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Automated Processor Synthesis:

• Targeted at the embedded domain.

• Automatically generate an application specific processor.

– Extend a baseline processor.

• Automatically find specialised extension instructions.

• Automatically generate a simulator and compiler for this processor.
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PASTA Work-flow
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PASTA Work-flow
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PASTA Work-flow
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Compilation for Extension Instructions

• Current instruction set extension methodologies either:

– Generate a standard tree-based instruction matcher, or,
– Modify the original supplied code directly.

• Tree-based instruction matchers can not handle graph-shaped extension
instructions.

• Modifying the original code prevents changes.

• Existing graph-based instruction matching techniques target small instructions.
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Motivation

data = i npu t ;
c o e f = c o e f f i c i e n t ;
sum = 0 . 0 ;
f o r ( i = 0 ; i < 8 ; i++) {

# term1 = ⇤data++;
# term2 = ⇤ co e f++;

sum += term1 ⇤ term2 ;
}
⇤output = sum ;

.

 Vin 0

 Vout 0  Vout 1

rA rBrCrD

rMrN rOrP rQrR rSrT

data = i npu t ;
c o e f = c o e f f i c i e n t ;
sum = 0 . 0 ;
term1 = ⇤data++;
term2 = ⇤ co e f++;
f o r ( i = 1 ; i < 8 ; i++) {

sum += term1 ⇤ term2 ;
# term1 = ⇤data++;
# term2 = ⇤ co e f++;
}
sum += term1 ⇤ term2 ;
⇤output = sum ;

.
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Size of Extension Instructions
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Gcc Passes
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Front-End Back-End
Build

Graphical
IR

Graph
Matching

Modify
GIMPLE

Source Code BinaryMiddle-End

Extension
Instructions

Source Code

GENERIC GIMPLE DFG RTL

A. Murray & B. Franke Compiling for Automatically Generated Instruction Set Extensions April 2nd, 2012



18

Example

data = i npu t ;
c o e f = c o e f f i c i e n t ;
sum = 0 . 0 ;
f o r ( i = 0 ; i < 8 ; i++) {

# term1 = ⇤data++;
# term2 = ⇤ co e f++;

sum += term1 ⇤ term2 ;
}
⇤output = sum ;

.

 Vin 0

 Vout 0  Vout 1

rA rBrCrD

rMrN rOrP rQrR rSrT
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Example

# term1 = ⇤data++;
# term2 = ⇤ co e f++;

sum += term1 ⇤ term2 ;

.

 Vin 0

 Vout 0  Vout 1

rA rBrCrD

rMrN rOrP rQrR rSrT
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Example

# term1 = ⇤data++;
# term2 = ⇤ co e f++;

sum += term1 ⇤ term2 ;

.

te rm1 72 = ⇤ i n pu t 10 ;
da ta 73 = i npu t 10 + 4B;
term2 74 = ⇤ c o e f f i c i e n t 1 2 ;
c o e f 7 5 = c o e f f i c i e n t 1 2 + 4B;
D.1968 76 = term1 72 ⇤ term2 74 ;
sum 77 = D.1968 76 + 0 . 0 ;
term1 85 = ⇤data 73 ;
da ta 86 = data 73 + 4B;
term2 87 = ⇤ c o e f 7 5 ;
c o e f 8 8 = coe f 7 5 + 4B;
D.1968 89 = term1 85 ⇤ term2 87 ;
sum 90 = sum 77 + D.1968 89 ;
term1 98 = ⇤data 86 ;
da ta 99 = data 86 + 4B;
. . . (70 more l i n e s cut )
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Example

term1 72 = ⇤ i n pu t 10 ;
da ta 73 = i npu t 10 + 4B;
term2 74 = ⇤ c o e f f i c i e n t 1 2 ;
c o e f 7 5 = c o e f f i c i e n t 1 2 + 4B;
D.1968 76 = term1 72 ⇤ term2 74 ;
sum 77 = D.1968 76 + 0 . 0 ;
term1 85 = ⇤data 73 ;
da ta 86 = data 73 + 4B;
term2 87 = ⇤ c o e f 7 5 ;
c o e f 8 8 = coe f 7 5 + 4B;
D.1968 89 = term1 85 ⇤ term2 87 ;
sum 90 = sum 77 + D.1968 89 ;
term1 98 = ⇤data 86 ;
da ta 99 = data 86 + 4B;
. . . (70 more l i n e s cut )
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Example

 Vin 0

 Vout 0  Vout 1

rA rBrCrD

rMrN rOrP rQrR rSrT
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Example

 Vin 0

 Vout 0  Vout 1

rA rBrCrD

rMrN rOrP rQrR rSrT
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Example

map i s e con s t tmp .44 11 = 4B + 0 ;
a sm ( ” vext001 vr02 , v r03 = vr01 , v r00 ; ”

: ”=a36” data 73 , ”=a37” coe f 75 ,
”=a38” data 86 , ”=a39” coe f 88 ,
”=a40” data 99 , ”=a41” coe f 101 ,
”=a42” data 112 , ”=a43” coe f 114

: ”a32” inpu t 10 ,
”a33” map i s e con s t tmp .44 11 ,
”a34” c o e f f i c i e n t 1 2 ) ;

c o e f 127 = coe f 114 + 4B;
co e f 140 = coe f 127 + 4B;
co e f 153 = coe f 140 + 4B;
term2 19 = ⇤ co e f 153 ;
data 125 = data 112 + 4B;
data 138 = data 125 + 4B;
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Evaluation Methodology

• Isegen algorithm used to generate extension instructions.

• Programs run on cycle-accurate simulator.

– Simulator has been verified against hardware implementation.
– Assume floating point hardware exists, for evaluation purposes

• 179 Benchmarks from:

– Eembc

– Utdsp

– DspStone

– Snurt

– Reference Cryptography implementations
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Results

cry
pto

tea

ds
ps

ton
e fir

fix
ed

ee
mbc

1 au
tom

oti
ve

aif
ftr0

1

ee
mbc

1 offi
ce

dit
he

r01

ee
mbc

2 co
ns

um
er

mpe
g2

de
c

ee
mbc

2 co
ns

um
er

mpe
g2

en
c

UTDSP
ed

ge
de

tec
t a

rra
ys

UTDSP
fft

10
24

ptr
s

Cryp
tog

rap
hy

(10
)

DSPsto
ne

(29
)

EEMBC-1
Auto

moti
ve

(16
)

EEMBC-1
Con

su
mer

(5)

EEMBC-1
Netw

ork
ing

(3)

EEMBC-1
Offic

e (4)

EEMBC-1
Te

lec
om

(5)

EEMBC-2
Con

su
mer

(9)

EEMBC-2
Netw

ork
ing

(7)

EEMBC
Core

mark
(1)

SNURT (15
)

UTDSP
(75

)

AVERAGE
(17

9)
0.8

1.0

1.2

1.4

1.6

1.8

2.0

S
pe

ed
-u

p

Speed-up from extension instructions

A. Murray & B. Franke Compiling for Automatically Generated Instruction Set Extensions April 2nd, 2012



27

Results (Retargeting)
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Timings
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Conclusions

• A high-level pass focussing on extension instructions can:

– Leave conventional instructions to the mature back-end.
– Employ computationally expensive algorithms where they will help.
– Maintain an acceptable run-time.
– Achieve an average speed-up of 1.26 across 179 benchmarks.

• Future work:

– Integrate the use of this compiler into instruction set extension design space
exploration.

– Re-design the slowest parts of the matching algorithms.
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Time Spent in Sub-passes

Task Time (s) Time % Sub-Task Time (s) Time %

Build Irs 27.49 0.9% Parse Xml Instr’s 9.33 0.3%
Build Dfg 5.09 0.2%
Clean Bb graphs 7.97 0.3%
Build VF2 graphs 5.1 0.2%

Mapping 2,904.3 96.1% VF2 Algorithm 1,482.6 49.1%
Node Comparison 1,384.9 45.8%
Viability Checking 33.07 1.1%

Register Allocation 6.92 0.2%
Gimple Modification 83.43 2.8% Scheduling 82.95 2.7%

Timings are from the summation of all 179 benchmarks.
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Timings (Normalised)
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Hardware Sizes
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Match Validity
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Varying Register Port Contraints
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Tuning for Small Extension Instructions
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Embedded Constants
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Scalar Registers
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Permuation Units
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