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BOL - SPAWN ins

Original thread Non-original thread

Spawn bubbles; 
Fetching instruction 
for spawned thread



 

INSTRUCTIONS PROCESSOR CYCLES

Tid Iteration & Inst id 0 .. 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

T0 Spawn inst (iter0 inst1) SC IS IRF AG DC1 DC2 EX FT1 FT2 IWB

T1 stopped

T0 iter0 inst2 ID3 SC IS IRF AG DC1 DC2 EX FT1 FT2 IWB

T1 spawn received

T0 iter0 inst3 ID2 ID3 SC IS IRF AG DC1 DC2 EX FT1 FT2 IWB

T1 iter1 inst1 IF1 IF2 IF3 ID1 ID2 ID3 SC IS IRF AG DC1 DC2 EX FT1 FT2 IWB

T0 iter0 inst4 ID1 ID2 ID3 SC IS IRF AG DC1 DC2 EX FT1 FT2 IWB

T1 iter1 inst2 IF1 IF2 IF3 ID1 ID2 ID3 SC IS IRF AG DC1 DC2 EX FT1 FT2 IWB

T0 iter0 inst5 IF3 ID1 ID2 ID3 SC IS IRF AG DC1 DC2 EX FT1 FT2 IWB

T1 iter1 inst3 IF1 IF2 IF3 ID1 ID2 ID3 SC IS IRF AG DC1 DC2 EX FT1 FT2 IWB

T0 iter0 inst6 IF2 IF3 ID1 ID2 ID3 SC IS IRF AG DC1 DC2 EX FT1 FT2 IWB

T1 iter1 inst4 IF1 IF2 IF3 ID1 ID2 ID3 SC IS IRF AG DC1 DC2 EX FT1 FT2 IWB

T0 iter0 inst7 IF1 IF2 IF3 ID1 ID2 ID3 SC IS IRF AG DC1 DC2 EX FT1 FT2 IWB

T1 iter1 inst4 IF1 IF2 IF3 ID1 ID2 ID3 SC IS IRF AG DC1 DC2 EX FT1 FT2 IWB

Spawn signal

SPAWN bubbles

T0 and T1 unbalanced 

work
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=rax

rax=

rax=inter-iteration
producer

=rax

inter-iteration
consumer

intra-iteration
consumer

Inter-iter

intra-iteration

rcx = 

= rcx

rcx is not
redefined

rcx is an invariant
e.g. array base @

(b)(a)



Build registers sets: INVARIANT, INTER, INTRA
For each register in set INVARIANT

– Set  to 1 the INV bit associated with the corresponding source operands of 
the consumers instructions

For each register in INTRA
– Set to 0 the INV and INTER bits associated with the corresponding consumers
– Set to 0 the INTER bit associated with the corresponding producers

For each register in INTER
– Set to 0 the INV bit associated with the corresponding consumers
– Set to 1 the INTER bit associated with all the consumers that are 

sequentially before the 1st redefinition of the register  the rest
(posterior consumers) are marked with a 0

– Set to 1 the INTER bit associated with the last producer instruction of the
register  the rest of producers are marked with a 0

DEST INTER? SRC1OPCODE

destination source1 source2

INSTRUCTION

1-bit flag 2 bits

IN
V

?

SRC2 IN
V

?

2 bits

IN
TE

R
?

IN
TE

R
?
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READY SYNC READY SYNC

SCOREBOARD

tid = 0 tid = 1

RAX
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store @x
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1. Load @X of iter 1 writes @X in Bloom Filter
2. Store @X of iter 0 checks previous read of @X in 

Bloom Filter and kills the offending thread
3. Iter 1 is reexecuted again
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store @x
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SPEC

Loop parallelization after Rollback of iteration 2Loop parallelization before Rollback of iteration 2 ROLLBACK
initiated by 
store of iter 1

load@x

store @x

ti
m

e





 

branch

branch

Loop Finalization

early 
exit

Loopback 
branch

LOOP CODE

STALL

Iter 0

Iter 1

Iter 2 Iter 3

tid 0 tid 1

tid 1 is 
speculative

tid 1 is 
speculative

EOI

EOI

EOI

EOI

sync



 
 

 

 
 

 



LOOP: ecx = add ecx, 1
esi = load LABEL1[ecx]
eax = shift_left eax, 5
eax = xor eax, esi
eax = and eax, edx
jeq EXIT
esi = move ecx
edi = load LABEL2[eax]
esi = and esi, edx
LABEL2[esi] = store edi
LABEL2[eax] = store ecx
ebx = sub ebx, 1
jne LOOP

unused regs = {FP, ...}
inv regs = {edx}
intra regs = {esi, edi}
inter regs = {ecx, eax, ebx}

Live-outs defined in BB A 
{ecx, esi, eax}

Live-outs defined in BB B 
{esi, edi, ebx}





Exit Original Thread 0 Non-original Thread 1

 Move {B} from RF(1) to RF(0)*

edi, ebx

Move {A} from RF(1) to RF(0)

ecx, esi, eax

 nothing Move {A} + {B} from RF(1) to RF(0)

ecx, esi, eax, edi, ebx

* If not exited in first iteration

LO
O

P
B

A
C

K Registers identification

B
B

 A
B

B
 B



Thread 0

Thread 0

Thread 0

Thread 0

Thread 0

0

1

0

1

1

r1

r2

r3

r4

r5

Thread 1

Thread 1

Thread 1

Thread 1

Thread 1

r1

r2

r3

r4

r5

Thread 0

Thread 1

Thread 0

Thread 1

Thread 1

r1

r2

r3

r4

r5

Thread 1

Thread 0

Thread 1

Thread 0

Thread 0

r1

r2

r3

r4

r5

r1

r2

r3

r4

r5

Static Binding Dynamic Binding

Register File 
Context 0

Register File 
Context 1

Register File 
Context A

Register File 
Context B

W bit



 

DEForig Wnext DEFspawned

# 
o

f 
re

gi
st

e
rs

Init DEFi ∀i to 0 when BOI
Set DEFi to 1 when register i is defined

Init Wnext i∀i to 0 when BOL

When original thread executes last iteration:
• W=W XOR Wnext

• Original thread continues execution

When spawned thread executes last iteration:
• W = W NXOR Wnext

• Spawned thread continues execution

When EOI, set Wnext i

to 0 if DEForig i is 1
When EOI, set Wnext i to 
1 if DEFspawned i is 1





 

SCOREBOARD
SPAW Dec

BLOOM 
Filter
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Gated SB
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1.    EAX = EBX

4.    EBX = EDX

2.    ECX = EAX

3.    ESI = EAX

1.    EAX = EBX

4.    EBX = EDX

2.    ECX = EAX

3.    ESI = EAX

(a) Original code (b) Reordered code

Iteration 0

Iteration 1

Iteration 2

Iteration 0

Iteration 1

It
er

at
io

n
 2

Thread 0 Thread 1 Thread 0 Thread 1

1.    EAX = EBX

2.    ECX = EAX

3.    ESI = EAX

4.    EBX = EDX
1.    EAX = EBX

2.    ECX = EAX

3.    ESI = EAX

4.    EBX = EDX
1.    EAX = EBX

2.    ECX = EAX

3.    ESI = EAX

4.    EBX = EDX

1.    EAX = EBX

4.    EBX = EDX

2.    ECX = EAX

3.    ESI = EAX



 

 



 

EBX = EAX

ECX = EDX

JUMP B2

EAX = EDX

JUMP B1

EBX = EAX

ECX = EDX

ASSERT1

EAX = EDX

ASSERT2

ECX = EDX

EBX = EAX

EAX = EDX

ASSERT1

ASSERT2

ECX = EDX

EBX = EAX

EAX = EDX

ASSERT1

ASSERT2

ECX = EDX

EBX = EAX

EAX = EDX

ASSERT1

ASSERT2

Early Exit

(a) Original code (c) Parallelization that can be 
obtained

(b) Atomicity and re-ordering



EAX = EDX

TMP1 = EBX

EBX = EAX

ECX =    TMP1

EAX = EDX

TMP1 = EBX

EBX = EAX

ECX =    TMP1

EAX = EDX

TMP1 = EBX

EBX = EAX

ECX =    TMP1

EAX = EBX

ECX = EAX

EAX = EDX

EBX = EAX

EAX = EBX

ECX = EAX

EAX = EDX

EBX = EAX

EAX = EBX

ECX = EAX

EAX = EDX

EBX = EAX

(a) Original code (b) Optimized code

Thread 0 Thread 1 Thread 0 Thread 1

Anti-
dependence

I1:

I2:

I3:

I4:
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0

10

20

30

40

50

60

70

80

in
n

er
-m

o
st

 lo
o

p
s 

Total loops = 128



 

 



 



 

0.9

1

1.1

1.2

1.3

1.4

1.5

bzip2 crafty eon gap gcc gzip mcf parser twolf vortex vpr AVG

Sp
e

e
d

u
p

 o
f 

lo
o

p
s

Baseline + Reordering Loop Parallelization (LP) LP + Reordering

0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

1.5

1.6

bzip2 crafty eon gap gcc gzip mcf parser perlbmk twolf vortex vpr AVG

Sp
e

e
d

u
p

 o
f 

Lo
o

p
s 

w
rt

 C
o

d
e

 R
e

o
rd

e
ri

n
g

Loop Parallelization (LP) LP + Recurrence Reordering LP + Atomicity LP + False Anti-Dependences



- 

- 

- 

- 

- 
- 
- 
- 



 

 

0.9

1.0

1.1

1.2

1.3

1.4

1.5

1.6

bzip2 crafty eon gap gcc gzip mcf parser perlbmk twolf vortex vpr AVG

Sp
e

e
d

u
p

 O
n

 L
o

o
p

s

Oracle LP vs Baseline Oracle LP vs Oracle Baseline

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Baseline Loop Parallelization

A
cc

u
m

u
la

te
d

 d
yn

am
ic

 w
e

ig
h

t 
o

f 
lo

o
p

s

AT+AD+RR

AD+RR

AT+AD

AT+RR

RR

AD

AT

CR



 







 
 

 



 

 

 



 

 

 

 



 

 

 







 





























κ






