Estimation of Assembly Programs
Execution Time

 For aCPU running at a constant clock rate:

clock rate = 1/ clock cycletime

« Every machineor assembly instruction takes one or mor e clock
cyclesto complete.

 Thetotal timean assembly program requiresto run isgiven by:

Execution time = Total number of cycles X Clock cycletime
= Instruction count X cyclesper instruction X clock cycletime
= Instruction count X cyclesper instruction / clock rate

Example:

For a CPU running at 8MHZ isexecuting a progfam with a total of 100
000 instructions. Assuming that each instruction takes 10 clock cycles
to complete:

Execution time = 100000 X 10 / 8000000 = 0.125 seconds
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68000 Cycles Per Instruction

e For the 68000, the number of clock cyclesrequired by
an instruction to execute depends on:

— Theexact type of theinstruction in question.

— Addressing modes used for both theinstruction source
and destination if applicable.

— Size of operands:
 Byte- and word-sized operands usually take the same
number of cyclesto process.

 Instructionswith long wor d-sized operandstake more cycles
than that with byte/word-sized operands.

e For a68000 running at SMHZ all instruction timesare
rounded to multiples of four (i.e. 10 becomes 12 etc.).
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68000 | nstructions Summary

Instr
ABCD
ADD
AND
ASL
ASR
Bcc
BCHG
BCLR
BRA
BSET
BSR
BTST
CHK
CLR
CcwP
DBcc

Dl VS
DI VU
ECOR
EXG
EXT
JwP
JSR
LEA
LI NK
LSL
LSR

Descri ption

Add decimal with extend
Add

Logi cal AND

Arithnmetic shift left
Arithmetic shift right

Branch conditionally

Bit test and change

Bit test and cl ear

Branch al ways

Bit test and set

Branch to subroutine

Bit test

Check regi ster against bounds
Cl ear operand

Conpar e

Decrenent and branch
conditionally

Si gned di vi de

Unsi gned di vi de

Excl usi ve OR

Exchange registers

Si gn extend

Junp

Junp to subroutine

Load Effective Address

Li nk stack
Logi cal shift
Logi cal shift

| ef t
ri ght

I nstr
MOVE
MULS
MULU
NBCD
NEG
NOP
NOT
OR
PEA
RESET
ROL
ROR
ROXL
ROXR
RTD
RTE

RTR
RTS
SBCD
Scc
STOP
SUB
SVWAP
TAS
TRAP
TRAPV
TST

Descri ption

Move source to destination
Signed multiply

Unsigned nmultiply

Negate Decimal with Extend
Negat e

No operation

Ones conpl enent

Logi cal OR

Push effective address on stack
Reset External devices
Rotate | eft w thout extend
Rotate right w thout extend
Rotate left with extend
Rotate right with extend
Return and deal | ocat e
Return from exception

Return and restore

Return from subroutine
Subtract decinmal wth extend
Set conditional

St op

Subt r act

Swap data regi ster hal ves
Test and set operand

Tr ap

Trap on overfl ow

Test
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68000 Cycles For MOVE Instructions

Operand Size Addressing Mode
d(an

b.w/.1 dn an (an) (an)+ -(an) d(an) ,dn) abs.s abs.l
dn 4/4 4/4 B/l12 8/12 8/14 12/16 14/18 12/16 16/20
an 4/4 4/4 8/l12 8/12 8/14 12/16 14/18 12/16 16/20
(an) 8/l2 8/12 12/20 12/20 12720 16/24 18/26 16/24 20/28
(an) + B/12 8/12 12720 12720 12/20 16/24 18/26 16/24 20/28
- {an) 10/14 10/14 14/22 14722 14/22 18/26 20/28 18/26 22/30
d{an) 12/16 12/16 16/24 16/24 16/24 20/28 22/30 20/28 24/32
d(an,dn) (14718 14/18 18/26 18/26 18/26 22/30 24/32 22/30 26/34
abs.s 12/16 12/16 16/24 16/24 16/24 20/28 22730 20/28 24/32
abs.1 16/20 16/20 20/28 20/28 20/28 24/32 26/34 24/32 28/36
d (pc) 12/16 12/16 16/24 16/24 16/24 20/28 22/30 20/28 24/32

d(pc,dn) 14/18 14/18 18/26 18B/26 18/26 22/30 24/32 22/30 26/34
Immediate | 8/12 B/12 12/20 12/20 12/20 16/24 18/26 16/24 20/28

Clock Cycles
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Timeto Calculate Effective Addresses

Addressing Mode

(an) (an)+ -(an) d(an) d( an, dn)
.b.w .| 4/ 8 4/ 8 6/ 10 8/ 12 10/ 14

Operand Size
Addressing Mode

abs.s abs.l d(pc) d(pc,dn) Imm
b.w .| 8/ 12 12/16 8/12 10/ 14 4/ 8

Operand Size

Thetimetaken to calculate the effective
address must be added to instructions that
affect a memory address.
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68000 Cycles For Standard I nstructions

Operand Size

. b.ow |
add
and
cnp
di vs
di vu
eor
mul s
mul u
or
sub

ea, an
8/ 6( 8)
6/ 6

8/ 6( 8)

Addressing Mode
ea, dn

4/ 6( 8)
4/ 6( 8)
4/ 6
158max
140max
4/ 8
70max
70max
4/ 6( 8)
4/ 6( 8)

Clock Cycles

dn, nem
8/ 12
8/ 12

(8) timeif effective
addressisdirect

Add effective address
times from above
for mem addr esses
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Cycles For Immediate I nstructions

Operand Size

b.ow L
addi
addq
andi
cnpi
eor |
noveq
or |
subi
subqg

Addressing Mode

#, dn
8/ 16
4/ 8
8/ 16
8/ 14
8/ 16
4
8/ 16
8/ 16
4/ 8

#, an

8/ 8

8/ 14

8/ 8

Clock Cycles

#, mem
12/ 20
8/ 12
12/ 20
8/ 12
12/ 20
12/ 20
12/ 20
8/ 12

Moved.|l only
nbcd+tas. b only

scc fal se/true

Add effective address
times from above
for mem addr esses
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Cyclesfor Single-Operand I nstructions

Operand Size

.b.w .|

clr

nbcd

neg

negx

not
SCC
t as
t st

#, dn

4/ 6
6
4/ 6
4/ 6
4/ 6
4/ 6
4
4/ 4

#, an
4/ 6
6
4/ 6
4/ 6
4/ 6
4/ 6
4
4/ 4

Clock Cycles

#.nmem

8/ 12
38
8/ 12
8/ 12
8/ 12
8/ 8
10
4/ 4

Add effective address
times from above
for mem addr esses
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Cyclesfor Shift/Rotate | nstructions

Operand Size

b.w .|
asr, as
| sr,|s
ror,ro
r oxr, r oxl

dn
6/ 8
6/ 8
6/ 8
6/ 8

Addressing Mode

an
6/ 8
6/ 8
6/ 8
6/ 8

Clock Cycles

Memory isbyte only

For register add 2x
the shift count

nmem

O 0 0 OO
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MIsC. | nstructions

Addressing Mode
d( an d( pc
(an) (an)+ -(an) d(an) ,dn) abs.s abs.| d(pc) ,dn)
jnmp 8 - - 10 14 10 12 10 14
jsr 16 - - 18 22 18 20 18 22
| ea 4 - - 8 12 8 12 8 12
pea 12 - - 16 20 16 20 16 20
novemit =4
ner 12 12 - 16 18 16 20 16 18
novem t =5
r>m 8 - 8 12 14 12 16 - -

novem, add t x nunber of registers for .w
novem, add 2t x nunber of registers for .|

Clock Cycles
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Cyclesfor Bit Manipulation I nstructions

. bl .| regi ster .| nenory .Db
only only
ochg 8/ 12 8/ 12
ocl r 10/ 14 8/ 12
nset 8/ 12 8/ 12
0t st 6/ 10 4/ 8

Clock Cycles
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Cycles To Process Exceptions

Addr ess Error 50

Bus Error 50
| nt er r upt 44
|1l egal Instr. 34
Privilege Viol. 34
Trace 34
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Operand Size

b.w .|
addx
cnpm
subx
abcd
sbcd
Bcc
br a
bsr
DBcc
chk
trap

trapv

Cyclesfor Other Instructions

dn, dn M m  AddressingMode
4/ 8 18/ 30
- 12/ 20
4/ 8 18/ 30
6 18
6 18
.b/.w 10/ 10
.b/.w 10/10
.b/.w 18/18
t/f 10
- 40 max
- 34
- 34

Clock Cycles

Add effective address
times from above
for mem addr esses

.b only
.b only
8/ 12
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Cyclesfor Other Instructions

reg<>nmem
novep W

andi to ccr
andi to sr

eori to ccr
eori to sr
exg

ext

| i nk

nove to ccr
nove to sr

nmove from sr
nove to usp

16/ 24
Addressing Mode
Reg Mem
20 -
20 -
20 -
20 -
6 -
4 -
18 .
12 12
12 12
6 3
4 -

Clock Cycles

Addressing Mode

Reg
nove from usp 4
nop 4
ori to ccr 20
ori to sr 20
reset 132
rte 20
rer 20
res 16
st op 4
swap 4
unl k 12
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Timing Example 1

| nstruction Clock Cycles
RANDOM ADDI.B #17,D0 8
LSL.B #3,D0 12
NOT.B DO 4
RTS 16
Total Cycles needed: 40 cycles

For a68000 runningat SMHZ:
Clock cycle = 125 nsec

Executiontime = 40X 125nsec = 5 ns = 5x 10% second
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Timing Example 2

Clock Cycles
|nstruction Overhead Loop
MOVE.B #255,D0 8
READ ADD.W (A0)+,D1 8
SUBQ.B #1,D0 4
BNE READ 10

Total CyclesNeeded = 8 + 255 (8+ 4+ 10)
= 8 + 255 x 22
= 5618 cycles
Execution timefor SMHZ 68000 = 5618 x 125 nsec
= 0.00070225 Seconds = .702 msec

EECC250 - Shaaban }

#16 lec#16 Winter99 1-24-2000




Timing Example 3

« TOBIN convertsafour-digit BCD number in the lower word of DO into a
binary number returned in D2

Clock Cycles
I nstructions over head outer inner
loop loop
TOBIN CLR.L D2 6
MOVEQ #3,D6 4
NEXTDIGIT MOVEQ #3,D5 4
CLR.W D1 4
GETNUM LSL.W #1,D0 8
ROXL.W #1,D1 8
DBRA D5,GETNUM 10
MULU #10,D2 42
ADD.W D1,D2 4
DBRA D6,NEXTDIGIT 10
RTS 16

Total Clock cycles = overhead + ( (inner loop cycles x 4) + outer loop cycles) x 4
= 26 +(( 26 x4 ) + 64 ) x4
= 26 + 168 x 4 = 698 cycles
= 698x 125nsec = 87.25ns
or over 11400 BCD numbersconverted to binary every second.
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