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Outline Parallel Points-to Analysis
_ | Constraint  fteran0  Keraon1  Heraon2 feraion3
v |ntr0d UCtIOﬂ Basics! What people already know.
 Parallel Points-to Analysis  cypic wnapeopke aito koow
* Naive method
* Replication-based approach a=p
* Optimizations et What people e not know. a=b
e=a
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Parallel Points-to Analysis Conflicting Constraints

Two constraints conflict if at least one of them
writes to a common variable.
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Parallel Points-to Analysis Parallel Points-to Analysis

Constraint Iteration O Iteration 1 Iteration 2 Iteration 3
1. Find conflicting constraints.
2. Schedule constraints.

sz 3. Analyze in parallel.

e=a 4. Update points-to information.

r=q

.

a=d

Parallel Points-to Analysis Parallel Points-to Analysis
Thread1 Thread2 1. Find conflicting constraints.
a=b a=p 2. Schedule constraints.
a=c r=q
a=d s=r 3. Analyze in parallel.
e='a t=s +. Update points-to information.
e=a
*e=a
Parallel Points-to Analysis Parallel Points-to Analysis
Thread1 Thread2 1. Find conflicting constraints. <¢={jj Sl

a=b a=p 2. Schedule constraints.
a=c r=q

a=d s=r 3. Analyze in parallel.
e=*a t=s .. Update points-to information=_= _simpe |
e=

Sequential: 13 steps.
Even if the analysis is provided with 8 cores, the parallel analysis still requires 9 steps.




Replication-based Parallel
Points-to Analysis

1. Find conflicting constraints.
2. Schedule constraints.

3. Analyze in parallel.

+. Update points-to information.

Replication-based Parallel
Points-to Analysis

1. FHrecentletngconstrants:

2. Schedule constraints.
3. Analyze in parallel.
+. Update points-to information.

Replication-based Parallel
Points-to Analysis

1 Find-eonflicti it

2. Schedule constraints.

3. Analyze in parallel.
.. Update points-to information <=jCaul

Replication-based Parallel
Points-to Analysis

1. FrecenficHngconstraints:
2. Schedule constraints.
3. Analyze in parallel.
Initial reads from the master copy.
Writes to local replica.
4. Update points-to information.
Merge local replicas with the master copy.

Input program

Arbitrary
Partition
(points-to constraints)

Parallel
Execution
(replicated points-to)

Merge
(global points-to)

Global points-to information

Why Replication Works

1. Monotonically increasing computation.
- Points-to sets never shrink.

2. Unordered algorithm.
- Constraints can be processed in any order.

For instance, a naive replication doesn't work for flow-sensitive
analysis.
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Points-to Analysis: 3 Threads
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Replication-based Parallel
Points-to Analysis: 3 Threads
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Replication-based Parallel
Points-to Analysis: 3 Threads
Tosmt Wl Megel W2 Mege2 I3 Merged

1 ag=p q-~{a

a=b a' - {y}

e=a e - {xy} e' - {xy,z,w}

r=q r - {a} a - {y, z, w} e - {yz,w} z,w - {xy,z,w}
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3 t=s t - {a}

a=d a" - {w}

-ke = X"y' - Zl,Wl -

xy.zw} xy.zw}



Replication-based Parallel
Points-to Analysis: 3 Threads

l--__-\g_
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1 g=p

a=b

e=a e -{xy} e' - {xy.z,w}

r=q r - {a} a -~ {y, z, w} e — {y.z,w} z,w — {xy,z,w}
2 a=c a"'-{z} e-{xy} x = {x,y,z,w} t - {a}

s=r q, r - {a} s' - {a} s - {a}

e="*a
3 t=s t - {a}

a=d a" - {w}

*e=a Xy = zZ\w -

xyz,w} xyz.w}

Sequential: 13 steps, Parallel: 9 steps. |

Naive vs. Replication-based

No merging Costly merging
Lesser iterations More iterations
General purpose Monotonic, unordered

Lower memory requirement

Higher memory requirement

Costly conflict-detection
Limited parallelism
Unbalanced load

Lower parallel performance

No conflict-detection
Adaptive parallelism
Better load-balancing

Better parallel performance

Replication-based Parallel
Points-to Analysis: 4 Threads

1 g=p
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2 r=gq
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3 e=*a
s=r
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a=d
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Replication-based Parallel
Points-to Analysis: 4 Threads
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Points-to Analysis: 4 Threads
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2 r=q r - {a}
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xy.zw}

3 e=*a e - {x} X = {x,y,z,w} st - {a}

s=r q - {a} r - {a}

t=s sit - {a}

a=d a" - {w}
4 *e=a X - {X,y,z,w} y,z\w -
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Sequential: 13 steps, Parallel: 9 steps.
Replication with 3 threads: 12 steps.

Replication-based Parallel
Points-to Analysis: 5 Threads
Tosmt Wl Megel W2 Mege2 I3 Merged

1 e=a e - {x e' - {yz,w}
2 q=p q~{a
3 r=gq r - {a}
a=c a'-{z} a-{yzw e - {yz,w} Y,Z,W —
xy.zw}
4 e=*a e - {x} X - {X,y,z,w} s,t - {a}
s=r q - {a} r - {a}
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Replication-based Parallel

Points-to Analysis: 5 Threads

Stmt Itr 1

e=za e -{x
a=p q ~{a}
r=q

a=c a"- {z}
e=*a

s=r

t=s

a=d a" - {w}
*e=a

a=b a' - {y}

Merge 1 Itr 2 Merge 2 Itr 3 Merge 3
e~ {y.zw}
8 steps

r - {a}
a -~ {y, z, w} e — {y.z,w} y,ZW —
{xy.z.w}
e - {x} x = {x,y,z,w} st - {a}
q - {a r - {a}
st - {a}
X - {x,y,z,w} y,zZ'w -
xy.z.w}

Sequential: 13 steps, Parallel: 9 steps.
Replication with 3 threads: 12 steps.
Replication with 4 threads: 9 steps.

Optimizations

Load Balancing

« Orphan-and-Adopt approach.

« store constraints are the culprits.

« Trade-off between load-balancing and thread-communication.

Parallel Online Cycle Elimination

« Disjoint cycles can be collapsed in parallel.

Reducing Replication Cost

< Single writer.

- Difference propagation.

« Constraint affinity.
Limited Scheduling

Speedup

Results
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