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Mastering complexity

? ? ?
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Issues in complex systems

• Security
• Dependability
• Manageability
• Scalability
• Performance
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Performance Management

• Given a certain system configuration
– Is my application performing normally?
–Where does variance come from?
– Should I invest money in faster disks or 

more RAM?

4What if I push the red button?



Our approach

• Focus on popular applications used 
by millions of users

• Runtime sampling
• Exploit statistical models for
– Finding abnormal behaviour
– Explaining variance in measurements
–What-if analysis
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Runtime Monitoring

• Event Tracing for Windows
• Windows Performance Counters
• Focus on hardware resources

• Does sampling data suffice to 
generate working models?
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Cache\Maps/sec %UserTime Disk\MB/sec

387.67 1.07 7.93

700.49 0.38 15.55

779.99 0.47 17.02

1711.14 0.75 36.97

2359.01 1.65 52.17

2306.54 1.03 49.93

2818.32 5.94 62.02

2488.28 1.0 53.91
Cache\Maps/sec %UserTime Disk\MB/sec

What if I push the red button?



10

/*----------------------------------------------------------------------
  domains
----------------------------------------------------------------------*/
dom("Disk\\MB/sec") = IR [7.93109e+006, 
6.20167e+007];
dom("Cache\\Maps/sec") = IR [387.67, 2818.32];
dom("%UserTime") = IR [0.38, 5.94];

/*----------------------------------------------------------------------
  regression tree
----------------------------------------------------------------------*/
dtree("Disk\\MB/sec") =
{ ("Cache\\Maps/sec"|1245.57)
  <:{ 1.35031e+007 ~3.98503e+006 [3] },
  >:{ ("Cache\\Maps/sec"|2332.78)
      <:{ 4.34501e+007 ~6.48238e+006 [2] },
      >:{ ("%UserTime"|1.695)
          <:{ 5.3041e+007 ~870106 [2] },
          >:{ 5.81902e+007 ~3.82654e+006 [2] }}}};

/*----------------------------------------------------------------------
  number of attributes: 3
  tree height         : 4
  number of nodes     : 7
  number of tuples    : 9
----------------------------------------------------------------------*
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Modelling using Decision 
Trees
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Results

• Sampling-based predictions work.
– Fast predictions

– Reasonably fast tree generation

16What if I push the red button?



Architecture Overview

What-if
service

Storage
Backend

Analysis
Engine

System

What-if
Tool

Application

Runtime
Monitoring

17What if I push the red button?



Where does variance come from?

• Insufficient local resources

• Resource consumption by other (unrelated) 
programs

• Long-term performance degradation

• Dependence on external resources

• Can we exploit performance models to help 
us with these problems?
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Normal behavior?

• Our scenario: Collect 
performance data from 
millions of users

• Resulting decision tree 
contains everything
– “Good” vs. “bad” 

values?
– Assumption: 

applications work 
good for most of the 
users

– Add weight 
component to each 
branch of the tree
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Normal behavior?
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Correlation vs. Causality
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{FileWriteOps > 11000} : 8000

How can I improve performance?
(simplified tree for Process\DiskIOBytes/sec)

CacheReads/se
c > 900

FileWriteOps/se
c > 11000

PageFaults/s
ec > 300

FileWriteOps/se
c > 8000

DiskBytes/sec > 
54.000.000

2300 5000 8000 9000

12000 14000

truefalse

CacheReads/sec   = 650
FileWriteOps/sec  = 8743
DiskBytes/sec       = 34.532.522
PageFaults/sec     = 156

{} : 5000

{CacheReads > 900} : 12000
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And how do I change CacheReads/sec?

• We do not necessarily know
– Whether changing a resource changes the 

attribute.

– Which resource should be changed.

• Next steps:
– Cluster configurations based on their correlation to 

measured attributes (similar to [Cohen05])

– Nearest-Neighbour Search for best improvement 
with minimal configuration change
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Coming soon

• Study a real application
– Find out root causes for variance
– Correlate configuration to attributes

• Trace refinement loop

• Larger User study
– Collect data from many users
– Compare users’ observations – point out problems
– Make suggestions for solving problems
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