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Overview

« Evolutionary

* Revolutionary
— Semantic compression for event traces with C3G
— Event trace recording based on sampling
— Combination

 Conclusions and Outlook



Motivation

» Performance Analysis and Tools
— Vital prerequisite, operational at scale
— Combine alternative approaches and methods

« Evolutionary

— Scale up the established state-of-the-art tools
... event trace recording and analysis in our case

— Fixed percentage of the resources of the target application (5-15%)
— Sensible and balanced overhead does not hurt (5-15%)

* Revolutionary ...



Semantic Compression for Event Traces



Compressed Complete Call Graph

* Redundancy in program executions and event traces:
Temporal repetitions due to iteration (and recursion)
Spatial repetitions due to SPMD parallelism

« Capture identical and similar repetitions — define “similar”
« Continuous compression, without large temporary data



C3G Principle
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Generalized tree data structure: Compressed Complete Call Graph




Compressed Complete Call Graph

« Define accuracy bounds for timing (absolute, relative)
« Trade timing accuracy for compression
* No explicit decompression necessary
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Sampling-based Event Trace Recording



Sampling and Event Trace Recording

« Event tracing based on instrumentation
— Indeed challenging data volumes sometimes
— Filtering provides some control

« Sampling classically associated with profile generation
— Call path profiles, phase profiles, ...

* Now, record call paths of all samples over time
— Proportional control over data size: runtime, sample frequency



Sampling based on Perf

 Linux perf infrastructure
— Kernel support and user space tools, since kernel 2.6.31 (2009)
— No recompilation or re-linking
— Stack walk including libraries calls
— In default HPC production environments, no root access needed

* Prototype implementation
— Samples triggered by hardware counter (cycle counter)
— Defined frequency (1kHz)
— Convert perf recording data to event traces



Sampling instead of Instrumentation
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Sampling instead of Instrumentation

File Edit Chart Filter Window Help
2 ; = = ) 1
ErLhBeTEREZE R 2V I BE——— : 0235 . —
Timeline X Function Summary
58.375s 58400s 58425s 58.450s 58.475s 58500s 58525s 58550s 58575s 58600s All Processes, Accumulated Exclusi...

[2578...aned) : s : ; : : B 20?'_-:5 U-UbS_ )
[2578...aned) . s inverhs_

~[2578...aned) | . " ™ i ™ T mrr ™V 0.906 s | compute_rhs_
[2578...aned) w T 0:823 s matmul_sub_

[v)

[2578. .aned) T T . AL L T T LU 0.766 s y._solve_
I L ettt . LA A | 0 ks i1 LA 0735 x_solve_
[2578...aned) I IR P Sl e b b | s i e e i e | N8 e e 0.679's z_solve_
[2578...aned) T — e b bl ) e L 0.243 s matvec_sub_ | |

[2578...aned) | : ; ; ; i ;
[2578...aned)' L L B e e Lt L i i B B e e e B B o o o 67.178 ms || copy_x_face_

[2578...aned) 62.482 ms | add_

~[2578...aned) —————— " prry— . FRTTT——p—— T
[2578...aned) . d All Processes, Accumulated Exclusive...
[2578...aned) 10 ms 0Oms

[2578...aned) INTITIENESTIPTTR—- i ot ¢ L e | el i e e e 11.957 ms MPI_SGI...rogress

[gg;g---a"ej) . e S MPI_SGI...rogress
E2578m:::d; R Lt e e A b e L i L TR e IR LT M R e oL Lt B Ll S R 5.01 ms MPI_SGI_progress

[2578...aned) T TR O e o TrETEEEE T OTOY L e e L e et e Bk b i T ) | 992.289 Hs .MPI_SG...e_addr

[2578...aned) : j : : : : 988.071 ps ] MPI_SG...ss@plt
~[2580...aned) '’ i i L : ] - 987.625 ps [ grudev..._check

E

[2580...aned) ™ . 1 v T ; v Ty —yw— ™ !

(2580, aned) "I IT I YT T T T Te——reeery | ;

12580, aned) T TIT T T 1 T P T T T W R T T W I T T T I T T ——— ey

[2580...aned) 17T T T T TR TR T T T T T T — - ;

(2580, aned) T T T TN Ty . I T T .

[2580...aned) T . " Y . EETEEETONT T LR L .f- LR y » :-. R LA U B B | . —r "f--. =y " All P{ocesses,oAccumulated Exclusi...

12580, aned) T T T T T LT T W T T T W e T —r— . s s )

[2580...aned) _ . - R ) ) R - _ [T672's7 __kmp_wait_sleep =
*[2580...aned) T ) : . ; e . 0.328s [ |__kmp_x86_pause

[2580...aned)

s 731l ms km ield
[2580...aned) [| _kmp_y

5
8949 ms |_Z18_ km...barrieri

Egggg::zg} T 1 ™ 7 8.888 ms |__kmp_te...en_add32 | |

[25806“90]) FE RN n wEesm o owmmE AR m AR W1 m o R oW mmainEeE oy R R omE orwowow ST - i am mom TR 6.069 ms _ZZ?_kmp...infoiiin
4
2
1

12580, aned) T T TETIT T T TR wam W TV W TN R T TTRTRTTT T mr - R TR e—————— 933 ms |__kmp_la...h_thread
[2580...aned) 299 ms |__kmp_ru...ked_task

[ ‘[2580...aned) - . 978 ms |__kmp_barrier
4 *
58.4075 s

NPB BT MPI+OpenMP 4x8, zoomed, with load imbalances

[a]




Sampling instead of Instrumentation

File Edit Chart Flter Window Help

=ErLBeIEREE B2V e 15.23ms | : .

Timeline HE

44940 s 44942 s 44944 s 44 946 s 44948 s 44 950 s 44 952 s 44 954 s
[2578...aned) - — —
[2578...aned)- W— : B ; —— B
[2578...aned)- : E— — : :
[2578...aned)-
[2578...aned)-
~[2578...aned)”
[2578...aned) ™
[2578...aned)-
[2578...aned)-
[2578...aned)-
[2580...aned)-
[2580...aned)-
[2580...aned)-
[2580...aned)-
~[2580...aned) - : : : -
[2580...aned)- S— A : ; — B
[2580...aned)- ; S—— : :
[2580...aned)- : 2 . .
[2580...aned)- ; . . ; |

D]

[25786]: (orphanenl l l

1 y_solve_ fUnknownfiz_solve_ x_solve_ fy solve_ z_solve_ _solve_ _solve_ _solve_
2 y_solve_ fbinverhs_ binverhs_ invcrhs_ inverhs_

3

4

5

6

7

(] [ | [+]

4494302 5

Fixed sampling interval



Combination \ /[-HP S
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« Combine C3G and sampling-based trace recording
— C3G paths vs. call stack samples

— Similar representation in
data structures and file formats C3G:

Prefix tree:
— Amend with MPI information .
based on instrumentation — .
100000 | 8000007100000 maln
. Expected effects: foo
Sampllng pleS I’andom 120000 {30000 |170000 (30000 [450000 bar
call stack situations \« =
bar (12)
Regular sampling intervals 2000 | 300 | 1100 | 300 1100 | 500 23100 o
& ield better compression N )
y MPI Send MPI Send %
« Equivalent to prefix tree -
tation of NN
represen msg 0->1 msg 0->2 4\ /I\
call stack Samp|es 100 bytes 100 bytes o|lo



Conclusion & Outlook \ AITIIE'I;PS
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« C3G as Vampir's storage engine
— Sitill fixed percentage of resources for performance analysis
— Yet lower percentage due to removal of redundant parts
— Implementation in product version underway

« Sampling-based trace recording in Score-P
— Truly proportional data volumes over time
— Still sufficient resolution for typical performance flaws
— Planned for 2014

« Combine the "two roads” again

— Added value: regular timing due to constant sampling
Interval leads to better and faster compression



