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An execution comparison tool

 Use Case
« Highlighting differences between two sets of executions
of the same task
« Fast vs slow queries
« Fastvs slow release version

* [nspiration
« Doray, Francois, and Michel Dagenais. "Diagnosing
performance variations by comparing multi-level

execution traces." IEEE Transactions on Parallel and
Distributed Systems 28.2 (2016): 462-474
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Input Trace

e Lttng ust trace
« Cyg profile events
« Each execution containd one thread

« A call graph is built for each execution

« Density charts
« Aggregated called function statistics
« Duration
 Cputime
 Self time
* Run
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Input Trace
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Filtering

o A group of executions can be selected in each
column

o Other density charts will be updated to show the
statistics of selected executions
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Merging Execution CallGraph

o The call graphs of the selected execution in each
group are merged using Average operator
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Differential Flam Graph

o The differential call graph is computed and the
differential flame graph is shown
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Future Work

o Integrating with Maryam's project
o Supporting call stack for span data
o Supporting parallel executions

o Merge to kernel level metrics provided by
Maryam

o Integrating with data mining metrics
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Inter Process Execution Metrics Based on Data

Mining
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Data Mining

o Extracting knowledge from huge raw data

e« Toreveale the differences between executions
« Beside process specific metrics
* Inter-process knowledge hidden in software logs
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Data Mining/Execution Comparision

o The similarity rate of each execution with others
can be a comparision metric

o Frequentsequential pattern mining to the
sequence of system callsin each execution

o« The executions are clustered based on the
extracted frequent patterns
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Execution Clustering

Frequent Frequent

execution Pattern Mining Patterns
sequences

execution
Clusters

Comparison Metrics ’
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Execution Clustering

P2:4
S1 = acceptd,acceptd,getsockname,fentl,fentlread,newstat,open,open,open,open,

rt_sigprocmask,getcwd,chdir,setitimer,fcntl,access,access,....
P1:3

S1 =P2:4,Pl :3,(1ccep’r4,occep’r4,news’rc’r,open,open,open,open,r’r_sigprocmosk .....

Cluster Pattern Non-Pattern

e FEach occurrence of FPs in sequences are replaced with the name of
corresponding FP

o« These occurrences are separated from remainder of sequence and called
“Cluster Pattern” and the remainder of sequence is called “*Non-Pattern”.

« Anomaly Degree: The ratio of Cluster pattern part to the Non-pattern part
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Execution Metrics

o Executions are clustered based on cluster patterns

« NormalCnt: the number of normal executions

. LongCnt: the number of long execution

« DurMax: the maximum of execution duration in a cluster

« DurMin: the minimum of execution duration in a cluster

. DurAvg: the average of execution duration in a cluster

. DurSd: the Standard deviation of execution duration in a cluster

« AnoMin: the minimum of execution anomaly degree in a cluster
« AnoMax: the maximum of execution anomaly degree in a cluster

« ANOAVQ: the average of execution anomaly degree in a cluster
« AnoSd: the Standard deviation of anomaly degree duration in a cluster
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1.93743968E8 1.80658336E8
2.24265664E8 1.78433328E8
1.53827296E8 1.67199872E8
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7.091584E7  5.5133704E7
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1.3911448E8  4.7784284E7
1.40456256E8 4.7765948E7
1.32948776E8 4.7757836E7
1.31039896E8 4.7544248E7
1.09232136E8 4.7343176E7
1.35571696E8 4.6891568E7

AnomalyMin

0.004
0.369
0.453
0.662
0.946
0.28

0.561
0.945
0.823
0.789
0.722
0.861
0.37

0.516
0.802
0.801
0.531
0.355
0.57

0.788
0.879
0.72

0.738
0.557
0.699
0.801
0.567
0.991
0.689
0.748
0.716
0.722
0.77
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0917
0.717
0.884
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0.55
0.599
0.8
0.973
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0.972
0.926
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0.938
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0.638
0.895
0.922
0.609
0.432
0.686
0.894
0917
0.837
0.888
0.628
0.779
0.909
0.712
0.995
0.869
0.864
0.857
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0.883
0.844
0.958
0.879
0.949
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0.362
0.214
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0.027
0.165
0.114
0.028
0.054
0.062
0.061
0.034
0.142
0.075
0.052
0.049
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0.068
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0.048
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0.005
0.078
0.068
0.072
0.068
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Analysis

o NoPattern Cluster

« The executions that are totally different from
most of the executions

[] Frequent Patterns »

P6:1 13 2 21806578232 26452628 1,.56895949E9 5.4105897€9  0.369 0,55 0.214
P5:2 13 2 21810851549 26226462 1.60396557E9 5.4021217E9  0.453 0.599 0.14
P1:1,P2:1,P3:2 215 3 22111733434 30066342 2.1791752E8 1.48704589E9  0.662 0.8 0.066
P5:3,P2:1,P3:2,P4:3 1 1 552305570 61026135 3.06665856E8 2.45639728E8  0.946 0.973 0.027
| P32,P5:2,P4:2 21 3 1031558310 21562158 1.89314608E8 2.15171616E8  0.28 0.381 0.165
. P3:2,P5:2 16 1 1018085956 50339593 1.8109848E8 2,13005664E8  0.561 0.663 0.114
| P5:3,P2:1,P4:3 1 1 560287720 135295308 34T7T9152E8 2.12496224E8  0.945 0.972 0.028

| ms s mas s mu n . a4  eAsAsanss  ssacamas 4 ARMILASARA 4 Assrasmsma anas - ans aaras
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Analysis

o High DurSd and high AnoSd indicates the
execution that although they have some similarity

but their differences are considerable.
Latency cause: there are more system calls in their executions

[] Frequent Patterns »
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P1:1,P2:1,P3:2 215 3 22111733434 30066342 2,1791752E8  1.48704589E9  0.662 0.8 0.066

P5:3,P2:1,P3:2,P4:3 1 1 552305570 61026135 3.06665856E8 2.45639728E8  0.946 0.973 0.027

| P32,P5:2,P4:2 21 3 1031558310 21562158 1.89314608E8 2.15171616E6 0.28 0.381 0.165

| P32,P5:2 16 1 1018085956 50339593 1.8109848E8 2,13005664E8  0.561 0.663 0.114
1

P5:3,P2:1,P4:3 1 560287720 135295308 JATT9152E8 2.12496224E8  0.945 0.972 0.028
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Analysis

o High DurSd and low AnoSd indicates the execution
that are similar in terms of their system call
sequence.

 Latency cause migh be related to the longer
duration of some system calls

o Low DurSd
« Normal/long executions that are the same in terms of

duration
e The cluster patterns indicate their behavioral pattern
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Future Work

o Adding analysis of the duration of each system call in clusters
with high DurSd and low AnoSd
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