in assemblers and cross-
assemblers

® Know which addressing modes are legal with which instructions
® Use microprocessor chips properly in multiuser systems

Everything you need to know about the powerful family of M68000 microprocessor chips
is here! Actual programming examples are presented throughout the book. And, there’s
a handy instruction card that you can tear out and keep near your computer for
reference. Read this and learn how to get the most from your computer.

Stan Kelly-Bootle has been computing since the pioneering of EDSAC | in the
1950s. Born in Liverpool, he holds the world’s first Post-Graduate Diploma in

- Numerica Analysis and Automatic Computing (now known as Computer Science)
from Cambridge University. Mr. Kelly-Bootle is Contributing Editor for UNIX Review,
Chairman of the biblical Specialist Group of the Association for Literary and
Linguistic Computing, and author of various computer books. An avid musician, he
has also written and recorded seven LPs.

Bob Fowler holds a B.S. in Mathematics and currently works as an independent
software consultant. As a confirmed user-advocate in the Alpha Micro User’s Society
(AMUS) since 1977, he has published dozens of technical articles in the society’s na-
tional and local newsletters. Mr. Fowler has experience with computers made by
IBM®, Digital Equipment Corporation, Hewlett-Packard, and Alpha Micro Systems.
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