Synchr oniza tion Mechanisms f or Shar ed-Memor y Multipr ocessor s

Alain Käg i, Doug Bür ger , James R. Göödman

24th Inter na tional Symposium on Computer Ar chitectur e Tuesday , June 3r d, 1997

galileo@cs .wisc.edu Computer Sciences Depar tment Univer sity of W isconsin-Madison

Efficient Synchr oniza tion:

Let Them Ea t QOLB

Alain Käg i, Doug Bür ger , James Göödman

24th Inter na tional Symposium on Computer Ar chitectur e Tuesday , June 3r d, 1997

galileo@cs .wisc.edu Computer Sciences Depar tment Univer sity of W isconsin-Madison

Synchr oniza tion Mechanisms f or Shar ed-Memor y Multipr ocessor s © 1997 Alain Käg i UW-Madison

Slide 3

Motiva tion

Release

Time

Release

Critical section

One synchr onization per iod (SP)

Shorter SP ⇒ better a pplication perf ormance

Transfer Critical section Release

Transfer

Transfer

Synchr oniza tion Mechanisms f or Shar ed-Memor y Multipr ocessor s © 1997 Alain Käg i UW-Madison

Slide 4

Synchr oniza tion per iod

Transfer Critical section

transfer

Release

arbitra tion+transfer read/wr ite+computa tion

computa tion re-obtain loc k

Synchr oniza tion Mechanisms f or Shar ed-Memor y Multipr ocessor s © 1997 Alain Käg i UW-Madison

Slide 5

Synopsis • 4 synchr onization mechanisms

O Local spinning O Queue-based loc king O Collocation O Synchr onous pr efetch • Categor izing synchr onization pr imitives • QOLB [Goodm an, V ernon & W oest 1989] • MCS [Mellor -Crumme y & Scott 1991] • QOLB

O 47% faster than MCS O Outperf orms all other pr imitives all the time

Synchr oniza tion Mechanisms f or Shar ed-Memor y Multipr ocessor s © 1997 Alain Käg i UW-Madison

Slide 6

Outline • Motiv ation & synopsis • Synchr onization mechanisms • Synchr onization pr imitives • Performance analysis

O Methodology O Microbenchm ar k O Macr obenchm ar ks • Conclusions

Synchr oniza tion Mechanisms f or Shar ed-Memor y Multipr ocessor s © 1997 Alain Käg i UW-Madison

Slide 7

Local spinning

• What O Wait for synchr onization w/o gener ating messages • Ho w O Read-only cop y of the loc k (Test&Test&Set) O Different addr esses (MCS) O Shado w line (QOLB)

Waiting

Owner

valid shado w

Node A ’s cache Node B’ s cache

Synchr oniza tion Mechanisms f or Shar ed-Memor y Multipr ocessor s © 1997 Alain Käg i UW-Madison

Slide 8

Queue-based loc king • What O Arbitration of f critical path O Fixed number of messages per synchr onization O Direct tr ansf er of loc k • Ho w O Queue in softw ar e (MCS) O Queue in har dw ar e (QOLB)

Owner Waiting Waiting Waiting

shado w shado w shado w valid

Synchr oniza tion Mechanisms f or Shar ed-Memor y Multipr ocessor s © 1997 Alain Käg i UW-Madison

Slide 9

Colloca tion

• What O Reduce r ead/wr ite misses • Ho w O Lock & data in same cache line

Shipper Recipient Lock&data

One message!

Synchr oniza tion Mechanisms f or Shar ed-Memor y Multipr ocessor s © 1997 Alain Käg i UW-Madison

Slide 10

Synchr onous pr efetch (coopera tive pr efetch) • What O Overlap tr ansf er w/ computation • Ho w O Request synchr onization ahead of time O Transf er just in time

Shipper Recipient Lock

Shipper -trigger ed tr ansf er

Synchr oniza tion Mechanisms f or Shar ed-Memor y Multipr ocessor s © 1997 Alain Käg i UW-Madison

Slide 11

Impact on o verhead

Transfer Critical section

transfer

Release

arbitra tion+transfer read/wr ite+computa tion

computa tion re-obtain loc k

Colloca tion Queue-based loc king Synchr onous pr efetch Local spinning

Synchr oniza tion Mechanisms f or Shar ed-Memor y Multipr ocessor s © 1997 Alain Käg i UW-Madison

Slide 12

Outline

• Motiv ation & synopsis • Synchr onization mechanisms • Synchr onization pr imitives • Performance analysis

O Methodology O Microbenchm ar k O Macr obenchm ar ks • Conclusions

Synchr oniza tion Mechanisms f or Shar ed-Memor y Multipr ocessor s © 1997 Alain Käg i UW-Madison

Slide 13

Synchr oniza tion pr imitives

Synchr oniza tion

primitive

Synchr oniza tion mechanisms

Local spinning

Queuebased loc king

Colloca tion Synchr onous prefetch

Test&Set (TS) no no optional no

Test&Test&Set (TTS) yes no optional no

MCS yes yes no no

QOLB yes yes yes yes

Synchr oniza tion Mechanisms f or Shar ed-Memor y Multipr ocessor s © 1997 Alain Käg i UW-Madison

Slide 14

Evalua tion method

• Simulated benchm ar ks on W isconsin W ind Tunnel O 6 base pr imitives:

TS, TTS, MCS, LH, M, QOLB O Var y mechanisms/policies:

Collocation (+C) Reactiv e synchr onization (R) O Microbenchm ar k + 5 a pplications • Assumptions

O 32 nodes O Processor: in-or der issue O Cache: 1Mb 4-w ay assoc., 64b line, bloc king O Constant netw ork latenc y (~100 c ycles) O Sequential consistenc y

Synchr oniza tion Mechanisms f or Shar ed-Memor y Multipr ocessor s © 1997 Alain Käg i UW-Madison

Slide 15

Microbenchmar k

loc k request

loc k granted

fixed delay (cr itical section)

loc k released

random delay (non-cr itical section) wait

Synchr oniza tion Mechanisms f or Shar ed-Memor y Multipr ocessor s © 1997 Alain Käg i UW-Madison

Slide 16

Results — micr obenchmar ks

1 2 4 8 16 32 64 0.0

5.0

10.0

15.0

TS TTS MCS R QOLB

Elapsed time (millions of c lock cycle)

Number of pr ocessor s

Synchr oniza tion Mechanisms f or Shar ed-Memor y Multipr ocessor s © 1997 Alain Käg i UW-Madison

Slide 17

Results — macr obenchmar ks TS TS+C MCS R QOLB+C

Normalized e xecution time

Raytrace Pthor Mp3d 0.0

0.5

1.0

1.5

Synchr oniza tion Mechanisms f or Shar ed-Memor y Multipr ocessor s © 1997 Alain Käg i UW-Madison

Slide 18

Conc lusions & other contr ibutions • Conclusions

O 4 mechanisms O QOLB implements all 4 O QOLB

- Consistently outperf orms all other pr imitives - 9% - 108% faster than MCS (avg. 47%) - 13% - 121% f aster than Reactiv e (avg. 59%)

• Other contr ibutions O QOLB-light O Isolating mechanisms

Synchr oniza tion Mechanisms f or Shar ed-Memor y Multipr ocessor s © 1997 Alain Käg i UW-Madison

Bac kup

Microbenchmar k

LOOP

LOCK(X); DELAY(FIXED); UNLOCK(X); DELAY(RANDOM);

END LOOP;

Synchr oniza tion Mechanisms f or Shar ed-Memor y Multipr ocessor s © 1997 Alain Käg i UW-Madison

Bac kup

Results — br eakdo wn: local spinning • Isolate local spinning O 2 runs: Test&Test&Set and T est&Set O Measur e speedup: time(T&S r un)/time(T&T&S r un)

-10

10

30

50 Barnes Mp3d Ocean Pthor Raytrace

Normalized e xecution time

Local spinning

Synchr oniza tion Mechanisms f or Shar ed-Memor y Multipr ocessor s © 1997 Alain Käg i UW-Madison

Bac kup

... and the other s • Isolation 2 runs

75% 150%

Queue-based locking

Collocation Compiler prefetch