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Motivating Example

4 )
32-Bit Only

> <

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 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]

asl s r2,r2,2
sub s r2,r2,rl

24 bytes
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Mixed Mode

Integrated
> <

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

5

|6 bytes
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Feedback-Guided Instruction Selection

[vX . . . Virtual Register ]

rX ... Physical Register

MIR
e w
1d v2,x |
1d v3,y MIR
1d v4,z

add v5,v2,v3
asl vé6,v5,2
sub v7,v6,v4
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Feedback-Guided Instruction Selection

|

MIR Annotation

MIR

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

\

J

Match/Cover

(

ld s v2,[sp,0]
1d s v3,[sp,4]

ld s v4,[sp,8]
add s v5,v2,v3
asl s v6,v5,2

sub s v7,v6,v4

\_

MIR
LIR

J

Register Allocation &

MIR Annotation

Instructions

aggre;sively select |6-bit
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Feedback-Guided Instruction Selection

VX .. Virtual Register _ register allocator constrained
X Phvsical Register MIR Annotation i i
ysical Registe
g Register Allocation & to |6-bit accessible
MIR Ll AL MIR Annotation :
. < p N g N register set
1d v2,x MIR»ld_s v2,[sp,0] > ij—z i?{:?g}
1d v3,y 1d s v3,[sp,4] e mo; ra,rl
1d s rl,[sp,8]
1d v4,z ld s v4,[sp,8] —
add v5,v2,v3 add s v5,v2,v3 :gf—: 3323
asl v6,v5,2 asl s v6,v5,2 cub s r2,r2,rl
sub v7,v6,v4 sub s v7,v6,v4 — et
- mov rl,réd
\_ J \_ J \_ J
|\ J
aggressively select |6-bit
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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—» 1d—s r2,[sp,0]
1d v3,y MIR| |1d s v3,[sp,4] MIR d_s r3,[sp,4]
! — ! ! LIR c1mov r4,rl
1d v4,z 1d s v4,[sp,8] ld s rl,[sp,8] Jq{Not6bit]
14 —
add v5,v2,v3 add s v5,v2,v3 :zf—: 3323
asl v6,v5,2 asl_s v6,v>,2 sub s r2,r2,rl No 16-bit
sub v7,v6,v4 sub s v7,v6,v4 = L
- mov rl,réd
\ J \ y
J
' I \ Processor Automated Synthesis
A by iTerative Analysis
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Feedback-Guided Instruction Selection

|

|

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
e e \
l1d s v2,[sp,0] —» ld_s r2,[sp,0]
- MIR [ld_s 13,[sp,4] Annotated MIR
1d s vv3,[sp,4]
— LIR c1mov 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
A 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 v6,v5,2

sub v7,v6,v4

.

|

~  THE UNIVERSITY of EDINBURGH

- informatics

icsa

MIR
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Systenls}\rc}ﬂtecture

.

Feedback Guided Code Generation
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MIR Annotation
s - : N
Register Allocation &
platchL B oNe MIR Annotation
4 4 N\
pl1d s v2,[sp,0] ‘_>ld_s r2,[sp,0]
- MIR |1d_s 1r3,[sp,4] Annotated MIR
1d s v3,[sp,4]
- LIR c1mov r4,rl
1d s va,[sp,8] 1d s rl,[sp,8] |e{No16bit]
2dd s v5’v2 '3 add s r2,r2,r3 p
— AN asl s r2,r2,2
asl s v6,v5,2 - 1d v2,x
sub s v7.v6.va sub s r2,r2,rl No 16-bit 1d v3
— et mov rl,r4 Y
(D -, e :
vd,z No 16-bit
add v5,v2,v3
( ) 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
Match/Cover &
Register Allocation eramn ) smarter selection of |6-bit
Discard MIR )

instructions based on feedback
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DINBY
Feedback-Guided | ion Selecti
eedback-uided Instruction >election
vX ... Virtual Register .
[rX . . . Physical Register ] MIR Annotation
r - . N
Register Allocation &
MIR platchL B oNe MIR Annotation
4 ) 4 N\ 4 N\
1d v2,x pl1d s v2,[sp,0] —p|tdS T2,[sP,0]
1d v3,y MR| |14 s v3,[sp,4] | MIR 1d s r3,[sp,4] Annotated MIR
! — ! ! LIR c1mov r4,rl
No 16-bit
1d v4,z 1d s v4,[sp,8] ijdss S’Spl’j] 4(No 16-bit
add v5,v2,v3 add s v5,v2,v3 o r2,r2,2 N h
asl v6,v5,2 asl s v6,v5,2 L/ - ld 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 J
A 4 1d v4,z No 16-bit
add v5,v2,v3
(" A asl v6,v5,2
( ) o ® sub v7,v6,v4 No 16-bit
1d s r2,[sp,0] l1d 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
S g “Maich/Cover &
Register Allocation sensonr®  |smarter selection of 16-bit
9 Discard MIR )

Feedback Guided Code Generation nstructions based on feedback

fewer constraints for I%ST Processor Automated Synthesis
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vX ... Virtual Register .
rX ... Physical Register ] MIR Annotation
e - - ~
Register Allocation &
Match/Cover .
MIR atch/Cove MIR Annotation

e 2 s N s N

1d v3,y MR| |14 s v3,[sp,4] | MIR 1d s r3,[sp,4] Annotated MIR

’ - ! ! LIR cgmov r4,rl

1d v4,z ld s v4,[sp,8] lds rl,[sp,8] <*{N°1&Mt]

add v5,v2,v3 add s v5,v2,v3 :‘:i—: 3'3';3 -

asl v6,v5,2 asl s v6,v5,2 cob o r2,r2,rl T ld v2,x

sub v7,v6,v4 sub s v7,v6,v4 = L7 1d v3,y

- mov rl,réd
\_ J L \_ J Yy,
4 1d v4,z No 16-bit
add v5,v2,v3
i A asl v6,v5,2

i & ® 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 v4,[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 |asl.s r2,r2,2 LR [3s1_8 v6,v5,2

sub r2,r2,r4 sub r2,r2,r4 sub  v7,v6,v4d

) h g : Match/Cover & g

o Register Allocation :
Code Emission \ Discard MIR y

Feedback Guided Code Generation
fewer constraints for

register allocator
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Evaluation - Experimental Setup

Alc sty

Cycle Accurate

Instruction Set Simulator

Simulator

ArcSim

Simulation Mode

Full System, Cycle Accurate

Cycle accurate mode

BenchMarks EEMBC I.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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Evaluation - Code Size Reduction

Improvement in Code Size (in %)
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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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Conclusions

® Compact Code Generation is an integrated
Instruction Selection and Register Allocation
problem.

Institute for Computing
Systems Architecture

® 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.



THE UNIVERSITY of EDINBURGH

informatics

Thanks!

For more information
visit our website or

search for the term
‘PASTA project’.
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; HSIA Processor Automated Synthesis by iTerative Analysis Project

In the PASTA project we seek to automate the design
and optimisation of customisable embedded processors.
We do this by creating tools that are able to jearn about
the physical characteristics of the underlying silicon
technology and use that knowledge to synthesise the
structure of an embedded processor. As the processor is
now a flexible entity without a pre-defined instruction
 set, the compiler for that processor must also be
E  synthesised. Furthermore, the code optimisations that
the compiler performs when translating from source
code to the synthetic architecture, must also be
synthesised.

The three main areas for automated synthesis are:

=« The processor architecture,
« the micro-architecture, and
= the compiler.

However, the information on which to
make automated decisions in each case
will be different. At the micro-architecture
level we need to know how each micro-
architecture option translates into speed,
energy and die area. At the architectural
level we need to know how each
instruction set option translates into clock
cycles of execution time, and at the
compiler level we need to know how each
optimisation reduces the overall number of
instructions executed and maximises the
effectiveness of the memory system.

The challenge of our research is that all
three areas are /nter-dependent and
ultimately depend on the characteristics of
the silicon on which the system is based.
By blurring the boundary between
hardware and software, and by automating

the process of adjusting that boundary, we hope to create a system that can

perform design trade-offs in seconds when currently it takes an experienced
¢ designer several days.

http://groups.inf.ed.ac.uk/pasta/
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