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Overview

� Basiccharacterizations

– countingmemoryreferences

– 3 explicit addresses

– 2 explicit addresses

– 1 explicit address

– 0 explicit addresses

� Addingregistersto a

– 3-addressmachine

– 2-addressmachine

– 1-addressmachine

– 0-addressmachine

– load/storemachine
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Preliminaries

� All operandsin memory:operand� memoryaddress

� Assumethateachaddressis storedin aninstructionextensionword

� Memoryaddressesusethenotation“[ address]”

� Accounting:

– instructionreferences

– datareferences
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3-AddressAr chitecture

� All threeaddressesareexplicit

� Datapaths

Memory ALU
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An example

a � a � b � c � d � e

a 100

b 108

c 116

d 124

e 132

mulx [100], [108], [100] ! a � b � a 4 instr. refs 3 datarefs

mulx [116], [124], [200] ! c � d � t 4 instr. refs 3 datarefs

mulx [200], [132], [200] ! t � e � t 4 instr. refs 3 datarefs

add [100], [200], [100] ! a � t � a 4 instr. refs 3 datarefs

16 instr. refs 12 datarefs
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2-AddressAr chitecture

� 2 explicit addresses

– oneaddressis a simplesource

– theotheris asourceanddestination

� Datapaths

Memory ALU
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An Example

a � a � b � c � d � e

a 100

b 108

c 116

d 124

e 132

mulx [108], [100] ! b � a � a 3 instr. refs 3 datarefs

mov [116], [200] ! c � t 3 instr. refs 2 datarefs

mulx [124], [200] ! d � t � t 3 instr. refs 3 datarefs

mulx [132], [200] ! e � t � t 3 instr. refs 3 datarefs

add [200], [100] ! t � a � a 3 instr. refs 3 datarefs

15 instr. refs 14datarefs
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1-AddressAr chitecture

� Oneexplicit address

– accumulator is thesecondsourceandthedestination

– ldx loadtheaccumulator

– stx storetheaccumulator

� Datapaths

Memory Accumulator
ldx

stx
ALU
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An Example

a � a � b � c � d � e

ldx [100] ! acc � a 2 instr. refs 1 dataref

mulx [108] ! acc � acc� b 2 instr. refs 1 dataref

stx [100] ! a � acc 2 instr. refs 1 dataref

ldx [116] ! acc � c 2 instr. refs 1 dataref

mulx [124] ! acc � acc� d 2 instr. refs 1 dataref

mulx [132] ! acc � acc� e 2 instr. refs 1 dataref

add [100] ! acc � acc� a 2 instr. refs 1 dataref

stx [100] ! a � acc 2 instr. refs 1 dataref

16 instr. refs 8 datarefs
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0-AddressAr chitecture

� No explicit addresses

– thestack providessourcesanddestination

– pushx andpopx

� Fetchingtheoperands

ALU
Stack

� Saving theresult

Stack

ALU
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An Example

a � a � b � c � d � e

pushx [100] ! � a � 2 instr. refs 1 dataref

pushx [108] ! � a ��� b � 2 instr. refs 1 dataref

mulx ! � a � b � 1 instr. ref

pushx [116] ! � a � b �	� c � 2 instr. refs 1 dataref

pushx [124] ! � a � b �	� c ��� d � 2 instr. refs 1 dataref

mulx ! � a � b �	� c � d � 1 instr. ref

pushx [132] ! � a � b �	� c � d ��� e � 2 instr. refs 1 dataref

mulx ! � a � b �	� c � d � e � 1 instr. ref

add ! � a � b � c � d � e � 1 instr. ref

popx [100] 2 instr. refs 1 dataref

16 instr. refs 6 datarefs
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Registers

� Reducedatareferences(intermediateresults)

� Reduceinstructionreferences(smalladdresses)
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Data Paths for 2- and 3-Address

RegistersMemory ALU
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3-AddressExample

mulx [100], [108], %r2 ! a 
 b � %r2 3 instr. refs 2 datarefs

mulx [116], [124], %r3 ! c 
 d � %r3 3 instr. refs 2 datarefs

mulx [132], %r3,%r3 ! e 
 %r3 � %r3 2 instr. refs. 1 dataref

add %r3,%r2, [100] ! %r3 � %r2 � a 2 instr. refs 1 dataref

10 instr. refs 6 datarefs
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2-AddressExample

mulx [108], [100] ! b � a � a 3 instr. refs 3 datarefs

mov [116], %r2 ! c � %r2 2 instr. refs 1 dataref

mulx [124], %r2 ! d � %r2 � %r2 2 instr. refs 1 datarefs

mulx [132], %r2 ! e � %r2 � %r2 2 instr. refs 1 dataref

add %r2, [100] ! %r2 � a � a 2 instr. refs 2 datarefs

11 instr. refs 8 datarefs
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1 1/2-Address

RegistersMemory ALU
mov
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1 1/2-AddressExample

mov [100], %r2 ! a � %r2 2 instr. refs 1 dataref

mulx [108], %r2 ! b 
 %r2 � %r2 2 instr. refs 1 dataref

mov [116], %r3 ! c � %r3 2 instr. refs 1 dataref

mulx [124], %r3 ! d 
 %r3 � %r3 2 instr. refs 1 dataref

mulx [132], %r3 ! e 
 %r3 � %r3 2 instr. refs 1 dataref

add %r3,%r2 ! %r3 � %r2 � %r2 1 instr. ref

mov %r2,[100] ! %r2 � a 2 instr. refs 1 dataref

13 instr. refs 6 datarefs
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1-AddressExample

ldx [100] ! acc � a 2 instr. refs 1 dataref

mulx [108] ! acc � acc� b 2 instr. refs 1 dataref

stx %r2 ! %r2 � acc 1 instr. ref

ldx [116] ! acc � c 2 instr. refs 1 dataref

mulx [124] ! acc � acc� d 2 instr. refs 1 dataref

mulx [132] ! acc � acc� e 2 instr. refs 1 dataref

add %r2 ! acc � acc� %r2 1 instr. ref

stx [100] ! a � acc 2 instr. refs 1 dataref

14 instr. refs 6 datarefs
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Load/Store Example

ldx [100], %r2 ! load a 2 instr 1 data

ldx [108], %r3 ! load b 2 instr 1 data

mulx %r3,%r2,%r2 ! a 
 b � %r2 1 instr

ldx [116], %r4 ! load c 2 instr 1 data

ldx [124], %r5 ! load d 2 instr 1 data

mulx %r4,%r5,%r4 ! c 
 d � %r4 1 instr

ldx [132], %r6 ! load e 2 instr 1 data

mulx %r4,%r6,%r4 ! c 
 d 
 e � %r4 1 instr

add %r4,%r2,%r2 ! c 
 d 
 e � a 
 b � %r2 1 instr

stx %r2, [100] 2 instr 1 data

16 instr 6 data
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