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Deployment infrastructure (DI):
Physical or virtual, type of nodes…
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Software versions and code changes 
(SCs):
Code versioning, upgrade, patch
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Configuration parameters (CPs)�
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Workload fluctuation(WF):
User behavior, benchmark
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Monitoring and sensor accuracy (MS):
active monitoring, instrumentation, and 
sensors



We conduct a case study

Yahoo Cloud Service Benchmark (YCSB)



We measure system performance
when altering the system based on

different source of uncertainty

Deployment infrastructure: 2
Software versions: 3
Configuration parameters: 6 (1024 
possible configurations)
Workload: 6 



We first alter configurations and
keep others unchanged

Deployment infrastructure: 2

Software versions: 3
Configuration parameters: 6 (1024 
possible configurations)

Workload: 6 



There exist large uncertainty of
performance when varying

configurations

The plot is for altering value of configuration 
parameters when fixing all other aspects
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We start to alter other aspects
unchanged

Deployment infrastructure: 2

Software versions: 3
Configuration parameters: 6 (1024 
possible configurations)

Workload: 6 



We measure the top/bottom 
configurations that are common 

between two settings
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modify it, and write back  
the changes. 

We considered three different  
versions of Apache Cassandra for  
our measurements: . . ,1 2 19SC v1= =  

. . ,22 8v2 =  and . .3 10v3 =  We chose 
the most recent release, the next-
closest release (2.2.8), and a very dis-
tant version of the system (1.2.19). 
We also artificially injected white 
noise of 10% into the sources to in-
vestigate the performance impact as 
a result of measurement noise. More 
details regarding the configuration 
options, considered environments as 
well as all of measurement data are 
publicly available at https://github 
.com/pooyanjamshidi/uncertainty.

Results
We analyzed the percentage of the 
top/bottom configurations that are 
common across the environmental 
changes. Table 3 shows the results, 
and uncertainty indicates a dra-
matic influence when we consider 

variations along hardware, work-
load, version changes, or combina-
tions of them. More specifically, we 
considered throughput as a met-
ric and derived 10% of top (high-
est throughput) and 10% of bottom 
(lowest throughput). 

The results show that the percent-
age of common configurations is very 
low. In particular, we found that in 
ec6  (where ec stands for environmen-
tal change in which the source envi-
ronment is different from the target), 
practitioners have a greater likeli-
hood of achieving top throughput; 
at the same time, they have a higher 
change in ec9 to spot performance 
issues if they choose the same con-
figuration (however, the likelihood is 
still low). Also, the major gap (0.08) 
between top and bottom values is 
showed by ec3, which demonstrates 
that in this environment change, it 
is more likely that they find a high-
performing configuration and not 
observe a performance issue. This 
means that, despite uncertainties 

in the parameters, ec6  is the system 
configuration that shows the highest 
system throughput and ec9 is the one 
that is most likely to cause perfor-
mance issues; whereas ec3 is the one 
whose input uncertainties largely in-
fluence performance analysis results. 

This sensitivity analysis supports 
system administrators in their task 
of setting the best configuration of 
the system using specific hardware, 
workload, and version of the soft-
ware or their combinations. In the 
last two columns of Table 3, we re-
port the Spearman rank correlation 
values that were calculated using the 
original sources and the artificially 
injected data (i.e., white noise 
of 10%), respectively. We observe 
that the rank correlation, despite 
being weak, still shows a decreas-
ing trend. This observation high-
lights the importance of handling 
uncertainty in the DevOps process 
as well as determining the sources 
of uncertainty that are attribut-
able to environmental changes and 

Table 3. The results. Top/bottom: the percentage of top/bottom common 
configurations between source and target. 

Decision ID Source Target Top Bottom ;Top/bottom; Correlation Correlation (10%)

DI ec1 h2-A-V3 h1-A-V3 0.0980 0.1569 0.0589 0.0364 −0.0078

SC ec2 h1-A-V3 h1-A-V2 0.0490 0.0588 0.0098 −0.1266 −0.0527

ec3 h1-A-V3 h1-A-V1 0.1176 0.0376 0.08 0.1424 0.0696

WF ec4 h2-A-V3 h2-B-V3 0.0392 0.0686 0.0294 −0.1732 0.0139

ec5 h2-A-V3 h2-C-V3 0.1373 0.1275 0.0098 0.0318 0.0381

ec6 h2-A-V3 h2-D-V3 0.1471 0.1176 0.0295 0.0088 0.0172

ec7 h2-A-V3 h2-E-V3 0.0490 0.0686 0.0196 −0.0704 0.0127

ec8 h2-A-V3 h2-F-V3 0.0686 0.1373 0.0687 0.0217 0.0078

SC-WF ec9 h1-A-V3 h1-B-V1 0.1078 0.1765 0.0687 0.1001 −0.0302

DI-SC-WF ec10 h2-A-V3 h1-B-V1 0.1078 0.1176 0.0098 −0.0327 0.0192
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modify it, and write back  
the changes. 

We considered three different  
versions of Apache Cassandra for  
our measurements: . . ,1 2 19SC v1= =  

. . ,22 8v2 =  and . .3 10v3 =  We chose 
the most recent release, the next-
closest release (2.2.8), and a very dis-
tant version of the system (1.2.19). 
We also artificially injected white 
noise of 10% into the sources to in-
vestigate the performance impact as 
a result of measurement noise. More 
details regarding the configuration 
options, considered environments as 
well as all of measurement data are 
publicly available at https://github 
.com/pooyanjamshidi/uncertainty.

Results
We analyzed the percentage of the 
top/bottom configurations that are 
common across the environmental 
changes. Table 3 shows the results, 
and uncertainty indicates a dra-
matic influence when we consider 

variations along hardware, work-
load, version changes, or combina-
tions of them. More specifically, we 
considered throughput as a met-
ric and derived 10% of top (high-
est throughput) and 10% of bottom 
(lowest throughput). 

The results show that the percent-
age of common configurations is very 
low. In particular, we found that in 
ec6  (where ec stands for environmen-
tal change in which the source envi-
ronment is different from the target), 
practitioners have a greater likeli-
hood of achieving top throughput; 
at the same time, they have a higher 
change in ec9 to spot performance 
issues if they choose the same con-
figuration (however, the likelihood is 
still low). Also, the major gap (0.08) 
between top and bottom values is 
showed by ec3, which demonstrates 
that in this environment change, it 
is more likely that they find a high-
performing configuration and not 
observe a performance issue. This 
means that, despite uncertainties 

in the parameters, ec6  is the system 
configuration that shows the highest 
system throughput and ec9 is the one 
that is most likely to cause perfor-
mance issues; whereas ec3 is the one 
whose input uncertainties largely in-
fluence performance analysis results. 

This sensitivity analysis supports 
system administrators in their task 
of setting the best configuration of 
the system using specific hardware, 
workload, and version of the soft-
ware or their combinations. In the 
last two columns of Table 3, we re-
port the Spearman rank correlation 
values that were calculated using the 
original sources and the artificially 
injected data (i.e., white noise 
of 10%), respectively. We observe 
that the rank correlation, despite 
being weak, still shows a decreas-
ing trend. This observation high-
lights the importance of handling 
uncertainty in the DevOps process 
as well as determining the sources 
of uncertainty that are attribut-
able to environmental changes and 

Table 3. The results. Top/bottom: the percentage of top/bottom common 
configurations between source and target. 

Decision ID Source Target Top Bottom ;Top/bottom; Correlation Correlation (10%)

DI ec1 h2-A-V3 h1-A-V3 0.0980 0.1569 0.0589 0.0364 −0.0078

SC ec2 h1-A-V3 h1-A-V2 0.0490 0.0588 0.0098 −0.1266 −0.0527

ec3 h1-A-V3 h1-A-V1 0.1176 0.0376 0.08 0.1424 0.0696

WF ec4 h2-A-V3 h2-B-V3 0.0392 0.0686 0.0294 −0.1732 0.0139

ec5 h2-A-V3 h2-C-V3 0.1373 0.1275 0.0098 0.0318 0.0381

ec6 h2-A-V3 h2-D-V3 0.1471 0.1176 0.0295 0.0088 0.0172

ec7 h2-A-V3 h2-E-V3 0.0490 0.0686 0.0196 −0.0704 0.0127

ec8 h2-A-V3 h2-F-V3 0.0686 0.1373 0.0687 0.0217 0.0078
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modify it, and write back  
the changes. 

We considered three different  
versions of Apache Cassandra for  
our measurements: . . ,1 2 19SC v1= =  

. . ,22 8v2 =  and . .3 10v3 =  We chose 
the most recent release, the next-
closest release (2.2.8), and a very dis-
tant version of the system (1.2.19). 
We also artificially injected white 
noise of 10% into the sources to in-
vestigate the performance impact as 
a result of measurement noise. More 
details regarding the configuration 
options, considered environments as 
well as all of measurement data are 
publicly available at https://github 
.com/pooyanjamshidi/uncertainty.

Results
We analyzed the percentage of the 
top/bottom configurations that are 
common across the environmental 
changes. Table 3 shows the results, 
and uncertainty indicates a dra-
matic influence when we consider 

variations along hardware, work-
load, version changes, or combina-
tions of them. More specifically, we 
considered throughput as a met-
ric and derived 10% of top (high-
est throughput) and 10% of bottom 
(lowest throughput). 

The results show that the percent-
age of common configurations is very 
low. In particular, we found that in 
ec6  (where ec stands for environmen-
tal change in which the source envi-
ronment is different from the target), 
practitioners have a greater likeli-
hood of achieving top throughput; 
at the same time, they have a higher 
change in ec9 to spot performance 
issues if they choose the same con-
figuration (however, the likelihood is 
still low). Also, the major gap (0.08) 
between top and bottom values is 
showed by ec3, which demonstrates 
that in this environment change, it 
is more likely that they find a high-
performing configuration and not 
observe a performance issue. This 
means that, despite uncertainties 

in the parameters, ec6  is the system 
configuration that shows the highest 
system throughput and ec9 is the one 
that is most likely to cause perfor-
mance issues; whereas ec3 is the one 
whose input uncertainties largely in-
fluence performance analysis results. 

This sensitivity analysis supports 
system administrators in their task 
of setting the best configuration of 
the system using specific hardware, 
workload, and version of the soft-
ware or their combinations. In the 
last two columns of Table 3, we re-
port the Spearman rank correlation 
values that were calculated using the 
original sources and the artificially 
injected data (i.e., white noise 
of 10%), respectively. We observe 
that the rank correlation, despite 
being weak, still shows a decreas-
ing trend. This observation high-
lights the importance of handling 
uncertainty in the DevOps process 
as well as determining the sources 
of uncertainty that are attribut-
able to environmental changes and 

Table 3. The results. Top/bottom: the percentage of top/bottom common 
configurations between source and target. 

Decision ID Source Target Top Bottom ;Top/bottom; Correlation Correlation (10%)

DI ec1 h2-A-V3 h1-A-V3 0.0980 0.1569 0.0589 0.0364 −0.0078

SC ec2 h1-A-V3 h1-A-V2 0.0490 0.0588 0.0098 −0.1266 −0.0527

ec3 h1-A-V3 h1-A-V1 0.1176 0.0376 0.08 0.1424 0.0696

WF ec4 h2-A-V3 h2-B-V3 0.0392 0.0686 0.0294 −0.1732 0.0139

ec5 h2-A-V3 h2-C-V3 0.1373 0.1275 0.0098 0.0318 0.0381

ec6 h2-A-V3 h2-D-V3 0.1471 0.1176 0.0295 0.0088 0.0172

ec7 h2-A-V3 h2-E-V3 0.0490 0.0686 0.0196 −0.0704 0.0127

ec8 h2-A-V3 h2-F-V3 0.0686 0.1373 0.0687 0.0217 0.0078

SC-WF ec9 h1-A-V3 h1-B-V1 0.1078 0.1765 0.0687 0.1001 −0.0302

DI-SC-WF ec10 h2-A-V3 h1-B-V1 0.1078 0.1176 0.0098 −0.0327 0.0192

Correlation of each
configuration’s
performance
before/after altering



The percentage of top/bottom 
common configurations between 

two settings are low
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modify it, and write back  
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We considered three different  
versions of Apache Cassandra for  
our measurements: . . ,1 2 19SC v1= =  

. . ,22 8v2 =  and . .3 10v3 =  We chose 
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closest release (2.2.8), and a very dis-
tant version of the system (1.2.19). 
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details regarding the configuration 
options, considered environments as 
well as all of measurement data are 
publicly available at https://github 
.com/pooyanjamshidi/uncertainty.

Results
We analyzed the percentage of the 
top/bottom configurations that are 
common across the environmental 
changes. Table 3 shows the results, 
and uncertainty indicates a dra-
matic influence when we consider 

variations along hardware, work-
load, version changes, or combina-
tions of them. More specifically, we 
considered throughput as a met-
ric and derived 10% of top (high-
est throughput) and 10% of bottom 
(lowest throughput). 

The results show that the percent-
age of common configurations is very 
low. In particular, we found that in 
ec6  (where ec stands for environmen-
tal change in which the source envi-
ronment is different from the target), 
practitioners have a greater likeli-
hood of achieving top throughput; 
at the same time, they have a higher 
change in ec9 to spot performance 
issues if they choose the same con-
figuration (however, the likelihood is 
still low). Also, the major gap (0.08) 
between top and bottom values is 
showed by ec3, which demonstrates 
that in this environment change, it 
is more likely that they find a high-
performing configuration and not 
observe a performance issue. This 
means that, despite uncertainties 

in the parameters, ec6  is the system 
configuration that shows the highest 
system throughput and ec9 is the one 
that is most likely to cause perfor-
mance issues; whereas ec3 is the one 
whose input uncertainties largely in-
fluence performance analysis results. 

This sensitivity analysis supports 
system administrators in their task 
of setting the best configuration of 
the system using specific hardware, 
workload, and version of the soft-
ware or their combinations. In the 
last two columns of Table 3, we re-
port the Spearman rank correlation 
values that were calculated using the 
original sources and the artificially 
injected data (i.e., white noise 
of 10%), respectively. We observe 
that the rank correlation, despite 
being weak, still shows a decreas-
ing trend. This observation high-
lights the importance of handling 
uncertainty in the DevOps process 
as well as determining the sources 
of uncertainty that are attribut-
able to environmental changes and 

Table 3. The results. Top/bottom: the percentage of top/bottom common 
configurations between source and target. 

Decision ID Source Target Top Bottom ;Top/bottom; Correlation Correlation (10%)

DI ec1 h2-A-V3 h1-A-V3 0.0980 0.1569 0.0589 0.0364 −0.0078

SC ec2 h1-A-V3 h1-A-V2 0.0490 0.0588 0.0098 −0.1266 −0.0527

ec3 h1-A-V3 h1-A-V1 0.1176 0.0376 0.08 0.1424 0.0696

WF ec4 h2-A-V3 h2-B-V3 0.0392 0.0686 0.0294 −0.1732 0.0139

ec5 h2-A-V3 h2-C-V3 0.1373 0.1275 0.0098 0.0318 0.0381

ec6 h2-A-V3 h2-D-V3 0.1471 0.1176 0.0295 0.0088 0.0172

ec7 h2-A-V3 h2-E-V3 0.0490 0.0686 0.0196 −0.0704 0.0127

ec8 h2-A-V3 h2-F-V3 0.0686 0.1373 0.0687 0.0217 0.0078

SC-WF ec9 h1-A-V3 h1-B-V1 0.1078 0.1765 0.0687 0.1001 −0.0302

DI-SC-WF ec10 h2-A-V3 h1-B-V1 0.1078 0.1176 0.0098 −0.0327 0.0192

The best/worst
configuration of
one setting
typically do not
apply for another
setting.



The correlation of configurations
performance between two

settings decreases with noise
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modify it, and write back  
the changes. 

We considered three different  
versions of Apache Cassandra for  
our measurements: . . ,1 2 19SC v1= =  

. . ,22 8v2 =  and . .3 10v3 =  We chose 
the most recent release, the next-
closest release (2.2.8), and a very dis-
tant version of the system (1.2.19). 
We also artificially injected white 
noise of 10% into the sources to in-
vestigate the performance impact as 
a result of measurement noise. More 
details regarding the configuration 
options, considered environments as 
well as all of measurement data are 
publicly available at https://github 
.com/pooyanjamshidi/uncertainty.

Results
We analyzed the percentage of the 
top/bottom configurations that are 
common across the environmental 
changes. Table 3 shows the results, 
and uncertainty indicates a dra-
matic influence when we consider 

variations along hardware, work-
load, version changes, or combina-
tions of them. More specifically, we 
considered throughput as a met-
ric and derived 10% of top (high-
est throughput) and 10% of bottom 
(lowest throughput). 

The results show that the percent-
age of common configurations is very 
low. In particular, we found that in 
ec6  (where ec stands for environmen-
tal change in which the source envi-
ronment is different from the target), 
practitioners have a greater likeli-
hood of achieving top throughput; 
at the same time, they have a higher 
change in ec9 to spot performance 
issues if they choose the same con-
figuration (however, the likelihood is 
still low). Also, the major gap (0.08) 
between top and bottom values is 
showed by ec3, which demonstrates 
that in this environment change, it 
is more likely that they find a high-
performing configuration and not 
observe a performance issue. This 
means that, despite uncertainties 

in the parameters, ec6  is the system 
configuration that shows the highest 
system throughput and ec9 is the one 
that is most likely to cause perfor-
mance issues; whereas ec3 is the one 
whose input uncertainties largely in-
fluence performance analysis results. 

This sensitivity analysis supports 
system administrators in their task 
of setting the best configuration of 
the system using specific hardware, 
workload, and version of the soft-
ware or their combinations. In the 
last two columns of Table 3, we re-
port the Spearman rank correlation 
values that were calculated using the 
original sources and the artificially 
injected data (i.e., white noise 
of 10%), respectively. We observe 
that the rank correlation, despite 
being weak, still shows a decreas-
ing trend. This observation high-
lights the importance of handling 
uncertainty in the DevOps process 
as well as determining the sources 
of uncertainty that are attribut-
able to environmental changes and 

Table 3. The results. Top/bottom: the percentage of top/bottom common 
configurations between source and target. 

Decision ID Source Target Top Bottom ;Top/bottom; Correlation Correlation (10%)

DI ec1 h2-A-V3 h1-A-V3 0.0980 0.1569 0.0589 0.0364 −0.0078

SC ec2 h1-A-V3 h1-A-V2 0.0490 0.0588 0.0098 −0.1266 −0.0527

ec3 h1-A-V3 h1-A-V1 0.1176 0.0376 0.08 0.1424 0.0696

WF ec4 h2-A-V3 h2-B-V3 0.0392 0.0686 0.0294 −0.1732 0.0139

ec5 h2-A-V3 h2-C-V3 0.1373 0.1275 0.0098 0.0318 0.0381

ec6 h2-A-V3 h2-D-V3 0.1471 0.1176 0.0295 0.0088 0.0172

ec7 h2-A-V3 h2-E-V3 0.0490 0.0686 0.0196 −0.0704 0.0127

ec8 h2-A-V3 h2-F-V3 0.0686 0.1373 0.0687 0.0217 0.0078

SC-WF ec9 h1-A-V3 h1-B-V1 0.1078 0.1765 0.0687 0.1001 −0.0302

DI-SC-WF ec10 h2-A-V3 h1-B-V1 0.1078 0.1176 0.0098 −0.0327 0.0192

The same
configuration
typically have
different
performance for
different settings.
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modify it, and write back  
the changes. 

We considered three different  
versions of Apache Cassandra for  
our measurements: . . ,1 2 19SC v1= =  

. . ,22 8v2 =  and . .3 10v3 =  We chose 
the most recent release, the next-
closest release (2.2.8), and a very dis-
tant version of the system (1.2.19). 
We also artificially injected white 
noise of 10% into the sources to in-
vestigate the performance impact as 
a result of measurement noise. More 
details regarding the configuration 
options, considered environments as 
well as all of measurement data are 
publicly available at https://github 
.com/pooyanjamshidi/uncertainty.

Results
We analyzed the percentage of the 
top/bottom configurations that are 
common across the environmental 
changes. Table 3 shows the results, 
and uncertainty indicates a dra-
matic influence when we consider 

variations along hardware, work-
load, version changes, or combina-
tions of them. More specifically, we 
considered throughput as a met-
ric and derived 10% of top (high-
est throughput) and 10% of bottom 
(lowest throughput). 

The results show that the percent-
age of common configurations is very 
low. In particular, we found that in 
ec6  (where ec stands for environmen-
tal change in which the source envi-
ronment is different from the target), 
practitioners have a greater likeli-
hood of achieving top throughput; 
at the same time, they have a higher 
change in ec9 to spot performance 
issues if they choose the same con-
figuration (however, the likelihood is 
still low). Also, the major gap (0.08) 
between top and bottom values is 
showed by ec3, which demonstrates 
that in this environment change, it 
is more likely that they find a high-
performing configuration and not 
observe a performance issue. This 
means that, despite uncertainties 

in the parameters, ec6  is the system 
configuration that shows the highest 
system throughput and ec9 is the one 
that is most likely to cause perfor-
mance issues; whereas ec3 is the one 
whose input uncertainties largely in-
fluence performance analysis results. 

This sensitivity analysis supports 
system administrators in their task 
of setting the best configuration of 
the system using specific hardware, 
workload, and version of the soft-
ware or their combinations. In the 
last two columns of Table 3, we re-
port the Spearman rank correlation 
values that were calculated using the 
original sources and the artificially 
injected data (i.e., white noise 
of 10%), respectively. We observe 
that the rank correlation, despite 
being weak, still shows a decreas-
ing trend. This observation high-
lights the importance of handling 
uncertainty in the DevOps process 
as well as determining the sources 
of uncertainty that are attribut-
able to environmental changes and 

Table 3. The results. Top/bottom: the percentage of top/bottom common 
configurations between source and target. 

Decision ID Source Target Top Bottom ;Top/bottom; Correlation Correlation (10%)

DI ec1 h2-A-V3 h1-A-V3 0.0980 0.1569 0.0589 0.0364 −0.0078

SC ec2 h1-A-V3 h1-A-V2 0.0490 0.0588 0.0098 −0.1266 −0.0527

ec3 h1-A-V3 h1-A-V1 0.1176 0.0376 0.08 0.1424 0.0696

WF ec4 h2-A-V3 h2-B-V3 0.0392 0.0686 0.0294 −0.1732 0.0139

ec5 h2-A-V3 h2-C-V3 0.1373 0.1275 0.0098 0.0318 0.0381

ec6 h2-A-V3 h2-D-V3 0.1471 0.1176 0.0295 0.0088 0.0172

ec7 h2-A-V3 h2-E-V3 0.0490 0.0686 0.0196 −0.0704 0.0127

ec8 h2-A-V3 h2-F-V3 0.0686 0.1373 0.0687 0.0217 0.0078

SC-WF ec9 h1-A-V3 h1-B-V1 0.1078 0.1765 0.0687 0.1001 −0.0302

DI-SC-WF ec10 h2-A-V3 h1-B-V1 0.1078 0.1176 0.0098 −0.0327 0.0192

Correlation of with injected
white noise as Monitoring 
and sensor accuracy (MS)
uncertainty

Motoring noise
worsen the
uncertainty
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What should practitioners do?

Conduct additional experiments that 
further reduce the uncertainty

Identify and handle the root cause of 
the uncertainty

If the uncertainty cannot be easily 
reduced or handled, uncertainty 
quantification approaches should be
considered.
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Yahoo Cloud Service Benchmark (YCSB)



33

What should practitioners do?

Conduct additional experiments that 
further reduce the uncertainty

Identify and handle the root cause of 
the uncertainty

If the uncertainty cannot be easily 
reduced or handled, uncertainty 
quantification approaches should be
considered.




