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Overview 

Overview 

Course Description 

This corn-se is intended to .introduce students Lo the various aspects of monitoring and tuning 

Uteir system<;. Students will be taught how to monitor which tools to use, symptoms to look 
for, and what remedial actions to take. The course also covers HP GlancePlus/Gpm and 

HP PerfRx. 

111e course is designed to: 

• hltroduce the subject of performance and tml.i.ng. 
• Desctibe how the system works. 
• ldentify what tools we can use to look at performance. 
• Identify the symptoms we may encmmter and what they indicate. 

Course Goals 

• To educate the students on HP-UX performance monitoring 
• To enable them to identify bottlenecks and potential problems 
• To learn the approp1fate remedial actions to take 

Student Performance Objectives 

Module l - Introduction 

• List characteristics of a system yielding good user response time. 

• List characteristics of a system yielding high data throughput. 

• List three generic arcM most often analyzed for pe1fonnance. 

• List the four most conunon bottlenecks on a system. 

Module 2 - Performance Tools 

• Identify various performance tools available on HP-UX. 

• Categorize each tool as either real time or data collection. 

• List the major featmes of Ute performance tools. 

• Compare and co11tnIBt Ute differences between the tools 

Module :J - GlaucePlus 

• Compare GhmcePlus with other pe1fonna.nce mo11.it.oring/rnanagement tools. 

• Sta1t up the GlancePlus terminal inte1face (glance) and graphical user interface (gpm). 
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Overview 

Module 4 - Process Management 

• Describe the components of a process. 

• Describe how a process executes, and identify its process states. 

• Describe the CPU scheduler. 

• Describe a context switch and the circumst.ances w1der which context switching occurs. 

• Describe in general, the HP-UX priotity queues. 

Module 5 - CPU Management 

• Desc1ibe Ute components of the processor module. 

• Desctibe how the TLB and CPU cache are used. 

• List four CPU related metrics. 

• Identify how to monitor CPU activity. 

• Discuss how best to use the performance tools to diagnose CPU problems. 

• Specify appropriate corrections for CPU bottlenecks. 

Module 6 - Memory Management 

• Describe how the HP-UX operating system pe1fom1s mernory management. 

• Describe the main perfonmu1ce issues that involve memory management. 

• Describe Ute UNIX buff er cache. 

• Describe the sync process. 

• Identify the symptoms of a memory bottleneck. 

• Identify global ;rnd process memory metrics. 

• Use performance tools to diagnose memory problems. 

• Specify appropriate corrections for memory bottlenecks. 

• Describe the function of the serialize couuuand. 
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Module 7 - Swap Space Performance 

• Describe the difference between swap usage and swap reservation. 

• hlterpret the output of the swap info conummd. 

• Define and configme pseudo swap. 

• Define and configure swap space priorities. 

• Define and configure swchunk and maxswapchunks. 

Module 8 - Disk Performance Issues 

• List three ways disk space can be used. 

• List disk device files. 

• Identify disk bottlenecks. 

• Identify kemel system parameters. 

Module 9 - File System Performance 

• List three ways file systerns are used. 

• List basic file system data st.metnres. 

• Identify file system bottlenecks. 

• Identify kernel system parameters. 

Module 10 - VxFS Performance 

• Underst�md JFS structure rmd version differences 

• Explain how to enhance JFS performance 

• Set block sizes to improve perfonnance 

• Set Intent-Log size and mies to improve performance 

• Understand and manipulate synchronous and asynchronous IO 

• Identify JFS tuning parameters 

• Understand and control fragmentation issues 

• Evaluate tht> overhead of online bac:knp snapshots 
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Overview 

Module 11 - NFS Performance 

• List factors directly related to network performance. 

• Describe how to detennine network workloads (server and client). 

• Evaluate UDP and TCP transport options. 

• Identify a network bottleneck. 

• List possible solutions for a network performance problem. 

Module 12 -Tunable Kernel Parameters 

• [dentify which tunable parameters belong to which category 

• Identify tunable kernel parameters that could impact performance 

• Tlme botlt static and dync:unic tunable parameters 

Module l:J - Putt.ing It All Together 

• Jdentify and characterize some network performance problems. 

• List some useful tools for measuring network performance problems and state how they 
might be applied. 

• Identify bottlenecks on other common system devices not associated directly with tJ1e 
CPU, disk, or memory. 
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Student Profile and Prerequisites 

TI1e student should be well versed in UNIX and able to petfonn the usual duties of a system 
adm.inistrator. Students should have completed HP-UX System and Network Ad mi 11 isl mt iou 
I and HP-UX Systcni and Network Ad11ii11istratio11 II prior to attending this comse or 
equivalent experience on another manufacturer's equipment 

NOTE: TI1e course luside HP-UX (H5081S) is not a formal prerequisite to attending 
HP-UX Pc1fonna11cc and Tuning, but it should be considered a C'o-requisite 
training comse for the serious HP-UX Perfornt..'Ulce Specialist. (TI1e suggested 
order is lusiclc HP-UX then HP-UX Pc1fo11ruincc T1111ing, but ns the two 
courses have a synergistic relationship, the order is not absolute). 

Curriculum Path 

Fundamentals of UNIX 
(H514..14S) 

I 
I 

HP-UX System and Network 
Adminisn·ation I 

ORHP-UX Administration for 
the Experienced UNIX 

Administrator 
(H5875S) 

(H3064S) 
I 
I 

IIP-UX System nnd Network 
Administration II 

(H3065S) 
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Overview 

Agenda 

The following agenda i5 only a guideline. TI1e instructor may vary it if desired. 

TI1c course will nm w1til the afternoon of U1e third day. 111e last hour or so can be used to 

demonstrate more fully the perfom1ance offerings, such as HP PRM illld HP PerfView. 

Da.y I 
1 - Introduction 
2 - Perfonnance Tools 

Day 2 
3 - GlancePlus 
-t - Process Management 
5 - CPU lVfo.nagernent 

Day 3 
6 - Memory Management 
7 - Swap Space PerformanceManaging 
8 - Disk Pe1fonnance fasues 

Day 4 
9 - File System Performance 
10 - VxFS Performance 
11 - NFS Perfonnance 

D�lY 5 
12 - Tlmable Kernel Parameters 
1;3 - Putting 1t All Together 
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Module 1 - Introduction 

Objectives 

Upon completion of this module, you will be able to do the following: 

• List characteristics of a system yielding good user response time. 

• List cluu·acteristics of a system yielding high data tlu·onghput. 

• List tlU'ee gcne1ic areas most often analyzed for performance. 

• List Urn fom most common bottlenecks on a system. 
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Module 1 
Introduction 

1-1. SLIDE: Welcome to HP-UX Performance and Tuning 

Welcome to 
HP-UX Performance and Tuning 

Student Notes 

Welcorne to the HP-U.Y Pc1:fo1wancc a.nd Tuning coLu-sc. 

Tilis comse is designed to provide a high level tmderstanding of c:onunon performance 
problems and conunon bottlenecks fmmd on :m HP-UX system. 

111e course uses HP perfonrnmce tools to view activity currently on the system. While numy 
tools can be used to mrnlyze the activity, tllis comse p1inuuily utilizes U\e glance tool, 

which is specifically tailored for HP-UX systems. 
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1-2. SLIDE: Course Outline 

• Introduction to Performance 

• Performance Tools - Overview 

• GlancePlus 

• Process Management 

• CPU Management 

• Memory Management 

• Swap Space Performance Issues 

• Disk and File System Performance Issues 

• HFS Performance Issues 

• VxFS Performance Issues 

• Network Performance Issues 

• Tuning the Kernel 

• Putting it All Together - Performance Recap 

Student Notes 

Topics covered in this course include: 

• System Internals 

Module 1 
Introduction 

This module includes information related to how the system components (CPU, memory. 
file systems, ;md network) function and interact with each otl1er. Similar to a mechanic 
not. being able to tune a car's engine tmtil he tmderstands how it works, a system 
administrator cruu10t ttme system resources properly until he has a good understanding 
of how U1e resotU'ces work. 

• Performance Tools 
'D1ere are rnany perfonmmce tools that are available with HP-UX. Some tools come as 
standarrl equipment; other tools are additional add-on products. Some tools provide nm­

timc monitoring; other tools perfornt data collection. We will review all of tlte tooLc;. 

• Specialty Areas 
These modules cover areas of special interest to customers in pruticulnr types of 
environments. 'I1u-ce specialty areas are covered at a high level. 111ese are NFS and 
networking, databases, and application profiling. 
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Module 1 
Introduction 

1-3. SLIDE: System Performance 

Response Time 

Users 

Student Notes 

System Throughput 

Management 

Different computer systems have different requll'ements. Some systems may need to provioe 
quick response time; other systems may need to provide a high level of data throughput. 

Response Time - User's Perspective 

Response time is the time between the instant the user presses the re turn key or the monse 
button and the receipt of a response from the computer. Users often use response tilne ns a 
criterion of system pcrfornurnce. 

A system that yields high response is typically 'llOl 100% utilized. Often there are free CPU 
cydes. along with low utilization of disk drives, and with no swapping or paging. Because tl1e 
system resources are not being utilized constantly. often when a user executes a task the 
resomces are available inunediately, yielding quick response time to the user. 

Users 111a11t low utili::atio11 of i·csow·ccs in order to cxpcric11cc optinwl response time. 
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Throughput - IT or MIS Management Perspective 

Module 1 
Introduction 

Throughput is the munber of transactions accomplished in a fixed-time period. l'vlanagement 
is often interested in how many compilations or how many reports t11ey can generate in a 
specific amotmt of time. Many systems use benchmarks (like SPECmarks or TPC), which 
measure, in general, how many operations or o·ansactions a system can perfonu per minute. 

A system that yields high tluoughput is typically 100% utilized. There are no free CPU cycles; 
there are always jobs in the CPU nm queue; the disk c.hives arc constantly being utilized; and 
there is often pressure on memory. Because the systern resources are constantly in use, the 
amotmt of work produced typically yields good system throughput. 

Mauagmnent wants high utili.zation of resources to niaximizc syst.cm, pc1.forma.11cc. 

Question 

ls it possible to get both good response time and high system throughput? 
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Module 1 
Introduction 

1-4. SLIDE: Areas of Performance Problems 

Student Notes 

Operating System 
--------

Hardware 

1ltis slide shows a hierarchical view of a computer system. 1l1e base of a computer is its 
h<mlware. Built on top of thf' hmdware is U1e operating system (i.e. tJ1e operating system is 
dependent on tl1e hardware in order to nm). TilC application programs are built 011 top of the 
operating system (OS). 

All tlu·ec of these areas can have perfonmmce prohlems. 

1l1e hardwm·e moves data wiUlin the computer system. If the hardwm·e is slow, U1cn. no 
matter how finely timed U1e OS and applications are, the syslern will still be slow. Ultimately. 
tl1e system is only ns fast as the hardware can move U1e data. 

Items affecting 1J1c speed of the hardware include CPU clock speed, mno1mt and speed of 
memory, type of disk controller (Fasl/Wide SCSI or Single-Ended SCSI), and l.ypt> of network 
card (FDDI or Ethernet). 

H4262S C.00 1-6 
© 2004 Hewlett-Packard Development Company, L.P. 

http://education.hp.com 



Operating System 

Module 1 
Introduction 

'me operating system nu\S on top of the hardware. It controls how the hardware is utilized. 
The opera ling system decides which process nms on the CPU, how much memory to allocate 
for the buffer cache, whether I/O to the disks is pe1fonned synchronously or asynclu·onously, 
and so on. If the operating system is not configured properly, then the pe1form;u1ce of the 
system will be poor. 

Iten:lS affecting how the operating system pe1fonns include process p1iorities and their nice 
values, the tmrnble OS parameters, the mount options used for file systems, and the 
configurations of network and swap devices 

Applications 

TI1e applications nm on top of the operating system. The application programs include 
softw:.u·e, such as database management systems, electronic design applications programs, 
and accounting-based applications. Tiie perfo1mance of U1e application program is dependent 
on the operating system and hardware, but it is also dependent on how the application is 
coded, and how the application itself is configured. 

Items affecting the performance of the application include how the application data is laid 
out on the disk, how many users are trying to use the application cmTently, and how 
efficiently the application uses the system's resoLu-ces. 

Questions 

In which of these three areas are most performance problems located'? 
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Module 1 
Introduction 

1-5. SLIDE: Performance Bottlenecks 

D 
CPU 

I , ' : : :J 
C PU Run Queue 

[Ti 11 IJ 
Di ak UO Queue 

D O D  
D O D  

Processes 

Network 

Disk 
Memory 

Sl£stem Bottleneck Areas 

Student Notes 

• CPU 
• Memory 
· Disk 
· Network 

Poor pelform::mce often results because a given resomce cannot handle the demand being 
placed npon it. When U1e demand for a resom·ce exceeds the availability of U1e resmm:e, then 
a bottleneck ex�ts for that resource. 

Common resource bottlenecks are: 

CPU A CPU bottleneck oc:cm·s when U1e number of processes wanting t.o execute is 

constantlv more than ti1e CPU cm1 handle. Basic symptoms of a CPU bottleneck 
are high CPU Utilization and multiple jobs i.It the CPU nm queue, consistently. 

Memory A memory hotlleneck occurs when Ute total number of processes 011 the system 
will not all fit into memory at one Lime (i.e. there are more processes than 
memory can hold). When this happens, pages of memory need to be copied out to 
the swap pmtition on disk to free space u1 memory. Basic symptoms of a memory 
bottleneck arc high memory utilization �u1d consistent I/O adivity to the swap 
partition on di5k. 
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Module 1 
Introduction 

Disk A disk bottleneck occtu-s when the amotmt of 1/0 to a specific disk is more tiuu\ 
the disk can handle. Basic symptoms of a disk bottleneck include high utilization 
of a disk drive and multiple 1/0 requests consistently in the disk 1/0 queue. 

Network A network bottleneck occurs when the amount of time needed to perfonn 
network-based transactions is consistently greater than expected. Basic 
symptoms of a network bottleneck include network collisions, network request 
timeouts, and packet retransmissions. 
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Module 1 
Introduction 

1-6. SLIDE: Baseline 

Response 
Time 

,....._. ·········-······""" -·-........ . ....... _,,, ... _ ... .,_ � ....... ,,,_, __ ,,_.,,............... ... !'--- ... .,_ .. ,, ...... ... 

Best Possible Response Time Response Time Response Time 
Response Time with Five Users with Ten Users with Fifteen Users 

Student Notes 

In order to quantify good \·ersus poor peL·formance, a customer needs to know what Uw best 
possible response time for a given workload can be. Tite procedure for calculating Ute best 
possible response time for a given workload is known as baselining. 

To calculate tJ1e baseline (i.e. the best possible response time) for a particular workload, the 
workloacl needs to be pedonned when no other activity is on Ute system. TI1e intent is that 
when all resources are free, the workload will be able to execute as quickly as possible, 
thereby yielding the best possible response Lime. 

Once Ute b:tSeline value is kno·wn, a relative measure is uow available for cletennini.ng how 
poorly the worklond is performing. For example, nssnme a baseline value of 5 scconcb for the 
workload shown on the slide. When five nsers are on the system, the response time for the 
workload increases to 7 secon<ls. 11lC relative comparison shows response ti.me taking 40% 
(or 2 seconds) more time to perfonn this workload when five users arc on the system. We 
have jnsl quantified the relalive effect of having five users on tJ1e system relative to this 
particular workload. 
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Module 1 
Introduction 

The slide illustrates the typical behavior for a given ·workload. As more users concurrently 
utilize the system, the re.sponsc time for a given workload gets worse. 

NOTE: In this class we will nm baseline metlics using simplified "workload" 
simulation prograins. Results wiU vary greatly with yotll' applications. 
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Module 1 
Introduction 

1-7. SLIDE: Queuing Theory of Performance 

Response 
Time 

4X --·-·-·-------··--------·----·----

3 x ···---····-······---··-·--·-.,········-··------···--···---·---···--··--·· 

2X 

x 1--""-'!'f.'- -�---=··············+················· ................ .;. ............................ §.?.l?.�.l.i.Q_e 
t 

'--��'--��----'-��--'-���'--������ Percent 

25 50 75 100 Utilization 

Student Notes 

'11le queni.11g theory of performance stat.es that the a.vcmgc response time of a given resource 
is directly linked to the average utilization of thaL resource. 

The slide shows a baseline value of X seconds for a given resource. According to Ute queuing 
theory, the users will experience th.is response time when the resource has an average 
utilization of 0 to 25%. When the average utilization of the resource reaches 75%, the average 
response time will double. A.-; the average utilization approaches 100%, the average response 
time quadrnplcs. 

The bottom line is, as the overage utilization of the resource increases, the average response 
time gets worse mtd worse. 

Hilly docs the ave'ragc rcspo11sc lime become poor as the average ut ilizatiou of a resource 
iuC?"cascs? 
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1-8. SLIDE: How Long Is the Line? 

System 
Resource 

Student Notes 

Module 1 
Introduction 

The reason why the average response time gets so poor when the average resource utilization 
increases, is because the length of the line waiting to get to the resource gets longer. As 
resolU'ce utilization increases, the nmnber of jobs waiting on the resomce also increases. 

When poor pe1fonnance is experienced, it is most often dne to the length of the queue 
becoming long. A long queue causes jobs to spend most of tJ1eir time wailing in line for Ute 
resource (CPU, memory. network. or disk), as opposed to being se1viced by the resource. 

111e slide shows four people waiting in line to get to a resource (think of a line in a bank wiU1 
one bank teller). IT i t  takes 5 minutes to service one customer, then the fourth person in line 
will wait 15 minutes before reaching the resomce. Adding <mother 5 miiu1tes lo service, the 
request brings t11e total response time to 20 minutes for the last person in line, ns opposed to 
5 minutes if the line had been empty. Of course there is also an overhead e�q>e1ie11ced 
because of "switching" from one customer to the next. This switching is minimal in this 
example because the customers are hanclled in a serial fashion. 
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Module 1 
Introduction 

1-9. SLIDE: Example of Queuing Theory 

sar - d  5 5 v..t�t� 1 .L. Sc.� 
1 5 : 3 1 : ':> 5 dev1ce \busy avque r+w/�; 

1 5 : 1 2 : 0 0 c 0 t 6d0 <:i1_Lj__::> 3 1  
cOt5dO 5 . 5  1 

1 5 : 3?. : 05 cOt.6dO Q_� 3 4  
c O t ':> d O  3 . 5  2 

1 � : 3 2 : 1 0  c 0 l 6 d 0  6 8  2 . 9  3 1  
c0L5d0 l . 5  0 

15 : 3 2 : 1 5  cOt6dO 71 2 . 7  3 0  
cOt':>dO 0 . 5  1 

1 5 : 1 2 : 2 0 c0t6d0 6 9  2 . 7  2 9  
c0t 5d0 0 . 5 1 

Student Notes 

blks/s 'tl:z��i.J avserv 
----

2�--�") 2 4 8  c..s_� . 3 1  
3 2  _Q_,_65 U . 58 

2 4 5  (_7_1�1 24 � -
8 0 . 25 1 7 . 9 3 

2 4 8  5 1 . 3 6  1 8 . 5 5 
6 0 .  48 19 . 1 8 

3 0  62 . 88 24 . 16 
1 0 . 6 5 /. CJ .  2 5 

2 9  6 1 .  ·10 2 4 . 1 4  
3 0 . 6 5  2 9 . 2� 

1l1c above slide provides mt example of the queuing t11eory for U1e disk drives as repotted 
with the sar tool. TI1c fom fields to focus on m·e: 

%busy 111e percent.age of utilization of each disk 

avque TI1e average number of T/O requests in the queue for tltat disk 

avwai t TI1e average amonnt of time n request spends waiting in that clisk's queue 

avserv 1l1e average amount of time to service Uiat I/O request (not including the wait 

time) 

Annlyzing U1e data shows a baseline arom1d 20 milliseconds Lo service an I/O request 
(approximate average of avserv colunm). 

TI1e first line item shows a tlisk that is 81 % uWiied. TI1e tok"ll response time is the average 
wait plus the average service, or approximately 80 milliseconds. TI1is is fom times longer 
than the baseline of 20 milliseconds. In fact, each snapshot shows U1e busy disk waiting in tl1e 
queut> for ru1 :unount of lime greater tJ1tm U1e amotult of ti.me to service the I/O request. To 
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see why the wait time is so high, look at the avque size. Notice lhe queue size is highest 

when the device is niost busy. TI1is is the basic concept of the performance queuing theory. 
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Introduction 

1-10. SLIDE: Summary 

• Objective for the system: 

- Provide fast response time to users, 
or 

- Maximize throughput of system 
• Three performance problem areas: 

- Hardware 

- Operating System 

- Application 

• Performance bottlenecks: 

- CPU 

- Disk 

- Memory 

- Network 

• Need for baselines 

• Performance queuing theory 

Student Notes 

To smmnarize this module, systems are tuned for response time or for throughput. Titis class 
focuses on tluting for best possible response time. 

Areas that affect response time are speect of the hardw;:u·e, configtm1tion of t11e operating 
system, and configuration of the application. Titis class focuses on the configuration of the 
operating system. 

Common bottlenecks with computer systems include CPU, memory, disk. and network. Titis 
class discusses all fom· bottlenecks. 

Baselines are an impor tant measmernent tool for qnuntifying performru1ce. In the lab for this 
module. the student w ill establish CPU and disk I/O baselines. 

Finally, tltt' queuing theory of pc1fonnance states that tlte average response time increases as 
the average utilization of a resource increases. This is an impo1tant concept, which will be 
revisited U1roughout this colU'se. 
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1-11. LAB: Establishing a Baseline 

Directions 

Module 1 
Introduction 

Tite following lab exercise establishes baselines for three CPU-bomtd applications and one 
disk-botmd application. The objective is t.o time how long these applications take when there 
is no activity on the system. 

TI1ese same applications will be executed later on in the course when other bottleneck 
activity is present. Tiw impact of these bottlenecks on user response time will be measured 
through these applications. 

1 .  Change directory to /home/h4262 /baseline. 

# cd /home /h4262 /baseline 

2. Compile three C programs long, med and short by nmning the BUILD script 

# . / BUILD 

:l Tuue the execution of U1c long program. Make sure there is no activity on the system. 

# timex . / long 

Record Execution Time real: 
user: 
sys: 

4. Time the execution of the med progrmn. Make sure there is no activity on the system. 

# timex . /med 

Record Execution Time real: 
user: 
sys: 

� \ >r SJ� -:; ruJ: 

5. Tim<" tJ1e execution of the short program. Make sme there is no activity on the system. 

# timex . / short 

Record E.'l:ecution Time real: 
user: 
sys: 

6. Time the execution of the diskread progrom. 

# t i rnex . / diskread 

Record Execution Time rc�l: 
user: 
sys: 
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7. ln the case of the long, med, and short programs the real time is the sum of the usr 
and sys ti.me (approximately). This is not the case with diskread. Explain why. 
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1-12. LAB: Verifying the Performance Queuing Theory 

Directions 

Module 1 
Introduction 

Tiu� perfonrumce queuing theory states that as the mmtber of jobs in a queue increases, so 
V\rill the response time of the jobs waiting to 11..<;e that resource. 

Tilis lah uses the short program compiled from 
/home/h4262/baseline/prime_short . c. 

1 .  In terminal window 1, monitor the CPU queue with the sar conunrul<l. 

# sar - q  5 2 0 0  

2. In a second tenni.nal window, time how long it  takes for the short program to execute. 

# t imex . / short & 

How long did the program take to execute'? �[)a..,..-'.l..-. u=-----

How does this compare to the baseline measurement from earlier? __ 

What is tJ1e CPU quene size'? __ _ 

3. Time how long it takes for tlu-ee short programs to execute. 

# t imex . / short & tirnex . / short & t imex . / short & 

How long did U1e slowest program take lo execute'? _:J_j-"--------
How did the CPU queue size change from step 2'? -�°"--------

4. Time how long it takes for five short programs to execute. 

# timex . / short & 
timex . / short & 

t imex . / short & t imex . / short & 
timex . / short & 

\ 

How long did tlte slowest program take to execute? __ "'........,.1 _._ _____ _ 

How did the CPU queue size change from step 3? __ ___.,Q ______ _ 

5. Is the relalionship between elapsed execulion (real) time and the number of nmning 
prognmlS linear'? 

G. Conunent about the overhead of switching from one process to another. 
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Module 2 - Performance Tools 

Objectives 

Upon completion of tlris module, you will be able to do the following: 
• Identify various performance tools available on IIP-UX. 

• Categorize each tool as eitl\er real time or data collection. 

• List the major features of the perfonnance tool<>. 

• Compare and contrast U1e cliff erences between the tools. 
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Performance Tools 

2-1. SLIDE: HP-UX Performance Tools 

Student Notes 

Many pe1formance tools are available for many different purposes. hl the HP-UX operating 
system, there are over 50 different performance-related tools. 

Some tools provide real-time perforrrnmce information, such as, "How busy the CPU is right 
now?" Other tools collect data in the background and rnaintain a hL<>tory of performance 
information. TI1is module addresses all the tools and the different functions they perform. 
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2-2. SLIDE: HP-UX Performance Tools (Continued) 

Objective: 

• Identify the various performance tools available on HP-UX 

• Demonstrate their mechanics 

• Discuss their features 

• Compare and contrast the differences between the tools 

Student Notes 

Module 2 
Performance Tools 

The objective of this moduJe is to highlight all Urn pe1fonnance tool5 available with HP-UX. lo 
catcgo1ize U1em by function, <llld to describe how each tool is used. 

111e rnoctule is intencted to be a. quick reference of pc1formauce tools, which the student c�m 
refer to when needing to select a tool for a specific task. 

NOTE: TI1is module does not discuss how to interpret. the output of the too).';;. 
lnteq)retation of the metrics is provided in later modules. 
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Module 2 
Performance Toots 

2-3. SLIDE: Sources of Tools 

• Standard tools 

- Tools found on UNIX systems, including HP-UX 

- Tools frequently found on other UNIX systems 

• HP-UX-specific tools 

- Tools found only on HP-UX 

• Optional tools 

- Tools licensed and sold separately 
(Generally available only on HP-UX) 

Student Notes 

Three types of tools are presented in this module: 

• Standard Tools 
Standard tools are those frequently found on many UNIX systems, including HP-UX. TilC 
advantage of the st<.u1dard tools is that their results can be compared with those being 
collected on other UNIX platforms. This prnv;des m1 "apples for apples" conqJarison. 
which is desirable when comparing systems. 

1l1e output from these st<.u1dard tools (and some of the options) may vary slightly mnong 
UNIX systems. In addition, differences between the vmious UNLX implernent<.1 tions cm\ 
:tffect U\e reliability of the metrics being output hy the tools. 111Crefore. be careful to 
cht><:k lhe results ·with other tools or seek help before basing important tnning decisions 
on tJ1e value of one metlic. 

• HP-Specific Tools 
HP-specific tools are those which are fmmd only on HP-UX operating systems. These 
tools are often tailored specifically to understand HP-UX implementations. 

These tools are generally uot fo\md on other UNL'( implementat.ions, as other 
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implementations tu·e different from those of HP. Some of tl1e HP-specific tools come with 
tl1e base OS; others are pm·chased as optional tools. 

• Optional Tools 
Optional tools are tool<; tl1at are added to the operating system in addition to the standard 
tools. Some of the optional tools, such as the HP-PAK (Progranuners Analysis Kit), may 
be included witl1 add-on software, such as compilers for HP-UX. Other optional tools, 
like GlancePlus, PerfView, MeasmeWare, NetMetrbc, PRM (Process Resource Manager), 
and \VLM (Work Load Manager), are pm-chased individually or in small bundles 
(GlancePlus Pak also includes a Measure Ware agent). 

Optional tools are typically licensed from HP. They offer many advantages over the 
standard tools inclucting: 

ease of use 

accuracy 

granulaiity 

low overhead 

additional metrics 
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2-4. SLIDE: Types of Tools 

Run-Time 
Monitoring 

System Configuration 
and Utilization 

Student Notes 

Data Collection 
Performance 

Performance 

Administration 

Network 
Monitoring 

Application Profiling 
and Monitoring 

The tools covered in llus section fall into six main categories: 

• Run-Time Monitoring Tools 
These tools provide information as to the performance of the system llO'W. The 
infom1ation is cmTent �md provides a real-ti.me perspective as to Ute state of the system at 
the current moment. 

• Data Collection Performance Tools 
111ese tools collect performmtce data in the backgro1md, sununa1ize or average the data 
into a summary record, and Jog the smrnuary record to a file or files on disk. 11tey do not 
typically provide real-time data. 

• Network Monitoring Tools 
These tools monitor performance, status, aud packet errors on the 11et work. 11\ey include 
both monitoring and co11figuration tools related to network numageme11L 

• Performance Administrative Tools 
A system administrator can nse these tools to nu\nage the performance of his syst,crn. 
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TI1ey typically do not report any data, but allow the current configuration of tl1e system 
(and its components) to be changed to help improve pe1-forrnance 

• System Configuration and Utilization Information Tools 
Titese tools rep01t cunent system configm·ations (such as LV.l\1 and file systems). TI1ey 
also report utilization of resource statistics, like disk and file system space mtd munber of 
processes. 

• Application Profiling and Monitoring Tools 
11\Cse tools provide in-depth analysis about the behavior of a program. Titese tools 
monitor and trace the execution of a process, and repo1t the resources �mct calls made 
during its execution. 
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2-5. SLIDE: Criteria for Comparing the Tools 

• Source of data 

• Scope 

• Additional cost versus no cost 

• Intrusiveness 

• Accuracy 

• Ease of use 

• Portability 

• Metrics available 

• Data collection and storage 

• Permissions required 

Student Notes 

Each tool has strengths and weaknesses, advantages and disadvan tages. and unique featnres. 
Some items to consider when selecting a tool are: 

Source of Data 'flle collected data can come from a vmiety of sources, including the 
kernel, nn applicatio11, or a specific daemon (like the midaemon). 

Scope The scope detenuines the level of detail pro'.-ided wiU1 the tool. Most of 
Uw standard tools do not show process-level metJ·ics. For example. tJ1ey 
display global disk I/O rates, bnt do not show which process is generating 
the VO or the disk on which the TIO is concentrated. 

Cost The cost sometimes detenuines if the tool is a11 option. l\Iany of the 
HP-specific tools have additional costs associated with them. (l\Iany of 
U1ese toob have evaluation copies available for a trial pe1iod.) 

Intrusiveness TI1e int.rnsiveness relates to the overhead associated with running the 
tool. Some tools also have significant overhead. A large user conmmnity 
using top, for example. may be responsible for generating large amounts 

of ''monitoring" overhead on Ute system. Another example is Lhe p s  
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Accuracy 

Others 

Module 2 
Performance Tools 

conunand. It has little impact on most systems due to the low frequency 
at which it is executed. However, the ps con:unand places fairly high 

overhead on the system rltu-ing its execution. 

111e accuracy of the tool relates to the reliability of the data being 
reported. Many standard UNIX tools, like vmstat and sar, have been 

ported from other UNIX systems. TI1e registers that they monitor may not 
always correspond to the registers that the kernel updates. 

There are other factors that can have signific<mt impact on tl1e tool you 
decide to use. These factors include farniliarity, metl;cs available, 
pemli.ssions required, ru1d portability. 

As the tools are presented in the upcoming pages, many of these items will be addressed. 
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2-6. SLIDE: Data Sources 

Student Notes 

TI1e standard tools read information from the UNL"X cotmters and registers mai11tai11ed in 
kernel memory (accessible via the I dev /kmem device file and the psta t ( )  system call). 

TI1ese co1mters and registers are updated 10 times a second as a stmtdarcl part of most UNIX 
system implementations. TI1e data in the cow1ters and registers are generally adequate for 
most performance jobs, but do not provide enough detail when in-depth tuning is needed. 

TI1e optional tools for HP-UX use an additional source called kernel instnunent.ation (Kl). 
TI1e Kl interface provides additional infonn�tion beyond the UNIX kernel cOlmten; ;md 
registers. TI1e Kl interface gathers petformance inform<1tion on a system call b::tsis, \vith 
every system call generated by every process being traced. TI1e KI inte1face uses a 
proprietary measurement .interface library to de1ive the additional metrics. TI1ese tools are 
frE>qucntly revised and updated to provide the highest levels of accuracy with U1c lowest 
possible overhead. TI1e optional tools, such ;is Glance and Measure Ware. are KI-based tools 

when nmni.ng on HP-UX systems, although U1ey are available for other vendor systems as 
wdl. 

Additional information about KI-based tools (also known as resource c_mcl pcrfonrnmce 
m;utagement. (HP�I) tools) can be obtai.Jled from the RPl\I web site at: www . hp.com/go/rpm 

I \'" ""°'Jc�\-} ti\ <l�\� 1l 
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2-7. SLIDE: Performance Monitoring Tools (Standard UNIX) 

Global Metrics Process Details Alarming Capability 

iostat Yes No No 
ps No Yes No 
sar Yes No No 
time No Some No 
timex Some Some No 

top Yes Some No 

uptim e , w  Some Some No 
vmstat Yes No No 

Student Notes 

Tile slide shows mu-lime perfontk'U\ce monitoring tools inducted witJ1 HP-UX. TI1ese tools 
provide CtuTent information about the perf01n13nce of tl1e system. These tools are standard 
UNIX performance tools, which are found on most other UNIX implementations. 

llle Global Metrics cohmm indicates whether the tool will show aggregate resource 
utilization without differentiating between specific resources. 

The Process Detail colnnm indicates whether the tool will show resources being used by a 
single PID. 

The Alarming Capability cohmm indicates whether the tool is capable of sending an alarm 
when one of the met.tics exceeds a nser-clefined threshold. 
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2-8. TEXT PAGE: iostat 

111e ios tat conun:mcl repo1ts 1/0 statistics for each active disk on the system. 

Tool Somce: 

Doc:muentation 

Interval 

Data Source: 

Type of Data: 

Metiics: 

Logging: 

Overhead: 

Unique Featmes: 

Full Pathname: 

Pros and Cons: 

Syntax 

Standard UNIX (BSD 1.x) 
man page 

>= 1 second 

Kemel registers/c0tmters 

Global 

Physical Disk 110 
Standard output device 

Vruies, depending on tlte output inte1val 

Tenninal I/O 

/usr/bin/iostat 

+ statistics by physical disk drive 
- lirnjted statistics 
- poorly documented and cryptic headings 

iostat [ - t ]  [interval [count]  7 

- t  
interval 
count 

Report terminal statistics as well as disk statistics 
Display successive lines summaries at this frequency 
Repeat the summaries this number of times 

Key Meti·ics 

The iostat metrics include: 

bps 
sps 
msps 

Blocks (kilobytes) trarn;ferred per second 
Number of seeks per second 
Average milliseconds per seek 

With the ::1dvent of 11ew disk technologies, such as data striping, where a single data trm1sfer 
is spread across several disks, the average rrlillisecondc;; per seek becomes impossible to 
compute accm·ately. At best it is only mt approximation, varying greatly, based on several 
dynamic system conditions. For this reason and to maintain backward compatibility, the 
milliseconds per seek (msps) field Le;; set Lo U1c ,-alue 1.0. 

Examples 

# iostat 5 2 

device bps sps msps 
cOt6dO 0 0 . 0  1 . 0  
c0t6d0 1100 34 . 6  1 .  0 
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# iost.at. - t  5 1 
tty 

tin tout 
0 0 

device bps sps 
c0t6d0 0 0 . 0  
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cpu 
us ni 

2 0 

msps 
1 . 0  

2-13 

sy i d  
1 9 8  
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2-9. TEXT PAGE: ps 

1l1e ps c:onunand displays information about selected processes numing on the system. The 
commmul has 1mmy options for reducing the ammmt of output. 

Tool Source: 

Documentation: 

Interval: 

Data Source: 

Type of Data: 

Metrics: 

Logging: 

Overhead 

Unique Features: 

Full Pathname: 

Pros and Cons: 

Standard UNIX (BSD 4.x) 

man page 

on demand 

in core process table 

per process 

state, priority, nice values, Pills, times, ... 

Sta11dard output device 

Varies, depending on the number of processes 

Wait c:h:.umel and Run queue of processes. 

/usr/bin/ps 

+ familiruity 
+ options for alte1ing output 
- nti.Jtimal information 
- no averaging or sununarization (i.e. no global metrics) 

Syntax 
ps [ -aAcd�IHj lP] r-c cmdlistl l -9 grplist] [ - G  9.idlisr.J 1 - n  namelist I 

1 -o [ormac] 1 -R prmgrplist 1 -s sidlistl 1 - L  termlist l 

1 -u uidlistl l - U  uidlist) 

Key Metrics 

TI1e ps rnetrics include: 
ADDR 

c 

TI1e memory address of tl1e process, if resident; otherwise, the disk address. 

Recent processor utilization, used for CPU schechiling (0-255). 

F Flags associated with Ute process (octal , additive): 

0 Process is on the swap device 
1 Process is lit core memory 
2 Process is a system process 
•1 Process is locked in memory 
(and immy rnore) 

NI 

PPID 

TI1e nice vnlne for the process; used in p1iority computation. 

TI1e process ID rnunber of the parent process. 

PID The process ID munber of this process. 
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PRI 

s 

STIME 

sz 

TIME 

TTY 

'Il1e pri01ity of the process. 

'Il1e state of tlte process 

I Process is being created (very rarely seen) 
S Process is Sleeping 
R Process is currently Runnable 
T Process is Stopped (rare) 
Z Process is temlinated (aka Zombie process) 

Start,ing time of process. 

'Il1e size in 4-KB memory pages. 

TI1e cumulative execution time of the process. 

'Il1e controlling terminal for the process. 

Module 2 
Performance Tools 

WCHAN 'l11e address of a structure representing the event or resource for which the 

process is waiting or sleeping. 

Exam1>le 

ps -tu daemon 
UID PH) PPID C :�TIME TTY TIME COMMAND 

fl 

daemon 1171 1 1 7 0  0 13 : 0 3 : 4 2  ? 
daemon 1565 1 1 7 1  o 1 7 : 4 7 : 4 7  ? 

1 t i .ti--, I I 
F"' "'S  UID PID PPID c PRI 
1 s 1 1 1 7 1  1 1 70 1 154 
1 C' "' 1565 1 1 7 1  0 154 

http://education.hp.com 

3 : 1 0  /us r/bin/Xl l/X : 0  
0 :  0 0  pexd /tmp/to pexd 117 1 .  2 /dev/ttyp2 

NI ADDR sz WCHAN TTY TIME COMO 

2 0  dbeaOO 6 9 7  :iace9c ':' 3 :  10 x 
2 0  10e6900 l l S  3ace9c ? 0 : 0 0 PQXd 
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2-10. TEXT PAGE: sar 

TI1e sar conunand collects and rep011s on many different system activities (and 
syst.t>.m areas), induding CPU, buffer cache, disk, and others. 

Related conunands include sadc, sal, and sa2. These conunands are related to Ule data 

collection ftmctionality of sar and will be addressed with the data collection conunands. 

Tool Source: 

Docmnentation: 

Interval: 

Data Source: 

Type of Data: 

Metrics: 

Logging 

Overhead: 

Standard UNIX (System V) 

man page and kernel source 

>= 1 second 

I dev /kmem registers/cotmters 

Global 

CPU, Disk, and Kernel resources 

Standm·d output device, or file on disk 

Varies, depending on the output interval 

Unique Features: 

Full Patlrname: 

Disk 1/0 wait time, kernel table overflows, buffer cache hit ratios 

/usr/sbin/sar 

Pros and Cons: + familiarity 
+ performs both real time and data collection ftmctions 
- no per process iJ1formation 
- no paging information. only designed for swapping (no longer done 

on HP-UX) 

Syntax 

sar [ -ubdycwaqvmpAMSP] [ - o  file]  t [n] 

Met1ic-related options: 

-u CPU Utilization 

-q Run queue and swap queue lengU1s and utilization 
-b Buffer cache stats � 
-<l Disk utilization 
-y TTY utilization 
-c System call raLes 
-w Sw:tp activir.y 
-v Kernel table ntilizat.ion 
-m Semaphore and message qnene utilization 
-a File access system routine utilization 
-A Everything! 
-!VI Per processor breakdown (used with -u and/or -q) 
-P/p Per processor set breakdovvn (used wiUl -l\HJ and/or -Mq) 

H42625 C.00 2-16 
© 2004 Hewlett-Packard Development Company, LP. 

http://education.hp.com 



Module 2 
Performance Tools 

Key Metrics 

The sar conunand has many metrics. Included below are some sample met1ics based on the 
disk and CPU reports : 

CPU Report (-u) 

The CPU report disp\ays ntilizat,ion of CPU and the percentage of time spent within the 
different modes. 

%w.>r 
%sys 
%wio 
%idle 

Percentage of time system spent in user mode 
Percentage of time system spent in system mode 
Percentage of time processes were waiting for (disk) 110 
Percentage of time system was idle 

Disk Report ( -d) 

TI1e disk report di<.>pll:lys activity on each block device (i.e. disk drive). 

Logical name of the device (device file name) 
Percentage of tiine the device was busy servicing a request 
Average number of 1/0 requests pending for the device 
Nmnber of 1/0 requests per second (includes reads and writes) 
Number of 512-byte blocks transferred (to and from) per second 

Device 
%busy 
avque 
r+w/s 
blks/s 
avwait TI1e average mnount of time the 1/0 requests wait in the queue before being 

serviced 
avserv TI1e average amount of time spent servicing an L'O request (includes seek, 

rotational latency, and data transfer times) 

. \ L ,1 Ji � �� () CA � �\\\-u_ o.c l �C.V'v' Examples 1,., t ...... �.,l).ll -� l 
---

# sar - u  5 4 C pi.· 
HP -UX r3wl4 B . 10 . 20 C 9 0 0 0 / 712 1 0 / 1 4 / 9 7  

0 8 : 32 : 24 %usr %sys %wio %idle 
0 8 : 3 2 : 2 9  6 4  3 6  0 0 
0 8 : 3 2 : 34 6 1  3 9  0 0 
0 8 : 3 2 : 3 9 6 1 3 9  0 0 
0 8 : 3 2 : 44 6 1 3 9  0 0 

Average 6 1 3 9  0 0 

# sar - d 5 4 G1i \'-
HP-UX r3w14 B . 10 . 20 c 9 0 0 0 / 7 1 2  1 0 / 1 4 / 9 7  

0 8 : 32 : 24 devi ce %busy avque r+w/s blks/s 
0 8 : 32 : 29 c0t6d0 1 9 . 3 6 0 . 55 2 0  1 3 4 1  
0 8 : 32 : 34 cOt6dO 2 6 . 4 0 0 . 58 2 7  1 6 8 7  
0 8 : 32 : 3 9  .c0 t 6d0 2 1 . 0 0 0 . 54 2 3  1528 
0 8 : 3 2 : 4 4  c0t6d0 21 . 0 0  0 . 54 2 3  1528 

Average c0t6d0 2 2 . 44 0 . 5 6 2 3  1552 
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avwait avserv 
6 . 3 7  14 . 2 7  
7 . 10 1 5 . 0 0  
5 . 4 8  14 . 0 9  
5 . 4 8  1 4 . 09 

6 . 34 1 4 . 4 5  
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2-11. TEXT PAGE: time, timex 

Description 

111c time and timex corrunands report the elapsed (wall clock) time, the time spent in 
system mode, and the time spent in user mode, for a specific invocation of a program. 

The t imex conunand is an enhanced version of time, and can report additional statistics 

related to resources used during the execution of the conunand. 

Tool Source: 

Docmnentation: 

Interval : 

Data Sotu"cc: 

Type of Data: 

Metrics: 

Logging: 

Overhead: 

Unique Feature: 

Fnll Pathname: 

Pros c_u1d Cons: 

Syntax 

Lime command 

Standard UNL'{ (System V) 

man page and kernel source 

Process completion 

Kentel registers/colmters 

Process 

CPU (user, system, elapsed) 

Standard output device 

Minimal 

Timing how long a process executes 

/usr/bin/timex 

+ minimal overhead 
- cannot be used on akeady nmning processes 

timex [ - o l  [ p f fhkmrtl I [ s l  command 

-o List amount of I/0 performed by command (requirespncct file to bc presenl) 
s List activity (SAR duta) present during execution of command 

( requires sar me to be present) 

Example 

t.imcx l.i.nd I 2>&1 >/dcv/null I Lee - 1:1  perf . duta 

real 1 9 . 4 9 
user l .  4. 7 

sys 1 1 . 24 
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2-12. TEXT PAGE: top 

Description 

111e top conuuand displays a real-time list of the CPU consurners (processes) on Ute system, 
s01ted, wiU1 the greatest users at the top of the list. 

Tool Source: 

Documcn tation: 

Interval: 

Data Source: 

Type of Data: 

Metrics: 

Logging: 

Overhead: 

Unique Feature: 

Full Pathnruue: 

Pros and Cons: 

Syntax 

Standard UNIX (BSD '1.x) 

man page 

>= 1 second 

Kemel registers/counters 

Global, Process 

CPU, Memory 

Standard output device 

Varies, depending on presentation intc1vo..I 
Real-time list of top CPU consmners 

/usr/bin/top 

+ q11ick look at global and process CPU data 
- limited statistics 
- uses cnrses for tenni.nal output 

top l - s  time) [ - d  count) [ -n number] [ -q] 

- s  time Set the delay between screen updates 

- d count Set the number of screen updates t o  "count " ,  then exit 
-n number Set the number of proces s e s  to b e  di splayed 

- q Run quick . The top command with a nice value o f  

Key Metrics 

111e top metrics include: 

SIZE 
RES 
%WCPU 
%CPU 

Total size of the process in KB. This indndes text, data, mtd stack. 

Resident size of the process in KB. Titis includes Lext, da ta, and stack. 
Average (weighted) CPU usage since top stmted. 
CmTent CPU usage over the cmrent interval. 

Example 

* St.arr. top with ;1 ·10 s�cond update interval 
top - �  1 0  

* Start top und display only !J screen updcit.e� t.hen E:!Xi l.. 
II top d 5 

* s1.,u·r. top and di�plc1y only top 15 processes 
top -n 1 5  

zero. 
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* start top and lP.t it run continuously 
II t.op 
System: r3wl4 Fri OcL 17 1 0 : 24 : 2 3  1997 

LO�d averages : 0 . 5 5 ,  0 . 3 1 , 0 . 25 

11� proccsoes: 1 1 3  sleeping, 2 running 
Cpu sr.ateo: LOAD USER NICE SYS IDJ,E 

0 . !.> 5  9 . 9% 

Memory: 24204K (l!;,OB4K)  
TTY PIO OSERNAMF. PRl 

"? 680 root 154 

"? 7211 root 154 

? 114 l root 1 5 4  
? 1 0 7 1  root: 80 

? 3892 root 179 

0 . 0% 2 . 0 %  88 . 1% 

real, 4 6 3 0 8 K  ( 3 3432K) 

NI SI2E RES STATE 
20 l328K 4 6 8 K  sleep 
2 0  340K 136K sleep 
2 0  1 2 7 8 4 K  3 7 0 8 K  sleep 
20 1264K 568K run 
2 0  308K 296K cun 

BLOCK SWAIT 
0 . 0% 0 . 0% 

INTR 
0 . 0% 

v i rtual, ?.264K free 
TIME %WCPU %CPU 

3 3  : 2 3  12 . 3 6 12 . 34 

1 8 : 2 0  5 . 82 !.> . a  1 
8 4 : 0 6  4 . 4 7 4 . 4 7 

0 : 1 9 3 . 00 2 . 99 
0 : 00 2 . 59 0 .  3'l 

SSYS 
0 . 0% 

Page# 1/9 

COMMAND 

snmpdm 
mib2agL 
netmon 
pmd 

top 

• To go to l.ht� next/previous pa9e, type 11 i II and likH respectively 

* To go to 

NOTE: 

NOTE: 

H4262S C.00 

the firi:;t page , type II t n 

The two values preceding real and virtual memory are U1e memory allocated 
for all processes, and in parentheses, memory allocated for processes that are 
cmrently nurnable or that have executed within the last 20 seconds. 

swai t and block are relevant for S.MP systems mtd \Vill be 0.0% on single 

processor systems. swait is tlie time a processor spends "spinning" while 
waiting for a spi.nlock. block is tlte time a processor spends "blocked" while 
waiting for a kernel-level semaphore. 
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2-13. TEXT PAGE: uptime, w 

Tite uptime c01mnand shows how long a system has been up, and who is logged in and what 
they are doing. 

The w conunand is linked to uptime and prints the same output as uptime -w, displaying a 

summary of the current activity on the system. 

Tool Source: 

Documentation: 

1J1te1val: 

Data Source: 

Type of Data: 

Metrics: 

Logging: 

Overhe,'ld: 

Unique Featme: 

Full Pathname: 

Pros and Cons: 

Syntax 

Standard UNIX (BSD 4.x) 

rnan page 

on demand 

Kernel registers/com1ters and I etc/utmp 

Global 

Load averages, number of logged on users 

Standard output device 

Vaiies, depending on number of users logged in 
Easiest way to see time since last reboot, load averages 

/usr/bin/uptime 

+ quick look at load average, how long systems been up 
- limited statistics 

uptime [ -hlsuwJ Luse.cl 

w [ hlsuw] (uscrl 

-h Suppress the f i r s t  l ine and the header line 
- 1  PrinL long l i s t ing 

- s  Prine short list ing 
-u PrinL only the u t i l i z a t i on l i neu; do noL show user information 
- w  Print what each user i s  doing; same a s  w command. 

Example 

# upLimc 

1 1 : 23arn up 1 d,1 y s ,  2 2 : 2 2 ,  7 users, load average: 0 . 6?. ,  0 . 3 7 ,  0 . 30 

u llptime -w 
11 : 23am up 3 <la y s ,  2 2 : 2 2 .  

lJSf!r." t t y  login@' 
root c:onsoJ r. 9 : 26am 
J'OOL pts/O 9 : 26am 
root pts/3 9 : 26t:im 
I OOL pLs/4 10: 16am 
root pts/'..> 9 : 43am 

http://education.hp.com 

7 users, load 
idle JCPU 

9 4 : 20 
5 

1 : 57 
2 

2-21 

average: 0 . 57 ,  0 . 3 7 ,  0 . 3 0 
PCPH wh,1t 

/usr/sbin/getLy consol e  
/shin/sh 
/sbin/sh 

2 vi tools noLes 
script 
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2-14. TEXT PAGE: vmstat 

The vmstat command reports virtual memory statistics about processes, virtual memory, 
and CPTJ activity. 

Tool Source: 

Documentation 

Interval: 

Data Sotu-ce: 

Type of Data: 

Metrics: 

Logging: 

Overhead: 

Unique Feature: 

Full Pat.lmame: 

Pros and Cons: 

Syntax 

Standard UNIX (IlSD 4.x) 

man page, include files 

>= 1 second 

Kemel registers/cOlmters 

Global 

CPU, Memory 

Standard output device 

Varies. depending on presentation interval 

Ctm1ulative VM statistics since last reboot 

/usr/bin/vmstat 

+ minimal overhead 
- poorly docmnented 
- cryptic headings 
- lines wrap on 80-c:oltunn character di5play 
- statistics cm1 bJeed together 

vmslilt l -dnS) [ i nterval [coun t ] ) 

vmsLat - f  I s I - z  

d Tnclude d i s k  1 / 0  information 

n Print in o. format. more easily viewed on a 80 column display 
-s Include swapping information 
- f  Print number o f  processes forked s]nce boo t ,  number of pages used 

by a l l  torked processes, and the average pages/forked process 
- s  l?rint. virtual memory summary informaLion 

- z  Zero the summary regi s ters . 

Key Metrics 

TI1e vmstat metrics include: 

Process nwtrics 

In nm queue r 

b 

w 

Blocked for resource (110, paging, and so on) 

Runnnble or short sleeper ( < 20 sec.) but swapped 
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VM metrics 

avm 
free 
re 
at 
pi 
po 
fr 

Active virtual pages 
Nmnber of pages on tl1e free list 
Page reclaims 
Address translation faults 
Pages !}aged in 
Pages paged ont 
Pages freed by vhand, per second 

sr Pages surveyed (dereferenced) by vhand, per second 

Fault metrics 

in Device interrupts per second 
sy System calls per second 
c s  CPU context switch rate (switches/second) 

CPU metrics 

us User mode utilization 
sy System mode utilization 
id Idle time 

Examples 

# vmstat -n 5 2 

VM 
memory page 

avm f r'ee re at. pi po fr de sr in 

7589 728 (} () 0 0 0 0 0 14 0 
CPU 

cpu procs 
IJS sy id r b w 

2 l 97 0 74 0 
7670 692 () () 0 0 0 () 0 2 3 5  

47 1 1  42 0 7 5  0 

# vm'.,;t.aL 11S s 2 
VM 

memory page 

avm free s i  so pi po fr de si in 
·1934 584 0 0 0 0 0 0 0 140 

CPU 
cpu pro cs 

us sy id r b w 
2 l 97 0 75 0 

7972 549 0 0 0 0 0 0 0 203 
l 98 () 76 0 

ti vmsr.at - [  
3 9 4 9  forks, '197929 pacge s ,  average= 126 . 0 9 
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faul t.s 
sy cs 

490 30 

4959 170 

faults 
sy c�:; 

4 9 0  3 0  

4 6 2  � 3  
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U vmi:;tat - s  
O swap ins 
0 swilp outs 
O pages swapped in 
O pages swapped out 
1116471 tot.al address trans . faults r.aken 
3461'/S page ins 
7976 pagf! OUt!> 
20067� pages paged in 
16824 pages paged out 
213104 reclaLms from free list 
216129 t.otal page reclaims 
1 1 0  intransit blocking page faults 
5B7961 zero f i l l pages created 
303212 zero f i l l  page faults 
248573 executable Cill pnges created 
67077 execur.able fill page faults 
O swap text pages tound in free list. 
80233 inode texr. pages found in free list 
166 n�volut i.ons of r.be clock hand 
106769 pages scanned for page out 
13236 pages treed by the clock daemon 
75633�51 cpu <.:onr.ext switches 
1612387244 device interrupts 
1 1 37948 traps 
24�228805 system cal l s  
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2-15. SLIDE: Performance Monitoring Tools (HP Specific) 

glance 

gpm 
xload 

Student Notes 

Global Metrics Process Details Alarming Capability 

Yes Yes 

Yes Yes 

Yes No 

�----- - --------

Yes 
Yes 
No 

TI1is slide shows the HP-specific, nm-time perfonmmce monitoring tools included with 
HP-UX. CLU'rently, glance and gpm are available for HP-UX. Botl1 glance and gpm m·e 

optional. and c:m be purchased separately. If you are nmning lli (any version), both glance 
and gpm m·e included witJ1 the Enle1vrise and Mission Critical Operating Environment5. 

TI1e glance and gpm lools provide real-time monitoring capabilities specific: to U1e IIP-UX 

operating system. Both tools provide access to performance data not available witl1 stand�mi 
UNIX tools, and both tools use the midaemon (i.e. KI interface) to collect performance data, 
yielding much more accLU'ate performance resnlts. 

xload is an X-windows application, which graphically shows the recent length of the CPU's 
nm queue. It consists of a window that displays ve1tical lines which represent the average 
munber of processes in the nm qnene over lhe previous inte1vals. The default interval size is 
8 second<.>. 
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2-16. TEXT: glance 

The glance tool is available for HP-UX. This is the recommended (and preferred) 
performance monitoring tool fm HP-UX systemc; (character-based display). This tool shows 
infonnn.tion that carmot be seen ""ith any of the standard UNIX monitoring tools. 'I11e 
accmacy of the data is considered more reliable, as the source is the mi daemon, as opposed 
to the kernel counters and registers. 

NOTE: Free evaluation copies of glance and gpm can be obtained for trial periods. 

The phone number to obtain an evaluation copy is ( 8 oo) 2 3 7 - 3  9 9 o. 

Tool Somce: HP 

Documentation: man page :md on-line help 

>= 2 second Interval: 

Data Source: 

Type of Data: 

Mettic:s: 

Logging: 

Overhead: 

mi daemon 

Global, Process, and Application 

CPU, Memory, Disk. Network, and Kernel resources 

Standard output device, screen shots to a file 

Unique Feature: 

Varies, depending on presentation interval and munber of processes 

Per process (and global) system call rates 

Full Pathname: 

Pros and Cons: 

Syntax 

Extensive on-line help for the met1ks 
Sort by CPU usage, memory usage, or disk 110 usage 
Files opened per process 

/opt/perf/bin/glance 

+ ex.1:ensive per-process info1111ation 
+ eA.'tensive global information 
+ more accurate than standard UNIX tools 
- uses the "curses" di.splay librmy 
- relatively slow stmtup 
- not btmdled with the OS (prior to lli) 

gl ance [ - j  interva l ]  [ -p [dest] J [ - f  dest] [ -maxpages numpages] 
[ - command] [ -nice nicevalue] [ -nosort] [ - lock] 
[ - adviser_off]  [ - adviser _only] r -bootupJ 

H4262S C.00 

[ - i terations count] [ - syntax f i lename] [ -al l transl 
[ - all instances] [ - disks <rl>] [ -kernel <path>] [ -nf s  <fl>] 
[ -pids <n>] (-no_fkeysJ 
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Key Metrics 

TI1e glance tool includes reports for the following arc3S: 

Hot. Key 

a 
c 
d 
g 
h 

L 
l 
m 
n 
s 

I.. 
u 
v 
w 
z 

GLANCE PLUS REPORT 

CPU by Processor 
CPU Report. 
Disk Report 
Process L L s t  

1/0 by Filesys tem 
Network by LAN 
Memory Report 
NFS Report 
Process selection 

system Table Report 
Disk Report 
J/O by Logical Volume 
Swap Detail 

A Application List 
B Global Waits 
0 DCE A c L i v i t y  
F Process Open Fj ] es 
G Proces s Threads 

H Alarm Hist.ory 
I TlTr<�ad Rt<Hource 
,T Thread Wait 
K DCE Process List 
L Process System Calls 

M Process Memory Regions 
N NFS Global Activity 
P J?RM Group List 
R Process Resources 
'l' Transact i.on Tracker 

w Process Wait States 
Y G l obal System Calls 
z Global Threads 

All CPUs Performance Stats 
CPU Utilization Stats 
Disk 1/0 Stats 
Global Pr·ocess Stats 
Help 

I/O by F i lesystem 
Lan Stats 
Memory SLat:s 
NF'S Stats 
Single process i. n formation 

os Table Utilizat.Lon 
Disk Queue Length 
Logical Volume Mgr Stats 
Swap Stats 
Zero e1 l  l St.at..s 

·? Help with options 

Module 2 
Performance Tools 

cCR> Upda te screen with new data 

See Module 3 for a more co1nplete discussion of glance and gpm. 
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2-17. TEXT PAGE: gpm 

111e gpm tool is a graphical version of glance. All the benefits of using glance apply to 
gpm (GlancePlus Monitor). 

NOTE: Free evaluation copies of Glance and gpm can be obtained for a 90-day tifal 
period. '11\e phone number to obtain tJle evaluation copy is ( 8 O 0 )  2 3 7 - 3 9 9 o. 

Tool Source: HP 

Documentation: 

Interval: 

Data Som·ce: 

Type of Data: 

Metrics: 

Logging: 

man page and on-line help 

>= 1 second 

mi daemon 

Global, Process, Applicntion 

CPU, Memory, Disk, Network, kernel resources 

Standard output device and screen shots to a file 

Overhead: 

Unique Feature: 

Varies, depending on presentation interval and number of processes 

Alarming capabilities 

Full Pathname: 

Pros and Cons: 

Syntax 

Performance advisor 

/opt/perf/bin/gpm 

+ extensive per-process information 
+ extensive global information 
+ more accurate than standard UNIX tools 
- no selection for printing graphs 
- not bundled with the OS, p1ior to l li 

gµm [ - nos.:ive ) [ rpl. [rp l.n.:ime l l  [ - !;haredc l .c )  [ - nice nlcevalue) [ - lock] 
I -disks <n>I [ - ke.cnel <pa(h>J [ - l f s  <n>I [ nfs <n>J [ - pi ds <n>] 

IXoptionsJ 

Glance and GPM Advantages 

Both Glimce and GPM: 

• Use the same met1ics 

• Use Ute mi daemon and kernel registers/com1ters as data som·ces 

• Have adjustable presentation intervals 

• Have the ability to renice processes 

• Provide alarming capability (via /v:u-/opt/perf/advisor.synta.x:) 

• Provide per-CPU mct1ics 
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• Can be configured to monitor application performance (that is, groups of processes) 

Glance Advantages 

Advantages of using Glance include: 

• It is independent of X-Windows. 

• It uses less overhead. 

GPM Advantages 

Advm\tages of using gprn include: 

• It has customizable advisor syntax, which generates color-coded alm111s. 

• Has the ability to kill processes 

• Repmts are customizable. 

• More comprehensive online documentation is available. 

See Module 3 for a 1nore complete discussion of glance and gpm. 
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2-18. TEXT PAGE: xload 

xload is a graphical tool that will display the average length of the nm queue over recent 10 
second intervals. Since it L'5 displayed in its owu window on a graphics terminal, the window 
can be resized to acconunodate good detail and many intervals at once. 

Tool Source: 

Documentation: 

Interval: 

Data Source: 

Type of Data: 

Met1ics: 

Logging: 

Overhead: 

Unique FeatLu-e: 

Full Pathname: 

HP 

man page 

10 seconds (default) 

KemeJ registers 

Global 

Run queue length 

none 

Very little 

Visual representation of nm queue lengths 

/usr/contrib . /bin/Xll/xload 

Pros and Cons: + visual representation of nm queue lengths in real time 
+ expandable window for greater time and detail 
+ self-scaling 
- no scale labels 
- no per-processor infom1ation 

Syntax 

xload [ toolkitoption ... J ( - �calc integer] I -update seconds} 
[ - h l  I hi 9hl ight color I [ -jumpscroll pi xels_l [ label string] 

Example 

f - nolabel] [ - l ights I 

xload -update 3 0  
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2-19. SLIDE: Data Collection Performance Tools (Standard 

UNIX) 

Global Metrics 

acct com Some 
sar Yes 

Student Notes 

Process Details Alarming Capability 

Some No 
No No 

11lis slide shows the sl.andru:d UNIX clo,ta collection tools included with IIP-UX. Data 
collection tools gather pei-for:numce data an<l other system-activity information. and store thic; 
dat.a to a file on tl1c system. 

By default, not too many standard UNIX tooLc; perfonu data collection. Titc two most 
conm1on tools ru·e tl1e ace t (system accoimting) suite of tools ru\d sar (via. the sadc and 
sal prognuns), the system activity reporter. 
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2-20. TEXT PAGE: acct Programs 

TI1e system accounting programs are prirnaiily a financial tool and are designed to charge for 
time and resources used on the system. Information such as connect time, pages printed, disk 
space used for file storage, and conunands executed (and the resomces used by those 
commands) is collected and stored by the acct conunands. Generally not considered a 
pe1fonnance tool, the acc0tmting conunands can provide useful data for ce1i.ain situations. 

Description 

Tool Sotm�e: 

Documentation: 

Interval: 
Data Source: 

Type of Data: 

Metrics: 

Logging: 
Overhead: 

Unique Feature: 

Full Pathname: 

Pros and Cons: 

Standard UNIX (System V) 
man pages 

on demand 

Kernel registers and other kernel routines 

System resources used, on a per user basis 

Coru1ect time, Disk space used, others 

Binary file /var/adm/acct/pacct 

Medium to large (up to 33%), depending on number of users and amount 
of activity 

Shows the amom1t of system resources being consumed by each LL5er on 
the system. 

Logs every conunand executed by every user on the system. 

/usr/sbin/acct/ [acct_commandJ 

+ provides information to du:u·ge users for system use 
+ extensive system utilization information kept 
- extremely large overhead, especially on an active system. 
- poor docmnentation 

Syntax 

/usr/sbin/acct/acctdisk 

/usr/sbin/acct /acctdusg [ - u  filel ( - p  f i le] 

/usr/sbin/acct/accton [file]  

/usr/sbin/acct/acctwtmp reason 

/usr/sbin/acct/closewtmp 

/usr/sbin/acct/utmp2wtmp 

and many more ... 
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System Accounting Notes 

• System Acc0tmting cm1 be staited: 
Manually 
Automatically at Boot Time 

Module 2 
Performance Tools 

Rtm the /usr/sbin/acct/startup co1m11and. 
Edit tl1e I etc I re . con fig . d/ acct file and set 
tlle START_ ACCT parameter equal to one (for 
example, START_ACCT=l). 

• Only terminated J)roce�es a.re reported. 

• Accmmting report,'> include: 

CPU time accounting 
Disk accmmting 
Memory accotmting 
Connect timetcconnting 
User conunand history 
Several more 
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2-21. TEXT PAGE: sar 

1l1e sar tool comes wiU1 additional programs, which assist in perfonnonqe data collection 
and storage. The perfonnance data is kept for one month before being ov�1written with new 
data. Since collecterl data is overwritten each month, monitming the files' sizes is 
mmecessary. 

The sadc progrmn is a data collector which nms in U1e background, usually started by sar 
or sal. 

1l1e sal program is a convenient shell script for collecting and sto1ing "s{lr" data to a log file 
lmder /var I adrn/ sa. This sc1ipt is typically nm from root's cron file ahct collects (by 
default) three system snapshots per hour. 

The sa2 program is also a convenient sheJl sc1ipt for converting collected sar data (binary 
fonnat) into readable ASCII report files. The repo1t. files are typically stored in 
/var I adm/ sa. The sa2 script is also normally nm from root's cron fil¢. 

Tool Somce: 
Docmnentat.ion: 
Interval: 
Data Som·ce: 
1'ype of Data: 
Met.rics: 
Logging: 
Overhead: 
Unique Feature: 
Full Pathname: 
Pros and Cons: 

Syntax 

Sk1.ndard UNIX (System V) 
man page 
>= 1 second 
Kernel registers 
Global 
CPU, Disk, Kemel resources 
Binary file under /var I adm/ sa 

Vmies, depending on snapshot interval 
Only standard UNIX pc1jo11na11cc data collector 
/usr/sbin/sar 

+ familiarity 
+ relatively low overhead 
- no per process information 
- nccmacy not as good as l\llea.smeWare/OVPA 

sar [ - ubdycwaqvmAMS] 

sar [ - ubdycwaqvmAMS] 

[ - o  file] t [n] 
[ - s  time] [ -e time] [ - i  sec] ( -

Some data collection related options: 

-s TI1e start time of the desired data 
-e TI1e end time of the desired data 
-i TI1e size of the repmt.ing interval in seconds 
-o Tiu• file to w1ite the data to 
-J TI1e file to read the data from 

file) 
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Configure Data Collection through cron Jobs 

To set np sar data c¢llection, add the following to 

0 * * * 0 , 6 /usr/lbin/sa/sal 
0 8-17 * * ;i- - s /usr/lbin/sa/sal 
0 18-7  * * 1 -5 /usr/lbin/sa/sal 
5 18 * * 1-5 /usr/lbin/sa/sa2 
5 18 * * 1-5 /usr/lbin/sa/sa2 5 18 * * 1-5 /usr/lbin/sa/sa2 

Create the /var/ aclm/ sa directory: 

mkdir /var/admY sa 

root's cron file: 

1200 3 

- s  8 : 00 -e 18 : 0 1  
- s  8 : 00 -e 1 8 : 01 
- s  8 : 00 - e  18 : 01 

Module 2 
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- i  3600 -u -). 3600 -b 
- i  3600 - q  

Some systems recommend adding the above entries to adm's cron file instead of root's. On 

U1ese systems, be su�e to give write access to all users on the /var/adm/sa dire<'tory. 

chmod a+w /var/adm/sa 

C'\\ c c. � �G' 

,J l e\\ lQ\ 

('o\u� 
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2-22. SLIDE: Data Collection Performance Tools ( -Specific) 

Global Metrics Process Details Alarming Capability 

MeasureWare/OVPA 

PerfView/OVPM 

Data Source 
Integration 

.>-..<I �v �vr\' 1.. �1 

Student Notes 

Yes 
Yes 

User Definable 

Yes Yes 
Yes Yes 

User Definable User Defina�le 

'111is slide shows Ute HP-specific data r:ollcction performance tools, which can be added to an 
HP-UX system. 111e MeasmeWme/OVPA (Open View Perforrnance Agent) and 
PertView/OVPl\1 (Open View Performance Manager) tools are available for HP-UX systems. 
Titese tools are optional products (separately purchasable). 

Titese tools significantly enhance a customer's ability to truck perfonnanc(> trends :md review 
historical perfonnancc data about a system. 111e standard UNIX tools coll�ct little to no per­
process information, and have no alanni.ng capabilities. With the MeasureWare/OVPA and 
PerfView/OVPM tools, global a 11d per-process infonuation is collected. In Jctdition, ala1ws 
c:m be set to notify a user when a collected mellic exceeds a defined threshold. 

Recently, PerfView was renamed Open View Performance Manager and MepsureWare wns 
renamed Open View Performance Agent. There were no other significant c 11c.u1gcs made to 
Ute products. 
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2-23. TEXT PAGE: MeasureWare/OVP A and DSI Software 

MeasureWare/OVPA is the reconunended and preferred tool for collecting performance 
data on an HP-UX sy4tem. MeasureWare/OVPA collects all the global and process statistics, 
consolidates the data into a 5-minute smmnary, and wdtes tl1e record to a circular log file. 
Processes can be grotiped into applications, and various tlu·esholds are available for 
determining which processes are included in Ute summary. 

OVPA version 3.x is iUenticaJ to Measnreware. OVPA version 4.x serves the same purpose, 
but has a new user interface. 

Included with Measn ·e Ware/OVP A is a product/tool called Data Source Integration (DSI). DSI 
allows custom, appli1atiou-specific met1ics to be defined and collected via the 
MeasureWare/OVPA >roduct. TI1i5 custom information can include database statistics, 
networking statistics collected with NetMetrix, or MIB information from a networking device 
(router or gateway) collected with SNMP. 

Tool Somce: 

Docmnentation: 

interval: 

Data Source: 

Type of Data: 

Metrics: 

Logging: 

Overhead: 

Unique Feature: 

Fnll Patlmame: 

Pros and Cons: 

Syntax 

1JP 

111an pages, manual, on-line help 

t minute and 5 minute sunumuies bi daemon 

Global, Process, Application 

CPU, Memory, Disk, Network, Other 

Circ:ulm· binary files under /var/opt/perf/datafiles 

�·hunber of processes and number of application definitions �arameter file to define the extent of data collection. 
Circular, compact log file format /opt/perf/bin/mwa 

fl- extensive global information 
+ extensive per-process information 
+ customize data collection with DST 
� requires another tool (PerfView/OVPM) for graphical analysis 
� not included with the base OS 

mwa [ action] [ subsystem] [parmsl 

in whkh action is 

start 

stop 

restart 

Start :}II or part of Measnre W;u-e/Oµen View Pe1formauce Agenl. (default) 

Slop all or part of Measure Ware/Open View Pelformanc:e Agent. 

Rcinitl::llize all or part of Measure Ware/Open View Perfonnanc:e Agent. This 
optio1 causes some processes to be stopped �md resta1ted. 

http://education.hp.cJm H4262S C.00 
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status List tl1e status of all or prut of MeaslU'e Ware/Open View Performance Agent 
processes. 

MeasureWare/OVPA and Data Source Integration Notes 

• The MeasureWare/OVPA agent for HP-UX is pa1t of the RPM (Resource and Perfomiance 
Management) set of perfonnance tools. To find the complete list of avpilable RPl\il 
products, visit the RPM Web site at: www .hp . com/go/rpm I 

• MeasnreWare/OVPA is designed for use with the Pertview/OVPM Analvzer tool and 
features extensive ahu·ming syntax. 

• TI1e utility and extract programs for MeasureWare/OVPA provide many featlu-es for 
the 1malysis and mmrngement of the Measure Ware/OVP A log files. 

• The MeasmeWare/OVPA agent is fully integrated with the Open View product line and is 
capable of sending alarm messages to the Pertview/OVPM Monitor, Network Node 
Manager. and IT Operations. 

• TI1e Measure Ware/OVP A agent is available for a large number of UNIX platforms 
including: ALX, Solm·is, NCR System VR4. Microsoft Windows NT, and more. 

• Data Source Integration (OSI) is one of the most powerful features of 
MeasureWare/OVPA. DSI provides the ability to log data from any data source - as long 
as it. wlites its output to s tdou t. 

• HP sells additional agents. which make use of this data SOlu-ce integra�ion to allow for the 
monitoring of databases, network operating systems (for example, WU\dows NT and 
NetW�u-e), and the Network Response l\Ionito1ing metrics (a facility of NetMet.rbc). 

• Data can be imported frorn snch operating environments as SAP/R3 ai d Baan. 

See the course B5136S - "Performance Management with HP 
Open View" for a more complete discussion of 
MeasureWare/OVP A. 
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2-24. TEXT PAGE: PertView/OVPM 
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The Pertview/OVPM tool allows collected MeasureWare/OVPA information to be viewed in a 
feature-rich, GUI intetface. Graphs, charts, alarms, and other details are easily viewed vvith 
the PerfView/OVPM tpol. Similarly to the Measure Ware product, OVPM version 3 is identical 
to PerfView, whereas OVPM version 4 has tJ1e same functionality but has a. new user 
interfru.:e. 

Tool Sonrce: 
Documentation: 

Interval: 

Data Source: 

Type of Data: 

Metrics: 

Logging: 

Overhead: 
Unique Feature: 

Full Patluwme: 
Pros and Cons: 

Syntax 
pv [options] 

J-IP 

�Ian pages, manual, online help 
On demand 
MeasureWare/OVPA log files 

Global, Process, and Application 

CPU, Memory, Disk, Network, others 

tro central monitoring workstation 

mmber of systems being mialyzed, nnmber of systems sending alarms 

• iany predefined graph templates. Access to any system currently numing U1e MeasureWare/OVPA agent. 

/opt/perf/bin/pv 

t Centralized and automated performance monitoring lt C:.m view data from DSI somces 
It Graphs can be saved in a worksheet fonuat 
1- Does not come standard with the OS 

PertView/OVPM Notes 

There are three com1 onents U1at make up the PedView/OVPM product: 

PerfView/OVPM Anatyzer 

• The PerfView/O\"PM Analyzer allows for U1e performance administrator to easily access 
dat.;1 from any M�asureWare/OVPAAgent. 

• By defanlt, the last 8 days of data me pulled in to be analyzerl. bnt any ;u11om1t of data U1at 
has been collected can be retrieved. 

• 'flle PcrfView/OvPM Analyzer allows you to compm·e multiple systems :lgainst a specific 
metric as well fol load balancing. 

• 'l11e gr::iphs produced by U1e PerfView/OVPl\11 Analyzer can be stored, or printed out to any 
Postscript or PCL printer. 

• Ac, wiU1 all of U1e RPl\f products, the Pertview/OVPM Analyzer is fully integrated with 
Network Node Manager ;md IT Operations. 
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PerfView/OVPM Monitor 

• 111e Pe1fView/OVPM Monitor receives alarms sent by Mea5meWare/OfPA agents. 
• It allows you to filter alarms by severity and type. 
• 111e Pe1fView/OVPM Monitor is an optional module and may not be required if you are 

also nmni:ng Network Node Manager or IT Operations. 

PerfView/OVPM Planner 

• 111e PerfView/OVPM Phurner allows you to use colle<.:ted MeasureWare/OVPA data to see 
performance trends. 

• 111e more data provided to the Pe1fView/OVPM Plaimer and the less tilne you project it, 
U1e more accuntte the reports will he. 

• 11le PerfView/OVPM Plaimer is not a true capacity-plamling tool in that it does not 
provide modeling or simulation capability. 

See the course B5136S - "Performance Management with HP 
Open View" for a more complete discussion of PerfView/OVPM. 
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2-25. SLIDE: Network Performance Tools (Standard UNIX) 

nets tat 

nf sstat 

ping 

Student Notes 

Resource 

Various LAN Statistics 

Network File Sharing Statistics 

Test Network Connectivity and Packet 
Round-Trip Response Time 

Super User Access 
Required 

No 

No 

No 

TI1is slide shows the $t.andard UNL� 11ctworki11g perfonnanc:e tools included with HP-UX. 
Networking performance tools monitor performance and errors on U1e network. 
The st..·mdard UNIX networking tools primarily allow for monito1ing of performance. The 
HP-specific tools will introduce the ability to ttme some networking parametE>rs to better 
meet the needs of a srstcm's networking environment. 

NOTE: Super user (or root) access is not needed to monitor networking status by 
default. 
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2-26. TEXT PAGE: nets tat 

Tite netstat conunand displays gener::il networking statistics. hlformatio t displayed 

includes: 

• active sockets per protocol 
• network data structures (like route tables) 
• LAN card configm·ation m1d traffic 

Tool Somce: 

Documentation: 

Interval: 

D<lta Source: 

Type of Data: 

!Vletrics: 

Logging: 

Overhead: 

Unique Features: 

Pull Patluuunc: 

Pros :md Cons: 

Standard UNIX (BSD 4.x) 

man µages and manu::il 
on demand 

Kernel registers and LAN cru·d 

Global 

Network, LAN 110, Sockets 

Standard output device 

Varies, depending on network activity 

Sl10ws estabtished and listening sockets. 
Shows traffic going tluongh LAN interface card. 
Shows amount of merno1y allocated to networking 

/usr/bin/netstat 

+ provides lots of information on networking configl ation 
- provides lots of metrics; not all metrics are d.octun nted well 

Syntax 

nel.stu.t. l - aAn] [ - f  addre s s - f a m d y ]  (syst.em [core] l 
net.stat ( - f  address-f(;lrnily] 1 - p protocol] [ system [core I l 
net.stat [ - s3 i n ]  [ I int.ertacc] I i.nterva l )  [system [corcJ I 

Examples 

Display network connections 

tt 11e1 st:ar: n 

Active Tnr:ernet c.:or111ect:ions 

P1oro Recv-0 Send-Q Loca l i\ddress Foreign Addre!;G l! ; l ar.;. > 

t(.·p 0 0 15& . 1 ; 3 . 19 2 . 1 7 1 . 1 1 2 8  1 5 6 . l t. 3 . 192.171 . 1 129 ESTABt.T SHED 
tcp 0 0 156 . 15) . 1 92 . 17 1 . 1 129 156 . 1:. 3 . 1 92 . 171 . 11 2 8  E!:."TABLJSHED 
' ·�P 0 0 1 0> 6 . l'i1 . 1 9 2 . 1 7 1 . 9 4 7  1 5 6 . 15 3 . l !:l :! . 1 7 1 . llO; RSTABirsHEI) 
A<.:L i VP. UNIX d<J111,�ln socket :.: 

Tnode Conn R<>.I n Next r e l  Addr Addrcs•> Type RC'cv-0 send Q 
c6L100 dgr<im O 0 B,14afc.: 0 0 0 /vc1 1·/rilip/ ps b _f 1 l>rlL_socket 

<:8·1eOO dgram o O 
de4EOO sr.ream O 0 
f71:!00 st re<1111 o 0 

8>1-!C-IC 
0 
0 

Display net work interface infonuation: 

� n.-rsc:at - i 11 
N(,un� Mt:u N<.'Lwork Address 

n10 · 0 none llOrlt 
11 J l .  0 nont'l none 

H4262S C.00 

0 
1752·10 

f7!>280 

Tpkts 
0 
0 
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0 
0 

0 

I errs 

0 
0 

0 
0 

0 

/v;n/l flp/ psb_bac.:k 1;ocket: 

/var/spool/sockels/Zll/0 

Ophs 

0 

Oerrs 

0 
0 

Coll 

0 
0 
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loo 4608 127 
lano 1500 156 . 153 . 1 92 . 0  

1 27 . 0 . 0 . l  
156 . 15 3 . 19 2 . 1 7 1  

Display network interface traffic: 

# netsLat - I  lanO � 
(lanO ) - > input 

packets 
1 8 8  

7. 

Display protocol stat 1s: 

# net.sta t - s  
r.cp: 

output 
packets 

172 
1 

2244 packet s sent 

6745 
156 

0 
0 

(Total) > input 
packets 

6 97:1 
2 

6745 
u 

lt91 data packets (217208 bytes) 
4 data packet s  ( 5 8 4 0  bytes) retransmit t ed 
6�2 ack-only packets (276 delayed) 

udp : 

ip : 

icmp: 

arp : 

probe : 

igmp : 

1 i a control packets 
2277 packet s recei ved 11se acks ( for 195140 bytes) 

1�4 duplicate acks 
1 ) 60 packets ( 2 3 6 7 7 5  bytes) received i.n- se<1uence 

o completely duplicat.e packeLs (O byces) Bl out-of-order packet.s ( O  bytes) 
o discarded for bad header oHSeL [ ields 
O di scarded because packet too short 

134 conne,zt ion requesL.s 
120 conne. L ion accepts 
243 connert ions established ( incl uding accepts )  

0 bad cherk sums 
164 sockel). overflows 
O ·data di $ cards 

4 6 0 7 3 0  Ln�al packets received 
o bad hea�er checksums 
O with ip ve r·s i.on unsupported 
2-253 fragqient s received 

2 6 7 0  pac k6 t s not forwardablc 
o red .i. rec ¢s senr. 
1 9 8 9  call� to generate art  l:CMP error mt:ssage 
OutpuL h.i. $ togram : 

e¢ho reply: 727 
cttst ination unreachabl e :  1 9 89 

727 t·esponseD sent 

o Bad pacltet lengths 
o Bod hea<�e:rs 
O Packets with missing sequence number 

O Mernory 'l loc:a tions failed 

O message! recei ved w L th bad checksum 
1 0 939700 fllembership queries received 

0 

0 

Module 2 
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0 
0 

output 
packets 

678!.i 
1 

10969833 Tembership queries received w i t h  inco-rrect fi el d ( s )  
O members7 Lp reporl.s recci vcd 
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2-27. TEXT PAGE: n f s s tat 

The nfsstat conunand displays network file system (NFS) statistics. Categories of NFS 
information include: 
• server statistics 

• client statistics 

• RPC statistics 

• pc1fonnancc detail statistics 

Tool Source: 
Documentation: 
Interval: 
Data Somce: 
Type of Data: 
Metrics: 
Logging: 
Overhead: 

Sm1 Microsystems 
man pages 
on demand 
Kernel registers 
Global 
NFS, RPC 
St<mdard output device 
Varies, depending on NFS activity 

Unique Feature: 
Full Patlrname: 

Shows RPC calls, retransmissions, and timeouts. 
/usr/bin/nfsstat 

Pros and Cons: + reports both client and server activity 
- limited docmncntation 

Syntax 

nfsstat [ -cmnrsz I 

Examples 

To reset all n f s stat counters to zero: 
II nfsstat - z  

To display servcr/dient RPC and NFS statistics: 
U nfsstat ( this defaults to nfsstat - cnrs ) 

Server rpc :  
Connection orienLed: 

ca l l s h�dca l l s  nullrecv badlen 

0 0 0 0 

Connecr.. ionless orient.Pod: 
c a l l s  badcall� nullrecv badlen 

0 0 0 0 

H4262S C.00 

xdrc a l l  

0 

xdrca 1 l 
0 
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dupe hecks 
0 

dupe hecks 

0 

dupr�qs 
0 

dupreqs 
0 
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Server nts:  
calls badcalls 

0 0 
Version 2 :  ( 0  call s )  

null seta t t r  set1.attr 
0 . 0% 0 . 0 % 0 . 0 % 
wrcache write create 
0 . 0% 0 . 0\ 0 . 0% 
mkdir rrndir rec,ddir 
0 . 0 %  0 . 0\ 0 . 0% 
Version ] : ( 0  calls) 

null getattr seuaLcr 
0 . 0% 0 . 0% o .�% 
write create mk ir 
0 . 0 % 0 . 0% 0 . 0% 
rename l i nk re<jddir 
0 .0% 0 . 0% 0 . 0% 
commit 
0 . 0% 

Client rpc: 
Connect i on oriented: 
call s bad<.:a l l s  badxids 
20 0 0 
badver-fs timers cant conn 
0 17 0 

Connectionless oriented : 
calls bodcalls re�r·ans 
20 0 0 
badverfs t imers todb ig 
0 1 7  0 

Client nfs: 
call s  badcalls clqets 
20 0 lO 
Version 2 :  (20 ca 1 1  s )  
nul l get..at'.Lr setl cit t r  
0 . 0 % lU .  9 0 %  

0 r wrcache w r ll : c  C�  �LP. 
0 . 0% Cl.  0\ o .r mkdi r rrndir re ddir 
0 . 0% 0 . 0\ 1 .  5\ 
Version 3 :  ( 0  cal 1 s )  

nul l geL.<i tr. r set;a t. 1, r 

0 . 0 %  0 . 0% o r write create mk � r 
0 . 0 %  o . oi 0 .  () % 
rename l ink reddd.ir 
0 . 0 %  0 . 0\ o . 0 % 
commit. 
0 . 0 %  

http://education.hp.com 

root l ookup read link 
0 . 0% 0 . 0 %  0 . 0% 
remove rename link 
0 . 0% 0 . 0% 0 . 0% 
statfs 
0 .  0% 

lookup access readlink 
0 . 0% 0 . 0% 0 0 %  
syrnlink mknod removP. 
0 . 0% 0 . 0 % 0 0 %  
readdirt fsstat fsinfo 
0 . 0 %  0 . 0% 0 . 0 %  

timeouts newcreds 
0 0 
nomem i nLcrrupts 
0 0 

badxids timeouts waito 
0 0 0 
nomern cnnr.send bufulocka 
0 0 0 

cl Loomany 
0 

root lookup readl lnk 
0 . 0% 0 . 0 % 0 . 0 % 
remove rename 1 i n k  

0 . 0% 0 . 0 %  0 . 0% 
star.fs 
1 .  !..>% 

lookup ClCC<"!SS readl i nk 
0 . 0 % 0 . 0 % 0 .  0 '1;  
syml i nk mknod remove 
0 . 0 % 0 . 0% 0 . 0 % 
readdi r+ fsstat rs i nfo 
0 . 0% 0 . 0\ 0 . 0 %  
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rend 
0 . 0% 
symlink 
0 .0% 

read 

0 . 0 % 
rmd i r 
0 . 0 %  
pathcon f 
0 . 0% 

newer eds 
0 

read 
0 . 0% 
syml ink 

0 . 0 %  

read 
0 . 0 % 
rmdir· 
(). 0% 
pathconr 
0 . 0 %  

H4262S C.00 
© 2004 Hewlett-Packard Development Company, L.P. 



Module 2 
Performance Tools 

2-28. TEXT PAGE: ping 

Tite ping conunand sends an ICMP echo packet to a host, and times how ong it takes for tl1e 
echo packet to return. TI1is conunand is often used to test connectivity to another system. 
Specific details of tl1e implementation include: 

• An TCMP echo packet is sent once a second. 

• Upon receipt of the echo packet the round-trip time is displayed. 

• TI1e ability to display (via U1e - o  option) U1e 1P route taken. 

Tool Source: 

Documentation: 

Interval : 

Data Somce: 

Type of Dat;1: 

Metrics: 

Logging: 

Overhearl: 

Uniqne Feature: 

Public Domain 

man pages 

on denu.1nd 

NIC and ICMP packets 

Network 

Packet transmission 

St:rndard output device 

rniitimaJ; one packet transmission per second 

Shows rom1d-trip times between systems 
Shows route taken to �md from the second system. 

Full Pathname: /usr/ sbin/ping 

Pros and Cons: + familiarity 
+ understood by all UNIX-based (and TCP/IP-based) systems 
- limited fm1ctionality 

Syntax 

ping [ -oprv] [ - i.  address] [ - t  ttl]  host [ - n  countJ 

Examples 

Send two ICMP echo packets to host starl: 

# ping starl -n 2 
PING starl : 6 4  byte packets 
64 bytes from 1 5 6 . 1 5 3 . 1 9 3 . 1 :  icmp_seq= O .  time=l . ms 
64 bytes from 1 5 6 . 1 5 3 . 1 9 3 . l :  icmp_seq=l .  tirne=O . ms 

- - -starl PING Statistics - - - -
2 packets transmitted, 2 packets received, 0% packet loss 
round - trip (ms) min/avg/max = 0/0/1 
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Send one 1Cl\1P packet and display the IP path taken: 
# ping - o  1 5 6 . 1 52 . 1 6 . 1 0  - n  1 
PING 1 56 . 1 52 . 1 6 . 1 0 : 64 byte packets 
64 bytes from 1 5 6 . 1 5 2 . 1 6 . 1 0 :  icmp_seq=O . t i me= 3 3 7 .  ms 

- - - - 1 5 6 . 1 5 2 . 16 . 10 PING Statistics - - - -

Module 2 
Performance Tools 

1 packets tran�m i t ted , l packets received, 
round - t rip ( ms ) min/avg/max = 3 3 7 / 3 3 7 / 3 3 7  

0 %  packet loss 

l packets sent via : 
1 5 . 6 3 . 2 0 0 . 2 
1 5 . 6 8 . � 8 . 4 
1 5 6 . l SJ . 1 6 . l 
1 5 6 . 151 " 1 6 . 1 0 

1 5 . 6 8 . 8 8 . 4 3  
15 . 6 3 . 2 0 0 . 1 

http://education.hp.cdm 

- [ 
- [ 
- [ 
- [ 

name 
name 
name 
name 

lookup 
lookup 
lookup 
lookup 

failed 
failed 
failed 
failed 

- [ name lookup failed J 
- [ name lookup failed J 
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2-29. SLIDE: Network Performance Tools (HP-Spec�c) 

lanadmin 

lanscan 

nettune ( 1 0 . x )  

ndd ( 1 1 . x )  

NetMetrix 

Student Notes 

Resource 

Layer 2 Networking Statistics and 
NIC Reset 

LAN Hardware and Software Status 

Change Kernel Networking Parameters 

Change Kernel Networking Parameters 

Collects network performance data using 
RMON LAN probes 

-

-

Super User Access 
Required 

Yes 

No 

Yes 

Yes 

Yes 

l 

1l1is slide shows U\e HP-specific networking performance Lools included it.h HP-UX. 1l1e 
first Uu-ec tools listed (lanadmin, lanscan, <.md ndd/nettune) come stanci;utl with the 

bnse OS. 'Ole Netl\'1etrLx product is an additional product. 

1lle HP-specific networking tools displny additional networking informatibn and :.1llow tuning 
of various networking parameters. 
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2-30. TEXT PAGE: lanadmin 
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The lanadmin co1ruuand tests, displays statistics for. and allows modifications to LAN cards 

on the HP-UX system. Specific capabilities include: 

• Resetting the LAN card and executing the LAN card self-tests 

• Displaying ;md clearing LAN card statistics 

• Changing the Li\N card speed, the MTU size, and the link level address 

Tool Sonrce: 

Doc um en talion: 

Inte1val: 

Data Solll"ce: 

Type of Data: 

Metrics: 

Loggiug: 

Overhead: 

Unique Featlu-e: 

Full Pathname: 

Pros nnci Cons: 

FlP 

I cum pages 

on demand 

Kernel registers and Network Interface Card 

�etwork 

facket transmission status and errors 

St.cmdard output device 

minimal 

l\.llows LAN interface cru·d to be reset. 

/usr/sbin/lanadmin r provides extensive transmission statistics 
nllows for tm1ing of parameters nom1ally requiring source cod(' to 
ch:mge. 

� many stati5tics have little to no documentation 

Syntax 
/usr/sbin/lanadhlin [ - c l  1 - t l  

/ usr/sbi n / l ana dnin [ - a l  L - A  station addrl [ -ml [ M mr.u_sizel 1 - R J  
l - s ]  [ -S speed] NetMgmtID 

- e  Reho the input commands on the output devjc:e. 

-t Suppress the d.i.spluy of the command menu 

oeforc each commund prompt. 

Example 

lJ lanadm i n  

'T'est !:>election mo<i e . 

l .ln 
menu 
quit 
verbo:-;e 

"j LAN TrtLP.rface Administration 
Display this menu 

= Teuninat.c c:he Administrat ion 
Diop!ay command menu 

Enter command: � 
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LAN Interface Lest mode . LAN Interface Net �gmt ID - 4 

Clear statistics regtsters clear 
display 
er\d 
menu 

Di splay LAN InterEncC! status and stat ist ics reg isLers 
End LAN Interface AdministraLion, return t.o Tf:st Selection 
D i splay the menu 

ppa - PPA Number of the LAN Interface 
quit Terminate the Administration, return to shell 
nmid Net.work Management ID of the LAN Int .. e rface 
reset Reset LAN Interface to execute iLS self test 
spec i f i c  - Go to Driver spec i f i c  menu 

Enter comman d :  displ a y  

- 4 Network Management lD 

Description 
Type (value) 

lanO Hewlett - Packard LAN lnt erface Hw Rev O 
- cthernet -csmacd ( 6 ) 

MTU Size 

Speed 
Station Address 
Adm i n i  st.ration Status (value) 
Operation Sta tus (v1;1lue) 

Last Change 
Inbound Octec::s 
Inbound Unicast Packet.s 
Inbound Non-UniC<:lSl. Packets 
Inbound D i scards 
Inbound Errors 
Inbound Unknown Protocoli::. 
outbound Octets 
Out bound Unicast. P<ickcts 
Outbound Non Unicast Packets 

Outbound Discards 
OuLbound Errors 
Outbound Queue Length 
Speci [ i c  

Ethernet l i ke Stat is t i cs Group 

Index 
Alignment F.rroi:·s 

FCS Erron; 
single Collision F'rnmes 
Multiple Col lision Fnimes 
Defen·ed Transm i ss icma 

r.ar.c Collis ions 
Excessive Collision:� 
Inl.ern.�l MAC Transmit Errors 
Carrier Sense F.rrorG 
Framez Too Long 

1111:.e cn,11 MAC Receive C:rrors 

1500 
10000000 

- Ox800093 5c9hd 
up ( 1 )  
up ( 1 )  
14465 
3 6 0 6 1  05787 
?.767086 

- 88379016 
0 

- 4 6 4 3 9 6  
7114206 
4 5 8 3 9 1] 8 8  

- 204238'/ 
2874 

- 0 
0 
0 
655367 

- 4 
0 
0 
213!.>3 
4?.77'1 

- 281!:>89 
0 

- 0 

0 
0 
0 

- 0 
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2-31.  TEXT PAGE: lanscan 

Module 2 
Performance Tools 

The lanscan c:onuuand displays the LAN card configmation and status. Items displayed 

include: 

• Hardware addre&'i of LAN card slot 

• Link level address of card 

• Hardware status and interface status 

• Other status and on figuration infonnation 

Tool Source: 

Docmnen tat.ion: 

Interval: 

Data Source: 

Type of Data: 

Met1ics: 

Logging: 

Overhead: 

Unique Feature: 

Full PatJmmue: 

lIP 

in.an pages 

on demand 

Network Inte1face Card 

Network 

Intetface status, Link Level Address 

Stannard output device 

minimal 

Shows Link Level Address of system. 

/usr/sbin/lanscan 

Pros and Cons: + provides additional status information about network interface cards 
� no performance information 

Syntax 
Lrnscan t -ainv] l�yst..em lcoreJ ] 

-a U i sp ay stat ion addresses only. No headings. 

-i Di splay interface names onl y .  No headings. 

- n JJisp ]ay Net.work Management IDs only. No headings. 

-v Verb<!se out.put . Two lines per int.(H'fac:c�. includes displ<Jyin<,1 
of extended station addcess and supported enc;;ipsulat.ion mc1t:hods . 

Examples 

Output from a 10.x srst.em: 

II lans<.:<i ri 
H<J nlwal°� Station 
P;;ith Address J 
2/0/2 oxosooo9 2c2oc 

C1·d Hacd�;arc Net- lnterface 

Tn� State NameUnit.. St..at.e 
0 UP 1.rno UP 

Output from <.m 11.x �ystem: 
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NM 

TD 

4 

MAC 

Type 

ETHER 

HP DLPI Mjr 

Support Num 

Yes 52 
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II lanscan 
Hardw.lre Station Crd Hdw Net- Interface 
PQth Address In# State NamePPA 
2/0/2 Ox08000 978DDBO 0 UP l � n o  snapO 

H4262S C.00 2-52 
© 2004 Hewlett-Packard Development Company, L.P. 

NM MAC 
1D Type 
1 F.:THER 

HP- DLPI DLPI 
S\1pport Mi rlf 
Yes 119 
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2-32. TEXT PAGE: net tune (HP-UX 10.x Only) 

Module 2 
Performance Tools 

TI1e net tune conu11and allows modifications to be made to network parameters, which in 
previous releases were not modifiable. 'This commiand was not i11cludcd with a11y HP-UX 
11.x release. Parameters that can be modified with nettune include: 

• aq) configuration 
• socket buffer siz¥ 
• enable or disable lP forwarding 

CAUTION: Use caution when making modifications wiU1 U1e tool. It is possible to hurt 
network pe1forrnance severely or disable the LAN card when using this tool. 

Tool Somce: HP 

Docmnentation: nmn pages, net tune help options { - ? , -1, -h) 

Interval: on dern::md 

Dato. Source: Kernel registers and NIC 

Type of Data: Global 

Metrics: LAN tunable parameters 

Logging: Standard output device 

Overhead minimal 

Unique Feature: Change values of network parameters, which cnmwt othe1wise be 
changed 

Change TCP send ;md receive buffer sizes without need for source code 

Fl1ll Patlrname: /usr/contrib/bin/nettune 

Pros an<l Cons: +provides ability to modify networking behavior without needing source 
code 

Syntax 

+ provides nccess to ttmable parameters normally not available 

- can have a negative impact on performance if used the wrong wny r mininutl documentatiou 

net tune [ - w] pbj ect [parm . . . ] 
net tune - h  ( -w] [object] 
nettune - 1  ( - w] [ - b size] fob j e c t  [parm . . . ] ]  
net tune - s  [-w] object [parm . . .  ] value . .  . 

- h  ( h e l p )  Print all informat ion related to the obj e c t .  
Th i s  information provides helpful hints about 
changing the value of an obj ect . 

- 1 ( l i s t )  Print information regarding changing the value 
of object . 
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- s  (set)  Set object to value . An object may requi re more 
than one value . 

- w  Display warning messages ( for examp� e , ' value 
truncated ' ) .  These are normally di �carded 
when the command i s  successful . 

Examples 

To get help information on all defined objects: 

nettune -h 
arp_kil lcomplet e :  
The number o f  seconds that an arp entry can be i n  the 
completed state between references .  When a completed arp 
entry i s  unreferenced for this period of time, it i s  removed 
from the arp cache . 

To get help information on all TCP-related objects: 

nettune -h tcp 
tcp_receive: 
The default socket buffer size in bytes for inbound data. 
tcp_send : 
The default socket buffer size in bytes for outbound data. 

To set the value of the ip _forwarding object to 1: 

nettune - s  ip_forwarding l 

To get the value of the tcp _send object (socket send buffer size): 

nettune tcp_send 
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2-33. TEXT PAGE: ndd (HP-UX 11.x Only) 

TI1e ndd cotmnand allows the examination and modification of several tunable parameters 
that affect networking operation and behavior. It accepts arguments on the conunand line or 
may be nm interactively. The - h option displays all the supported and unsupported tunable 
parameter that ndd provides. 

CAUTION- ndd was ported to HP-UX and contains references to some parameters that 
have not been implemented on U1e l lP-UX O/S at this time. Reference U1e 
man page when in doubt. (Just because you ca.n display a symbol's value 
and set it doesn't necessarily menn that the IIP-UX kernel references the 
symbol! 

TI1e ndd utility conumnd accesses ke1nel parameters tJirongh the use of "pseudo device 
files". TI1t>.se pseudo device files are refetTed to as a network device on the ndd conunand 
line and selected from the following list: 

/dev/arp 
/dev/ip 
/dev/ rawip 
/dev/tcp 
/dev/udp 

Tool Source: 

Docmnentacion: 

Interval: 

Data Source: 

Type of Data: 

Metrics: 

Logging: 
Overhead 

Unique Feature: 

Full PaUmarne: 

Pros and Cons: 

Syntax 
ndd - ger_ 

For ARP cache-related values 
For IP routing and fo1warding panuneters 
Default IP time-to-live header value 
Tran.sport Connect Protocol ( co1Ulection based) parameters 
Oser Datagram Protocol (connectionless) parameters 

IIP 

man pages. ndd -h (for help options) 

on demand 

network device pseudo device files (reference above) 

Global 

,AN tunable pc.u-ameters 

St:mdard output device 

nunimal 

Change vah1es of network panuncters. which cannot otJ1ernrise be 
tho.nged 

/usr/bin/ndd 
+provides ability to modify networking behavior ·without needing sonrcf' 
:ode 

provides access to tunable parameters normally not available 

c�m have a negative impact on pe1fonT1ance if m;ed the wrong way 

minimal docmne.nta ti on 

parameter 
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ndd set network device 

ndd - h  sup [ported ) 

ndd - h  unsup[ported) 

ndd - h  [parameter) 

ndd c 

At boot: 

paramet.er 

TI1e file I etc/re . con fig.  d/nddconf contains tunable parameters th�t will be set 

automatically each time the system boots. 

Examples 

To list the content5 of the "arp cache": 

ndd -get /dev/arp arp_cache_report 

To get help information on all supported tunable parameters: 

ndd -h supported 

To get a detail description of the tunable parameter, ip _forwarding: 

ndd - h  ip_forwarding 

To get tlle cmTent value of the tlmable parameter, ip _forwarding: 

ndd - ge t /dev/ip ip_forwarding 

To set the value of LllC default TIL parameter for UDP to 128: 

ndd set /dev/udp udp_def_ttl 128 

To re-rend t11e confignrntion file, I etc/re . con fig. d/nddconf without rebooting the 

system: 

ndd - c  
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2-34. TEXT PAGE: NetMetrix (HP-UX 10.20 and 11.0 Only) 

The NetMetrix product makes use of LAN probes Lo collect network traffic inforn1ation. 

TI1e LAN probes attach to the physical network and collect detailed information regarding 
the packets lhat pass tJu·ough the probe. 

Tools available with NetMelrix include: 

• packet decoders 
• network alamtl.ng capabilities 
• reports including top packet generating systems 
• data collection for h·ending 

Tool Source: 

Documentation: 

Interval: 

Data Source: 

Type of Data: 

Mettics: 

Logging: 

Overhead: 

Unique Feature: 

Pros and Cons: 

NetMet1·ix Notes 

HP 

man pages, NRF (Network Response Facility) manual 

on demand 

LAN probes 

LAN traffic 

number of packets through cross-section of network 

NetMetlix binary file 

Vaiies, depending on the number of LAN probes 

Provides statistics regarding traffic on tl1e entire network 

-r Statistics regarding total packet traffic 
- Additional cost 
� Requires LAN probes 

• Net.MetrLx makes use of highly sophisticated devices (LAN probes) capable of collecting 
large amotmts of detailed network infonnation. 

• NetMetrix is a truly distributed network management product that makes use of "mid­
level managers" for data storage m1d alarming. 

• There are a munber of modules available wiU1 NetMet1ix. 

• NetMetrLx's Inte111et Response Manager (IRM) and Internet Response Agent (IRA) fully 
integrate with UP Open View products to pro"ide a complete system and network 
management solution. 
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2-35. SLIDE: Performance Administrative Tools (Standard UNIX) 

ipcs 

ipcrm 

nice 

renice 

Student Notes 

Resource 

List Semaphores, Message Queues, and 
Shared Memory Segments 

Destroy Semaphores, Message Queues, and 
Shared Memory Segments 

Setting Process Priorities 

Modifying Process Priorities 

Super User Access 
Required 

No 

Yes 

Yes 

Yes 

Titis slide shows Ute standard UNL'{ adm i /1 istmtivc perfonnance tools included wiU1 HP-UX. 
111ese tools are used to ttme or modify system resources to better improve the performance 
of a system. These tools are typically used to change or tu 110 a system's component, as 
opposed to viewing or displaying characte1istics about the component. 

Only the root user is allowed to use these conu11ands1 as making these modifications affects 
lhc pc1fonrnmce for all users on the system. 

NOTE: 111e ipcs program is really a perfom1ance-monito1ing conuuand: however, 
because it is usually nm in conjtmction with ipcrm, i t  is covered here to 
emphasize the relationship between the two conunands. 

H4262S C.00 2-58 http://education.hp.com 
@ 2004 Hewlett-Packard Development Company, L.P. 



2-36. TEXT P 

Module 2 
Performance Tools 

Tite ipcs conunand 
· plays information about active interprocess communication 

facilities. Witl\ no op ·ons, ipcs displays infommtion in short format about message queues, 
shared memory segrn .nts, and semaphore sets that are cmrently active in the system. 

Tite ipcrm conunan removes one or more specified message-queue, semaphore-set. or 
shared-memory ident · ers . 

Tool Source: 
Documentation: 

Interval: 
Data Source: 
Type of Data: 
Metrics: 
Logging: 

Overhead: 
Unique Feature: 

Full Patlmame: 
Pros and Cons: 

. tandard UNIX (System V) 
ian pages 
n den1and 
emel registers 

Jobal, limited process 

. emaphore sets, message queues, shared memory 
tandard output device 
aries, depending on the IPC resotu-ce in nse 
'hows the size, owner, and last user of message queues and shared 
temory segments. 

usr/bin/ipcs and /usr/bin/ipcrm 

shows orphm1 IPC entries 
shows size of message queues and shared memory segrnents 
process infom1ation limited to owner and last user 

Syntax l 
ipcrm [ - m  shmi ) [ -q msqid] [ - s semid] 

ipcs 
-m 
- q  
- s  

-b 
- c  
- o  

p 
t 

[ -mqs I [ -
Display 
Display 
Display 

Display 
Display 
Display 
Display 
Display 

bcopt ) [ - C  coref i l e ]  [ -N name 1ist1  
nformation about active shared memory segments . 
nformat:ion about active message queue s .  
nformation about active semaphore 

argest-allowabl e - size information 
reator ' s  login name and group name 
nformation on outstanding usage 
rocess number information f ime information 

sets . 
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Examples 

# ipcs - s  

IPC status from /dev/kmem as of Fri Oct 17 12 : 56 : 36 997 

T I D  KEY MODE OWNER GROUP 

Semaphore s :  

s 0 Ox2f 1 8 0 0 0 2  - - ra -ra - ra- root sys 

s 3 Ox41 2 0 0 0a 9  - - ra - ra- ra - root root 

s 4 Ox00446f6e - - ra - r- - r - - root root 
s 6 Ox0 l 0 9 0 5 2 2  - - ra - r- - r- - root root 
s 7 Ox0l3d8 4 8 3  - - ra- r - - r - - root root 
s 2 0 0  Ox4c l c 2 f 7 9  - - ra- r - - r - - daemon daemon 

# ipcrm - s  7 

# ipcs - s  

IPC status from /dev/kmem as of Fri Oct 17 1 2 : 5 7 : 4 2  9 9 7  
T I D  KEY MODE OWNER GROUP 

Semaphore s : 

s 0 Ox2 f l 8 00 0 2  - - ra- ra - ra - root sys 

s 3 Ox4l2000a9 - -ra- ra -ra - root root 

s 4 Ox0 0 4 4 6f 6 e - -ra-r- - r - - root root 
s 6 Ox01090522 - -ra-r- -r - - root root 

s 2 0 0  Ox4,c lc2 f 7 9  - - ra- r - -r- - daemon da.emqn 
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2-37. TEXT PJGE: nice, renice 

The nice conunand xecutes a conunand at a nondcfault CPU scheduling prio1ity. (The 

name is derived from being "nice" to other system users by numing large programs at a 
weaker priority.) 

'Ole renice conunm d alters the nice value of a existing process. 

Tool Source: 

Doc um en tation: 

Interval: 

Data Source: 

Type of Data: 

Metrics: 

Logging: 

Overhead: 

Unique Feature: 

Full Patlmarne: 

Pros and Cons: 

Syntax 

'tandard UNIX (System V) 
nan pages 

m dernand 

1rocess table 

rocesses 

riority 

·tandard output device 

ninimal 

usr/bin/nice and /usr/bin/renice 

allows less important processes to nm in the background 
allows more impo1tant processes to rw1 in the foreground 

not an intuitive interface or syntax 

nice [-n newof set_from_default_20] command [ command_args] 

renice f -n new f f  set f rom_ current_ value) [ - g  1 -P j -u] i d  . . .  

An unsigned newoff et increases the system nice value for the conunand or process, 

causing it to nm at a veaker priority. A negative value requires superuser privileges, and 

assigns a lower syste n nice value (strongerer priority) to U1e process. 

Examples 

II pc - 1 
F s 
l ,. ., 
J R 

nice sh 

fJS -1 
F s 
1 ,. ,;, 
l s 
1 R 

II exit 

UID PID PPID C PR! Nl ADDR SZ 
0 6 0 4 4  6042 l 1 5 8  20 f f 6 6 8 0  8 5  

0 8 2 8 6  6044 6 179 20 1 0 0 3d80 22 

UID P I O  PPID c PRI NI ADDR sz 
0 6044 6 0 4 2  1 1  1 5 8  2 0  f f 66 8 0  8 5  
0 8290 8287 0 1S8 30 ffl680 85 
0 8 2 9 3  8 2 9 0  4 199 3 0  [eae80 2 2  

WCHAN TTY 
87cec0 ttyp2 

- r.typ2 

WCHAN TTY 

87cec0 i:typ2 

lOOd3cO r.r.yp2 
- ttyp2 

TIME COMO 

o , o o sh 
0 : 0 0  ps 

TTME COMD 

0 : 0 0  sh 
0 : 0 0  sh 
0 : 0 0 ps 
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II ntce - 1 0  sh 

ll PG - 1  
F S UID PLO PPID c PRI NI ADDR sz WC HAN TIME COMO 

1 s 0 6044 6042 0 1 5 8  2 0  ff6680 8 5  87cec0 t t.  0 : 00 Gh 
] R 0 8297 8294 7 l99 3 0  (f1280 22 tt 0 : 00 ps 
l s 0 8294 6044 1 0  1 !> 8  3 0  fea380 1 2 1  87eOc0 tt 0 : 0 0 sh 

II n i ce -!> ps l 

F' s UID PID PPID c PRI NI ADDR sz WCHAN TIMF. COMO 

l s 0 6044 6042 () 1 !> 8  20 f f  6 6 8 0  8 5  8 7cec0 t t  0 : 00 sh 
1 R 0 8304 8294 10 21 () 3 5  1003e80 22 t t  0 : 00 ps 

s 0 8294 6044 1 0  158 3 0  fea380 l 2 1  87eOcO 0 : 00 sh 

II n i c e  - n  3 0  sh 

II ps -1 
F S UTD PID PPlO c PRI N I  ADDR sz WCHAN TT TIME COMO 

s 0 6044 6042 0 1 5 8  2 0  f f  6680 8 !:>  87cec0 tr:. 0 : 0 0  sh 
l (' ., 0 8305 82 94 1 9  1 5 8  3 9  fb3300 1 2 1  87d6c0 L.t 0 : 0 0 sh 
1 s () 8294 6044 6 1 58 3 0  fea380 1 2 1  87eOc0 t t  2 0 : 00 sh 
I R 0 8308 8305 4 22 0 3 9  feaeso 22 - Lt 2 0 : 00 ps 

# exit 

II nice -11 10 sh 

II ps - 1 
F s UID PID PPID c PRI NI ADDR s z  WCHl\N TT TIME COMO 

s 0 604 4 6042 0 158 20 ft6680 8 5  87cec0 0 : 00 sh 
l s 0 83 06 8294 1 1 5 8  3 0  [ 8 6 2 0 0  1 21 87dc40 0 : 0 0 sh 
l C' •O> 0 8309 8:306 7 1 5 8  0 fea380 1 2 1  87e0c0 0 : 00 sh 
1 R 0 8312 8309 6 1 3 9  0 1 0 0 3 9 8 0  22 0 : 00 ps 
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2-38. SLIDE: erformance Administrative Tools (HP-Specific) 

getprivgrp 

setprivgrp 

rtprio 

rtsched 

scsictl 

serialize 

fsadm 

get ext 

setext j 
::::s/vxtunef 

PRM/WLM 

WebQoS 

Resource 

List system privileged groups 

Allocate special system privileges 

Set real time process priority (HP) 

Set POSIX real time process priority 

Set parameter:s. on S_CSI devices 
Mark a program to run serially 

Online JFS management tool 

Display JFS extent attributes 

Sets/changes JFS extent attributes 

Create a file system 

Change a file system's attributes 

Process Resource Mgr/Work Load Mgr 

Web Quality of Service r.k>' 

Super User Access 
Required 

No 

Yes 

Privileged Access 

Privileged Access 

Yes _,. 

Privileged Access 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Student Notes I This slide shows tJ1e IP-specific administrative performance tools available on HP-UX 
systems. Many of t11 e1 tools shown on the slide come stmtdard with the base OS. 'me only 
tools that are add-on products are PRM. WLM, WebQoS, mtd Advanced JFS (getext, 
setext. and fsadmj. 
1liesc HP-specific to ls were developed to allow modifications and perfonnanc<.' 
enlwncements to the fmtctionality unique to the HP-UX operating system. 
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2-39. TEXT PAGE: getprivgrp, setprivgrp 

TI"le ge tpr i vgrp conuuand lists the access privileges of privileged group 

111e setpri vgrp conunand sets the access privileges of privileged group . If a 

group_ name is supplied, access privileges are listed for that group only. The snperuser is a 

member of all groups. 

Access privileges include RTPRIO, RTSCHED, MLOCK, CHOWN, LOCKRDONL ' SETRUGID, 

MPCTL. SPUCTL, and SERIALIZE. 

Tool Somce: 

Docmncntation: 
Interval: 
Da t.a Source: 

Type of Data: 
Metrics: 

Logging: 

Overhead: 

HP 

man pages 

on demand 

/etc/group and kemel data structures 
nsers and groups 

p1ivilege access 

Standard output device 

nlinimal 

Unique Featme: 

Full Pa th name 

Gives non-root nsers access to p1ivileges nonnally re ui:ring root. access. 

/usr/bin/getprivgrp and /usr/sbin/setpri grp 

Pros :md Cons: + ability to <tssign additional piivileges to groups 
- requires additional system management. 
- cannot give p1ivilege to a single user; must assign p ivileges to groups 

Syntax 
getprivgrp [ g l group_name] 

setprlvgrp [ - g l groupname) [privileges) 

-g Specify global privileges that apply to al groups . 

Examples 

# getprivgrp 
global privileges : CHOWN 

� seLprivgrp class CHOWN SERIALIZE RTPRIO 

# getprivgrp 
global privileges : CHOWN 

c lass : RTPRIO CHOWN SERIAL I Z E  
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• Group. privileges hich can be modified are: 

RTPRIO 

RTSCHED 

MLOCK 

CHOWN 

LOCKRDONLY 

SETRUGID 

SERIALIZE 

MPCTL 

SPUCTL 

Can use rtprio ( )  call to set real-time priorities. 

Can use sched_setparam ( )  call and sched_setscheduler ( )  

call to set POSIX.4 real-time priorities. 

Can use plock ( )  to lock process text and data into memory, and the 

shmctl ( )  SHM_LOCK function to lock shared memory segments 

Can use chown ( ) to change file ownership. 

Can use lockf ( )  t,o set locks on files that are open for reading only. 

Can use setuid ( ) and setgid ( )  to chru1ge, respectively, the real 

user ID and real group ID of a process. 

Can use serialize ( )  to force Ute target process to run serially with 

other processes that are also marked by this system call. 

Can use mpctl ( ) to lock a proce.ss or a thread to a specific processor 

on SMP systerns. If processor sets are available, can be used to lock a 

process or a tlu·ead to a specific processor set. 

Can use spuctl ( )  to enable and disable specific processors on SMP 

systems. (V-class� T-class, N-dass, L-class, and Superdome only) 
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2-40. TEXT PAGE: rtprio 

Tiw rtprio conmtand executes a specified conuno.nd with o. real-time pri 
the real-time p1;01ity of a cmTently executing process with a specific PID. 
priorities nmge from zero (strongest) to 127 (weakest). 

rity, or changes 
ea Hime 

Real-time processes are not subject to prio1;ty degradation and are consid red of greater 
importance than all non-real-time processes. 

CA.UTTON: Special care should be taken when using this corruuand. It · · possible to lock 
out other processes (including system processes) when us· g Ulis command. 

Tool Source: HP 

Documentation: 

Interval: 

Data Source: 

Type of Data: 

l\rf etrics: 

Logging: 

Overhead: 

Unique Feature: 

Full Patlmame: 

man pages 

on demc.md 

process table 

process 

process p1ioriLy 

none 

varies, depending on the activity of the process 

assign real ti.me p1io1ity to a process 

/usr/bin/rtprio 
Pros and Cons: + Can significantly improve the performance of a pro ram 

- Can severely impact the perfonn:mce of the systcn (if used 
incon-ectiy) 

Syntax 
rt.prio pr L ority c:ommand [ argumen l.s] 
rtprio priority -pid 

rtprio - t  command [argumenls] 
rtprio -t -pid 

-l. cxccuLe command with c'.l t:imesh.::trc {non real-time) prior i t y ,  or 
change the currently executing process pid from poss i b l y  
r�al time priority co a Limeshare prior i l y .  

Examples 

Exeeutt> file a . out at a real-ti.me pdority of 100: 

rtprio 100 a . oul 

Set the currently nuuting process PIO 242 17 to a real-time priority of .JO: 

rtprio 4 0  2 4 2 1 7  
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2-41. TEXT P GE: rtsched 

Module 2 
Performance Tools 

Tite rtsched execn1 s conunands witlt POSIX or HP-UX real-time p1iority, or changes the 
real-time priority of c trrently execnting process PID. 

All POSIX real-time p iotity processes are of greater scheduling import.a11ce than processes 
v1rith HP-UX real-tim or HP-UX timeshm·e prio1ity. Neither POSIX nor HP-UX real-time 
processes are subjec� to degradation. POSIX real-time processes can he scheduled with one 
of three different PO�IX scheduling policies specified: SCHED _FIFO, SCHED _RR, or 
SCHED RR2. The nuf 1ber of POSIX real-time p1iority quent>.s is tunable between Ule values 
of 32 �md 512, and sh w np as a negative number between -1 and-512 when viewed with the 
ps -ef or ps -el conunancl5. 

CAUTION: Speci< care should be taken when using this conunand. It is possible to lock 
out o er processes (including system processes) when using this command. 

Tool Somce: P 
Doct1mentat.i01t: 
Interval: 

Data Somce: 

Type of Data: 

Metiics: 

Logging: 
Overhead: 

Unique Feature: 
Full Pathname: 

nan pages (also see rtsched (2 }  ) 

m demand 
ro<'ess table 

>rocess 
rocess priority 

1one 

•aries, depending on tile activity of tJ1e process 
ssign real time p1iority to a process 
usr/bin/rtsched 

Pros an<l Cons: 1- C�m significantly improve the performance of a program 
Cau severely impact the performance of tht> system (if nsecl 

ncorrectly) 

Syntax 
rtschcd - !; s< 1eduler p priority command [arguments] 

rtsched I -s scheduler J -p J2.Eiorj_ t.y - p  pi d 

- s  Speci t .i. e. which sche9_u J er to use , SCHED FIFO ( POSIX n�a l - L i.me) , 

.SCHED_RR ( l?OSIX rea l - t ime ) , SCHRD RR:.'. ( POSIX rea l - L i me ) , 
SCHED RTHIU O (HP-UX rea l - t i me ) , or SCHF.D_HPUX (HP-UX t i meshare} 
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Examples 

Execute file a.out at a POSIX real-time priority of 4 :  

rtsched - s SCHED_FIFO -p 4 a . out 

Set the currently running process pid 24217 to a real-titne priority of 20: 

rtsched - s SCHED RR -p 2 0  
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2-42. TEXT P 

Module 2 
Performance Tools 

TI1e scsictl conun md provides a mechanism for controlling a SCSI device. It can be used 
to query mode pan ters, set configmable mode parameters, and perform SCSI conunands. 
TI1e operations are p lfonned in the same order as they appear on the conunand line. 

Tool Source: 

Docnme1ltation: 

h1terval: 

Data Somce: 

'I'ype of Data: 

Metrics: 

Logging: 

Overhead: 

Unique Feature: 

Full Patlmarne: 

Pros and Cons 

Syntax 

p 

nan pages 

m demand 

'CSI disks 

·sks 
mnediate reporting, 1/0 queue 

t::mdard output device f linimal 

rovides control over the behavior of an individual SCSI disk 

usr/sbin/scsictl r can improve perfornu.mce by modifying the drive behavior 
not all SCSI devices support tlle command 
could misconfigme a disk, causing data to be lost in the event of a 
ystem crnsh 

scsict 1 1 - akq] r - command] . . . r -m mode r =value 1 1  . . . device 

-a Displa t.he st.at.us of all mode parameters availabl e .  

- m  mode DLspl a th!?. star.us of the speci F L e d  mode paramet..er·. 

F'or devices t..hat. support immediate reporting, 
this displays r.he lmmf?.d "iaL.e repo r t i n g  st.Gttus. 

q eue_depl.h 

- 111 mode=value 

http://education.hp.c m 

For devices that suppoa_ a q11eue depth 
grea t..e i:" 1.bnn the system defau l t. ,  this mode 
controls how many I/Os the driver wi. l J 

attempt-. t.(l queue t.o 1:he device at any one 
t ime. 

Set the mode parametm: mode Lo v<i l ue .  The available 
mode par·nmeLers and values are listed above. 
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Examples 

To ctisplay a list of all of the mode parameters, tm11 immediate_ report n, and redisplay 
the value of immediate report. 

scsictl -a -m ir=l -m i r  /dev/rdsk/cOt6dO 

will produce the following output: 

immediate_report = O ;  queue_depth = 8 ;  immediat e_rep t 1 
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2-43. TEXT P GE: serialize 

Module 2 
Performance Tools 

The serialize con1mand is used to force the target process to nm serially vvith other 
processes also markekl by this conunand. Once a process has been marked by serialize, 
the process stays m4ked tmtil process completion, tmless serialize is reissued. 

Tool Source: f P 

Documentation: 1ru1 pages 

Inte1val: 

Data Source: 

Type of Data: 

Metrics: 

Logging: 

Overhead: 

n demand 

rocess table 

rocess 

riority 

tandard output device 
(ninimal 

Unique Feature: 

Full Patlmmne: 

�ecreases CPU and memo1y contention problems using standard tmctionality. 
!usr/bin/serialize 

Pros and Cons: allows system to b

. 

ehave more efficiently

. 

when CPU mlCl memory 
esources are sc::u-ce. 

minimal documentation 
. only helps when CPU and memory resources m·e scarce 

Syntax I seriali:ze connnan� [ command_args J 

serialize [ t ]  [ p pid1 

- t  Indicates t.he process speci f ied by pid should be returned to 
timeshare schedul ing. 

Examples 

Use serialize to f rce a database application to nm selially with other processes marked 
for se1falization. Typ 

serialize data ase app 

Force a currently nm ing process with a PID valne of 215 to nm serially with ot11er processes 
marked for serializati n. Type: 

serialize - p  2 5 

Return n process pre,ltcmsly marked for se1ialization to normal timeshare scheduling. The 
PID of the target proctss for this example is 174. Type: serialize - t -p 174 
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2-44. TEXT PAGE: fsadm 

1l1e fsadzn conunand is designed to pe1iorrn selected administration task; on HFS (10.20 or 
Inter) and JFS file systerns. These tasks may differ between file system typrs. 

For HFS file systems, fsadzn allows conversions between large and nolarge files. 

For VxFS file systems, fsadm allows file system resizing, extent (and dir ctory) 
reorganization, and large/nolarge file conversions. 

Tool Sonrce: 

Documentation: 
Inte1val: 

Data Sotu·ce: 

Type of Data: 

Metrics: 

Logging: 

Overhead: 

Unique Features: 

Full Patlmame: 

Pros and Cons: 

Syntax 
/us 1 / sbin/fs<1dm 

/usr/sbin/I Gadm 

Veritas and HP 

man pages 
on demand 

File System superblock and header structures 

me system header and data 

fragmentation 

standard output device 

Medium to large (up to 33%), depending on number of user c.md amount 
of activity 

Can defragment a file system, improving pelformanct. (JFS) 
Can increase the siic of a file system while it's motmfed . (JFS) 

/usr/sbin/fsadm J + provides greater manageability of file systems 
- rmmy feat.mes (including defragmcntation) are onl available for .WS 
- requires purchasing the Advance_,1FS or OnlineJFS roduct. 

f. F "'I ,P.f •I I · vJ I -o '"''" n., (no 1' <9• fil 0>] =vn< _pof '" ( •p<>v ; "  

1 - F  vxfs) (-VJ [-b new:;i;.:e] f r (awdevf mount_point 

/usr/:;bin/ fsadm ( - 1"  vxfsJ [-VJ I df [-DJ I ·s ) [-v) I a daysJ 1 - t  t.imel 
J p posses) I r tawdevf mount_point 

Exam1>les 
HFS Example 

Convert a nolargefiles HFS file system to a largefiles HFS file sy$tem: 

fsadm - F  hfs - o  largef iles /dev/vg02/lvoll 

Display relevant HFS file system statfatics: 

fsadm - F hfs /dev/vg02 /lvoll 
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Increase the size of tl1 var file system to 100 MB while it is mounted and onli.ne: 

lvextend - L  1 0  
fsadm - F vxfs -

/dev/vg00/lvol7 
102400 /var 

Display fragrnentatio statistics for the /home file system: 

fsadm - D  - E  / h  e 
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2-45. TEXT PAGE: getext, setext 

The getext conunand displays extent attribute infonnation of associatec files on a JFS file 

system. 

TI1e set ext conunand allows attributes related to JFS file systems m1d fi es within lhe JFS 

file system to be modified and tuned. 

Tool Somce: 

Document.ation: 

Interval: 

Dat.<1 Sotu-c:e: 

Type of Data: 

Metrics: 

Logging: 

Overhead: 

Unique Feature: 

Full Pathname: 

Ve1itas 

num pages 

on demand 

JFS file system 

File system metadat.a strnctures 

File system space allocation 

standard output device 

minimal 

Allows attributes of JFS files to be set 

/usr/sbin/getext mul /usr/sbin/setext 

Pros m1d Cons: + can improve file system petformance by modifying file attr.ibules 
- require pmchase of the Advanced.JFS or Online.IFS product 

Syntax 

/us r/sbin/getext [ VJ [ f ]  [ s ]  file . . .  

/usr /sbin/setext [ - VJ [ - e  extent.
_ 

size] / - r  r-eservat ion] [ - ·· flag] [ ile 

Example 

Display file attributes for the file, filel: 

getext f il e l  

f i le l :  Bsize 1 0 24 Reserve 3 6  Extent Size 3 noextend 

The above output iudi<.:ates a file with 36 blocks of reservation, a fixed ext nt size of ;5 blocks, 
all extents aligned to 3-block boundaries, and the file cannot be extended ·nee the c:mTeat 
reserv:l.tion i� exhausted. 
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Module 2 
Performance Tools 

The newfs conu11and is a "friendly'' front-end to U1e mkfs conunand. 111e newfs command 
calculates the approp ·ate parameters and then builds the file system by invoking the mkfs 
conunand. 

The tunefs conunar 
and allows some of U 

Tool Som·cc: 

Documentation: 

displays detailed configuration information for an HFS file system 

file system parameters to be modified. 

SD 4.x, modified by HP, Ve1itas 

Interval: 1 ot applicable, on demand 

Data Smu·ce: 

Type of Data: 

Metrics: 

Logging: 

Overhead: 

Unique Fcatme: 

Fnll Pathname: 

Pros mul; Cons: 

Syn lax 

e system header and snperblock 

e system metadata strnctm·es 

lock size, Fragment size, Miilimm1 space 

lows file system parameters to be displayed and set. 

usr/sbin/newfs,  /usr/sbin/tunef s ,  
usr/sbin/vxtunefs 

File system pm·ametcrs can be viewed m1d ltmcd for optimal 
erformance 

To tm1e many parameters, a re-initialization of the file system is 
equi.red 

/usr/sbin/newf [ - F  FStype] [-o speci fic_options ] [ -V] special 

/usr/sbin/tune s [ A] [ - v] ( - a  maxcontig) 
( -e maxbpgJ [ -m minfree) 

/usr/sbin/vxtu efs 

Noles 

( -d rotdelay) 
special-device 

The initial file syste1 parameters are set when the file system is first created wiUl newfs . A 
small set of these par tmetE>rs c:m1 be changed after U1e file system is created with tunefs.  
vxtune fs c.:h;mgcs h e  at.tributes of the JFS file system when the file system is 111011nted. 

NOTE: Tite t nefs conunand works only for HFS file systems. TI1e JFS file systems 
use ot 1cr conun;mds (getext, setext, vxtune fs). 
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Examples 

Create a file system on vgOl called 1 voll. 
newfs -F hfs -b 1 6 3 8 4  -f 2048 /dev/vgOl/rlvoll 

mkfr; ( h [s ) :  vlarning - 2 :>ector(sJ in the last cylinder are not. alloc<�ted. 
mkfs (hfs ) : /dev/vgOl/rlvoll - 20480 sectors in 1 3 3  cylinders of 7 tracks 22 sectors 
2 1 . 0Mb in 9 cyl groups ( 1 6  c/g, 2 . 52Mb/g, 384 i/g) 
Super block backups (for fsck -b) at : 

1 6 '  2 5 1 2 '  5 0 0 8 ,  7501, 10000' 12496' 149'9'2' 174$8, 19728 

View the file system's configuration parameters: 
tunef s - v /dev/vg01/rlvol91 

super block last mounted on: 
magic 9 5 0 1 4  clean FS CLEll..N 
sblkno 8 cblkno 16 

sbsize 2 0 4 8  cgsize 2 0 1 8  

neg 9 si ze 1 0 2 4 0  

bslze 1 6 3 8 4  bshift 14 

f$lze 2 0 4 8  fshift 11 
i rag 8 fragshift 

minfree 1 0 %  maxbpg 3 8  

maxcontig 1 rotdelay Oms 

tsadc,ir 4 8  cssize 28672 
ntra.k 7 nsecL 2 2  

cpg 1 6 bpg 1 � 4  
n i ndi l'." 4 0 9 6  lnopb 128 
nbfree 1230 ndir 2 
cgrotor 0 £mod 0 

fnarne fpack. 

cyl inders ln last group � 
block!.S in las t group 4 8  

For VxFS file systems use: 

iblkno 

cgoff set 

blocks 

bmask 

fmask 

3 

rps 
csshif L 
spc 
fpg 
nspf 
nifree 
ronly 

# fsdb -F vxfs /dev/vg/NN/rlvolN 
> 8 1 92 I3 
> p s 

time Fri Nov 

24 dblkno 

16 cgmask 
9 8 5 8 

OxffffcOOO 

Oxf f f f f  8 0 0  

fsbtodb 1 

6 0  
1 0  csmask 

1 � 4  ncyl 
1232 ipg 
2 
3 1 5 2  nf free 
0 

2 07 : 02 : 5 8 

4 
0 fffffff8 

0 f f f f f c O O  

1 3 

3 4 

9 

l ')97 

H42625 C.00 2-76 htt ://education.hp.com 
© 2004 Hewlett-Packard Development Company, LP. 



2-47. TEXT P 

Module 2 
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E: Process Resource Manager (PRM) 

ager (PRM) allows the administrator to guarantee that important 
processes vvill receiv U1e amom1t of memory, disk, and CPU time required to meet your 
perfonnance objectiv s. 

PRM works in conjtm tion with the sta11dard HP-UX scheduler to improve response times for 
critical applications. 

PRM provides state-o -the-art resource allocation that has long been missing in the UNIX 
environment. 

Tool Source: 

Documen tntion: 

Interval: 

Data Source: 

Type of Duta: 

Metrics: 

Logging: 

Overhead: 

Unique Features: 

Full Pathnume: 

Pros m1d Cons: 

n demand 

ernel registers anrl coLU1ters 

rocess groups us defined by the PRM configuration file. 

'PU time, memory, and disk [/0 bandv.ridth allocated to groups of 
rocesses 

tandard output, glance, gpm, perfview/OVPM, 
easureware/OVPA 

RM only applies to time-shared proce_c;ses. Real-time processes are not 
ffected. 

ows the system urlmi.nistrator Lo control which groups of processes 
eceive a certain percentage of U1e CPU's time, memory paging, �utd/or 
lisk 1/0 request J)reference. 

PU (per PRM group) entitlement and capping 

ISK (per PRM group per VG) entitlement. 

fomory (per PRM group) entitlement, capping and selection metlwd 

\pplication (per PRM group) 

sr/sbin/prmconfig 

Greater control of rcsolu-ce distributions 
Optional product. Does nol come standard v.rith the OS. lf you are 

·mm.ing 1 l i  in the Entcrp1ise or Mission Critical Operating 
nvironments, PRM Ls included. 

See the course U5447S - "HP-UX Resource Manage1nent with PRM 
& WLM" for a more complete discussion of PRM. 
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2-48. TEXT PAGE: Work Load Manager (WLM) 

The Work Load Manager sits on top of PRM and times it as necessary to .. et the desired 
performance goal5. The goals �1.re defined in a configmation file in the fo1 of Service Level 
Objectives (SLOs). 1l1e administrator defines these goals in the file and tl . n lets WLM 
"tweek" PRM until either the goals are reached or they are attained as do. ly as possible. 

Tool Source: 

Documentation: 

Interval: 

Data Sotu-ce: 

Type of Data: 

Met.tics: 

Logging: 

Overhead: 

Unique Features: 

Full Pathname: 

Pros and Cons: 

HP 

WLM man pages (wlmd) 

on demand 

kernel registers and counters 

process groups as defined by the WLM configm·ation He 

As defined in tl1e WLM configmation file 

Data can be sent to an EMS (Event Monitoring Syste l) 
Data collection of defined met1ics ;md adjusting of P M configmation 

allows tlte system administrntor to define what Servi e Level Objectives 
are desired on the system and lets WLM to "tune" the system (via PRM) 
to obtain pelfonnance as close to those objectives as possible. 

CPU (per WLM group) entitlement 

DISK (per WLM group per VG) entitlement 

Memory (per WLM group) entitlement 

Application (per WLM group) 

/opt/wlm/bin/wlmd 

+ Greater control of CPU distribution 
- Optional product. Does not come standard with the OS. 

See the com·se U544 7S - "HP-UX Resource Manage 
& WLM" for a 1nore complete discussion of WLM. 

nt with PRM 
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2-49. TEXT P GE: Web Quality of Service - WebQoS 

WebQoS manager is exmnple of the growing munber of system pe1fonnan ce 
ma:nagemcnt/enhanc nent products focused on specific se1ver applications and 
environments. 

Tile modem paradign 
performance metrics 
received by a Web se 
administrator to mak 
• admission control 
• tt<.>er differentiation 

for application server management requires looking past simple 
d forces ns to start tl1ink a little out of the box. Do all requests 

er warrant the same level of service? WebQoS allows the 
decisions on the service level, based on several clifferent criteria: 

• activity di.fferentiat on 
• application differe1 tiation. 

A dic:;cussion of the s eci.fics of this product is beyond the scope of this class. 

Tool Source: 

Typical metrics: 

Purpose: 
Pros and Ccms: 

mnbcr of concurrent users and response times. 

laxi.nuze successful customer interactions anrl peak throughput. 

Greater control of Web se1ver resources tuned to specific client 
equests. 
Optional product. Does not come standurd with the OS. 
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2-50. SLIDE: System Configuration and Utilization nformation 

(Standard UNIX) 

Resource Porta bi I 

bdf Local and remote mounted file system space Some 

df Mounted file system space Yes 

mount Local and remote file system mounts Yes 

Student Notes 

Titis slide shows the standard UNIX tools for displa.yi11g system configur tion :md utilization 
information on an HP-UX system. System configm·ation and utilization to Is are Uiose which 
display configmations of LYM disks, file systems, mtd kernel resources. 
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Module 2 
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'Ole bdf conunand di. plays the amount of free disk space available. If no file system is 
specified, the free sp e on all of the nomially motmted file systems is printed. Free in ode 
information can be cti played by using U1e -i option. 

TI1e df conunand dis1 lays tJ1e munber of free 512-byte blocks and free inodes available for 
file systems by exami ing tl1e cmmts kept in the superblock or snperblocks. mocks can be 
displayed in lKB size by using the -k option. 

Tool Smu-ce: 

Docmnentation: 

lnte1val: 

Data Source: 

Type of Data: 

Met1ics: 

Logging: 

Overhead: 

Unique Feat1tre: 

Full Patlmame: 

Pros and Cons: 

Syntax 
/usr/bin/bdf 

f, Standard UNIX (System V) 
df, St<mdard UNIX (Berkeley 4.x) 

· e system snperblocks 

isk space resotu-ces 

isk space utilization 

hows how much disk space is being utilized. 

usr/bin/bdf, /usr/bin/df 

Easy to nse 
minimal ttming statistics 

bl [ - i ]  ( - 1 ] [ - t  type [ f i l esystem l f i l e ]  

/usr/bin/df ( - efgiklnv] [ - t l - PJ [ - o  spec i f i c_options] r -Vl 
[s ecial l di rectory] 

Examples - bdf 
II bdf /usr: 
F i l esyst:em 
/d0v/vg00/1vol7 

# bdt -i I 
Filesys Lem 
/d0v/vgOO /  1vo l 3  

# bdf - i b  /home 

F i  l esyst:cm 
d0v/vg00/lvol4 
Swapping 

g 

# 1 1  /home/paging 
total O 

http://education.hp.c 

ommand 

kbyt.es used 
107200 2 7 9 0 5 9  

kbytes used 
'1 0 9 6 0  2 5 0 9 3  

kbyte5 used 
53248 3586 
5.1248 0 

avail %used MounLed on 
- 9 6 3 5  1 01%  /usr 

<l vai l %uned iused ifree %iuse Moun Led on 

1 4 8 6 9  6 H  3 2 8 <1  1 9 6 0  45% I 

avai l  \uoed iused itree %iuse Mounte<l on 
46546 n 5 1 3 12407 •1 }, /home 
40546 0% /home/pagin 
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Examples - df Command 

n df 
/home ( /dev/vgOO/lvol4 

/opt ( /dev/vg00/1vol5 

/ tmp ( /dev/vg00/1 vol6 

/usr ( /dev/vg00/lvol7 

/var· (/dev /vgOO/ l vol8 

/stand (/dev/vgOO/ lvol l 

H4262S C.00 

) : 

J ;  
) ; 

) : 

) : 

) : 
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93 0 62 blocks 1 2 4 0 3  i - nodes 

177124 blocks 2 3 5 9 8  i - nod l�s 

9 0 0 1 0  blocks 1 19 82 i - nodeD 

527:}2 blocks 7 0 1 1  i - nodes 

1 0 0 1 2 2  blocks 13320 i - nodes 

2 3 5 9 6  blocks 5 3 5 8  i - nodes 
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Performance Tools 

'11le mount conmurn is used to mount file systems on Ute system. Other users can use 
mount to list mounte file systems. If rnom1t is invoked without <my arguments, it lists all of 
the mounted file sys ms from the file system mmmt table, /etc/mnttab . 

Tool Source: 
Docmnentation: 
Interval: 
Data Som·cc: 
Type of Data: 
Metrics: 
Logging: 
Overhead: 
Unique Featme: 
Full Pathname: 
Pros and Cons: 

Syntax 

/usr/sbin/mou 

Examples 

U mounl p 
/dev/root 
/dev/vgOO/lvol l 
/dev/v<_:i 0 0 / l vol6 
/dev/vgOO/lvolS 
/dcv/vgOO/lvol4 

/dev/dsk/c0t4d0 
/clev/vg0 0 / l vo l 7  

# mount - v  

. tandard UNIX (System V) 
an pages 

emel mom1t table and /etc/mnttab file 
e system 

· e system type and motmt options 
he file /etc/mnttab and standard output 
:linimal 
sed to mount HFS, JFS, and NFS file systems. 
sbin/mount 

displays valuable data regarding how file systcrns are mmmted 
different options depending on the type of file system being moLmted 

t ( - 1 )  [ -p l -vJ 

I vxfs log 0 0 
/stu.nd h f  s default s 0 0 
/usr vxfs del aylog 0 0 
/ tmp vxfs delay log 0 0 
/opt vxfs delay log 0 0 
/disk bfs defaults 0 0 
/var vxfs delaylog 0 0 

/dcv/rool on I e vxLs log on Thu Sep 11 12 : 15 : 0 8  1 9 97 
/dcv/vgoo/lvoll /sLand type hfs deiaults on Thu Sep 11 12 : 15 : 1 1 1997 
/dev/vgoo/lvol6 n / usr type vxfo delaylog on Thu Sc-:p 1 1  12 : 17 : 0 6 1 9 9 7  
/dev/vg0 0 / l vol5 / tmp type vxts delaylog ori Thu Sep 1 1  12 : 1 7 : 07 1 9 9 7  
/dev/vg0 0 / l vol4 n /opt type vxls delaylog on Thu Sep 1 1  12 : 1 7 : 07 1 9 9 7  
/dev/dsk/cOt4dO n /disk type hts defaults o n  Thu Sep 11 12 : 17 : 08 1 997 
/dev/vgOO/ lvol7 IOn /var type vxfs dclaylog on Thu Sep 11 12 : .1 7 : 23 1997 
ti 
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Performance Tools 

2-53. SLIDE: System Configuration and Utilization 

(HP-Specific) 

Resource Porta bi Ii 

diskinfo Size and model of local disk drives No 
dmesg 1/0 tree and memory details Some 

ioscan 110 tree and addressing No 
vgdisplay Local volume group contents/attributes No 

pvdisplay Local physical volume contents/attributes No 
lvdisplay Local logical volume contents/attributes No 
swapinfo Swap space utilization No 

sysdef Sizes and values of kernel tables and parms Some 

km tune Query, set, or reset system parameters Some 
kcweb Query, set. or reset system configuration Some 

II 

Student Notes 

formation 

111is slide shows the HP-specific commands for displaying system confign ation and 
utilization information. All U1c conunands on the slide come standard witl U1e bnse OS; none 
are add-on products. 

r11lese commands clic;play the configmation mtd utilization of HP-specific s 1bsysterns. Many 
of these conunands have corresponding commands on other UNIX systen thnt perform 
simiJcu· f1utctions. 
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2-54. TEXT p E: diskinfo l �..,.. ,-=:t·�\\<. r'):vJ pcvl C c  1"�.Htv\I"' 
TI1e diskinfo conm ld determines wheU1er the character special file named by 

character device ile is associated witJ1 a SCSI, CS/80, or Subset/80 dfak d1ive. If so. 

diskinfo summariz s the disk's characteristics. 

Both the size of ciL<;k <. td bytes per sector represent formatted media. 

Tool Source: 

Docmuentation: 

Interval: 

Data Source: 

Type of Data: 

Met1ics: 

Logging: 

Overhead: 

Unique Fe::tture: 

Full Pathname: 

Pros and Cons: 

p 

1 mn pages 

n demand 

ontroller on disk 

i · lirnal 
. hows model number and manufacturer of disk 

usr/sbin/diskinfo 

can determine size and manufacturer of disk wiU10ut having to open 
. ystem 

minimal tlming information 

Syntax IC: , ._tl �:X� t �� � tr.2"'��--J""'l 
/ usr/ sbin/ didkinfo ( - b l -vl character_devi cefile 

The diskinfo conu and displays information about the following characte1istics of disk 

drives: 

• vendor name, mam facturer of the drive (SCSI only) 
• product identificn · n number or ASCil name 
• type, CS/80 or SCS classification for the device 
• size of disk specifi d in bytes 
• sector size, specifi d as bytes per sector 

Example 

# d i skinfo /de /rdsk/c0t6d0 
SCSI descri e o f  /dev/rdsk/c0t6d0 : 

v ndo r :  QUANTUM 
produ t i d :  PD425S 

type: direct access 
s i z e :  4 1 6 5 7 5  Kbytes 

bytes per ·ector: 512 
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2-55. TEXT PAGE: dmesg 

Tile dmesg conuuand looks in a system buffer for recently printed diagn ·tic messages and 

prints U1em on the standard output. The messages are those printed by ti e system when 
unusual events occur (such as when system tables overflow or the file sy. terns get full). 

Tool Somce: 

Do ct imen ta ti on: 

Interval: 

Data Source: 

Type of Data: 

Metrics: 

Logging: 

Overhead: 

Unique Feature: 

Full Pathname: 

HP 
m:m pages 

on demand 

kernel diagnostic buffer 

system diagnostic messages 

kernel staitup information 

standard output device 

irlinimal 

displays kernel diagnostic messages 

/shin/dames 

Pros mid Cons: + Allows. kernel diagnostic messages to he recalled 
- Diagnostic ruessages cml be lost since kernel buffe is a fi..,-xed size 

Syntax 

/usr/sbin/dmesg [ - )  

If the - argmnent is specified, dmesg computes (incrementally) the new 1 essages since the 

last time it was nm m1d places these on the standard output. This is typic · llY used with cron 

(see cron ( 1 ) )  to produce the elTor log /var I adm/messages by rnnn · lg tJ1e conurumd: 

/usr/sbin/dmesg 

every 10 nlli1utes. 

> >  /var/adm/messages 

Example 

II dmesg 

Oct 17 17. : J 9 

vuseg - lf l  1 5 0 0 0  
inec c l  t s :  ok 1 nf!t c:ot s :  ok 1 gn1ph3 

2 bus_adoptr!r 
2 / 0 / l  c 7 2 0  
2 / 0 / 1 . 0 tgt 
2 / 0 / 1 . 0 . 0  stape 
2 / 0 / 1 .  2 t.y L 
2 / 0/ l . 2 . 0 sdisk 
2 / 0 / 1 .  3 t�]t 
2 / 0/ 1 . .L O  s t c.ipe 
2 / 0 / 1 . 4  t g t  
2 / 0/ l . '1 . 0 :;;disk 
2 /0 / l .  7 tqt 
2 / o ; i . ·1 . 0 s c t l  
2 / 0 / 2  Lrn2 
2 / 0 / >  h L l  
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2 / 0 / l'i  asi()O 
2 / 0 / 5  a��ioO 
2 / 0 / 6  CentH 
2 / 0 / 7  c:720 
2 / 0 / 7 . 5  tgt 

2 / 0 / 7 . '-> . 0  sdisk 
2 / 0 / 7 . 6  tgt 
2 / o / 7  . 6 . o sd i sk 
2 / 0 / 7 . 7  tgt 
2 / 0 /7 . 7 . 0  sctl 

2 / 0 / 8  audio 
4 eisu 
4 /0/4 lan2 
8 processor 
0J memory 

System Consol is on the !TE 
Networking memory for fnigment reassembly i s  r·est ri ct ed to 3 6 2 6 5 984 byr.12s 

Log ical volume 64 , Ox3 configured as l<OOT 

Logical volum� 6 4  Ox2 configured as SWAP 

Logicul volume 64 Ox2 con figured as DUMP 
Swap dev.ice t b 1 e :  ( start. & si ze given in 5 1 7.  byte block s ) 

entry O maj or is 6 4 ,  minor is Ox2; st.art = 0 ,  s i z e  - 819200 
Dump device t ble: ( st art & s i.ze given in 1- Kbyte blocks) 

entry o - major i s  3 1 ,  mi.nor i s  Ox26()0 0 ;  st.a rt = 6 8 4 4 7 ,  size = J 9 3 2 J 7  
Start ing t:he STRE S daemons .  

B2352B HP UX B . 1 0 . 2 0 )  # 1 :  Sun ,Tun 9 08 : 03 : 3 8  PDT 1 9 9 6  

Memory ln tormat im : 
physical page size - 4096 bytes. logical page size - 4 0 9 6  bytes 
Phys i c a l :  3 9 3  1 6  Kbyt e s ,  lockable: 3 0 2 5 1 2  Kby t e s ,  avai lab l e : 349'->04 Kbytes 

Using 1 9 3 2  bu [<.'!rs conta i ning 1 5 3 6 0  Kbytes of memory . 

SCSI:  Request out - - lbolt: 7 5 4 3 0 1 7 ,  dev: cdOOOOOl 
p - >sta Le : O 

p- >offset : f f [ [ f fff 
l p - >u PhysScript : 2 a 2 4 0 0 0  

From most rec:enr. interrupt:. : 
T TAT : 0 6 ,  STSTO : 0 4 ,  STSTl: 0 0 ,  DSTAT : 8 0 ,  DSPS: 0 0 0 0 0 0 0 6  

l sp :  lfe?b ·oo 
b >b dev : cdOOOOOl 
s ·b->io_ i d :  57bl3 
S b >Cdb: 0 8  0 0  0 0  08 00 00 
1 olt at_t.L mequt :  7 5 4 4 5 1 7 ,  !bolt at s t.art : ' / 5 4 3 0 1 7  
1 p - ;;.·stat e : 3 0 d  
1 ·p- >uPhy5Scrlpt: 196e000 
l ·p->upScript : 1 9 6aO O O 
l ·p- >upActivePtr: 196a000 
1 ,p- >uAct . .iVeAdi ust : 0 
l p->upSavedPtr:  1 96aOUO 
l p- »uSavedAdj ust : O 
l ·p- >upPeakPt r : 19Ga000 
J ·p- >uPeakAdj us l . :  0 

l bJ.J >0\olllE - ,  lfebcOO 
scrat ch_ l ·p : o 
Pre-DSP s .ript dump [lb20020l : 

7 0 5 1 8 0 0  0 0 0 0 0 000 78030000 0 0 0 0 0 0 0 0  
o . 0 0 0 0 0 2  0 2a24700 eooooooo 00000000 

Script dump [lp20 4 0 ] : 
9fOb0000 00000006 9 8 0 8 0 0 0 0  OOODOOO '..> 
98080000 0 0 0 0 0 0 0 1  5 8 0 0 0 0 0 8  0 0 0 0 0 0 0 0  
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2-56. TEXT PAGE: ioscan 

The ioscan conu11and scans system hardware, usable 110 system device , or kernel 110 
system data structures as appropriate, and list<.> the results. For each har ware module on 
the system, ioscan displays the hardware path to the hardware module the class of the 

hardware rnodule, and a brief description. 

By default, ioscan scm1s the system m1d lists all repmiable hardwm·e fm nd. The types of 

hardwm·e reported include processors, memory, interface cards and I/O vices. Scmming 
the hardware may cause drivers to be unbound and others bound in their lace in order to 
match actual system hardware. Entities that cannot be scanned are not r . ted. 

On very large systems, ioscan vvill operate much faster with the -k opti n. This will force 

ioscan to read kernel structures built at boot time, rather than sending ·esh inquiries to 

each hmdware module. 

Tool Source: 

Doc11mentatio11: 

Interval: 

Data Source: 

Type of Data: 

Metiics: 

Logging: 

Overhead: 

Unique Feature: 

Full Pathname: 

Pros and Cons: 

Syntax 

HP 

man pages 

on demand 

SCSI devices 

status and Hardware address 

lt�mlware status 

standard output 

minimal 

polls SCSI bus to rehieve stattt"> of SCSI devices 

/usr/sbin/ioscan 

+ Displays hardware adcb'esses and conesponding d .vice filenames. 
- Minimal performance data 

/U!Jt'/Ci)in/ioscan f k l · U J ( d drive r j - C  clat>:>] [ - T  iI1slance] [-H hw_par.h] 
I - f l  ni l f' ( - n J J  [de·.d lle] 

Examples 

# icscan f 
class 

be 
gr<•phics 
ba 
�xl htJf; 
tai:qet 
di!'3k 
t:arget 
t <'l pP. 
tarqeL 

disk 
L.;11·ger 

di�:;k 
target 

H4262S C.00 

0 
0 
0 
0 

u 
0 
1 
0 
:"! 
1 
5 

4 
ti 

H/W Par.h Driver 

root 
0 gr<tph3 
::: bus_adapr.er 

'.C / O / l  c n o  
2 / 0/ 1 . 0  1..qt: 2/0/1 . 0 . 0 s f  lop 
2/0/ l. I r.gt 

2 /0/1 . 1 . 0 ;,; t o  pc� 
2/0/ l . '}. r.gt 
2 /0/ 1 . ::: . 0 sdisk 
2 / 0 / 1 .  <;, tgt 
2/0/ L . 5 . 0  sdisk 
2/0/ l .  6 i:gt 

S/W State H/W Type 

CLATMF.D rms NEXUS -
CLAl MIW HITF.RFl1.CE: 

CLAIMED BUS NEXUS -
CT.l>.IMED INTERFACE 
Clu'\IMED D£VlCE 
CLAiM8D rmVICE 
CLAIMED DEVlCE 
CLl;IMED DEVICE 
('.l,j'.\ TMED DEVICE 

CLAIMED DEVICE: 
CV1.IMED DEVICE 
CLA'I MF.:1) fJl::V1C8 

CLAiMEll Dl'!VTC8 

2-88 
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Descripci n 

Graphics 
Cor·e T/O dapt:P.r 
Euilt in CS! 

TEl\C F. 1 HF 0·1 

HI? I I 3.547\)A 

TOSJrl BA (' -ROM KM-J30iT1\ 

QU.l\!'!TON F REBALL10'>0S 
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disk 5 2 / 0 / 1  6 . 0  sdisk CLAIMELl DEVICE QUANTUM PD425S 

target 7 2/0/1 7 tgt CLAIMED DEVICE 

ctl 0 2 / 0 / 1  7 . 0  sct.1 CLAIME:D DEVICE Init:iator 

lan 0 2 / 0 / 2  lan2 CLAIMED INTERFACE Built-in LAN 
hil 0 2 / 0 / 3  hil ·CLAIMED lN'rERF'ACE Built - i r)  fl IL 

t t y  0 2/0/4 aslo·o CLAIMED INTERFACE Builc - in R S - 232C 

t t y  1 2 / 0 / 5  asioO CLAIMED INTERFACE Bui l t - i n  RS-232C 

ext bus 1 2 / 0 / 6  Cent I f  CLAIMED INTERFACE Built- in P.;irallel 

audio 0 2 / 0 / 8  audio CLAIMED INTERFACE Built -in Audio 

processor 0 8 processor CLAIMED PROCESSOR Processor 

memory 0 9 memory CLAIMED MEMORY Memory 

ff ioscan -fC disk 
Class I H/W Par. 1 Driver S/W State H/W Type LJescripr:ion 

= = = = - -= = = = - -==�=== -: - - - - -� = = = = = - - ======---= = = = = = = = = - ======--======��--� =  

disk 5 2 / 0 / 1 . 6  O odisk CLAIMED DEVICE QUJ'.NTUM PD42�S 

# ioscan -tnC disk 
Class I H/W Pat !)river S/W St.ate H/W Type Desc r:' i p t  ion 

= = = -====--=====�-�== ===�� = = = = = = �-======-----= = = = = = = = -=======--========---

disk 5 2/0/ L 6 0 sdisk CLAIMED DEVICE: 

http://education.hp.c m 

/dev/dsk/c0t6d0 /dev/rdsk/c0t6d0 

2-89 
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2-57. TEXT PAGE: vgdisplay, pvdi splay, lvdisp ay 

TI1e vgdisplay conunand displays infonna.tion about vohmte groups. If a specific vg_name 
is specified, inforn�ltion for just that volume group is displayed. 

Tite pvdisplay command displays information about specific physical v lnmes (or disks) 
within an LYM volume group. 

TI1e 1 vdisplay conunand displays information about specific logical vo m1es within m1 
LVM volmne group. 

Tool Sotu·ce: 
Docmnen ta ti on: 

lntcrval: 

Data Source: 

Type of Data: 

Metlics: 

Logging: 

Overhead: 

HP 

man pages 

on demand 
LVM header structures and /etc/lvmtab 

LVM configuration 
mirroring, stripping, 0U1er 1/0 policies 
standard output device 
minimal 

Unique Feature: 

Full Pathname: 

shows L VM configuration i.nfommtion 
/usr/sbin/vgdisplay, /usr/sbin/pvdispl y, 
/usr/sbin/lvdisplay 

Pros and Cons: + Only conunands for vie\o\riltg LVM configmations 
- Minimal ttming capabilities 

Syntax 

/sbi n/vgdisplay [ - v) 
/sbin/ lvdisplay [ - k) 
/sbin/pvdisplay L -v] 

Exam1>les 
ff vgdlsplay 
- - - Volume groups 
VG Name 
VG Write Access 
VG Status 
Max LV 
Cur LV 
Max PV 
Cur PV 
Max PE per PV 
VGDA 
PE Size (Mbytes)  
Total PE 
Alloc PF. 

H4262S C.00 

[vg_name . . .  ] 
[ -v] 1 v _path 
[ -b BlockL i s t ]  pv_pat h  

/dev/vgOO 
read/write 
ava ilable 
2 5 5  
9 
1 6  
2 

1 0 1 6  
4 
4 
7 2 6  
2 7 9  

2-90 
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Free PE 
Total PVG 

# pvdisplay /d /dsk/c0t5d0 
- - - Physical v lumes - - -
PV Name 
VG Name 
PV Status 
Allocatable 
VGDA 
Cur LV 
PE Size (Mbyte 
Total PE 
Free PE 
Allocated PE 
Stale PE 
IO Timeout 

# lvdisplay 
- - - Logical 
LV Name 
VG Name 

/d�v/vgO O/ lvol l 
vo�umes - - -

LV Permi ssion 
LV Status 
Mirror copies 
Consistency Re overy 
Schedule 
LV Size (Mbyte 
Current LE 
Allocated PE 
Stripes 
Stripe Size 
Bad block 
Allocation 

http://education.hp.c 

447 
0 

/dev/dsk/cOt5dO 

/dev/vgOO 

available 
yes 
2 
7 

4 
249 
0 
249 
0 
default 

/dev/vgOO/ lvoll 
/dev/vgOO 
read/write 
available/ syncd 
0 
MWC 
parallel 
4 8  
1-2 
12 
0 
0 
off 
strict/contiguous 
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2-58. TEXT PAGE: swapinfo 

The swapinfo conun:md prints information about device and file-system aging space. Thi-; 
information i.nclurles reserved space as well as used swap space. 

NOTE: 111e tem1 swap refers to an obsolete implementation of viJ: ml memo1y; 

llP-UX actually implements virtual memory by way of pa · g rather than 
swapping. This conurnmd and others retain names delived from "swap" for 
historical reasons. 

Tool Source: HP 

Documentation: 

Interval: 

Duta Somce: 

Type of Data: 

l\letrics: 

Logging: 

Overhead: 

Unique Feature: 

Full Patluuune: 

Pros and Cons 

Syutax 

man pages 

on demand 

kernel swap tables 

swap space 

swnp used, swap reserved, swap space configm·at.ion 

st:mdard output device � minimal 

Commmid can total all configured swap space into a ne-llite sununary. 

Displays pseudoswap information (if configurerl). 

/usr/sbin/swapinfo 

+ provides valuable swap space configuration inforn at.ion 
- minimal docmnentation on psuedoswap 

/usr/sbin/swapinfo [ - mtadfnrMqw] 

Examples 

II swap i n f o  - t  

Kb Kb Kb !:'CT STAHT/ Kb 

'fYPE AVAIL USED FREE USF.D LIMIT RESERVE PRT NAME 

dev 159744 19868 13987G 12% 0 l /dev vg00/lvol2 
n:serve 51220 5 1 2 2 0  

memo r·y 4 2 1  1 2 1 � 3 0 0  2 6 8 1 2  36% 
t o t a l  2 0 1 8 5 6  86 3 8 8 1 1 5 4 6 8  43% 0 
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2-59. TEXT P 

1.-) L ._ \,_, ,1 11: J k,  �£·1ll � d< ,f?: lG'eb 
Module 2 

l Performance Tools 

TI1e sysde f comman analyzes the cnn-ently nurning system and reports on its ltmable 
configuration parame ers. 

Tool Source: 

Docmnen t.ation: 

Interval: 

Data Somce: 

Type of Data: 

Metiics: 

Logging: 

Overhead: 

Unique Feature: 

Fnll Patluwrne: 

Pros rout Cons: 

c n dernand 

stand/vmunix and the cuJTently nmning kernel 

' mable kernel panuneters 

uffcnt configuration of kernel parameters 

• tandard output device 

hows cmTent value and possible nmge of values 

usr/sbin/sysdef 

Shows current setting of kernel parameters 
- reboot required to change most parameters 

Syntax I /usr/ sbin/ sys1ef [kernel [master] ) 

Example 

���rei:rnme t 
acctsu$pf!nd 
a l l ocate ts_swapm 
buf pages 
create tast l i nks 
dbc_�x_pct 
dbc_min pct 
default._disk_ir 
dskless node 
r<isa io_est. i 111a l e  
eqmem s i z c  
f i l e_pad 
fs_async 
hpux _.1cs override 
maxds i z  
maxfiles 
maxfiles_ l i 111 
maxss i z  
maxswapchlUJ k i; 
rnaxts i ;:  
maxuprc 
maxvgs 
msgmap 
nbuf 
nc;a l lout 

VALUE 

4 

2 

0 
2841 

0 
�o 

5 
1 
0 

768 
Ei 
10 

0 
0 

16384 
(,0 

1024 
2048 

256 
16184 

·75 
10 

25��904 
4788 

292 

AOOT MIN-MAX 
1 00 - l O O  

- 1 0 0 - 1 0 0  

0 -

0 - 1  

0 -
0 - 1  

2�6-655360 
3 0  20'18 
3 0 - 2 0 4 8  

256 6551(,0  
1 - 1 6 3 8 4  

256 655.160 
.I -

3 -

0 -

(i 

UNITS f'LAGS 

Pages 

Pagco 

Pageo 
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ncdnode 
ndilbuffers 
net i sr_prio rity 
netmemmax 
n f i l e  
n f l ocks 
ninode 
no_lvm_disks 
nproc 
npr.y 
nstrpty 
nswapdev 
nswapfs 
public_shl i h s  
remote nfs_swa-p 
rtsched_numpri 
serna 
semmap 
shmem 

1 5 0  

3 () 

- 1  

53"/8048 

8 0 0  

2 0 0  

4 7 6  

0 
2 7 6  

6 0  

6 0  

1 0  

1 0  

1 

0 

3 2  

0 
4 1 2 8 7 6 8  

(} 
2 0 0  

() 

l 

- 1 - 127 

1 4 -

2 -

14-

1 0 -

1 -

l - 25 

1 - 2 �  

0 - l 

4 -
0 - 1  

3 - 1024 

0 -
shmmni 
st rea1np ipes 
swapml'!m_on 
swchunk 
r.imeslice 
unlockable mem 

l 
2048 204 8 - 1 6 3 84 kBytes 

Name 
V<Jl llc: 
Boot 
Min 
Max 
Units 
Flags 

1 0  

8 0 1  

The name o f  the pa rameter 
- The current value of t.he parameter 

The value of the pa rameter at boot time 

I 214�483648 Ticks 
0 - Pages 

- The m i nimum all mved value o f  the parameter 
The maximuUl al lowed vi'llue of the paramel..<?.r 

The 4rd L.s by which r:he parameter i s  rneasured 

- Further· describe the paramer.er 
M Parameter may be modified without rebooting 

A comparable conunand, introduced at HP-UX 11.00, is km.tune ( lm) . 
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2-60. TEXT P E: kmtune , kcweb 

Module 2 
Performance Tools 

111e km tune conunan is used to query, set, or reset system parameters. kmtw1e displays 

the value of all systen parameters when used without any options or with the -S or -l option. 
kmtune reads the ma ter files and the system description files of the kernel and kernel 
modules. On 1 1  i v2, tune is front-ended and will eventually be replaced entirely by 
kc tune. kc tune is J art of a new, larger utility called kcweb. 

Tool Source: 

Documentation: 

hlte1val: 

Data Source: 

Type of Data: 

Met1ics: 

Logging: 

Overhead: 

Unique Feature: 

Full Patl mamc: 

1 1U1\ pages 

n demand 

stand/vmunix and the cunently nmning kernel 

mable kernel parameters 

urrent configuration of kernel parameters 

tandard output device 

orks with dynamic and st<:ttic kernel modules 

usr/sbin/kmtune 

l - S  system f i l e ]  

Syntax J /usr/sbin/kmtt ne ( - 1 )  
/usr/sbin/kmt ne ( [ - s  

[ [ - q  name] 
{ • l =}valuel . l l-r �] . .  I [ - s  syotem tile] 

Examples 

# /ll!:;r/obin/kmLun · 

Parameter Value 
=============== === = = = = = == === === = == ==== === = ======== ==== == = = == == == == 
NSTRBLKSCHED 2 
NSTREVENT 5 0  
NSTRPUSH 16 
NSTRSCHEO 0 

# /u s c-/ sbin/ kmt unel -1 q maxdsiz 

Parameter: maxds�z 
v:a 1 ue : Ox040C 0000 
D !� Eault :  Ox0-10 0()0 
Minimum : 
Module :  
Version : 
Dynamic: 

http:Jleducation.hp.c 

( l l i o11ly) 
( J  Ii 011ly) 
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2-61. SLIDE: Application Profiling and Monitoring ools 
(Standard UNIX) 

prof 

gprof 

arm 

Student Notes 

Resource 

Application Profiler 

Enhanced Application Profiler 

Define and measure response time 
of transactions for an application 

No 

No 

111is slide shows the standard UNLX application profiling performance l ols included witJ1 
IIP-UX. Application profiling tools provide in-depU1 details regarding the xecntion of a 
program, includi11g the number of times each subroutine is called and the amount of time 

spent il1 each snhroutine. 
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2-62. TEXT P E: prof, gprof 

Module 2 
Performance Tools 

Tite prof and gprof tools are used to ascertain the library routines being called dming the 
execution of a progra 1. 

The prof utility profi es the execution of an application by displaying the names of the 
routines being called, le number of times the different routines were called, and how much 
time was spent in eac routine. 

The gprof utility is enhanced version of prof. It shows all the information available witJ1 

prof, plus it displays a call graph tree, which details the call hierarchy of the routines. 111e 
cal l  graph tree allows le parent routines, which called the children routines to be viewed. 

Tool Somce: 

Docurnen tation: 

Interval: 

Data Source: 

Type of Data: 

Metiics: 

Logging: 

Overhead: 

Unique FeatlU'e: 
Full Pathname: 

Pros and Cons: 

Syntax 

prof [ tcan] 

andard UNIX (System V) 

i tan pages 

n demand 

l ernel routines called by the application 

1 mction call flow 

ne spent in each function, number of times function was called 

inary file mon . out 

. ignificant delays in the execution of the application 

hows the flow of the function calls 

usr/bin/prof 

shows where an application is spending its time 
requires access to source code 
requires application to be recompiled 

ox] r -g) [ - z ]  [ -h] [ - s )  [-m mdata) fprog) 

gprof [options [ a . out [gmon . out . . . ] ]  

Examples 

cc -p prog . c  - program 
. /program 
pro( program 

cc -G prog . c  - program 
. /program 
gpro[ program 
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2-63. TEXT PAGE: Application Response Measure ent (ARM) 

Library Routines 

Description 

'111e ARM library routines allow you to define and measure response time of tnmsactions in 
any application Umt uses a progranuning language that can call a 'C' func on. 

11\e ARM library is named "libann" and is provided in two versions, an ar hive versimt and a 
shared library version. It is strongly reconunended that you use U1c shar (sometimes 
referred to ns dynamic) library version. 

Jn-depth discussion of this product is beyond the scope of tllis class. 

NOTE: arm is a cross-platform tool and functionally replaces tl1e d discussed in the 
next section. glance and gpm work equally well wiU1 eitl er arm or ttd. 

Documentation: man 3 arm 

Inte1val: configm·ablc 

Platforms supported: HP-UX, IBM AIX, Slm Solalis, NCR 

Pros and Cons: 

Syn ta...;:: 

arm init 

arm_getid 

arm sLart 

arm_upda t e  

arm_stop 

arm end 

H4262S C.00 

+ Integrates with PerfView/MW A and other distribt ted 
management/monitoring tools. 
- requires smu-ce code modification 

111e sLx function calls used by arm :.u-e: 

Rettmt a tmiquc ID based on application and user. 

Rettun a lmique ID based on a transaction name. 

Mark tJ1e begimling of a specific transaction. 

Provide info1n1ation or show progress of a specific tr:.msaction. 

Mark the end of a specific tnutsaction. 

Mark llle end of an application. 
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2-64. SLIDE: pplication Profiling and Monitoring Tools 

(HP-Specific) 

ttd 

caliper 

Student Notes 

Description 

Tracks how much time is spent between 
specific lines of code in a program 

caliper is a runtime performance analyzer for 
programs compiled with C, C++ and Fortran 
90 compilers on ltanium systems. 

Super User Access 

Required 

No 

No 

Titis slide shows s01 e HP-specific application profi ling tools included with HP-UX. 
CmTently, the Trans ction Tracker (t td). and caliper m·e available for monitoring 
application behavio and performance. 

I.n 10.20. lhere was , tool called puma which came with all Sk'Utdard programming language 

compilers (like C, P seal, and Fortran). TI1e puma tool allowed profiling datn to be collected 

without having to m dify the application source code, or recompiling the application (in 
many cases). puma as been excluded from the more recent releases of HPUX. 

TI1e Transaction Tr, ker allows a progranuner to time how long a program is spending wiLl1in 
n certain area of co . Tite Transaction Tracker requires the somce code be rnoclifie<l to 
in dude the stmting oint and the stopping point. The Transaction Tracker is included as p::ut 
of the i\foasmcWare OVPA product. Transaction Tr:wker is HPUX specific. arm (discussed 
earlier) is the gener· version of the Transaction Tracker. 

caliper is thread- ware, IVLP-aware, an<l features �m easy conunan<l-line intelfac:e. 
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2-65. TEXT PAGE: Transaction Tracker 

Description 

111e Transaction Tracker is a set of function calls U1at allow a progranune to Lime the 
execution of a particular body of code (referred to a "transaction"). 11te ft ction calls are 
inse1ted into the source code to mark where a particular tnmsaction be · s and ends. 

Glance and gpm can then be used to monitor how many times the transa tion is called, and 
how long it takes for the transaction to complete. 

Tool Source: 

Documentation: 

Interval: 

Data Somce: 

Type of Data.: 

l\fotrics: 

Logging: 

Overhead: 

Unique Featme 

Full Pathname: 

Pros and Cons: 

Syntax 

HP 

Measure Ware Users manual 

Every time Transaction Tracker function call is in vo cl within program 

111e t td process 

Application execution times 

Times to one lumdredth of a second 

Binary file /var/opt/perf/datafiles/logtra s 

Medium to large, depending on number of transactio1 s heing timed. 

Shows amotmt of time spent i.n a pmticular body of c 

Function calls defined in /opt/perf/ include/tt . 

+ Integrated witl1 glance m\d gpm; makes it easy to ionitor how long 

transactions take. 

- Cmmot be used witltin shell programs; C programs nly ( m programs 
which can call C routines). 

11ie four ftmction c<l.Hs used by 'I'ransaction Tracker me: 

tt_getid Names the transaction and returns a tmique identifier. 

t.t start Signals the start of a mlique transaction. 

tt. end Signals the end of the transaction. 

tt abort Ends the trm1sact.ion without recording times for the transa tion. 
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2-66. TEXT P GE: caliper - HP Perfor1nance Analyzer 

Description 

HP Caliper is a gener -purpose pe1formance analysis tool for applications on Itanituu®­
based HP-UX syste1 . HP Caliper allows yon to understand the performance of your 
application and to id ltify ways to improve its run-ti.me performance. 

HP Caliper works wi 1 any Itanimu-based binary and does not require your applications to 
have any special pre ration to enable perforrrumce measurement. 

TILe two primary way · to nse HP Caliper m·e: 

• l'l.s a perfonnanc 

• As a profile base optimization (PBO) tool invoked by HP compilers. 

TI1e latest version of -IP Caliper is available on the HP Caliper home page. You can find it at 
the Ii tt ):/iw\DV.h ).Co 1\/•io/11 Kali )er/ site. 

Overview 

IIP Caliper helps you dynamically measme and itnprove U1e performam;e of yoiu- natiYe 
llnninru-based applic tions in three ways: 

• Conunands to m '.\Sure the overall pelformance of your program. 

• Conunands to dr" down to identify peiformance parameters of specific ftmctions in your 
program. 

• A simple way to pti.mize the performance of your prognun based on its specific 
execution profiJ 

HP Caliper does not ·equire special cornpilation of the program being analyzed and docs not 
require any special li tk options or libraries. HP Caliper selectively measures the processes, 
Uu·cads, and load m ules of your application. An application's load modules are tJie main 
executable and all s ared libraries it uses. 

UP Caliper uses a co nbination of dynamic instrumentation of code and the performmtce 
monitoring unit (PM ) in the It;mium processor. HP Caliper uses the least-intrusive method 
avuilable lo gather p rforrnanc:e data. 

Supported Targe P1·ograms 

HP Caliper includes upport for: 

./ Programs compi eel for Itanium- and Itanimn 2-based systems. HP Caliper docs not 
measure progra s compiled for PA-RISC processors . 

./ Code generated y native and cross HP aC++, C++ and Fortran compilers. including 
inlined function and C++ exceptions . 

./ Progr:uus comp· eel with optimization or debug information. or both. This includes 
support for boU1 the +objdebug and +noobjdebng options. 
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• Both ILP32 (+DD32) m1d LP64 ( +DD64) programs, both 32-bit and 64- ·t ELF formats. 

• Archive-, minsluu-ed- or shared-bound executables. 

• Both single- and multi-threaded applications, including MxN tlu-eads. 

• Applications that fork ( )  or vfork ( )  or exec ( )  themselves or othe executables. 

• Shell scripts and the programs they spawn. 

Featm·es 

HP Caliper is simple to run because it uses a single conunand for all meas rement.s. Yon 
5l)ecify the type of measmement and the target program as conunand-J.ine rguments. 

For example, to measure the total number of CPU cycles used by a progr, n named myprog, 
just type: 

caliper total_cpu myprog 

HP Caliper features include: 

• Multiple performance measmements, each of which can be customize through 
configmation files. 

• All reports are available in text format, conuna-delimited (CSV) fonna and inost reports 
are also available in HTML format for easier browsing. 

• Perfonmmce data can be correlated to your source program by line nu nber. 

• Easy inclusion and exclusion of specific load modules. such as 1 ibc, hen measming 

performance. 

• Bolh per-thread and aggregated thread reports for most measnre1nent 

• Performance data repmted by ftmction, sorted Lo show hot spots. 

• Suppo1t for multi-process selection capabilities. 

• The ability to save petfonnance data in files that you can use to aggreg te data across 
multiple nms to generate revorts without having to re-nm HP Caliper. 

• 'llle ability to attach m1d detach to numing processes for certain meas ·emt>,nts. 

• Tite ability to restrict PMU measurements to specific regions of yom p ograms. 

• Lirn.it.ed support for dynamically generated code. 

H4262S C.00 2-102 
@ 2004 Hewlett-Packard Development Company, L.P. 

http /education.hp.com 



• Different cat gories of performance tools 

• Standard U IX tools versus HP-specific tools 

• Separately urchasable tools 

• Kernel regis er-based tools versus midaemon-based Tools 

Student Notes 

Module 2 
Performance Tools 

To sunmwrize this rn dule, there are many performance tools for many different pmvoses. 
TilC ohjective of Ulis nodule was to highlight all the perfonmmce tools available with HP-UX. 
to categorize them b function, and to describe how each tool worked. 

In general, you shoul l become most familiar with these tools: 

sar 
vmstat 

top 

glance/gpm (if av� lable) 

TI1ese tools will tenl to be your most conunonly nsed tools. Other tools will tend to be useful 
in more specialized tuations. 

Remember. never t1. to rely on just one tool to do everything. No tool will tell you 
everything. And eve tool will mislead you somewhere down the l ine. No tool is pcrft"ct. 
TI1at's why yon need to be familiar with multiple tools. 
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2-68. LAB: Performance Tools Lab 

Student Notes 

Before we continue with a more focus d 
discussion of glance and gpm, lets s nd some 
time exploring the generic UNIX and H -UX­
specific tools discussed so far. 

As you answer the following questions try to 
categorize each tool as to its type and cope. 

Tite goal of this lab is to gain familiarity with pert'ormn.nce tools. A secon ·y goal is to get 
familiar with the metrics rcpo1ted by the tools, although they will be exp! ·ed in depth during 
the next days. 

Directions 

Set up: Change directories to: # cd 
Execute the setup script: 

/home/h4262/tools 
# . /RUN 

Use glance (or gpm if you have a bit-mapped display), sar. top, vmsta , and any other 

available tools to am;wer the following questions. List as many as possibl and inclnde the 
approp1iaLe OPTION or SCREEN, which will give U1e requested infonnati L 

Specific numbers arc not the important goal of this lab. Tite goal is to gniJ1 familiarity with a 
,-;uiely of pe1fonuance tools. 

Always investigate what tJ1e basic UNJX tools can tell you before numing lance 01· gpm. 
You m;,ty wmtl to nm through this lab with the solution from the back of tl s book for more 
guid�nce and discussion. 
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1 .  How many proces es are nmning on the system? 
Which tools can y u use to detennine this'? 

Module 2 
Performance Tools 

z. Are there any real time priodty processes running? If so, list tlte name and priority. What 
tools can you use :o detenn.ine this? 

;l Are there any ni e'd processes on the system? If so, list the name �md priority for each. 

What tools can yo 1 use to detennine this? 

4. Are there any zon: bie processes on the system? If so, how many are tJ1ere? What tools can 
you use to detem inc this? 

5. Whnt is the lengtl of the nm queue? What are the load averages? What tools c:m you use 
to determine this· 
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6. How many system processes are nuuti.ng'? What tools cau you nse to d te1n1i.ne this? 

NOTE A system process is defined as a process whose data sp ce is the kernel's 
data space (such as swapper, vhand, statdaemon, u, hashdaemon, 
and supsched). ps reports their size as zero. 

111ere are three ways this can be determined. If yon get stuck on this q estion, move on. 
Don't spend more than a few minutes trying to answer this question. 

7. Wlwt percentage of time is the CPU spending in different states? What ools can you use 
to detennine Ulis? 

8. W11at is the size of memory? 
W11at is the size of free rnemory? 
What Lools can you use Lo determine this'? 

9. Wltat is the size of the swap area(s)? 
Wlwt is the percentage of swap utilization'? 
What tools c:an you use to determine tltis'? 
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10. What is the size o. the kernel's incore inode table? 
How much of tl1e tode table is utilized? 
What tools cm1 yo t nse to determine this? 

Module 2 
Performance Tools 

11. Are there any CP -bOlU\d processes nurning (processes using a "lot" of CPU)? 
If so, what is the 1 rune of the process? 
What steps did yo t take to determine this? 

12. Are there any pro esses nuuling which are using a "lot" of memory? (A "lot" is relative. 
i.e. a large RSS si compared to other processes.) 
If so, what is the 1 ame of the process? 
What steps did yo t take to determine this? 
Is memory utiliza on changing'? 

13. Al.:e lhere any pro ·esses running which are doing any disk 1/0? If so, what is the nmne of 
the process'? 
What steps did yo t take to determine this? 
What are the 1/0 1 tes of the disk bound processes? 
What files are op L by this (these) process( es)? 

NOTE: N processes are really doing a lot of physical disk 1/0. However, 
la _proc3 is doiJlg a LOT of logical I/O. 
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14. What is the current rate of semaphore or message queue usage? What ools c:m you use 
to deternune this'? 

15. Ts there any paging or swapping occurring? What tool<.> can you nse to letenuine this? 

16. What is the system call rate'? What tools can you ti<.>e to deteimine t11i . 

17. What is the buffer cache hit ratio? What tool<.> crut you use to determil this? 

18. What is the tty T/O rate'? What tool<.> can you use to determine tllis? 

19. Are there ::my traps (interrupt�) occurring? What tools can you use to letennine this? 
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20. What information ·ru1 you collect about network u·affic'? What tools can you use to 
determine this? 

21. What information an be gathered on CPUs in an SMP environment? 
What tools can yo t use to determine this? 

22. What information can be gathered on Logical Volumes? 
What tools can yo t use to determine this? 

23. Whal infonnatiou can be gathered on Disk I/O? What tools can yon use to determine 
this? 

24. Shut down the s· ulation by entering: 

# . /KILLIT 
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Module 3 - GlancePlus 

Objectives 

Upon completion of t is module, yon vviU be able to do the following: 

• Compare Glance us with other performance monitoring/management tools. 

• St.mt up the Gian Plus tenni.nal interface (glance) and graphical user interface (gpm). 
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GlancePlus 

3-1. SLIDE: This Is GlancePlus 

Features 
• Motif-based interface that offers exceptional ease-of-learning and ease-of- se 
• State-of-the-art, award-winning on-line Help system. 
• Rules-based diagnostics that use customizable system performance rules 

identify system performance problems and bottlenecks. 
• Alarms that are triggered when customizable system performance threshol 

exceeded. 
• Tailor information gathering and display to suit your needs. 
• Integrated into OpenView environments. 

Capabilities 
• Get detailed views of CPU. disk. and memory resource activity 
• View disk 1/0 rates and queue lengths by disk device to determine your disk 

loads are well balanced 
• Monitor virtual memory 1/0 and paging 
• Measure NFS activity 
• And much more . 

Student Notes 

GlancePlns is a perfonuauce monito1ing diagnostic tool. GlancePlus soft are visually gives 
you tJ1e useful, accmate information yon need to pinpoint potential or md ting problems 
involving your system's CPU, memory, disk, or network utilization. 

To help you monitor and i.nte1vret yom· system's pe1formance data. Gian Plus software 
i.nclndes a mies-based adviser. Whenever threshold levels for rneasmem lls such as CPU 
utilization or disk 1/0 rates are exceeded t11e adviser notifies yon wit11 on- creen alarms. TI1e 
adviser also applies rnles to key pe1fonn::mc:e measm·ements and sympto1 1s :md then gives 
you information to help you tmcovcr bottlenecks or olher pcrforrnmH'e p1 blerns. 

NOTE: Glm1cePlus is integrated into Open View Windows at. the m nu bar level. 
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GlanccPlns offers a wpoint into many of the critical resources that need to be measured in 

the open system envi onment. 

Benefits 

• Save titne and em rt managing your system resomces 

• Better mlderstan your computing environment 

• Satisfy your end t sers' system pe1iormance needs quickly 

• Leverage from a .  andard interface across vendor platforms 

TI1e featm·es in the p oduct yield a perfornk'lnce monitoring diagnostic solution that offers 
many benefit5 to the 1ser. GlancePlus offers a tool that will make your analysis activities 
easier and quicker to perform. This will save you time. 111e display of various types of 
information will also low you to get a better tmderstnnding of your own environment. 111e 
same GUI on the Mo version is used on all the suppo1ted platfonns, which provides a 
leverage point for a s  ;mdard user interface across several UNIX platforms. 

Many times, just by u-sory use of the product, people will discover cc1tain things about their 
systems. Yon do not have to have a performance problem to use GlancePlus. Tilis simple 
cursory use of the pr duct has let many people gain a better imderstanding of their system<;. 
Titi.s helps out when 1 problem does e>rist. Knowing what is nornml can help identify what 
has become abnorm< I ht your environment. 
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3-2. SLIDE: GlancePlus Pak Overview 

c: 
Q) u 

/ GlancePlus J 

Student Notes 

'Ille view here is from the heights. 

1 

Af'PS OATA8A5ES 

Forecast ng and 
capacity lanning 

ce analysis 
and corr lation 

Performa ce data 
collection and 
alarming 

-
Online p 
monltorin 
diagnosti 

ormance 
and 

For our purposes, we will focus om· discussion on the capabilities of glan e and gpm and 
tJle information and reports they can produce from a nmning IIP-UX systc 1. Also 
un<lerstand that GlancePlus may be nsed in conjunction with Measure War /OVPA to enhance 
and exten<l its capabilities. Many of you may have purchased glance in t1 e GlancePlus Pak, 
which inclu<les a license to run glance, gpm and to configure and nm the 
MeasnreWare/OVPA Agent (mwa) on your system. 

TI1e GlancePlus and Measure W;ffe/OVP A Agent products can be purchase< separntcly or 
combined in Lhe Glance Plus Pak. TI1e Pak also includes (as of C.0:3.G8.00 J me 2002 
application release) some event monitoring [UHl graphical configuration co nponents. 
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Tite components shru e a common measm·ement infrastntc:ture, thus metrics, as well as 
applications have sin liar alarming mechanisms. 

r 
GlancePlus 

Interfaces include: 

/opt/perf/bin/gpD 

/opt/perf/bin/glan e 

GlancePlus Pak 

Measure Ware/OVP A 

hlterlaces include: 

/opt/perf/bin/extract 

/opt/perf/bin/utility 

PerfView/OVPM 

Interfaces include: 

/opt/perf/bin/pv 

Complete informatirn on the configuration ru1d use of MW NOVP A and PerfView/OVPM are 
fnlly covered in the H "wlett-Packard Education Services' course: 

Pc1jVicw McasurnWarc (catalog number B5136). 

\ 
• 
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3-3. SLIDE: gpm and glance 

Student Notes 

Gl::mccPlns provides dual user i.nte1fac:es: 

The gpm GUI 

See history of activity of the system with 
multiplt> window capability 

Monitor your system while doing other work 

Use alarm.s. symptoms and color to assL5t 
with monitoring 

H4262S C.00 
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The glance Character ode 

Monitor performance ren tely over slow 
<iat,ac:om line 

When no high resolution 1 01litor is avrulahle 

Creates less load on the s stem being 
monitored 
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Notes on starting the _ iser interfaces: gpm and glance 

Staiting the GUI 
# gpm [option 

-nosave Do i ot save the current 

c01 igmation at the next 
exit 

-rpt ify one or more 
· onal report windows 

-sharedclr Shae color scheme with 
oth r applications 

-nice Set he gpm nice value 

Xoptions Use X-Toolkit options 
sud as -display 

http://education.hp.c m 

Struting the character ba5ed interface: 
# glance [options] 

- j  interval Preset the number of 
seconds be-tween screen 
refreshes 

-p dest Specily the continuous 
print option destination. 

-lock Allows glance to lock 
itself into memory 

-nice Set the glance ilice value 
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3-4. SLIDE: glance - The Character Mode Interfac 

B3692A GloncePlus C.02.30.00 16:22:40 dukat 9000/893 Current 

CPU U t i l  

Hc111 Ut i I 
Swop Ut i I ,, 

PROCESS LI ST 
User CPU Util 

jl 
45:( 
83:( 
18:( 

7!( 

93;( 
8n 

18:f 

7� 

5 

Thd 
PIO PPIO Pri Hawe < 600� 111ax) 

Cu111 
CPU 

Oi:;k 
10 Rote Cnt 

c::ilculate 6111 6098 242 root 
dbfrontend 6106 6098 242 root 
dbfrontend 6105 6098 168 root 
hopalong 6109 6098 154 root 
dbquery 6102 6998 148 root 
dbacccc� 6100 6098 138 root 
vxbd 36 0 138 root 

Process CPU He11ory Disk 
Li st Report Report Report 

Student Notes 

100/92.0 

82.1/62.9 

52.4/40.2 

15.2/14.9 
1.5/ 1 . 1  
0.4/ 0 . 4  

0.0/ 0 . 1  

duk::it 

1960 .<I 0.0/ 0 . 0  1 

1482.7 0.0/ 0 . 0  1 

955.8 0.0/ 0 . 0  1 
326.7 0.0/ 0 . 0  1 

26.8 73.6/48.9 1 
9 . 2  16.7111.2 1 

130.3 12.3/ 0.2 na 58 

Pog l of 1 
Hel<t Select Help E11it 
Keys Process GI ance 

WiUt glance you can nm on almost any terminal or workst..1t.ion. over n rial interface and 

relatively slow data conununication links. an<l with lower resource rcquir 

'l1le <lefault Process List screen is shown in the above screen capture, nn provides general 
data 011 system reSOlu-ces and active processes. In addition, U1e nser may· drill down" to 
more specific levels of detail in areas of CPU, memory, disk 1/0, network, FS system calls, 
swap, nncl system t�1ble screens. 

Specific details on a per-process level are also available through tl1e in<li uaJ process 
screens. 

For yonr convenience, the next two pages contain a hot key quick refere1 e gnide for the 
glance ('harnct.er mode interface. 
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Module 3 
GlancePlus 

Glance Hot Key ick Reference 

Bot Ke 

a 
c 
d 
g 

I �  
t ' u I v 

l w 
A 
B 
D 
G 

H 
I 
J 
K 
N 
p 
T 
y 
z 
? 

http://education.hp.c m 

Top Level Screen Hot Keys 

Screen Dis la ed/Descli tiou 

CPU By Processor 
CPU Report 
Disk Report 
Process List 
J/O By File System 
Network By Inte1face 
Memory Repo1t 
NFS By System 
System Tables Report 
TIO By Disk 
J/O By Logical Volume 
Swap Spare 
Application List 
Global Waits 
DCE Global Activity 
Process TI1reads 
Alarm History 
Tlu-ead Resources 
Tlu·ead Wait 

DCE Process List 
NFS Global Activity 
PRM Group List 
Transaction Tracker 
Global System Calls 
Global Threads 
Conunands Menu 

3-9 H4262S C.00 
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le 3 Modu 
Glanc ePlus 

Hot Key 

s 
s 
F 
L 
M 
R 
w 

Hot Key 

b 
f 

h 
j 
0 
p 
e/q 
r 
y 
z 
> 
< 
! 

I 

S C.00 

Secondary Level Screen 
Hot Keys 

Screen Displayed/Desc-1iption 

Select a NFS system/Disk!Application/I'rans!T'lu-eacl 
Select a single proces5 
Process Open Files 
Process System Calls 
Process Memory Regions 
Process Resources 
Process Wait Swtes 

Miscellaneous Screen 
Hot Keys 

Screen Displaved/Descliotion 

Scroll page backward 
Scroll page forward 

Online HELP 
Adjust refresh interval 
Adjust process threshold 
Print toggle (staitlstop auto-printing) 
Quit GlancePlns 
Refresh the current screen 
Renice a process 
Reset statistics to zero 
Display next logical screen 
Display previous logical screen 
Invoke a shell 

-
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3-5. SLIDE: L oking at a glance Screen 

- I 
B3692A Gian ePlu� C.02.30.00 22:23:23 garak 9000/800 Current Avg High 

Proc:ess Ha11 
----------

i11ahog 
iaccc!::S 
iac:c:ess 
I access 
iacces.s 
reader 
idb11aint 
idbdaemon l v 11fsd 

I 
Process 

PROCESS LI ST 
User CPU Ut i I CUll Di�k 

9U< 82:'¢ 100)( 
50% 39:c 58i:: 
39:'¢ 39:'¢ 39:( 
14:< 14% 14:( 

Users= 7 
Thd 

PIO PPID Pri Hamc ( 2091' ma)() CPU 10 Rate RSS Cnt 
---·---.-------------·--·---·---------·-------·-·-------··--·-------------

5874 977'1 241 daveg 99.3/91 . 1  288.2 9.9/ 9 . 0  352kb l 
296 11864 168 root 33.3/33.2 206.2 9.9/ 9 . 0  252kb l 

5879 4735 168 dougg 28.8/ 9 . 2  1 4  . 3  0.0/ 0 . 0  252kb 1 
21758 11864 191 root 9 . 4/16.6 119.6 0.0/ 0.0 252kb 1 
24621 11864 168 root 5.5114.0 91.2 0.9/ 9 . 0  252kb 1 

9771 1 168 root 2.1/ 2 . 1  26.2 0.0/ 0 . 0  240kb 1 
12854 11864 168 root 0.4/ 0.4 3 . 2  27.6/26.0 269kb 1 
11872 11864 168 root 0.3/ 0 . 3  2.1 26.0/15.7 260kb l 

32 0 138 root 0.0/ 0 . 1  1 . 0  5.9/ 4 . 1  na 58 

Page 1 of 1 

PU He11ory Oi"k garak He)(t Selec:t Help Exit 
List R port Report Re�ort Key::; Proc�s!: Glance 

Student Notes 

Module 3 
GlancePlus 

Above is an example fan easy and conunon performance problem - a runaway looping 
process. 

Why is Ute global CPl utilization < 100%, although the snm of the individual process CPU 
utilizations > 100 %? 

Hint: Is this a UP or l\ P system'? 

Also note that / (shi; hes) are used in glance repo1ts to separate current metric values from 

cumulative averages. 

NOTE: For th record there were two CPUs on this system. 
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Module 3 
GlancePlus 

On a three-way multiprocessor system with two processes in the same ap lication looping, 
each process can use nearly 100% of each of 2 CPU's. Over a 10-second in erval, each uses 
nearly I 0 seconds of CPU time, so the application used nearly 20 seconds f CPU time in 10 
seconds of elapsed time. Process CPU utilization is 100% for each of the ' looping processes, 
but global CPU utilization would be 66%. 

On HP-UX 11.0, processes can have multiple threads, each of which can c nsume CPU time 
independently of the others. On a four-way MP system, with one process mt has three 
threads looping, the process � a total uses 300% of the CPU. Tite applica ·on and global CPU 
utilization would report the CPU utilization at 75%. 
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- The Graphical User Interface 

nte l'b!port• /Id er Coof•J•"" H<!lp 
� c:blt4:: un Puuu:.S lr.J;!"w 
f•Ap: lf>:�t::lfJ !IT. ::.4 llin 4:14 

100-r. 7400 p:\ 

3.'ll p> 1 21111 po 
Fi� Rtcimrfs At•uin CunfKJUr"H 

5'.:sU::a-n;;Jul.<41 l<t:itUp< lide: 16::�:'24 Jnt;S$t.... 

Pro..A.esce::: "' lls.tt..uiJ llp:r.c.5 
Pk Hu 

p,-,l'.�� Phy)> 
N=• PID GPU % IC1f!t 

..!bf10111�11ol " ,, 
• • .Jk1JlllLC "ill Q dbfrvmc::ud 61.:.5 OJ. 
t.-:�k·ns t>l\IV ··�-
.. it'>� 11 er1 � l ( '2 Lb '�"' .•l .. tl>�•.U,:it> f.•JCQ �).7 '.\'\. . 
y::fsd )'6 l•.'2 11.i..·� 

Student Notes 

}-11·1· 
r�c.l� •n 

FRI 
PPI 
SL!JEP 
BrP.MS 
... 
SillP 
1•' 

Pn 

.j.I 
1'4 
IC'S 
15"1 
'"' 
I'll 
H•• 

Module 3 
GlancePlus. 

Help 

gpm presents the san: _ met.tics as character-mode glance in graphical form. Si6titificant 

global metrics, as we as bottleneck adviser symptom status and alarms are shown in the 
main window. The pr cess list, as well as other reports, i� available via menu selections. 

The proeess list. L<> ve c:nstornizable (and customizations :.u·e preserved) with filters, sorti11g, 
highlights. chosen m .tics, and colunm rearrm1gernent. 

The online User's Gt le is very useful TI1e 12] button on every window is a shortcut into the 

on-item help, which · useful especially for metric defi11itio11s. 
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Module 3 
GlancePlus 

TI1is is another screen shot of the gpm interface. 

F�o Reports AllViser ·eonfi!l'ft 

5'1aom; v"<I< Gnpb P""11"' 10 lm.!5se.: 
�4•S<"•22:ll•''r' :t?:lhl7 t:>.r.o;llac.: 

l\LJ\RM 

1---------� 

J20ps 

Help 

1600 ps 

""'''' t�J1'----------
'120 ps  

a a • I  
.�-�--···-··---·- ····-�···- ····--�J 

-

t:ik?. AetK)rtS /'\dmm COntigure 
�"".:""'um� i.....t Vr4.tc: 22:';1!42 Ina� ... 

Pt<X.,._ "•< l <Q Se!ou•d v ..... ' 

Proo:e� Yh?� 
t·fam1.: PiD CPll titr lOJ:.L 

intillL>S" :-.&7·1 •).() 
ill ..... .. % 2% -�-� . ... o 
i'J••'t'.:X 21758 I :.o WJ 
'···�··�::: 24<>2 1 � (\0 
rca�i.e; .;i;:11 2S (),Q 
ita •• .._c;:s� �iJ� 1.v >.n 
idb.1·\l'-.m··:n usn ·-� 

12&S-< <J.-1 ' )> 
';;J l\'1 "-� 

St"f' 
f;�t.·:on 

Plll 
S!.llJi1' 
Stm 
Sl.Ef.P 
P�I 
5lEEP 
S!.EEF 
1':) 
Sl.<EP 

Note the icon reflecting ru1 adviser alarm. 
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Module 3 
GlancePlus 

3-7. SLIDE: Pr cess Information 

Process Inform ion 
• Detailed data o 

each active pro ess 
CPU data 

• Disk 1/0 data 
• Memory Use 
• Wait Reasons 

Open Files 

Student Notes 

.., .. oc �e"'l.' 

• Access via Main Reports selection Process List 
• Each Process has: 

-Process Resources 
-Open Files 

Tile Process Inform. ion screen in gpm presents the user with detailed infonuation on each 

active process (inch ing CPU utilization, disk 1/0 <lat.a, memory usage, wait state reasons, 
open ( )  file informa .ion, and so on). 

This screen also allo 'S Lhe user to select a specific process and "drill down" to greater detail 
via the Reports sel ct.ion menu. 

Resource Diagno tic Monitoring 

GlancePlns provide an ahm1dant set of performance rnet1ics to help analyic the Clll'rent 
system. Careful tho ght and consideration have been given to ensure tliat Ule proper metrics 
are displayed. 111e I ·oduct wiU\ its Motif GUI offers a way to efficiently display performance 
information. withon overloading tJ1e customer with screen after screen of detailed data. 
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Module 3 
G.lancePlus 

Customizable GUI 

GlancePlus uses the power of Motif and it5 industry-leading approach to d splay technology, 
to provide the user with a powerful graphical user interface that can be en tornized to fit your 
needs. Fonts, color, window size and more are configuration options. Ad itional 
configuration choices are available in "list" windows to allow ea5y manipt tion of colunm 
tabular data for display and sort uses. 

The gpm Process List and GlancePlus - Main screen provide a p 
access the numerous, detailed Report screens. These reports allow a lo 
the extensive amount of system resources and process specific data. 

"' Resource History Window 
"' CPU Info 
"' Memory Info 
"' Disk Info 
"' Network Info 
"' System Info 
"' Global Info 
"' wap .._ pace 
"' Wait States 
"' 1\'ansaction Tracking 
"' Application List 
"' PRlVI Group List 
T Process List 
"' Thread List 

-down menu to 
cal approach to 

Next LeveJ contains 
acl<;litional graphs and 
tables 
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• Adviser Windo s 
- Symptom istory 
- Symptom tatus/Snapshot 

Alarm His r y  / 
.. Adviser S ntax 

• Button Label !ors 

- Alarm But on for Alarm Statements 
Graph Bu ons for Symptom Statements 

• Icon Border C lor (in OpenView) 
·- Changes Red or Yellow on Alarms 

Student Notes 

Module 3 
GlancePlus 

GlancePlus supports etformance alarms mid a rules-based ndviser to help automnte the 

interpretntion of per rmance data. TI1e alarm rules ccu1 be customized by tJ1e user to reflect 
local system charact. ristics. 

Note: Both interface will report alanns, and the same syntax is used for alarms in glance 

and gpm. 

Alarms are configure i through tlte /var /opt/perf/ advisor. syntax file. 
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Module 3 
Glance Plus 

3-9. SLIDE: adviser Bottlen�ck Syntax Example 

� •'\ 'l..,\-�� �\ ���'{'� 

� The follow·inq symptoms •Jre u sed by the d.ctall l t  Al.a.-m Window 

tt Boi-tl entc:k .;ilcltm��. 'fhey ....tre t e - e vdlu.aLed �vety u'tt.erv.:tl dnd 
n Lhe prob.:tbilitli::tl �re. sua\med. TheS'::: sununed pr"obabllille$ �i le 
U checked by the bott lcncck <> l<nm�i. 'l'he but cons on t h e  gpni 
� mt.1ir1 window wi_ll Lurn y-ello11: when a probabiliLy t?Y�c�eds '.:.0% 
» Lo� .art i.J1t erva I • and red when v pro·babi 1 i ty �x<:cods 90!i. for 
n an int.ervCil . You may edit t hese rula..s to s u i L  youi:.- envi ronmc:;>nr :  

»ymptom C}'U eoLt 1enecl< cypc�CPU 
ru I e G8l._Cl?lJ_TOT.�L_lITIL 
rn1e GBL_CPU_TOT.!\f,_UTTr. 
n1 le GBL C!'U TOTAL UT!L 
tUle GBL !'Rl QUEUE 

75 
B<; 
90 

ii I (l rm CPll_Oot r leneck > 50 Co.r '' minuteg 

if Cl?U l3<)t. L leneck > 90 then 

p!'Ob 2� 
p·roh :<<; 
prob 2S 
pr oh 2S 

n?·d .:Jlert "CPU Rot tl nnCck probitbi 1 i t-.y- 11 •  'CPU_nottl�n<�r.k, 11%" 

l·epear 1"v("lry 1 O mi m1Le!'> 
if CPU l30LL1eneck :• 90 cl1en 

n-.fl -. J r.r·r. "CPU l3ol. tlt'!neck pL·obabiliLy- " ,  Cl?U l30LLleneck, " t "  
el.st: 

y·'"!llnw ..il1�tL ''CPU Botl lt:neck pt:obabi, J i Ly- �· C'PU_e.o t t l t?nt? c k- , 11� 11 

t!lld 
LefSel c: d t! L L  " l:::nd ot CPU Roi: t J encc:k Alert" 

Student Notes 

111e bottleneck alarms are a little complex. TI1e CPU bottleneck sympton definition and 
corresponding alarm is shown. 

Just because a resource is fully utilized doesn't mean that it is a bottlenec 
bottleneck if there is activity that i<> hindered waiting for that resource. TI 
alone is not a good bottleneck indicator. Both utilization and queue lengtl 
define Urn symptom probability. 

. It is only a 
,refore, utilization 

are combined to 

Some of the key metrics for pe1fonnance analysis are the ones we use in t 1c default syntax to 
define bottleneck alarms. 
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3-10. SLIDE: File 

Module 3 
G lancePlus 

""'-V.ht <..,,t 1,.,1,..lt 

application = 
user = 

application = and the associated 
parameters defines the logical 
groupings used to define each 
application on the machine. 

file = 
priority = 
group = 

' + parm file 
both Gian 

+ A . pa rm i 
override t 

Student Notes 

plication definitions are used by 
Plus and MeasureWare. 
a user's $HOME directory will 
system parm file. 

Examples: 
application=Real Time 
priority=0-127 

application=Prog Dev Group 1 
file=vi,xdb,abb,ld, 1 i n t  

user=bill,debbie 

application=Prog Dev Group 2 
file=v i ,xdb,abb, 1 d, l i nt 
user=ted,rebecc,tesr 

application=Compilers 
file=cc, cc om, pc ,pa scomp 

.l3y now yon are starti 1g to see the range and scope of the performance met1ic data that 
glance and gpm dis lay. While this is iJwaluable when it comes to unclerstmtding U1e 

behavior of a single 1 ·ocess, many times what we really need is to evalnate and baseline the 
perfommnce of an e ·re application suite. TI1is could be achieved by adcli11g up the 
individual metrics of U processes within the application suite, but this could ue a dmmting 
task for all but Ute si1 1plest of applications. 

Through the use of tl configmation file /var/opt/perf/parm, glance <Utd gpm cm1 help 
to collect all the mct1 c-s from the individual processes within an application suite and 
present tJ1e infonnati n in a concise manner for your review. 

One challenge is in ti . definition of what constitutes an application. To address this i5sue, 
the parm file has sev ral different methods for describing which processes belong to which 
application definitio1 

Application member rocesscs can be defined by their UID, U1e front-store file from which 
they were fork ( )  'd the p1io1ity at which they execute, their Gill, or any combination of tlie 

above. This provides a very versatile framework for application profiling. 
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Module 3 

GlancePlus 

NOTE: glance and gpm share the same application defmitions (v' · the parm 
configuration file) as mwa. 

# /var/opt/perf/parm for host system "garat" 
id = garat 

# Parameters for what data classes scopeux will log: 
log global applicat ion process dev=disk, l vm transact ' on 

# Parameters to control maximum s i z e  of scopeux logf ' les : 
size global=lO , application= S ,  process=2 , device: l , 
transaction=l . 5  
# Thresholds which determine what process data scope x will log : 

threshold cpu = l ,  disk = 1 ,  nonew, nokil l ed 
# Web server: 
application = WWW 
user www 

or 
f i le httpd 

# Untrustworthy users : 

application = HighRisk 
user = fred, barney, root 

11\e order in which applications are defined is very impo1tant. Once a pro ess meets tJ1e 
definition of m1 application, its data will be contJ.ibuted to that applicatio1 s metrics. Cme 
must be taken to assm·e that ambiguity is avoided in the definition of app cations. 
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3-11. SLIDE: G ancePlus Data Flow 

Terminal di play 

Student Notes 

(application 
definitions) 

Adviser output 

HP-UX kernel Kl 

Motif display 

Module 3 
GlancePlus 

Without going into a ot of detail, note that both interfaces share a c:onunon inst.rumentation 
source and conm1on lpplication definitions. 

Instnunentation con s partly from interfaces also accessed by standard UNL"'\ utilities such 
as vms tat, :md part from special HP-UX KI trace-based instnmtent.ation. 

'lllere is no generall� available AP! to these interfaces. They a1·c wiitten specifically for use 
by GlanccPlns and � .asureWare/OVPA. 
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Module 3 
GlancePlus 

Significant Directories 

/opt/per£ 

/opt/perf/bin 

Product files from .installation media 

Executables 

/opt/perf /ReleaseNotes Release Notes 

/opt/perf/examples 

/opt/perf /paperdocs 

/var/opt/perf 

Supplementa1y configuration examples 

Electronic versions of docmnentation 

Product and configuration files created d ing and after 

installation 

Always check ReleaseNotes for version-specific information. 

(New for C.02.30 an<l later releases: example configuration files) 

Config files come from /opt/perf/newconfig if they don't already e, st under 

/var/opt/perf. 

Compare new default parm file witJ1 that on yom system if yon are updaf tl.g from a previous 

relecise. 

The directory /var I opt/perf contains the status rntd data files. 
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3-12. SLIDE: 

• Use it for " 
• The gpm 

y GlancePlus Usage Tips 

at's going on right now." 

line help is very useful - especially on item help. 

Module 3 
GlancePlus 

• Drill down rom higher level reports to more detailed resource reports. 
• Understan what the adviser is telling you. 
• Sort, filter, nd choose metrics in gpm; especially the Process List. 
• In charact r-mode glance use: 

- ? scree to navigate 

- h for hel 

• 

for setting thresholds and process list sorting 

iser alarms to be right for you . 

te interval to control CPU overhead. 
• Process d tails including thread lists, wait states, memory regions, 

open file , and system call reports can be used to impress your 
program ing staff ! 8") 

Student Notes 
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Module 3 
GlancePlus 

3-13. SLIDE: Global, Application, and Process Data 

• Global metrics reflect system-wide activity (sum of all applic tions). 

• Process metrics reflect specific per-process (including threa ) activity. 

• Application metrics sum activity for a set of processes. The keep track 
of activity for all processes, however short-lived, even if the are not 
reported individually. 

• Glance updates all metric values at the same time. Measur Ware 
summarizes Global, Application, and other class data over -minute 
intervals and summarizes Process data over 1-minute inter als. 

• Multiprocessor effects: Global and Application CPU percent ges reflect 
normalization over the number of processors (percentage o availability 
for entire system). Process and thread-level CPU percenta es are not 
normalized by the number of processors. 

Student Notes 

lt i.s important to tmderstand the interrelationships among metric classes. 
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Module 3 
GlancePlus 

3-14. SLIDE: C n't Solve What's Not a Problem 

cess by itself is not a problem. 

"normal" for your environment. 

al performance data for reference. 

• Measure re ponse times. 

• Use the tool to find out what is affecting performance. 

• Isolate bottl necks and address them when there is a problem. 

• When tunin • make only one change at a time and then measure its 
effect. 

• Document 

• Optimize yo 
more hard 
next time. 

Student Notes 

One of the hardest sl 
significance. After < 

problem" even if an 

erything you do! 

r time resource: don't fix what isn't broken; sometimes 
re is the cheapest answer; set yourself up to react quicker 

s is to determine what to measure and how to interpret its 
if the user's response time is satisfactory. then oftentimes there is "no 
emtion metric is higher than no1111al. 
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Module 3 
GlancePlus 

3-15. SLIDE: Metrics: "No Answers without Data" 

• Rate and utilization metrics are more useful than counts an times, 
because they are independent of the collection interval. 

• Cumulative metrics measure over the total duration of colle tion. 

• Most metrics are broken down into subsets by type. Work rom the top 
down. 

• Blocked states reflect individual process or thread wait reas ns. Global 
queue metrics are derived from process blocked states. 

• CPU is a "symmetric'' resource. Scheduler will balance load on the 
multiprocessor, whereas disks and network interface activit depend on 
where data is located. 

• Memory utilization is not as important as paging activity an buffer 
cache sizing. 

Student Notes 

CPU utilization and disk I/O rates compare well on different sununari7 .. ati n intervals. 
whereas CPU time and l/O counts are always larger when the collection · te1val grows. 

Examples of breakdo\\o·ns: Global <li<>k I/O rate i5 a sum of the BYDSK_ m tries, each class in 
tum breaks down activity between reads and vVTites and file system verst ·· raw and system 
access. For disk bottlenecks, it is often useful to correlate between DSK. S, and LY classes. 

Memory utilization is frequently nearly 100% with dyrnuuic buffer cache. page outs occur 
or while in raw disk access environments, shrink Ute buffer cache to avoi l paging. 

Progranuners frequently don't lmow they can view specific system-call m tries, as well as 
memory region and open file information .on a per-process basis. 
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• Don't try to nderstand all the capabilities and extensions to the tools, 
just the one of most use to you. 

veloping an understanding of what is "normal" on your 
systems. 

• Refine and evelop alarms customized for your environment. 

• Work from xamples in documentation, gpm online help, config files, and 
example dir ctories. 

Student Notes 

Remember that perf mance tuning is :m mt, and the following two rules apply to most 
engagements: 

Rnle #1: When :ms ·ering a question about computer system performance, the initial 
answer is 1lways, ''It depends." 

Rule #2: Petfonn, cc tuning always involves a trade-off. 

Suggested ·ea.ding: HP-UX T1111i11g and Pmformcmcc by Robert F. Sauers and 
Peter S. W ygant, available through the Hewlett-Packard Professional Books, 
Prentice H tll Press (TSBN 0-13-102716-6) 
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3-17. SLIDE: HP GlancePlus Guided Tour 

Topics 
• Main Window 

-
• CPU Bottlenecks 
• Memory Bottlenecks 
• Configuration Information 

l cpu 

::.r 
• Alarm and Symptoms 

Student Notes 

To take tl1e guided tour of GlancePlus, nm the gpm GUI and seled Help n the menu bar. 

Next select the Guided Tour option. 

11tis -will intsoclnce you to the product. It feattu·es captured "'v.rindows"' of the actual product, 
with ;mnotations to help point out the important features of certain scree s or ·wuttlows. 

Quick Tip: gpm provides an excellent online Help system. Click UlC righ mou.se butt011 for 

the On-Item Help featlU'e. For help in glance, press the h key. 
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3-18. LAB: gp and glance Walk-Through 

Directions 

Module 3 

GlancePlus 

TI1e following lab is iJ tended to fmniliruize the student with gpm and glance. To achieve this 
result. the lab will "w k U1e student ttu·ough" a number of windows and tasks in botJ1 U1e 
ASCll and X-Window versions of 6fJ>lll and glance. 

The Graphical Ve sion - GlancePlus 

1. 1,og in. If you ha' not already done so, please log into lhc system witl1 tJ1e user name 
and password pr rided by yom instructor. 

2. Start GlancePlu . From a tenninal window, invoke GlancePlus by entering gpm. 

# gpm 

In a few seconds m will come up. ·me first thing will be a license notification informing 
you that you are , mting a trial version of GlancePlus, along with orde1ing a.nd teclrnicaJ 
snpport i.nformati 

On the gpm Mai screen, yon will see four graphs for CPU, Memory, Disk, and 
Networking. B. default, the graphs are in tJ1e resomce llistory format. TI1is means that 

for each interval onfigurable) there will be a data point on the graph. up to the 
maximum numbe · of intervals (also configurable). 

3. Interval Custon ·zations. Click on Configure in the menu bar, and select 
Measurement. S •t the sample interval to 10 seconds and the umuber of graph points to 
50. This will allo you to see np to 500 seconds of system hi.story. Click on OK. 

NOTE: TI1is s tting will be saved for you in your home directory in a file called 
$HOM I . gpmhp - sys tern_ name. 1llis means that all GlancePlus users will 
have eir customizations saved. 

St.rut a program f ·om another window: 

# cd /home h4262 /cpu/ labl ; 
# . /RUN & 

..i. Main Window. J3 low each graph witl1in U1e GlanccPlus Main window, yon will find a 
button. 'D1ese bu tons display the status color of adviser symptoms. TI1is is a powerful 
featme of Glance lus that we will investigntc later. Clicking on one of these buttons 
displays details o that paiticnlar graph. 

To vie'"' the advis r symptoms from the mai.J1 window, select: 

Adviser - >  Edit Advi ser Syntax 

This will display t 1e definitions of the current symptoms being monitored by GlwleePlus. 
Close the Edit dviser Syntax winnow. 
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View CPU details: 

Click the CPU button. 
To view a detailed repo1t reganling the CPU, select: 

Reports - >  CPU Report 

Select: 

Reports - >  CPU by Processor 

TI1is is a useful report, even on a single processor system. 

5. On Line Help. One metJ10d for accessing online help within GlancePl 1s is to click on the 
question mark ( ? )  button. TI1e Clu'Sor changes to a ? . 

Click on the colunm heading, NNice CPU % . 111is opens a new wind w describing the 

NNice CPU % cohnnn. 

View dcsc1iptions for other cohmms, including tl1e sysCall CPU%. 

Wlwn finished view ing online help for cohmu1s, click on Lhc q11estion iark one more 
time. TI1is returns the cursor to normal. 

6. Alarms and Symptoms. A symptom is some characleristic of a perfo 1nance problem. 
GlancePlus comes with predefined symptoms, or the user c:u1 define l i'> own. 

An almm is simply a notification that a symptom has been detected. 

From the main window. select: 

Adviser - >  Symptom History 

For each defined symptom. a history of U1at particular symptom is dis layed graphicaUy. 
TI1e duration is dependent on tJ1e glance history buffers, which are t er-definable. Close 
the window. 

Click on the ALARM button in the main window. TI1is dl<;pla.ys a histo of all the alm-ms 
that have occurred since GlancePhL� was started. Up to 250 alarms c· be displayed. 
Close the window. 

7. Process Details. Close all ·windows except for lhe main window. Sel ct: 

Reports - >  Process List 

This shows the "'interesting" processes on the system (interesting ill t ·ms of size mtd/or 
act.ivit.y). To customize U1is listing, select: 

Configure - >  Choose Metrics 

TI1is will display an astonishing number of metrics, which can be cho n for display il1 
this report. 111is is also a quick way to get an overview of all of tlte pr ccss-related 
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metrics available · l GlancePlus. Note that tJ1e fan:liliar ? button is also available from Utis 

window. 

Use tl1e scroll bar o find the metric PROC NICE PRI. Select this metric and click on 

OK. Close Utis win ow by clicking on OK. 

8. Customizations. Most display windows <'all be customized to sort on any metric. �utd to 
amrnge the metri in any user-defined order. To define the sort fields, select 

Configure - >  ort Fields 

The soit order is etenn.i.ned by the order of the colunms. Placing a pa1ticnlar metric into 
column one make · it the first sort field. If multiple ent1;es have the same value within this 
field, then the sec nd colunm is used to determine the order between those entries. If 
fm·tJ1er sorting is 1 eeded, U1en the third colwm1 is used, and so forth down the line. 

To soit on Cumul tive CPU Percentage, click on the colmrm heading CPU % Cum. 
'flle cursor will b ,ome a crosshair. Scroll window back to colmnn one, and click on 
cohmut one. TI1is nakes CPU % cum the first sort field. 

Arrange t11e sort ·der so Utat CPU % is followed by CPU % Cum. 

Click Done when 1nished. Titis sort order is automatically saved so that U1e next time 

processes are vie ·ed, this will remain the sort order. 

In a similar fashio l, the order of U1e columns can also be arranged . To define the colnnm 
order, select 

Configure - >  rrange Columns 

Select a cohmm t be moved (for e..�ample, CPU % Cum). Tite cmsor will become a 
crosshair. Scroll e window to the location where the cohu1m is to be inserted. Click on 
the cohmm wher the colunm is to be i.nse1ted. 

Anangc the first ur columns to be in the following order: Process Name, CPU %. 
CPU % Cum, Re Mem. 

Click Done whe 1 futishcd. This display order is automatico.lly saved so that the next 

time processes ar _ viewed, this will remain the display order. 

9. tions. It is possible to modify tile definition of interesting processes by 
selt>cling: 

configure - >  i l ters 

An easy wo.y to · lit the processes shown is to and all Ute conditions (the <lefault is to OR 
tJ1e conditions). II the Configure Filters window, select AND logic, then <"lick on 

OK. A much smal l .r list of processes should be displayed. 

Retiu·n to the Co figure Filters window. l\Iodify t.he filler definition for CPU % Cum 
as follows: 

Change Enabl Filter to ON 
Change Filte 
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Change Filter Value to 3 . 0  

Change 
Change 
Change 
Change 

Enable Highlight to 
Highlight Relation 
Highlight Value to 
Highlight Color to 

ON 

to >= 

3 . 0  
any LOUD color 

Reset the logic condition make to OR, Ulen click OK. Verify the filter t k effect. 

10. Administrative Capabilities. Tilere are two administrative capabili es with 
Gl:mcePlus. If working :lS root, processes in the Process List sere n c:�m be killed 
or reniced. 

In tJ1e Process List window, select the proc8 process. To access he Admintools, 
select: 
Admin - >  Renice 

Use the slider to set Ule new nice value for this process to be +19. th 11 click OK. Note 
the impact on this process. 

Now, select the proc8 process again. Select 

Admin - >  Kill 

Click OK, m1d note the process is no longer present. 

l l .  Process Details. Detailed metrics ca11 be obtained 011 a pel' process 
process details, go to the Process List window ru1d rlonble click o :my process. 

Much of the details in this report will be explained in the Prnc:ess lVfa1 gemenl section of 
lhe course. 

The Reports menu provides much valuable information about the p1 cess, including the 
Files Open and the System Calls being generated. 

After sm-veying the information available Uuough this window, close ' id return to tJ1e 
Main window. 

There ;u-e many other feattu-es available in GlancePlus. '11\cre are do, e to 1000 metrics 
avnilable with it. Notice Ulat when you iconify the Glance Plus Main "' indow, all of the 
other windows are closed and the Glm1c:ePlus active icon is displayed Alarms and 
histogr:mL'i are displayed iI1 Utis active icon. Exploding this icon will ; gain open up all 
previously open wil1dows. 

12. Exit GlancePlus. From tJ1e Main window, select: 

File -> Exit GlancePlus 
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13. Glance, tile ASC a version. From a terminal v\rindow, which has not been resized, type 
glance .  

NOTE: Never 1m glance or gpm i.it tile backgrotmd. 

If you are accessil g the ASCII version of glance from an X terminal window, make sure 
you start up an h� term window to enable full glance softkeys. Do not resize Ule 
window as ASCII tJlance expects a st.andard terminal size . .  You can make Ule hp term 

window longer, hi t never wider. However, maklllg it longer is frequently of no use. 

It hpterm & 

In the new windo � . . .  
# glance 

Display a list of k� yboard functions by typing ? . Titis brings up a help screen showing all 
of the conm1and 1 eystrokes that can be used from the ASCil version of GlancePlus. 
Explore these to f imiliarize yourself with tJ1e interface. 

14. Display Main Pr t>cess Screen. Type g to go to the Main Process Screen. Tilis 
lists au i11tcrcsli11 � processes on the system. 

Retrieve online lH lp related to this window by typing h,  which b1'lltgs up a help menu. 
Select: 

Current Screen Metrics 

Use U1e cursor ke is to select 

CPU Uti l  

NOTE: Titis n ietric ha.'> two values. Use the oil.line help to distinguish the difference 
betwe n U\e two values. Use U1e space bar or the "Page Down" key to loggle 
to the he)rt page of help. 

Exit tJ1e onlinc he p CPU Util desc1;ption by typing e. Exit the Screen Summary 
topics by typing e From the main Help menu. select: 

Screen Summaries 

Use the cursor ke vs to select 

Global Bars 

From tllis help de :;cription, explain what R, s. u, N, and A mean in the CPU Util Bar. 

Exit tJ\e onlinc he p Global Bar descdption by typing e. Exit the Screen Summary 
topks by typing e . E�'it tlte main Help menu by typing e. AL any time, you can exit help 
completely, no m tter how deep you [U'C, by pressing t11e FS key. 
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15. Modify Interesting Process Definition. From the main Process ist window, 
(select g). View the interesting processes. What makes these process s interesting? Type 
o and select 1 (one) to view the process threshold screen. 

Cursor down to the Sort Key field, and indicate to so1t the process by CPU usage. 

Before confirming the other options are correct, note that any CPU t ge (greater than 
zero), or any disk I/Os will cause the process to be considered intC?·cs i11g. 

Rtm the KILLIT conml.:'l.nd to stop all lab loads. 
16. Glance Reports. This is the free form part of the lab. Spend the rest f yom lab time 

going tJuough U1e various Glance screens and GlancePlus windows. l e the table below 
to produce the different performance reports. 

Feel free to use tJtls time to ask the instructor "How Do I . . .'?" types o questions. 

Glance 
COMMAND FUNCTION 

*a 
b 

*c 
*d 

e 
( 

*g 
h 

* i  

j 
*l 
* m  
.. n 

C) 
p 

q 
r 

*s 
*L 
*U 
*V 
*W 

y 
7. 

? 

<CR> 

All CPUs Performance Stats 
Back one screen 
CPU Uti l L �a l. ion Stats 
Disk T/O S t a t s  
Exit 
Forward one screen 

Global Process Stats 
Help 

I/0 by Filcsystem 
Change update in terval 
Lan Stat:s 
Memory St.ab'; 
NPS St.at.s 
Change Threshold Opt ions 
Print current. screen 
Quit 
Redraw screen 
Single process information 
OS Table U l i l i zation 
Disk Queue Length 
Loq1 c.:al Volume Mgr Stat.s 
Swap Sl.ats 
Ren.ice pl"OCCS!5 
Zero a l l  S t i.:l t!,; 
Shell escape 
Help wi t.h opl..i.ons 
Update screen data 

H4262S C.00 

GlancePlus ( gpm> 
"REPORT" 

CPU by Processor 

CPU Report 
Disk Report 

Process List. 

I/O by Filesystem 

Network by LAN 
Memory Report 
NFS Report 

Process List, double click process 
System Table Report 
Uisk Repor t , double-c ick disk 
1/0 by Logical Velum· 
Swap Detail 
Adm i nistrative Capi:lb 1 .i. ties 
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Module 4 - Process Management 

Objectives 

Upon completion of · module, yon will be able to do the following: 

• Desclibe the com onents of a process. 

• Describe bow a p cess executes, and identify its process states . 

• 

• Describe a conte, switch and the circmnstances tmder which context S"-itching occurs. 

• Describe in gener , the HP-UX priority queues. 
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4-1. SLIDE: The HP-UX Operating System 

User Level 
: .. :::::::::;:::::::::::::::::::::::=:·:::: ( 
Kernel Level 

Gateway 

u 
S stem Call Interface 

File Suosyst& , r Process 

u Control I Buffer Cache 

u Subsystem 

u 
Hardware Control Interface 

Kernel Level D 
Hardware Level Hardware Devices 

Student Notes 

lnterproces 
Communicar n 

Scheduler 

Memory Manag ment 

The main purpose of an operating system is to provide an enviromnent wl ere processes can 
execute. 111is includes scheduling processes for time on the CPU, managil g tlte memory 
which is assigned to processes, alloVlring processes to read dat.a. from disk and m;my other 
things. 

When processes execute within the HP-UX operating system, there �.u·e l 
can be in: User mode ruHI Kernel (system) mode. 

User Mode and Kernel Mode 

modes that they 

User mo<le refers to instrnctions that do not require the assistance of the emel program i1t 
order to execute. 'O\ese include mune1ic calculations, string ma11ipulatio1 , looping 
constructs. ru1d many others. ill general, it is good when a process can sp nd the mnjority of 
its time i.n "user mode .. , bec�use it implies the CPU is exeeuting i.nstrnctio 1s thnt nre related 
to the process, as opposed to instructions related to the kernel. 

Kernel mode refers to time spent in the kernel exccntil1g inst.ructions on half of the 
process. Processes access the kernel U11·ough system calls, often referred o as the System 
Call Int.crrnce. Ex:.unples include performi..ug VO. creating new processes, nd e�-panding data 
space. 

H4262S C.00 4-2 
© 2004 Hewlett-Packard Development Company, L.P. 

htt ://education.hp.com 



Module 4 
Process Management 

Kernel mode is also l ed for "backgrotmd" activities, pe1fo1med by the kernel on behalf of 
processes. Exmnples include page faulting the program's text or data in from disk, 
initializing e,u1d growil g a process's data space, paging a po11Jon of the process to swap space, 
pe1fonn.i.ng file syste1 reads and writes, and many other things. ht general, when a process 
spends too much tim in kernel mode, it is considered bad for pe1iorniance. This is because 
too mn<:h time (overl ad) is being spent to manage the environment in which U\C process 
executes. and not en 1gh time on executing the actual process itself (which is user mode). 

Performance Too 

Most all performance tools that track CPU utilization distinguish between time spent by tl1e 
CPU in usC?· mode ve sus time spent in kernel mode. On a good, healthy system with plenty 
of memory resources a typical ratio between user mode and kernel mode time is 1:1. Tius 
means tJ1e process sp nds 75-80% of its execution in user mode and 20-25% in kernel mode. 

Another general rule f thumb is, kernel mode CPU time should not exceed 50%. When this 
happens, it generally neans too much time is being spent managing the system (i.e. memory 
and swap space man. gement, context s·witchi.ng), and not enough is being spent executing 
process code. 

l,).I '\'\ l)t� .. : \ Q t �'' �,c\�\ 
io,\-- <fJA h. r (. { /) fjil,r a... SJ.\R1 
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4-2. SLIDE: Virtual Address Process Space (PA-R ) 

32·bit 

l L \V<>i� ..1\1 ��\� 
Text 

Ci. ��\ '�JC\�� � ... 
Oaf 11r.\-£� 

\ .\ ClL� 
Shared Objects 

��t .. ( 
Shared Objects 

Student Notes 

6�-bit 

Shared Objects 

Text 4TB/Quadrant) 

Data 

Shared Objects 

Each process views itself as stmt.i.ng at address 0 and ending at the maxi1 um ackkess 
addressable by ;32 or 64 bits. This address space is known as the Virtual ddress Space for 
a process. 

Tite virtual address space is a logical addressbtg scheme used .i.ntcnw.lly the process to 
reference related instructions and <lat.a. variables. Tite physical memory a dress locations 
cannot be used, because a progrmn does not know where Lit physical mc1 101y it will be 
lo:i.ded. I.n fact, a progrnm could be loaded at different memory locations ach time it 
executes. 

The Four Quadrants (32-bit) 

Each procC'ss segments its vi.dual address space u1to four quadrants, "'itl each quadrant 
containing 1 GU of address space. TI1e first quadrant is reserved for the p ogram's 
instructions (also known as te.x"t). Though an address range of l GB is res rvcd for text .• very 
rarely does the progr:..un need all U1esc addresses. Most of the time, only � fraction (often less 
than 10%) of Ulis space is needed lo address the program's text. 
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TI1c second quadrant I olds the programs private data vaiiables. Again, 1 GB of address space 
is reserved for data va ·iables, and only a fraction of this space is used (in general). Since this 
quadrant is limited to GB of address space, a m�n: .imurn global data size of approximately 
900 l\IB is imposed. ( l HP-UX, changes were made to allow the global data to use addresses 
in other quadrants for rivate data, thereby increasing its maximmn size to 3.9 GB.) 

The third and folll'th q iadrants are usually used to address shared memory segments, shared 
text segrnents, shared nemory-rn .apped files, and other shared structures, such as the System 
Call Interface. 

64-Bit HP-UX 11.0 Update 

With the introduction f IIP-UX 1 1.00 and its 64-bit operating system, the virtual address 
space chruiges drama cally. A 32-bit process numing 1mder tJ1e 64-bit kernel is given U1e 
same space allocatim as tmder a 32-bit kernel. With a 64 bit process, the addressable spa<'e 
increases to 16 Temb. es. This limits each quadrant to 4 TB (for a total of 16 TB of virtual 
address space). but t capability exists to increase this address space, if necessary, in future 
releases. 

Notice alc.;o that the I ations of the various components of the process have been shifted 
among the quadrants. 

,1) t::�: !)\�\ � � �* �� TNlvtG�v 

).) i ec � -

c 
a�l 
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4-3. SLIDE: Virtual Address Process Space (IA-64) 

32-blt 64-bit 

Text 
Shared Objects 

Data Shared Objects 

(1 GB/octant) Shared Objects Text 

Shared Objects Data 

Data 

Shared Objects 

Shared Objects 

(2EBtoctant) Kernel Kernel 

Student Notes 

(2EBloctant) 

Titere is no 32-bit kernel numing on the IA-64 vrocessor. 111e viltual addr ss space is always 
16 Ell in size. alUwugh it may not all be used or allocated while a pruticul r process is 
running. TI1e space is divided into eight equal-sized oct.1nts - each octru1t · 2 EB in size. 

When executing a PA-HISC :32-bit process, the first four octants are set up just like the PA­
RISC, ;32-bit virtual address space, using only 1 GB ont of each octant to s mulatc the fom 
original quadranL<>. TilC last octant holds Ute kernel and all of its related s ructures. 

64-Bit P1·ocesses 

With a 64-bit process, the virtual address space changes dramatically. TI1 fast. two octanLs 
become tl1e equivalent Lo the first PA-RISC quaclnmt ru1d hold shared obj ts. The third 
ocu.mt holds the text. TI1e fomth mid fifth oc:t:mls are reserved for any pr cess private dat.a, 
anti the sixth :md seventh octanl'> contain more shared objects. Only the ast octant is laid 
out exactly the same for both 32-bit and 64-bit processes. 
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Student Notes 

Proc Table 
Entry 

Text 

Data 

Stack D 
UArea 

Kernel 

OS Tables 

MemMap 

LibTxt 

ShMem 

Memory 

Module 4 

Process Management 

Eac:h process execnt 1g in rnemory contains an entry in the kernel's process table. The entry 
in the proc t..:'lble the1 refereuces the locations of the progrmn's fotu- main components: text, 
data, stack, and uar a. 

The text segment <:01 tains the program's executable code. The data segment contains the 
programs' global date structures and vmiables. The stack area contains the programs' local 
dat.-i st:ructtu-es nnd v fables. Tite uaren is tut extension of the proc- table enn·y. In a multi­
Lltreadecl process, ea h thread will have its own uarea. 

Other components ti t may or may not. be associated witlt a process are shared libraries, 
shared memory segn nts, and memory-mapped files. 

TI1e text and i11itializ d global data segments of Ute process are taken from the executed 
program file 011 disk luring process startup. In an attempt to save on startup time, Ute 
uninitialized global d ta segments and the stack area are zero filled, and no pages oJ a 
progrmn are landed < startup. Copying the enlire text nn<l data into memory would generate 
long startup latenc . TIIis latency problem is avoided in HP-UX by denwnd paging Ute 
program's text and d ta as neederl. 

http://education.hp.c m H4262S C.00 
© 2004 Hewlett-Packard Development Company, L.P. 



L 

Module 4 

Process Management 

Using this demand paging approach, the program is loaded into memory · smaller pieces 
(pages), on an as-needed basis. One page on HP-UX 10.X is equal to a 4-K ize. On HP-UX 
11.00, the page size is vmiable (meaning the initial program could page in izes greater than 4 
KB). 
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4-5. SLIDE: 

Process 
Starts 

Life Cycle of a Process 

�l.f-1 
Main 

Student Notes 

Memory 

=---��. -�­
- Swap _ 

-- -
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The life <.:yc:le of a precess <.:c.Ul be generalized by U1e above slide. When a process is horn (or 
start<>), its text mnst e paged in from the file system on di5k (on demand) in orrler to be 
executed. (Remembe , the operating system only pages in a text page when it determines that 
a proc:ess needs a pa1 ic:nl:lr page in order to execute.) h1 addition, space must be rese1ved 
on the swap pattition for the process in the event it may need to page portions of the data 
area out to swap. On e the swap space is reserved tu1d the process is initialized, the process 
c::..m begin executing n the CPU. Ac:, the process executes, it often performs actions Umt 
require it to wait. 111 ·e actions include reading data from the disk or the network. waiting 
for a user to enter a r sponse at a terminal window, or waiting ou a shared resource (like 
semaphores). Once t1 e item. which the process is waiting on, becomes available, the process 
puts itself in Ute CPU nm queue so it C<.ul begin executing again. Tilis is the standard cycle 
that a process goes ti rough: WAIT for a resource, enter the CPU nm queue when thf' 
resource is available, execute on the CPU. 

Tite waiting on a res u-ce is symbolized in Ute slide ::is the octagon (or stop sign). 'flle 
entering of the CPU t m queue is symbolizeci by the triangle, and the execution on Ute CPU is 
indicated by the CPU in the rectangle. 

http:/leducation.hp.c m 4-9 H4262$ C.00 
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Process Management 

An advantage of the glance pelforn:umce tool is tlrnt it displays on a per rocess basis (or 
system-wide) the various rea .. '9ons why a process is blocked or waiting 01 the CPU. 
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Process Management 
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completes 

I � SIDL 

Student Notes 

The process table en ·y contains the process st.ate. Tilis st.ate is logically divided into several 
categories of infonn, ion to do the following: scheduling, identification, memory 
management. synchr nization, and resom·ce accmmting. 

There are five nmjor rocess states: 

SRUN 

SSLEEP 

SIDL 

SZOMB 

SSTOP 

Th process is numing or is runnable, in kernel mode or nser mode, in 
me nory or on tJ1e swap device. 

111 process is waiting for an event in memory or on the swap device. 

Tit process is being setup via fork. 

Th process has released all system resources except for the process table 
enl y. TI1is is the final process state. 

Tit process has been stoppPd by job conLrol or by proces.c; traci.Hg and is 
wa :ng to continue. 

http://education.hp.c m 4-11 H4262S C.00 
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Most processes, except the cmrently executing process, are placed in one f tlu·ce queues 
vvithin the process table: a nm queue, a sleep queue, or a deactivation que e .  Processes that 
are in a runnable state (ready for CPU) are placed on a run queue, proces s that are blocked 
awaiting nn event are located on a sleep queue, ;md processes that are ten: orarily out of the 
scheduling mix are placed on a deactivation queue. Deactivated processe. typically only 
occur during a system memo1y management crisis. 

Processes either terminate voluntarily tl\rough an exit system call or invol mtaiily as a result 
of a signal. In either case, process tennination c..'l.uses a status code to be t tumed to Ille 
parent of Ute terminating process. This termination status is returned to t parent process 
using a version of the wait ( )  system call. 

Within the kemel, a process terminates by calling the exit ( )  routine. TI1 
completes the following tasks: cancels any pending tirners, releases virtua 
resources. closes open file descriptors, and h:mdles stopped or t.raced cl · 

exit ( 0 )  routine 

mcmo1y 
processes. 

Next, the process is taken off the list of active processes and is placed on 
processes. which is finally ch;n1ged to being a no process state. The exit 

continues to record the terrnination status in the proc structme, bundles • 
accmnuJuted resource usage for accounting pm-poses, and notifies the de 
parent. 

list of zombie 
) routiJ1e 

the process's 
ased process's 

If a proC"ess u1 SZOMB stMe is fmmd, the wait ( )  system call will copy U\ tennination status 

from the <lecensed process and then reclaim the associated process struct tre. TI1e process 
table entry is taken off the zombie list and returned to the freeproc list. 

As of IIP-UX 10.10, the concept of a thread was introduced into U1e kernel Processes 
becmne :m envi.romnent in which one (or more) tlU'eads could execute. E Leh tlu-ead was 
visible and manageable by the kemel separntely. When this occmTed, pro esses were u\ ;my 
of the following states: 

SINUSE 

SlDL 

SZOMB 

The process structure is beu\g used to define one or mo e threads. 

The process is being setup via. fork. 

The pro<"ess has released all system re�5onrces except f · the process table 
entry. TI1is is the final process state. 

Whereas threads now took on the pTevions states of the process: 

TSRUN 

TSSLEEP 

TSIDL 

TSZOl\IB 

H4262S C.00 

'I1lC thread is numing or is numable, in kernel mode or ser mode, in 
memory or on U1e swap device. 

TI1e thrend is waiting for ru1 event ill memory or on the . 'ap device. 

The thread is being setup via fork. 

The thread has relea.c:;ed all system resotu-ces except for U\e thread table 
cntly. 11\is is the final thread state. 

4-12 htt :I/education.hp.com 
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TSSTOP 

Module 4 

Process Management 

TI1 tlu·ead has been stopped by job control or by process trncing and is 
g to continue. 

Tite generic UNIX to have no awareness of threads and so U1ey continue to report process 
statE>..s and all other rn tries from the viewpoint of tJ1e process, Only the HP-specific tools 
(such as glance, gp PertView/OVPM, and Measm-eWare/OVPA) have tJ1e ability to look at 

individual threads an report their metrics separately from the process. Of comse, Ute vast 
majmity of processes are single-threaded. In those cases, there is no practical difference 
between the reports f the various tools. 
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4-7. SLIDE: CPU Scheduler 

The CPU scheduler handles: 

• Context switches 

• Interrupts 
CPU 

Student Notes 

Kernel 

OS Tables 

Proc A 
pri=156 

Proc C 
pri=172 

Memory 

c u 
S heduler 

Pr c D  
pn 186 

Once U1e required data is uvailable in mernory, the process waits for the C U scheduler to 
assign the process CPU lime. CPU scheduling forms the basis for the mult tasking, multiuser 
operating system. By switching the CPU between processes that are waif g for otJ1er events, 
such as 1/0, the operating system can fw1ction more productively. HP-UX ises a round robin 
scheduling mech_anism. 

The CPU lets each process nm for a preset maximum amount of time, cal cl a quantum or 
lime slice (default = l/lOth second), until the process completes, or is pre mpted to let 
:moU1er process nm. Of course, the process cm1 always vohmlarily smTe1 der tJ1e CPU before 
its timeslice expirf>-'> when it realizes that it cannot continue. The CPU sm s the stat.us of the 
first process in a context <Utd switches to the next process. 

When a process is switched out due to its timeslic:e expiring, it rlrops to th bott.om of the nm 
queue to wait for its next. tnm. If it is preempted by a stronger primity pr ccss, it is placed 
back onto lhe front of tl1e nm quene. If it voltmtarily gives up the CPU, it oes onlo one of 
the sleep queues, until tJ1e resource it's waiting for becomes available. W en that resomcc 
docs become available. the process moves U1e end of the run queue. 

H4262S C.00 4-14 htt //education.hp.com 
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m .. HP-UX requires some way of changing from process to process. It 
g the CPU to shift to the kernel. The clock intem1pt handler is the 

rocesses clock inte1nLpts. It perfonns several ftmctions related to CPU 
ing system and accounting statistics and signaling a context switch. 

affected by how rapidly and efficiently these activities occtu-. 

Schedules processes for CPU usage 

Maintains tl1e system timing 

Executes the dock interrupt code and gaU1ers system accounting 
statistics 

Interrupts the cmrently running process and saves infom1ation about 
the process so that it can begin to run after the inte1n1pt, as if it had 
never stopped. 

\ \ - .. ' 
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4-8. SLIDE: Context Switching 

A context switch occurs when 

• A timeslice expires (a thread accumulates 1 O clock ticks) 
( Forced) 

• A preemption occurs (a stronger priority thread is runnable) 
(Forced) 
- if the stronger thread is RT, immediate preemption 
- if the stronger thread is not RT, at next convenient time 

• A thread becomes non-computable, i.e. 
- it goes to sleep 
- it is stopped 
- it exits 
(Voluntary) 

Student Notes 

A context switch is the mechmtism by which the kernel stops Ute exccu ion of one process 
and begins execution of another. A context switch occurs nncier the circt 15tances shown on 
the slirle. 

TI1erc arc two types of context switches: forced :.uid voluntary. A force c:ontext switch 
occurs when the process is forced to give up the CPU before it is ready. lese include 
timeslice expiration or a stronger p1'iority process becoming numablc. 

A vohmtary context switch occurs when the process itself gives up UlC C U withont nsing its 
full tinwslice. 'I1tis happens when the process exits. or pule.; it.self to sleep waiting on a 
rcsourcf'), or puts itself into a stopped state (debugging). 

TI1c glance tool distinguishes between forced and voluntmy context s ch es on a per 

process basis. 
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4-9. SLIDE: Pr ority Queues 

-32 -1 0 2 127 

Real Time Prio 

POSIX Real 
Time (rtsched) HP-UX Real Time (rtprio) 

Si na ble Priorities 

Student Notes 

Module 4 
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128 - 152 - 172 - 176 - 180 - 252 -
131 155 175 179 183 255 

PSWP 

(128) 
PZERO 

(153) 
PU SER 
(178) 

Time-shared Priority Queues (4 priorities wide) 

System Level Priorities User Level Priorities 

Nonsignalab le Signalable Priorities 

Every process has a riority associated '"'ith it at neation time. rmese priorities detcnuine 
the order in which p ces.ses execute 011 lhe CPU. Processes with the weakest prio1ity 
number always exec 1te before processes with stronger numbers. In UNLX, stronger pri01ities 
are represeuted bys ialler munbers :mo weaker priorities are represented by larger nwnbers. 

HP-UX uses ndjustal e p1io1ities to schedule its time slicing for general timeshare processes 
generated hy all use1 · (priolities 128-255). By tltaL we me::m, a process's pri01iLy can be 
adjusted, up or doWl , by the kemel, according to how "favored" a process might be. In 
general, the 1nore a 1 rocess executes, the less favorable it will be treated by the kernel. 

However, since HP- X aL'>o supports real-time processing, it nmst .include priority-based 
schedn liug for tlt0sc processes (p1iorities 0-127). As of IIP-UX 10.X, support is also provided 
for POSLX real-time roc:esses (priorities -:12 through -1). The 
/usr / include/ s /par am. h file contains some extrn infonnation on the priorities used 

in the system. 

Each processor in rn HP systern has its own nm queue. Each nm queue is fmther broken 
clown into multiple riolity queues, to make it easier for Uwt processor to <;elect the most 
deserving process 

http://education.hp. 4-17 H4262S C.00 
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Real-Time Process Priorities 

Real-time priodty queues are one wide, i.e. each queue represents one pri 1ity value. The 
strongest priority real-time process preempts all others (of weaker prioiil. ) and nms tmtil it 
sleeps or exits or is preempted by a stronger or timesliced by an equal re;, time process. 
Equal priority real-lime processes nm in a round robin fashion. A process ·an be made to nm 
with a real-time prio1ity by using the rtprio ( 1 )  or rtsched ( 1)  conuru: ld. 111e rtsched 
command cm1 also be used to disable timeslicing for a pmticular process, y assigning it a 
different scheduling policy. 

Because a real-lime process will execute at the expense of all time-share ·ocesses, make 
sure that yon consider the impact on your users before invokillg Ute conm and. A CPU-bound, 
real-time process will halt all other use of the system. 

A POSIX real-time process ( t tisr) nms on HP-UX at ptfority -:32. 

Time Share Process Priorities 

Timeshare priority queues are fom-wide, i.e. each p1io1ity queue represen fom, adjacent 
prio1ity values. For example, the first timeshare priority queue is used by rocesses witJ1 
priorities of 128, 129, 130, and 131. 

Timeshare processt>.s are grouped into system and user processes. Prioriti s l28-l 77 are 
reserved for runnable system processes and sleeping processes (boU1 syst m and nser), mid 
priorities 178-255 are for rmmable user processes. 

A nice value is assigned to a timeshm-e process, which will be used in Ute alculation of a new 
priority for the process. 11tls value will be used by the kemel to help dete mine how to 
"adjust" U\e priority of the process. Nice values have no effect on real-tim processe.s. 
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nice = 39 

(ProcA nice=20) 

(ProcB nice=39) 

Time shared proccssc are all initially assigned the priority of the parent when they are 
spavvned. 111e user c, 1 make modifications to how mnch the kemel "favors" a process with 
tllC nke value. Times are processes lose priority as th ey execute, and regain priority as they 
w::Ut their tlmlS. 17lC 1atc at which a process loses priority is li1zcar, but the rate a t  which it 
rega ins priority is c. po11c11tial. 

A process's nice val e is used as a factor in calculating how fast a process regains priority. 

The nice value i5 th only control a user has to give greater or less favor to a time share 

process. 111e default ice value is 20. Therefore, to make a f)roccss nm at a weaker 1n-iority, 

it should be assigned l higher nice value (maximtun value :39). The superusm· c:tUl assign a 

lower nice value to ; process (minirnmn value 0), effectively giving it a stronger priority. 

� \  ' �\c(( \ \<- Jc ?\)l �1 -<J J ' (� 
"'' 

I .J 

, ( G<'. U d c11 ( .  . L� V�� \[i:.1v� -� J� \:L( Le 
y.T 1) 
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4-11. SLIDE: Parent-Child Process Relationship 

Kernel 

OS Tables 

csh sh glunce sh 

Memory 

Student Notes 

One item to keep in nund related to process rnanagement is the relations! ·p between parent 
and child processes. Every process sta1ted from u termiJrnl window on lh syste1n has a 

parent process that spaW11s it. TI1e pm·ent process does not terminate one a child is 

spawned. Instearl, it goes to sleep waiting for the child lo terminate from execution. 

If a child process does not exit properly. for example, if it spawns a new ·ocess rather than 
exiting to its parent, then the system could end up with many processes s ceping in memory 
:uul using proc table entries unnecessarily. 

The example in the slide �hows a ksh shell that spawns a sam process. 
system administrator shells out to su to a regular user. Once in the login . hell, tJ1e user starts 
glance. From within glance, they shell out, and now decide they'd ratJ1 r be in a csh shell . 
'fl1is string of events caused eight different processes to be started. If the iser decides he 
wmtts to retum to sam by typing sam. woulrl the previous sam process b 

would a new sam process he spawned? (Answer: A new sam process is s 
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4-12. SLIDE: lance - Process List 

Module 4 
Process Management 

B3692A Glance lus B . 1 0 . 1 2  1 4 : 5 2 : 2 7  e2403roc 9000/856 Current Avg High 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - · · -

CPU Util s N N I 2 2 %  29% ·sl% 
Disk Util I l'\; n. 13% 

Mem Uti1 s u \J u ii I 91% 91'\ 91\ 

Swap Util u R I< I 25% 24% JS% 
· - - - - - - - - - - - - - - -- - - - -- - - -

.. 
�·= - - - - - - - - - - - - - - .. ..  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -l � - - - .. 

PROCESS LIST users�· 11 
lUSer CPU Util CUm Disk Thread 

Process Name PIO PPI01 Pri :Name ( 100 max) CPU IO Rate RSS \ Count ; 
i 

- - - - - - - - - - - - - - - - - - - - - - - - � - - -� - - - - - .. .. .. ... - ... - ... - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -.- - - - ,.-
ne.tscape 6013 12988 ls-� sohrab 1 2 . 9/ 1 4 . 0  64 . 9  0 . 0 /  0 . 6  14.7mb 
supsched 18 0 100 root 2 . 9/ 2 . 1  942.6 0 . 0/ 0 . 0  16kb 1 
lmx.srv 1219 1121 154 root 1 . 6 /  0 . 9  3 8 9 . 4  0 . 5 /  o . o  2 . 7mb l 

glance 5726 15396 156 root 0 . 6 /  0 . 9  2 . 0  0 . 0/ 0 . 2  4 . 0mb l 
statdaemon 3 0 128 root: 0 . 6 /  0 . 7  302 . 1  0 . 0 /  0 . 0  16kb l 
midaen,.on 1051 1050 $root 0 . 4 /  0 . 4  201.4 0 . 0 /  0 . 0  l . 3mb (!.> 
ttisr 7 O -32 root 0 . 4 /  0 . 3  121. 0 0 . 0/ o . o  16kb 1 
dtterm 5559 15558 l 4 roe 0 . 4 /  0 . 4  1 .  6 0 . 0 /  0 . 0  6 . 2mb 1 
rep_ server 1098 1084 154 ('00t 0 . 2 /  0 . 1  2 3 . 7  0 . 0 /  o.o  2 . 0 mb  l 
sync er 325 l 154 root 0 . 2 /  0 . 0  2. 0 .  2 0 . 1 /  0 . 0  1 . 0.mb 

xload 3569 13531 154 al 0 . 2 /  0 . 0  2 . 4  0 . 0 /  0 . 0  2 . 6mb l 
Page l of 13 

Student Notes 

'l11e next four slides re designed to illustrate how the management of processes can be 
monitored Uu·ongh g ance. Topics just covered (Uke kemel versus user CPU time, process 
components, proces wait st.:'ltes, nice values, and process priorities) can all be viewed 
through glance. 

The first Global Bar raph, which displays on every glance screen, is the CPU Util. Titis 
displays how tlw CP T is being clist.1ibuted. 

• S = System or K mel Time 

• N = User Time ( x.ecuting processes who have had their nice value set greater than 20. 
('.H-39) 

• U = l)ser Time ( xecnt:ing proc:esses with a nice value of 20) 

• A = User Time ( xecut.ing processes who have had tllcir nice value set less thmt 20 
\.._,; (0 - 19). Ln ther words: Anti-nice. 

• R = Real Time (e. ecuting proce:sses with priorities 127 and less) 

http://education.hp.c m 4-21 H4262S C.00 
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The Process List screen (g key), as shown on U1e slide, can be used to see rocess priorities. 

TI1e order in which the processes are displayed can be configured ( o key) t · display by CPU 

usage, memory usage, or disk I/O activity. 

hl HP-UX version 10.X, the thread count cohmm was the blocked o n  colun . Tirn blocked on 
information can still be obtained by looking at the individual processes' re urce sununmy 
screens. 

H4262S C.00 4-22 
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4-13. SLIDE: lance - Individual Process 

83692A Glanc lus B.10.12 1 5 : 1 7 : 5 2  e2403roc 9000/856 Current Avg High 

CPU Util s 
Disk Util [' 
Mem Util s 
Swap Ut:il u 

Resource Usa 

CPU Usage ( S  
User/Nice/RT 
System CPU 
Interrupt CPl 
Cont Switch 
Scheduler-

.. p·,:1;;,�1ty 
·.Nj,ce Value 

Dispatches 

r:
Forc-ed CSwi t· 

�Vol un taryCSw 

/ Running CPU 
CPU Switches 

Student Notes 

s N N 22% 29% 51% 
1% ?\ 13% 

s u U B B 91% 91\ 91% 
U R R 25% 24% 35% 

. -���-�-���--:.=�.:::_���:::�.�:�-- - . . ;��:-=�:=�:�:����::������������ 
) : 3 . 3 8  Log Reads : 166 l Wait Reason : S�S P 
PU: ;! . 4 3  Log Writes: 75 i;:it a:i- ·:RSS·/.V.SS---1 .n·. 4mb/ 28. 3mb 

O .  7 3  Phy Reads : 4 Traps I Vfaults: 414/ 8 

0.14 Phy Writes: 61 Faults Mem/Disk: O/ O 

U : 0 . 0 8  FS Reads 4 Deactivations 
HPUX FS Writes 29 Forks & Vforks 
.. _ is�·-·VM Reads O Signals Recd 

__ ... - ., .2.4.� VM Writes 0 Mesg Sent/Recd 
1307 Sys Reads 0 Other Leg Rd/Wt: 
460 Sys writes: 32 Other Phy Rd/Wt: 

ch: 814 Raw Reads : 0 Proc Start Time 

0 
0 

339 

775/ 
3924/ 

0/ 

O Raw Writes: O Fri Feb 6 J.5 :14:45 1998 
0 Bytes Xfer: 410kb 

1 3 5 8  
957 

0 

From the Process Li. screen, an individual process can be selected for fmther analysis 
{s key). TI1e above s  de shows some of the.additional details avaiJable when analyzing a 
process fmilter. 

Items of interest fro1 the Individual Process screen indude the process's nice value, the 

nmnher of Forced v ·sus Vollmtary context switches, the current Wait reason, :rnd the Pm·ent 
PID. 

Qci (f t 
it , _J.? ( k 

http://education.hp.c m 
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4-14. SLIDE: glance - Process Memory Regions 

B3692A GlanceP!us B . l 0 . 1 2  1 0 : 1 7 : 4 1  e2403roc 9000/856 Curre.nt A 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

CPU Util I�; spi � I 22i; 2 
Disk Util m I 1\ 
Mem Util Is slu u!H o] I 91% 9 
Swap Util [!( OIR :71 I 25\ 2 

High 

51\ 
1311 
9Hi 
3S't 

Memory Regions for PIO: 16013, natscape PPID: 14061 euid: 520 Use :sohrab 

Typo Ref Ct RSS vss Locked File Name 

NULLDR/Shared 64 4kb 4kb Okb <nulldref> 
TEXT /Shared 3 4 . 3mb 9 . Smb Okb /opt/-/netscape-bin 
DATA /Priv 1 5.Smb 8 . 6mb Okb I opt/.__/ net scape-bin 
MEMMAP/"Pl.'.;v l 4kb 20kb Okb /opt/_/netscape-bin 

, _MEMMAP I Pr)'v 1 36kb 361<.b Okb /opt/ . ../netscape·bi.n 
MEMl'!AP/Priv l 12kb 12kb Oltb <memmap> 
STACK /Priv 28kb 28kb Okb <St.a.ck> 
DA.REA /Priv 1 16kb 16kb Okb <uarea> 
L!BTXT/Shared 85 56kb 60kb Okb /usr/lib/d!d/sl 

Text RSS/VSS i 4 . 3mb/9.Smb Data RSS/VSS : S . Bmb/8.6inl:> Stack RSS/VSS: 28 I 28kb 
Slunem RSS/VSS: Okb/ Okb Other RSS/VS S : 4 . lmb / S .7mb 

Student Notes 

From the Individual Process screen, the memory regions (i.e. process con onents) 
cotTesponding to that process can be viewed (M key). The above slide sho s the memory 
regions for the cunently selected process. 

Items of interest from the Memory Region screen include Ute location of tl e process's Text, 
Data, Stack, and U-Area, along with its Shared/Private flag, its Resident Se Size and Vitt.mt! 
Set Size, and its reference count.. If the process is associated vi.rith Memory Map files 
(l\IJ::l\[l\IAP), Shared Libr:.u-ics (LIBTXT), or Shared Memory Segments (S lEM), Utese will 
be displayed. 

In HP-UX version 1 1 .X, glance no longer dic;plays the addresses of each 1 temory region. 

� s �\cu � Howt-ver. gpm still does. � .o_r -] 
,\'-\£; I L J 
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4-15. SLIDE: lance - Process Wait States 

B3692A Glanc lus B.10 .12  

CPU Util 
Disk Ut..il 
Mem Util 
Swap Ut:il, 

S N 

s u 
lJ R 

10:23 :03  e2403roc 9000/856 

N 

u ll 
R 
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current Avg High 

I 22% 29% 51% 
I l"• 7% i3•• 
I ni 9H, 91% I 25% 24% 35% 

Wait States r PID: 14205, oetscape PPID: 14061 euid: 520 User: sohrab 

Event Blocked On 

IPC ,··· CPU-U-tii'-· : · - 1L� -_-

Job Control: w;_.·Tt-··Reasoii-;- SLEEP 
0 . 0  Cache 0 . 0  

Message 
Pipe 

RPC --·- _ ... 
S"T11a,12hore_: 
Sleep 
Socket 
Stream 
Terminal 
Other 

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0,0 

7 7 . 2  
0 . 0  
0 . 0  -

0 . 0  
0 . 0  

CD ROM IO o . o  
Disk IO 0 . 0  
Graphics 0 . 0  
I node 0 . 0  
IO o .. o 
LAN 0 . 0  
��s_ .. _ -0 . 0  

__ J>_i:.!_ori tr. ______ __: ____ 9 ,_i.:-

System 0 . 0  
Virtual Mem: Q . O  

C - c interval toggle % - pct/absolute toggle 

Student Notes 

Page 1 of 1 

From the Process Lis. screen, the process wait states can be viewed (W key). '111e above slide 

shows the categories f wait st.ates anrl where/what the selected process has waited on. 

lterns of interest fron the Process Wait State screen include the percentage of time tJ1e 
process has spent in ach of the possible wait state categories. 
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4-16. LAB: Process Management 

Directions 

111e following lab is designed to manage a group of processes. This i.nclud� s observing the 
parent-child relationship and modifying process nice values (and thus ind l·ectly p1iori.ties) 
with the nice/renice comrriru1d . 

Modifying Process Priorities 

'11lis portion of the lab uses glance to monitor and modify nice values of ·ompeting 
processes. 

1. Change directory to /home /h4262 /basel ine. 

# cd /home/h4262 /baseline 

2. Start seven long processes in the backgrotmd. 

# . / long & . / long & . / long & . / long & . / long & . /lohg & . / long & 

3. St:ut a glance session. All5wer the following questions. 

How much CPU time is each long process receiving? ___ sec, ___ % 

How are the processes being cont�xl switched (forced or voluntary)? 1--------

How many times over the interval is the process being dispatched? -11-----

What. is the ratio of system CPU time to nser CPU Li.me? ____ _ 

What are the processes being blocked on'? _______ _ 

What are the nice values for the processes'? ___ _ 

4. Select one of the processes and favor it by giving it a more favorable r ice value. 

What is the PIO of the process being favored? ___ _ 

To change the processes nice value, enter: 

# renice -n - s  <PIO of sel ected process> 

Watch that process's percentage of the CPU over several display inte1 ,1als wiU1 glance or 
top. What effect did it have on the process? 
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5. Select �mother 1 ng process and set the nice value Lo 30. 

# renice -n o <PID of another sel ected process> 

Module 4 
Process Management 

What effect did tl at have on that process'? ____________ _ 

6. You can either le the processes finish up on their own as the next module is covered, or 
you cnn kill the now with: 

# ki 1 $ ( ps -el I grep long I cut -c l 8 - 2 2 )  

: ) , "· " v( i ,J+ l «  s.,;.,IC ; ptl 121sc 
J 

R..IL Ju.G: \;\\\t"" l l"'" c.f Ct 
� c=:>I c jJc, f. L{-J pzj, �-'�:;t-

--

t\t�W 1\>\__9 ----
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Module 5 CPU Management 

Objectives 

Upon completion of his module, yon will be able to do tl1e following: 

• Describe the co ouents of the processor module. 

• Describe how th TLB and CPU cache are used. 

• List four CPU rel ted met1ics. 

• Identify how to 1 onitor CPU activity. 

• Discuss how bes to use the perforITu.-u1ce tools to diagnose CPU problems. 

• Specify approp1i· te corrections for CPU bottlenecks. 
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5-1. SLIDE: Processor Module 

'..>'l\\';\ EJ 
! I'� l � . 

....__ Coprocessor 

System Bus 

c:l ( p " � <'. \./:,. I L p, \ G 
c� cpl: \ {.·�� re: � .... u ;...., 

Student Notes 

cJ (L J 1·1 
,,( 'l 1.. ( j{_ 

) 

-
I] 

j) 
1) 

V. t\rI 

A typical HP processor module consists of a central processing unit (CPU , a cache, a 
translation lookaside buffer (TLB), and a coprocessor. TI1ese components ·e co1mectcd vin 
internal processor busses, with the entire processor module being co1rnec ed to the system 
b11s. 

111c cache is mnde up of very high-speed memory chips. Cache can be ace ssed in one CPU 

cycle. Its contents are instructions ;rnd dam that recently have been or are anticipated to be 
used soon by U1c CPU. Cache size vmies between processors. TI1e size of te cache can have 
a big effect on system performance. 

'Ill<' tramil�ion lookaside buffer (TLB) is used to translate virtual a<ldr sscs into physical 
addresses. It is n high-speed cache \·vhose en hies consist of pairs of recen y accessed virtual 
addresses m1d their associated physical addresses, along with access righ and an access ID. 
'ntc TLB is a subset of a system-wide translation table (page directory) th t is helrl in 
memory. TLB size also affects system performance, mtd different HP 900 processors have 
different TLB sizes. 
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111e address translati ns kept in the TLB enable us to locate the approp1fate data and 
instruct.ions in U1e m rnory. 'Ole memory is accessed via the physical address. Without the 
translation in the TL , we would not be able to find the i.nfonnation in the rnernory. 

Note these other poi ts regarding the TLB: 

• Each process has a unique virtual address space. 

• Each TLB entry r fers to a page of memory, not a single location. 111 all 64-bit 
architect.mes use by HP, pages are fundamentally 4KB in size, but can be any multiple of 
4K tmder various ircurnstances - to reduce the number of entries needed in the TLB. 
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5-2. SLIDE: Symmetric Multiprocessing 

8 
�- r 

t 
i L I 

� I Coprocessor I TLB 

System Bus 

Student Notes 

SynunetriC' Multiprocessing (SMP) refers to systems containing two or m ·c processor lmit<;. 
SMP is implemented on all llewlett-Packm·d workstations and se1vers ca ble of supporting 
more thrut one CPU. 

Each processor on an SMP system has exactly Ute same characte1istics. ii eluding the same 
processing tmit. the same CPU cache design, ru1cl the same size translatio1 lookasidc buffer 
(TLB). 
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Proces or 

Processor 

Student Notes 

Processor 

Processor 

Cell Internal Bus 

1/0 Buses 
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Memory 

A more re.cent desigr of HP systen1S is based on the "cell" architecture. In a cell, there are 
multiple processors, ome memory and some I/O buses. Each cell could act as an 

independent SMP sy em, or as part of a collection of cells, fonning a larger SMP system. 

Each processor in th cell has the same access speed (or latency) to the memory wiUliJl the 
same cell. However, f one of tltose processors wonld have to access a location in the 
memory of a differen cell, the latency would be greater. 

Each processor •vithi 1 the cell does have its own cache memory and TI�B. Each processor 
hns equal access to tJ e I/O buses that are pmt of the same cell. They may also have access 
(with somewhat grea er delays) to the I/O of other cells in the same system. 
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5-4. SLIDE: Multi-Cell Processing 

110 � ..... 
IPIPIPIPI IPI PIPIPI 

-- 110 

Student Notes 

High-Speed 
Memory 
interconnect 

110 

The best example HP cmrently has of a SMP using cell architecture is U\C uperdome. Here 
we find -l cells, each wit11 four proc:essors, some memory, and some I/O b ses. Each cell 
could be configured (using Node Partitioning or NPars) into a separate m l individual system 
- capable of booting its own operating system. It would be f1mctionally a1 art from Ute o ther 
cells. TI1c only way that Ute operating system on that cell could conummi ate with the 
software running on any other cell would be through a network i.nte1face. 

On the other hand, multiple cells conld be configured to act as a tmit. TI1 wonld pool their 
resources and boot a single operating system. TI1cy would seamlessly act as a SMP system. 

1l1is architecture gives the customer and the system administrator treme1 dons flexibility in 
how LO set np U1eir hru·dvvare. TI1ey conld even change it relatively easily rom one 
configuratio11 to another as their needs clt�mged. 

On a wider range of systems, you may be nsing Vittnal Partitioning (VPar 
to NPars, but me not limited to cell boundmies and me hanrlled entirely 
system could nse both NPms and VPars at the same ti.me. Using software 
moved from one VP:w to �mother. 

. TI1ere are similar 
soft\Narc. A 

processors c:an be 
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Finally, on an even w der range of systems, we have the concept of processor set.s (psets). 

Multiple psets could xist within the same partition (either NPar or VPar). Each pset would 

be set aside for use b a particular application of group of applications. Using software. pseL-; 

can be created and r novcd, and processors could be moved from one pset to another. 
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5-5. SLIDE: CPU Processor 

� Shadow General Control Spec I 

Registers Registers Registers Fune on 
Unit 
Regi ters 

� Space 
Registers 

a Process Statu Word 

i 
Coprocessor lnstructi 1 1 i Registers 

§ Address Ou ues I Coprocessor I TLB Cache 

Student Notes 

The CPU ultimately is responsible for y<HU" system speed. Tite kernel load. Ute process text 
for t11e CPU to execute. TI1e processor module has many Registers, which ssist in t11e 
execution of instrnctions. The definition of all these registers is beyond th scope of this 
course. 111e p1imary objective of this module is to focus on CPU clock sp d, the size of Lhe 
CPU cache. and the effects of the TLB related to overall system perfonum ce. 

Each HP 0000 server and workstation has a <:hip at its heart. TI1e latest ve1 .. 'ion PA-RISC chip 
is the 64-bit, PA-8xxx. HP has also introduced systems using the 611-bit, IA ti ItanilUn chip. A 
selection of the range of current systems is listPd on the following pages. otP the difference 
not only ilt clock speeds. but also in cache size. 

TI1e following tables list the specifics of several HP-UX servNs m1d works ntions. It is very 
diffkult to keep a list of this nature up to dnte in traini11g mnte1ials hut it  I as been included 
merely to demonstrate the wide variety of system characteristics present \ the HP 
computi11g products family. 
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Model No. c f CPUs 

rp3410-2 2 

(PA-&'lOO) 

rp34404 4 

(PA-8800) 

rp4440-8 8 

(PA-8800) 

rp7420-16 16 

(PA-&'lOO) (2 cells) 

rp8420-32 32 

(PA-8800) (4- cells) 

Snperdome 128 

(PA-8800) ( l( cells) 

rxl600 2 

(Itanimu 2) 

rx2600 2 

(Itaninm 2) 
-

rx4640 4 

(ltanium 2) 

rx5670 4 

(It.aniu m 2) 

rx7620 8 

(Itanimn 2) (2 cells) 

rx8620 16 

(Itani nm 2) (4 cells) 

Supernome 64 
(Itanimu 2) ( }( eel Le;) 

http://educat ion.hp.c� >m 

Business Servers 

Clock Speed 

800MHz 

1 GHz 

1 GHz 

l GHz 

1 GHz 

1 GHz 

I GHz 

1.5 GHz 

�· 
1.5 GH z  

1.5 GHz 

1.5 GHz 

1.5 GHz 

1.5 Gllz 

5-9 

Max. RAM 

(GB) 

6 

24 

64 

64 

128 

1024 

16 

24 

64 

- .. 
96 

64 

128 

512 
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Cache (KB) 110 Slots 

1.51\ffi(Ll) 2-PCI (Cl'l-bit) 

32MB(L2) 

1.51VlB(Ll) '1 PCI (64-bit) 

32MB(L2) 

1.5MB(Ll) 6 PCI 

32MB(L2) 

1.5MB(Ll) 15 PCI 

32.MB(L2) 

1.5MB(Ll) rn PCJ 

321\ffi(L2) 

1.51\IIB(L l )  192 PCI 

32MB(L2) 

1.5MB(L3) 0/1/1 PCI * 

6MB(L3) 0/4/0 PCT * 

6MB(L3) 0/4/2 PCI * 

6MB(L3) 01613 PCT * 

6MB(L3) 15 PCI 

(128-bit) 

6MB(L3) 16+16 PCI 

( 1 28-bit) 

6MB(L3) 0/128164 PCT * 

H4262S C.00 
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Model No. of CPUs 

B2600 1 

(PA-8600) 

B3700 1 

(PA-8700) 

C3750 1 

(PA-8700+) 

.16750 2 

(PA-8700+) 

zx2000 l 

(ltanimn 2) 

:t...\'.6000 2 

(lt.anium 2 

Workstations 

Clock Speed 

500 l\.fHz 

750 MHz 

875 MHz 

875 MHz 

l .'1 GHz 

1.5 GHz 

Max. RAM 

(GB) 

4 

8 

8 

16 

8 

24 

* �/3/1 means 2 32-bit PCis, ;J 64-bit PC!s and 1 128-bit PCI. 

Cache (KB ) 110 Slots 

512/1024 21210 PCI * 

768/1536 213/l PCI * 

768/1536 2/3/1 PCJ * 

768/1536 01013 PCI * 

1536(13) 5 PCT - l AGP 

6 lt14(L3) 3 PCI - 1  AGP 

All ltaninm 2 processors include 32KB of Ll cache and 256KB of I...2 cache. 

To detcmtine the specifics of yolU' systeni, refer 011-linc to 
http: I /www. hp . com/go/ enterprise, select "ProducLc; Index" and sc oll down to select 

your system platfo1m name [i.e. J-Class (HP 9000)). Tilis will display tJ1e " :>roduct 
Iufonnation" screen for lhe selected hardware. 

L--
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System Bus 
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' Instruction 

_ to Execute 

�;/-
Process 

Text 

The CPU loads instr ctions from memory and nms multiple instructions per cycle. To 

minimize the time U1 t tJ1e CPU spends waiting for instmctions and data. the CPU uses a 
cache. 

Tite cache i<> a very l igh-speed memory that can be accessed in one CPU cycle with Uw 
contents being a sub ·et of the contents of main merno1y. As the CPU requires instructions 
and dat�, they c.u·e lo ded into the cache. Tite size of the cache has a large bearing on how 
busy the CPU is kep 'Phe larger t11e cache, the more likely it is that it will contain the 
instructions m1d date to be executed. 

Most current proces, ors snppmt multi-level caches. TI1e Level 1 cache (Ll) is the fastesl ­
operating :it the sam speed as the CPU. It is relatively srm1ll. ·me Level 2 cad1e (12) 
operates ut. one-half he speed of tlte CPU. It is somewhat larger. ·me IA-64 has a Level 3 
cache (L:3) tltat is ev n larger :md slower. 
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5-7. SLIDE: TLB Cache 

Memory 
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E J t 
8 Page . . ... • 

Directory (��struc :····'. 
\ toEx te 1 L -i---1 

VA i PA xxxx D 
TLB Cache Coprocessor 

System Bus 

Student Notes 

0 r---� 

)()()()( 

4GB Process 
Text 

All :32-bit programs view their address space M stmti.ng at address 0, and lding at address -l 
GB. All addresses refercncecl by the program ru·e referenced relative to thi. address space. 
111is L5 referred to as the program's virtual address space. 

A program's physical address is the address location in physical memo1y where the 
program is loaded at execution time. 

When the CPU executes a program, it is presented wiU\ the vi1tnal addres. containing the 

instn1c:tion to be exec:uted. ln order to fetch this instruction from physical nemory, tl1e CPU 
must convert the virtual address (VA) into the co1Tesponding physical ad css (PA). To do 
this. the CPU checks lhe TLB. If tl1e VA->PA is present, it then lmows Ule A in memory of 
the i11st.rnction. If the VA is not present, it then needs to fetch the i11format on from t11e PDIR 
(Page DIRectory) table in memory. This memory fetch of the PDIR table i relatively 
e:\.-pensivc from a performan('e stm1dpoint. 

Once the PA is known, Lhc CPU then checks the Instruction Cad1e on the 'PU for tile PA. If 
the PA is µresent. it then loads the insh11ction straight from Instruction C'" ·he. lf  not present, 
it then needs to fetch the u\struction from memory, which is relatively exp nsive 
(performance-wise). 
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111e size of the TLB is anywhere from 96 to 160 entries (each entry points to a vaiiable-sized 
memory page) on a PA-RISC and an IA-64. 
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5-8. SLIDE: TLB, Cache, and Memory 

TLB Cache Memory Consequence 

Hit Hit Hit 1 CPU cycle fetch v 
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/ 
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memory fetch 
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Student Notes 

The sli<ie shows some of the permutations of hits an ct misses on memory. cache, and the TLB, 
as well as tJ1e consequences of each. The best situation is when Ule VA has an entry in the 
TLB, anct the con:espomtiug PA has an entry in the CPU c:ac:he. Tius allows the instruction or 
ctat.a to be present Lo U1e CPU in one clock cycle. 

The next-best scernu"io, would be to have a hit on the TLB, but a miss on the CPU cache. An 
example number of clock cycles to fetch a PA from memory to the CPU cache is 50 clock 
cycles. 

Another scenario would be to hm·e a miss on U1e TLB, but a hit on the CPU cache. 'filC miss 

on tht> TLB requires the PDIR table in rn�emory Lo be searched. and an appropriate entry to be 
loaded into the TLB. 111is takes a vmiable nmnber of cycles to perform. On one model the 
m·er:lge was 131 clock cycles. 111erefore, a miss on the TI�B is more expensive than a miss on 
CPU cnche. 

A miss 011 both the TL13 and the CPU cache would tnmslate into 131 + GO or 181 dock cycles 
on nverage to access the instruction or data that lhe CPU needs. 111is could have been 
ilC<'('Ssed il1 1 elock cycle ha<l the VA been in TLB, and the PA been i:lt CPU cache. 
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The worst scenario, pe1forrnancc-wise, is not having the instruction or data loaded in 
memory at all. h1 Utis case, a page fault would occur to retrieve the information from disk. 
Assuming a 1-GHz dock, a l0-m5 disk transfer rate, and an idle disk d1ive, this would 
correspond to J0.000.000 dock cycles to access U1e data or instruction. 
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5-9. SLIDE: HP-UX - Performance Optimized Page Sizes 

----
VA PA 

0 
-- ----·· 

HP-UX 10.x Filesystem 8192 D VA 
65536 D � '  Fixed Page 

D 4096 
Size - 4 KB 128000 

D 
8192 

256000 12288 
512000 D 16384 

TLB (on CPU) File 
Memory 

VA PA 
0 

HP-UX 11 .00 n 8192 D Filesystem 
16384 512000 8192 

Variable Page VA 
Size Range: � •SM: 4 KB - 64 MB D 512000 

TLB (on CPU) Memory 
Filt: 

, _ _ ____ _., 

Student Notes 

IIP-UX 1 1 .00 is the first release of tlte operating system to have general support for 
performance optimized page sizes (POPS). also known as variable page sizes. Partial 
support for va1fablc memory page sizes has existed since HP-UX 10.20. 

UP-UX 1 1 .00 allows customers to configure executables to nse specific performance 
oplimiicd page sizes. based on the program's text mul data sizes. Page sizes can be selected 
from a range of ·1 KB to 4 GB. TI1e use of pcrfonnance optimized page sizing ca.n significantly 
increase performance of applications that have very large data or instruction sets. 

NOTE: Pelformancc-optimized page sizing works on PA-8000-based and IA-64-based 
systems. 

Fixed Page Sizes (P1·ior to 11.00) 

Prior to HP-TJX 1 1.00, alJ pnge sizes were fixed at 4 KB. As a progrmn executerl, each -1 KB 
page would be mapped into physical memory, m1d a TLB entry would be creatt>rl to mnp the 
viltual address corresponding to thnt page to the physical memory address. Selected models 
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had a few "Block" TLB enn;es, which could map multiple pages into a single entry, if the 
pages were contiguous in both virtual and physical address spaces. These entries were 
reserved for mapping the kernel, the 1/0 pages, <.md other segments tltat were locked into 
memory. 

At some 11oint, the TLB would become full, and the virtual-to-physical address mapping 
would only be stored in t11e PDIR table in memo1y, not in tl1e TLB on the CPU. This meant 
that if a virtual address needed to be translated, there would be a chance that the address 
would not have an entry in the TLB, and time would have to be spent to look up the address 
within the PDIR table in memory. Tilis handling of the TLB mis.s was expensive iJ.1 lernlS of 
performance. 

Perf 01·mance Optimized Page Sizes ( 11.00 and Beyond) 

WitJ1 the release of HP-UX 1 1 .00, supp01t for variable page sizes is available. With POPS, a 
lru·ger portion of the process's viltuaJ address space can be referenced within a single page or 
within a few, large pages. TI1erefore, a larger portion of the process can be referenced with 
much fewer TLB ent1ies. Below are two tables showing what sizes of pages are available in 

the P A-RTSC ;:md the IA-64 architectures. 

PA-RISC 

4K 

16K 
G4K 
256K 
lM 
41\1 
16M 
64M 
256M 
lG 

Mf ecting Page Sizes 

IA-64 

4K 
BK 
16K 
64K 
256K 
lM 
4M 
16M 
64M 
256M 

tlG 

There are two methods of affecting page size iJ.1 a process. One is through tunable kernel 

parameters. vps _pagesize determines what the "default" page size �i.11 bf' with no other 

i.nform<1tion. TI1e size is given in lK tmits a11d the setting is typically 1. vps_ceiling 
determines how large the kemel can "promote" a page size for a process, if it notices that a 
process is getting a very large number ofTW misses. TI1e default setting for this is 16 (lK). 

TI1e second meUwd is done by the system administrator. A couunand, cha tr, can be used to 

provide the kernel with a hint of what page sizes would work best with U1is process. 
Following is an example of this command. 

Tite abo,·e conunand would hint  to the kernel that this process would best execute "vi th 16K 
pages for the iJ.1structions (tex-t) and 256K pages for the data. 111is hint would be stored in the 
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header of tJ1e executable file and be visible to the kernel whenever the program was invoked. 
The kernel would do its be.st to see tJrnt the hint is followed. However, if memory pi-essure 
exists, the kernel may not b.e able to honor the request and may end up "demoting" the size of 
the page Lo be able to manage i.t in memory. There is a third tlmable parameter, 
vps_chat.r_ceiling, that determines the maximum value a cha tr conummd C<Ul assign 
to ml executable file. 

'1 ?,\-cc&w� ( ku.& \ 
'\/ \J . - ( \ <A�,, - 6:. .L"" j 

' 
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5-10. SLIDE: CPU - Metrics to Monitor Systemwide 

• User CPU utilization 

• Nice/Anti-Nice utilization 

• Real time processes 

• System CPU utilization 

• System call rate 

• Context switch rate 

• Idle CPU utilization 

• CPU run queues (load averages) 

Student Notes 

Module 5 
CPU Management 

The load on the CPU can be monitored in a number of different ways. TI1ere arc multiple 
tools anrl multiple metrics that monitor CPU pe1fo1mance. 

User CPU Utilization 

TI1is is the percentage of time the CPU spent running in user mode. Tilis corresponds to 
executing code within user processes, as opposed to code wiUtin the kernel. It is better to see 
user CPU utilization higher th�m system CPU ntilizatiou (prefernbJy two to thrc(' times 
higher). 

Nice/Anti-Nice Utilization 

This is the percentage of time the CPU spent running user processes with nice values of 

2 l-a!J (Nice) or 0-19 (Anti-Nice). This is typically i.ncludecl in USER CPU utilization, but some 
tools. like glance, track this separately lo see how much CPU tjme is being spent 011 weaker 
or stronger p1iority processes. 
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Real Time Processes 

'Otis is tl1e amount of time spent executing real time processes that are nmning on the 
system. Real time processes get the CPU inunediately when they are ready to execute, and 
can have a big impact on the performance of time-shared processes. 

System CPU Utilization 

11tis is the percentage of time the CPU spent nuuli.ng in system (or kernel) mode. 111is 
c01Tesponds to executing code ·within the kemel. We have to have some kernel tin1e just to 
do minimum nuuiagement on the system. However, excessive time spent managing the 
system is bad for performm1ce. Excessive system CPU utilization is considered to be when 
system utilization is greater than the user utilization. 

System Call Rate 

The system call rate is the rate at which system calls are being generated by the user 
processes. Every system call causes a switch to occur between user mode <.Uld system (or 
kernel) mode. A high system call rate typically corresponds to a nigh system CPU utilization. 

£f the system call rate is high, it is reconunended to investigate which system calls are being 
genen�ted, the frequency of each system call, and the average duration of each system call. 

Context Switch Rate 

Titis is U1e number of times the CPU switched processes (on average) per second. 11Lis is 
typically included in system CPU utilization, but some tooLc;, like glance, track this seµm·ately. 

Idle CPU 

11tis is the percentage of time the CPU spent doing nothing (i.e. it did not execute any user or 
kernel code). It is good to see some, even lots, of idle CPU time. A non-idle CPU means the 
CPU nm queue is never exhausted (or emptied), which means processes are always having to 
wait before reaching the CPU. 111e size of the line (CPU nm queue) grows, M idle CPU time 
approaches 0. 

CPU Run Queues/Load Average 

Both tllese terms reference U1e same thing. TI1is is U1e munber of proeesses in the CPU nm 
queue. For best performance, the average load in the CPU nm queue should not exceed three. 
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5-11. SLIDE: CPU - Metrics to Monitor per Process 

• Process priority 

• Process nice value 

• Amount of CPU user time 

• Amount of CPU system time 

Student Notes 

Module 5 
CPU Management 

Individual processes vm-y greatly in temlS of the load they place on the CPU. Metrics to 
monitor on an individual process inclurle the following. 

Process Priority 

This is U\c prio1ity of the process. lf the priotity is 127 or less, we know it is a real time 
process. lf the priolity is 128-177, either it. is a system process, or it is a user process that is 
sleeping. U' the priority is 178-255, Uten we know the process is executing in USER mode. 

Process Nice Value 

Tilis is the nice value associated with the process. 111is only <'lpplies to tiluf'-share processes. 
111is value detennines how fast the process regains priority wllile it is waiting for tl1e CPU. 
Small nice values (0-19) should be given to more important processes allowing them to 
regain priolity quickly. L�u·ge nice values (21-;39) should be given to less important 
processes. causing them to regain p1iority slowly. 
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User CPU Time vs. System CPU Time 

'flus is the percentage of time the individual process spent in user mode (i.e. having the CPU 
execute user code) and system mode (i.e. having CPU execute kernel code). Titis is helpful in 
<letennining where the CPU spends its time when executing the process: user code or kernel 
code. It i<> generally desirable to see more time in user code. 
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5-12. SLIDE: Activities that Utilize the CPU 

• Process management 

• File system 1/0 

• Memory management acbvit1es 

• System calls 

Module 5 
CPU Management 

• Applications (for example, CAD-CAM and database processes) 

• Batch jobs 

Student Notes 

ExarnplE>s of activities tlwt place a load 011 Ute CPU include tlte following. 

System Activities 

System activities are those activities which execute in kernel mode. Examples of system 
activities include system processes and nser processes exec11ti.ng system calls. 

• Process startup 

• Pro<'ess scheduling 

• File system m1d raw TIO 

• Memory management 

• H:mdling of system calls 
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User Activities 

User activities are those activities U1at execute in nser mode. 

• CAD/CAM applications 

• Databa-:>e processing 

• Client/server applications 

• Compute-bound applications 

• Background jobs (i.e. bat.ch jobs) 
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5-13. SLIDE: glance - CPU Report 

63692A GlancePlus B.10 .12  05:00:42 e2403roc 9000/856 

CPU Util �lN NI 
Disk Util [!] 
Hem Util Li �lu ujn sl 
Swap Util IU 01 R RI 

CPU REPORT 
State Current Average High Tima 

Module 5 
CPU Management 

Current Avg High 

I 25% 201: 471\ 

I 12\ 6' 23' 
I 85% 83'\ 85\ 
I 18% 18% 18\ 

Users= 
CUm Time 

- - - - - - - - - - - - · - - - - - - - - - - - - - - - - - - - - --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
uaar 18.9  6.0 32.3  0.96 3 . 6 1  
Nice 0 . 0  2 . 4  5 .7 o . o o  l .  47 
Nogative Nice 0 . 4  0 . 8  1 6 . 2  0.02 0.51 
Real Time 0 . 4  0 . 4  0 . 7  0 .02  0 .22  
System 3 . 3  7 . 0  1 6 . 2  0 .17 4.21 
Int.errupt 1.8 l .  7 2.7 0 .09  1.02 
ContextSwi t.ch 0.6 0.7 1.4 0 .03  0 .40  
Traps 0 . 0  0 . 0  o . o  0 . 00 o.oo 

Vfaults o . o  0 . 7 3 . 6  0 . 00 0 .45  
Idle 7 4 . 6  80.2 91.2 3 . 79  48 . 18  

Top CPU user: (>10 2097, dthelpview 19.5% cpu util 
Active CPUs: 1 Page l of 2 

Student Notes 

The glance CPU report (c key) provides details on where the CPU is spending its time from 

a global perspective. 

• User mode: Tilis is time spent by U1e CPU in user mode for al l processes on the system. 
This includes processes with a nice value of 20 (m>er), processes witJ1 nice values 
between 21-39 (nice), processes with nice values between 0-19 (negative nice). and real­
time priority processes. 

• System mode: This is time spent by the CPU in system mode for all processes on tl1e 
system. IL includes time spent handling general system calls (system), anrl time spent 
luuidling inte1n1pts, conlexl switches. traps. �md Vfaults (virtual faults). 

• Load Average: Titis is Ute muuber of jobs in the CPU nm queue averagerl over three time 
intervals. It includes the average length of the nm <1ne11e over the last 1 minute, the last 5 
minut·es, and the last I 5 minutes. The CPU load average data is viewable on page 2 of this 
glance report. Also on page two are the System Call Rate, U1e Interrupt Rate, anrl tJ1e 
Context Switch Rate. 
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5-14. SLIDE: glance - CPU by Processor 

B3692A GlancePlus B . 1 0 . 12 0 5 : 1 3 1 1 8  e2403roc 9000/856 Current Avg High 

CPU Util 1.s sl ,., N I  I 25% 20\ 4H, 

Disk Util III I 12% 6\ 23\ 

Mem Util Is slu olB J:jl I 85% 83\ SS\ 

Swap Util �O]k RI I 18% 18\ 18\ 

CPU BY PROCESSOR users• 4 
CPU State Util LoadAvg(l/5/15 min) CSwitch Last Pid 

·,t··.r�· .. ;)jcJ --� - - -����:--;�: � ---�-�� �;--�;--�: j�-;- - · ;;�;; · - - - - ---�; .. : · 
-··- " ... 

( (/� (��\· 
Page 1 of 2 

CPU Util User �lee NNice RealTm Sys Intrpt CSwitcb Trap Vfault 

0 25.4 2 0 . 7  

Student Notes 

0 . 0  0 . 0  o . o  4 . 7  o . o  0 . 0  0 . 0  0 . 0  

Page 2 o f  2 

TilC glance CPU-by-processor report (a key) provides details on a per CPU basis. 

CPU Utilization: Titis is Ule CPU utilization for the specific processor. If two or more 
processors exist on the system, the Global CPU Util bar graph shows an average CPU 
utilization. 'I1mt is, a CPU that is 100% util ized ;:md a second CPU that is 0% utilized will 
display 50% CPU ut.ilizat.ion. Tilis report displays utilization on a per processor basis. 

Load Average: TI1is is U1c number of processes, on average, in the CPU nm queue over the 
last l minute. 5 minutes, and 15 minutes. TiliS report displays CPU nm queue information on 
a per processor basic;. 

Page two of this display shows the Utilization broken down into User mode, Nice, Negative 
Nice, Realtime, System, Interruptc;, Context Switches, Trap and Virtual Faultc; ou a per­
proccssor basis. 
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5-15. SLIDE: glance - Individual Process 

B3692A GlancePlus B.10.12 15:17:52 e2403roc 9000/856 

CPU Util Is SI N Bl 
Disk Util 0 
Hem Util ls=:i]u ujn B] 
Swap Util I u upt Pj 

Module 5 
CPU Management 

Current Avg High 

22�6 29\ sii 
1'% 7\ 13\ 

91\ 91\ 91\ 
25% 24\ 35\ 

Resource
_ 

u�ge_f�r PIO: 16013, netscape PPID: 12988 euid: 520 User:sohrab 
---��--=--- - ---- - -- - � . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

'(::po usage (sec) : 
User/Nice/RT CPU: 
System CPU 
Interrupt CPU 
Cont. Switch CPU 
scheci.;1er-.. 

Priority 
Nice Value 
Dispatches 
Forced cswitch 
VoluntaryCSwitch: 
Running "CPU 
CPU Switches 

Student Notes 

3 .  38· Log Reads : 166 
2 .43  "Log Writes: 75 
0 . 73 ,Phy Reads : 4 
0.11 /Phy Writes: 61 

,. ••. O·. OB FS Reads 4 
HPUX PS Writes 29 

154 VM Reads 0 
2 .. 4 VM Writes 0 

1301; Sys Reads 0 
4&0 Sys Writes: 32 

•814 Raw Reads : 0 
0 Raw writes: 0 
0 Bytes Xfer: 410kb 

Wait Reason SLEEP 
Total RSS/VSS 22 .4mb/ 28. 3mb 
Traps I Vfaults: 414/ 8 
Faults Hem/Disk.: 0/ 0 
Deactivations 0 
Forks Ii< Vforlts : 0 
Signals Recd 339 
Mesg Sent/Recd : 775/ 1358 
Other Log Rd/Wt: 3924/ 957 
Other Phy Rd/Wt: 0/ 0 
Proc Start Time 

Fri Feb 6 15:14:45 1998 

TI1e glance individual process repo1t (s key followed by the PID) displays CPU usage for an 
individual process, and U1c dist1ibntion of CPU lime when executing the process (user, 
system, interrupt, context switch). Ideally, a process shoulrl spend more lime in User/Nice/RT 
mode than i.It any of the other three modes. 

Afso displayed on a per-process basis is U1e Priority and Nice values for the selected process. 
In addition, Ute totaJ number of forced context switches (time slice expiration or process 
preemptions) and voluntary context switches (process pntti.I1g itself to sleep) are displayed. 
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5-16. SLIDE: glance - Global System Calls 

B3692A GlancePlue 0.10.12 05:17:52 e2403roc 9000/856 Current Avg High 

CPU Util IS .SJ N [.!I I 25\ 201\1 47% 
Disk Util I il I 12\ 6'1. 23% 
Mem util Is !;Ju uiu HJ I 85\ 83\ 85% 
Swap Util I 0 UJ R P. J I 18\ 18\ 18% . - . . . . . . . .  -----------------. - . ������ -;�;;� --:--<:'�"''\ - ----- -- - ---. - . 

��e;�� 
- - - -� -

System Call Name ID Count Race � Tinu�;:=-�-CPU-� 
- - - - - - - · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -1 - - - - - - - - - �- - - - - · - - - - - - - - - - - - - - - - - - - -

syscall-O O 16 3 . 1 /  0 . 05921 \ 2 . 19037 
fork 2 0 0 . 0/ 0.00000 \0.01398 
read 3 105 20.5, 0 . 00210 \0.07625 
write 4 47 9.2f 0 . 00208 10.13624 
open 5 16 3 .1' 0 . 00143 � . 03146 
close 6 16 3 . �  0 . 00040 � . 00848 
wait 7 1 0 . 1\' 0 . 00011 ;0.00031 
time 13 46 9 . 0  0 . 00023 1 0 . 00446 
chmod 15 o o .  o o. ooooo,_ . .J,.o .. • . OJl£tQ9 ....... � 

ioctl 54 503 57. 8 \ O .  0090�-�--0_,.I.!1_.!IJ:} ..... -' 
poll 269 277 4 8 . 5  \ 0 . 00983/ 1 . 8 3 4 6 6  

Cumulative Interval : 

Student Notes 

87 secs \"-..__/' Page 1 of 7 

The glance global system calls report (Y key) displays all the system calls that have been 

executed system-wide. When system CPU utilization is high, this rep01t can be used to 
identify on which system calls the CPU is spending most of its time. 
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5-17. SLIDE: glance - System Calls by Process 

B3692A GlancePlus B.10.12 05:39:20 e2403roc 9000/856 Current Avg High 

CPU Util IS f;I N NI I 22% 29\ Sl\ 
Disk Util IE) I 1% 7\ 13% 
Hem Util Is slu UjR Bl I 91% 91\ 91\ 
Swap Util 1u upi .. , I 25% 24' 3S\ 

System Calls for PIO: 1822, netscape PPID: 177S euid: 503 User:roc 
Elapsed Elapsed 

System call Name ID Count Rate ,,,-'l'Iiiie-., CUm Ct CumRate CumTime 

c�··;::·;"··--·,,s · - - - - - - - - - - - - · ;---- --�;;- - · ;; � �--1� ���;��\\-- - ·;�;---�; � � --,�;���-;�� -�·�--> 
.... � .... �rite··--·-··" 4 219 42 . 9  ! o . 02831 1 352 2 3 . 3  ..... <l'�ii'67'87'" 

open 5 63 12 . 3  i 0 . 01396 \ 99 6 . 5  0 . 02491 
close 6 9 1 . 7 /  0. 00046 1 20 1 . 3  0 . 00104 
ti.me u 34 6 . 6: 0.00031 I 89 s.s 0.00083 
brk 17 27 5 .2 !  0 . 00171 , 45 2.9  0 . 00264 
heek 19 69 13.S\ 0 . 00150 j 135 8 . 9  0 .00304 
stat 38 4 0 . 7  \ 0 . 00131 j 13 0 . 8  0 .00415 
ioctl 54 636 124.7 \ 0.01463 ! 1167 7 7 . 2  0.02813 
utsays 57 0 0 . 0  \ 0.00000 / 3 0 . 1  0 . 00013 

CUmulative Interval: 15 secs '\,'·,._,_, __ // Page l of 3 

Student Notes 

While exam..ilti.ng an individual process, the system calls generated by that pm·ticular process 
can be viewed using the L key. 

When the system time utilization is high for an individual process, this report c.:mt be used to 
view the specific system c.:alls U1e process is performing, how many times the system calls are 
being invoked, and (most impork'U1tly) how much time is being spent by Ute CPU to execute 
the system calls. 

The read ( )  <Utd write ( )  system calls often take the most time, as they require physical TIO 

to the disk driw-5. 
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5-18. SLIDE: sar Command 

• 

$ sar option <Int erval s i z e >  <Number of interva l s >  

Options: 

- u CPU Utilization (usr, sys, wio, idle) 

-q Queue lengths/utilization (run, swap) 

-M Above information in per-processor format 

- c System calls 

Student Notes 

'Ute sar conunand can be nsed to display global st..'1.tistics on several importrmt CPU 
operations. Using the -u option, information can be displayed on the time the syste1n spent 
in User mode, System mode, Waiting for (disk) 110, and idle. TI1e Waiting for (disk) I/O is not 
rep<)lt.ed by any other tool . Other tool<> simply hunp it in witll idle time. An example of the 
sar output with Ute -u option is shown below: 

H sar -u c:; 4 
HP-UX r3wl4 B . 1 0 . 20 c 9 0 0 0 / 7 ] 7.  1 0 / 1 4 / 9"/ 

0 8 : 3 2 : 2 4 %us.r %sy·5 %wio %idle 
08 : 3 2 : 2 9  64 :� 6 0 0 
0 13 : 3 2 : 3 4 6 1  3 9  0 0 
0 8 : 3 2 : 3 ')  & l  3 9  0 0 

0 8 : 3 2 : 4 4  6 1  3 9  0 0 

Average 6 1  3 9  0 0 
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Using the -q conunand, information can be displayed on the length and utilization of the nm 
queue and the swap queue. We are most interested at this time in Ute run queue. An example 
of the sar output with Ute -q option is shown below: 

# sar -q 5 4 
HP-UX r3wl4 B . 10 . 20 c 9 0 0 0 / 7 1 2  1 0 / 1 4 / 9 7  

0 8 : 3 3 : 24 runq- s z  %runocc swpq - s z  %swpocc 
0 8 : 3 3 : 2 9  8 1 0 0  0 0 
0 8 : 3 3 : 31 8 100 () 0 
0 8 : 3 3 : 3 9  8 1 0 0  0 0 

0 8 : 3 3 : 4 4  8 1 0 0  0 0 

Average 8 1 0 0  0 0 

The -M option is always used in conjunction with -u and/or -q. It causes Ute metiics to be 
broken down by processor, so yon can see how each processor is being ulifued. 

TI1e -c option shows the total number of system call<.> being executed per second and singles 
out fom· specific system calls for further detail. 111ey are the read ( ) ,  write ( ) , fork ( } .  
and exec ( } system calls. Also reported on tl1is display is tJ1e average number of characters 
transferred in or out each second. An example of Ulis output follows: 

# sar - c  5 4 
HP ux r 3 w l 4  B . 10 . 2 0 c 9 0 0 0 / 7 12 1 0 / 1 4 / 9 7  

0 8 : 3 3 : 2 4 scalls/s sread/s swril./s fork/s ex�c/ s rchar I r�  wchar/s 
08 : 3 3 : 2 9  3 3 2  3 9 0 . 0 0  0 . 0 0  '3 8 6 3 0  2 6 5 7  
08 : 3 3 : 3 4 4 3 5  4 2 4  0 . 0 0  0 . 0 0  3 0 3 1 0  2662 

08 : 3 3 : 3 9  270 3 14 0 . 0 0  0 . 0 0 6 7 5 8  0 
0 8 : 3 3 : 4 4 524 2 0  1 5  0 . 2 0 0 .  7. 0  73523 0 

Average 3 9 0  7 1 5  0 . 0 5 0 . 0 5  3 7 1 8 7  1 3 3 1  
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5-19. SLIDE: timex Command 

$ t imex prime med 

real 2 5 . 6 5 

user 2 0 . 7 1 

sys 3 . 4 3  

Student Notes 

TI1e timex command can be used to benclnnark how long U1e execution of a pmticular 

process takes in seconds. TI1e conunand measures: 

• real time - the amom1t of elapsed time from when the program started to when tl1e 
program completed (sometimes referred to as the "wall clock" time).  

• user time - U1e arnotm t of time spent by the program executing in user mode. 

• sys time - U1e amount of time spent by the program executing in kernel mode. 

The example on Uie slide shows a total of 25.65 seconds elapsed from when tl1e program 
prime_ med started to when it cOlllJ)letecl. The execution spent 20.71 seconds executing in 

user mode and ;5,4;3 seconds executing in kernel mode. The difference between user + 

system and real t.ime is attiibnted to time the process spent not numing on the CPU. 111e 
process may not get CPU time either because it was waiting on some resotU"ce (like disk or 
CPU) or because it was in a sleep state waiting for an event (like a child process waiting to 
finish executing). 
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5-20. SLIDE: Tuning a CPU-Bound System - Hardware Solutions 

• Upgrade to a faster processor 

• Upgrade the system with a larger data/instruction cache 

• Add a processor to a multiprocessor system 

• Spread applications to multiple systems 

Student Notes 

Practically speaking, the easiest performance gains are usually achieved by adding more and 
faster hardwru·e. Tilis could be upgrading to a faster processor, upgrading to a processor with 
more cache, adding another processor. or buying �mother system ru1d off-loading some 
applications to the second system. 

Upgrading to a faster processor may be possible with a simple module swap, but, more Utan 
likely, it would involve upgrading your entire system to a newer model. Some system� come 
with two or three possible processors and yours may not have the fastest available 
processors. If so, you may be able to upgrade the system's processors to faster versions 
witJwut touching the rest of the system. 

Nowadays. it's mtlikely Uwt you'll be able t.o upgracie the cache memmy or TLB t.o hu·ger 
sizes. Each processor chip seems to come with a predetermined amount of cad1e :md Sized 
TLB. Only going to a different processor chip (and tJrns a larger model) will you be able to 
affect Ute cache mcmo1y and TLB sizes. 

If yonr system is not yet a.t its fnlJ complement of processors, it may relieve your workload to 
add more processors. If you have a cell-basecl architectnre, yon may he ablP t.o :1dd more 
processors to each cell, or even add more cell<>. Some servers come witJ1 extra processors 
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installed, but not enabled. These systems have a featme called ICOD (Instant Capacity On 
Demand). By simply con t.acting HP, these disabled processors can be enabled, giving yon 
more processing power with a minimum of time. If, at a later date, those processors are no 
longer needed, they can be disabled in a similar fashion. 

Finally, if you have a system which is heavily loaded and another system which is lightly 
loaded, it may be possible to transfer some of the tasks from the busy system to the one 
which is less busy. 

The disadvantage of these solutions is that most of them cost money. 

H4262S C.00 5-34 
© 2004 Hewlett-Packard Development Company, L..P. 

http://education.hp.com 



Module 5 
CPU Management 

5-21. SLIDE: Tuning a CPU-Bound System - Software Solutions 

• Nice less important processes 

• Anti-nice more important processes 

• Consider using rtprio or rtsched on most important processes 

• Run batch jobs during non-peak hours 

• Consider using PRM/WLM 

• Consider using the processor affinity call mpc t l  ( )  

• Optimize/recompile application 

Student Notes 

If Ule easiest perform;mce gains are upgrading the hm·dwm·e, then the greatest performance 
gains that are likely to be achieved are improving the software. A system with the fastest and 
most current hardware can still nm slowly if the software is not configured properly. 

One way to improve the performance of specific processes is to improve the p1iority of those 
processes. You can do Ulis by improving the process's nice value or by making the process a 

real-time process. Or, you can reduce the nice value of other processes. Be careful when 

promoting a process to real time. If the process is not well-behaved, it can take over yom 
entire system. By well-behaved. we mec.Ul that it is not compute bound and it is free of 
se1ious bugs. 

Rrmning batch jobs at non-peak hours has been a standard pcrfonnm1ce solution for m:my 
yem·s on many syst<'ms. Otllcr softwme pcrfonnance improvements can be realized by using 
PRM (Process Resollrce Manager), WLM (Workload Mmiagcr), or tJ1e mpc tl ( )  system call. 
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CPU Management 

5-22. SLIDE: CPU Utilization and MP Systems 

Processor 1 Processor 2 

I �rocessor I I CoprocesSOf I 
System Bus 

Is each processor pulling its weight? 

Memory 

Process I mpctl (proc2) I 

The sar - uqM command string can help you monitor the CPU 
loading on the individual processors in a MP system. 

Student Notes 

The sar conunand can he utilized to report CPU utilization for the overall system on a per­
processor basi'.i (when the -u ;.md -M options are specified). In addition the -q option will 
report average nm queue length while occupied, tmd percent of time occupied. Both of these 
metrics can assist in the evaluation of CPU loading and should be considered before making 
proct>_ssor affinity call'>. 

top can also show you J10w your CPU resomce is being distributed over the system. It 

autornaticaUy breaks down the load and utilization percentages on a per-processm bnsis 
when invoked. Remember, when yon are numi.ng a system that supports Partitions (NPars or 
VPars), these tools only show you what is happening within a partition, as each partition has 
booted its own copy of the operating system <.md is acting ns an inclepenclent system. 
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5-23. SLIDE: Processor Affinity 

Processor 1 Processor 2 

Memory 

Process 

I Coprocessor I I mpcU (proc2) I 
System Bus 

The mpc t 1 ( ) system call assigns the calling process to a 
specific processor. 

Student Notes 

Module 5 
CPU Management 

Tite mpctl ( ) system call provides a means for determining how many processors arc 

installed in the system (or partition), how many processors are in tltis pset, and assigning 
processes or tlu·eads to run on specific processors (also known as processor affinity) or 
within specific psets, and much, much more. Refer to t11e man page for mpc tl ( ) on your 

system. 

Much of the functionality of this capability is highly dependent on the mtderlying hardware. 
An applicat.ion that uses this system call should not be expected to be portable across 
architectm·es or irnplement.'ltions. 

Processor sets arc suppmted l>y Ute pset ( )  system call. If yom· version of I.he operating 

system supports psets, refer to the man page for pset ( )  for full details. 
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5-24. LAB: CPU Utilization, System Calls, and Context Switches 

Directions 

General Setup 

Create a working data file in a separate file system (on a separate disk, if possible). 

If another disk is available: 

# vgdisplay -v I grep Name (Note which disks are already in use by LVM) 
# ioscan -fnC disk (Note any disks not mentioned above, select one) 
# pvcreate - f  <raw disk device f i l e >  
# vgextend vgOO <block d i s k  device f i l e >  

ht eiUter case: 

# lvcreate - n  vxfs vgoo 
# lvextend -L 1024 /dev/vgOO/vxfs <block disk device f i l e >  
# newfs - F  vxfs /dev/vgOO/rvxfs 
# mkdir /vxf s  
# mount /dev/vgOO/vxfs /vxf s 
# preal loc /vxf s /f i le < 7 5 %  of main memory in bytes> 

The lab programs are under /home/h4262 /cpu/lab0 

# cd /home/h4262/cpu/labO 

Tite tests should be nm on an otl1erwise idle system - otherwise results are unpredictable. If 
the ex:ecutnbles are missing, generate Utern by typing: 

# make a l l  

CPU Utilization: System Call Overhead 

Use the dd command to size the read mtd Wlite operations. 11ms U1eir number cm1 be varied 
to change the munber of system callc.; used to transfer U1e same ammmt of information. 1l1en 
we can see the overhead of Ute system call interface. 

The ru·st ronummd loads the entire file into buffer cache. 

n timex dd if=/stand/vmunix of-/dev/null bs =64k 

Now we tnkc otu- measurements. 

# timex dd if =/ stand/vmunix of=/dev/null bs=64k 

real user 

H4262S C.00 5-38 http://education.hp.com 
© 2004 Hewlett-Packard Development Company, L.P. 



# timex dd if� / stand/vmun ix Qf =/dev/null bs=2k .� 
real 1·/\.J,J__ user C G system l lte� 

# t imex dd if=/stand/vmunix of=/dev/null bs=64 

real user system 

System Calls and Context Switches 

Module 5 
CPU Management 

TI1is lab shows you the maximum system call and context switch rates that your system cm1 
take. lltree programs m·e supplied: 

• syscall loads the system with system calls of one type 
• filestress (shell sc1ipt) generates file system-related system calls 

• cs loads the system with context switches 

1 .  What is the system call rate when your system is "idle"'? 

2 .  Rm1 files tress in t11e backgrmmd. What is the system call rate now? What system 

calls are generated by files tress? Take an average with sar over about 40 seconds 

i.e. 

# sar -c 10 4 

3. Terminate the files tress process by entering tJ1e following conunands: 

I# kill $ (ps -el 
# kill $ (ps -el 

grep find 
grep find 

cut -c24 -28 )  
cut -c18 -22}. 

4. Rm1 the syscall program and again answer question 2. Is the system call rale lower or 
higher tJ1an with filestress? Why? 

Kill the sysca.11 program, before proceeding. 

# kill $ (ps -el I grep syscall I cut -c1 8 - 2 2 )  

5. Using cs, com nire. the number of context switches on an idle system and a loaded 
systenl. 

Irlle ___ _ Loaded _____ _ 

o. Kill the cs program, remove the /vxfs/file, m1d dismount the /vxfs filesystem. 

# ki l l  $ ( ps el I grep cs I cut -cl B - 2 2 ) 
# rm -f /vxfs/ f ile 
# umount /vxfs 
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5-25. LAB: Identifying CPU Bottlenecks 

Directions 

111C following labs are designed to show the symptoms of a CPU bottleneck. 

Lab 1 

1. Change directory to /home/h42 62 / cpu/labl 

# cd /home/h4262 /cpu/labl 

2. Stmt t.hc processes numing in the background. 

# . /RUN 

:3. St..'lrt a gJance session <md answer the following questions. 

What is the CPU utilization? __ _ 

What are the nice valnes of the processes receiving the most CPU time? __ _ 

What is the average number of jobs in the CPU nm queue? __ _ 

·1. Characterize the 8 lab processes U1at me numing (procl-8). Which are CPU hogs? 

Memory hogs? DLc;;k 110 hogs etc. Identify processes Uwt you think arP in pairs. 

G. Determine the impact of this load on user processes. l'ime how long it takes for the 
short baseline to execute. 

N t imex /home/h4262 /basellne/ short & 

How long did the program take to execute'? __ _ 

G. Compare your results to U1e baseline established in the lab exercise in module l .  step 5. 

7. End the CPU load by executing the KILLIT script. 

# . /KILLIT 
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Lab 2 

1. Change directory to /home/h4262/cpu/lab2. 

# cd /home/h�262 /cpu/lab2 

2. Start the processes running in the backgrmmd. 

# . /RUN 

3. In one terminal window, start glance. 

ht a second tenninn.l window nm 

# sar -u 5 2 0 0 .  

Answer the following questions: 

What does glance report for CPU utilization? __ _ 

What does sar report for CPU utilization? ___ _ 

Module 5 
CPU Management 

What is U1e p1iority of the process receiving the most CPU lime'? __ _ 

How much time is the process spending in the sigpause system call? __ _ 

How is tlte process being conte}l..1. switched (forced or voluntary)? __ _ 

4. Determine the impact of this load on user processes. Time how long it takes for U1e 
short baseline to execute. 

# timex / horne /h42 6 2 / base l ine / short & 

How long did the program take to t>_"Xecute'? __ _ 

G. End the CPU load by executing the KILLIT SC'lipt. 

# . /KILLIT 
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Module 6 - Memory Management 

Objectives 

Upon completion of this module, you will be able to do the following: 

• Describe how the HP-UX operating system perfom1S memory management. 

• Describe the main performance issues that involve memory rnanagernent. 

• Describe the UNIX buffer cache. 

• Desc1ibe the sync process. 

• Identify the symptoms of a memory bottleneck. 

• Identify global and process memory metrics. 

• Use performance tools to diagnose memory problems. 

• Specify appropriate conections for memory bottlenecks. 

• Describe tJ1e function of the serialize conunand. 
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6-1. SLIDE: Memory Management 

Swap Space 

--................... ... 

Student Notes 

.... __ ........ 
Virtual Memory 

Memory management refers to the subsystem within the kernel tltat is responsible for 
managing the main 1nemory (also known as RAM) of the computer. 

When managing main mPmory, the kernel allocates memory pages (default size is 4 KB) to 
processes as they need space. When main memory nms low on free space, Ute kernel wm try 
to free up some pagC's ill memory by copying those pages out to swap space on disk. The 
swap space cm1 be Uwught of as an extension of main memory (like an overflow area) that is 
used when main memory becomes full. Processes paged out to the swap area cam10t be 
referenced again 1mtil they arc paged back in to main memory. 

The term virtual memory refers to how much memory U1e kernel perceives as being 
avai lable for allocation to processes. When the kernel allocates space to a pwc:ess. it must 
track that page for the life of the process. Virtual memory includes main memory and swap 
space. as pages allocated to processes may be moved to swap space. 

Example 

In the slide. there are tlH"ee different processes being tracked: a one-page p1·ocess. a two-page 
process, and a three-page process. The one-page process stm·ted in main memory mtd was 
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subsequently paged to swap space. 111e two-page process is entirely resident in main 
memory. And the tiu·ee-page process has been partially paged to swap space (two of tlu·ee 
pages are on swap). 

From a virtual memory standpoint, the three processes are taking up six pages of memory: 
three pages in main memory and three pages on swap. 

TI1e preceding example is pretty simple. Reality is a little more complex. Processes actually 
consist of two basic types of pages, text and data. The data pages have "write" capabilities 
and thus their contents must be preserved when they are moved out of memory (to swap 
space). '111e text pages cannot be modified by the executing program. TI1ey are initially read 
in from tJlC file system. If the memory manager should waut to release the space that a text 
page is taking, it does not have to copy it out to swap, or even back to ilie file system. 
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6-2. SLIDE: Memory Management - Paging 

1 J: 1 1 I 1 J: Ii: i: t: h Ii: 
n n in 1 0 0 10 ·1 0 lo h n 
1 n In 0 0 1 In In n In h n 
0 0 0 0 0 0 0 0 0 0 b 11 
0 0 1 0 0 0 0 0 1 0 b b 
0 0 0 0 0 0 1 0 0 0 b b 
0 0 0 0 0 0 0 0 0 0 b b 
1 1 1 1 1 1 1 1 1 1 11 1 
1 1 1 1 '1 1 1 1 1 11 h 11 1 1 ! 1 0 11 1 1 1 I 11 h 1 
1 1 1 1 ! 1 1 11 lo I 11 H 11 
1 0 1 0 1 1 1 1 1 1 h 1 
1 1 1 1 1 0 1 1 1 1 h 11 
1 1 0 1 1 1 1 0 1 1 n 1 
1 0 1 1 1 1 1 1 1 0 D 1 
1 1 1 1 0 0 1 1 1 1 h 1 

Memory 

Student Notes 

r········································· ········� 
Free 
Hand 

Vhand 
Process 

Reference 
. Hand . � .................................................. : 

1 = Page is being referenced 

0 = Page is NOT being 
referenced 

F = Freed Memory Page by 
vhand process 

The vhand daemon is responsible for keeping a minimum amount of memory free on the 
system at all ti.mes. The vhand daemon docs this by monitoring free pages aud trying to 
keep their munber above a threshold to ensure sufficient memory for efficient demand 
paging. 

The vhand daemon ntili:tes a "two-lumded" clock algo1ithm as seen on tJw slide. 'Dle first 
h�mcl (also known as the "reference" hand or "age" hand) clears reference bits on a group of 
pages in an active part of memory. If the bits are still dear by the time the second hand (also 
known as the "free" hand or "steal" hand) reaches them, the pages m·e paged out. 

TilC kernel automatically keeps an approp1fate distance between the hands, based on the 
availablt> paging bandwidth, the number of pages that need to be stolen, the number of pages 
already scheduled to be freed, mtd the frequency in whic.:h vhand nms. ln essence, U1e 
distance between the hands determines how "aggressive" vhand is behaving. Tt behaves 
more aggressively as U1e memory pressure increases. 

_j\_"0\fi A))r' \�,,� ���\ \ = �  \ �IJ 
� '" \,,Jl & ��\ ye""-' WI �G\;\ -i 
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6-3. SLIDE: Paging and Process Deactivation 

Non-Kernel memory 

Free 
- LOTSFREE ---...._ Mem 

Pages 
DESFREE --------__;;:;;., 
MINFREE -----------i 

Paging Scanning Rate 

Student Notes 

Module 6 
Memory Management 

'DlC system uses a combi.nalion of paging ;md deactivation to manage the amount of free 
memory. A minimum amotmt of free memory is needed to allow the demand paging system to 
work properly. 

No paging occurs tmtil the free memory falls below a tlu-eshold call LOTSFREE. Upon falling 
below LOTSFREE, paging will occur at a minimum level - becoming more aggressive as the 
number of free pages decreases. If the demand for memory continnes. then paging will 
continue. However, if the dernand for memory subsides, then U1ere is a possibility U1at the 
amount of free memory will stabilize below the LOTSFREE threshold. 

If free memo1y fall5 below a second tlu-eshold caU DESFREE. then there is no possibility of 
stabilizntion (1mtil free memory goes back above DESFREE) mtd Ute paging rnte becomes 
much more aggressive compared to the initinl paging rate. 

Fi.naUy. if free memory falls below MINF'REE, then process deactivation begins. A process is 
chosen by the kernel to be deactivated, :md it is placed on the deactivatfon q11e11e. Because 
the process is <leactivated (therefore its pages are not being referenced) vhand will be able 

lo pagr nil its pages (including the uarea) out LO the swap pnitition. The proc·ess will be 
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reactivated automatically once free memory rises above l\1INFREE. When a process is 
reactivated, only the uarea is inunediately paged in. Other pages are faulted in as needed. 

Below are U1e default formulae for LOTSFREE, DESFREE, and tvllNFREE. 

(NKM = Non-Kernel Memory) 

LOTS FREE 

DESFREE 

MIN FREE 

NOTE 

H4262S C.00 

<=32 MB >=32 MB, <=2GB >2 GB 

l/8ofNKM 1/16 of NKM 64MB 

1116 of NKM 1/64 of NKM 12 MB 

1/2 of DESFREE 114 of DESFREE 5 MB 

TI1e values of LOTSFREE, DESFREE, and MINFREE were made tunable 
kernel parameters in HP-UX 1 1 .00. Ptior to the 1 1.00 release, these valnes 
were fi.�ed and could not be changed. It is reconunended by HP, however, 
that the parameters noL be LLmed manually. 

�--
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6-4. SLIDE: The Buffer Cache 

Module 6 
Memory Management 

• Pool of memory designed to retain the most commonly accessed files 
from disk 

• Used only for file system 1/0 (not raw 110) 

• Size of buffer cache controlled by dbc_min_pct and dbc_max_pct 

---- ---Buffer Cache 
---- �-· 

Filesystem 

File 

Memory 

Student Notes 

'I11e buffer cache exists to speed up file system J/0. 'I11e system tries to minimize clisk access 
by going to disk as infrequently [IS possible, because disk access is often a bottleneck on 
most systems. Therefore, lhe most recently- or conunonly-accessed files from disk persist in 
the portion of memory called Ute buffer cache. 

It is called dynamic because the size of the buffer cache grows or shrinks dynamic-ally, 
depending on competing requests for system memory. Its minimum size is govemed by the 
tmtable parameter dbc _min _pct, an<i it cm mot grow larger than the size specified in 

dbc_max_pc t. 'I11ese two parameters are E>A'"J)re_c;sed as percentages of total physical 
memory on the system. 

Let's say dbc_min_pct is set to 10, while dbc_max_pct is 50. This means that initialJy 10% 

of physical memory is allocated to the buffer cache. As the system needs more space to 
buffer files read in from disk, the buffer cache will allocate more mernory, :rnd U\is will 
continue nntil it occupies 50% of memory, its rnaxinnm1 size. Lnter, when lhe system requires 
more rncmo1y for m10Uter use, say proces.ses, Ute buffer cache could sluink m1 appropriate 
amount, but will never be less than tJ1e 10% mininuun value. 'I11erefore, a larger buffer cache 
is nblc to hold more files and wiJI minimize tJ1eir access time but will leave less memo1y 
:wailable for other uses. 
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NOTE: TI1e buffer cache is dynamic in nature only when two other tunable 
parameters, bufpages m1d nbuf, are both set to their default values of 0. 

Another example: if dbc _min _pct and dbc _max _pct are both set to the same value, say 

20, the kernel will always use exactly that percentage of physical memory for the buffer 
cache. 

·- --

\ \ 
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6-5. SLIDE: The syncer Daemon 

Module 6 
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• All entries stay in the buffer cache for a minimum of 30 seconds before 
being flushed. 

• The syncer daemon runs once every 6 seconds and flushes 20% of 
the buffer cache to disk. 

Buffer Cache §fil � 
Filesystem 

D File 
syncer 

'-------

Memory 

Student Notes 

For disk writes, data flows from the buffer cache to disk. How does it get to tl1e huffer cache'? 
TI1e kernel w1ites data lo it. TI1e sync er process t.akes care of flushing data in tl1e buffer 

cache to the files on the disk. 

When a user edits a file, makes changes to that file, and saves the changes, those changes do 
not go to disk right away. Tite kernel wiites U\e data to the buffer cache, ;md some time later 
(within 60 seconds) the data finally anives at the disk. Titis time pe1iod is chosen as a 
balance between ensming that the file system is fairly np-to-date in case of a crash and 
efficiently performing disk 110. 

1i1erc are 1mmy <.lpplkations tltat do not rely on tl1e operating system's built-in processes to 
flush data to disk. but instead t:ake over that operation tltemsclves. In 0U1er words. they 
create their ow11 buffers and manage the flnsh.ing at approp1iate intervals. A conm1on 
example is a database application that needs to guarantee the completion of a trnnsaction 
with in a. specified time intc1val. 
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6-6. SLIDE: IPC Memory Allocation 

# ipcs -mob 

IPC status from /dev/kmem as of Sat Feb 14 0 6 : 5 3 : 2 7  1998 
T I D  KEY MODE OWNER GROUP NATTCH SEGSZ 

Shared Memory: 

m 5 Ox06347B49- -rw-rw-rw- root 

m 7 Ox000c0568 --rw- - - - - - - root 

Shared Memory 
Segment 

root 

root 

.-----
-

Shared Memory 
Segment 

Student Notes 

0 

2 

Memory 

77384 

131516 

UNIX implements intcq)rocess conummications using different mechanisms. 11uee 
mechanisms that require additional system memory are semaphores, shared memory, atld 
message queues. 

• Semaphores are used to synchronize memory resources between competing processes. 

• Shared memory segments m·e resources capable of holding (in memory) hu-ge amounts 
of data that cm1 be shared between processes. 

• Message queues hold strings of infonnation (messages) Utat c�m be transferred between 
processes. Two types of processes that utilize message queues are networking and 
database processes. 

Share<l memory provides a mechanism to reduce interprocess conummication costs 
signific:mtly. Two processes Uiat are ready to share dat.a, address the same portion of shared 
memory into U1eir addressable space. Changes made to the shared memory arc seen 
inunediately by all processes mtd do not require kernel services. So from a kernel 
perspective, other than initially setting up U1e shared memory. there is very low cost in using 
shared memory. 
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On the slide, each process has a shared memory segment that references one and tl1e smne 
shmed memory area. 

The more processes that allocate shared memory segments, the higher the mcmo1y nsage. 
TI1e shared memory segments in physical memo1y can be viewed with the ipcs -mob 
command or a reporting tool like glance. From time-to-time, tl1ey might have to be cleaned 
up or removed manually if an application temunates ungracefully. Thi'> is done by the 
S1tpcn1sC1· with the ipcrm conunand. 

A worthwhile baselint� meastu·ement for a system administrator is to nm t.he ipcs -mob 
conunand during a quiet period. It is also eye opening to repeat this conummd when tJte 
system is at its busiest. 

/ 
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6-7. SLIDE: Memory Metrics to Monitor - Systemwide 

• ls vhand Active? ..S.Cd•li £rt{ �\ .>" w p::vc "J, 
- Pages scanned by vhand (SR) t!h1c: � 1V'e 

- Pages freed by vhand (FR) 

- Pages paged out 

• Is swapper Active? 

- Processes deactivated (SO) 

- Amount of free memory relative to 
- lotsfree 
- desfree 
- minfree 

• Size of dynamic buffer cache 

• Size of IPC Shared memory segments 

I 
· 1 . I \ L , I ,')'l'CiflnG\iZ da\C 

� I  1 C4_ OJ._) <"��<.. lC. \\\kt� 

Student Notes 

The utilization of memory cmt be monitored in a number of different ways. TI1ere are multiple 
tool'> and multiple metrics that monitor memo1y usage. 111e first metrics you want to look at 
are those tJ1at will tell you wheU1er vhand is active. 

Pages Scanned by vhand 

111is is the number of pages the vhand process has scanned (i.e. dereferenced with the 

reference hand) when looking for pages to free in memory. 111is tells yon tJrnt vhand is 
actively scanning pages in an attempt to free them up. 111ere is some me1\tory pressm·e. 

Pages Fl'eed by vhand 

TI1is is the number of pages the vhand process has freed (i.e. the reference bit was st.ill 

dereferenced when the free hand looked at it). The ratio between pages scanned and pa.gcs 
.f1·ccd indicates how successful the vhand process is wheu looking for memory pages to free. 
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Amount of Paging 

TI1is indicates the level of disk activity to the swap partition. If a consistent ammmt of paging 
to swap space is occurring, then perfo1mance is impacted (most likely significantly). 

Next, check to see if the swapper is active. 

Process Deactivations 

Titis indicates that processes are being deactivated, meaning free memory has fallen below 
the MINFREE threshold. There is severe memory pressure. 

Amount of F1·ee Memory 

This indicates Ute seve1;ty of the free memory situation. If free memory has fallen below 
LOTSFREE. Uten we know some paging has taken place. vhand is active. If it is below 

DESFREE, then the situation is more severe, and much more paging is occurring. vhand is 

aggressively active. Finally, if free memory is below MIN FREE, then a high level of paging 
and process deactivation is occurring. vhand and swapper �u·e both active. To determine 
what Ute values are for lolsfree, desfree, and minfree, use the following conunands: 

# echo "lotsfree/D" I adb -k /stand/vmunix /dev/mem 
ti echo "desfree/D" I adb -k /st.and/vmunix /dev/mem 
# echo "minfree/D" I adb -k /stand/vmunix /dev/mem 

The settings for these three values in the kernel will then be displayed in 4K pages. You can 

then compare them to the cunent size of the free page list. These values vi.rill not <.:hange, 
unless you change Ute size of Non-Kem el Memory. (Remember the formulas show11 earlier?) 

Size of Dynamic Buffer Cache 

TI1is is the amount of memory being consumed by the buffer cache. ff memory is full and Ute 
buffer cache is lm·ge, it will most likely cause paging, since the buffer cache t.ypi<.:ally sluinks 
slower than the rate H t. which new memory is needed. Heavy disk 1/0 demands may prevent 
the buffer cache from shrinking at all. 

Size of IPC Shared Memory Segments 

Tilis is the amount of memory used for interprocess comnmnications. Of special interest will 
be the number tmd sizes of shared memory segments, as tl1ese can be quite large, especially if 
graphical applications or o. database numagernent system is being nsed. 

http://education.hp.com 6-13 H4262S C.00 
© 2004 Hewlett-Packard Development Company, L.P. 



Module 6 
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6-8. SLIDE: Memory Metrics to Monitor - per Process 

• Size of RSSNSS 

• Size of text, data, and stack segments 

• Number of shared memory segments 

• Amount of time blocked on virtual memory 

Student Notes 

Individual processes vary greatly in ten us of the amount of memory they use. Metrics to 
monitor memory utilization on a per-process basis include the following: 

Size of RSS/VSS 

Tite Resident Set Size (RSS) for a process is the po1tion of the process (in KB) Uiat is 
cmTently resident in physical memory. Since the entire process does not have to be resident 
in memory in orrler to execute. this shows how much of the process is nctually resident in 
memory. 

Tile Virtual Set Size (VSS) for :i. process is the total size of Ule process (in KD). This indicates 
tltat �/the entirt> process were to be loaded, thLc; Le; how much memory the entire process 
would consmne. Very rarely Le; tlle entire process resident in memory. U the entire process 
wf'l'e in memory, I hen the RSS value would be equal to Ille VSS value. 

Size of Text, Data, and Stack Segments 

TI1ese are the RSS cutd VSS sizes for the three main components of a process. Since t>very 
process ha..<> a single text. data, mu.l stack segn:ient, these values should be monitored, 
especially for large processes. TI1e data segment is the most likely to be large. 
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Each of these three segments has a maximtun size to which Uley can grow - limited by 
ltmable kernel parameters. 111ey are maxtsiz, maxdsiz, and maxssiz for a 32-hit process. 

Tiley are maxtsiz_ 64bi t, maxdsiz_ 64bit, and maxssiz_64bit for a 61-bil process. If 
a process tries to grow one of these segments beyond its maximum size, then the process 
terminates (and in some cases "core dumps"). 

Nmnber and Size of Shared Memory Segments 

These are the shared memory segments to which a process is attached. The maximum size of 
a shared memory segment Le; limited by the kernel parameter, shmmax. Tite number of 

shared memory segments a process can attach to i<:> lirnited by the kernel parameter, shmseg. 

Amount of Time Spent Blocked on Virtual Memory 

TI1is is  the amount of time Ule process was prevented from executing because it was waiting 
(or blocked) on a text or data page to be paged in. 
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6-9. SLIDE: Memory Monitoring vmstat Output 

#=> vmstat -n 5 
VM 

memory 
avm free re at 

9140 3824 3 4 
CPU 

cpu procs 

us sy id r b w 
9 5 8 6  l 100 0 

9017 3500 41 49 
24 17 60 0 100 0 

10292 2255 65 20 
67 2 4  9 5 102 0 

10227 976 8 9  19 
67 3 3  0 7 103 0 

10958 400 81 12 
67 3 1  3 8 110 0 

10759 454 3 3  3 

62 20 18 6 111 0 
13448 404 21 0 

32 15 53 0 118 0 

Student Notes 

pi 

0 

1 1  

4 1  

8 5  

91 

98 

65 

page 
po 

0 

0 

0 

0 

! 48 ' 
I ' I i 51 : ; ' 

' 74 

fr de sr in 

0 0 0 6 7 5  

0 0 0 1257 

0 0 0 1419 

0 0 0 1698 

/ 2 6 0 i 194 1791 

24 0 268 1598 
I 

3 9  0 ·:i s3.' 1021 

faults 
sy cs 

824 140 

2823 329 

3795 481 

4771 641 

5841 6 9 7  

4313 598 

3175 354 

A useful conurnmd to view vittnal memory statistics is vmstat. '11le slide shows vmstat's 
output being updated every 5 seconds. 

When viewing vmstat's output. always keep mt eye on the po (pages paged out) pammeL.er. 

Ideally, you want this to be zero, indicating no paging out is occmTing. 

Statistics regarding tJ1e vhand aJgo1ithm, the fr (pages freed per second) and sr (pages 

scanned by the clock algorithm. per second) parameters show the actual behavior of vhand. 

Output Headings 

procs 

r In nm queue 

b Blocked for resources (VO, paging, <md so on) 

w Runnable or sh01t sleeper (less than 20 seconds) but rleact ivatcct 
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memory 

avm 
free 

re 

at 

pi 

po 

fr 

de facto 

sr 

faults 

in 
sy 

cs 

CPU 
us 

sy 

id 

with - S option 

s i  

so 

Active virtual pages (nm during the last 20 seconds) 
Size of free list page (in 4K pages) 

Page reclaims per second 
Address translation faults per second (page faults) 

Pages paged in per second 
Pages paged ont per second 

Pages freed per second 
Anticipated sho1t term memory shortfall 
Pages scmmed by algoriUun per second 

Non-clock device inten11pts per second 
System calls per second 

CPU context switches per second 

Percent�ge of time CPU spent in user mode 

Percentage of time CPU spent in system mode 

Percentage of time CPU is icUe 

Processes reactivated per second 

Processes deactivated per second 

Module 6 
Memory Management 

http://education.hp.com 6-17 H4262S C.00 
© 2004 Hewlett-Packard Development Company, L.P. 



r 

ltt  {j>« 
u r J  l \1.;1 {' 

Module 6 
Memory Management 

6-10. SLIDE: Memory Monitoring glance - Memory Report 

B3692A GlancePlus s . 1 0 . 1 2  

CPU Util [S SfN NI 
Disk Util [] 
Mem Util [s s lu 
Swap Util llJ ujR 111 

17 : 3 3 : 5 9  e2403roc 9000/856 

(/Ill nl 

MEMORY REPORT 

CUrrent Avg High 

22% 29% 5n 
1% 7% 13% 

91% 
25% 

91% 91% 

24% 35% 

Users= l.9 

Event Current Cumulative Current Rate Cum Rate High Ra.te 

_ P.a-ge- -i?·a:un-s.. 78 /
Paging RequeSts 3 

KB Paged 1n 52kb 

KB P11ged... Oui; Okb 

Red' l J vnt,,....i.q.nn 0 
Deacti.vat LC,(na 0 
KB Reactivated Okb 

)\i"-<-� KB Deactivated Okb 

VM Reads 3 

VM Writes / 0 

287 7 .  5 

2 1  0 . 2  
336kb 5 . 0  

Okb 0 . 0 
0 0 . 0 
0 0 . 0  

Okb 0 . 0  

Okb 0 . 0  
0 . 2  

0 0 . 0  

2 4 . 3  

1 .  7 
2 8 . 4  

0 . 0  
o . o  
0 . 0  
0 . 0  

0 . 0  
0 . 5  
0 . 0  

1 3 9 . 3  

1 2 . 0  
1 8 9 . 3  

0 . 0  
0 . 0  

0 . 0  
0 . 0  

0 . 0  
2 . 0  
0 . 0  

Total VM : 7 8 , 9mb ,Sy-0 Mem : 1 0 . 6mb User Mem: 7 8 . 0mb Phys Mem: 1 2 8 . 0mb 
Active VM: 2 3 . 4mb BuI Cache : 1 9 . lmb Free Mem: 2 0 . Jmb 

Page l of l 

Student Notes 

glance has extensive memory monitoring abilities. Like vmstat, it can give paging 

statistics, i.tt addition to showing if :.my processes are being deactivated. Remember, this i5 an 
indication of severe memory shortage. 

There is other valuable information on this report, such as tJ1e statistics at. the bottom 
showing the current Dynamic Buffer Cache size, the cmrent amount of Free Memory, and the 
total Physical Memory in the system. 
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6-11. SLIDE: Memory Monitoring glance - Process List 

B3692A GlaneePlus B . 1 0 . 1 2  1 4 : 5 2 : 2 7  e2403roc 9000/856 Current Avg lligh 

22% 29\ 51\ 

1% 7\ 13\ 
CPU util Is s! N =--1D 
Disk Util IB 
Hem Ut.i1 L3 "'��-=-s;(�u-'r_=_=_=-'_=_=_=;-.=;�--:_-_-_-_-_-_-:_-_-:--'-'-11( B� 
Swap Util JU UI Ii � 

91\ 91\ 91\ 
25% 24' 35\ 

PROCESS LIST Users� 11 
user CPU Util Cum Disk _r-\ Thd 

Process Name PIO PPID Pri Name ( 100 max) CPU 10 Rate ! RSS\ Cnt 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -t - - - - � - - - - -

netscape 16013 12988 154 sohrab 1 2 . 9 / 1 4 . 0  6 4 . 9  o . o /  0 . 6  �4.7� l 
supsched 18 0 100 root 2 . 9 /  2 . 1  9 4 2 . 6  0 . 0 /  0 . 0  ' 16kb\ l 
l11UC.srv 1219 1121 154 root 1 . 6/ 0 . 9  389.4 0 . 5 /  0 . 0  2 .7mb ; 1 
glance 15726 15396 156 root 0 . 6 /  0 . 9  2 . 0  0 . 0 /  0 . 2  4 . 0 mb i  l 
statdaemon 3 O 128 root 0 . 6 /  0 . 7  3 0 2 . 1  o . o /  0 . 0  16kb l l 
midaemon 1051 1050 50 root 0 . 4 /  0 . 4  201.4 0 . 0 /  0 . 0  l.3mb : 2 
ttisr 7 O -32 root 0 . 4 /  0 . 3  121.0 0 . 0/ 0 . 0  16kh j 1 
dttcrm 15559 15558 154 roe 0 . 4 /  0 . 4  1 . 6  0 . 0/ 0 . 0  \ 6 . 2mb/ l 

rep_server 1099 1084 154 root 0 . 2 /  0 . 1 2 3 . 7  0 . 0/ 0.0 \ 2 . 0mb/ l 
syncer 325 l 154 root 0 . 2/ 0 . 0  2 0 . 2  0 . 1/ 0 . 0  \ 1 . 0m!i l 
xload 13569 13531 154 al 0 . 2/ 0 . 0  2 . 4  0 . 0 /  0 . 0  \2 . 6m,6 1 

P.a$_'!/ l of 13 

Student Notes 

TI1e glance Process List report can be used to monitor process statistics, including how 
much memory processes are currently constuning. The highlighted colunm, RSS (Resident 
Set Size), shows memory being used on a per-process basis. Very simply put, this helps to 
identify the "memory hogs" on the system. 

For example, the process called netscape has c:ul RSS of 14.7 MB, while statdaemon is 

minimal. Other large processes i..nclude glance, xload, and dt term. What do all these 

processes have in conunon? They are all GUI (graphical user inte1face) programs numing as 
windows in a graphical winrlow environment. 

Moral: programs tJwt open their own w indows are relatively memory-intensive and should lie 
minimized. Users should be encouraged not to leave several windows open on their screE>ns if 
they clo not have a c<mti.11ning need for them. 
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6-12. SLIDE: Memory Monitoring glance - Individual Process 

B3692A GlancePlus C.03.70.00 15:52:03 r206c42 9000/800 Current Avg High 

CPU Util 
Disk Util 
Mem Util 
Swap Ut:il 

lf::31 N 
III 
Is s [u 
1u UIR 

N j 

RI 
� Bl 

15% 
1% 

96% 
15�. 

15% 15% 
0% 2% 

96% 96'� 
l.5% 15% 

Resources PID: 28030, glance PPID: 27.993 euid: 0 user: root 

CPU usage !util) : 
User/Nice/RT CPU: 
System CPU 
Interrupt CPU 
Cone Switch CPU 
Schedule·r 
Priority 
Nice Value 
·Dispatches 
Forced CSwitch 
VoluntaryCSwitch: 
Running CPU 
CPU Switches 

0 . 1  
0 . 1  
0 . 0  
o . o  

Log Raads : l l!l.a.i.t····Re·as·cm·····-·······: ········-··:s�···-······-·-······· ..... , 

<f'
Total RSS/VSS : 3 .6mb/ 5 .  6Irib _,,..-' Log Wri t:es: 

Phy Reads : o"
"iiap·;; ···t .. -vTa-ttlte·• ····--1f'···---·· ··To 

Phy Writes: () Faults Mam/Disk: 6/ 0 
0 . 0  FS Reads 0 Deactivations 

HPUX-/i'S--wri·tes-·:.-·-· ........... Jl_Forks & Vforks : 
;rs.I VM Read'i : O Sl9nals Recd : 
··--�� wr.t-:s : jl_.Jllesg Sant/Recd : 

6 Sys'" Rea:ds"·-:·· .. 0 Other Log Rd/Wt: 
0 Sys Writes: 0. Other Phy Rd/Wt: 
4 Raw Reads : 0 Proc Start Time 

(} 
0 
0 
0/ 

38/ 
0/ 

O Raw Writes: O Tue Mar J.6 15: 49: 14 2004 
0 Bytes Xfer: Okb 

0 
172 

0 

C - cum/interval toggle % - pct/absolute toggle Page l of l 

Student Notes 

The glance lndividunl Process report displays memory usage for an individual process, and 

the RSS and VSS sizes for the process. 

Also di<.>played on a per-process basis, is the VM reads and VM writes being pe1fonned by the 
process. TI1is indicates how much paging from/to the swap device the i.ndividnal process is 
performing. If performance is poor for an individual process, this is a. good field to check. 
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6-13. SLIDE: Memory Monitoring glance - System Tables 

B3692A GlancaPlus C .03 .70.00  15:58 :40  r206c42 9000/800 Current Avg High 

CPU Util 1s FJI N NI I 15\ 151' 15\ 
Disk Util II! I 0% O'\ 4\ 

Mem Util Is s!u ulc� I 96% 96'\ 96\; 
Swap Util �[R Rl I 15% 21% 45'\ 

SYSTEM TABLES REPORT users� l 
.......... -·-·-.. ·---··-··---··-··-······--.... · .. --................. -...... --.. ·---·-···-

System Tab:Le (-···Available Reques.ted Used �
·
��

·
�·

··········) 
; ���:-��:�:-�������; · ----- ----= =·�-�-;;;·�·� �-�.:..:..:.: .. �.:..:.:�� - ---- -.: .. :: .. :i-i�::.: .. :.:.:.�.�.�,��·:;·�·�·: .. • 

Shared M��!'.L .. ---··--·--·-
··
----

- 12 .  Sgb 11.  lmb 
Mu.ea.9'e-Buf t:ers ----lt601cll.... na ,..�ffer Cache 31 4 . 4mb-.........._ na 

\ Buffer Cache Ml.n 32 .0mb ) 
'-._Buffer Cache Max 320.0mb / 

"wt'e-cac he __ , .. &e1:14 .. ..-
-·· -··----·----··.. ··--...... _, __ , .. _. -· 

Okb Okb 
314. 4mb na 

I Model : 9000/800/A400-6X Phys Me.cnory :640.0mb Network tnterfaces : 2 
OS Name : HP-UX 
OS Release:  9 . 11 . 11 

Number CPUs l Number Swap Areas 2 
Number Disks: 2 Avail Volume Groups: 
Mem Region Max Page Size: 1024mb l OS Kernel Type: 64 bi ts 

Ch."l i' J  Cuc� )UA <!.i 1i.:.,,1�·: �"4AI d\ Q, bJfc>t 
Student Notes 

·me glance System Table report displays the size of kernel tables in memory, and the 

cmrent ulilfaation of theses tables. It is important nut to set the size of these tables too Im·ge, 
as the tables are memory resident (and the bigger the table, the more memory it consumes). 
Yet, it is even more important that enough resomces be allocated so that the kernel does not 
have to wait for a resolll'Ce to become free (or even error out) when a particular resom·ee is 
requested. 
Tite Available cohmm displays the total size of tl1e partic:ulm· table, and the Usecl cohmul 
shows how many ennies with.in U\e table arc currently being used. In genera.I. d1e Used value 
should not be close to the Available value. If it is, then the kemel is dose to running ont of 
Urnt particular resomcc. 

TI1e High % cohmm shows U1e high water mark for the resource since glance has b<'en 

numing. 

Also of interest in this repo1t ;ue tJ1e buffer c:ache st.atisties, especially tJ1e Buffer Cache t.hat 
shows the cmTenL size of the buffer cache. 
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NOTE: TI1ere are two pages to this report. Shown here is the seco11d page of this 
report. More system tables are shO'wu on the first page. 
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• Pool of mem ry designed to retain the most commonly accessed files 
from disk 

• Used only fo file system 1/0 (not raw 1/0) 

• Size of butte cache controlled by dbc_rnin_pct and dbc_rnax_pct 

Buffer Cache ·-----

Filesystem 

File 

Memory 

Student Notes 

The buffer cache exist. to speed up file system I/O. 1l1e system tl'ies to minimize disk access 
by going to disk as infr qnently as possible, because disk access is often a bottleneck on 
most systems. TI1erefo e. the most recently- or conm1only-accessed files from disk persist in 
U1e portion of mernory ailed the buffer cache. 

It is called dynamic be ause the size of the buffer cache grows or shrinks dynam.kally, 
depending on c01upeti1 g requests for system memory. lLs minimum size is governed hy the 
tunable parameter dbc min_pct, and it c:umot grow larger than the size specified in 

dbc _max _pct. Th es< two parameters are expressed as percentages of total physical 

memory on il1e system 

Let's say dbc_min_pc is set to 10, while dbc_max_pct is 50. This means Uiat. initially 10% 

of physical memory is , Uocated to the buffer cache. As the system needs more space to 
buffer files read in fron disk, the buffer cache will allocate more memory. mid this will 
continue lllllil it oc:cnpi s 50% of memory, its maxi.ln11m size. Later, when the system requires 
more memory for anotl er use, say processes, the buffer cache could sluink an approp1iate 
ammmt., but will never e less Lh:m the 10% minimum value. Tilcrefore, a larger buffer cache 
is able to hold more fil and will m.i.nimize their access time but will leave less memory 
available for other use. 
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NOTE: 11\e buff er cache is dynamic in natlu-e only when two oth r ttmable 
parameters, bufpagea and nbuf, are both set to their de anlt values of 0. 

Another example: if dbc _min _pct �md dbc _max _pct are both set to tJ e same value, say 

20, the kernel will always use exactly that percentage of physical memo• for the buff er 
cache. 

·-
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6-5. SLIDE: e syncer Daemon 

Module 6 
Memory Management 

• All entries s ay in the buffer cache for a minimum of 30 seconds before 
being flush d. 

• The synce daemon runs once every 6 seconds and flushes 20% of 
the buffer c che to disk. 

uffer Cache 

Filesystem 

D File 
syn er 

----�" 

Memory 

Student Notes 

For disk writes, data ows from U1e buffer cache to disk. How does it get to the buffer cache? 
The kernel writes dat< to it. The syncer process takes care of flushing data in U1e buffer 

cache to the files on ti e disk. 

�'hen a user edits a fil >, makes changes to that file, and saves the changes. those changes do 
not go to disk right av. y. 111C kernel wiites the data to the buffer cache, <Uld some time later 
(within 60 seconds) th data fimilly arrives at the disk. This time pe1iod is chosen as a 
balance between ensn ·ng that the file system is fairly np-to-clate in case of a crash all<f 
efficiently pe1forrn.i:ng isk I/O. 

'l11ere are many applic ttions that do not rely on the operating system's built-in processes to 
11nsh data to disk. but 1stead bke over that operation themselves. In otJ1er words, they 
create tJ1eir own buffe s and mnnage the nnshing aL appropriate intervaL5. A conm1on 
example is a database pplication that needs Lo guarantee the completion of a transaction 
within a. specified tim interval. 
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6-6. SLIDE: IPC Memory Allocation 

II ipcs -mob 
IPC statue from /dev/kmem as of Sat Feb 14 0 6 : 5 3 :27 1998 

T ID KEY MOUE OWNER GROUP NATTCH S SZ 
Shared Memory: 
m 5 Ox06347849- -rw-rw-rw-

m 7 Ox000c0568 - - rw- - - - - - -

Shared Memory 
Segment 

root 
root 

root 
root 

---- - Shared Memory 
-� 

Segment 

Student Notes 

0 

2 

Memory 

77 8 4  

1 3  516 

UNIX implements interprocess conununications using different mech:.uti 1\S. Three 
mechanisms that require additional system memory arc semaphores, sh. ·eel memory, and 
message queues. 

• Semaphores are used to synchronize memory resources between c 1peting processes. 

• Shared memory segmenLs are resources capable of holding (in men ory) large amounts 
of rlat..'1 that can be shared between processes. 

• Message queues hold strings of infonnation (messages) tli:n c:m b transferred between 
processes. Two types of processes that utilize message queues are n tworking and 
database processes. 

Shared memo1y provides a mechanism to reduce inteqJrocess conummi ation cost.<> 
significantly. Two processes that are ready to sha1·e dak'l, address the sa ie portion of shared 
memory into their addressable space. Chruiges made to the shared mem ry are seen 
inm1erliately by all processes and do not require kernel sc1viccs. So fron a kernel 
perspective, other U1ai1 initially setting up the shared memory, there L'> v iy low cost in using 
sh�u·ccl memory. 
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On the slide, each pr cess has a shru·ed memory segment that references one and Ute same 
shared memory area. 

TI1e more processes 1at allocate shared memory segments, the higher the memory usage. 
TI1e shared memory egments in physical memory can be viewed with the ipcs -mob 
command or a report 1g tool like glance. From time-to-time, they might have to be cleaned 
up or removed manu y if an application terminates lmgracefully. This is done by the 
s11pcmser with the i c rm command. 

A worU1while baselin, meastu-ement for a system adrninistrator is to nm tl1e ipcs -mob 
conunand during a q ·et period. It is al':io eye opening to repeat this conuuand when the 
system is at its busie . 

,. I I 
R H . 

le� u Jt-c 
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6-7. SLIDE: Memory Metrics to Monitor - System de 

• Is vhand Active� -Sc d 111 .£ l-e.{ �'\ / ·' f'xJ CJ<..'), 
t'.f-ad1�'e f - Pages scanned by vhand (SR) 

- Pages freed by vhand (FR) 
- Pages paged out 

• Is swapper Active? 

- Processes deactivated (SO) 

- Amount of free memory relative to 
- lotsfree 
- desfree 
- minfree 

• Size of dynamic buffer cache 

• Size of I PC Shared memory segments 
. a,,lfJ (� 

J . I - I . L \{ L ,"fi'<l_f'll\ •;\12 du\( J 'n� ��.1 � '  -r Cv... CJ.) � .. 1c. ' ' ct\? ..., 

A1tl 711ol)\( 

Student Notes 

The utilization of memory ca11 be monitored iI1 a nm11ber of different way . There are multiple 
tools and multiple metrics thaL monitor memory usage. TI1e first metrics on w::mt to look at 
are those that will tell you whether vhand is active. 

Pages Scanned by vhand 

Titis is Ute mm1ber of pages the vhand process has scmrned (i.e. dereferc need with the 
reference hand) when looking for pnges to free in memory. 111is tells yo that vhand i5 
actively scaiming pages in <Ul attempt to free them up. 111ere is some me 10ry pressme. 

Pages Fl'eed by vhand 

This is tltc munber of pages the vhand process has freed (i.e. the referc1 c:e bit was still 
dereferenced when the free hand looked at it). The ratio between pages ca.mwd ;u1d pages 

.fi«:cd indicates how successful tlte vhand process is when looking for 1 ernory pages to free. 
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Amount of Pagin 
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'This indicates the le el of disk activity to the swap partition. If a consistent amotmt of paging 
to swap space is occ Ting, then perf01mance is impacted (most likely significantly). 

Ne...xl, check to see if he swapper is active. 

Process Deactiva · ons 

'11lis indicates that p ocesses are being deactivated, mea1ling free memory has fallen below 
Ute MIN FREE thresl ld. There is severe memory pressm·e. 

Amount of Free 

This indicates tJ1e se elity of the free memory situation. If free memory has fallen below 
LOTSFREE, then we know some paging has taken place. vhand is active. If it is below 
DESFREE, then the ituation is more severe, and much more paging is occurring. vhand is 

aggressively active. "in.ally, if free memory is below MINFREE, then a high level of paging 
and process deactiv tion is occmTing. vhand and swapper are both active. To detennine 
what the values are r lotsfree, desfree, and minfree, nse the following corrunands: 

# echo "lots ree/D" I adb -k /stand/vmunix /dev/mem 
# echo "desf ee/D" I adb -k / stand/vmunix /dev/mem 
# echo "minf ee/D" I adb -k /stand/vmunix /dev/mem 

The settings for thes tJ1ree values in the kernel will then be displayed in 4K pages. Yon can 
then compare tltem t the cu1Tent size of the free page list. These values will not change, 
tmlcss you change tl1 . size of Non-Kernel Memory. (Remember the formulas shown earlier?) 

Size of Dynamic uff er Cache 

This is the amoiml o memory being consmued by tl1e buffer cache. 1J memory is full and the 
buffer cache is large, it will most likely cause paging, since the buffer cache typically shrinks 
slower than the rate t which new memory is needed. Heavy disk TIO demands may prevent 
the buffer cache fro1 sluinking at all. 

Size of IPC Shar Memory Segments 

11us is U1e amount o memory used for interprocess conunmucations. Of special interest will 
be Ute number and si .es of shared memory segments, as these can be quite large, especially if 
graphical application or a database managemen t system is being used. 
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6-8. SLIDE: Memory Metrics to Monitor - per Proc s 

• Size of RSSNSS 

• Size of text, data, and stack segments 

• Number of shared memory segments 

• Amount of time blocked on virtual memory 

Student Notes 

Individual processes vary greatly in temLS of the amotmt of memo1y they t e. Metrics to 
monitor memory utilization on a per-process basis include the following: 

Size of RSS/VSS 

Tite RP.sident Set Size (RSS) for a process is Ute po1tion of the process (in B) that is 
currently resident in physical memory. Since the entire process does not l ve to be resident 
in memory ill order to execute, this shows how much of the process is net ally resident in 
memory. 

·n1e Virtual Set Size (VSS) for a process is the total size of the process (in B). 'l11is indicates 
that if the entire process were to be loaded, thL<; is how much memory the entire process 
would constune. Very rarely is the entirE' process resident in inemory. If th . entire process 
were in memory. then the RSS value would be equal to the VSS value. 

Size of Text, Data, and Stack Segments 

'Il1ese are the RSS an<l VSS sizes for tl1e Uuee main component.s of a proc ss. Since every 
process hos a singlP text, data. and stack segment. these values shonld be nonitorcd, 
especially for 1arg<' processes. 111c data segmenl is the most likely to be 1. ·ge. 
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Each of these tiiree gments has a maximum size to which they c�m grow - limited by 
ttmab1e kernel parru eters. TI1ey are maxtsiz, maxdsiz, and maxssiz for a 32-bit process. 

TI1ey are maxtsiz_ 4bit, maxdsiz_64bit, and maxssiz_64bit for a 64-bit process. If 
a process tries to gr one of these segments beyond its maxi.mmn size, then the process 
terminates (and in s me cases "core dumps"). 

Number and Size f Shared Memory Segments 

TI1ese are the shared memory segments to which a process is att.1ched. The maximum size of 
a shared memmy se uent is limited by the kernel parameter, shmmax. The number of 

shared memory segn en ts a proces.s can attach to is limited by the kernel parameter, shmseg. 

Amount of Time pent Blocked on Virtual Memory 

This is the amount o time the process was prevented from executing because it was waiting 
(or blocked) on a te. or data page to be paged in. 
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6-9. SLIDE: Memory Monitoring vmstat Output 

#=> vmstat ·n 5 
VM 

memory page fau ts 
avm free re at pi po fr de sr in s cs 

9140 3824 3 4 0 0 0 0 0 675 82 140 
CPU 

cpu pro cs 

us sy id r b w 

9 5 86 1 100 0 
9017 3500 4 1  49 11 0 0 0 0 1257 282 3 2 9  

2 4  17 60 0 100 0 
10292 2255 65 20 41 0 0 0 0 1419 379 481 

67 24 9 5 102 0 
10227 976 89 19 8 5  0 0 0 0 1698 477 641 

67 33 0 7 103 0 
10958 400 8 1  12 9 1  48' ,'2 6 0 194 1791 584 697 

67 31 3 8 110 0 
10759 454 3 3  3 9 8  ; 51 i. 24 I 0 2 6 8  : 1598 431 598 

62 2 0  18 6 111 0 
13448 404 2 1  0 65 . 74 • 3 9 0 282 1021 317 354 I ·. 

3 2  15 53 0 118 0 

Student Notes 

A useful conm1c:md to view vi1tual memory statistics is vmstat. TI1e slide shows vmstat's 
output being updated t>very 5 seconds. 

Whe11 viewing vmstat's output, always keep an eye on Lhe po (puges pa ,d out) 1nu·�uneter. 

fdeally, you want this to be zero, indicating no paging out is occurring. 

Statistics regarding t11e vhand algorithm, U1e fr (pages freed per secon ) imd sr (pages 

scanned by the clock algorithm, per second) parameters show the actual ehavior of vhand. 

Output Headings 

prO('S 
r 

b 
In nm queue 

Bloekecl for resources (VO, paging, and so 011) 

w Rmmable or short sleeper (less than 20 seeonds) but dea tivated 
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memory 

avm 
free 
re 
at 
pi 
po 
fr 
de facto 
sr 

faults 

in 
sy 
cs 

CPU 
us 
sy 
id 

with - S optiou 

si 
so 

Activ virtual pages (run during the last 20 seconds) 

Size o free list page (in 4K pages) 

Page eclairns per second 

Addr • s trnnslation faults per second (page faults) 

Pages paged in per second 

Pages paged out per second 

Pages freed per second 

Antici ated short term memory sho1tfall 

Pages scanned by algorithm per second 

Non- ock device interrupts per second 

Syste 1 calls per second 

GPU ontext switches per second 

Perce itage of time CPU spent in user mode 

Perce tage of time CPU spent in system mode 

Perce itage of time CPU is idle 

Proce ses reactivated per second 

Proce ses deactivated per second 

Module 6 

Memory Management 
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Module 6 
Memory Management 

6-10. SLIDE: Memory Monitoring glance - Memor Report 

B3692A GlanccPlus 8 . 1 0 . 12 1 7 : 3 3 : 5 9  e2403roc 9000/856 

CPU Util (s �IN 
Disk Otil [1) 
Mem Util r=[<;:-:,-s��l�u�-,::,:,-=_:��-=--=--=---�u�l�R __ ii] 
Swap Util �R ___ F_,q 

current vg High 

1 22\ 

I t\ 

I 91\ 

I 25' 

9% Sl't 
7% 1)\ 

1% 91' 
4% 35\ 

MEMORY REPORT Use s= 19 
Event current cumulative Current: Rate Cwn Rate High Rat 

� • _..Pa9e--'Faii1 es 
Paging Requests 

78 
3 

KB Paged ln 52kb 
KB Paged ..O�t Ok.b 
RPac�i �t r 0 
tJoac�v4L ru; 0 
KB Reactivated Okb 

)\i�l()\AI KB Deacti vatcd : Okb 

VM Reads 3 
VM Writes 0 

Total VM : 78.9mb • • s 
Active VM: 2 3 . 4mb Bu! 

Student Notes 

287 
2 1  

3 3 6k.b 
Ok.b 

0 
0 

Ok.b 

Ok.b 

6 
0 

lfem ! l0.6mb 
... ache : 19. lJDb 

7 . 5  
0 . 2  
5 . 0  
o . o  
o . o  
o . o  
o . o  
0 . 0  
0 . 2  
o . o  

User Mem: 
Free Mem: 

2 4 . 3  
1 . 7  

2 8 . 4  
o . o  
0 . 0  
o . o  
o . o  
0 . 0  
o . s  
0 . 0  

78 .0mb 
20.3mb 

1 3 9 . 3  
1 2  . o  

1 8 9 . 3  
o . o  
o . o  
o . o  
o . o  
0 . 0  
2 . 0  
o . o  

Phys Hem: 128.0mb 
Pa 1 of 1 

g 1 anc e has extensive memory mon.ito1ing abilities. Like vms tat, it can ve paging 

statistics, in addition to showing if ;my processes are being deactivated. R mcmbE>r, th.is is au 
indication of severe mern01y sho1iage. 

111erE> is other valuable information on this repo1t, such as the statistks a 
showing the current Dynamic Buffer Cache size. the cmTent :.unOlmt of Fr e Memory. and lhe 
total Physical Memory in tl1e system. 
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6-11. SLIDE: 

Module 6 
Memory Management 

emory Monitoring glance - Process List 

B3692A G.la ePlus B . 10.12 14:52:27 e2403roc 9000/856 Current Avg High 

CPU. Util 
Disk Util 
Mem Util ;;i=.-�----------,,.,.Jr:Cl:-----:B,-, 

22% 29% 51% 
1% n. 13% 

91% 91% 91% 
25% 24% 35% Swap Util •-.o--�---1�{ 

Process N 

n-etscape 
supsched 
lmx.srv 
glance 

stacdaernon 

mi daemon 
ttisr 
dtterm 
rep server 
sync er 
xload 

Student Note 

PID 

PROCESS LIST 
User CPU Util 

PPID Pri Name ( 100 max) 

Cum 
CPU 

Disk 
IO Rate 

Users= 

/�:�, 
.ll 
Thd 
Cnt 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -1 - - - - � - - - - - -

16013 12988 154 sohrab 1 2 . 9/14.0 64 . 9  0 . 0 /  0 . 6  i4.7rru:), 1 
18 o 100 coot 2 . 9/ 2 . 1  942.6 o . o /  o . o  ; l.6kb1, l 

1219 1121 154 root 1 . 6/ 0 . 9  389.4 0.5/ o . o  2.?mb\ l 

15726 15396 156 root 0 . 6/ o .·9 2 . 0  0 . 0 /  0 . 2  4.0rnb� 1 
3 O 128 root 0 . 6/ 0 . 7  302.l  0 . 0 /  0 . 0  16kb ] l 

1051 1050 50 root 0.4/ 0 . 4  201.4 o . o /  o . o  l.3mb i 2 
1 o -32 root 0.4/ 0.3  121.0 0 .0/  o . o  16kb !  

15559 15558 154 roe 0.4/ 0 . 4 1 . 6  0 . 0/ 0 . 0  1 6 . 2mbi l 

,:m ,:::: ::: :�: rn u �u rn u �L� .. j 

The glance Proces · List report cmi be used to rnonitor process statistics, including how 

much memory proc sses are currently consm1ling. 'l11e highlighted colunm, RSS (Resiclent 
Set Size), shows me 10ry being used on a per-process basis. Very simply put, this helps to 
identify the "memor hogs" on Ute system. 

For example, the pr cess called netscape has <m RSS of 14.7 MB, while statdaemon is 

minimal. Other l;.u·g processes include glance, xload, and dtterm. What do all Utese 

processes ha\re in c nunon? Tiwy are all GUI (graphical user interface) programs rmming ;;is 
windows in a graphi ·al window enviromnent. 

Moral: programs th, open their own windows are relatively memory-intensive and should he 
minimized. Users sh uld be encouraged not to leave several windows open on their screens if 
they do uot have a c ntinuing need for theni. 
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6-12. SLIDE: Memory Monitoring glance - lndivid al Process 

B3692A GlancePlus C.03.70.00 15:52:03 r206c42 9000/800 current g High 

CPU Util Ir, sl _N NI 15� 5 �; 15% 
Disk Util (f) 1% 0% 2% 
Mem Util [s slu ulo 1.11 96%, 6% 96% 
Swap Util 1u UIR RI 15% % 15% ------- -
Resources PID: 28030, glance PPID: 27993 euid: o user: root 

CPU Usage Cutil ) :  
User/Nice/RT CPU: 
Syi;tem CPU 
Interrupt CPU 
Cont Switch CPU 
Scheduler 
Priority 
Nice Value 
Dii;patches 
Forced CSwitch 
VoluntaryCSwitch: 
Running CPU 
CPU Switches 

o .  1 Log Reads : 1 l'.lai.t····Reas·on'····-·······,--·······-··srRMS-· ..... ._ ... _ 

0 .1 Log Wrices: <O."'.fotal RSS/VSS : 3 .6mb/ '.s. 6mb-·-=) 
o .  o Phy Reads : o 

-·T .. ra'ps ... 'f .. ·v-t·e:u·l:ts·:-----........... 1'/ .... ,. ........ i'ii ... .. 
0 . 0  Phy Writes: O Faults Mem/Disk: 6/ 0 
o .  O FS Reads O Deactivations 

HPUX ... Fs-.. writmr .. , ..................... Q .. Forks & Vforks : 
�s:4 VM Read<! o "sl'911als Recd 
···:i,.o_VM Wraes : <! ... .M<fsg Senc/Recd : 

6 Sys!l'eacrs·-r·-·· ...... ---o other Log Rd/Wt: 
0 Sys wrices: O Other Phy Rd/Wt: 
4 Raw Reads : O Proc Stare Time 

0 
0 
0 
0/ 

38/ 
0/ 

0 Raw Writes: 0 Tue Mar 16 15:49:14 20 � 
0 Bytes Xfer: Okb 

0 
172 

0 

C - cum/interval toggle % - pct/absolute toggle Pag 1 of 1 

Student Notes 

Tile glance Individual Process report displays memory usage for an i.ndi .dual process, and 

Ule RSS and VSS sizes for the process. 

Also displayed on a per-process basis, is the VM reads and VJ\II writes bein performed by the 

process. TI1is indicates how much paging from/to the swap device the indi ·dual process is 

perfonning. If performance is poor for an individual process, this is a goo field to check. 
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6-13. SLIDE: emory Monitoring glanc.e - System Tables 

B3692A Glanc Plus C.03.70.00  15:58:40 r206c42 9000/800 Current Avg High 

CPU Util � s N N 
Disk Util 

Mem Util ! i u I.I "' Fl 
Swap Util Q -UIR RI 

SYSTEM TABLES REPORT 

System Table Requested 

!node Cache ninode) 2884 
Shared ��-�". . . ...... ....... _ ...... ... -·--· 12. 5gb 

Me.s.a«ge·· Buf rs 
-· · · ··-a-e-Gltl:l 

,,,.-··-5-;,ffer Cache 314. 4mo
"-

.. , .
•. ,, ( Buffer Cache Min 32.  Omb ) 

··--. ..• �uffer Cache Max 320. Omb .. .r 

oNt-e·--ca.c.l!.!?. .... _ ·····-················-···--···--···· ...... -·····-.8-0�··r-
·· 

na 
11. lmb 

na 
na 

Okb 
314.4rnl) 

I 
I 
I 
I 

15% 
0\ 

96% 
l5% 

15% 
0\ 

96';. 
21% 

Users!:: 

Okb 
na 

00-0/800/A400-6X Phys Memory :640 . 0mb Network Interfaces : 

15% 
H. 

96% 
45\ 

I Model 
os Name Numbe.- CPUs 1 NurnOer Swap Areas 2 l OS Release: 

OS Kernel T 

\)" l £1 (_ \ 

Number Disks: 2 Avail Volume Groups: 1 
Mem Region Max Page Size: 1024mb 64 bits 

TI1e glance System able report displays the size of kernel tables in memory, and the 

current utilization o theses tables. It is important not to set the size of these tables too large, 
as the tables are me1 101y resident (and the bigger the table, the more memory it ccmsmnes). 
Yet, it is even more i nportant that enough resources be allocated so that the kernel does not 
have to wait for a re ource to become free (or even enor out) when a pmticnlar resource is 
requested. 

·n1e Available cohu 1 displays the tot.al size of the particular table, and the Used column 
shows how numy en ries within the table are currently being used. In general, the Used valw .. ' 
should not be dose the Available value. If it is, then the kemel is close to nmning out of 
that particular resou ce. 

TI1e High % cohmm . lows the high water mark for Ute resmll'ce since glance has been 

nmuing. 

Also of interest in th repo1t are the buffer cache statistics, especially lhe Buffer Cache that 
shows tl1e cmTent si e of the buffer cache. 
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NOTE: 1l1ere are two pages to this repo1t Shown here is the secon page of thi'i 
report. More system tables are shown on the first page. 
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6-14. SLIDE: uning a Memory-Bound System - Hardware 

Solutions 

Student Notes 

An obvious hardwar solution to a memory bottleneck is to add rnore physical memory. 
While this solution r quires an outlay of money, it may pay for itself quickly by saving the 
system ad1nini5trato' hours of time looking for ways to reduce memory consumption. 

If adding more mem ry is not an option, then a second hardware suggestion is to look at the 
use of X terminals 01 the system. An X terminal typically consmnes a lru-ge port.ion of 
memory. X terminal will take up 34 MB of memory for light application usage, and as much 
as 1020+ MB for hca· y application usage. 

111es.e figures do not ake into account any additional RAM tJmt the systern will use for 
window managers 01 any other X-related overhead. 
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6-15. SLIDE: Tuning a Memory-Bound System - So are 

Solutions 

• Look for unnecessary processes 

- Extra windows 

- Screen Savers 

- Long strings of child processes 

• Reduce dbc_max_pct (max size of dynamic buffer cache). 

• Identify programs with memory leaks. 

• Check for unreferenced shared memory segments. 

• Use serialize command to reduce process thrashing. 

• Use PRM to prioritize memory allocation. 

Student Notes 

Quite often. users will nm X-wi.ndows type programs to enhance the look f their desktop. 
Examples include un X-eyes program, a bouncing ball progr:.un, or fancy s reen savers. All of 
these graphical programs conSLune system resources, inclnclli1g mernory. 

TI1e biggest consumer of memory will most likely be the buff er cache. We aw earlier tJ1at if 
the buffer cache is dynamic, it will grow to its ma.-ximum size, as long as m rnory is available. 
Tite problem with tllis is when a process needs additional memory, and th free memory is 

below LOTSFREE, then UlC buffer cache is slow to sluink (if at all!), caus· g paging to oc.:c.:ur 
among the processes. To prevent this situ:-ition, the tmwble pa.rmneter db _max _pct should 
be tuned lo lint.it the maxiim1m size in which Ute buffer cache ('a11 grow. A ·eco1mnendatio11 for dbc _max _pct is 25 or less. 

Programs witJ1 memory leaks will allocate memory ;.md then stop using - 'rithoul returning it 
to the system for nse elsewhere. These programs may require you to shut 1em down 
periodically, to relense U1e memory. '111ey may even require you to reboot he system 
occasionally to rC'clnim the memory. '111ere are a munber of thi1·d party to ls that wiU help 
you locale memory leaks in applications - such as P1u-ify. 
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Unreferenced share memory segments can also be a problem. An application sets one up 
and then forgets to d allocate it when U1e application exits. Here ic;; a possible procedure for 
locating abandoned tared memory segments: 

First, look for any sh red memory segments tl1at have no processes attached to tl1em. 

# ipcs -ma 

Note which s ared memory segments have a " 0 "  in the NATTCH 

column . I f  hey are owned by "root " ,  let them stay. Otherwise ,  
write down t e i r  ID numbers and their CPID numbers . 

Second, one at a tim , find out whether U1e creating process still exists. 

# p s  -el I g ep <CPID number> 

If it does, it's probab just a quiescent segment, But if not, the segment is probably 
abandoned. 

'Ille serialize comm, d will be discussed later in this chapter. 

You may wish to use PRM to control yom memory resotu·ce and its allocation. 

L 
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6-16: SLIDE: PA-RISC Access Control 

Memory 
resource 

Student Notes 

Control Register 
resident 

Access ID 
� 

AccesstD 
keys stored 

1n the kernel tabt s 

Since we ;.u-c discussing system memory and performance there is one oth r topic Utat we 
should think about. hardware based memory page access control. 

TI1e processor architecture has several f catures related to asstuing that a roccss thread can 
not access areas of physical memory that are not part of its process space. An in depth 
discussion of page access control is presented in the l:IP-UX training cours ; "Inside HP-UX", 
course number H5081S and we won't attempt to recreate it here. 

TI1ere is one particular aspect of this hardware featme that we will spend . ome time witlt in 
discussion though. ;md U1at is "Protection !D's". 

Every discrete region of virtual memory assigned to a process (texi: space, rivate <lat.a space, 

shared memory space, shared library data space, etc) is <L<;signcd a unique "key'', called m1 
Access Key. Any process attempting to access tlrnt memory space must h. ve a copy of a 
mat.d1ing ID "key", called n Protection Key. To speed things np, Ute most ·equently or likely 
used Protection Keys are kept in processor registers. (TI1ese registers are art of a process 
thread's "context" and are prcserve<l across switches and interrupts.) Tite ardwnre performs 
the Protec:tion d1eck a.s part of the actual memory access instruction. 
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Now here is the catc , there is only room in the control registers for a limited number of 
frequently used Prot ction Keys. The rest are stored in kernel space in memory management 
tables, wllich are ac ssed when a protection ID fault occms. TI1e fault lumdler will search 
for :md find these otl er "keys" when tl1ey me needed but at the cost of CPU cycles! 

To better understan the dynamics of this process consider the following analogy: 

The Key Ring 

I haYe many keys to ta.ny locks armmd my home and office. It is not praC'ticnl to carry all of 
my keys around witl me all U1e time due to their bulk and weight. To soh·c U1ls problem I 
have two key rings. nc is small and has onJy those keys that I need on a clnlly basis, my car 
key, house key, desk key, and garage key. The other key ring is lru·ge and b11lky wiU1 dozens 
of other miscellnneo ts keys; my workshop. tool boxes, garden shed, lavrnmower (wish I 
could loose that one , boat ignition, etc . . .  

Titis method is a ble ing nnd a cmse. When I need to start U1e car or unloC'k the front door 
the key l need is rea · y m·ailal>le in my pocket and I can quickly gain access. Wht'n l actually 
have time lo go fishi g, it is always <\ hassle to go find my utility key ring and remember to 
take I.he boat key wi l me. (Once l actually hauled the boat all Lhe way to the lake, several 
miles away ft-om my 10me, only to realize that I hnd not remembered the boat key!). 

To somewhat addrc. · U1is problem I now move lhe boat key to my ewryday key ring dming 
the sununer monU1s replacing lhe snow-blower key) and reverse the procedure in the fall. 

The HP-UX kemel p rforms a similar process, every time a protection ID fault occurs. TI1e 
fault handler moves he key it had to search for to the register context of Ille thread 
(replacing the least 1 cently used key). 

PA-RISC l.x has roo 1 for4 keys in the register context while PA-RISC 2.X has room for 8 
keys. IA-64 has roo1 for at least 16 keys. Depending on hmv frequently a process moves 
from one memory re ion to another the number of protection ID faults will vary. With the 
larger nmnber of Pr< tcction Registers in the later processors, Protection Register thrashing 
has become much le s a problern than it has been in tlie past. 

It should also be not d Uwt shared librmy regions on 11.x were modified to use a type of 
"skeleton" key, i.e., , key that always matches so that attempted access to them will never 
result. in a protectio1 ID fault. 
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6-17. SLIDE: The serialize Command 

Student Notes 

Kernel 

OS Tables 

500MB of 
Available 
Memory 

Memory 

Proc I 
D 
Proc K 

Each process: 
CPU bound 
Large ( 400 M ') 
Timeshare pri rity 

The serialize ( 1 )  conun:md can help if a system has a nmnber of larg processes and is 
e:q1erienci.ng memory pressures. The serialize conunand will allow the e big processes to 
nm one after another, iJ1stead of numing all at the same time. By running t e processes 
sequentially, rather U1an in parallel, the CPU can spend more time executi g the process code 
(i.e. user mode) ::md less time managing the competing processes (i.e. ken I mode). 

Titrashing 

On systems with very demanding memory needs (for example, systems lh. t nm m;.my large 
processes), U1e paging daemons can become so busy moving pages in and ut that the system 
spencb too much time paging and not enough time running processes. 

When this happens, system perfonnance degrades rapidly, sometimes to s ch a degree that 
noU1ing seems to be happening. At thi� point. the systern is said to be thra. hing, meaning it 
is doing more overhend work Urnn prodnc:tive work. 
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I How serialize elps Reduce Thrashing 

All processes marke via the serialize conunand will run serially with other processes 
marked the same wa'. TI1e serialize conunand addresses the problem caused when a 
group of large proce es all try to make forward progress at once, which results in degrading 
thronghpnt. In such case, each process constantly faults in its working set, only to have the 
pages stolen when ar ther process starts numing. By using the serialize conunand to nm 
large processes one · a time, the system can make more efficient use of U1e CPU, as well as 
system memory. 

Let's look at the exru le on the slide. We have a system with 500MB of available memory. 
We are trying to exec ite four processes. Ea.ch process is CPU botmd, has large memory 
requirements (400M , and has a thneshare priority level. 

TilC first process (I) xecutes. As it executes, it5 pages are faulted into memory. At the end 
of its timeslice (typic tlly lOOms), it is switched out ;md process J is started. As it executes, it 
pages in a large mnn er of pages - forcing the pages belonging to process J to be paged out. 
lOOrns latei· process is switched out and process K struts up, pulling its pages into memory 
and pushing the othe process's pages out. 

TI1e system spend5 s much time pulling pages in and pushing pages out, that it litentlly has 
no time left to perfor any useful work. The culp1it here is the timeslice. OK, we could 
simply disable timesl cing altogether via the tunable parameter (timeslice). But that may 
be overkill - more th 1 we want to do. After all, it's just these four processes tJrnt are 
causing the Umishin A better solution would be to "sel'ializc" these processes. when you 
do that, each process executes until it either voluntarily gives up the CPU or it is preempted 
by a stronger prioritJ process - which will happen much less frequently than the t.imeslice! 
TinL'> more real work ill get done and much less paging will he needed. 

In 10.20, the kernel w given the authority to serialize processes automatically, if it detects 
that memory thrashiI cr is taking place and it can identify which processes are responsible for 
the tlm:ishiI1g. 
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6-18. LAB: Memory Leaks 

111ere are several performance issues related to memory management, me 10ry leaks, and 
swapping/paging, protection ID thrashing . . .. Let's investigate a few of ther 

l. Change directo1ies to /home/h4262 /memory/leak: 

# cd /home/h4262 /memory/leak 

Memory leaks occur when a process requests memory (typically Uu·ou h the 
malloc ( ) or shmget ( ) calls) but doesn't free the memory once it f ishes using it. The 
five processes in this directory all have memory leaks to different degr cs. 

2. Before starting Ute backgromtd processes, look up tl1e cmTent value f maxdsiz using 
the kmtune command on lli vl and the kctune corrunand on lli v2. 

On the rp2130: 

# kmtune -lq maxdsi z  

On the rx.2600: 

# kc tune -avq maxds i z ( \:,'\ \�tJ.� \ 
TI1e default maxdsi z on lli v2 is 1 GB. 11ris will make procl very s w in reaching it5 
limits. You can ch:.mge maxdsiz to a more reasonable number for t lab exercise by: 

# kctune maxdsi�=OXlOOOOOOO 

WARNING: The automatic ' backup ' conf iguration currently ontains the 
configurat ion that was i n  use before che last r boot of thi s  
system. 

==> Do you wish to update j t  Lo contain the current conC.iguration 

bcfon� making Lhe requesLed change·? n 

NOTE : The backup wi l l  nor: be updated . 
* The requested changes have been applied to t:he urrent.ly 

i:-unniw .J system. 
TunabJ e  Value 
m.:ixds.iz (before) I 073'/41824 

(now) O x l O O O O O O O  

Gxpression 
Default 
O x l O O O O O O O  

Changes 
lmmed 

Also take some vmstat rea<ling to satisfy yourself U1at the system is ot 1mder memory 
pressure. llow much free memory do yon have'? 

# vmstat 2 2 
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3. Use the RUN scrii t to start the backgrotmd processes: 

It . /RUN 

Module 6 
Memory Management 

4. Open anotJ1er wi1 dow. Start glance. So1t the processes by CPU utilization (should be 

the default), and 1swer the following questions - fairly quickly, before the memo1y 
leaks get too larg . 

• 

• 

• 

• 

• 

• 

What is the ct n-ent amotmt of free me�orY1<. \ ,l\t.,_.(-, 
What is the s· e of the buffer cache? .�J..I\ i\o 
Is there any p ging to the swap space? 

How much s ap space is currently rese1ved? 

Which proce has the largest Resident Set Size (RSS)? 

What is the d; ta segment size of the process with the largest RSS'? 

5. After a several 1 111tes, the procl process should reach its maxinuuu data size. lf your 
maxdsiz is set 1 GB, this could take a while. Please be patient. Observe t11e behavior 

of tJ10 system wh n Utis occurs. 

• 

• 
when the process reaches its maximum data size? 

utilization become so high at this point? 

6. As the other proc .sses grow towm·ds their m�L"\.'imum data segment size. continne to 
monitor the follo ing: 

• Free memory 
• Swap space r served 
• The size of th processes' data segment<> 
• The RSS of th processes 
• The number o pagc-ouLc;/page-ins to the swap sµac:e 
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7. Rmt the two baseline progrmus, short and diskread. 

# timex /home /h4262 /basel ine/short 

# timex /home/h4262/basel ine/diskread 

How does the perfo1numcc of t11esc programs compare to their earlier Tms? 

8. When finished monitoring the behavioT of processes ·with memory lea , clean up the 
processes. 

• Exit glance. 
• Execute the KILLIT script: 

# . /KILLIT 

• U you changed maxds i z,  change it back: 
U kctune rnaxds i �=Ox1 0 0 0 0 0 0 0  

WARNING : The aulomat ic ' backup' configuration currently onta]ns the 
configuration thal was in use before the last r boot of this 

system . 

= = >  Do you wish to update it to conta in the currenl configuration 
before making the requested change"? n 

NOT8: The backup w i l l  not be updated. 
* The request:ed changes have been applied to the urrently 

running system. 

'l'unuble Value Expression Changes 

maxdsiz (before) OxlOOOOOOO OxlOOOOOOO lmmed 

H4262S C.00 

(now) ox10000000 Ox40000000 
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Module 7 Swap Space Performance , p L• '" <-: \l\·1 
Objectives 

Upon completion of his module, you will be able to do the following: 

• Describe the diff rence between swap usage and swap reservation. 

• hlterpret Ute out] ut of the swapinfo c01mnund. 

• Define and .confi ure pseudo swap. 

• Define and confi ure swap space prioiities. 

• Define and confi ure swchunk and maxswapchunks. 
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7-1. SLIDE: Swap Space Management - Simple Vie 

D 
CPU 

O D O  D D  
O D D D D  
D O D O O  
0 0 0 0 0  
Processes 

Memory 

Disk 

Reserve : 20 MB 
Swap 

Used : 0 MB 

Usr 

New program wants to execute; not enough space for progr m to 
fit into memory. 

Student Notes 

Tile Plll1)0Se of "swap space" is to relieve the pressure on memory when 1ernory becomes 
too full. When "free memory" frills below a certain lhreshold, processes ( r parts of 
processes) wilJ be written out to the swap partition on disk in order to fr e up space in 
memory for other processes. 

For simplicity, the above slide nssumes each process is l MB in size, <.md he runonnt of 
available memo1y for process execution is 20 MB. The slide also assmne (for simplicity) tJ1at 

each process "reserves" 1-MB on the swap pa1tition each time it execute . 111erefore, since 20 
processes are cmT<'ntly present in memo1y (as shovm on Ule slide), 20 M of swap space has 
bee1t reserved-I MB for each process. 

The llP-UX operating system ''reserves'' swap space for each process tha executes on the 
system. Tite reservation of swap space is done so that the operating syst m knows how much 
swap spnce "polentiaUy" may be needed for nH tlle processes currently r ming on Lhe 
system. For ex:muple. i f  all the processes in memory were to be swapped out, U1e operating 
system would know it had enough swap space to perfonn that fmlction. 
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Analogy 

Module 7 
Swap Space Performance 

A good analogy for s ap space reservation, is a hotel that takes room reservations. When :l 
hotel takes a reserva ·on, it subtracts one from Ute COWlt of available rooms. If a hotel had 55 
rooms, and it took 2 reservations, then it would only have 35 rooms still available, even 
though none of the 5 rooms were cunently occupied. 

'D1e same holds true or swap space. In the above example, a total of 55 MB of swap sp<1ce 
exists, 20 MB of U1e . >ace is "reserved" by processes currently nmni.ng in memory, even 
though none of the p ocesses are cun-ently using the swap space they have reserved. 

To take the analogy en further, the hotel does not eanuark a pmticular room to satisfy a 
reservation. Room i61nments are done when the occnprult shows up at tl1e front desk. 
Likewise, a swap res vation is not associated with a particular block out on the swap device. 
Only when the kerne actually want5 to move a page in memory out to the swap device does 
it select. a block. It kt ows it has Ute swap space available. It just doesn't know where it is 
until it needs to use i 

Current Situatio1 

In the above slide, all he memory is in use by the 20 processes. Now assume a new progr�un 
from disk wru1ts to ex cute. What happens? How does it fit in memory if all the memory is in 
use? 

�'l � V.:- o..p .t:�'l-- �"'l. 
' 

·£ U.:r' \1�ce,,\� 
. }Mt ?11 .LG: 

-, l-
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7-2. SLIDE: Swap Space - Afte1· a New Process Ex cutes 

D 
CPU 

Student Notes 

0 0 0 0-'�.: 
D O D O O 
D O D O O 
O D D  D O  
�s� 
Memory 

---------
Disk 

Reserved 20 MB 
Used 1 MB 

Swap 

Usr 

Below is the basic sequence of steps that occurs when a new process w, 1ts to execute m1d 
there is not enough memory available: 

1. The operating sys tern selects a process (or portion of a process) to e written out to U1e 
swap pmtition on cli5k. 'l11e process selected is one tlw.t is not expe cd to execute il1 the 
l\C<ll' futtu-e. 

2. Onc-e the process is written to the swap partition, the amount of sw p space used is 
incremented accordil1gly and the amount of swap space reserved is iecremented by lhe 
same mnoun t. 

3. The new program which \Vm1ts to execute reserves swap space for self. The amount of 
swnp space reserved is incremented accordingly. 

l. 'l11e new program is copied into memory and the operat.illg system · itializes the process. 
TI1e new process uses the physical memory that was just freed. 
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7-3. SLIDE: e swapinfo Conunand 

# swapinfo -mt 

Mb 

TYPE AVAIL 
dev 32 

localfs 23 

reserve 
total 55 

Student Notes 

TI1e swapinfo conun 
swap space is used, m 
reconm1end that you • 

default KB. 

Mb Mb PCT START/ Mb 

USED PREE USED LIMIT RESERVE PRI NAME 

1 31 3% 0 l /dev/vg00/lvol2 l 
0 2 3  none 0 1 /home/paging 

2" 
21 34 38% 0 

1d displays imporlc.mt swap-related inf ormatfon, including how mnch 
how much swap space is rcscrned. With today's systems. we 

ways use the -m option to display all spaces in MB rather Uum U1e 

TI1e swapinfo -mt c nm1and shows infonnalion related to device (raw) swap partitions and 
file systmn swap spac and their totals, including: 

Mb AVAIL 

Mb USED 

l\lb FREE 

PCT USED 

TI1e tal amount of swap space available. For file system swap, this vnlue 
may rary, as more swap space is needed. 

The mTent :m10unt of swap space being nsed. 

TI1e tn-ent mnount of swap space free. 111e Mb FREE plus l\Ib USED is 
eqna to Mb AV AIL. 

'fltE> 1 ercentage of swap space in use on that device. 
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START/LIMIT Applies only to file system swap. Specifies the starting b ock wiU1in tltc file 
system of the paging file. 111e LIMIT specifies the maxi um size to which 
the paging file cnn grow. 

Mb RESERVED Applies only to file system swap, and is only applicable hen no limit is 
given to the maximmn size of the paging file. In these si mtions, this value 
specifies how much file system space to reserve for use files on the file 
system. 

PRI 'TI1e priority of the swap ru·ea. The highest priority swap areas arc used first. 
The swap priotities range from 0-10. 

(Note: stronger p1iority swap area5 have smaller priori muubers.) 

TI1e swapinfo conunand also shows how much swap space all t11e proc ses 011 the system 
m-e reserving cmTently. Tius is indicated by the reserve entry. 11te cok 1s described 
above for device and file system swap do not apply to the reserve entl. in the output of the 
swapinfo conunand. 

In the example, there are 32 MB of device swap on a raw disk, and 23 MB of swap in the 
/home file system, makiug a total of 55 1\ilB. l l'vIB is in use on the device wap and 20 MB are 
reserved, leaving 34 MB available. 
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7-4. SLIDE: S ap Space Management - Realistic View 

Initial Allocation 
�---� -----......_ 

Reserved . 0 MD Used : O M B  

Swap Avail : 55 MB 

Disk 

Current Allocation 

Reserved . zo MB 
Used : 0 MB 

Swap Avail : 35 MB 

New progr m wants to execute; not enough memory for 
program to fit 

Student Notes 

An earlier slide impli d that specific space was allocated on a swap device for each process 
running in memory. 1c analogy was of a hot.el subtracting one from U1e count of available 
rooms when a custo1 er phoned in for a reservation. 

A5 mentioned e::u·lier specific space is not allocated on a swap device for a reservation. 
Instead, <1 va1iable is naint.ained call SWAP _AVAIL. The SWAP _AVAIL variable is initialized 
when the system hoo s to equal the total amotult of swap space available. As each new 
process begins execu : 1g, Uus variable is decremented according to the arnotu1t of swap 
space the process wo 1kl need if its entire contents were to be swapped out. \Vhen a process 
terminates, it returns .1e amount of swap space it reserved bnck to the SWAP _AVAIL 
va1iable. 

'l11e slide nbove show what the SWAP _AVAIL variable would contain when 20 MB worth of 
processes is execntin on the systern. Each process has caused tJ1e SWAP_ AVAIL va1fable to 
be decremented, but 1 o specific space has been allocated on the swap p:.utition. No specific 
swap space is allocat d tmtil processes need to be paged out, as shown on the next slide. 
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7-5. SLIDE: Swap Space - After a New P1·ocess Exe utes 

D 
CPU 

Student Notes 

o cioi.:{· 1 
D O D O 
D O D O O  
D O D O O  
Processes 
Memory Program 

Disk 

Current All cation 

Reserved 20MB 

Used 1 MB 

Swap Avail 34MB 

Ci) 

This is an updated description of the sequence of events that occurs wher a program is being 
executed nnd not enough mem.ory is available: 

• 111e operating system selects a process (or portion of a process) to b written out to the 
swap paitition on disk. Since no specific swap space has been reserv d, swap space is 
allocated from the strnngest priority swap device. first available blocl . 

• Once the process is Wlitten to the swap partition, the amount of swa space used is 
i.Hcremente<l accordingly, and the old µrognun "mll'eservcs" its swap nice hy 
incrementing the SWAP_ AVAIL vm'iahle. 

• Then the new progrnm decrements SWAP AVAIL to reserve its swap pace. In effect, ll1e 
ammmt of swap space reserved is decremented by the amount of spa e being moved out 
to swap space and then incremented by the new reservation amom1t. 

In the slide, lhe process being swapped ont cnuses the USED swap t · become l MB, 
c:111si11g the SWAP_ AVAIL to become 3-1 MB. 111en the old process re eases its 1 l\·IB 
resen1ntion, cnusing the SWAP_ AVAIL to increase back to ;3() rvm. F'i ally, the new 
process starts up and causes the SWAP _AVAIL to decrease from 35 t 3'1 MB. 
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• 111e new progrnn is copied into memory, and the operating system initializes the process 
after it has con.fir ed that it can successfully reserve the needed swap for the new 
process (SWAP_ AIL does not go negative when the swap reservation is made). 
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7-6. SLIDE: Swap Space - When Memory Equals D ta Swapped 

D J-----.L. y-. . . .  ) 
CPU • o • • . 

• • • o •  
D • • • •  -....._ 
Processes W --

Available Memory 
(20 MB) 

Student Notes 

�--- Current All cation 
..... 

____ ___ ,,,_.. 

Disk 

se111ed 20MB 

ed : 20 MB 

wap Avail 15 MB 

(?) 

1l1e above slide shows UlC st':lte of the system and U1e current swap spac allocations when 
20 MB (or alJ of available memory) hns been paged out to the swap parti mi. 

1l1e swap partition contains 20 l\lB worth of prncesses. which is the size f available memory. 
1l1e initial 20 MB of processes is shaded in gray, to distinguish them fron the second 20 MB 
of processes, which are filled with black. With this color code, we can se only 4 MB of the 
01iginal processes arc still fonded in memory, everything elc;e (including MB of the 21s• to 
IO'" processes) has been paged to U1e swap partition. 

1l1e swap space allocation reflect5 20 MB worth of processes that have r served swap space, 
and 20 MB that is ClllTent.ly in use. This wouJd be analogous to stating th. t a  hotel received 40 
room reservations. and 20 of those reservations m·e currently being used 

1l1C' SWAP AVAIL variable is clown to 15 MB. because the total amo1mt f swap space is 
55 MB and -!O MB of that space is reserved or in use. 
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7-7. SLIDE: S ap Space - When Swap Space Fills Up 

D 
CPU 

rocesses 
Av ilable Memory 

20 Mfil__ __ 

Disk 
Q: Could t s error have been prevented? 
A: YES!! seudo swap. 

�16"\. 

Current Allocation 

Reserved 20 MB 

Used : 35 MB 

Swap Avail : 0 MB 

ERROR: @ 
no more swap space 

_/ ------------

The above slide show the situation when SWAP _AVAIL equals 0 MB. h1 Utis situation, the 

etTOr message, ERRO : no swap space available is displayed, even though there is 

swap space to page an existing process to the swap partition and Urns free up memory for a 
new program to load. 

TI1e reason the system report.s no swap space is available is because 35 Mll of memory have 
been paged out, and th remaining 20 MB of swap spac.:e are reserved by U1e existing 
processes cmTenUy ex cuting in memory. 

Could this error h e been prevented'! 

From a resource persp ctive, the new program should be able to execute, because memory is 
available for the new p ocess. 

A ttmable OS parametc -, referred to as pseudo swap, wouJ<l have allowed the program to 
execute under these co 1ditions. 
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7-8. SLIDE: Pseudo Swap 

Definition: Pseudo swap is fictitious, make-believe, swap 

space. It does NOT exist physically, but logically 

the operating system recognizes it. 

Purpose: 

Benefit: 

**NOTE: 

Pseudo swap allows more swap space to be 

made available than physically exists. 

Pseudo swap adds "75% of physical memory" 

to the amount of swap space that the 

operating system thinks is available. This lesse 

swap space requirements (especially helpful on 

large memory systems.) 

Pseudo swap is NOT allocated in memory! 

Student Notes 

Pseudo swap is HP's solution for large memory cnstomers who do not sh to purclwse a 
large amount of disks to use for swap space. The justification foT purch ing large memory 

systems is to prevent paging and swapping, therefore, the argument bee mes, "Why ptu-chase 
a lot of device !->Wap space if the system is not expected to page or swnp· " 

Pseudo swap is swap space that the operating system recognizes, but in ·eality it does not 
e"ist. Pseudo swap is make-believe swap space. It does not exist in men ory; it does not exist 
on disk: it docs not exist anywhere. However, the operating system doe. recognize it, which 
means more swap space om be reserved than physically exists. 

Tite ptullOSe of pseudo swap is to allow more processes to nm in memo -y thm\ could be 
supported by the swap device(s). It allows the operating system (specif ·ally the 
SWAP _AVAIL vmfahlc) to recognize more swap space, thereby allowin additional processes 

to st.mt when all physical swap has been reserved. By having the operat 1g system recognize 
more swap space than physically exists, Jm·ge memory customers can n w operate without 
having to purchase large amounts of swap space. which they will most. <ely never use. 

'n1e size of pseudo swap is dependent on the :unmmt of memory in the ystem. Specifically, 

the size is (approximately) 75% of physical memory. This means the sw P AVAIL vrn·iable 

H4262S C.00 7-12 p://education.hp.com 
(t) 2004 Hewlett-Packard Development Company, L.P. 



Module 7 
Swap Space Performance 

will have an addition amotmt (75% of physi.cal memory) added to its content. This 
additional amonnt a ws more processes to starl when the physical swap has been 
completely reserved. 

NOTE: 

Analogy 

Pseud swap is enabled through a ttmable OS parameter call swapmem _on. 

If the alne for swapmem _on is 1, then pseudo swap will be enabled (tm11ed 

on). 

If the alne for swapmem _on is 0, then pseudo swap will be disabled (turned 

ofl). 

A good analogy for p udo swap is au airline overbooking a flight. Airlines !mow th<lt 
customers sometime don't show up for their flight. If they reserved only enough seat5 for 
the plane, U1ey would 'kely depart with a plane that wasn't full - lost revenue. So they 
reserve more seats U1 1 actually exist on the plane, betting that a certain percentage of 
customers won't sho . Tirnt way they can fly a plane that is much closer to full and get more 
revenue. Of course, ey are occt'lsionally •..vrong. 

http://education.hp.co 7-13 H4262S C.00 
© 2004 Hewlett-Packard Development Company, LP. 



Module 7 
Swap Space Performance 

7-9. SLIDE: Total Swap Space Calculation - with 

-----------------

Memory Size 32 MB 
x 0.75 ----

Pseudo Swap 24 MB ,.. 
.> 

+ Physical Swap = 55 MB .--

Total Swap 79 MB 

-- _.-/ ---------

Student Notes 

eudo Swap 

The ahove slide shows how "Total Availahle Swap Space� (al.so known SWAP_ AVAIL) is 
cakulaLed wilh pseudo swap tmncd on. 

111e SWAP _AVAIL vmiable is calcHlated as ail of the configured physic: swap space (tlev;ce 

and file system swnp) PLUS 75% of physical memory (pseudo swap). 

(111C calculalion of the size of pseudo swap is actually more complex th l given here. TI1e 
resultru1l value of pseudo swap crm vary anY'vhere from 67% to 88% of lysical memory. But 
we'll nse 75% as a pretty typical figme.) 

In our example, the total mnom1t of physical swap was 55 MB. and the , uount of physical 
memory was 32 MB. Since the size of pseudo swap is estimated at 75% f physieal memory, 
tlw pseudo swap size in our exrunple is 24 MB. 
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This means the Total Available Swap Space (SWAP _AVAIL) is: 

55 MB (Physi al Swap) 
+ 24 MB (Pseud Swap) 

79 MB (Total Avail Swap) 
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7-10. SLIDE: Exa1nple Situation Using Pseudo Swap 

Allocation 
Pseudo 

Reserved 
Used [] Kernel and ----------........... Swap Avail : 

OS Tables 

- · 

• • • ••• • 
CPU • • • • d  Allocatio 

• • • • •  Pseudo 

• • • • •  
Proc� Reserved 

Available Memory Used 
(2QMfil__ Swap Avail : 

Disk 

·1hout 
wap 

20MB 

35MB 

O MS 

with 
wap 

20MB 

35MB 

4 MB 

New program wants to execute; not enough memory for rogram 
to fit. With pseudo swap turned ON, program can now ex cute! 

Student Notes 

111C above slide revisit-; our previous situation with pseudo swap ttm1ed N. In our previous 
situation, we had swap space of 55 MB. of which 35 MB was in use and tic remaining 20-MB 
was reserved. Witlt pseudo swap turned OFF, we saw tha.t no new proce cs could start 
because no physical swap space was available for reservation purposes. 

With pseudo swap tmncd ON. the total available swap space is 79 MB (n t 55 l\11Il). 
111erefore, when the system nms out of physical swap, it still has 24 MB due to pseudo 
swap), which it thinks it can allocate and therefore can reserve. 

Consequently, the operating system is able to support more processes w· wut having lo 
allocate more physical swap space. Titis is irnporumt for large memory c 1stomers who do not 
w:mt to purchase a lot of swap spnce on disk in order lo support the larg memory. 
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Module 7 

A � \ t Swap Space Performance 
J <.r l\..e� �U.<i)) • . 

wap Priorities S ;  J ' c.:.� \)c\;.)::. <-L. �u.,c-,� ('. VM.� cl IJ� J (\ �� It­
�.... Va ��ct Jn l,L�J-7-11. SLIDE: 

1st chunk o swap - disk 1 , chunk 1 
2nd " " disk 2, chunk 1 
3rd " " disk 1, chunk 2 
4th " " disk 2, chunk 2 

. - 5th chunk ill be allocated here 

Student Notes 

2 

4 

Swap - Priority 1 

Unequal Priorities 

1st chunk of swap - disk 1 ,  chunk 1 
2nd " " disk 1 ,  chunk 2 
3rd " " disk 1 ,  chunk 3 
4th " " disk 1 ,  chunk 4 

5th chunk will be allocated here 

Swap - Priori� 1 Swap - Priority 2 

'l'� � 1 t.. ... \(( � d\i k � l.c ,, r e\ cJ �l c·pb! (.t. S<...CH � d  "..,_:-(_ __ 

When the HP-lJX ope ating system needs to page son1etJ1ing from memory to a swap device, 
it selects the smallest uunbered, strongest-p1iority swap device. 

A system administrat r can define a priority nmnber for each swap device on the system. Tite 
priority nmnbers ran from 0 to 10, with 0 being the strongest priority, and 10 being the 
weakest p1i01ity. If m tiple swap devices are available when the system needs to page out to 
swap, the strongest p ·ority swap device is nsed. 

The slide shows two 'amples. Tite first example illustrates how the system behaves when 
two equal priority sw· p devices are available. In this situation, the system alternates bet.ween 
the two swap devices with the first chunk of swap being allocated on swap device #1, <tnd 
the second clumk of s ap being allocated on swap device #2. 

The second example i nstrates how the system behaves when two uucqual p1iority swap 
devices are available. 1 this situation. the system will continue to allocate chunks of swap 
from the lowest-mun red (strongest p1iority) swap dc\"ice. Only when that device is 100% 

fttll will tlte system be 1· t allocating clumks from the second swap device. )( p;t c:l � 
-? ) 
http:f/education.hp.co Jvnc p�Jv ..:·t,. B aic L 

kVL. .'f\ �00\-� Va dJ: 1:·�11iu. l f�t-(,! b 

1 jlL·�@,F �� o.*l.73,t, l j\1 \ f J 0]-1 �<" e ' '1 
\b L ... � ��)\ 

. rr _:._ _ 
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7-12. SLIDE: Swap Chunks 

2 

3 4 

Swap - Priority 1 Swap - Priority 1 

Space on the swap device is allocated to the kernel in in ements 
called swapchunks. The default swapchunk size is 2 

Student Notes 

A swap chunk is U1e amount of space that the operating system allocates wap devices. Tite 
default. swap dnmk size is 2 MB. 

In tJ1e above example, two equal priority swap devices m·e available to tl1 system. TI1e 
system will allocate the first swap clnmk to be on swap device #1, and th size will be 2 MB 
by default. Once this swap chunk has been filled by 512 pages (page size 4 KB), then the 
system will allocate a second swap chtmk to be on swap device #2. TI1e · stern continues 
:.i.lternating swap space between the two systems in swap chmtk increme ts. 

Swap ch1mks are also the unit in which swap space is allocated on file s tem swap devkes. 
With file system swap devices, U1e operating system will only allocate s p space on the file 
system if the space is needed; if it does not need the swap space, then it oes not allocate 
space. When it does need swap space, it allocates the file system swap s ace in swap clw 11k 
sizes. Files :.u·e created - each of a size equal to a swap chunk - a.nd nan ct lwst11a. ·11w. N, 
where N is a number from 0 on np. 
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7-13. SLIDE: · wap Space Parameters 

DEV BSIZ 

swchunk 

Device block size. This is the size (in bytes) of a 

block on the disk. The default size is 1 024 bytes. 

This is the number of blocks to allocate to the kernel 

when it need swap space. The default is to allocate 
swap space to the kernel in 2-MB increments. The 
default value is 2048. The maximum value is 65,536. 

,, 

maxswar• c unks This is the maximum number of swchunks which 

can be allocated to the kernel. The default value is 
256. The maximum value is 16,384. 

Total swap pace recognized by the kernel = 

ma swapchunks x swchunk x DEV BSIZE 

Defaults: 256 I x I 20481 x 11 024 I = [ 512 MBI 

Student Notes 

111ere are two con fig ·able parnmet.ers ;md one fixed, 11011-configmable panuneter that affect 
swap space configur ions and allocations. 

DEV BSIZE 

swchunk 

maxswapchunks 

111e size in bytes of a block of disk space. 111e default size is 1 KB. 

It is not configurable. 

111e number of blocks (of size DEV_ BSIZE) to associate with a 

"chunk'" or swap space, referred to as a swap dmnk. The default value 
is 2048 blocks or 2 MB. TI1e m<.1.ximnm value is 65.536 or 64 MB. 

'11lis is the mm ... imum munber of swap chunks that will be recognized 

systernwide. 111e default value is 256. The maxinuuu value is 16,:384. 

Using these defaults, 11e maximum amount of swap space that the operating system 
recognizes is 512 MB This means if a system is configm·ed physically for 1 GB of swap space, 
only 512 MB of the I TB will be used by the system. In order for the system to use the other 
51� Mll, the tmmble S parameter maxswapchunks needs to be increased Lo !'512. 
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If you were to install IIP-UX on a system that had 2 GB of physical memo1 
process would automatically increase maxswapchunks to accommodate 

In this example, it would set maxswapchunks to 1021. However, if you 

memory at a later date (without reinstalling the kernel), you would have 
maxswapchunks to be able to allocate enough swap space and use all of 

memory. Or, use pseudo swap. 

, the installation 
e larger memory. 

re to add more 

manually ttme 
om available 

In 11.23 ( l li v2), maxswapchunks has been eliminated and no longer bee mes an issue. 
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• Swap spac reservation � 1,1,,rva.,\\q. \l(\tt;\.\e ,j� �d �c.�� ct\lt\1\l d� 111' �� �� 1a1 

• Pseudo sw p � :t\I r. c� �o. Q_�n_ 
• Swap priori ies : 

• Swap chun s � 

• Swap spac 

:s;10�? .. 
( � c. p 011&� 

Y&�kl. e 
- l/ 1 ' pa Ge d� 
- J.__ �t'l pa.CL c.k 

Student Notes 

) /Ji� l'{J \u/l-V.::�.t 
Q a. �lf'a(1  
Q(,\ JH-eJ �lla.f 

To smmnarize this rn dule, all processes must reserve swap space by decrementing a 
variable called SWAP VAIL when they initialize. If this variable carmot be decremented, the 

process will not be a e to st:11t. 

To allow this vaiiable to recognize more swap space than physically exists, setting a tunable 
parameter, swapme on, to 1 will turn on pseudo swap. This allows more processes to 

execute Uum tl1e amo mt of swap space can snppo1t. This is not considered a problem on 
large memory system: , because these machines are not expected to swap. 

If a system does need Lo swap. it will swap to the lowest-numbered (strongest.) priority swap 
device first. The p1ior ty of a swap device is specified when the device is activated. If two 
swap devices hnve th same priority, the system will alternate between the two devices. 

Swap clumks are the 
of a swap chunk is 2 1 
space. 1J more swap s 

increased, in order fo 

alrendy set to the mm 

http://education.hp.co 

lit of di-.;k space by which swap space is allocated. By defau.ll the size 
B. By default, the system recognizes a maximum of 512 MB of swap 
ace exists, the tmtahle parameter, maxswapchunks, must be 

tlrn additional swap space to be recognized. If maxswapchunks is 

mum value, ll1en increase the value of swchunk. 
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7-15. LAB: Monitoring Swap Space 

Preliminary Steps 

A po1tion of this Jab requires you to interact with the ISL and boot menus. which can only be 
accomplished via a console login. If you are using remote lab equipment, l\ccess yum 
system's console interface via the GSP/MP. 

You may get some "file system full" messages while you are shutting dow1 the system. You 
can ignore these messages. 

Directions 

TI1e following lab illustrates swap reservation, configures and de-configtu· �s pseudo swap. 
m1d adds additional swap paititions with different swap priolities. 

l .  Use tl1e swap info corrunand to display the current swap space statis ics on the systen.t. 
List the MB Avail and NIB Used for the following three items: 

MB Available VlB Used 

dev !1u<:� k  �4 v 
-- reserve .,2, l' f---

memory ( \� ).c,l , 

2. To see total swap space available and tot.."11 swap space reserved, ente ·: 

U swapinfo -mt 

What i.,; the total swap space available (including pseudo swap)? t \ ) � 
What is U1c tot..-:i.l space reserved? .�'J-") 
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© 2004 Hewlett-Packard Development Company, L.P. 

ht1 p://education.hp.com 



Module 7 
Swap Space Performance 

3. Start a new shell rocess by typing sh. Re-execute the swap info command and verify 
wheUter :.my add" ·onal swap space was reserved when t11e new shell process staited. In 
this case, t11e diff rcnce is going to be pretty small, so let's not use the -m option. 

Upon ve1ificatio1 exit the shell. 

Is tJ1e swap spac retmned upon exiting the shell process"? 

4. Strut glance an obse1ve the Global bars at the top of the display for the duration of this 
step. Start a larg , memory process and note how n:mch tJ1e Current Swap Utilization 
percentage incre, es in glance. Type: 

# /home /h426 /memory/paging/mem 2 5 6  & 

Use the process at most closely matches yonr physical memory size. 1l1is should 
reserve a large ru Olmt of swap space. Sta1t as many mem2 5 6 processes as possible. For 

best results, wait mtil each swap reservation is complete, by observing the incremental 
increases in Cmr nt Swap Utilization in glance. The system will get slower :md slower 

ns you stmt more em2 s 6 processes. 

What was the m · num nnmher of mem2 5 6 processes that can be started'! 

What prevented · 1 additional mem2 s 6 process from being started? 

Kill all mem2 56 ·ocesses to restore performance. 

fi. Recompile tJ1e ke 1el, disnbling pseudo swap. Use the following procedure: 

l l i  v l  or earlier 

# cd / stand/b ild 
# /usr/lbin/s sadm/system_prep s system 
# echo "swapm m on 0 "  >> system 
# mk kernel - . / system 
# cd I 
# shutdown -r 0 
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lli v2 and later: 

tt cd I 
# kctune swapmem_on=O 
NOT8 : The configuration being loaded cont a i ns the fol owing 
changc ( s )  

Lh.:tt cannot be appJied immedlately and which w i  1 be held for 
Lhe next boot : 
The tunable swapmem_on cannot be changed in a d namic fashion. 

WARNING: The aulomatic ' backup ' configuration currently onLains Lhe 
configuration Lhat was in use before the last r boot of this 
system . 

- - >  Do you wish to update it to contain the current conf igur·ation 
before makl ng the requested change? no 

NOTE : The backup will not be updated. 
* The requested changes have been saved, and will take e l fect a t  

next hoot . 
Tunable 
swapmcm on ( now) 

(next booL) 
# shutdown ry 0 

6. Reboot from the new kernel. 

Value 
] 
0 

Expression 
Default 
0 

Press any key to interrupt the boot process 
Main menu> boot pri i s l  
Interact with IPL> y 

ISL> hpux ( ; 0 ) /stand/bui ld/vmunix_t est 

7. Om:e the system reboots, login and execute swapinfo. 

Is there a memory entry? Why or why not? 

Will the same number of mem2 5 6 processes be able to execute as lier"? 

How many mem2 56 processes cm1 be started now·? 

Kill all mem2 5 6 processes to restore perfonuance. 

8. If you have a two disk system. 

If you h:we a two disk system. adcl the second disk to vgOO (if this w · not already done 
in a previous exercise) and build a second swap logical vohune on it. This lvol should be 
the smne size as tJ1e primary swap volume. If you do not have a se ond disk continue 
tltis lab at question 13. 

If you did not add U1e second disk em·lier: 
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# vgdisplay - I grep Name (Note the physical disks used by vgOO) 
# ioscan -fn disk (Note which disks are unused) 
# pvcreate -f < raw_dev_file_of_unused_disk> 
# vgextend / v/vgOO <block_dev_file_of_second_disk> 

To create tJ1e new swap device on the second disk: 

# lvcreate -n swapl /dev/vgOO 
# lvextend -L 512 /dev/vgOO/swapl <dev f i l e_of second_disk> 

Note in otu- case t 1e primary swap is 512MB. Sec swapinfo on yom system and match 
the size of the ne swap device to the primary swap. 

9. Now add the new ogical volume to swap space. Ensure tJiat the prioiity is Ule same as 
the pri.Jna1y swap: Check your work. 

# swapon -p 1 /dev/vgOO /swapl 
swapon : Devic /dev/vg O O / swapl contains a f i l e  system. 
Use - e  to pag after the end of the file system, or -f to 
overwrite the file system with paging. 

Oops ! Problem 
message, the me1 
the device. (Prob 

1 ,  swapon is being overly cautious . If yon get thi'3 
ry manager has detected what appears to be a file system already on 

bly, left over from some previous use.) You need to override. 

# swapon -p 1 - f  /dev/vgOO/ swapl 
swapon : The k rnel tunable parameter "maxswapchunks" needs to 
be increased o add paging on device /dev/vgOO/swapl . 

Oops!  Problem 2 ,  the kernel cannot deal with this amount of  swap. 
If you get tJ1is mes ·age, the tunable parameter, maxswapchunks, is set too small to 
acconuuodate ml f tl1e new swap space. We need to modify "maxswapchunks" and 
rehoot. If you hav this problem, use sam to double maxswapchunks. In lli v2, 

maxswapchunks rns heen obsoleted ::tJld will not have to be modified. 

Recompile U1e ke1 el, increasing maxswapchunks. Use the following procedure: 

U cd /stand/b ild 
# echo "maxsw pchunks 5 1 2 "  >> system 
# mk kernel - . /system 
# cd I 
# shutdown - r 0 

10. If you had to rebni I the kernel to incrense maxswapchunks, reboot the system. 
Otherwise, skip to 'tep 11. 

Press any key to interrupt the boot process 
Main menu> bo t pri isl 
Interact with IPL> y 
ISL> hpux ( ; O ) /stand/build/vmunix_test 
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And now add the new swap device: 
# swapon -p 1 - f  /dev/vgOO/swapl 

Verify that the new swap space has be recognized by the kemeJ: 

# swapinf o -mt 

Done! 

1 1 .  Sta1t enough mem2 s 6 processes t.o make the system stait paging. 

12. Measme the disk VO to see what is happening with swapspace. Go to question 15 
when you have finished. 

13. If you have a single disk system. 

Create three additional swap devices with sizes of 20 MB. 

# lvcreate -L 2 0  - n  swapl vgOO 
# lvcreate - L  2 0  -n swap2 vgOO 
# lvcreate - L  2 0  -n swap3 vgOO 

List the ClUTent amount of swap space in use. 

If 10 lVIB is currently in use on a single swap device, and we activate 1 equal priority 
swap device, what is the distribution if an additional 10 MB is paged ut? 

A) TI1e dist1ibution would be 10 l\'lB :md 10 Mn. 

13) The distribution would be 15 MB and 5 l\IIB. 

Prior to activating these swap devices, make nole of the runount of s ·ap space currently 
in use. When U1e new swap devices are activated with equal p1iority, U new paging 
activity will be spreacl evenly over U1ese swap devices. 
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14. Activate the newl. created swap devices. Activate two with a priority of 1, and the third 
with a priority of• . 

# swapon -p 1 /dev/vgOO/swapl 
# swapon -p 2 /dev/vgOO/swap2 
# swapon -p 1 /dev/vg00/swap3 

Start enough mem 5 6 processes to make the system start paging. 

Is tl1e new paging lctivity being distributed evenly across the paging devices? 

15. When finished wit l the lab, reboot the system as nonual (do not boot vm�nix
_test) 

to re-enable psen swap and remove the additional swap devices. 

For lli vl and ea lier, follow this procedme: 

# cct I 
# shutdown -r 0 

For lli v2 �:md lat .r, follow this procedure: 

# cct I 

# kctune swap em on=l 
# shutdown -r. O 
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Module 8 Disk Performance Issues 

Objectives 

Upon completion of t 1is module, you will be able to do the following: 

• List tlu·ee ways · k space can be used. 

• List disk device 

• Identify clisk bott necks. 

• Identify kernel sy tem parameters. 
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8-1. SLIDE: Disk Overview 

Cylinder 1 

Cylinder 2 

Data Bio ks 

Cylinder N-1 

Physical View Logical View Internal Cylin er View 

Student Notes 

Disks are used to store data for the operating system and the application . A disk can be 
used several different ways, but they boil down Lo just two - file system < td raw. If a disk 
holds a file system, tl1erc are several su11ctures which are built on the dL (using Ute data 
blocks of U1e disk) to help support U1c software in the kemel, which nee s to access and 
numage the file system files and tl1eir contents. 

If the disks are to be used raw (such as a device swap space or an applic· tion datab«."lse), no 
kernel structures are built out on Ute disk. TI1e related code simply read. , m:mages and 
organizes the <law blocks as it sees fit. 

TI1ere are several types of file systems available with tl1e HP-U X 10.x an 11.x releases. 'Ille 
two primary types of local file systems are HFS (High pcrfonn::mce File , ystem), which was 
the original file system for HP-UX and has contfoually been enhanced sit :e. and .JFS 
(Journaled File System), which was introrlnced wiUt the IIP-UX 10.01 rel ase and continues 
to grow in pop11larity mtd functionality. 

In the near future, you should sec another type of file system become av · able for IIP-UX -

the AdvanC'ed File Systell\ (Adv.FS) ported over from 1'1.1.164 UNIX. In lat r modules, WP will 
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discuss the petformru cc issues that pe1tain to each of U1e available file systems. fo this 
module, we'll addres the issues pe1taini.ng to all disks. 

Physical View 

From a physical disk erspective, the disk drives upon which a file system is placeci contains 
sectors, tracks, platte , and read/write heads. 

A key behavior of mo t all disk drives is that the read/write heads move in parallel across the 
platters in such a wa that each read/V1.·rite head is over the smne track within each platter at 
the s::une time. To n: · · e the l/O tlu-oughput of the disk, it is desirable to minirn.ize tJ1e 
amotmt of head move nent. To help achieve this goal, all U1e sectors in a cylinder are 
addressed in sequenti l order. 

Cylinder Analogy 

Consider a health spa r gym witl1 three floors. Each floor contains a jogging track, and the 
three Jogging tracks , e located directly above or beneath one another from tloor to floor. 
From this point of vie • a cylinder would be all the sarne lattes from each floor's jogging 
track. In other words, I lane 1 tracks would make up cylinder l ;  all lane 2 tracks would 
make up cylinder 2, el 

By organizing space o disks in cylinders, the software can logically dist1ibute its sectors 
across all platters of e disk evenly and uniformly. For example, in the slide above, Ute first 6 
sect.ors would be allo ated as follows: 

block # l :  Platter # l ,  Track # 1 ,  Sector # l  

block # 2 :  Platter # l ,  Track # 1 ,  Sector #2 

block # 3 : Platter # l ,  Track # 1 .  Sector # 3  

block # 4 :  Platter # 1 ,  Track # 1 ,  Sector fl.4 
block # 5 :  Platter # 1 ,  Track # 1 ,  Sector # 5  

block lt 6 : Platter # 1 ,  Track # 1 ,  Sector # 6  

By allocating disk spa e in this manner. a nmltiple block read (say 6 blocks) could be read in 
one operation. 

Logical View 

From a logical view, e� ch cylinder is simply a repository for a certain amount of data. which 
can be read or wi;tten "thout having to move the heads. TI1is data area is fm-ther broken 
down into blocks. 111 block is the most ftmdament.al unit of data that can be read from or 
writ.ten to the ciL<>k. W mentioned in an em·Jier chapter a value i.11 the kernel, called 
DEV _BSIZE. It is cqu· to 1024 bytes. 'Il1is is the block size from the kernel's perspective. 

Tite disk can be viewe 
N is tJ1e total number 
more likely they will b 
amonnt of time is nee 
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as simply a se1ies of blocks rmuting from block 0 to block N- l, where 
blocks on the cfrsk. Tite doser two blocks are to each oUter, the 
in the smne cylinder. If they are in the smne cyli.11cicr. a mi1timmn 
d to read or write both blocks. 

8-3 H4262S C.00 
(c) 2004 Hewlett-Packard Development Company, LP. 



Module 8 
Disk Performance Issues 

8-2. SLIDE: Disk 1/0 - Read Data Flow 

1 .  Process issues read system call (logical 1/0 generated). 

2. Block to be read is not in buffer cache; physical 1/0 is issue 

3. Block on disk is accessed through seek, latency, and transf 

4. Data is read into buffer cache, completing physical 1/0 requ st. 

5. Data is returned to process, completing the logical 1/0 and ystem call. 

Filesystem 

Q 
Seek. 

File 

Memory -----

Student Notes 

Up to thi!; point, we have looked at 1/0 from the st<.Uldpoint of the disk. te following slide 
illustrates disk 1/0 activities from the standpoint of memory and the pro ess iltitiaLi.ng the 110. 
TI1e assumption here is tJtat we are dealing with a disk tJtat has a file sys em on it, so the 
buffer cache becomes a factor in the operation. If this were a raw disk, le buffer cache 
would be bypassed by all 1/0 operations. 

Asynchronous vs. Synchronous Reads 

TI1ere are two possible approaches to doi11g reads - synclu·onous and as 1cluonous. lly, 
defattlt any read will be synchronous, i.e., the process will wait (and sle p, if necessm·y) tmtil 
the dat<t can be transferred to the da ta area of the process. 

If lhc read lli asynchronous, the process informs anoU1er driver (an asy11 :hronous 1/0 driver) 
that it will need certain data in the future. TI1e driver fetches the data fr nu the disk and 
pln<'e.5 it in the buffer cache, while the process continues with other op ·ations. When tlte 
data is in the cache, the d1iver signals the process and U1e read is now e ·ecuted. 

TI1e ciatn is guaranteed to be in the buffer and the process ne,·cr has to eep. AsyndU"onoLL5 
reads �u-e significantly more dilficult to program, so they are used only i t the more 
sophisticated applications. 
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Buffered Read Da a Flow 

Module 8 
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The now diagram on te slide highlights the main actions from the time a process issues a 
read ( )  system call, when the data is returned to the process. 

l. A process issues t le read ( ) system call. This is viewed by the kemel as a logical 1/0, 

meaning the kern l will satisfy the request any way it can, either tl1rough the buffer cache 
or by performing · physical 1/0. 

2. TI1e buffer cache i searched, looking for the data blocks being requested. If the data 
block is fmmd in 1e buffer cache, the read ( )  system call is returned with the 

corresponding da� . If the data block is not found, TI1e requesting process goes to sleep 
and a physical l/O ·equest is generated to read the data block into the bnffer cache. We 
will assume the d · block was not fom1d. 

NOTE: Logic� I/Os may or may not generate corresponding physical J/Os. TI1e goal or 
the bt er cache is to handle as many logical I/Os with as few physical I/Os as 
possibl •. 

3. TI1e physical read s perfonued because the data was not in the buffer cache. Becrmse 
physical 1/0 invoh· �s movement of the disk head (seek time), waiting for the data on the 
platter to rotate m er the disk head (latency time), <.md moving the data from the platter 
into memory (tra fer time), the cost of a physical I/O is high from a performance 
standpoint. Physic l !!Os arc the most timc-co11smning operat.ions that the kcn1cl 
pC1forms. 

If the disk I/O quet is long (3 or more requests), the time spent waiting to be serviced 
c�m be longer than the time to actually se1vice the I/O request. 

4. Once the physical 0 request retmns, tJ1e data. is stored in the buff er cache so that future 
J/O requests for th same file system block can be satisfied witJ10ut having to perform 
anotl1er physical II . This step completes the physical 1/0 initiated by the kernel. 

5. 'Ille final step is to ·etum the <lata Lo the original calling process that issued the read ( )  . 
Tile sleepu1g proce ·s is awakened :md transfers the desired data from the bnffcr (i.11 
buffer cache) to th <lata area of the process. TI1en the process returns from the read ( ) 
system call. TI1is s ep completes the logical I/O initiated by the process. 

Raw Read Data Flo 
lf the read operation is raw, the bnffer cache is bypassed. Data is transferred directly from 
the disk w the data arc of t11e calling process. All raw reads are sy11chrono11s and therefore 
result u1 the process sl eping tmtil the data has been read in. 
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8-3. SLIDE: Disk 1/0 - Write Data Flow (Synchron us) 

• 

1 .  Process issues write system call. 

2. Block is assigned on disk, and image for block is allocated in bu er cache. 

3. Once data is written to buffer cache, a physical 1/0 to disk is gen rated. 

4. Data is written to disk controller cache. 

5. Data is then transferred from the disk controller to the correspon ing platter. 

6. Upon completion of 1/0, the disk controller sends an acknowted ment to the 
kernel. 

7. Write system call returns to process. 

@ �i�� �� 1��e�\� 
Buffer Cache 

Memory 

Student Notes 

As with reads, lhere are two metl1ods for perfonning write ( ) system 

and synchronous. Although the default write operation is asynclll'onou 

does not sleep - waiting for the write to complete), it is quite simple for 
synchronous wiites. It can be done by simply setting a tlag on the open 
write. 11\iS can be done when U1e file is opened or at some lat.er time. 

Synchronous Writes 

Us: asynclll'OllOUS 

(the writing process 
prognun to choose 

ile before L5suing the 

'TI1e slide shows the data flow of a synchronous wiite, from the time t11 write ( ) system call 

is issued. to when the write call returns to U1e process. 

1 .  111e process issues a synchronous write ( ) system� call. 

2. Assuming the process is writing to a new file data block. a new file . ystem block is 

<llioC'atcd 011 disk and :m image of that block is allocated in the buff r cache. 

3. Once the data is copied from the data area of tl1c process to the buf er cache, <U1 1/0 
request. is plaC'ed in the disk 110 queue for that particular rlisk. The ·nlling process goes 
to sleep until tht> w1;te is reported to be complete. 
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4. When the physica write is performed, the data is first. copied from the buff er cache to the 
finnware cache 01 the disk drive controller. 

NOTE Most SI disk drive controJlers can be configmed to retmn ru1 VO complete 
ledgment at this point, rather than waiting for the data to be 

transf Ted to the physical platters. Titis condition is called "inunediate 
rep01 · g". 

5. The data is t..rausf tTect from the disk controller cache to tl1e platter. This operation is 
often the most ti e consuming part of the write, as it involves seek, latency, and data 
transfer operatio 

6. Once tl1e data has been successfully tn:u1sfened to the platters, the disk drive controller 
returns an 1/0 co plete acknowledgment to the kernel (assuming this was not done in 
step 4 with irrune ·ate reporting). 

7. The kernel, upon eceiving the I/O complete acknowledgment, Wakes the sleeping 
process, which th n returns from llte wi;te call. 

Asynchronous Wr' es 

An asyndmmous wri does not wait for the data to get to the disk. An asynclU'onous \VIite 
system call retmns in nediately upon Ute data being written to the buffer cache. In the 
diagram on the slide, 1e w1ite call would .return following step 2 .  

The advantage of asyi Ju·onous wiites is performance - the process does not have to wait 

for the physical 1/0. e disadvantage is lack of data integiity. Because the process continues 
executing before the ata is written to disk, it can perfo1111 additional actions that are 
dependent upon U1e d t.n being written successfully. If for some reason tJ1e data does not get 
wlitten (a disk goes o ine or a disk head crashes), the additional actions can leave the 
system in an inconsist nt state. 

For example, assume 1 database record i.,; wlitten asyncluononsly. Because it is written 
asynchronously, the cl 1tabase process continues its execution. A subsequent action is to 
update a correspondiJ g entry in another table of U1e database located on anoU1er disk. 
Assume Ute first ;isyn lu·onmL<> Wiite is posted to a busy disk with a long queue, and the 
subsequent wtite is p ted to a disk wiU1 �m empty queue. The second wTite finishes before 
the first write begins! U1e system were to crash after the second Wlite, but before the first 
wiite, the database w uld be out-of-sync and corrupted. because the second write assumed 
that the first write sue eedcd. There is no "signaling" to the w1iting process to let it know 
that a write has cornpl >ted. For that, the process would have to do synchronous w1ites. 
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8-4. SLIDE: Disk Metrics to Monitor - Systemwide 

• Utilization of disk drives 
• Disk 1/0 queue length 
• Amount of physical 1/0 to 

- Device (i.e., Disk) 

- Logical volume 

- File system 
• Buffer cache hit ratio 

Student Notes 

When monitoriJ1g disk I/O activity, the main metrics to moniLor are: 

• Percent utilization of the disk drives: As utilization of the disk d ·vcs increases, so 
does U\e amount of time it takes to perform an VO. According to the erformance queuing 
theory, it takes twice as long to pe1form an I/O when the disk is 50% usy, than it does 
when the disk is idle. Therefore, we consider that a disk may be exp . riencing a 
bottleneck if the disk is 50% busy or more. 

• Requests in the disk 1/0 queue: 111e number of requests in the di ' VO queue is OIH' of 
the best indicators of a disk perfonmmce problem. If the average mt her of requests L5 
abovt> two. then requests are forced to wait in the queue longer than he amount of lime 
necdecl to service their own requests. If the average munber of requ sts is tlu·ce or 
greater, you �hould also see that the average wait time for a request greater than the 
;fferage servke Lime. 

• Amount of physical 1/0: lf the mnmmt of disk activity is high. it is uportant to 
investigate on which disk, which logical \·olmnc, and which file syst m the activity is 
occurring 011. 
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• Buffer cache hit ratio: One reason disk activity could be high is that read or write 
request.s are not fi 1Cling corresponding disk blocks in the buff er cache. As a result. 

physical 110 requ ·ts are being generated to the disk. 

TI1e read cache hi ratio on the buffer cache indicates how frequently read data is fotmd 
in U\C buff er each . 1l1e mi.ninnun read hit ratio should be 90% or higher for optimal 
performance. Les. than 90% indicates the buffer cache may be too small, causing 
(potential) excess disk activity. It may also indicate that the application is not using 
buffer cache in an efficient manner, e.g. doing a lot of random I/O or very large I/O. 

The write cache h t ratio on the buffer cache indicates how frequently a write to a buffer 
does not t1igger a hysical read or write to the disk . (if only ;:i portfon of a block is being 
written, and the iI age of that block is not already in a buffer, it may be necessru'Y to read 
the original conte ts of the block into buffer cache before modifying it with the new write 
data.) The nlinim m write cache hit ratio should be 70% or higher for optimal 
performance. Les · U1an 70% indicates the buffer cache nmy be too small, causing 
(potential) excess disk activity. Again, the fanlt may lie with U1e application's use of the 
buffer cache. 
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8-5. SLIDE: Disk Metrics to Monitor - Per Process 

• Amount of physical and logical 1/0 being performed on a p process 
basis 

• Type and amount of system calls (1/0-related) being gener 
processes performing large amounts of 1/0 

• Paging to swap device (VM read/writes) on a per process b sis 

• Files opened by processes performing large amounts of I/ 

Stu dent Notes 

On a per process basis, it is impo1ta.nt to identify which processes are ge ernting large 
amotmts of disk T/O. Metiics that help to identify T/O activity on a per pr .ess basb c.u·e: 

• Amount of1>hysical and logical I/O: This indicates "how mnc:h" II tl1e process is 
perfonning. For processes perfonning large amotmts of I/O. the adcli ional three metiic:s 
shown below should be invesligated. 

• Type and amount of 110 related system calls being generated: or each process 
perfonning high 1/0, the number of read ( ) . write ( ) ,  c.u1d other II related calls should 
be inspected. 

• Amount of VM reads and VM lvrites: If U1e T/O activity being gene ·ated is due to 
paging (VM read and VM writes), then Ute problem is probably not. a lisk I/O problem, but 
more W<e a memory problem. 

• Files opened with heavy access: For each process performing far e amounts of file 
system VO, Ulc names of the files to whic:h they me reading or writin should be 
inspected. For files receiving high 1/0 activity, consider relocating U1 se files lo other 
disks that are less busy. To detcnuine how "random" the I/O reqnes are, hit <CR> 
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frequently while l oking at the list of open files for that process (in glance), then 
inspect how quick y the offset to each file changes and whether it is monotonically 
increasing or vari up and down. 
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8-6. SLIDE: Activities that Create a Large Amount f Disk 1/0 

• Buffer cache misses 

• Synchronous 1/0 

• Accessing sequentially with a small block size 

• Accessing many files on a single disk 

• Accessing many disk drives from a single disk controller ca 

Student Notes 

Conunon causes of disk-related perforrn;u1ce problems are shown on the ·lide. 

• Buff er cache misses cause physical I/O to occur. When the approp1i, .e buffer is not 

found iJ1 tJ1e buffer cache, ::i physicnl I/O is triggered. By the way, a b  ffer cache can be 
too large as well. A very large buffer cache takes more Lime to searcl to see if the 
appropriate buffer exists! More on how to properly size a buffer c:acl will be given later 
iJ1 this module. 

• Synchronom; VO forces the write system calls to wait until the l/O ph sically completes. 
Very good for <lat� integrity, very poor for perfonnance. 

• Seq11ential access. with a small block size, causes excessive amounts f physical J/0. 

• Accessing lots of files on one disk. vers11s mru1y disks, creaLes an imb tlance of disk chive 
utilization. TI1is leads to pe1fonnance problems \vith U1e busy disks , rl tmdcr utilization 
with the less busy disks. 

• Acc·essing lot.S of disks on the same disk c:ontroller creates contcntio problems 011 lhe 
SCSI bus. You can determine tJtis by noticing that multiple disks on 1e same cmttroller 
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have request quel s that are consistently three or gre�ter in length and the average lime a 
request waits to b serviced is greater than the average time it takes to actually service 
the request. TI1e · tdividnal disks may not show a disk utilization 50% or gre;1ter! 

If this situation oc ms, it would be best to spilt up the busiest disks onto separate 
controllers. 
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8-7. SLIDE: Disk 1/0 Monitoring sar -d Output 

# sar -d 5 
0 5 : 2 3 : 50 
0 5 : 2 3 : 55 

0 5 : 2 4 : 00 

0 5 : 2 4 : 05 

0 5 : 2 4 : 1 0  

0 5 : 2 4 : 15 

0 5 : 2 4 : 2 0  

6 
devic e ��; 
cl. t5d0 '-.. ir:·61J·-·--"····cr:-s·o 
c0t4d0 6 2 . 4 0  1 0 . 5 1  
c0t5d0 3 3 . 2 0  2 . 7 6  
c0t6d0 5 4 . 8 0  8 . 1 0  
clt5d0 1 . 2 0  0 . 50 
c0t4d0 6 3 . 80 1 0 . 8 4  
c0t5d0 } �., .. �0 ......... _ .... �::._?4 
c0t6d0 c:�.:....�O 1 9 .  GjP 
clt5d0 2 . 20 0 . 50 
c0t4d0 5 6 . 4 0  1 8 . 4 0  
c0t5d0 3 5 . 6 0  2 . 6 9  
c0t6d0 6 2 . 8 0  1 8 . 4 1  
clt5d0 0 . 2 0  0 . 5 0  
c0t4d0 6 8 . 6 0  1 3 . 0 0  
c0t5d0 3 3 . 8 0  3 . 25 
c0t6d0 6 0 . 0 0  5 . 7 2  
c0t4d0 2 4 . 4 0  4 . 2 5 
c0t5d0 23 . 0 0  3 . 4 6  
c0t6d0 <5o:6"0·-·1a:-f?> 
clt6d0 -o�� -6:"5 0  
c1t5d0 1 . 4 0  1 . 1 7  

r+w/s 
2 

46 
1 6  
3 1  

3 
4 8  
1 9  
3 6  

3 
3 9  
17 
3 6  

2 
5 1  
1 6  
3 3  
1 5  
1 4  
2 8  

0 
2 

blks/s (��v ery 
3 5 -··--r"S's·---.. ·-· -.-01 

2783 1 2 7 . 9 7  1 5  . 92 
1226 42 . 8 9  1 4 . 9 6  
2 1 6 6  2 4 2 . 5 2  19 . 1 5  

3 9  l .  97 . 7 2  
2943 1 2 9 . 2 3  15 . 4 7  

���� .--·{i :·��······ -�� . 5 5  
']� 

4 5  

3 1  

·--.. --
3 . 85 l . 0 4  

2 3 4 . 3 3  1 6  . 1 0  
3 9 . 96 13 . 8 1  

1 9 2 . 2 8  17 . 6 6  
1 . 01 . 8 6  

1 5 4 . 6 8  1 5  . 0 2  
1 2  6 4 7 . 82 14 . 3 2  
2 3il 2 3 8 . 4 3  2 0  . 8 8  

8 3 6 0 . 83 18 . 6 8  
8 1 4 3 . 3 3 11 . 87 

23 9 . 85 2 . 5 0  

1 814������ �}� j 
,, ) 

.L 

.
. /(.( jJ ·J- / ,,u·.. kt·Lf·1 ..! ... \ -e .\ � ,, �������������������·rl�a�·r.f7.c.�f_t,C�i---�-rT.-=-:r\"61-....t L t  C-

l rtf-ltvi tt ..... , '' 

Student Notes 

'file sar -d report shows disk activity on a per disk cb-ive (spindle) bas· ·. '111e key fields 
within this repmt m·e: 

% busy 

avque 

avwait 

avserv 

Indicates the average percent utilization of the clisk over tl e interval (5 
seconds in the slide). 

IncUcates the average number of requests in the disk 110 qt eue. 

Indicates tile nverage amo1mt of time a requests spends \.V" 'ting in t11e disk VO 

queue. 

Indicates the nverage amount of time to service a disk r;o :equest.. 

The s ar -d report on UH' slide shows thal when the disk had the most r quests in UlC queue 
(19.60 and 18.77), tlle average wait time was at its highest. 

111e slide also shows tliat there �u-e five disk drives spread across two dis controllers. One 
disk controller (cO) appe;us to have two busy drives (t-! and t6), and a rel lively low usage 
drive (t5). Disk controller (d) h(l...c; two disks that are mainly idle. One pe onnance solution 
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here would be to bal, lee the disk activity across tl1e two controllers by moving one disk (say I , 
c0t4) over to the less usy disk controller (cl). 
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8-8. SLIDE: Disk 1/0 Monitoring sar -b Output 

I,) ��f Co&-l \ 
#=> ear -b 10 20 

HP-UX e2i03�c B.10.20  u 9000/856 02/09/98 

O S : S l : o/ ·��� ad/s(lread),l s %rcache bwrit/s lwri t/s '\;wcache pread/s pw it/s 
o s , 5 1 , 1 4  oC o o i 1 25 o o 
0 5 : 5 2 : 0 4  0 0 0 0 1 85 0 0 
O S :  5 2 :  14 0 O 0 87 1 8 
0 5 : 5 2 : 2 4  
0 5 : 5 2 : 3 4  
0 5 : 5 2 : 5 4  
0 5 : 5 3 : 0 4  
0 5 : 5 3 : 1 4  
0 5 : 5 3 : 2 4  
0 5 : 5 3 : 3 4  
0 5 : 5 3 : 4 4  
0 5 : 5 3 : 5 4  
0 5 : 5 4 : 0 4  
0 5 : 5 4 : 1 4  
0 5 : 5 4 : 2 4  

Average 

Student Notes 

0 0 
0 0 
1 68 
7 11936 
6 19506 

0 
0 

99 
100 
100 

2 8  24147 100 

64 16659 100 <::rI.C_=:=�ii.·i!.::=_��.���-�:jL:.:::'.> 
0 0 0 
0 0 0 

,,.:1:7·�--·-··-· .. 1;-9· .. ··-··-- ·-o···--.,_ 
"'l.7JL _ _  � __ ._9_./ 

2 9  3639 99 

0 
0 
0 
1 
1 
1 
0 
2 
3 

18 
18 
13  

3 

� 
1 
0 
2 
1 
2 

14 
3 

19 
18 
14 

5 

100 
100 

33 
1 3  

0 
6 5  
9 9  
46 

0 
4 
3 
4 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 

j� .� �\. 
u 

. 
Ct.< ki 

The sar -b report shows disk activity related to the buffer cache. The k fields within this 
rcpmt are: 

bread/s 

lread/s 

%rcache 

bwrit/s 

lwri t/s 

Indicates the average 111m11.Jer of physical 1/0 reads per s cornJ over the 
interval TI1e term bread refers to block reads. 

Indicates the average nmnber of logical I/O reads per sec nd over t11e 
inte1val. 

Indicates the average p�rc:ent read cache hit rate. Titis sl 
percenwge of read reqnests were satisfied thrnngh Lhc b 
Utis value should bE> co11sistently 90% or greater. 

Ideally. 

[ncticates the average number of physical l/O v.rrites per . .  emu! over the 
intervaL 111e term bwrit. refers to block writes. 

1Jldic:ates the average number of logic<ll :VO writes pe1· se ond over Ule 
interval. 

H4262S C.00 8-16 htt ://education.hp.com 
© 2004 Hewlett-Packard Development Company, LP. 



%we ache 

Module 8 
Disk Performance Issues 

lndi tes the average percent w1ite cache hit rate. 111is shows what 
perc ntage of write requests were satisfied tlu-ough the buffer cache. Ideally, 
this ' lue should be consistent.ly 70% or greater. 

The sar -b repo1t 01 the slide shows the two extreme situations. 111e first extreme is a 

100% cache lilt rate, w 1icl1 occms when there ru·e lots of logical I/O requests and all requests 
are satisfied through ti le buffer cache, rather than having to go to disk. 111is is a very 
desirable condition. 

11te 0U1er extreme is 0% cache hit ratio. 111is occurn when every logical I/O request required 
a physical I/O from di. k. hL this case, the number of physical reads or writes is equal to the 
number of logical rea 1 s or writes. 11lis is most undesirable. 
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8-9. SLIDE: Disk 1/0 Monitoring glance - Disk Re 

B3692A Gl�ncePlus B . 1 0 . 1 2  0 6 : 1 6 : 2 5  e2403roc 9000/856 Current Avg High 

epu utu l!::::s'===:-==========·=';l!::1ij:!:::::u===:---� 1 100\ 
Disk Util � F I 83\ 
Mem Util � lJ ll I:\ I 94" 
Swap Util rrc=JILJL3 I 21\ 

00% 100\ 
22\ 84\ 
95% 96\ 
21% 22% 

DISK REPORT U ,rs= 4 
Reg Type Requests t Rate Bytes CUJD Raq % CUm Ra 
-- - - - - -,.,.....-:.00:-:-:�-:-:-:-:""!-:.....,- - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -LocaV Logl Rds 68 '·'-.. 2. 7 13. 6 Sk.b 1260 7. 8 9. 6 

f Logl Wts 2455 9'! .3 4 9 1 . 0  19. 2mb 14798 9 2 . 2  1 1 2 . 9  
\ Phys Rds 1 0  J. 7 2 .  O 90k.b 189 5 . 1  1 .  4 
·�hys Wts 56�·.-§8 . 3  1 1 3 . 0  1 8 . 9mb 3520 9 4 . 9  2 6 . B  

u'lt�.--5'T'l 9 9 . 3  1 1 4 . 2  1 8 . 9111b 3448 9 3 . 0  2 6 . 3  
Virt Mem 0 O .  o 0 .  O Okb 6 6  l .  8 0 .  5 
System 0 . 7  0 . 8  32k.b 195 5.3 1 . 4  
Raw O 0 . 0  0 . 0  Ok.b 0 0 . 0  0 . 0  

Remote Log 1 Rds 0 O .  o 0 .  O Okb 0 O .  o 0 .  O 

Logl Wts 0 0. 0 0. 0 Okb 0 0 .  0 0. 0 

Phys Rds 0 0. 0 0. 0 Okb l 100. 0 0. 0 
Phys Wts 0 0. O 0 . O Okb 0 0 .  0 0. 0 

Student Notes 

Cum Byte 

3 .2mb 
114. Smb 

l . Bmb 
112. 4mb 
1 1 2 . 2111b 

968kb 
l . 2mb 

Ok.b 
Okb 
Okb 
Okb 
Okb 

111e glance disk report (d key) shows local and remote VO activity. Til .VO distribution can 

be viewed from the following: 

• Logic:al Perspective (logical reads nml logical wiites) 

• Physical Perspective (physical reacts and physical writes) 

• VO Type Perspective (User, Virtual Mem, System, Raw) 

lterns of interest in this report i.ndnrle Ute number of logical VO requcs 
the number of physical .VO reqnest5 (reads anrl writes). mtd the ratio be 

(read and writes), 
een the two. 

fn the slide, di<.>k utilization is 94% (very high), with the majority of the II s being writes (82%) 
as opposed to reads. It is also interesting to note the logical to physical "it.e ratio is 14,798 I 
3,520 or approximately 4: 1, which is an accepwble \vl"itc performance ra io. 
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8-10. SLIDE: D sk 1/0 Monitoring glance - Disk Device 1/0 

B3692A Glance us B . 1 0 . 1 2  0 6 : 3 1 : 12 e2403roc 9000/856 Current Avg High 

Cpu Util 
Disk Otil 
Mam Util 
Swap Util 

IO BY DISK 
Iclx Device Util Qlen KB/Sec 

l 56/52 . 6 . 0  0/ 0 0 . 0  
µ�rs-2":-S.o- ----� o .  o 

/ 3  56/36.4.0 78/ 9 ,,_18.2 
I 4 56/36 . 5 . 0  52/ 6 f 3 . 8  

56/3 6 . 6 . 0  68/ �/ 10.6 
6 sm�.o ---(}/� 0 0 .  0 

0.0/ 
16.0/ 

1584.8/ 
932.8/ 

1172. 8/ 
0.0/ 

l. 8 
5 . 1  

178.4 
120.5 
154.9  

0.0  

:::o::::::QJ 11ooi lOO\ lOO\ 
I 83\ 22i 84% 

iii I 94\ 95t 96% 
I 21\ 21i 22i 

Logl IO 

oa/ Oll 
na/ na 
na/ na 
oa/ na 
na/ na 

0.0/ 0 . 0  

Userss 
Phys IO 

0.0/ 0 . 2  
2.0/ 0.1 

48.0/ 5 . 6  
24.0/ 3 . 0  
35.8/ 4 . 6  

0.0/ 0.0 

4 

.. 

tJ.k \H .. l Jr J t?  )(.( h  .. o..1Ve pa� � 'vtY s.a _J 
Top Cisk user: PIO 3280. disc 

Student Notes 

106.4  IOs/sec S - Select a Disk 

The glance disk devi ·e report (u key) shows current and avernge utilization of each disk 
drive on UH:! system. ie repo1t also shows the current l/O queue length for each ttisk. 111is 
display shows basicall the same infonnation as sar -d. 

In Ule slide. tJu·ee disk show utilization greater than 50% :md queue lengths greater than 3. 

11us is nonually n vali reason for further investigation. Tite 10.6 and 18.2 quene lengths m·e 
lugh, bnt, because the verage utilization of bo th U1e dtives is 9%, this may just be a spike in 
disk activity. 

Tn this case, monitor rl e situation further to see if the !ugh qnene lcngU1s persist or if they 
were just spikes in <tis • nsage. 
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8-11. SLIDE: Disk 1/0 Monitoring glance - Logica Volume 1/0 

B3692A GlancePlus B.10 .12 06:34:41 e2403roc 9000/856 Current Avg ffigh 

epu util :::;I!.;::::. ============s=lt<:.l .=u===:;----.c...iu I I 100\ 
Disk Otil F F I 83\ 
Mem Util rs=-sJ U U B nJ I 94\ 
swap Util lu ul R ii) I 21\ 

00\ 100\ 
22% 84\ 
95\ 96\ 
21% 22% 
- - - - - - - - -

I O  BY LOGICAL VOLUME 
Open LVs 

o rs= 4 
Idx Vol Croup/Log Volume 

l /dev/vgOO 
2 /dev/vgOO/group 
3 /dev/vg00/lvol3 
4 /dev/vg00/lvol2 
5 /dev/vgOO/lvoll 
9 /dev/vg00/lvol7 

10 /dcv/vg00/lvol4 
12 /dev/vgOl 
i3 /dev/vgOl/lvoll 

Open Volwne Groups: 

Student Notes 

2 

10 

2 

S - Select a Volume 

LV Reads v Writes 

0 . 0/ 0 .0  
0 .0/  0 .0  
0 . 0/ 0 . 0  
0.0/ 0 . 0  
0 .0/  0 .0  
0 . 0/ 0 .0  
0 . 0/ o . o  
0 . 0/ 
0.0/ 

.0/ 0.0 
. 0/ 0 . 0  
. 2 /  0 .  0 
. 0/  0 . 0  
.0/  0 . 0  
.0/  0 . 0  
.0/ o . o  

����.�=��1�:> 

The glance logical v volume report (v key) shows disk activity on a per logical volume 

basis. Only physical I/O activity (not logical I/O activity) is shown witJ1 tl report. 

In the previous slide, we saw high activity across tlu·ee disk drives (drive · 4, 5, and 6). The 
logical volume repo1t on Ule slide shows all th Le:; activity is being perfonr d against one 
logical vohune (/dev/vgOl/lvoll), which implies that the logical volt ne is being spread 

across three disks (a good idea since the I/O to the logical volume is so h gh). 
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8-12. SLIDE: Di k 1/0 Monitoring glance - System Calls per 

Process 

B3692A GlancePl s B.10.12  06:48:15  e2403roc 9000/856 Current Avg High 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Cpu otil :=s===t=====--==============:::;;-- u 1 1ooi 100\ 100\ �!:k ::�� ��=· =st:u==========;::=:====F�-.n : :!: !�: ::: 
Swap Util U R R I 21\ 21\ 22\ 

System Calls fo PIO: 4055, disc PPID: 2410 euid: O User: root 

Elapsed Elapsed 
System Call Na ID Count Rate Time CUm Ct CumRate CumTime 

-::.·::::�E;�==--�:�=-�·=:: .. ��-:��:.�. �-.�-�---�-��·�.-.�-���;,-�i=����-��:�-���:·�-�fE�·�·�:�-��=�;,:;.�-����-� ;2i�-��:.��.=i�·��?i:t::> 
close 3 6 . 0  0 . 00006 100 3 . 7  0 . 00225 
lseek 19 0 0 . 0  0 . 00000 75 2 . 7  0 . 00204 
ioctl 54 3 

vfork 66 0 
sigprocmask 185 0 
sigaction 188 0 
waitpid 200 0 

6 . 0  0 . 00007 
0 . 0  0.00000 
0 . 0  0 . 00000 
0 . 0  0 . 00000 
0 . 0  0.00000 

100 
25 
50 

150 
25 

3 . 7  0 . 00259 
0 . 9  0 . 34908 
l. 8 0.00088 
5 . 5  0 . 01340 
0 . 9  1 .  47745 

CUmulat!i.ve Interval: 27 secs 

Student Notes 

The glance system c 
key), shows the names 
system calls report can 
globally for all process 

s repo1t (L key), available only from the select process report (s 
f the system calls being generated by the selected process. The 
e viewed for individual processes (as shown on the slide), or 
on the system (Y key). 

Signific;mt system calls which typically consume a lot of time, are t11e file I/O related calls, 
such as read ( ) , writ ( ) , open ( ) , and close ( )  . 

In Urn slide, the write ) system call is being invoked heavily by the selected process (754 
Limes/second) and has ; cconnted for 11. l  seconds of the CPU's time over a 27-second period 
(approximately 15%). 
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8-13. SLIDE: Tuning a Disk 1/0-Bound System -

Solutions 

• Add additional disk drives (and off load busy drives). 

• Add additional controller cards (and balance disk drive lo 
control! ers). 

• Add faster disk drives. 

• I mplement disk striping. 

• I mplement disk mirroring. 

Student Notes 

TI1e hardware solutions on the above slide will help to lessen the perfo mance impact of high 
disk 1/0 on a system. 

• Add more disk drives and load balance across disks. This spr ds the amount of 1/0 

over more drives, decreasing the average number of 1/0 request.<> fo · each disk. Many 
smaller disks are better thm1 a few large disks. 

• Add more disk controllers and balance load across disk con ollers. This spreads 

the amount of 1/0 over more controllers, decreasing the likelihood hat any one disk 

controller 'vVill become overloaded with 110 requests. 

• Add faster disk drives. TI1is decreases the amount of time it take to service an 1/0 

request, which decreases the amotmt of time requests spend wait.in in the dLc;k 1/0 

qneue. 

• hnplement disk striping. TI1is increases the munber of disk head having access to the 

striped data (the more disks striped across, the more heads access· ig the data, 
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simultaneously). It� lso allows for "overlapping seeks," rneaning that one disk head can 
be seeking the next lock, while a second disk head is reading the current data block. 

• Implement disk roring. TI1is can increase read performance, as either the p1imary 
or mirrored copy of le data can be read. In fact, the data will be read from whichever 
disk has the fewest Os pending against it. However, it will negatively impact wiite 
performance. In or er to maintain the integrity of the mirrors, duplicate wiites must be 
done to each copy the mirrored volume/disk. Mirroring is primary a data integrity 
feature, but under ti e right circmnstances (read-intensive data) it can improve 
performance, as we . 
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8-14. SLIDE: Tuning a Disk 1/0-Bound System - erform 
Asynchronous Meta-data 1/0 

• Configure individual disk drives to behave "somewhat" a nchronously 
with immediate reporting feature of SCSI disk contr llers. 

• Configure immediate report ing with the s c s i c t l  c mmand. 

Student Notes 

Disk 110 Queue 
11111111• 

Memory 

A.'iy11chronous J/O significantly improves Wlite performance over sync! ronous J/O because 
tlte write requests (and thus U1e requesting processes) do not have to ait for the data to be 
written to U1e disk platters. 

Immediate Reporting for Selected Disks 

Inunediate repmting can be turned on at boot time by setting the tuna le para.meter 
default_disk_ir to "ON". An alternative to tunting on default_d sk i r is  to enable 
ce1tain disk controllers selectively to repoit immediately to the kernel 1hen the data reaches 
the disk controller cache. For normal writes, the rlisk waits tmtil data i transferred from the 
controller cache to tl1e disk platters, before returning to the kernel. By etting inunediate 
reporting to ON for individual disk controllers, processes do not ha to wait for U1e seek 
or latency times when wiiting to those disks. 

111e scsictl conunand can be used to turn inuncdiate reporting ON ( ) for a paiticnlar SCSI 

disk. The default for immediate reporting is OFF (0). 
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To view the device sett· lgs for the controller at SCSI adapter address "O" rutd SCSI target 
address 6: 

# /usr/sbin/sc ictl  -m i r  /dev/rdsk/c0t6d0 
immediate_repo t = O 

To change the value of mnediate repo1ting to ON: 

# /usr/sbin/sc ictl -m ir=l /dev/rdsk/c0t6d0 

To view the changes in le device settings: 

# /usr/sbin/sc ictl - a  /dev/rdsk/c0t6d0 ,"! I " 

immediate_repo t = l ;  queue_depth = 8 -l1t1r./ rt\ i (.{ r�l,i. 
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8-15. SLIDE: Tuning a Disk 1/0-Bound System - oad Balance 
across Disk Controllers 

I co 

System I C1 

Student Notes 

-----' 
t - - - - - - -- --- - - ------- - -------- - -------- ---------- - --· . . 

: '-

----·' 
�.__ _,_-

' 

. 

. 

. 

�-------- ----- ----- -------- -- -- ------- ----- -- - -- -·- -, 

Volume Group vg01 

VG1 

VG2 

Another potential solution to a disk I/O performance problem is to spr d the write requests 
across the disk controllers as evenly as possible. 'fllis helps ensure no ne controller 
becomes overloaded with I/O request5. 

Mirroring Logical Volumes 

A popular feature of 1 Vl\'1 is the ability to mirror logical volumes to sep rate disk d1ives. This 
involves writing one copy of the data to the primary disk m1d one copy o the mirrored disk. 
When the primary disk and mirror disk are on the same disk controller, a performance 
bottleneck often results because the di5k controller has to service the tit.es for botl1 the 

primary and nlirrorcd data. 

Physical Voltune Groups 

Physical volume groups (PVGs) allow disk drives to be grouped, based m the disk controller 
to which they're attached. Used in conjunction with L VM mirroring, it 1sures the mirrored 
data not only goes to a different disk, but also goes to a different PVG 0 ·oup (that is, a 
different disk controller). 
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The PVG groups are de 1ed in the I etc I 1 vmpvg file. TI1is file can be manually edited or 

updated with the -g op ion to tile vgcrea te and vgextend commands. 

A sample I etc/l vmpv file, based on the four disks on the slide are: 

VG /dev/vgOl 
PVG 

/dev/dsk/cO 
/dev/dsk/cO 

PVG 
/dev/dsk/c2 
/dev/dsk/c2 

_groupO 
6d0 

Configuring LVM to Mi or to Different PVGs 

The conunand to confi ure LVM mirroring for different PVGs is lvchange. TI1e strict option 
to this conunand, - s, c ntains the following tllree argmnents: 

y This indicates all mirrored copies must reside on different disks. 

n This indicates miITored copies can reside on U1e same disk as the plimary copy. 

g 'l11i.s indicates all mirrored copies must reside with different PVGs. 

For example, to config re /dev/vgOl/lvoll to mirror to different PVG : 

lvchange - s  g dev/vg O l / lvoll 
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8-16. SLIDE: Tuning a Disk 1/0-Bound System - oad Balance 
across Disk Drives 

System 

�-1 90% 
Util 

5% 20% 
Util Util 

Volume Group vg01 
Without Striping 

Student Notes 

System 

52% I �ill!!- I 90% 1 Util 
, _____ / 

�r20o/} I Util
, I 

.... ___ .; 

Group vg01 
g 

Balancing tile disk activity so that the utilization across drives is appro 'mately the same 
helps to ensme that no one disk becomes overloaded with 1/0 requests that is, 50% or 
greater utilization, wiU1 three or more requests in the disk queue). 

The slide illustrates a situation in which one disk is heavily utilized (10 %) while another disk 
is only 5% utilized. One potential solution is to stripe the heavily utilize . logical volmne on 
the first disk to both disks. 

LVM Stdping 

TI1e ability to stripe a logical volume across multiple disks (at a file syst m block level) was 
introduced into LVM at the HP-UX 10.01 release. A logical volume must e configured for 
striping at the time of creation. Once a logical volume is created, it emu ot be striped without 
recreating the logical volume. 
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The conunand to create a striped logical volume is 1 vcrea te. 'l11e syntax, related to striping, 
for this conuna:nd is: 

lvcreate - i  [nu er of disks] - I [stripe s i z e ]  -L [ s i z e  in MB! vg_name 

Example: 

lvcreate - i  2 -I 8 /dev/vgOl 

lvextend - L 5 0  I ev/vg0 1 / lvol2 /dev/dsk/cOtSdO /dev/dsk/c0t4d0 
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8-17. SLIDE: Tuning a Disk I/0-Bound System - une Buffer 

Cache 

Kernel and 
OS Tables 

User Process 
and Shared 
Memory Area 

Student Notes 

Default 
Fixed Buffer Cache 

5% dbc mi _pct = 5 %  

Additional Buffer Cache 
r----r ----,.. --- -r -- --1"-- -- T- --- • 
• t I I I I I 
t • I I I I I 
t f I I t I I 
t I I l t I I .. ----.. ----� ----.-----1'----+----� 

: : i i : i i 0 - 45% �----�----�----·----i----1----� 
t t I t • I I 
t I I I I I I 
t I I I I I I 

dbc ma _pct=50% 

·-----!. ........ � .... -• ! ...... -! .. --- ! ----� 

Memory 

With the introduction of HP-UX 10.0, the buffer cache becomes dynami :, growing mtd 
shrinking between a minimum size and a ma..'<inmm size. 

NOTE: Space for the buffer cache is allocated in t\vo different a ·eas of memory: Ute 
minimum size is created in the O/S area of memory, and nything above the 
minimum size is allocated from the User Process area. 

How the Buffer Cache Grows 

As the kernel reads in files from the file system, it will try to store the d ta in the buffer 
cache. If memory is available and the buffer cache has not reached i ts i axinmrn size, tJ1e 
kernel will grow the buffer cache to make room for the new data. As lo g as there is memory 
available, the kemel will keep growing the buffer cache until it reaches ·ts maximum size 
(50% of memory, by default). 

If memory is not available, or the buffer cache is at its maximum size w ten new data is rea<l, 
the kernel will select buffer cache entries that me least likely to be nee ed in the future, an<l 
reallocate those entries to store the new data. 
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'llle main point is that · there is available memory, the buffer cache will grow into this 
memory until there is n memory left (or until the buffer cache reaches its maximnm size). 

How the Buff er Cac e Shrinks 

As memory falls below OTSFREE, the vhand-pagi.ng daemon wakes up and begins paging 
out 4-KB pages of mem ry. The eligible pages include process segments (text, data, and 
stack), shared memory egments, and the buffer cache. h1 other words, the buffer cache is 
shrnnk by having vhan page out its pages. The buffer cache is treated by vhand as just 

another stmcture in me 1ory with pages that it can dcrcf crc11cc and free. Like process text 
pages, buffer cache pag s are not written out to the swap space. But, since their contents 
may have been modifie , they could be flw:>hed out to the file system being placed back on 
the free page list. 

NOTE: be noted that the kernel global value, dbc_stealJactor, detennines 
how a essive the vhand daemon is at stealing buffer cache pages in 

compari on to process pages. A value of 16 says to treat buffer cache pages 
no diffe1 ntly than process pages; the default value of 48 says to steal buffer 
cache p es three times as aggressively! However, if the buffer cache is 
referenc ng those pages, vhand will find few buffers to free up. 

Buffer Cache Pe1·fo mance Implications 

Because the buffer cacl e grows quickly into free memory and sluinks slowly by necessitating 
vhand to page it out, 01 e consideration is to limit the maximum size to which the buff er 

cache can grow. 

TI1e default maximum , ze is 50% of total memory. This probably was a fairly reasonable 
munber when the par 1eter was introduced, but vvitJ1 the very large memory systems 
existing nowadays, it's robably much too high. By setting the dbc _max _pct ttmable kernel 
parameter to a smaller umber (say 20 or 25), the buffer cache can still grow to a significant 
size, but will not be so I rge that it takes a long time to shrink when more processes become 
ready to execute. 

Prior to HP-UXl li, ther was a defmite performance penalty for having a buffer cache tliat 
was too large. It took a long time to search tJ1e cache to detennine if the needed buffer was 
already there. Improve en ts in the sem-d1 algo1ithm i.n l li have reduced that penalty 
significantly. 

Fixed vs. Dynamic 

Should you use a fbced- ize buffer cache or a dynomic buffer cache? If your buffer cache 
requirements are const· nt over time, of course you should use a fLxed-size buffer cache. 
Simply set the dbc _mi _pct and dbc _max _pct parameters to the same value. 

If your buffer cache req 1irements change over time, do U1ey dumge rapidly or slowly. There 
is some overhead assoc ated with growing and shrinking buffer cache. Plus, shrinking buffer 
cache is not a very fast perntion. If your buffer cache changes slowly over time, it would be 
best to use a dynmnic b 1ffer cache. The overhead of growing and shrinking would be spread 
out and become relati.v ly insignificant. 
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If, however, your buffer cache requirements change rapidly over time, ou probably would be 
better served with a fixed-size buff er cache, properly sized to give you dequate buffers most 
of the time. Only on relatively rare occasions, would buffer cache be a ottlenecl< and only 
for short periods. ht the long run, your performance would be better ti an trying to deal with 
the rapidly changing needs using a dynamic buffer cache. 

Sizing Buffer Cache 

Here is a set of reconunendations for properly sizing your buffer cache 

1.  A1:e you getting at least a 90% read cache hit rate and a 70% write c che hit rate? If so, 
your buff er cache may already be lm·ger than necessary. If you are xperiencing no 
memory pressure, and no apparent disk bottlenecks, leave the buff r cache as it is. 

2. If you are experiencing memory pressure or apparent disk bottlene ks, try sluinking the 
size of your buff er cache. Adjust dbc _max _pct dovv1l, in in creme ts, no more than 10% 
at a time, tmtil your pelf onuance figures fall to 90o/o/70%. 

:3. If you m·e not getting 90o/c:/70% perform.a.nee from your buffer cache it may be too small or 
your application may be using it in an inefficient maimer. Try incr asing its size. If the 
figures improve, keep increasing the size until either you reach 909t 70% or your 
performance ceases to improve. Leave the size tlwre. 

4. If increasing the size of the buffer cache does not produce an inun iate improvement in 
performance, your application may need to be tuned to use U1e buf er cache more 
efficiently. However, your buffer cache may still be larger than it n eds to be. After you 
have tuned your application, recheck your buffer cache performan e, as above. 
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Directions 

Module 8 
Disk Performance Issues 

TI1e following lab illust1 tes a number of pe1f01mance issues related to disks. 

1. A file system is req\ red for this lab. One was created in an earlier exercise. Mom1t it 
now. 

# mount /dev/v 0 0 /vxfs /vxfs 

We also need to ass u-e that the controller does not have " SCSI immediate reporting" 
enabled. Enter the f llowing command and check yom current state: (fill in the device 
file name as approp ·ate) 

# scsictl -m i  /dev/rdsk/cxtxdx (to report cmTent "ir" status) 

Ifthe current imm diate_report = l then enter the following: 

# scsictl -m i = 0  /dev/rdsk/cXtXdX (ir= l to set, ir=O to clear) 

2. Copy the lab files t the file system. 

# cp /home/h42 2/disk/labl/disk_long /vxfs 

# cp /home/h42 2/disk/labl/make files /vxfs 

Next, execute the m ke_files program to create five 4-MB ASCII files. 

# cd /vxfs 

# . /make_files 

3. Pmge the buffer ca he of this data, by m1motmti..ng and remounting the file system. 

# cd I 

# umount /vxfs 

# mount /dev/v 0 0 /vxfs /vxfs 

# cd /vxfs 
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4. Open a second terminal window and start glance. While in glan e, display the Disk 

Report (d key). Zero out the data. with the z key. 

From the first window, time how long it takes to read the files \.vith the cat command. 
Record the results below: 

# t irnex cat file* > /dev/null glance Disk Re rt 

real: 
user: 
sys: 

Logl Rds: 
Phys Rds: 

5. At this point, all 20 MB of data is resident in the buffer cache. Re-e ecute the same 
command and record the results below: 

# t imex cat file* > /dev/null 

real: 
user: 
sys: 

glance Disk Report 

Logl Rds: 
Phys Rds: 

NOTE: 'Ille conclusion is that 1/0 is much faster corning fro 1 the buffer cache, 
than having to go to disk to get the data. 

6. The sar - d report. 

Exit glance, and in the second window start: # sar - d  5 200  

From the first window, execute the di sk_ long program, which w it.es 400 MB to the 
HFS file system (and then removes the files). 

ff timex . /disk_long 

• How busy did the disk get'? 
• What was the average number of request in the I/O queue? 
• What was the average wait time in the I/O queue'? 
• How much real time did the t..'lSk take'? 

7. The glance I/Oby Disk report 

Exit from the sar - d  repmt, �md start glance again. While in gl nee, display the J/O 
by Disk report (u key). From the first window, re-execute disk

_
l ng, tinting the 

execution. Record results below: 

# . /di sk_long glance 1/0 by Disk Report 

Util: Qlen: 
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8. The glance 110 by i'ile System report 

Reset the data with he z key, and display the I/O by File System report (i key). 
From the first wind w, re-execute disk_long, timing the execution. Record results 

below: 

# . /disk_long glance 110 by Disk Report 

Log! I/O: Phys I/O: 

9. Performance tuning - immediate reporting. Ensure the inunediate reporting options are 
set for the disk that e file system is located on. H inunediate reporting i5 not set, set it. 

# scsictl - m i /dev/rdsk/cXtXdX (to report cunent "ir" status) 

# scsictl - m  i =l /dev/rdsk/cXtXdX (ir=l to set, ir=O to clear) 

Purge the contents f buff er cache. 

# cd I 
# umount /vxfs 
# mount /dev/v 00/vxfs /vxfs 
# cd /vx fs 

10. The sar -d report. 

Exit glance, ru1diI the second window start: # sar -d 5 200  

From the first wind w, execute the disk_ long prognm1 (which writes 400 MB to the file 

system and then ren oves the files). 

# t imex . /disk long 

• How busy did th disk get? 
• What was the av rage number of reques ts in the 1/0 queue? 
• What was the m rage wait time in the 110 queue? 
• How much real ·me did the task take? 

How do the results f step 11 compare to the results in step 6? 
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