Online Data-Race Detection via

Coherency Guaran tees

Dejan Pe rkovic & P ete Keleher

Univer sity of Maryland

Overview

l

On-t he-fly data-race detection

l

Lazy Release Consistent Distribut ed

Shared Memory(LRC DS M)

l

Low overhead

l

Detect ed dat a-races in Water and TSP

Motivation

Paralle l programming is hard due t o:

l

Explicit synchronization

l

Nondeterm inism => hard debugging

Data-R ace detection NP-hard in general

What is a Data-Race?

l

Unsynchronized accesses to the same

shared memory locati on

l

At least one is write

P

1

P

2

Lock(L)

x+=1

U nlock(L)

Lock(L)

x+=1

U nlock(L)

R esult:x+=2

P

1

P

2

Lock(L)

x+=1 x+=1

U nlock(L)

Result:x+=1orx+=2

Proposed M ethod

l

On-t he-fly data-race checks

l

Cons istency information from CVM

l

Instrument s hared ref erences via

ATOM

l

Read page notic es along with wr ite

page notices(invalidat ions)

Data-Races in LRC DSM

l

P

1

´s writ e and P

2

´s writ e: no data-race

l

P

1

´s read and P

2

´s writ e: data- race

Acq() w(x) Rel() w(x) Rel() r(x)

P

1

P

2

2

2 1

1

Lazy Release Consis tency

w(x) rel

r(x) rel

rel acq

acq

acq

P

1

P

2

P

3

P

4

Barrier

False sharing or Data Races

Interval

comparison

Bitmap

comparison

P

0

P

1

P

2 arrival:

rd , wr notices

bitmap

requests bitmaps release

Interval Concur rency Check

Many intervals

=> Many synchronizations

=> Many ordering

P

i

P

j

Rel

Acq

1 2 3 4

1 2 3 4

Test Environment

l

DEC Alpha workstations

l

ATM network connection

l

CVM: LRC si ngle writer protocol

Applications Tested

l

Four common appl ica tions

l

Standard problem sizes

Input s e t Sync us e d Sl o wdo wn

( n= 8 )

FFT 6 4 x6 4 x6 4 bar r i e r 2 .6 1

SOR 1 0 2 4 x1 0 2 4 bar r i e r 4 .2 5

TSP 1 9 c i t i e s l o c k 2 .5 1

W at e r 5 1 2 mo l s l o c k,bar r i e r 2 .8 4

Reference Instrumentation

l

Gather a ll s hared addres ses referenced

during each int erval

l

Instrument only potent ial ly shared

references

I n s tr u me n te d S h a r e d

( s ta ti c ) ( D y n a mi c )

W a te r 1 7 % 1 2 %

S OR 7 % 6 3 %

F F T 8 % 2 4 %

TS P 2 0 % 2 5 %

Overhead

0 %

20 %

40 %

60 %

80 %

100 %

w a te r s o r fft ts p

P ro c C a l l R e fC h e c k C V M m o d s

I n t-c o m p B i tm a p -c o m p

Scalability

0

1

2

3

4

5

6

7

2 4 8

P roces s ors

Slowdown

Water S OR F FT T S P

Accuracy

l

Actual vs. feasible data-races

l

Detect ing all feasibl e data-race s is NP

har d

P

1

P

2

wr i t e x

L o c k ( L )

�

U n l o c k ( L )

L o c k ( L )

wr i t e x

U n l o c k ( L )

Instruction Identif ication

l

Basic version: onl y the addre sses

involved in the data -race

l

Address combined wit h symbol t able

=> variable involved

l

Brute force: sa ving PCs with every

shared re ference

l

Enforci ng the s ame synchronization

ordering

Improvements

l

Data-f low analysis to instrume nt fewer

references

l

On-t he-fly c ode m odification

l

Inlining of reference instrumentation

Conclusion

l

Implem ented on-the-fly

actual data-race detection

l

Levera ge existing DS M inf orm ation

l

Good perfor mance

l

Detect ed dat a-races in Water and TSP