
APPENDIX 

A d d d n g  Mode 
Register 

Dn Data Register Direct 
An Address Register Direct 

1Anl Address Register Indirect 
(An) + 
- 1Anl 
dlAnl 

xxx w Absolute Short 
xxx L Absolute Lono 

M a n ,  

Address Register Indirect with Postincrement 
Address Register Indirect with Predecrement 
Address Register Indirect with Displacement 
Address Register Indirect with Index d(An. 1x1. 

D 

Byte, Word Lone 

010/01 010/01 
0(0/01 010101 

41 1/01 812/01 
41 1/01 812/01 
6( 1 I01 1012/01 
812101 12l3/01 
la2101 14l3/01 
8(2/01 12(3/01 

12(3/01 1614/01 

68000 EXECUTION TIMES 

' dlPC) 
dlPC e.1. 
l x x x  

D.l INTRODUCTION 

Program Counter with Displacement 8(2/01 1213/01 
Program Counter with Index lO(2101 1413101 
Immediate 41 1/01 812/01 

This Appendix contains listings of the instruction execution times in terms of external 
clock (CLK) perlods. In this data, it is assumed that both memory read and write cycle 
tlmes are four clock perlods. A longer memory cycle wil l  cause the generation of wait 
states which must be added to the total instruction time. 

The number of bus read and write cycles for each instruction is also included with the 
timing data. This data is enclosed in parenthesis following the number of clock periods 
and is shown as: (rlw) where r is the number of read cycles and w is the number of write 
cycles Included in the clock period number. Recalling that either a read or write cycle re- 
quires four clock periods, a timing number given as 18(3/1) relates to 12 clock periods for 
the three read cycles, plus 4 clock periods for the one write cycle, plus 2 cycles required 
for some internal function of the processor. 

NOTE 
The number of periods includes instruction fetch and all applicable operand 
fetches and stores. 

*The size of the index register (1x1 does not affect execution time 
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0.3 MOVE INSTRUCTION EXECUTION TIMES 

Tables D-2 and D-3 indicate the number of clock periods for the move instruction. This 
data includes instruction fetch, operand reads, and operand writes. The number of bus 
read and write cycles is shown in parenthesis as (rlw). 

Table D-2. Move Byte and Word lnstructlon Executlon Tlmes 

Source Mination 

- IAnl  
dl Aril 

diPC. ,XI. 
l x x x  

*The size 01 :l,e index reglster 11x1 does no1 affect execulion m e  

Table D-3. Move Long lnstructlon Execution Tlmes 

I 
Dn I An I (An) I [An)+ 

Dn 411101 41/01 1211/21 1211/21 
An 411101 411/0l 1211/21 1211121 

Swrw 

xxx L ao(5/01 Pl5/01 2815/21 2815/21 
dlPCl 1814/01 1814/01 2414/2l 2414/21 

l X X X  1213/01 1213/0l 2013/21 2013/2l 
dlPC, txI* i a w o i  l a w 0 1  2614/21 2 8 ~ 2 1  

1211/21 1612/21 1812/21 1612/21 2013/2i 
2013121 2414/21 2614/21 2414/2l 2815/21 

2013/21 2414/21 2614/21 2414/21 2815/2l 
P13/21 2614/2l 2814/2l 2614/21 3015/21 
2414/21 28(5/21 3015121 2815/21 3216121 

2614/21 3015/21 5215/21 3015/21 3416121 
2414/21 2815/21 3015/21 2815/2l 3216/2l 

*The size of the Index reglster i ~ x l  does not affect execution time 
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D.4 STANDARD INSTRUCTION EXECUTION TIMES 

The number of clock periods shown in Table D-4 Indicates the time required to perform 
the operations, store the results, and read the next instruction. The number of bus read 
and write cycles is shown in parenthesis as (rlw). The number of clock periods and the 
number of read and write cycles must be added respectively to those of the effective ad- 
dress calculation where indicated. 

in Table 0-4 the headings have the following meanings: An =address register operand, 
Dn =data register operand, ea = an operand specified by an effective address, and 
M = memory effective address operand. 

Table D-4. Standard lnatructlon Executlon Tlmer 

NOTES 
+ add effective address calculation time 
t word or long only 

indicates maurnurn value 
The base time of six clock periods is increased to eight i t  the effective address mode IS 

register direct or immediate leffective address time should also be added1 
Only available effective address made is data register direct 

DIVS, DlVU - The divide algorlthm used by the MC880M) provides less than 10% difference 
between the best and worst case timings 

MULU n=  the number of ones in the <ea> 
MULS n= concatanate the <ea> with a zero as the LSE. n is the resultant number of 

10 or 01 patterns in the 17-bit source, I e , worst caw happens when the 
source is 55555 

MULS. MULU - The multiply algorithm requires 38+ 2n clocks where n IS defined as 
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D.5 IMMEDIATE INSTRUCTION EXECUTION TIMES 

The number of clock periods shown in Table D-5 includes the time to fetch immediate 
operands, perform the operations, store the results, and read the next operation. The 
number of bus read and write cycles is shown in parenthesis as (rlw). The number of 
clock periods and the number of read and write cycles must be added respectively to 
those of the effective address calculation where indicated. 

In Table D-5, the headings have the following meanings: # = immediate operand, 
Dn =data register operand, An =address register operand, and M = memory operand. 
SR = status register. 

Table D-5. Immedlate lnbtructlon Execution Tlm08 

+add effective address calculation time 
*word only 
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0.6 SiNQLE OPERAND INSTRUCTION EXECUTION TIMES 

Table 06 Indicates the number of clock periods for the single operand instructions. The 
number of bus read and wrlte cycles is shown In parenthesls as (rlw). The number of 
clock periods and the number of read and write cycles must be added respectively to 
those of the effective address calculation where indicated. 

Table D6. Slngle Operand Instruction Executlon Times 

+add effective address calculation lime 

D.7 SHlFTlROTATE INSTRUCTION EXECUTION TIMES 

Table D-7 Indicates the number of clock periods for the shift and rotate Instructions. The 
number of bus read and write cycles is shown In parenthesls as (rlw). The number of 
clock perlods and the number of read and wrlte cycles must be added respectively to 
those of the effective address calculatlon where Indicated. 

Table D-7. ShiftlRotate lnrtructlon Executlon Tlmer 

+ add effective address calculafion tlme 
n IS the shift counf 
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Table D.8 lists the timing data for the bit manipulation instructions. The total number of 
clock periods, the number of read cycles, and the number of write cycles are shown in the 
previously described format. The number of clock periods, the number of read cycles, and 
the number of write cycles, respectively must be added to those of the effective address 
calculation where indicated by a plus sign ( + ). 

Table D.8. Bit Manipulation Instruction Execution Times 

* indicates maximum value; data addressing mode only 

D.9 CONDITIONAL INSTRUCTION EXECUTION TIMES 

Table D.9 lists the timing data for the conditional instructions. The total number of clock 
periods, the number of read cycles, and the number of write cycles are shown in the 
previously described format. 

Table D.9. Conditional Instruction Execution Times 
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D.10 JMP, JSR, LEA, PEA, AND MOVEM INSTRUCTION EXECUTION TIMES 

Instruction Size op Dn, Dn 

667 

O P  M, M 

Table D.10 lists the timing data for the jump (JMP), jump to subroutine (JSR), load 
effective address (LEA), push effective address (PEA), and move multiple registers 
(MOVEM) instructions. The total number of clock periods, the number of read cycles, and 
the number of write cycles are shown in the previously described format. 

ADDX 

CMPM 

Table D.lO. JMP, JSR, LEA, PEA, and MOVM Instruction Execution Times 

Byte, Word 4( 110) 18(3/1) 
Long 8( 1 /0)  30(5/2) 

Byte, Word 12(3/0) 

* The size of the index register (Xn) does not affect the instruction’s execution time. 

D . l l  MULTI-PRECISION INSTRUCTION EXECUTION TIMES 

Table D-I  1 lists the timing data for multi-precision instructions. The number of clock periods 
includes the time to fetch both operands, perform the operations, store the results, and read 
the next instructions. The total number of clock periods, the number of read cycles, and the 
number of write cycles are shown in the previously described format. 

The following notation applies in Table D- I  1 : 
Dn - Data register operand 
M - Memoryoperand 

Table D-I 1. Multi-Precision Instruction Execution Times 

-----I Long 20(5/0) 

1 ono 
SUBX Byte, Word 

1 I 

SBCD Byte 6( 110) 18(3/1) 
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Instruction 

MOVEP 

D.12 MISCELLANEOUS INSTRUCTION EXECUTION TIMES 

Sue Regista-Momtny M.mg-Ro~&tu 
Word 1012/2l 18l4/0) 

24(2/4) 2UWO) Long 

Tables 0-12 and D-13 lndlcate the number of clock periods for the foliowlng 
mlscellaneous Instructions. The number of bus read and write cycles Is shown In paren- 
thesis as (rlw). The number of clock perlods plus the number of read and wrlte cycles 
must be added to those of the effectlve address calculation where Indicated. 

Tabla 042. Mlrcollanoour lnrtructlon Exocutlon Timor 

+add eltective address calculation time 

Tabla 0.13. Movo Porlphoral Inrlructlon Exocutlon Tlmor 



Appendix D: 68000 Execution Times 669 

0.13 EXCEPTION PROCESSINQ EXECUTION TIMES 

Table D14 indicates the number of clock periods for exceptlon processing. The number 
of clock periods includes the time for all stacking, the vector fetch, and the fetch of the 
flrst two instructlon words of the handier routine. The number of bus read and write 
cycles Is shown in parenthesls as (rlw). 

Table D.14. Exception Procerrlng Execution Timer 

CHK Instruction 

Divide bv Zero I 4215/41 
I ~lleaa~ Instruction I 3014/31 I 

Interrupt 4415/31* 
Privilege Violation 3814/31 

Trace 

TRAP Instruction I 3814/41 
[ TRAPV lnstruction I 3414/31 1 

+add effective address calculation time 
*The interrupt acknowledge cycle IS assumed 

to take lour clock periods 
'*lndlcates the time from when RESET and 

HALT are first sanpled as negated to when 
instruction execution starts 




