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| will get both and
pay only $2,240
altogether!

."— — v
http://bitchmagazine.org/post/beyonethe-panetan-

l R2LIISR FNRY W2aS bSftazy !'YIENYfX a1l 26 RAR (GKAa 3ISE LIABTRAEKSRKET[97C 9{ QmMH



o oo o ETHzUrich

{22 | O2YLMziAy3d aOASYUuUAaldl SYUSNBR

l R2LIISR FNRY W2aS bSftazy !'YIEINYfX a1l 26 RAR (UKAa 3ISG Lot AAKSRKeéS [/ ¢9{ QmH



o oo o ETHzUrich

{22 | O2YLMziAy3d aOASYUuUAaldl SYUSNBR

al QI Y
are $560

l R2LIISR FNRY W2aS bSftazy !'YIEINYfX a1l 26 RAR (UKAa 3ISG Lot AAKSRKeéS [/ ¢9{ QmH



v oacon ETHziirich
1 SNB R
But the average of
10% and 50% is 30%
and 70% of $3,200
is $2.240.
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short.
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the arithmetic average
of percentages!
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top CS conference in San
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Scientific Benchmarking: The fallacies of summarizing (Rules 3+4)

Testcase

Floatingpoint operations (5flogd

TH, R. Belli: Scientific Benchmarking of Parallel Computing Systems, IEEE/ACM SC15 (ftifpsalkvatw.youtube.com/watch?v=HwWEpXIWAW)U
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Scientific Benchmarking: The fallacies of summarizing (Rules 3+4)

Testcase

Floatingpoint operations (5flogd

Time [seconds]

Flop Rate Gflop's]

Arithmetic Mean of Flop Rate&flop's]

Harmonic Mean of Flop RateSflop’s]

Flop Rate by Dividing TotalSflop's]

TH, R. Belli: Scientific Benchmarking of Parallel Computing Systems, IEEE/ACM SC15 (ftifpsalkvatw.youtube.com/watch?v=HwWEpXIWAW)U 6
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Rule 3 Use the arithmetic mean only for summarizing costs.
Use the harmonic mean for summarizing rates.

Rule 4 Avoid summarizing ratios (e.g., speedup); summarize the
costs or rates that the ratios base on instead. Only if these are|not
available use the geometric mean for summarizing ratios.

TH, R. Belli: Scientific Benchmarking of Parallel Computing Systems, IEEE/ACM SC15 (ftipdalkvatw.youtube.com/watch?v=HwWEpXIWAW)'U
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Administrivia

A First project presentation: 10/29 (two weeks from now!)
A First presentation to gather feedback
You already know what your peers are doing, now let us know

A Some more ideas what to talk about:
What tools/programming language/parallelization scheme do you use?
Which architecture? (we only offer access to Xeon Phi, you may use different)
How to verify correctness of the parallelization?
How to argue about performance (bounds, what to compare to?)
(Somewhat) realistic useases and input sets?
What are the key concepts employed?
What are the main obstacles?
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Review of last lecture

A Directory-based cache coherence
A Simple working with presence/dirty bits
A Case study with Xeon Phi
lllustrates performance impact of the protocol and its importance!

A Memory models
A Ordering between accesses to different variables
A Sequential consistenaynice but unrealistic
Demonstrate how it prevents compiler and architectural optimizations

A Practical memory models
AhOSNIBASSG 2F OFNA2dza Y2RSt&a o0¢{hX t{hX wahX X SEAA&i
A Case study of x86 (continuing today)
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DPHPC Overview
DPHPC\

” locality parallelism
e
c !
2 - caches vector ISA shared memory distributed memory
< - memory hierarchy
2 , cache coherency ,
o3 | u
P memory distributed |
o models algorithms
S
= locks group commu-
o lock free nications

wait free

linearizability

Amdahl's and Gustafson's law

| memory | PRAM | LogP ,
| a-B | | |

I/O complexity

balance principles | balance principles Il
Little's Law scheduling

models
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Goals of this lecture

A Recap: Correctness in parallel programs
A Covered in PP, here a slimmed down version to make the DPHPC lectoentstied

Watch for the green bar on thgght side
A Languages and Memory Models
A Java/C++ definition
A wSOFL) aSIljdz2SYyGAlf O2yaraidsSyoeé FNRY (GKS LINEINF YY
A Races (now in practice)
A Synchronization variables (now in practice)
A Mutual exclusion
A Recapx simple lock properties
A Proving correctness in SC and memory models (x86)
A Locks in practice performance overhead of memory models!
A Fast (actually practical) locks

A CLH; queue locks
AMCSaOF OKS O2KSNBYOS 2LIAYFT ¢ 1jdzSdzS t 201 Ay 3
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All values zero initially. r1 and r2 are registers.

Principle 1 and 2

Pl P2
Reads are not reordered with other reads. ARR) a=1 r1=b
b=2 r2=a

Writes are not reordered with other writes. (\l& W)

Reads and writes observed in program order.
Cannot be reordered!




S ASICL v oseien  ETHzUrich

All values zero initially. r1 and r2 are registers.

Principle 1 and 2

P1 P2
Reads are not reordered with other reads. ARR) a=1 r1=b
Writes are not reordered with other writes. (\l& W) b=2 r2=a

Reads and writes observed in program order.
Cannot be reordered!




S ASICL v oseien  ETHzUrich

All values zero initially. r1 and r2 are registers.

Principle 1 and 2

Pl P2
Reads are not reordered with other reads. AR) a=1 r1=b
Writes are not reordered with other writes. (W W) b=2 2=a
®
I
Reads and writes observed in program order. J
Cannot be reordered! J
I
I Order: from left to right

If r1 == 2, then r2 must be 1!
Not allowed: r1 == 2, r2 ==







