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Overview

e Basiccharacterizations
— countingmemoryreferences
— 3explicit addresses
— 2 explicit addresses
— 1 explicit address
Slide 1 — 0 explicit addresses

e Addingregistersto a
— 3-addressnachine
— 2-addressnachine
— 1-addressnachine
— O-addressnachine

— load/storemachine



Preliminaries

All operandsn memory:operand= memoryaddress

Assumethateachaddresss storedin aninstructionextensionword
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Memoryaddressesasethe notation“[ address]”

Accounting:
— instructionreferences

— datareferences

3-AddressAr chitecture

e All threeaddresseareexplicit

. e Datapaths
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Memory w
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An example

a=axb+cxdxe

mulx [100],[108],[100] !axb—a
mulx [116],[124],[200] !cxd—t

mulx [200],[132],[200] !txe—t

add  [100],[200],[100] !a+t—a
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100
108
116
124
132

4 instr. refs

4 instr. refs

4 instr. refs

4 instr. refs

3 datarefs
3 datarefs
3 datarefs

3 datarefs

16instr. refs

2-AddressAr chitecture

e 2 explicit addresses
— oneaddresss asimplesource

— theotheris asourceanddestination

e Datapaths

Memory

~ AL

12 datarefs



An Example

a 100
b 108
a=axb+cxdxe c 116
d 124
e 132
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mulx [108],[100] !bxa—a 3instrrefs 3datarefs
mov  [116],[200] !c—t 3instr. refs 2 datarefs
mulx [124],[200] !dxt—t 3instrrefs 3datarefs
mulx [132],[200] !ext—t 3instrrefs 3datarefs
add [200],[100] !t+a—a 3instrrefs 3datarefs
15instr. refs 14 datarefs
1-AddressAr chitecture
e Oneexplicit address
— accumulator is the secondsourceandthedestination
— ldx loadtheaccumulator
— stx storetheaccumulator
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e Datapaths

[ e |

Memory ‘ Accumulator ALU
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ldx
mulx
Stx
ldx
mulx
mulx
add

Stx

[100]
[108]
[100]
[116]
[124]
[132]
[100]
[100]

An

Example

a=axb+cxdxe

acC=a

a=acc

acc=cC

a=acc

2instr. refs 1 dataref
acc=accxb 2instr. refs 1 dataref
2instr. refs 1 dataref
2instr. refs 1 dataref
acc=accxd 2instr. refs 1 dataref
acc=accxe 2instr refs 1 dataref
acc=acct+a 2instr.refs 1dataref
2instr. refs 1 dataref
16instr. refs 8 datarefs

e No explicit addresses

0-AddressAr chitecture

— thestack providessourcesanddestination

— pushx andpopx

e Fetchingtheoperands

e Saving theresult

Stack

ST

Stack
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pushx
pushx
mulx
pushx
pushx
mulx
pushx
mulx
add

popx

[100]
[108]

[116]
[124]

[132]

[100]

An Example

a—axb+cxdxe

I (a) 2instr. refs 1 dataref
I (a)(b) 2instr refs 1 dataref
I (axh) linstr. ref
I (axb){c) 2instr refs 1 dataref
I (axh)(c)(d) 2instr refs 1 dataref
I (axb)(cxd) linstr. ref
I (axb)(cxd){e) 2instrrefs 1dataref
I (axb){cxdxe€) 1linstr. ref
I (axb+cxdx€) 1instr. ref
2instr. refs 1 dataref
16instr. refs 6 datarefs

Registers

¢ Reducaatareferencegintermediataesults)

e Reducdnstructionreferencegsmalladdresses)



Data Pathsfor 2- and 3-Address
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Memory

3-AddressExample

mulx [100],[108],%r2 ! axb — %r2 3instr. refs 2 datarefs
Slide 13 mulx [116],[124],%r3 ! cxd — %r3 3instr refs 2 datarefs

mulx [132],%r3,%r3 ! ex%r3— %r3  2instr. refs. 1dataref

add %r3,%r2,[100] 1%r3+%r2—a 2instr. refs 1 dataref

10instr. refs 6 datarefs
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2-AddressExample

mulx [108],[100] !bxa—a 3instr. refs 3 datarefs
mov  [116],%r2 ! c— %r2 2instr. refs 1 dataref
mulx [124],%r2 !d*x%r2— %r2 2instr refs 1 datarefs
mulx [132],%r2 ! ex%r2— %r2 2instr refs 1 dataref
add  %r2,[100] ! %r2+a—a 2instr. refs 2 datarefs
1linstr. refs 8 datarefs
1 1/2-Address
oo
: |
|
|
| ;( |
mov ) [ !
Memory T Registers ‘ﬁAL—U/ :
|
|
: L :
|




Slide 16

Slide 17

mov
mulx
mov
mulx
mulx
add

mov

ldx
mulx
stx
ldx
mulx
mulx
add

Stx

[100], %r2
[108], %r2
[116], %r3
[124], %r3
[132], %r3
%r3,%r2

%r2,[100]

[100]
[108]
%r2

[116]
[124]
[132]
%r2

[100]

1 1/2-AddressExample

I'a— %r2
I b*%r2 — %r2
I c— %r3
I dx%r3— %r3

I ex%r3— %r3

1 %r3+%r2— %r2 1linstr ref

1 %r2—a

1-AddressExample

acc=a
acc=accxb
%r2=acc
acc=c

acc= accxd
acc= accxe
acc= acc+ %r2

a=acc

2instr refs 1 dataref
2instr refs 1 dataref
2instr. refs 1 dataref
2instr refs 1 dataref
2instr refs 1 dataref
2instr refs 1 dataref
13instr. refs 6 datarefs
2instr. refs 1 dataref
2instr. refs 1 dataref
linstr. ref
2instr. refs 1 dataref
2instr. refs 1 dataref
2instr. refs 1 dataref
linstr. ref
2instr. refs 1 dataref
14instr. refs 6 datarefs



Slide 18

ldx
ldx
mulx
ldx
ldx
mulx
ldx
mulx
add

Stx

Load/Store Example

[100], %r2
[108], %r3
%r3, %r2, %r2
[116], %r4
[124], %r5
%r4, %r5, %r4
[132], %r6
%r4,%r6, %r4
%r4,%r2,%r2
%r2,[100]

! load a
!'load b
laxb— %r2
!'load c
'loadd

I cxd — %r4
!'load e

I cxdxe— %r4

lcxdxe+axb — %r2
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2instr  ldata
2instr  ldata
linstr
2instr  ldata
2instr  ldata
linstr
2instr  ldata
linstr
linstr
2instr  ldata
16instr 6 data



