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Parallelization: Scientific vs Non-Scientific Codes
Scientific Codes (FORTRAN-like)

for (i=1l; i<=N; i++) // C

General-purpose Codes (legacy C/C++)

ali] = a[i] + 1; // X
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Example: DOALL
parallelization
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while (ptr = ptr->next)
ptr->val = ptr->val + 1; // X

// LD

Cyclic Multithreading

(CMT)

Example: DOACROSS
[Cytron, ICPP 86]
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Alternative Parallelization Approaches

Cyclic

Multithreading

(CMT)

while (ptr = ptr->next)

// LD

ptr->val = ptr->val + 1; // X
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Pipelined
Multithreading (PMT)

Example: DSWP
[PACT 2004]
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Comparison: IMT, PMT, CMT

IMT PMT CMT
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lat(comm) = 1: 1 iter/cycle 1 iter/cycle 1 iter/cycle
lat(comm) = 2: 1 iter/cycle 1 iter/cycle 0.5 iter/cycle



Comparison: IMT, PMT, CMT

Thread-local Recurrences = Fast Execution
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Decoupled Software Pipelining



[MICRO 2005]

Decoupled Software Pipelining (DSWP)

A: while (node)

B: ncost = doit(node) ;
C cost += ncost;

D node = node->next;
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Implementing DSWP
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SPAWN(Aux)
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CONSUME Tl =[1]
2=rl+4
3 = M|[r2]
4=r3+1
M[r2] =14
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Optimization: Node Splitting
To Eliminate Cross Thread Control

of

A: rl =M]rl]
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Optimization: Node Splitting To Reduce
Communication

of

L1 A: rl =M]|rl]

PRODUCE [1] =1l
F: pl=r1!=0
G: brpl, LI

L2 CONSUME rl =[1]
2=rl+4

13 = M[r2]
4=1r3+1

M[12] =14
Topl=rl!=0

G’: brpl, L2
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Constraint: Strongly Connected Components

Consider: @ rl
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SPAWN(Aux)

A: rl =M]rl]

B: 2=r1+4

C: 13 =M][r2]
PRODUCE [1]=13
CONSUME 10|= [2]

F: pl=rl!=0

G: brpl, LI

@‘ ’ Eliminates pipelined/decoupled property
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CONSUME r3/'=[1]
4=13+1
M[12] =14
PRODUCE [2] =10

-10 -

Solution: DAGg

— 71
rl:
] \

|

2,

control

—_— ol = =

—>» intra-iteration

---» loop-carried



Speculation — Break oStatistically
Unlikely Dependences

A: while (node)

B: ncost = doit (node);

C: cost += ncost;

D: node = node->next;
Dependence RN
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Why Speculation?

A: while(cost < T && node)

B: ncost = doit (node);

C cost += ncost;

D node = node->next;
Dependence B DAG ¢
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Why Speculation?

A: while(cost < T && node)
B: ncost = doit (node);
C: cost += ncost;

D node = node->next;
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Execution Paradigm
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Dual Core vs Si
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