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For a long time, memory analysis 
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insufficiently precise in practice [Hind, PASTE’01]
especially for languages like C/C++.

undecidable in theory [Landi, LPLS’92]
For any fixed analysis algorithm, there is a counter-example input 
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Excessive use of memory speculation
Very expensive to validate due to costly communication and bookkeeping for each 
speculated dependence

Expensive speculative privatization
Monitor large write sets to correctly merge private memory states of parallel workers 

two identified inefficiencies

The most applicable prior automatic speculative DOALL 
system is Privateer*
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Parallelization of dijkstra benchmark (MiBench) 
with Privateer*

* Nick P. Johnson et al., Speculative Separation for Privatization and Reductions in PLDI ‘12

Required monitoring of  
973GB of reads & 649GB of writes 
for an input graph of 3K nodes!
O(N3), where N is # of nodes 
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Maintain the applicability of prior speculative automatic parallelization 
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Simplified example from 
the dijkstra benchmark (MiBench)
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- branch condition cannot be 
statically proven true

- ptr is not modified within the loop

Fully leverage inexpensive speculative assertions to
efficiently break dependences
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Control  
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Control  
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Privatization

i1

i2

DOALL-able
without monitoring



for (i=0; i<N; ++i) {
  …
  if (observed_always_true)
   *ptr = …
  else 
   misspec()
  …
 … = … + *ptr
}

i1:

i2:  

20

Control 
Spec Check

Inexpensive control speculation check 
instead of monitoring
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The Perspective Approach
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The Perspective Approach

Design goals
    Increase awareness
    Enable collaboration
    Avoid unnecessary transforms
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The Perspective Approach
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Excessive use of memory speculation

Expensive privatization

Required monitoring of 
973GB of reads & 649GB of writes!

Revisiting motivating example with Perspective

No

0B of reads & 4KB of writes

Efficient

4.8x speedup over Privateer*

Parallelization of dijkstra benchmark (MiBench)

25* Nick P. Johnson et al., PLDI ‘12



Perspective Framework 
is implemented on the 
LLVM Compiler Infrastructure

~80K loc in C/C++
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Perspective’s Evaluation Methodology

27

Empirically Evaluated Claim
Maintain the applicability of prior automatic-DOALL systems 
while improving their efficiency

[1] Johnson et al., PLDI ’12  [2] Kim et al., CGO ’12 

Benchmarks
All parallelizable benchmarks from two state-of-the-art automatic  
DOALL-parallelization papers [1,2]. 
12 C/C++ benchmarks from SPEC CPU, PARSEC, PolyBench and MiBench.

Platform
Evaluated on a commodity shared-memory machine with 28 cores



Perspective yields scalable speedup
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Perspective doubles performance of Privateer*
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* Nick P. Johnson et al., Speculative Separation for Privatization and Reductions in PLDI ‘12



Perspective doubles performance of Privateer
thanks to dramatic reduction of monitored reads/writes
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Conclusion

Perspective fully-automatically yields scalable speedup (23.0× on 28 cores), 
double the performance of state-of-the-art.

Perspective advances state-of-the-art by identifying and mitigating 
core inefficiencies of prior speculative automatic parallelization 
systems.

Perspective generates minimal-cost DOALL-parallelization plans 
by combining a planning phase, speculation-aware memory analysis, 
and efficient speculative privatization.
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Artifact available at: https://doi.org/10.5281/zenodo.3606885

https://doi.org/10.5281/zenodo.3606885

