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32-Bit Only
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ld r2,[sp,0]

ld r3,[sp,4]

ld r4,[sp,8]

add r2,r2,r3

asl r2,r2,2

sub r2,r2,r4

24 bytes
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Mixed Mode

Aggressive

ld r2,[sp,0]
ld r3,[sp,4]

ld r4,[sp,8]
add r2,r2,r3
asl r2,r2,2

sub r2,r2,r4

ld s r2,[sp,0]
ld s r3,[sp,4]

l1d s rX,[sp,8]
add s r2,r2,r3
asl s r2,r2,2

sub s r2,r2,rX

24 bytes
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ld r4,[sp,8]
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)\

ld s r2,[sp,0]
ld s r3,[sp,4]

asl s r2,r2,2
sub s r2,r2,rl
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Mixed Mode

Integrated
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ld r2,[sp,0]
ld r3,[sp,4]

ld r4,[sp,8]
add r2,r2,r3
asl r2,r2,2

sub r2,r2,r4

ld s r2,[sp,0]
ld s r3,[sp,4]
mov r4,rl
ld s rl,[sp,8]
add s r2,r2,r3
asl s r2,r2,2
sub s r2,r2,rl
mov r4,rl

ld s r2,[sp,0]
ld s r3,[sp,4]

-------------------------

add s r2,r2,r3
asl s r2,r2,2

24 bytes

20 bytes
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ECC - EnCore € Compiler based on commercial CoSy compiler by ACEO.
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Compiler backend supports two compact code generation strategies
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Feedback-Guided Instruction Selection

vX ... Virtual Register
rX ... Physical Register
MIR
e N
1d v2,x |
1d v3,y MIR
1d v4,z

add v5,v2,v3
asl vé6,v5,2
sub v7,v6,v4

\ J
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vX ... Virtual Register .
rX ... Physical Register ] MIR Annotation
/4 . .
Register Allocation &
Match/Cov .
MIR ARSI MIR Annotation
4 ) 4 N\
1d v2,x pild s v2,[sp,0] P—>
1d v3,y MIR 1d s v3,[sp,4] MIR
LIR
1d v4,z ld s v4,[sp,8]
add v5,v2,v3 add s v5,v2,v3
asl v6,v5,2 asl s v6,v5,2
sub v7,v6,v4 sub s v7,v6,v4
\_ J S \_ J

aggressively select |6-bit

instructions
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VX ... Vinual Register _ register allocator constrained
X Phvsical Register MIR Annotation ) .
ysical Registe
i Register Allocation & to 16-bit accessible
MIR WA DI MIR Annotation :
g N - N . _ reglster set
1d v2,x MIRbld_s v2,[sp,0] W ij—: ig'{:g'g}
1d v3,y 1d s v3,[sp,4] e mo; rd,rl
1d s rl,[sp,8]

1d v4,z ld s v4,[sp,8] —
add v5,v2,v3 add s v5,v2,v3 :csii—: iili?;‘%
asl v6,v5,2 asl s v6,v5,2 cub s r2,r2,rl
sub v7,v6,v4 sub s v7,v6,v4 — 14

- mov rl,réd
\_ J S \ J \_ )/

aggressively select |6-bit
Instructions
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Feedback-Guided Instruction Selection

|

vX ...

Virtual Register

|

MIR Annotation

register allocator constrained

rX ... Physical Register . .
Register Allocation & ) LO | 6-bit accessible
MIR Match/Cover MIR Annotation :
, . ) . . register set
1d v2,x 1d s v2,[sp,0] F—» id_s r2,[sp,0]
1d v3,y MIR| [1d s v3,[sp,4] MIR d_s r3,[sp,4]
! — ! ! LIR cgmov r4,rl
1d v4,z 1d s v4,[sp,8] hdl=CelilialSRint] ‘_[Now-bit]
14 —
add v5,v2,v3 add s v5,v2,v3 :csii—: ii ! i; ! ]2:3
SR8 0,02 asl_s v6,v5,2 sub s r2,r2,rl No 16-bit
sub v7,v6,v4 sub s v7,v6,v4 = L7
- mov rl,réd
. y \ y
J
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|

|

vX ... Virtual Register
rX ... Physical Register
MIR

-

1d v2,x
1d v3,y
1d v4,z

add v5,v2,v3
asl vé6,v5,2
sub v7,v6,v4

\_

MIR

MIR Annotation
Register Allocation &
WA DI MIR Annotation
4 4 N\
l1d s v2,[sp,0] —» ld_s r2,([sp,0]
- MIR |1d_s 1r3,[sp,4] Annotated MIR
1d s vv3,[sp,4]
— LIR cgmov r4,rl
No 16-bit
ld s v4,[sp,8] 1d s rl,[sp,8] J+{ ]
— add s r2,r2,r3 -
add s v5,v2,v3 —
— asl s r2,r2,2
asl s v6,v5,2 - 1d v2,x
sub_s V7.6 . v sub s r2,r2,rl No 16-bit 1d v3
— e mov rl,r4 rY
\ J
4 1d v4,z No 16-bit
add v5,v2,v3
asl v6,v5,2
sub v7,v6,v4d No 16-bit
\_
-
Annotated MIR
' I | Processor Automated Synthesis
by iTerative Analysis
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vX ... Virtual Register

rX ... Physical Register
MIR

-

1d v2,x

1d v3,y

1d v4,z

add v5,v2,v3

asl vé6,v5,2

sub v7,v6,v4

.

|

MIR

~  THE UNIVERSITY of EDINBURGH

- informatics

icsa |

Institute for Computing
Systems Architecture

.

Feedback Guided Code Generation

MIR Annotation
e - . A
Register Allocation &
WA DI MIR Annotation
4 4 \
1 2
plld s v2,[sp,0] —> d_s r2,[sp,0]
— MIR |1d_s 1r3,[sp,4] Annotated MIR
1d s vv3,[sp,4]
— LIR cgmov r4,rl
No 16-bit
1d s v4,[sp,8] ld s rl,[sp,8] Jq{Notebit]
— add s r2,r2,r3 -
add s v5,v2,v3 —
— asl s r2,r2,2
asl s v6,v5,2 - 1d v2,x
sub_s V7.6 . v sub s r2,r2,rl No 16-bit 1d v3
— et mov rl,r4 rY
> 7
1d v4,z No 16-bit
add v5,v2,v3
4 A asl v6,v5,2
i » sub v7,v6,v4 No 16-bit
ld s v2,[sp,0] L
ld s v3,[sp,4]
1d vd,[sp,8] |
‘ladd_s v5,v2,v3 Annotated MIR
LIR asl s v6,v5,2
sub v7,v6,v4
\_ J
i . Match/Cover & . .
Register Allocation : smarter selection of |6-bit
Discard MIR )

instructions based on feedback
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vX ... Virtual Register .
[rX . . . Physical Register ] MIR Annotation
r - . N
Register Allocation &
MIR Ll AL MIR Annotation
4 ) 4 N\ 4 N\
1d v2,x pi1ld s v2,[sp,0] —> id_s r2,[sp,0]
1d v3,y MR | [1d s v3,[sp,4] | MIR d_s r3,[sp,4] Annotated MIR
! — ! ! LIR cgmov r4,rl
No 16-bit
1d v4,z 1d s v4,[sp,8] ijdss i;’][:zp]’ri] ‘_[ ° I]
add v5,v2,v3 add s v5,v2,v3 o r2,r2,2 N A
asl vé6,v5,2 asl s v6,v5,2 — - 1d v2,x
- sub s r2,r2,rl No 16-bit
sub v7,v6,v4 sub s v7,v6,v4 = 1d v3,y
- mov rl,réd
\_ J \\ J )) .
1d v4,z No 16-bit
add v5,v2,v3
4 A asl v6,v5,2
4 R & » sub v7,v6,v4 No 16-bit
1d s r2,[sp,0] 1d_ s v2,[sp,0] % J
1d s r3,[sp,4] 1d_ s v3,[sp,4]
1d r4,[sp,8] 1d vd,[sp,8] |«
< add s r2,r2,v3 |g  ladd s v5,v2,v3 Annotated MIR
LRl |asl_s r2,r2,2 LR [3s1_8 v6,v5,2
sub r2,r2,r4 sub  v7,v6,v4
\_ ) \_ J
] . Match/Cover . .
Register Allocation alch/Sover & lsmarter selection of |6-bit
N Discard MIR )
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|

vX ... Virtual Register .
rX ... Physical Register ] MIR Annotation
s - : N
Register Allocation &
Match/Cover .
MIR atch/Cove MIR Annotation
4 ) 4 ) 4 N\
1d v2,x 'b-]Aj__S v2,[sp,0] F—» lij__s r2,[sp,0]
1d v3,y MR| |14 s v3,[sp,4] | MR 1d_s «r3,[sp,4] Annotated MIR
' - R LIR ggmov___r4,rl
1d v4,z 1d s v4,[sp,8] ld s rl,[sp,8] 4—[No16-bit]
14 —
add v5,v2,v3 add s v5,v2,v3 :gi—: 3’3’12:3 s
asl vé6,v5,2 asl s v6,v5,2 cob o r2,r2,r1 T 1d v2,x
— 4 4 -
sub v7,v6,v4 sub s v7,v6,v4 v 1, cd 1d v3,y
\_ J \_ J J
A 4 1d v4,z No 16-bit
add v5,v2,v3
f h asl vé6,v5,2
i 8 ® f » sub v7,v6,v4 No 16-bit
1d s r2, [SE),O] lCi_S r2, [SE)IO] lCi_S v2,[sp,0] \_
1d s r3,[sp,4] 1d_s 1r3,[sp,4] ld_s v3,[sp,4]
1d r4,[sp,8] 1d r4,[sp,8] 1d vd,[sp,8] |
add s r2,r2,v3 |« add s r2,r2,v3 |g  ladd s v5,v2,v3 Annotated MIR
asl s r2,r2,2 LRl |@sls r2,r2,2 LR |@sl_s v6,v5,2
sub r2,r2,r4d sub r2,r2,r4 sub v7,v6,v4
S : g ~Match/Cover &
. Register Allocation SUATAS AT
Code Emission . Discard MIR )

Feedback Guided Code Generation
fewer constraints for

register allocator
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valuation - Experimental Setup

Alc sy

Cycle Accurate

Instruction Set Simulator

Simulator

ArcSim

Simulation Mode

Full System, Cycle Accurate

Cycle accurate mode

Accuracy validated against real HW
Options Default
/O & System Calls Emulated
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Evaluation - Experimental Setup

Alc sy

Cycle Accurate
Instruction Set Simulator

BenchMarks EEMBC |.1
Core ARC750D
Pipeline /-stage interlocked

Execution Order In-Order
Branch Prediction Yes
ISA ARCompact
Floating Point Hardware

Simulator

ArcSim

Simulation Mode

Full System, Cycle Accurate

Accuracy

Cycle accurate mode
validated against real HW

Options

Default

/O & System Calls

Emulated
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Alc sy

Cycle Accurate

Instruction Set Simulator

Simulator

ArcSim

Simulation Mode

Full System, Cycle Accurate

Cycle accurate mode

BenchMarks EEMBC |.1
Core ARC750D
Pipeline /-stage interlocked

Execution Order In-Order

Branch Prediction Yes

ISA ARCompact
Floating Point Hardware
Memory
Subsystem
LI Cache Yes
Instruction 8k/2-way associative
Data 8k/2-way associative
L2 Cache No

Accuracy validated against real HW
Options Default
/O & System Calls Emulated
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We exploit the fact that 16-bit
_accessible registers are already
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® register allocator selects registers with lower
ID from set of possible registers

® calling conventions constrain register allocator

We exploit the fact that 16-bit
_accessible registers are already
| frequently used in 32-bit code
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Institute for Computing
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® Compact Code Generation is an integrated
Instruction Selection and Register Allocation
problem.

® While our simple opportunistic mode works well,
our feedback-directed mode produces more
consistent results and does not rely on calling
conventions or register-allocation implementations.

® Our scheme is the first one demonstrating that
small code size can be achieved whilst improving
performance.
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