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ABSTRACT
The introduction of the Motorola MC6L000 farily of
microprocessors ushered 1in a new era of microprocessors.
These are single-chip ricroprocessors designed to function
as the central processing units of sophisticated computer

systems.

The prire objective of this thesis work is to develop a
simulator for the MC68000 microprocessor mainly for
educational purposes. The simulator would help in any test
or research work wutilizing 68000 assermbly prograrms in the
future. Most of the instructions in the 68000 farily are
irplemented. Roth the user mode and supervisory mode
programs can be written and run against the sirulator.
Besides supporting rmost of the MC6ECCO0 features the

sirulator alsc has additional features to help debugainc.
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CHAPTEP 1

INTPODUCTION

Simulation of a microprrocessor is not only an
interesting proposition but also a useful project in any
environment. Buying the hardware involves a lot of overhead
( For eo: Maintenance ). For ceneral work, a sirulator
should he a satisfactory alternative. Fven if the hardware
is availahle the wutility of simulators does not decrease.
The wusers can work independent of the hardware if a
sirmulator exists. Most of the basic programming problers
done by stuvdents do not really need a close association with
the hardware. The existence of a simulator has another
advantace, a hardware upcdate/raintenance need not jeopardize
work currently in progress. These are the consicderations

which prompted this thesis work.

The prime objective of this thesis 1is to develop a
sirulator for the MCEB8000 microprocessor mainly for
educational purposes. The FRIT professional labk has
available a 68000 assembler which could be utilized to the
advantage of the users if there was a 68000 machine reacily
available. A 68000 simulator was a good choice for this
purpose. This would not only help users in writinc 62000
programs but also would help in any test or research work

utilizinc 68000 assembly proarams in the future.
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Fror the historic point of view, the concept of a
l6-bit microprocessor at Motorola Semiconductors, Inc., was
first generated in 1976. The idea was to design a 16-bit
microprocessor that would be easy to proaram and support
with the current development in microprocessors. Previous
6800/6801/6809 instructions were incorporated in the new
machine. The MC68000 is a modern microprocessor by any
standards. Many of the instructions, when combined with the
different addressina modes, more closely resemble high-level
lanqguage statements than assembly language instructions of
traditional 4-bit or 8-bit microprocessor. The new MC68000C
executes 40% faster than such l6-bit microprocessors as the
28000 from the Zilog and the 8086 from 1Intel as per the

references in Appendix B.

Chapter 2 gives a brief description of the MC68000
microprocessor. It gives a aeneral 1idea of the MC68000
architecture, which would help in understanding the working
of the wvarious instructions 1in this machine. This is
followed by chapter 3, where the different instructions are
explained in detail. It also includes a number of
illustrations to aid in a better understanding of these
instructions. The basic design of the simulator is
described in chapter 4. The material includes explanation
of the rethod followed in decoding the instruction set of
the MC68000 microprocessor and explains the suitability of
this simulator to the VAX 11/780 system. Chapter 5 deals

with the implementation aspects of this simulator. This
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section introduces the reader to the different capabilities
of the MC68000 machine in general and of the simulator in
particular. Additional features provided to help the
debugaing of programs is also explained. Chapter 6 ¢oes
over the testing procedure followed for the simulator and
the conclusions derived from the tests. It also highlights
the restrictions which the user should be aware of. A user
manual is given in the appendix. This will help the user in
understanding the procedure to be followed in using the

simulator.

Development of this simulator was a challenging
experience. Resides the time spent in coding, a lot of time
was devoted to testing the simulator in a number cf
different ways. It is hoped that the simulator will serve
its purpose as an educational toocl. This thesis has gone
into sufficient depth to provide a good understanding of the
simulator. The code is also written in a simple and lucid
manner and changes, if any, should be easy to make in the
wake of new developments. It is my firm belief that with
the help of the MC68000 manufacturer's user manual ( and
this thesis ) the reader will have 1little difficulty in

using the simulator.
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CHAPTER 2

THF. MC68000 MICROPRCCESSCP- A BRIEF INTFODUCTION

The MC68000, designed by Motorola, is the first 16 bit
ricrorrocessor to have a 32 bit internal architecture. It

has about 68000 transistors on a single chip.

In the early vyears of corputers, the size of the
registers, the internal instruction reqgister paths and the
external data paths were 211 identical. This 1is not true
now. Large external paths require the chip package to have
a larger number of pins which implies high packacing and
procduction costs. Thus chips tend to have larger internal
paths than external paths as in the case of MC6800C. The
external 16 bit bus is rultiplexed from the 32 bits inside
the engine. The sixteen 32 bit registers are partitioned
into & address reqisters and 8 data reqisters. Address
register " A7 " is used as supervisory stack pointer in the
supervisory mode and as user stack pointer in the user mrocde.
Hence the Motorola Inc., treats them as " A7 " and " A7' ",
In other words, there are two " A7 " reqgisters with only one
of therm in operation at a time. This gives the effect of 17

registers in total.

The MC68000 has a very regular instruction set, rakina
available several general addressinc modes for rost
instructions. This permits easy implementaticn of stacks
and oaucues without special instructions. Twec 32 bit stack

pointers are provicded for coding in system calls. A special
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flaa register can be set to move the machine into a
debugaing, single stepping mode for program development.
Eight of the general purpose registers are used as data
registers for byte (8 bits),(16 bits) and 1long word (32
bits) operations. The other nine general purpose registers
are address registers which can function as stack pointecrs
and base address registers. All 17 general purpose
registers can serve as index reaisters. Althouoh the
proaram counter is 32 bits lona, only the low crder 24 bits
are usecd in the basic 68000 design. These 24 bits provide

the 68000 with an addressing ranae of 16 Mbytes.

The 68000 can operate on five different sizes of data :
bits, 4 bit RCD, 8 bit bytes, 16 bit words and 32 bit lono
words. Byte data may be addressed on even or odd address
boundaries; whereas, word and long-word data nrust bhe
addressed on even address boundaries. The status reqgister
is 16 bits 1long and consists of a user byte in the lower
order and a system byte in the upper part. The system byte

consists of trace and status bits and the interrupt rask.

The user byte consists of condition codes. The user byte
can be addressed as a condition code register. The
condition code register consists of overflow, carry,

auxiliary carry, sign and zero flag bits. The instruction
set contains 56 basic instruction types and the different
variations of these basic instructions give a total cf 2]
instructions. There are 14 different addressing modes

available for operand access.



Page 9

To support multi-user and multi-tasking applications,

the 68000 operates in two different states, namely," user
for normal operation and "supervisor" for system control.
All instructions can be executed in the supervisor state.
However, a few instructions like " RESET " and " STOP " are

unavailable in the user state. Thus the system prevents one

user or task from violatinag the system's integrity.

The lowest & bytes of memory hold the reset vector and
reside in POM. Additional locations in the lower 1024 bytes
are allocated to interrupt vectors, error vectors and
vectors for various other types of exceptions. These
locations can reside either in ROM or RAM. The remainder of
the 16 Mbyte memory map of the 68000 can be used any way the
user wants. Because I/0 is memory mapped in the 68000,

there are no specific instructions for I/0.

The interrupt structure of the 68000 provides seven
levels of vectored interrupts, with a mask in the status
registers to lock out interrunts at or below the current
priority level. When the 68000 receives an enabled
interrupt reauest, it issues an acknowledge signal to the
device reaquesting service. Thereafter, the interrupting
device must put a vector number on the data bus. This
vector selects one of a possible 192 interrupt service
routines in memory. In addition, the 68000 provides seven
unique auto vectors whereby devices that cannot generate a
vector numbher can interrupt the 68000. They cause the

microprocessor to autovector to interrupt service
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subroutines for priority levecl of that device.
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CEAPTEF 3

DESCRIPTION OF INSTRUCTION SET

RBefore describing the instruction set it would be
helpful to describe data rganization in memory and the

various addressing modes.

The MCA8000 instruction can occupy fror one to five
words in the merory. The first word is an opcode word which
contains the bhit pattern that the 68000 decodes to determine
the instruction types, the operand addressing modes, and the
lenath of the instruction. B2additional extension words are
required for operand addressing modes that use constants,

absolute addresses or displacement offsets.
a.Pata organization in merory

Bytes are individually adcdressable with the high order
bhyte having an even address. Fig.l on page 12 makes this
organization clear. The low order byte has an odd address
trat is one count higher than the word address.
Instructions and multibyte data are accessed only on word

boundaries.
b.Adéressing modes

Peqgister Direct Modes : These effective addressinqg
modes specify that the operand 1is in one of the 16

multifunction registers.



5 4 13 12 1 10 8 7 6 5 ] 3 0
Word 000000
Bvte 000000 | Byte 000001
Worg 000002
Byte 000002 | Byte 000003
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Ve :
.
.

Byte FFFFFE

Word FFFFFE

Byte FFFFFF

Word Organization in Memory

81t Data
1 Byte=8 Bns
7 6 4 3 2 1 0
integer Data
1 Byte =8 Bnts
15 “ 13 122 N 10 8 7 6 5 4 3 0
1Y Bvie 0 L8 Bvte 1
Byte 2 Bvie 3
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15 14 13 12 11 10 8 7 [] 5 4 3 0
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Worg 2

Data Organization in Memory
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(1) Data Register Direct. The operand is in the data

register specified by the effective address register field.

(2) Address Register Direct. The operand 1is in the
address register specified by the effective address register

field.

Memory Address Modes: These effective addressing modes
specify that the operand 1is in remory and provide the

specific address of the operand.

(1) Acddress Peqister Indirect. The address of the
operand is in the address register specified by the reqgister

field.

(2) Address Reqister Indirect With Postincrement. The
address of the operand is in the address register specified
by the reagister field. After the operand address 1is wused,
it 1is increrented by one, two, or four depending upon
whether the size of the operand is byte, word, or long. If
the address reqgister 1is the stack pointer and the operand
size is byte, the address is incremented by two rather than

one to keep the stack pointer on a word boundary.

(3) Address Register Indirect With Predecrerent. The
address of the operand is in the address register specified
by the reqgister field. The operand address 1is decremented
by one, two, cr four depending upon the size . However, if
the address reqister is the stack pointer and the operand

size 1is byte, the address is decremented by two rather than
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one to Keep the stack pointer on a word boundary.

(4) Address Register Indirect With Displacement. In
this case the address of the operand is the sum of the
address in the address register and the sign-extended 16-bit

displacement integer in the extension word.

(5) Address Reqaister Indirect With Index. This address

mode recuires one word of extension. See Fig.2? on pace 15.

Bit 15 -- Index Register Indicator

0 -- data reqgister

1 -- address reqgister

Rit 14 through 12 -- Index PReqister Number

Bit 11 -- Index Size

0 -- siagn-extended, low order intecer in index register
1l -- long value in index reaister

The address of the operand is the sum of the address in
the address register, the sign-extended displacement integer
in the low order eight bits of the extension word, and the

contents of the index reqgister.

Special addressing modes. In this case we use the
effective address reqgister field to specify the special

addressinag rmode instead of a register number.
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Even Byte Odd Byte
7 6 5 4 3 2 1 7 6 5 4 3 2 1 0
15 14 13 12 11 10 8¢ 8 7 6 5 4 3 2 1 O
D/A{ Register (W/L] 0| 0| O Dispiacement integer

Bit 15 — Index Register indicator
0 — data register
1 — address register
Bits 14 through 12 — Index Register Number
Bit 11 — Index Size
0 — sign-extended, low order word integer in index register
1 — long vaiue in index register

Fig.2
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(1) Absolute Short address. 1In this case the address
of the operand is in the extension word. The 16-bit address

is sign-extended before it is used.

(2) Absolute Lona Address. The address 1is formed by

the concatenation of two extension words.

(3) Program Counter With Displacement. The address of
the operand is the sum of the address in the proqrar counter
and the sign-extended 16-bit displacement integer in the

extension word.

(4) Program Counter With Index. This 1is same as
address register indirect with displacement mode except that

program counter is used as the address register.

(5) Imrediate Data. This address mode requires either
one or two words of extension depending on the size of

operation.

In addition, there are implied addressing modes.

For eg: In all " jsr " ( Jjurp to subroutine ) the
stack 1is implied. Similarly the program counter is also
implied . There is no special instruction to indicate that

the program counter is pushed onto the stack in these cases.
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Description of instruction sets:

(1) ABCD ( Add decimal with extend ). This instruction

has two forms.

a. ABCD Dy, Dx : This form uses data direct
addressing for both the operands. In other words both
operands must reside 1in internal data registers of the

68000.

b. ABCD -(Ay), -(Ax) : In this case predecrement
address register indirect addressing is used to specify both
the operands. This mode perrits access of data stored in

merory -

ABCD instruction adds the contents of the source and
destination operands together with extend ( X ) bit of

status reqister.

(2) ADD ( Add Binary ). This instructicn has the

followina form.

ADD <ea>, Dn

ADD Dn, <ea> Note: ea denotes effective address.

The first form 1is generally wused to process data:
whereas, the second form 1is used to modify the address.
Both the instructions add the contents of data register to

the contents of the location specified by the effective

address EA.
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(3) ADDA ( Add Address ). This 1is similar to ADD
instruction except that there is only one form having the

address register as the destination.

ADD <ea>, An. This adds the source operand to the
destination address register and stores the result in the

address reqgister.

(4) ADDI ( Add immediate ). This instruction has the

followina form.
ADDI <data>, <ea>

Immediate data is added to the destination operand and

the result is stored in the destination operand.
(5) ADDQ ( Add aquick ).
ANDO <data>, <ea>

This instruction is a special variation of the ADDI
instruction. The immediate data is encoded directly into
the instruction word. Therefore opcode takes fewer hvtes

and executes faster. However the data range is only 1-8.

(6) ADDX ( Add Extended ). This instruction has two

forms.

a. ADDX Dy, Dx : In this case contents of the data
reqister Dy are added to that of Dx and extend bit X. The

result is placed in Dx.
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b. ADDX -(Ay), -(Ax) : This is a wvariation of the
above form with the main difference being that it is a
memory to memory add and hence operands are accessed using

predecrement address register indirect addressing.

(7) AND ( And Logical ). This instruction has two

forms.

a. AND <ea>, Dn

b. AND Dn, <ea>

Ancd the source operand to the destination operand and

store the result in the destination operand.

Note that immediate addressing mode is not allowed by
most of the asserblers since it will be treated as ANDI

instruction which is explained next.

(8) ANDI ( And immediate )

ANDI <data>, <ea>

This instruction ands the immediate data to the
destination operand and stores the result in the destination

operand.

(9) ANDI to CCR ( And Immecdiate to Condition Codes ).

(Source) CCR ----> CCR
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This instruction ands the immediate operand with the
condition codes and stores the result in the low-order byte

of the status register.

(10) ANDI to SR ( And Immediate to the Status Register

This is a privileged instruction. It has the following

form.
Andi xxx, SR

This instruction ands the immediate operand with the
contents of the status register and stores the result in the
status reqister. Note that 2ll bits of the status register

are affected.
(11) ASL ( Arithmetic Shift Left )

ASP ( Arithmetic Shift Right ) This instruction has

three forms.
a. ASd Dx, Dy
b. Asd <data>, Dy
c. Asd <ea>

This instruction arithmetically shifts the bits in the
direction specified. The carry bit receives the last bit
shifted out of the operand. The shift count in case (a) and

(b) can be specified in two ways.
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For ASL, the operand {s shifted left; the number of positions shifted is the
shift count. Bits shifted out of the high order bit go to both the carry and the
extend bits; zeroes are shifted into the low order bit. The overflow bit in-

dicates if any sign changes occur during the shift.

c

ASL:

Operand

X

For ASR, the operand is shifted right; the number of positions shifted is the
shift count. Bits shifted out of the iow order bit go to both the carry and the

extend bits; the sign bit is replicated into the high order bit.

ASR:

Operand

Fig.3
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l. 1Immediate : The shift count is specified 1in the

instruction. The range is 1-8.

2. Register: The shift count is contained in a data

register specified in the instruction.

In case (b) content of memory may be shifted one bit

only and the operand size is restricted to a word.

Fiag.3 on paae 21 further <clarifies the operetion of

these instructions.

(12) BCC ( Branch Concditionally ):

This instruction has the following forr.

Bcc < label >

Here "CC" 1is wused to specify one of the many
conditional relationships. This instruction passes contrcl
to the specified label only if the conditional relationship
is true. Otherwise the next sequential statement is

executed.

(13) BCHBC ( Test a Bit and Change ):

This instruction has two modes as shown below

(1) BCHG Dn, <ea> ... Immediate rode

(2) BCHG <data>, <ea> ... PRegister mode
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A bit in the destination operand 1is tested, and the
state of the specified bit is reflected in the "z" condition
bit. Thereafter the state of that bit is changed. Pit
operation wusing the number modulo 32 is performed in case

(2) and modulo 8 in case of (3).

(14) BCLR ( Test a Rit and Clear ):

This is similar to the above case except that the bit

is always cleared in the end.

(15) BRA ( Branch always ):

In this case next instruction 1is fetched from the
address forrmed by the sum of the current program counter and
the cdisplacement. Note that the value of prograrm location
used for this comnputation is the current location counter
plus two. Displacement is a twos complement integer which
counts the relative distance in bytes. The displacerent can

be 8-bit ( short branch ) or 1leé6-bit ( long ).

(16) BSFT ( Test a Bit and Set )

This is similar two BCLR and BCHG instruction except

that in the end the tested bit is always set.

(17) BSR ( Branch to Subroutine ):

This is similar to BRA instruction. However before
branching the long word address of the instruction
immediately following the BSR instruction is pushed onto the

system stack.
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(18) BTST ( Test a bit ):

This is similar to BSET except that the tested bit
remains unchanged. Only the condition codes are set as per

the tests performed on the specified bit.

(19) CHK ( Check Register Against Bounds ):

This is a special instruction found only in this
mrachine. Its function 1is explained by the following

algorithm.

if Dh < 0 or Dn > ( < ea > ) then TRAP

The assembler syntax is as shown below.

CHK <ea>, Dn

The content of the low orcder word in Dn 1is compared
with the upper bound in <ea>. 1If it is less than zero or
greater than the upper bound, the processor initiates an
exception processing. The vector number "6" is generated to
reference the CHK instruction exception vector which results
in processing the exception routine located at address

location hex 018.
(20) CLR ( Clear an operand ):

In this case the destination is cleared to all =zero

bits.
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(21) CMP ( Compare ):

The source operand is subtracted from the destination
operand and the result obtained 1is wused to decide the
condition codes. Note that the destination operand 1is not

changed.

(22) CMPA ( Cormpare address ) Tris is similar to CMP
except that the destination operand is an address register
which was not the case in the CMP instruction. The size of
the source operand may be specified to be word or long.
Vord lenath source operands are sign extended to 32 bit

ocuantities before the operation is done.

(23) CMPI ( Compare Imrediate ):

This is again similar to CMP instruction except that

the source operand is always an irmmediate data.

(24) CMPM ( Corpare Merory ):

This instruction has the following form.

CMPM ( Ay )+, ( Ax )+.

The source operand is subtracted from the destination
operand and condition codes set as per the result. Note

that the operands are always addressed with the

postincrerment mode.
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RIT assembler treats the first operand as the source
operand. This is different from most of the standard
MC68000 assemblers. Hence when writing code for this

assembler it has to be specified as shown below:

CMPM ( Ax )+, ( Ay )+

(25) DBcc ( Test Condition, Decrerment, and Branch ):
This instruction is extremely useful in handlinag loops. The

algorithm of this instruction is given below:

If ( condition false )

then Dn = 1 =-=> Dn:

if Dn <> -1

then PC + d -=-> PC ( d -- displacerent )

else PC + 2 ( Fall through to next instruction )

"cc" represents the conditions to be tested. Dn
contains the <count of how many times the loop is to be
repeated. If the test is true, no branch is taken and the
loop 1is terminated. If the condition is false the content
of the specified data register is decremented by 1. If the
reqister count 1is -1 the branch does not take place .

Otherwise the program control branches back to perform the

loop again.
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(26) DIVS ( Signed Divide ):

The destination operand 1is divided by the source
operand and the result is stored in the destination. The
destination operand is a long operand, and the source 1is a
word operand. The operation 1is performed usina signed
arithmetic. The 32 bit result is arranged such that the
lower 16 bits contain the result while the upper 16 bits

contain the remainder.

(27) NIVU ( Unsigned arithmetic ):

This is similar to DIVS except that the operation 1is

performed using unsianed arithmetic.

(28) FOP ( Exclusive OR Logical )

The source operand 1is exclusive ORed with the
destination operand and the result stored in the destination

operand.

(29) EORI ( Exclusive OR immediate ):

This is sare as EOR except that the source operand is

an immediate data.

(30) EORI to CCR ( Fxclusive OR Immediate to Condition

Codes ):

The immediate source operand is exclusive ORed with the

destination operand which is a condition code register.
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(31) EORI to SR ( Exclusive OR Immediate to the Status
Register ) This is a privileged instruction. The
immediate operand is exclusive ORed with the contents of the
status register, and the result stored in the status

register.

(32) EXG ( Exchange Reqgisters ): This instruction
exchanges the contents of two registers. All combinations

of data reqgister and address reqgisters are allowed.

(33) EXT ( Sign Extend ): This instruction is used to
sign extend a byte to a word or a word to a long. BRit 7 of
the specified register is copied to bits 7-15 1in case of
word operation, or bit 15 of the specified register is

copied to bits 16-32 in case of long operation.

(34) JMP ( Jump ): Execution continues at the

effective address specified by the instruction.

(35) JSR ( Jurmp to Subroutine )

This is similar to JMP except that before jumping the
lona address of the instruction irmrediately followina the

JSP instruction is pushed onto the stack.
(36) LEA ( Load Effective Address ):

The specified address register 1is loaded with the

effective address.
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(37) LINK ( Link and Allocate ):

This is a special instruction of its kind found only in
this machine. Before the main program calls a subroutine it
is necessary for the calling program to pass the values of
some variables to the subroutine. These variables are often
pushed onto the stack before calling the subroutine. Then
during the execution of the subroutine, they can be accessed
from the stack. 1In addition a data area has to be allocated
for local storage of parameters. This is all achieved usinc

this command. 1Its format is as shown below.

LINK An, <displacement> Its alqgorithm is :

An --> -(SP); SP --> An; SP + d --> SP

The current content of the specified address recister
is pushed onto the stack. The new stack pointer is then
loaded into stack. This acts as the frarme ( local storaqe
area ) reference. Finally the displacement is added to the

stack pointer. This reserves the local parameter storaqe

area.
(38) UNLK ( Unlink ) :
Its format is An --> SP; (SP)+ --> An
The prior data frame is restored using this
instruction. This is achieved by loading the stack pointer

with the specified address register followed by loading the

address reqister with the long value from the top of stack.
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Thus original value of "An" is restored.

(32) LSR, LSL ( Logical Shift ): Fig.4 on page 31
illustrates the operation of these two instructions. The
"c" bit is the carry bit while the "x" bit 1is the extend

bit.
(40) Move ( Move Data from source to destination ):

This is a simple but a powerful instruction which roves
the content of the source to the destination location. The

destination location cannot be an address register.

(41) MOVE fror CCR ( Move fror the Condition Code

Register ):

The contents of the status register are moved to the
destination location. This is a word operation, but cnly

the low order byte contains the condition codes.
(42) MOVE to CCR ( Move to condition codes ):

The contents of the source operand are moved to the
condition codes. As in the above case, only the low order

byte is used to update the condition codes.

(43) Move to SR ( Move to Status Register ): This is a
privileged instruction. The contents of the source operand

are moved to status register.
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For LSL, the operand is shifted left; the number of positions shifted is the
shift count. Bits‘shifted out of the high order bit go to both the carry and the
extend bits; zeroes are shifted into the low order bit.

C Operand pt—— 0

X

For LSR, the operand is shifted right; the number of positions shifted is the
shift count. Bits shifted out of the iow order bit go to both the carry and the
extend bits; zeroes are shifted into the high order bit.

0 —» Operand ] o]
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(44) MOVE from SR ( Move from the Status Register ):

The contents of the status register are moved to the

destination location.

(45) MOVE USP ( Move User Stack Pointer ): This 1is a
privileged instruction. The contents of the user stack

pointer are transferred to or from the specified address

register.
(46) MOVEA ( Move Address ):

Move the contents of the source to the destination
address reqister. Word size source operands are sign

extended to 32 bit cuantities before the operation is done.

PIT assembler treats a MOVE 1instruction as a MQVEA
instruction if the destination operand 1is an address

register.
(47) MOVEM ( Move Multiplec PRegisters )
The two forms of this instruction are
(a) MOVEM < register list >, < ea >
(b) MOVEM < ea >, < reqgister list >

This instruction saves the contents of the recaisters
specified in register 1list 1in memory or vice-versa. The
register list can include any combination of data registers
and address reqisters. The second word 1is called the

register list mask.



Register List Mask fieid — Specifies which registers are to be transferred.
The low order bit corresponds to the first register to be transferred;
the high bit corresponds to the iast register to be transferred. Thus,
both for control modes and for the postincrement mode addresses, the
mask correspondence is

[ATTACASTASTASTAZIATIAGIDTID6 D54 D3 02D Do)

whiie for the predecrement mode addresses, the mask correspondence is

[‘Do] 6‘1 IB;JQZ& [D5]D6 [b.7 A0 [A1JAZJA3]A4 |A5 |ABl A7J
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Fig.5a

Fig.5b
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The selection of these registers depends on this mask.
Each bit of this mask corresponds to one of the 68000's
internal registers. Setting a bit to 1 indicates that the
corresponding register is included in the list and a settina
of "0" indicates that it is not included. The normral
meaning of the bit mask is as shown in Fig.5-a on page 33.
However when address register indirect with predecrement
addressing 1is used, the meaning of the bit mask is chanaed

as shown in Fig.5-b on page 33.

(48) MOVEP ( Move peripheral data ): 1In this case data
is transferred between a data register and alternate bytes
of remory starting at the location specified and
incrementing by two. The high order byte of data register
is transferred first and the low order byte 1is transferred
last. 1If the address is even, all the transfers are made on
the high order half of the data bus; if the address is odd,
all the transfers are made on the low order half of the data

bus.

This instruction is actually desianed for communicating

with LSI peripherals that interface over an 8-bit data bus.

(49) MOVEO ( Move Quick ):

This is similar to the MOVE instruction with an
immediate data as the source operand. 1In this case data is
contained in an 8-bit operand field within the operation

word. However it is sign extended to a long operand before

storing at the destination register.



(50) MULS ( Signed multiply ):

Multiply two signed 16-bit operands yielding

signed result. Signed arithmetic is used.

(51) MULU ( Unsigned multiply ):

This is similar to "™ MULS " except that

arithmetic is used.

(52) NBRCD ( Negate Decimal with Extend ) :

This is best explained as follows:

0 - ( Destination )10 - X --> Destination

Pace 35

a 32-bit

unsigned

The operation is performed using decimal arithretic.

(53) NMEG ( Negate ):

The operand addressed as destination is subtracted from

zZero.

(54) NEGX ( Negate with extend ):

The operand addressed as the destination and the extend

bit are subtracted from zero.

(55) NOP ( No operation ):

In this case no operation 1is performred.

program counter is incremented.

Only the
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(56) NOT ( Logical Complement ):

The ones complement of the destination is stored in the

destination location.
(57) OP ( Inclusive OP Logical):

The source operand 1is inclusive ORed with the
destination operand, and the result is stored in tte

destination location.
(58) ORI ( Inclusive OR Immediate):

Inclusive CF the immediate data to the destination

operand and store the result in the destination location.

(59) ORI to CCP ( Inclusive Or Immecdiate to condition

codes ):

Inclusive OR the irmmediate operand with the condition
codes and store the result 1in the low-order hyte of the

status register.

(60) ORI to SP ( Inclusive OR Immecdiate to the Status

Register ):

This 1is a privileged instruction. The immediate
operand is exclusive ORed with the contents of the status

reqgister and the result stored the status register.
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(61) PEA ( Push effective address )

The effective address is cormputed and pushed onto the

stack.
(63) RESET ( Reset External Devices ) :

This is a method whereby external devices can be reset
using software instruction. The execution continues with
next instruction. As this thesis is a software simulation

this instruction has limited use.
(f4) ROL, ROR ( Rotate without extend ):
This operation is best described by Fig.f on paage 38.

The shift count may be specified as an irmmediate

operand or in register mode.
(65) ROXL ( Rotate with Extend ):

This is similar to the 1last mentioned instruction
except that the extend bit is also included in the rotation.

Fig.7 on pace 39 explains the operation.
(66) RTE ( Return from Exception ):

This is a privileged instruction. This should be the
last instruction of all exception and interrupt routines.
The status register and the program counter are pulled from

the system stack. The previous status register and prograr

counter are lost.
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For ROL, the operand is rotated ieft; the number of positions shifted is the
shift count. Bits shifted out of the high order bit go to both the carry bit and
back into the iow order bit. The extend bit is not modified or used.

C pw==

Operand

|

For ROR, the operand is rotated right; the number of position shifted is the
shift count. Bits shifted out of the low order bit go to both the carry bit and
back into the high order bit. The extend bit Is not modified or used.

I—» Operand

Fig.

6




ROXL:

ROXR:

For ROXL, the operand is rotated ieft; the number of positions shifted is the
shift count. Bits shifted out of the high order bit go to both the carry and ex-
tend bits; the previous vaiue of the extend bit is shifted into the iow order
bit.

—
X

C Operand

For ROXR, the operand is rotated right; the number of positions shifted is
the shift count. Bits shifted out of the iow order bit go to both the carry and
extend bits; the previous vaiue of the extend bit is shifted into the high
order bit.

Operand ‘ C

Fig.7

Page 39
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(67) RTR ( Return and Restore Condition Codes ):
This is best described by the following:
(SP)+ =-=> CC; (SP)+ --=-=> PC

The condition codes and program counter are pulled fror

the stack. The previous values are lost.
(A8) RTS ( Return from Subroutine )
The program counter is pulled from stack.
(69) SRCD ( Subtract Decimal with Extend ):
This is described by the following:
(Destination)l1l0 - (source)l0 - X --> Destination

The subtraction is performed using BCD arithmetic. The

operand may be addressed in two different ways.
(1) SBCD Dy, Dx
(2) SBCD -(Ay), -(Ax)

In the second case the user should note that the RIT
assembler treats Ax as the source operan. This is different
from the standard MC62000 assembler. FHe has to take this

factor into consideration while writing code in assembly

language.
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(70) Scc ( Set According to condition ):

In this case "cc" denotes the condition to be tested.
If the condition 1is true, the destination is set to all

ones; if the condition is false, it is set to all zeroes.
(71) STOP ( Load Status Register and stop ):

This 1is a privileged instruction. The irmediate
operand is moved into the entire status register. The
program counter points to the next instruction, but the
process stops processing anéd waits for an interrupt to

resume operation.
(72) SUB ( Subtract Rinary ):

The source operancd is subtracted frorm the destinaticn

operand and the result stored in the destination operand.
(73) SUBA ( Subtract address ) :

This is similar to SUB except that the destinatiocn
operand 1is always an address register; whercas, in the
previous case this was not so. The RIT assenmbler
automatically treats a SUR instruction as SUBA 1if the

destination is an address register and does not flag it as

an error.

(74) SUBI ( Subtract Immecdiate ):
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This is similar to SUB except that the source opcrand

is always an immediate value.
(75) SUBQ ( Subtract quick ):

This is similar to SUBI except that the source value is
an immediate wvalue in the range 1-8, and this value is

encoded as part of the instruction opcode-
(76) SURX ( Subtract with extend ):
This is described by the following:
( Destination ) - ( Source ) - X --> destination.
(77) SwAP ( Swap Register Halves ):
Exchange the upper and lower words in a data register.
(78 TAS ( Test and set an operand ):

The operand is compared with =zero and the condition
codes set or reset as per the result. Independent of this
result the most significant bit of the accessed byte is set
to 1. This instruction is basically used to support

rultiprocessing and rultitasking system environments.
(79) TRAP ( Trap to exception routine ):

This instruction initiates exception processing. A
vector number is cenerated based on the low order four bits
of the instruction. RIT assembler has a bua and it can

recoanize only the low order 3 bits of the instruction for
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vector computation.

(80) TRAPV ( Trap on overflow ):

I1f the overflow 1is on, the processor initiates an

exception routine.

(81) TST ( Test an operand ):

The operand is compared with zero and the condition

codes set. No results are saved.
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CHAPTEP 4

DESIGM

The M62000 16/32 bit ricroprocessor reference manual (
Fourth edition ) formed the basis of this thesis work. From
the study of the opcodes of different instructions 1in the
MC6ROCO it was found that the higher order four bits of the
werd-sized instruction opcodes help define a definite
classification of instruction sets into various qroups. For
exarple : If the value of the higher order four bits
happens to be the binary code for "6" then it can be any one
of the following branch instructions. (1) Becc ( Conditicnal
branch ) (2) BSP ( Branch to subroutine ) (3) BRA ( Branch

always )

If the value is a "7" then it is a "MOVEQ" 1instruction
or if it 1is a "14" it is one of the rotate instructions.
Powever, this uniformity is not consistent. For example :
A "MCVF" might produce an opcode havina the value of the
higher order four bits as "1","2" or "3" depending on the
different corhinations of the effective addresses and rodes.
This in oeneral forred the hasis of the initial decoding

seocuence.

Mext, the instruction sets at the second level have to
be 1inspected to arranqge another subgroup at the next level.
Let us take the case of an instruction whose higher order
four bits ocave a value of "2". 1In this case we know that

the instruction under consideration is either a "MCVEA", or
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a plain "MOVE". This reauires inspection of the remaining
12 bits in the 16-bit opcode to make distinctions among

these instructions.

In the case of an instruction whose higher order four
bits gave a value of "4" it was observed that a number of
instructions were under this category and decoding recuired
careful 1inspection of the different combinations of the

remaining 12 bits in the 16-bit opcode.

This, in general, explains how the bits in the opcode
were utilized in the decoding of different instructions.
The pattern followed remains the same as explained 1in the
preceding paragraphs. In some cases, though, this process
was very involved and recuired several levels. In other
words, 1in such cases, the decoding algorithm very nmuch

resembled a tree structure.

Let us look at a portion of the decode module on page

46. Note the case statements which branch out to different
routines after decoding. Consider " case 8 ". Vhen the
higher order four bits g¢give an "8" the prograr control
branches to function " eightsep ". In this function the

instructions in this category are separated. Hence the name

" eightsep". Here the instructions are identified
individually. The zeroth bit of this instruction byte is
stored in variable " val0 ". The instruction " fetch (
iropc) " fetches the next byte whose first two bits are

inspected ( "iropc stands for "instruction opcode").
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decode () /% instruction decode mocule #*/
{
int valg
int vallgs
int valzs
int cet;
int cetz;
opc = getbits(irooc,7,4); /# value of nigher order four bits #/
val = getbits(iropec,7,2)3
switch (ope)
{

case 63

breai;
case 2 @

preak

/% if value of higher oraer four bits ( bits 15-12 ) of #/
/# the instruction opcode is a "14" then Jump to routine #/

/% "eightsep"” */
case 14 : rotate();
break;

/% if value of higher order four bits ( bits 15-1& ) of =/
/# the instruction opcode is an "8" then jJjump to routine #/
/% "eightsep" */
case 8 :
eighntsep ()}
preak;

/% if value of higher order four bits ( bits 15-12 ) of #/
/% the instruction opcode is an "9" then jump to routine #/
/’ 1] SUBII */
case 9 ¢ SUBQO)

breaks

/% if value of higher order four bits ( bits 15-12 ) of %/
/% the instruction opcode is a "0" then jump to routine =/
/% "Z0P" »*/
case @ 1 ZOP ()3

breais
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default: printf("ICLEGAL INSTRUCTION FOUND \n")gj
time = time + 343 /# update instruction execution #/
/% time for an "illegal instruction'"#/
/% trap execution */

interntrap(4);
break}

/# This is a routine which separates out instructions whose upper #*/
/% order four bits ( i.e bits 15-12 ) gives a value of "8" */
eightsep()
{
int valO,vall; /# variable val® stores bit @ of the 8-bit byte #/
/% under inspection ( i.e bits 8 of the 16-bit #/
/% instruction opcode ). */
val® = getbits(iropc,0,1)}
oldiropc = iropcy /% current instruction oocode byte is saved #/

fetch (&irope) s /% fetch next instruction opcooe byte */
vall = getopits(iropc,7,2)3 /7% vall stores values of bits 7 & 6 #/
/% of the instruction opcode */

if (( vald == Q@ ) && ( vall == 3)) divu()y
else if (( val@d == | ) &¢& ( vall == @ )) sbcd();
else if (( vald == 1 ) && ( vall == 3 ))
civs() g
else Or();
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Nete the instructien " vall = qetbits(irepc,7,2) ". ote
hew the contents cof the variable " val0 " and " vall " help

in deccding the instructicns fully. It is cbserved that a

combinatien c¢f a zerc wvalue in " val0 " and a " 3 " in "
vall " gives a " divu " ( unsigned divide instructicen ).
The decedina of " sbed ", " divs " and " or " follow a

similar pattern and is self explanatory fror the ccde shown

on pages 46-47.

The MCAB80CO0 registers are 32 bits leng. The fact that
VAX 11/780 at PRIT 1is a 32 bit machine made it an idezal
arcund to simulate a 32 bkit micrepreccesser. The VAX 11/780
autcrmatically sign-extends the high-order bit; whereas, thec
MC6E000 has the capability c¢f addressing a byte, werd, or a
leng word cperand separately without auteomatic
siagn-extensicn in case cof byte and word coperations. This
was an impertant censideraticen during the desiagn cof the cccde
. Feor example , if cperaticns were te be perfeormed on a
byte, the higher order bits were saved and at the completicn
cf the operaticn were appended te the new byte wvalue

cbtained after the operatiocn.

A separate routine was designed for each instruction.
This made it easier to debuag and understand the ccde hetter.
Mcreover, each routine is a functicn by itself and changes,
if any, can be -easily made depending on additicn or any
enhancerments tc the existing capabilities of the varicus
instructicn sets. A sample prearam medule for an

instruction "EXT" ( extensicn ) is shown con pace 49.
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/# Extena sign bit of the data register #/

ext ()

{
int oomode,sign,ris
extern 1nt RI[8];

extern int iropcg /% instruction opcode #/
extern int c,2,vyn} /# condition codes #/
extern int timeg /% instruction execution time #/

time = time + 4;
comode = getbits(iropc,7,2)
ri = getbits(ironc,2,3); /% r1 holods the register number #*/

/% sign extend low order byte of data register to word #/
if ( oomode == 2 )
{
sign = getbits(RIr1]),7,1);
if ( gign == 1 ) /% highest order bit of the lower order byte #/

/% is a "1 */
{
n =13
RIr1]) = RIri1) | OxOOQOFFFF;
)
else /# hignest order bit of the lower order byte #/
/% is a zero */
{
n = Qg
RIr1) = RIr1) & OXFFFFQOFF 3
rs

).o
/G’sign extend low order word of cata register to long #/
if ( oomode == 3 )
{
sign = getobits(RIr1),15,1)3
if ( sign == 1 ) /# highest order bit of the lower oraer byte #/
/% is a "1" "/
{
n = {3
RIr1] = RIr1]) | OxFFFFO0QO;
b 3 .
else /# highest order bit of the lower order byte %/
/‘ 1. . "0" ‘/
{
n = Q3
RI{r1) = RIr1) & Ox@BQRFFFFj
>3
>3
if ( RIr1] == @ ) z = 13
elsq z = Qg
v = Qg
c = Q3
X5
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The instruction decode module is also defined as a

different function for the same reason.
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CHAPTER 5

IMPLEMENTATION

The software tools used for achieving this thesis work

were the following :

: C compiler on the PIT VAX 11/780 system ( UMIX -

Version 4.2 ).

: The 68000 assembler and 1loader ( User's manual

explains the usage of this assermbler ).

The entire sirulator program has been organized into
different rodules rainly based on the functions and types cof

instructions.
The main module has three main functions.

(1) Load :- This reads the object file and 1loads the

instruction bytes into its rerory.

(2) Fetch :- This function fetches one instruction byte

at a time.

(3) Decode :- The byte fetched 1is decoded into

different instructions. ( Further fetches are initiated if

an extension word is involved ).

Refore the sirmulator starts fetching instruction bytes,
a routine "initreset" sets up the initial stack areas, stack
pointers and prograr counter. The addresses of the

different trap and interrupt routines are loaded at the .



Page 52

appropriate addresses interactively. The user manual in the

appendix explains this procedure with an example.

There are separate routines for different "error"
routines ( eq : CHEK bounds, divide by zero, address error
etc. ) which are called by the prograrm at different stages
depending on the necessity of <calling " exception "
routines. These "error" routines 1load the appropriate

exception routine addresses into the prograr counter.

There is a routine for calculating the effective
address of the source. This calculates the effective
address based on the size of operation and the effective
addressing node - Similarly, there 1is a routine for

calculating the effective address of the destination.

There is a routine for calculating the values from
memory . Given the address of-the merory location and the
size of operation ( byte, word, or 1long ) this routine
calculates the value of the operand frorm remory. On the
other hand, there is another routine for storing the value

resulting from an operation in merory at the specified

address.

The condition codes resulting fror different operations
are implemented in the routines for different instructions.
The updated value at the end of each operation is stored in
a variable "SR" ( status register ) so that next reference

to the status register, if any, reads the updated status.
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The simulator defines memory space from $0-SFFFF. This
is sufficient for normal student programs. Of these the
first 512 words ( 1024 bytes ) are reserved for interrupt
and trap vectors. The memory starts at address 0. This
provides 255 different vector numbers, 0 and 2 throuah SFF.
Of the 255 interrupt vectors, 192 are reserved for user
interrupts. Fig.8 on page 54 shows vector assignments for
exceptions. For interrupts, the vector number is provided
by the interruptina external device. The actual MC62000
rmachine will accept seven levels of interrupts. The MC68C00
has a prioritized interrupt structure. Interrupt priority
levels are numbered from one to seven, with level seven
being the highest priority. The status register contains a
three bit mask which indicates the current priority . 1If
the priority of the current interrupt is equal to or less
than the value of this mask the 68000 ignores this interrupt
request. ( However there is an exception. A level 7 will
still acknowledge another level 7 interrupt recuest ). 1If
the interrupt recuest has a value that is higher than the

interrupt mask, the 68000 will initiate exception

processina.

Interrupt processing follows a general pattern shown

below :

1. The 68000 saves the 16-bit contents of the status

register in an internal register.



Vector Address .
Numberis) | Dec | Hex | Space Adsigrment
0 0 000 SP  [Reset Initial SSPZ
4 004 SP__|Reset inmal PC2
2 8 008 SD  |8us Error
3 12 00C SD |Address Error
4 18 010 SD |inegal Instruction
5 20 014 SD |Zero Divide
8 24 018 SD |CHK instruction
7 28 01C SD |TRAPYV instruction
8 k7] 020 SD |Priviiege Violstion
9 36 024 SD  [Trace
10 40 028 SD |Line 1010 Emulstor
n 44 02C SD |Line 1111 Emulstor
121 48 030 SD [IUnassigned, Reservedi
131 52 034 SD [iUnassigned, Reserved)
141 68 038 SD  [iUnassgned, Reserved)
15 &0 [+ <] SD  |Uniniishzed interrupt Vector
1) 64 040 SD j(Unassigned, Reserved!
% O5F -
24 96 080 SD {Spunous Interrupt3
2 100 054 SD |Level 1 interrupt Autovector
26 104 088 SD {Level 2 Iinterrupt Autovector
27 108 08C SD {Level 3 Interrupt Autovector
3B 112 070 SD [Level 4 Interrupt Autovector
23 118 074 SD |Level 5 Interrupt Autovector
0 120 078 SD jLevel 6 Interrupt Autovector
3 124 07¢ SD__jLevei 7 interrupt Autovector
na 128 080 SD | TRAP instruction Vectorsd
191 08F
192 0CO SD |iUnsssigned, Reserved)
48-63! 6 OFF =
64.255 255 100 SD [User Interrupt Vectors
1023 IFF -
NOTES

1 Vector numbers 12, 13, 14, 18 through 23. snd 48 through 63 are re-
served for future enhancements by Motorola No user peripheral devices

should be assigned these numbers

2 Reset vector (0) requires four words, uniike the other vectors which only re-

Quire two words, snd is located in the SuUDervisor program space

3 The spunous iNterrupt vector 1S taken when there s 8 bus error indica-

tion dunng interrupt processing Refer to Paragraph 6 6 2
4 TRAP #n uses vector number 32+ n

Page

54
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2. The privilege state is set to supervisory mode and

the trace mode is turned off.

3. The processor priority level is set to the level of

the interrupt being acknowledged.

4. An interrupt acknowledge signal is sent to the

interrupting device.

5. The interrupting device then responds by placing
one of the 192 user interrupt vector numbers ( $40-SFF ) on

the address bus.

6. The 68000 multiplies the vector number by four to

convert it to a vector address.

7. The current program counter and status register are
then saved on the supervisory stack ( Since all the

operations in progress are in the supervisory mode ).

8. The 68000 1loads the program counter with the
calculated vector address which 1is the address of the

interrupt routine.

Some of the earlier Motorola family devices were not
able to provide vector addresses in the above manner. When
these devices are used in conjunction with the 68000, the
68000 itself determines the autovector number. Since the

priority levels range from 1 to 7 the autovector numbers

will range from $19 to S$1F.
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This simulator is designed to accept only one interrupt
at a time. Since this is a software simulation, there are
restrictions in implementing multi-level interrupts. In
this simulator “"control-\ " key is used to simulate an
interrupt. When the user hits this key, the processor
autovectors to address location ( 4 * 19 ) $S64 ( which is
the address of level 1 interrupt autovector in the actual
68000 processor as can be seen from Fia.8 ). The lonc word
contained at this address is the address of the interrupt
routine. The wuser has to 1load this address before the
simulator starts fetching the instructions. The user ranual
section explains this procedure in detail. As in the actual
rachine, the processor enters into the supervisory state and
pushes the current program counter and status register onto
syster stack before branching to the interrupt routine. As
in the normal case, on encountering a "RTE" instruction in
the interrupt routine, the processor changes state to user
mode and returns to the main proaram. The saved proqgram

counter and the status reqister are restored from the systenm

stack.

The MC68000 has a special reset exception. "Reset" |is
an external sianal designed for system initiation and
recovery fror serious failures. On receivina this signal
the processor is forced to the supervisory state and the
trace state is turned off. The interrupt mask is set to the
highest 1level so that no interrupt can interfere with the

reset procedure. This exception 1is different from other
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exceptions in that no program counter or status register is
saved. The reset exception vector is four words long. Note
that all other vectors are only two words long. This vector
occupies addresses $00 through $07. The 68000 fetches the
first two words and loads ther into the system stack and
loads the second two words into the program counter.
Normally this 1is the address of the power up/restart

routine.

Note that there 1is an instruction "PESET" whose
function 1is not the same as a hardware reset. The "reset"
instruction causes no 1loadina of the reset vector. It
allows the user tc reset the system to a known state throuch
software. 1In other words, it asserts the reset 1line to

reset external devices.

This simulator uses the break key to simulate this
external hardware reset. As in the case of the interrupt
using " control-\" key the user should load the " start-up "
system stack pointer into the long word location starting at
address S00 and the " start-up " routine address into the
long word location starting at location $04. Details of

this procedure are given in the user manual section.

Traps are exceptions caused by instructions. They are
initiated on recoagnition of abnormal conditions during

execution of instructions. The execution of a trap has a

definite pattern.
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(1) The status register is copied into an internal

non-addressable register.

(2) The program enters the supervisory state and the

trace mode is turned off.
(3) The vector number is internally generated.

(4) The address of the instruction after the
instruction which caused trap and the status register are

pushed onto the supervisory stack.

(5) Trap exception starts at the address contained in

the exception vector.
Traps are of two types.

(1) Those generated due to an abnormal condition during

instruction execution .

(2) Those caused by the execution of special trap

instructions.

Let us consider case {(l1). As an example let us take
the case of execution of CHK instruction. As already
explained in the previous section on the 68000 instruction
descriptions, this instruction checks register against some
bounds. If the bounds are exceeded a trap 1is generated
internally. Essentially what this means 1is that an
instruction "TRAP 6" is executed internally. This causes
the exception vector at address $018 ( 24 decimal ) to be

fetched and loaded into the program counter. Note that this
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address points to the exception routine. The user can write
his own exception routine provided he loads the address of
his exception routine in location $01¢2 when the simulator

prompts for it in the initial stages. Details are given in

the user's manual.

Note that generation of trap vector fcllows a special

algorithm. A " trap n " uses vector number 4*(32 + n).

Next consider case (2) where traps are caused by trap
instructions in the program. This helps 1in forcing an
exception into one the 16 user defined trap routines.
Instructions TRAP 0 through TRAP 15 causes the proaram to
be transferred to user defined routines whose addresses are
in the 1long word locations $80 through S$BC. See fig.9 on

page 60. Thus traps act as software interrupts.

There is a serious restriction in the case of traps
generated through an instruction. The PIT assembler does
not decode the trap instruction properly. This has already
been mentioned in Chapter MNo.4. Hence at present one can
have only 8 traps ( TRAP 0 through TRAP 7 ). In this
MC68000 simulator three traps have been used for special
purposes. This is only implemented for convenience and |is

not a normal MC68000 feature.

(1) TRAP 5 starts trace.



Transfers Program Control
instruction Through Vector Address:
TRAP #0 $80
TRAP #1 $84
TRAP #2 $88 >
TRAP #3 $8C
TRAP #4 $90
TRAP #5 $84
TRAP #6 $88
TRAP #7 $9C
TRAP #8 $AD
TRAP #9 $A4
TRAP #10 $A8
TRAP #11 $AC
TRAP #12 $B0
TRAP #13 $84
TRAP #14 $88
TRAP #15 $8C

Fig.9

Page 60
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(2) TRAP 6 stops trace.

(3) TRAP 7 acts like an END directive ( It halts the
program ). Most MC68000 assemblers have this directive but
RIT assembler does not. If found unnecessary these features
may be removed and used in the normal way to transfer

program control through vector addresses $94, $98 and $9C.

The MC68000 also implements a trace feature as already
mentioned briefly in the introductory section. This feature
assists in program development. When the trace feature is
turned on, the 68000 generates an exception after each and
every instruction. As in the case of traps the trace causes
the proagram to be transferred to a user-supplied routine in
rerory through vector address $24. Note that the trace
facility wuses the T-bit 1in the superviscr portion of the
status register. Hence tracing can be enabled or disabled
only in the supervisory mode. Normally the operating syster
provides a debuaging proagram in assembly language at the
lona word address at vector location $94. For debugging
purposes this simulator a routine is written in "C" to show
the contents of all registers and if necessary, the contents
of memory locations. It also displays the total number of
clock cycles executed so far. This gives an idea of the
time needed in an actual MC68000 microprocessor. In
addition, it provides a facility to change the contents of
registers. This feature has been added only for
convenience. The code to transfer control to vector address

$94 is written but not used currently. However, in the
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future this can be used if necessary -

This simulator also has an additional feature. At any
time during execution of a program if the user feels that he
needs to set the trace " on " or " off " he can hit the

centrol-z key and the system prompts the user for additional

inforration. These include
(1) Vhether he desires to set the trace on/off.
(2) Whether he needs to see contents of any recister .

(3) Whether he needs to change contents of merory

locations.

From the table showing address assignments for
exceptions on page 53 the following have not been covered in

the discussion so far.
(1) Bus error ( Vector number 2 )
(2) Line 101 Emulator ( Vector number 10 )

(3) Line 1111 Emulator ( Vector number 11 ) These

features are related to hardware and hence are not
implemented. The bus error signal is an externally
generated input that notifies the 68000 of an error

somewhere in the systen.
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CHAPTER 6

CONCLUSION

This section describes the results and conclusions
derived from the different testing procedures. The
simulator was tested at two stages. (1) Desicgn staqe. (2)

Implerentation.

At the implementation stage after writing code for each

instructior the code was tested to deterrine :
(1) Expected result.
(2) Pesult of the condition codes.

(3) Whether the instruction works for byte, wcrd cr

lonec word operations.

(4) vhether the instruction works for all possible
addressing modes. It was during this stage that sore

anomalies and buags were detected in the PIT asserkler.

At the implerentation stace a set of qood test progrars
involving all the crucial operations were developed with the
help of different books mentioned in the reference. These
test programs were run against the simulatcr. This helped
in detectina minor bugs in the simulator which were

rectified. The set of programs used for testing are

attached at the appendix C.
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Consider the example shown on pages 65-67. The progranr
finds the' rinimum  and maxirum word values in an unordered
list. The rinimum value 1is returned in mermory location
"minval"; the maximurm value is returned in meriory location
"maxval". Note that "Sffff" is the srallest number while
"$7fff" the largest. The script of the program run is also
attached. The addresses of the locations "rinval" and
"maxval" are noted from the symhbol table, which are $444 and
$446. Look at the contents of "maxval" and "rinval" at
memory locations $446 and $444 respectively. It is clear
that the raximum valuc is in "maxval" and rinimum value is

in "minval" at the end of the prograr run.

The testinag process brought to light a few
discrepancies. These discrepancies arose mainly due to the
difference in the interpretation of some instructions by the

RIT assembler.

The following are the 1list of instructions wherc

deviations from the MCAE000 standards were noticed.

(1) Interpretation of predecrerment/postincrerent modes

of addressing :-

It was observed that in any instruction of type "iii

-(Aay), -(Ax)" where "iii"™ denotes an instruction the
assermbler generates an opcode which treats address register
Ay as destination. This discrepancy should not create much

difficulty if the user takes note of this fact while writinc

codes in assembly language.
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This program finds the minimum and maximum word values in an unordered |

list. The minimum value is returned in memory location minvalj the maximum
value is returned in memory location maxval. The starting acdress of the |
list is in address register A®. The length of the list, in words, is in |
the list’s first word location. For signed values use "bpls chkmax" & !
"blss cont"” instead of "bcecs chkmax" & "bles cont"” !

- data
minval : .word @ I minimum value location |
maxval @ .word @ | maximum value location |
data & .word 5,4,0x7Ffff, 2,7, OxTFff

. text

lea cdata, a@
minmax : movw a@@+,di | move element count into |
. subgw #g,dl | dl and decrement it. |
|
[

movw a0@, minval initially, make first |
movw afd@+, maxval element both min and max |
chkmin ¢ movw add+, de I load next element into do |
cmow minval,d@ I is this element a new min? |
beqas cont
| bces chikmax |
bpls chkmax
movw do,minval | Yes. Upcate minval |
bras cont
chkmax: cmpw maxval, d@ | is this element a new max? |
| blss cont |
bles cont
movw do, maxval | Yes. Update maxval, |
cont: dabf di,chkmin I End of list? |
trap *6 | set trace |
trao *5 | stop trace |

trap “7
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% ab8* 68x29.s

% ld68* —-R 400 68Kk29.0

% pré8+ p.out

Magic Number: 263

Text Size: 68 bytes

Data Size: 16 bytes

BSS Size: O bytes

Symbol Table Size: 144 pytes
Text Relocation Size: O bDytes
Data Relocation Size: @ pytes
Entry Location: 1024

Text Segment
Q: 41 f9 0@ ©
4: 4 48 32 18
8: U5 41 33 dO
C: @ @ 4 44
10: 33 g8 © O
14: 4 46 30 18
18: b®@ 79 @ ©
1c: 4 44 67 18

c@0: 6a 8 33 c0
e4: @ @ 4 44
£8: 60 e DO 79
egc: @ @ 4 46
30: 6f 6 33 cO
34: @ O 4 46
38: S1 €9 ff dc
3C: 4@ 46 4e 45

40: 4@ 47 O 0O

Data Segment

: © © ©o o

4: @ S5 0O 4

8: 7Ff ff © =2

c: © 7 ff ff

Symbol Table

Q: ET 444 _etext

t ED 454 _edata
2: EB 454 _end
3: T 42a chkmax
4: T 406 minmax
S: D 446 maxval
6: D 448 data
7y 7T 416 chkmin
8 D 444 minval
9: T 438 cont

‘Text Relocation Commands

Data Relocation Commands

% sim68k b.out

Do you want to load exception routine addresses into memory location.
Say y/n

n



RG] ===
RCL4]—==)
AlR]——=)
AL4]——=)
c z
| |

" "

43e
ffff

"

454

0
v

|
"

n
!
i

bs
!
o

USP—===)
R{1])=—=)
R{S]---)
ARl1]——=)
RLS5]===)

fefe SSPp-=—=)
fPFFFFff RL2)I-——)
0 RL{&]===)
0 RL2]——=)
0 RLE]——-)

fffe

060686

Do you want any memory location to be displayed ?

Yy

please enter lower range location in hex

444

CONTENTS OF SPECIFIED MEMORY LOCATIONS
LOCATION

444
454
464
474
484

Do you want

n

Do you want

n

total clock

% ~D

ff
00
00
o0
00

ff 7f
20 00
20 00
o0 00
o0 00

ff
00
00
00
00

20
0
20
0
0

CONTENTS

a5
0
o0
o0
1"}

00 04 7f
00 00 00
20 00 20
20 00 00
00 00 00

ARE GIVEN BELOW

FF

00
o0
00
00

0
00
0
00
00

oz
o0
00
o0
0

o0
00
0
o0
00

any memory location to be displayed ?

to change contents of any memory location.

cycles executed

1686

a7
0
00
0
o0

Page 67

SR---) 8700

RL{3]-—=)
R{71-==)
AL3]——=)
AL7]——=)

"]
"]
("]
fefe

ff
00
@0
00
o0

ff
00
00
00
00

Say y/n
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(2) Absolute word addressing not supported :- The RIT
assembler does not support absolute short or "word"
addressing. This should not create any problem as far as
programming 1is concerned since everything is treated as a

long address which is alright from the simulator point of

view.

(3) "STOP" instruction not supported :- The RIT
assembler does not support "stop" instructicn. The user
right have to load the opcode for this instruction if he

needs to use thenm.

During testinc stage of this instruction sorme problers
were encountered while testing all instructions involvincg
"ccr"” ( condition code register ). It was discovered that

the PIT assembler does not recognize "ccr" in instructions
but instead accepts "cc". Thus the user should note that he

should use "cc" and not "ccr" in his asserbly code.

For eaq: nmovew XXX, CC instead of T'"movew XXX,

ccr”.

vhile testino care was taken to see that wvalucs which
are not supposed to be affected remain intact. For eg: For
byte-sizcd operations, values of registers were checked

before and after the tests to confirm that the higher order

bytes rermain unaffected.
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Points to note :- All instructions having an immediate
mode addressing are automatically treated as instructions

designed specially for immediate mode.

For example : An " OR <ea>, Dn " is treated as an "

ORI XXX, Dn " if <ea> denotes an imrediate addressing

modes.

Shortcominags from the simulator point of view are
related to the fact that this is a software sirulaticn and
hence there are cases where it is not possible to exactly

sirulate the hardware. These cases are discussed below :-

(1) Interrupts e There are restrictions in
irplementing multi-level interrupts. This simulator
simulates only sinale level interrupts as was mentioned in
the proposal. wWhat this means is that this sirulator does
not have to take into consideration the priority levels.

The simulator can accept only one interrupt at a tire.

(2) Reset instruction :- The reset instruction has a
very limited purpose on this systenm. The actual reset

instruction sends an electrical signal to reset the cxternal

hardware systen and continues execution at the next
instruction. Naturally this cannot be simulated. Hence
essentially this instruction is almost like a " NOP "in our

case.
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(3) Bus error cannot be implemented as electrical

signals to external hardware are involved in this case as

well.

Except for these deviations the simulator had no

problems and met the reocuired standards of a MC62000

machine.

Before concluding this section it would be interestina
to view some of the features which could be added to this
simulator in future. The utility of this sinulator can be
enhanced by adding the facility of recognizing additiocnal
interrupts. The code on page no.7]1 should help in starting
future developments on these lines. It would also be
helpful to refer to sections "TTY(4)", "IOCTL(2)" and
"SIGNAL(3C)" on the UNIX Programmer's Manual in the PIT

Professional Lab.

Note that this will work only in "CBREAK" and "PAU"
terrinal modes. The "CBRFAK" mode eliminates the character,
word, and line editing input facilities, making the 1input
character available to the user program as it is typed. The
"RAW" mode elirinates all input processing and makes all
input characters available as they are typed; no output

processing is done. The Prograrmer's Manual gives details

about these modes.



Page 71

/% A format of a "C" program code which will act #/
/# as a guideline to works directed towards provision #/

/% of additional interrupts «/
include <(signal.h) /% Software signal facility e/
include (fcntl.h) /% file control =/

void main() {

signal ( SIGIO, catcher )3
fentl( @, FSETOWN, getpid() ); /# A signal should go #/

fentl( @, FSETFL, FASYNC ) /% to this process upon &/
/% available data ./

>3

void catcher() { /& Signal catcher #/

char C3

int res;

res = read( @, &c, 1 )y
if ( res == 1 )
switch (c¢)

{
ces /# Case statements for different values #/
vea /% of "c". Variable "c" has specific */
css /% values for different keyboard */
soa /% interrupts */
) J
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APPENDIX A

USER MANUAL

There are certain steps to be followed by the user of

this simulator.

(1) To create an object module of his assembly program
he shoulcd issue the cormand " a68* xxx.s " where xxx.s is

the file nare.

(2) Mext be should load this code starting at memrory

location $400. For this he should 1issue the following

cormmand.

" 1d62* -F 400 “"xxx.o" where "xxx.o" 1is object file
obtained from step(l). ( Note: S400-SFFFE is the memory
area available for user programs. ) This step creates a

file "b.out".

(3) Next the user should get a printable format of this
b.out file usina " pré68* b.out " command. This is mainly
needed to study the symbol table and note the addresses of

various labels used in the program.

(4) To run the program use the command " sim68k b.out

(5) Now comes the most important part which has to be
handled with care for proper working of the simulator. The
user should load the correct addresses of the following

exception routines at the correct vector addresses using the
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information obtained from step(3). The vector addresses

where they are loaded are given in figure € on page 54.

(1) Reset

(2) Address error

(3) Illegal Instruction
(4) Zero DNivide

(5) CPE¥ instruction

(6) TRAPV instruction
(7) Privilege violation

(€) Trace ( Currently not needed as explained in

previous sections )
(9) Privilege violation

(10) Interrupt routine : This will be loaded at $6¢ as
explained 1in earlier sections. 1In addition the user will
have to load the addresses of various user defined trap
routines . Currently only four user trap routines are
allowed . Hence only vector addresses $80, S84, $88 and $8C

have to be loaded if used. Now the user is all set to run

his programs.

For better understanding of this process a copy of a
sarple program 1is shown on pages 74-77. It is accompanied

by a script of all the comrands and outputs.
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i A program to check valioity of CHK instruction & traps. |

i In this program the user has to locad the address of the trap |

i routine ( called by trap ®#1 ) starting at label "suparea”. The |

{ routine at this address sets trace. The user loads this address |

i at iocation "$84-887". The user has also to load the check exception |

| routine address at location “$18-8ib". For the purpose of test in tnis |
i program we can load an opcode for "stop"” instruction. |

. cata
init: .bss 1

s text
movw init,di
trap L DY | exception routine at address $84 |
start:
addw #-1,d1 i if you add #1 reg bound exceeeded when D1 = 6 |
chi #5,01
Jmp start

| A exception routine to set up trace i.e@ t bit wnich can be done only in sup
suparea: movb a7@,d5

orb #Ox80, dS
movb dS,a?7@
rte



% abB* 68Kk19.s
% 1dé8» -R 400 68k19.0
b. out

% oreé«

Mmagic Number: 263

Text Si
Data Si

ESS Size: O bytes
Symbol Table Size: 86 bytes

Text Relocation Size: O bytes
Data Relocation Size: O bytes
1024

32 bytes
9O bytes

Entry Location:

Text Segment

" H
b4
8:
c:
10:
14:
18:
ic:

32
4
1)

43

bhe
4
"]

le

39
20
41
be
9

8

S
835

Data Segment

Symbol
"1

Table

ET

1: ED

2
3:
b3
St

Text Relocation Commands

EB
T
T
D

]
Y
ff

"]

"]
ia

"]
be

420
420
420
408
416
420

o
41
ff

5

o
17
8o
73

_etext
_edata
_end
start
suparea
init

Data Relocation Commands
% $im68k D. out

Do you want to load exception routine

Say y/n
b4

Enter location in hex

Enter new content in hex

Do you want to load exception routine

Say y/n
b4

Enter location in hex

Enter new content in hex

Do you want to load exception routine

Say y/n

y

Enter location in hex —-———-- -—-) la
Ernter new content in hex —=—====-=- Y la

Do you want to locad exception routine

Say y/n
y

addresses

addresses

addresses

addresses

into

into

into

into
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memory location.

memory location.

memory location.

memory location.



Enter location in hex ——=—-eae) 1p
Enter new content in hex === -—-) @
Do you want to load exception routine
Say y/n

b4

Enter location in hex —=—cceaada ) 1a00
Enter new content in hex ———eecee-) 4¢
Do you want to load exception routine
Say y/n

y

Enter location in hex —=—cecacaaa ) l1a01

Enter new content in hex —=——ccaao Yy 72
Do you want to load exception routine
Say y/n

b4

Enter location in hex ~=——cecaa- ) 1a0@2

Enter new content in hex —=——ccea-- ) @

Do you want to load exception routine
Say y/n

b4

Enter location in hex —==ce—e-- ) 1a03

Enter new content in hex -————e-- > o

Do you wart to load exception routine
Say y/n

b4

Enter location in hex —————c-- ) 84

Enter new content in hex —======-) @

Do you want to load exception routine
Say y/n

Yy

Enter location in hex
Enter new content 1n hex —=—======) @

Do you want to load exception routine
Say y/n

Yy

Enter lccation in hex —=—=—=—-- ) 86
Enter new content in hex -=—=—=—-==- ) 4
Do you want to load exception routine
Say y/n

Yy

Enter location in hex —==—====-= ) 87
Enter rnew content in nex —=—=—====- ) 16
Do you want to load exception routine
Say y/n

n

addresses

addresses

addresses

addresses

addresses

addresses

addresses

addresses

addresses

into

into

into

into

into

into

into

into

into

memory

memory

memory

memory

memory

memory

memory

memory

memory
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location.

location.

location.

locationr.

location.

location.

location.

location.

location.



PC————- )
R[] -—=)
RC4]-—=)
ALA)-——=)
AL4]-—=)
c z
| |
@ "

408
"
o
"
"
v
|

2

n
|
1

UsSP—--—-)
R{1)——-)
R{S5]-—=-)
Af1)--=)
ALS1-—-)

X

|

"

fefe

a7

8SP—-—-)
RL2]-—=)
RL&)--=)
AL2l-—=)
ALB)——=)

fffe

6666

Do you want any memory location to be displayed ?

n

Do you want to change contents of any memory location.

n

total clock cycles executed

PC————- )
RL@])--=)
R{43---)
AL ——=)
AL4)-—=)
(= Z
| |

" "

4Q0c
2

"
"
"
v
|

"

n
|
"

X
|
"

usSP———-)
RL13-—-)
RLSI——-)
AL11---)
ALS1---)

322
S8P—=-=)
RL{2]--=)
RL&]-—-)
Al2)—--=)
ALBl-—-=)

fffe

8666

Do you want any memory location to be displayed ?

n

Do you want to change contents of any memory location.

n

total clock cycles executed

REGISTER BOUNDS EXCEEDED---

364

STOP....PROCESSOR WAITING FOR INTERRUPT

HARDWARE RESET
IN PROGRESS

POWER-UP/RESTART

% ~D

PROGRAM HALTED

Page 77

SR-—-) 8700

RC3)———) O
RL7)--=) @
AL3]-—-) O

AL7)-—-) fefe

Say y/n

SR---) 8700

RL3]---) @
RL7]---) @
AL3)---) ©

AL7)-—-) fefe

Say y/n
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Note the output after executing the command " pré&* b.out ".
The symbol table gives the addresses of the labels in the
program. The routine under the label " suparea " 1is the
supervisory mode program which sets the trace bit. This is
clear from the program given. This code is entered through
the trap instruction " trap 1 ". From fig.9 on page 60 it
is clear that " trap 1 " transfers program control through
vector address $84. It should also be noted that " chk
bound exceeded " exception address 1is in the location
§18-$1b ( Fiqure 8 ). Look at the copy of the script. To
run the program the command " sim68k b.out " 1is entered.
Notice that the simulator prompts for addresses of exception
routines. An address " 1a00 " 1is entered at location

$18-$1b. This is the address of the exception routine. 1In

this case an opcode for stop instruction 1is enterec
beginning at this address ( The opcode entered is " 4e720000
"). From the symbol table it was observed that the address
of " suparea " is " $416 ". This is entered in the memory
location $£4-$88 so that the proagram transfers control to
the routine at " suparea " through " trap 1 " instruction.
This sets the trace bit. Notice how the trace mode 1is
entered and all registers are displayed. The script also

shows that the processor enters the halt or stop " state

once the register bounds are exceeded. For the purpose of
testing, the break key has been utilized to stop the
program. Hence in the halted state, when the processor is
waiting for an interrupt, pressing the break key halts the

program. In the actual routine "power up/ restart routinc
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is executed on recognizing an external hardware reset.

It is suggested that the user load the exception
routine area with the " stop instruction " opcodes in the
manner shown in the previous paragraph, if he does not have
a specific exception routine while testing or running his
proarar. This will take care of default cases where the
processor halts and waits for interrupts if proper interrupt

routines are not loaded.



Page 80

APPENDIX B

PEFERENCES

l. Leo J.Scanlon , " The 68000 : Principles and

Programming ", The Blacksburg Continuing Education Series,

1983.

2. John F. Wakerly , " Microcomputer Architecture and

Prograrming ", John Wiley ané¢ Sons, Inc., 1981.

3. Dave Bursky, " MC68000 16-Bit Microprocessor to
Offer Wide Address Range, Powerful Comrmands ", Electronic

Design 15, July 19, 1978.

i

4. Edward Stritter and Tor Gunter, " A Microprocessor
Architecture for a Chancing World ", Computer, Feb 1979 (

MC68000 Article Reprints ).

5. John Zolnowsky and Nick Tredennick, " Design and
Inplementation of Syster Features for the MC68000 ",

Proceedings of Compcon, Fall 1979 ( MC68000 Article Reprints
)o
6. W. Richards Adrion," Validation, Verification and

Testing of Computer Software ", ACM Computing Surveys, Vol

14, Number 1, March 1982.

7. Ian H. witten, " The new nmicroprocessors ",

Advanced Microprocessors, IEEE press selected reprint

series.



Page 81

8. Hoo-nin D. Toonq and Amar Gupta, ! An
Architectural Comparison of Contemporary l16-bit
ricroprocessors ", Advanced Microprocessors, IEEE Press

selected reprint series.

9. P. Heidelberger and S.S. Lavenberg, " Performance

Evaluation ", IFEE Transaction on Corputers, May 19£4.

10. Valter A. Triebel and Avtar Sinah, " 16-bit

Microprocessors ", Prentice-Hall, Inc., 1975,

11. Thoras L. BHarman ané¢ Barbara Lawson, " The
Motorola MC68000 Microprocessor Family ", Prentice-Hall,

Inc., 1985.

12. MePO0O0 16/32-bhit Microprocessor , Proaranrer's

FPeference Manual, Fourth Fdition, Prentice-Hall, Inc., 19€4.



"APPENDIX C

TEST PROGRAMS

| Find the average of "n" sigrned numbers
| The answer is in register 7 § memory location "average"

.Cata
n = S
gata : .word -’65q -6q 9g 4, 3
| data : .word 3,12,-2,16,10 ex of remaincer |

« DSS

average: .=, +4
.text

clrl -¥4

lea cata,al
noo

movl #n-1, 00
nxtot: movw all+,01

extl al

agdl ol,d7

abf oo, nxtpt

givs *n, a7

trao »6 | set trace on |

trao *7 | end |
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! A propram to check valiocity of CHK instruction & traps. |

| In thnis orogram tne user has to lcad the address of the trao |

i routine ( called by trap #1 ) starting at label '"suparea". The |

j routirne at this address sets trace. The user loaads this aodress !

| at location "$84-$87". The user has alsoc to load the check exception |

{ routirne address at location "$18-%1p". For tne purpose of test in tnis |
i prooram we can lcao an cpcoage for "stop" instructiorn. i

.gdata
irnit: .bss 1

.text
MOVW init,al
trapo #1 i exceptior routirne at adaress $84 |
start:
agaw #-1,01 | if you add #1 reg bouna exceeeaed wnen D1 = e |
ch¥ #o5,01
amp start

{ A excepticn routine to set up trace i.e t bit wnich can be aone only in sup
siiparea: movb a7@®,cS

orb #Ax8@, aS
movo cS,a7®
rte
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i Biven a number N in the rarpe @ ( N (= S5, a orogram that comoutes 1ts |
i factorial ano saves the result iv D1 i

. 0ata
i ¢+ .byte S

. text
moveq #1,d7
clrw (=] )

laon: cmpo ri. d6
beq core
adaaw #1,06
MLl o6, 07
ra loan

oone: movl d7,01
trao 8#6

trap #7
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\Epivilepe viciation example. User carnct use "reset" instr in his orogram |

.text
niop
nop
Jmo sup
Y120
trao #6
trao ®#7
sun: reset

rte
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Tnis orogram finds the miriimum ang maximum word values in an uncrgered |
list. The mirnaimum vaiue is returned in memory locaticon mirnvali; tne maximum |
value is returned in memcory lccatior maxval. The startirnpg aodress of tne |
li1st is ir aooress repister AY. The lergtn of the list, irn words, 1s 1in |
tne ii1st’s first word locaticor. For sigred values use '"ools cnkmax' & |
"oiss cont' 1rstead of '"beoos chkmax" & "bles ceont" '

. cata
mirval : .word @ { minimum value location |
maxval : .werd @ | maximum value lccation |
pata : .woro S.4.8x77FfF, &, 7, OxTFFF
. Text
lea cata, ad
mirmax : movw al@E+,dl 1 move eiement count 1nta |
suoow H®2,0l | ol ango oecrement i1t. f
Mmovw avE, minval { initiaily, mawe first |
movw adie+, maxval | etemernt ooth mirn arno max |
chxmin & mMavw agis+, g@d | loao riext element irto cd
cmow minvai, dé | 15 this element & riew min? |
necs cont
| occes chxmax t
po.s chKmax
Mmovw g@, minvail ) Yes. uppoate minvacl !
pras cont
crkmax: cmow maxvaili, g@ | 18 this eiement & riew max?
{ biLss cont ]
nies cont
movw od, maxval ! Yes. Ubocate maxval. i
cont e chf Cl.CNnKmMIN i Erd of list? |
trao #6 set trace 1
trap #5 stoo trace |
tran w7
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| Thnis orogram calculates the pinary sine value for the argle ccorntained

in tne low word of cata register D@,
sigrn 1s returned i1n the low oyte of cata register Di.

using a

lcok—uD tapble.

]

Tme signed

Here we test wnether tne birnary value of sire of 177 is 6 or nct

.cata

sirntabp: .Dyte

.text
clrw
mavw

sinang:
clro
cmpb
nlss
tas
SDW
sirnbos:
cmoo
bmis
regw
acaw
cetsins:
lea
orn

trao

2, 2,4,6,8

aa
#177.00

a1l
#1802, q@
sinpos
al
#182,dR

#31, a@
gcetsin
Q@
#1802, 0@

sintan, ald

aRE(d,c@:l).al
#6 | set trace on

i



Examdie 1nvcoiving
Tne prcogram compares 16-pit positive integers in an array stored 1in |

ard leaves the larpest cre 1in D1
Register D3 is used as a counter to petermire wnen all tne rnumaers

lccations

have been

the orogram executes.

1ope

rnext:

NUM1,

tested

NUML + &,

movemn, suba,

. The count of rumpers 1s assumed toc be in D3 pefore
Tne riumpers are unsigned. !

Note:
.data
cata
.text
movil #6,c3
maveml #Ux3Q8@, sodE-
movl soata, al
subow #1,03
MmovW ale+,al
movw aliz+, oz
cmow al,as
pDis riext
exg al, as
subow #1,03
one 1D
movermni spie+, $AXAZVYC
trap £.2)

trapo

®7

exo,

and so on,

Ere & compares

. wora OxFFFE, 6, 8, 12, 76, AxFFFF

load count

of ruamoers
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1 Examnle—--—-
ivistructions.
Tnis routine sums the difference
addressed by Rl & A2.
If lerinth of tne columns is zero
ividicate tne error.

" YIED "

[ Aol
| =-ve

sumc1f:

loons

oos:

gorie:

pives an

.cata

coii : .word 7,

call = .word @,

colZ2 @ .word @OX

colZ @ .wora 5,
. text

lea coll,al

iea calg, a2

moveda #4,0l

clrw o3

cirw a4

TStw (a

bec core

Movw al@E+.de

oD

SUDW aciE+, a2

| g[=}=}

adaow o&,d3

DvYS core

subpaw #1,d1l

ore loo0

tstw o3

poe ocs

moavw #—1, 04

riecw o3

ara oorne

maveq #l,da

trap #E

trap %7

The leripth

Importarce of cornditicnal brarches & tst,

Otherwise
absoclute value. |
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arid sub {

1
between two columrs or vectors of i1ntegers
of the columns is 1nitially held irn D1 1
or an cverflcocw occurs D4 is set to zerol
result is in D3. If tne firal result 1s |

rieg, acad,
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| Test a tanle containirig word-length cperarnds to lccate a non—zerc entry. i
i al cortains the first address of the table and dl contains count. if al |
i contains a -1, table contains all zero values. Else al paints to the first
| non—-zero entry . An example for Bee instuction |

. gata
i gata :.word @, @2 ,0,0,0Q |
gata :.wora @,3,0,8,73

. text

movi #data,al

moveg #5,dl

locpl

tstw ali@E+

bne aonel

subaw #1,d1l

bpl locopl
donel: subal #2,al
trab #E

trap #7



Page 91

| i6~pi1t pubpie sort routire |

| arrange 16-pit elements of a list in ascending order in memory |
I The starting acdress is in AA. The length of the list — 1 1s in |
I the first word location . Note: Numbers are unsigned. |

data
oata : .woro 4,0xffff,6,9,1,2
. DSS
.text
movi #gata, aQ
sort: cirb o1 | excharge flag = @ |
movw al®E+,d3 | lcad word count into c3 |
iccD:

movli aQ.al
supow #1,03
movw  d3,0@

loag element addr. 1nta al |
decremernt wora count |
and loao 1t into counter DO |

trap »*€
trap #7

trace on |
end 1

|
i
|
comps movw al@+, g2 | fetch word into o2 |
crmow aleE, ge t Is next wcord greater than tnis worg
biss gecctr I Yes. Continue i
movew alm, al@E(-2) ! No . Exchnange |
movw oz,al@® | #* these two words i
tas ol I turn on excnange fiag |
decctri:dbf ca, comp | Erd of list ? |
riotb ol | Yyes. Is excharnge fiag cn ? |
bbls locoo I If so, star aver |
|
|
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i Sortinpg an array of 1€-bit sigried binary riumbers such that tney are |
| rearrarpead in ascending order. The numbers are storead in memory at
1 consecutive locations from aodress of "data' !
. gata
g = o
! cgata : .word @xf,9,1,2 |
gata : .word 9,@xffff, 6,4 | Note: fFfff is -1 and of least macrnatuoe |
. even
. text
start: movl =data, al
mavl #agata + 6, a3
AA: movi al, az
aodal #2,az
RE: movw aZ@,do

cmow ai@®, o
bots cc
MIVW ai@, acg@
Movw ad,al1@
CC: adgdqgl #2, a2
cmpl a3, az
ples BB
acgoal #2, al
cmol as,al
olt AR
trao #6

trap ®*7
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This propram performs a pirnary search of a table of array for a wora |
length pit pattern called a key value. The table is comooseo of O |
entries which are each & bytes long. The starting acdress of the tapie |
is supplied im AR ard the key to locate in D2. The lcw-crder wora of DI
centains the length of each entry and D& contains the rumper of entries!
in the table . If the search is successful the address of tne key value
1s returrec in A6. Otherwise A6 contains zero. Since a binary search 1S

cerformed, the data are assumed to be sorted numerically in tne table |
peing searched |

.gata
) cgata: .worag 4,5,6,7 |
data: .word 6,7.8,9,10

.text
iea data, aw
moveo B, dl
moveq #8,d@ | a@ contains the key value i.e tne searcn value |

movea #5, o2

searcn: subaw #1,de

clril c3
vl a3, ab
serlid: cmpw dz,d3
bgt exit
movw c3,04
adaw dz, a4
lsrw #1,d4
movw a4, dS
il dl,c5
nop
cmnow a@® (2, dS:w) ,a
oD
nge serz@d

sSubaow #1,ds

movw o4,d

ora serl@
serz@d: oeq success

acdaw #1i,04

MoIVW c4,03

pra seri@
success: lea aR@E (@, dS:w) . ab
exit: trao #6

trao #7



data:

celeful:

nextel:

of the list

.data

.text
lea
movw

movl
movw
subaw

crapw
peas
dbf

bras

.word 4,1,8,9,5

data, a@
#3, @

ad, al

al@+,d1
#1,d1

ale+, da

delete

al, rextel
alldun

| Delete an element, by moving

delete:

alldun:

movw
dbf

subaw
trap
trap
trap

al@+,al@(-4)
dl,delete

#1, ald@
#6
#5
#7
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DELETING AN ELEMENT FROM AN UNDORDERED LIST |

This subroutine deletes the value in the low wora of data register |
da from an urordered list if that value is in the list. The starting addres

‘ is in address register AA. The lergth of tne list, i1n words, |
is in the list’s first word location. |

copy startirn aadress into Al |
and word count |
minus 1 intco al |

delete victim founa? |

Yes. go aelete tnat element

No. Searcn until ernd of |

cof list, tnern exit (elemernt not 1n list ).

all subseauernt elements up by ore word locatio

{
|

Mcove orne word up in list |
Have all elemernts been moved? i

Yes. Decrement element count. I
Set trace |
Stop trace |
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