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Learning objectives

• Demystify performance engineering

• Conceptual framework for understanding 

performance issues

• Design cost-effective performance tests 

• Find and resolve hot spots



Questions to keep in mind

• How does performance engineering fit into 
development process?

• When is it better to buy more hardware than to 
optimize the software?

• When do performance improvements cease to 
be cost-effective?

• When should performance findings be 
generalized into architectural guidelines?

• When do performance insights warrant 
architectural refactoring? 



Why is throughput so important?

• Higher throughput means

– Less hardware and fewer license fees for 
constant business, or

– More business with constant hardware

• Correlation between throughput and 
response time growth with load

– Details coming up



Throughput is not always the right 

metric, e.g.

• constraints on batch processing:

– Duration of night window

– Utilization

• APIs

– Good API throughput ≠ good caller throughput

• web application usability

– Typically only 10-20% of time spent 

requesting HTML

– See High Performance Web Sites by Steve 

Souders



System model I
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What are the relevant service 

stations?
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Service demand
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Precisely 1 request in the system

• Good lower bound for response time?

• Good upper bound for throughput?
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N beautifully choreographed 

concurrent requests

• Good lower bound for response time?

• Good upper bound for throughput?
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System model II
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Competition for resources

Good upper bound for throughput?
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Little’s law

if system in steady state

then

WL



Applications of Little’s law

where

N = number of requests being serviced

X = throughput

R = response time

RXN



Competition for resources

Good lower bound for response time?

by Little’s law:
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What does it mean?

• Optimizing resource utilization other than 

the bottleneck’s neither improves 

throughput nor response time

• Response time always rises with load

• Maximizing throughput also limits 

response time growth



Does the theory fit the practice? 
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But how can we know...

• response time

• throughput

• service demand

?



Test cycle

initialize

generate load

measure

monitor

analyze

single script



Load

• Needed for meaningful measurements

– Response time varies with load

– Capacity throughput is only reached with 

sufficient load

• Definition of/metric for load?

N



Alternative load models

• Natural model from production system 

execution traces

• Artificial model

– Representative

– Ease of load generation

– Ease of analysis



Our choice – a hybrid

1 representative scenario: cash deposits
• Over ½ of BCD transactions are cash deposits

• Significant improvements for cash deposit 
scenario should make a significant overall 
improvement

• Apply what has been learned with the cash 
deposit scenario to other scenario’s as well



Load generation technology

• Tools

– LoadRunner

– JMeter

– OpenSTA

• ‘Virtual users’ = threads

• Vary requests

• Rampup



Our measurement strategy

• Aim: understand how response time and 
throughput relate to load

• Load is number of concurrent requests

• Therefore: 

– Each thread ensures that the system is 
always servicing precisely 1 request on its 
behalf

– By ramping up number of concurrent 
requests, measurements are obtained for a 
range of load conditions in single run
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Monitoring

• Based on Unix utilities such as ps, 
prstat and iostat

• Capture timestamp as well as resource 
utilization

• Start monitoring scripts on all servers in 
the system before generating load

• Write monitoring data to file

• Retrieve monitoring data after test run is 
complete for analysis



Analysis monitoring data

• Correlate timestamps of load test tool logs 

with monitoring log timestamps

• Obtain utilization statistics for load levels
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Utilization

T

C

C

B
U i

i

T

B
U i

i

C

B
D i

i

XDU ii



In theory
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In practice
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Example 1: application server CPU 

is limiting factor

Drilling down

system

process thread function



Profiling



Profiling



Profiling



Memory-bound application in 

garbage-collected language

• Memory-intensive applications have to

– Allocate memory

– Initialize datastructures

– Garbage-collect

• All of the above cost CPU – monitor this

• Look for non-linear behavior



‘Well-behaved’ garbage collection
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Problematic garbage collection
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Profiling



Example 2: Oracle server CPU is 

limiting factor

• A CPU-bound database is a well-tuned 

database

• What is CPU doing?

– Databases usually gather statistics on their 

operation

– They usually offer a consolidated report

– e.g. Oracle’s Automatic Workload Repository



Oracle AWR report overview
Main Report 

 Report Summary 

 Wait Events Statistics 

 SQL Statistics 

 Instance Activity Statistics 

 IO Stats 

 Buffer Pool Statistics 

 Advisory Statistics 

 Wait Statistics 

 Undo Statistics 

 Latch Statistics 

 Segment Statistics 

 Dictionary Cache Statistics 

 Library Cache Statistics 

 Memory Statistics 

 Streams Statistics 

 Resource Limit Statistics 

 init.ora Parameters 

 

Wait Events Statistics 

 Time Model Statistics 

 Wait Class 

 Wait Events 

 Background Wait Events 

 Operating System Statistics 

 Service Statistics 

 Service Wait Class Stats 

 

 

SQL Statistics 

 SQL ordered by Elapsed Time 

 SQL ordered by CPU Time 

 SQL ordered by Gets 

 SQL ordered by Reads 

 SQL ordered by Executions 

 SQL ordered by Parse Calls 

 SQL ordered by Sharable Memory 

 SQL ordered by Version Count 

 Complete List of SQL Text 

 

Instance Activity 
Statistics 

 Instance Activity Stats 

 Instance Activity Stats - Absolute Values 

 Instance Activity Stats - Thread Activity 

 

IO Stats 

 Tablespace IO Stats 

 File IO Stats 

 

 

Advisory 
Statistics 

 Instance Recovery Stats 

 Buffer Pool Advisory 

 PGA Aggr Summary 

 PGA Aggr Target Stats 

 PGA Aggr Target Histogram 

 PGA Memory Advisory 

 Shared Pool Advisory 

 SGA Target Advisory 

 Streams Pool Advisory 

 Java Pool Advisory 

 

Wait Statistics 

 Buffer Wait Statistics 

 Enqueue Activity 

 

Undo Statistics 

 Undo Segment Summary 

 Undo Segment Stats 

 

 

 

 

Latch Statistics 

 Latch Activity 

 Latch Sleep Breakdown 

 Latch Miss Sources 

 Parent Latch Statistics 

 Child Latch Statistics 

Segment Statistics 

 Segments by Logical Reads 

 Segments by Physical Reads 

 Segments by Row Lock Waits 

 Segments by ITL Waits 

 Segments by Buffer Busy Waits 

Memory Statistics 

 Process Memory Summary 

 SGA Memory Summary 

 SGA breakdown difference 

Streams Statistics 

 Streams CPU/IO Usage 

 Streams Capture 

 Streams Apply 

 Buffered Queues 

 Buffered Subscribers 

 Rule Set 



Oracle AWR report section

SQL ordered by CPU Time 

 Resources reported for PL/SQL code includes the resources used by all SQL statements called by the code. 

 % Total DB Time is the Elapsed Time of the SQL statement divided into the Total Database Time multiplied by 100 

CPU Time 
(s) 

Elapsed Time 
(s) 

Executions 
CPU per Exec 

(s) 
% Total DB 

Time 
SQL Id 

SQL 
Module 

SQL Text 

348 644 314,431 0.00 2.05 bvjt04wzw81pa   insert into BCDB.TB_BCDB_DNT (... 

309 17,403 16,554 0.02 55.45 08uyj0bcxam2x   insert into BCDB.TB_BCDB_MSO (... 

249 513 33,094 0.01 1.63 59j9n0gz34uhm   BEGIN bcdb.pck_payment.prc_con... 

147 260 33,095 0.00 0.83 6826t1t07dd44   select count(*) from cst_pym.c... 

127 549 16,549 0.01 1.75 7yvunw9csnru7   BEGIN pb3.m24_bcd_interface.st... 

111 192 33,094 0.00 0.61 6j5a5f2m04vxa   SELECT CASE WHEN :B6 = :B11 
TH... 

110 181 33,094 0.00 0.58 cq21hvjy45qsf   select to_char(sysdate, :"SYS... 

96 164 33,093 0.00 0.52 g6mngwxav05bh   select cst552.type from cst_py... 

83 135 33,094 0.00 0.43 cbvyhs8yhy2g5   select count(:"SYS_B_00") from... 

73 125 49,647 0.00 0.40 9ugbj4bygrhcj   select pfs.ID_BCDB_PFFC, pfa.... 

58 368 49,647 0.00 1.17 1t607p04zsw7z   insert into BCDB.TB_BCDB_TRXB ... 

41 1,306 1 40.96 4.16 24b3xmp4wd3tu   delete from sys.wri$_optstat_h... 

34 937 16,549 0.00 2.98 ffwx4rwajnavr   insert into BCDB.TB_BCDB_TRX (... 

16 399 16,549 0.00 1.27 fdr85gxzf5n0t   insert into BCDB.TB_BCDB_PSI (... 
 



Discussion

• How does performance engineering fit into 
development process?

• When is it better to buy more hardware than to 
optimize the software?

• When do performance improvements cease to 
be cost-effective?

• When should performance findings be 
generalized into architectural guidelines?

• When do performance insights warrant 
architectural refactoring? 



Reference



Thank you

http://johanpeeters.com
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